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Intr oduction

Welcometo SPARC-V9, the mostsignificantchangeto the SPARC architecturesinceit
wasannouncedin 1987.SPARC-V9 extendstheaddressesof SPARC to 64bitsandaddsa
number of new instructions and other enhancements to the architecture.1

SPARC-V9, like its predecessorSPARC-V8, is a microprocessorspecificationcreatedby
theSPARC ArchitectureCommitteeof SPARC International.SPARC-V9 is not a specific
chip; it is an architecturalspecificationthat canbe implementedasa microprocessorby
anyone securing a license from SPARC International.

SPARC Internationalis a consortiumof computermakers,with membershipopento any
company in the world. Executive membercompanieseachdesignateonevoting member
to participateon the SPARC ArchitectureCommittee.Over the pastseveral years,the
architecturecommitteehasbeenhardatwork designingthenext generationof theSPARC
architecture.

Typically, microprocessorsaredesignedandimplementedin secretby a singlecompany.
Then the company spendssucceedingyears defendingits proprietary rights in court
against its competitors.With SPARC, it is our intention to make it easyfor anyone to
designandimplementto this architecturalspecification.SeveralSPARC-V9 implementa-
tions are alreadyunderway, and we expect many more companiesto designsystems
around this microprocessor standard in the coming years.

0.1   SPARC

SPARC standsfor a ScalableProcessorARChitecture.SPARC hasbeenimplementedin
processorsusedin a rangeof computersfrom laptopsto supercomputers.SPARC Interna-
tional membercompanieshave implementedover a dozendifferentcompatiblemicropro-
cessorssinceSPARC wasfirst announced—morethanany othermicroprocessorfamily
with this level of binary compatibility. As a result,SPARC todayboastsover 8000com-
patiblesoftwareapplicationprograms.SPARC-V9 maintainsupwardsbinarycompatibil-
ity for application software, which is a very important feature.

Throughoutthepastsix years,theSPARC architecturehasservedour needswell. But at
thesametime,VLSI technology, compilertechniquesandusers’needshavechanged.The
time is right to upgrade SPARC for the coming decade.

1. For a complete list of changes between SPARC-V8 and SPARC-V9, see Appendix K.
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0.2   Processor Needs f or the 90s and Be yond

The designof ReducedInstructionSet Processors(RISC) began in earnestin the early
1980s.Early RISC processorstypically werecharacterizedby a load-storearchitecture,
singleinstruction-per-cycle execution,and32-bit addressing.Theinstructionsetarchitec-
ture of theseearly RISC chipswaswell matchedto the level of computeroptimization
availablein theearly1980s,andprovideda minimal interfacefor theUNIX™ operating
system.

The computerindustryhasgrown significantly in the last decade.Computerusersneed
morefor the1990sthantheseearlyRISCsprovided;they demandmorepowerful systems
today, andyet they continueto want their systemsto have goodperformancegrowth and
compatibilityinto thefuture.Theapplicationsof thefuture—highlyinteractiveanddistrib-
utedacrossmultiple platforms—will requirelargeraddressspacesandmoresophisticated
operatingsysteminterfaces.Tomorrow’s architecturesmust provide better support for
multiprocessors,lightweightthreads,andobjectorientedprogramming.Moderncomputer
systems must also perform more reliably than in the past.

It is interestingto observe theevolution of RISCarchitectures.Without sufficient instruc-
tion encoding,somemicroprocessorshavebeenunableto provide for eitherlargeraddress
spacesor new instructionfunctionality. Othershave provided 64-bit addressing,but still
havenotchangedmuchfrom theRISCsof the1980s.Fortunately, SPARC’sdesignershad
sufficient foresightto allow for all of thechangeswe felt wereneededto keepSPARC a
viable architecture for the long term.

0.3   SPARC-V9: A Rob ust RISC f or the Ne xt Centur y

SPARC-V9 is a robust RISC architecturethat will remaincompetitive well into the next
century. TheSPARC-V9 architecturedeliverson thispromiseby enhancingSPARC-V8 to
provide explicit support for:

— 64-bit virtual addresses and 64-bit integer data

— Improved system performance

— Advanced optimizing compilers

— Superscalar implementations

— Advanced operating systems

— Fault tolerance

— Extremely fast trap handling and context switching

— Big- and little-endian byte orders

0.3.1   64-bit Data and Ad dresses

SPARC-V9 directly supports64-bit virtual addressesandintegerdatasizesup to 64 bits.
All SPARC-V8 integerregistershavebeenextendedfrom 32to 64bits.Therearealsosev-
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eralnew instructionsthatexplicitly manipulate64-bit values.For example,64-bit integer
values can be loaded and stored directly with the LDX and STX instructions.

Despitethesechanges,64-bit SPARC-V9 microprocessorswill be able to executepro-
gramscompiledfor 32-bit SPARC-V8 processors.The principlesof two’s complement
arithmeticmadeupward compatibility straightforward to accomplish.Arithmetic opera-
tions,for example,specifiedarithmeticonregisters,independentof thelengthof theregis-
ter. The low order 32-bits of arithmeticoperationswill continueto generatethe same
valuesthey did on SPARC-V8 processors.SinceSPARC-V8 programspaid attentionto
only the low order 32-bits, theseprogramswill executecompatibly. Compatibility for
SPARC-V9 was accomplishedby making sure that all previously existing instructions
continuedto generateexactly thesameresultin thelow order32-bitsof registers.In some
casesthis meantaddingnew instructionsto operateon 64-bit values.For example,shift
instructions now have an additional 64-bit form.

In orderto takeadvantageof SPARC-V9’sextendedaddressingandadvancedcapabilities,
SPARC-V8 programsmustberecompiled.SPARC-V9 compilerswill take full advantage
of the new featuresof the architecture,extending the addressingrangeand providing
access to all of the added functionality.

0.3.2   Impr oved System P erformance

Performanceis oneof the biggestconcernsfor both computerusersandmanufacturers.
We’ve changedsomebasic things in the architectureto allow SPARC-V9 systemsto
achievehigherperformance.Thenew architecturecontains16additionaldouble-precision
floating-pointregisters,bringingthetotal to 32.Theseadditionalregistersreducememory
traffic, allowing programsto run faster. Thenew floating-pointregistersarealsoaddress-
ableaseight quad-precisionregisters.SPARC-V9’s supportfor a 128-bit quadfloating-
point format is unique for microprocessors.

SPARC-V9 supportsfour floating-pointconditioncoderegisters,whereSPARC-V8 sup-
portedonly one.SPARC-V9 processorscanprovide moreparallelismfor a Superscalar
machineby launchingseveralinstructionsata time.With only oneconditioncoderegister,
instructionswould have a serialdependencewaiting for thesingleconditioncoderegister
to be updated.The new floating-pointconditioncoderegistersallow SPARC-V9 proces-
sors to initiate up to four floating-point compares simultaneously.

We’ve also extended the instruction set to increase performance by adding:

— 64-bit integer multiply and divide instructions.

— Load and store floating-point quadword instructions.

— Softwaresettablebranchprediction,whichgivesthehardwareagreaterprobability
of keeping the processor pipeline full.

— Branchesonregistervalue,whicheliminatetheneedto executeacompareinstruc-
tion. Thisprovidestheappearanceof multiple integerconditioncodes,eliminating
a potentialbottleneckandcreatingsimilar possibilitiesfor parallelismin integer
calculations that we obtained from multiple floating-point condition codes.
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— Conditional move instructions, which allow many branches to be eliminated.

0.3.3   Advanced Optimizing Compiler s

We expect to seemany new optimizing compilersin the coming decade,and we have
includedfeaturesin SPARC-V9 that thesecompilerswill beableto useto provide higher
performance.SPARC-V9 software can explicitly prefetch data and instructions,thus
reducingthe memorylatency, so a programneednot wait aslong for its codeor data.If
compilersgeneratecodeto prefetchcodeanddatafar enoughin advance,thedatacanbe
availableassoonastheprogramneedsto useit, reducingcachemisspenaltiesandpipe-
line stalls.

SPARC-V9 hassupportfor loadingdatanot alignedon “natural” boundaries.Becauseof
theway theFORTRAN languageis specified,compilersoftencannotdeterminewhether
double-precisionfloating-pointdatais alignedon doubleword boundariesin memory. In
many RISC architectures,FORTRAN compilers generatetwo single-precisionloads
insteadof one double-precisionload. This can be a severe performancebottleneck.
SPARC-V9 allows the compiler to alwaysusethe mostefficient load andstoreinstruc-
tions. On thoserareoccasionswhenthe datais not aligned,the underlyingarchitecture
providesfor a fasttrap to returntherequesteddata,without theencumbrancesof provid-
ing unalignedaccessesdirectly in thememorysystemhardware.This neteffect is higher
performance on many FORTRAN programs.

SPARC-V9 alsosupportsnon-faultingloads,whichallow compilersto move loadinstruc-
tions aheadof conditionalcontrol structuresthat guardtheir use.The semanticsof non-
faultingloadsarethesameasfor otherloads,exceptwhena nonrecoverablefault suchas
an address-out-of-rangeerror occurs.Thesefaultsareignored,andhardwareandsystem
softwarecooperateto make theloadappearto completenormally, returninga zeroresult.
This optimizationis particularlyusefulwhenoptimizingfor superscalarprocessors.Con-
sider this C program fragment:

if (p != NULL) x = *p + y;

With non-faulting loads,the load of *p canbe moved up by the compiler to beforethe
checkfor p != NULL, allowing overlappedexecution.A normalloadon many processors
would causethe programto be abortedif this optimizationwas performedand p was
NULL. The effect is equivalent to this transformation:

temp_register = *p;

if ( p != NULL ) x = temp_register + y;

Imaginea superscalarprocessorthat could executefour instructionsper cycle, but only
oneof which couldbea loador store.In a loop of eightinstructionscontainingtwo loads,
it might turn out that without this transformationit would not be possibleto schedule
eitherof the loadsin the first groupof four instructions.In this casea third or possibly
fourth clock cycle might be necessaryfor eachloop iterationinsteadof the minimal two
cycles.Improving opportunitiesfor betterinstructionschedulingcouldhavemadea factor
of two difference in performance for this example. Good instruction scheduling is critical.
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Alias detectionis a particularlydifficult problemfor compilers.If a compilercannottell
whethertwo pointersmight point to thesamevaluein memory, thenit is not at liberty to
move loads up past previous store instructions.This can createa difficult instruction
schedulingbottleneck.SPARC-V9 containsspecificinstructionsto enablethehardwareto
detectpointeraliases,andoffers the compilera simplesolutionto this difficult problem.
Two pointerscanbecomparedandtheresultsof this comparisonstoredin anintegerreg-
ister. TheFMOVRZ instruction,for example,will conditionallymoveafloating-pointreg-
isterbasedon the resultof this prior test.This instructioncanbeusedto correctaliasing
problemsand allow load instructionsto be moved up paststores.As with the previous
example, this can make a significant difference in overall program performance.

Finally, we’ve addeda TICK register, which is incrementedoncepermachinecycle.This
registercanbereadby a userprogramto make simpleandaccuratemeasurementsof pro-
gram performance.

0.3.4   Advanced Super scalar Pr ocessor s

SPARC-V9 includessupportfor advancedSuperscalarprocessordesigns.CPUdesigners
arelearningto executemoreinstructionspercycle every yearwith new pipelines.Two to
threeinstructionsat a time is becomingcommonplace.We eventuallyexpectto beableto
executeeightto sixteeninstructionsata timewith theSPARC architecture.To accomplish
this, we’ve made enhancements to provide better support for Superscalar execution.

Many of thesechangesweredriven by the experiencegainedfrom implementingTexas
Instruments’SuperSPARC andRossTechnologies’HyperSPARC, bothSuperscalarchips.
SPARC’s simple-to-decode,fixed-lengthinstructions,and separateinteger and floating-
point units lend themselves to Superscalar technology.

In addition,SPARC-V9 provides more floating-pointregisters,supportfor non-faulting
loads,multiple conditioncodes,branchprediction,andbrancheson integer registercon-
tents.All of thesefeaturesallow for moreparallelismwithin theprocessor. For themem-
ory system,we’ve addeda sophisticatedmemorybarrierinstruction,which allows system
programmersto specifytheminimumsynchronizationneededto ensurecorrectoperation.

0.3.5   Advanced Operating Systems

The operatingsysteminterfacehasbeencompletelyredesignedin SPARC-V9 to better
supportoperatingsystemsof the 1990s.Thereare new privileged registersand a new
structureto thoseregisters,which makes it much simpler to accessimportant control
informationin themachine.Remember, thechangein theoperatingsysteminterfacehas
no effect on applicationsoftware;user-level programsdo not seethesechanges,andthus,
are binary compatible without recompilation.

Several changeswere madeto supportthe new microkernel style of operatingsystem
design.Nestedtrap levelsallow moremodularstructuringof code,andaremoreefficient
aswell. SPARC-V9 providesimprovedsupportfor lightweight threadsandfastercontext
switching thanwaspossiblein previous SPARC architectures.We’ve accomplishedthis
by makingregisterwindows moreflexible thanthey were in earlierSPARC processors,
allowing thekernelto provide a separateregisterbankto eachrunningprocess.Thus,the
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processorcan perform a context switch with essentiallyno overhead.The new register
window implementationalsoprovidesbettersupportfor object-orientedoperatingsystems
by speedingup interprocesscommunicationacrossdifferentdomains.Thereis a mecha-
nism to provide efficient server accessto client addressspacesusinguseraddressspace
identifiers.Thedefinitionof a nucleusaddressspaceallows theoperatingsystemto exist
in a different address space than that of the user program.

EarlierSPARC implementationssupportedmultiprocessors;now we’ve addedsupportfor
very large-scalemultiprocessors,includinga memorybarrierinstructionanda new mem-
ory modelwe call relaxedmemoryorder(RMO). Thesefeaturesallow SPARC-V9 CPUs
to schedulememoryoperationsto achieve high performance,while still doing the syn-
chronization and locking operations needed for shared-memory multiprocessing.

Finally we’ve addedarchitecturalsupportthathelpstheoperatingsystemprovide “clean”
registerwindowsto its processes.A cleanwindow is guaranteedto containzeroesinitially,
andonly dataor addressesgeneratedby theprocessduringits lifetime. This makesit eas-
ier to implement a secureoperating system,which must provide absoluteisolation
between its processes.

0.3.6   Fault Tolerance

Most existing microprocessorarchitecturesdo not provide explicit supportfor reliability
andfault-tolerance.You might build a reliableandfault-tolerantmachinewithout explicit
support,but providing it savesa lot of work, andthemachinewill costlessin thelongrun.

We’ve incorporateda numberof featuresin SPARC-V9 to addresstheseshortcomings.
First,we’veaddedacompare-and-swapinstruction.This instructionhaswell-known fault-
tolerant features and is also an efficient way to do multiprocessor synchronization.

We’ve also addedsupportfor multiple levels of nestedtraps,which allow systemsto
recovergracefullyfrom variouskindsof faults,andto containmoreefficient traphandlers.
Nested traps are described in the next section.

Finally, we’ve addeda specialnew processorstatecalled RED_state,short for Reset,
Error and Debug state.It fully definesthe expectedbehavior when the systemis faced
with catastrophicerrors,andduring resetprocessingwhenit is returningto service.This
level of robustness is required to build fault-tolerant systems.

0.3.7   Fast Traps and Conte xt Switc hing

We have alsoworkedhardto provide very fasttrapsandcontext switchingin SPARC-V9.
We have re-architectedthetrapentrymechanismto transfercontrol into thetraphandlers
very quickly. We’ve alsoaddedeight new registerscalled“alternateglobals,” so the trap
handlerhasa freshregistersetto useimmediatelyuponentry;thesoftwareneednot store
registersbeforeit canbegin to do its work. Thisallowsvery fastinstructionemulationand
very short interrupt response times.

We have alsoaddedsupportfor multiple levels of nestedtraps.It is very useful for the
machineto allow a trap handlerto generatea trap. SPARC-V8 trap handlerswere not
allowedto causeanothertrap.With supportfor nestedtraps,we have seensometraphan-
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dlersreducedfrom onehundredinstructionsto lessthantwenty. Obviously, this createsa
big performance improvement, but it also allows a much simpler operating system design.

We’vealsofoundaway to reducethenumberof registerssavedandrestoredbetweenpro-
cessexecutions,which providesfastercontext switching.Thearchitectureprovidessepa-
rate dirty bits for the original (lower) and the new (upper)floating-pointregisters.If a
programhasnot modifiedany registerin oneof thesets,thereis no needto save thatset
during a context switch.

0.3.8   Big- and Little-Endian Byte Or ders

Finally, we have providedsupportfor datacreatedon little-endianprocessorssuchasthe
80x86family. The architectureallows both userandsupervisorcodeto explicitly access
datain little-endianbyteorder. It is alsopossibleto changethedefault byteorderto little-
endianin usermodeonly, in supervisormodeonly, or in both.This allows SPARC-V9 to
support mixed byte order systems.

0.4   Summar y

As you cansee,SPARC-V9 is a significantadvanceover its predecessors.We have pro-
vided64-bit dataandaddressing,supportfor fault tolerance,fastcontext switching,sup-
port for advancedcompileroptimizations,efficient designfor Superscalarprocessors,and
acleanstructurefor modernoperatingsystems.And we’vedoneit all with 100%upwards
binarycompatibilityfor applicationprograms.Webelievethatthis is asignificantachieve-
ment.

In the future, we envision superiorSPARC-V9 implementationsproviding high perfor-
mance,stellarreliability, andexcellentcostefficiency—just whatcomputerusersareask-
ing for. SPARC hasbeentheRISCleaderfor thelastfiveyears.With thechangeswehave
made in SPARC-V9, we expect it to remain the RISC leader well into the next century.

Speaking for the Committee members, we sincerely hope that you profit from our work.

— David R. Ditzel

Chairman, SPARC Architecture Committee
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1   Overview
This specificationdefinesa 64-bit architecturecalledSPARC-V9, which is upward-com-
patiblewith theexisting32-bitSPARC-V8 microprocessorarchitecture.Thisspecification
includes,but is not limited to, the definition of the instructionset, register model,data
types, instruction opcodes, trap model, and memory model.

1.1   Notes About this Book

1.1.1   Audience

Audiencesfor thisspecificationincludeimplementorsof thearchitecture,studentsof com-
puterarchitecture,anddevelopersof SPARC-V9 systemsoftware(simulators,compilers,
debuggers,andoperatingsystems,for example).Softwaredeveloperswho needto write
SPARC-V9 software in assembly language will also find this information useful.

1.1.2   Where to Star t

If you arenew to theSPARC architecture,readChapter2 andChapter3 for anoverview,
thenlook into thesubsequentchaptersandappendixesfor moredetailsin areasof interest
to you.

If you arealreadyfamiliar with SPARC-V8, you will wantto review thelist of changesin
AppendixK, “ChangesFromSPARC-V8 to SPARC-V9.” For additionaldetail,review the
following chapters:

— Chapter 5, “Registers,” for a description of the register set.

— Chapter 6, “Instructions,” for a description of the new instructions.

— Chapter 7, “Traps,” for a description of the trap model.

— Chapter 8, “Memory Models,” for a description of the memory models.

— AppendixA, “InstructionDefinitions,” for descriptionsof new or changedinstruc-
tions.

1.1.3   Contents

The manual contains these chapters:

— Chapter1, “Overview,” describesthe background,designphilosophy, and high-
level features of the architecture.

— Chapter 2, “Definitions,” defines some of the terms used in the specification.
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— Chapter3, “ArchitecturalOverview,” is anoverview of thearchitecture:its organi-
zation, instruction set, and trap model.

— Chapter 4, “Data Formats,” describes the supported data types.

— Chapter 5, “Registers,” describes the register set.

— Chapter 6, “Instructions,” describes the instruction set.

— Chapter 7, “Traps,” describes the trap model.

— Chapter 8, “Memory Models,” describes the memory models.

These appendixes follow the chapters:

— Appendix A, “Instruction Definitions,” containsdefinitions of all SPARC-V9
instructions,including tablesshowing the recommendedassemblylanguagesyn-
tax for each instruction.

— AppendixB, “IEEE Std 754-1985Requirementsfor SPARC-V9,” containsinfor-
mationabouttheSPARC-V9 implementationof theIEEE 754floating-pointstan-
dard.

— Appendix C, “SPARC-V9 ImplementationDependencies,” containsinformation
about features that may differ among conforming implementations.

— Appendix D, “Formal Specificationof the Memory Models,” containsa formal
description of the memory models.

— Appendix E, “Opcode Maps,” contains tables detailing the encoding of all
opcodes.

— AppendixF, “SPARC-V9 MMU Requirements,” describesthe requirementsthat
SPARC-V9 imposes on Memory Management Units.

— AppendixG, “SuggestedAssemblyLanguageSyntax,” definesthe syntacticcon-
ventionsusedin theappendixesfor thesuggestedSPARC-V9 assemblylanguage.
It alsolists syntheticinstructionsthatmaybesupportedby SPARC-V9 assemblers
for the convenience of assembly language programmers.

— Appendix H, “Software Considerations,” containsgeneralSPARC-V9 software
considerations.

— Appendix I, “Extending the SPARC-V9 Architecture,” containsinformation on
how an implementation can extend the instruction set or register set.

— AppendixJ, “ProgrammingWith the Memory Models,” containsinformationon
programming with the SPARC-V9 memory models.

— Appendix K, “ChangesFrom SPARC-V8 to SPARC-V9,” describesthe differ-
ences between SPARC-V8 and SPARC-V9.

A bibliography and an index complete the book.
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1.1.4   Editorial Con ventions

1.1.4.1   Fonts and Notational Con ventions

Fonts are used as follows:

— Italic font is usedfor register names,instruction fields, and read-onlyregister
fields. For example: “Thers1 field contains....”

— Typewriter  font is used for literals and for software examples.

— Bold font is usedfor emphasisandthe first time a word is defined.For example:
“A precise trap is induced....”

— UPPERCASE itemsareacronyms, instructionnames,or writable registerfields.
Somecommonacronymsappearin theglossaryin Chapter2. Note thatnamesof
some instructions contain both upper- and lower-case letters.

— Italic sans serif font is used for exception and trap names.For example, “The
privileged_action exception....”

— Underbarcharactersjoin words in register, register field, exception, and trap
names.Note that suchwordscanbe split acrosslines at the underbarwithout an
interveninghyphen.For example:“This is true whenever the integer_condition_
code field....”

— Reduced-size font is used in informational notes. See 1.1.4.4, “Informational Notes.”

The following notational conventions are used:

— Squarebrackets‘[ ]’ indicatea numberedregisterin a registerfile. For example:
“r[0] contains....”

— Angle brackets‘< >’ indicatea bit numberor colon-separatedrangeof bit num-
bers within a field. For example: “Bits FSR<29:28> and FSR<12> are....”

— Curly braces‘{ }’ areusedto indicatetextual substitution.For example,thestring
“ASI_PRIMARY{_LITTLE}” expands to “ASI_PRIMARY” and “ASI_
PRIMARY_LITTLE”.

— The symboldesignatesconcatenationof bit vectors.A comma‘ ,’ on theleft side
of an assignmentseparatesquantitiesthat are concatenatedfor the purposeof
assignment.For example,if X, Y, andZ are1-bit vectors,andthe 2-bit vectorT
equals 112, then

(X, Y, Z) ← 0  T

results in X= 0, Y = 1, and Z= 1.

1.1.4.2   Implementation Dependencies

Definitionsof SPARC-V9 architectureimplementationdependenciesareindicatedby the
notation“ IMPL. DEP. #nn : Some descriptive text.” Thenumbernn is usedto enumeratethe
dependenciesin AppendixC, “SPARC-V9 ImplementationDependencies.” Referencesto
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SPARC-V9 implementationdependenciesareindicatedby thenotation“(impl. dep.#nn).”
Appendix C lists the page number on which each definition and reference occurs.

1.1.4.3   Notation f or Number s

Numbersthroughoutthis specificationaredecimal(base-10)unlessotherwiseindicated.
Numbersin other basesare followed by a numericsubscriptindicating their base(for
example,10012, FFFF000016). Long binaryandhex numberswithin the text have spaces
insertedevery four charactersto improve readability. Within C or assemblylanguage
examples,numbersmaybeprecededby “0x” to indicatebase-16(hexadecimal)notation
(for example,0xffff0000 ).

1.1.4.4   Informational Notes

This manualprovides several different types of information in notes; the information
appears in areduced-size font. The following are illustrations of the various note types:

Programming Note:
These contain incidental information about programming using the SPARC-V9 architecture.

Implementation Note:
Thesecontain information that may be specificto an implementationor may differ in different
implementations.

Compatibility Note:
Thesecontaininformationaboutfeaturesof SPARC-V9 thatmaynot becompatiblewith SPARC-
V8 implementations.

1.2   The SPARC-V9 Ar chitecture

1.2.1   Features

SPARC-V9 includes the following principal features:

— A linear address space with 64-bit addressing.

— Few and simple instruction formats: All instructionsare 32 bits wide, and are
alignedon 32-bit boundariesin memory. Only load andstoreinstructionsaccess
memory and perform I/O.

— Few addressingmodes:A memoryaddressis given aseither“register+ register”
or “register + immediate.”

— Triadic registeraddresses:Mostcomputationalinstructionsoperateon two register
operands or one register and a constant, and place the result in a third register.

— A largewindowedregisterfile: At any oneinstant,a programsees8 globalinteger
registersplusa24-registerwindow of a largerregisterfile. Thewindowedregisters
can be used as a cache of procedure arguments, local values, and return addresses.
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— Floating-point:The architectureprovidesan IEEE 754-compatiblefloating-point
instructionset,operatingon a separateregisterfile that provides32 single-preci-
sion(32-bit),32double-precision(64-bit),16quad-precision(128-bit)registers,or
a mixture thereof.

— Fast trap handlers: Traps are vectored through a table.

— Multiprocessorsynchronizationinstructions:Oneinstructionperformsan atomic
read-then-set-memoryoperation;anotherperformsan atomic exchange-register-
with-memoryoperation;anothercomparesthecontentsof aregisterwith avaluein
memoryandexchangesmemorywith the contentsof anotherregisterif the com-
parisonwasequal;two othersareusedto synchronizetheorderof sharedmemory
operations as observed by processors.

— Predictedbranches:Thebranchwith predictioninstructionsallow thecompileror
assemblylanguageprogrammerto givethehardwareahint aboutwhetherabranch
will be taken.

— Branch elimination instructions:Several instructionscan be used to eliminate
branchesaltogether(e.g.,move on condition).Eliminatingbranchesincreasesper-
formance in superscalar and superpipelined implementations.

— Hardware trap stack:A hardware trap stackis provided to allow nestedtraps.It
containsall of themachinestatenecessaryto returnto theprevioustraplevel. The
trap stackmakes the handlingof faults and error conditionssimpler, faster, and
safer.

— Relaxedmemoryorder(RMO) model:This weakmemorymodelallows thehard-
ware to schedulememoryaccessesin almostany order, as long as the program
computes the correct result.

1.2.2   Attrib utes

SPARC-V9 is a CPU instruction set architecture (ISA) derived from SPARC-V8; both
architecturescomefrom a reducedinstructionsetcomputer(RISC) lineage.As architec-
tures,SPARC-V9 andSPARC-V8 allow for a spectrumof chip andsystemimplementa-
tions at a variety of price/performancepoints for a range of applications,including
scientific/engineering, programming, real-time, and commercial.

1.2.2.1   Design Goals

SPARC-V9 is designedto be a target for optimizing compilersand high-performance
hardwareimplementations.SPARC-V9 implementationsprovide exceptionallyhigh exe-
cution rates and short time-to-market development schedules.

1.2.2.2   Register Windo ws

SPARC-V9 is derivedfrom SPARC, which wasformulatedat SunMicrosystemsin 1985.
SPARC is basedon theRISCI andII designsengineeredat theUniversityof Californiaat
Berkeley from 1980through1982.SPARC’s “registerwindow” architecture,pioneeredin
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the UC Berkeley designs,allows for straightforward, high-performancecompilersanda
significantreductionin memoryload/storeinstructionsover otherRISCs,particularlyfor
large applicationprograms.For languagessuchasC++, whereobject-orientedprogram-
ming is dominant,registerwindowsresultin anevengreaterreductionin instructionsexe-
cuted.

Note that supervisorsoftware, not user programs,managesthe register windows. The
supervisorcansave a minimum numberof registers(approximately24) duringa context
switch, thereby optimizing context-switch latency.

OnemajordifferencebetweenSPARC-V9 andtheBerkeley RISCI andII is thatSPARC-
V9 providesgreaterflexibility to acompilerin its assignmentof registersto programvari-
ables.SPARC-V9 is moreflexible becauseregisterwindow managementis not tied to pro-
cedurecall and return instructions,as it is on the Berkeley machines.Instead,separate
instructions(SAVE andRESTORE)provide registerwindow management.Themanage-
ment of register windows by privileged software is very different too, as discussedin
Appendix H, “Software Considerations.”

1.2.3   System Components

The architectureallows for a spectrumof input/output(I/O), memory-managementunit
(MMU), andcachesystemsubarchitectures.SPARC-V9 assumesthat theseelementsare
bestdefinedby thespecificrequirementsof particularsystems.Notethatthey areinvisible
to nearlyall userprograms,andtheinterfacesto themcanbelimited to localizedmodules
in an associated operating system.

1.2.3.1   Reference MMU

TheSPARC-V9 ISA doesnot mandatea singleMMU designfor all systemimplementa-
tions.Rather, designersarefreeto usetheMMU thatis mostappropriatefor theirapplica-
tion, or no MMU at all, if they wish. Appendix F, “SPARC-V9 MMU Requirements,”
discusses the boundary conditions that a SPARC-V9 MMU is expected to satisfy.

1.2.3.2   Privileg ed Software

SPARC-V9 doesnot assumethat all implementationsmust executeidentical privileged
software.Thus,certaintraits of an implementationthatarevisible to privilegedsoftware
can be tailored to the requirementsof the system.For example,SPARC-V9 allows for
implementations with different instruction concurrency and different trap hardware.

1.2.4   Binar y Compatibility

ThemostimportantSPARC-V9 architecturalmandateis binarycompatibilityof nonprivi-
legedprogramsacrossimplementations.Binariesexecutedin nonprivilegedmodeshould
behave identicallyon all SPARC-V9 systemswhenthosesystemsarerunninganoperat-
ing systemknown to provide a standardexecutionenvironment.Oneexampleof sucha
standard environment is the SPARC-V9 Application Binary Interface (ABI).
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Although differentSPARC-V9 systemsmay executenonprivilegedprogramsat different
rates,they will generatethesameresults,aslong asthey arerun underthesamememory
model. See Chapter 8, “Memory Models,” for more information.

Additionally, SPARC-V9 is designedto be binary upward-compatiblefrom SPARC-V8
for applications running in nonprivileged mode that conform to the SPARC-V8 ABI.

1.2.5   Architectural Definition

The SPARC Version9 Architectureis definedby the chaptersandnormative appendixes
of this document.A correct implementationof the architectureinterpretsa program
strictly accordingto the rules and algorithmsspecifiedin the chaptersand normative
appendixes. Only two classes of deviations are permitted:

(1) Certainelementsof the architecturearedefinedto be implementation-dependent.
Theseelementsincluderegistersandoperationsthat may vary from implementa-
tion to implementation,and are explicitly identified in this documentusing the
notation“ IMPL. DEP. #NN: Some descriptive text.” AppendixC, “SPARC-V9 Imple-
mentation Dependencies,” describes each of these references.

(2) Functionalextensionsarepermitted,insofar asthey do not changethebehavior of
any definedoperationor register. Suchextensionsarediscouraged,sincethey limit
the portability of applicationsfrom one implementationto another. Appendix I,
“Extending the SPARC-V9 Architecture,” provides guidelinesfor incorporating
enhancements in an implementation.

This documentdefinesa nonprivilegedsubset,designatedSPARC-V9-NP. This includes
only thoseelementsthatmaybeexecutedor accessedwhile theprocessoris executingin
nonprivileged mode.

The informative appendixesprovide supplementaryinformation such as programming
tips,expectedusage,andassemblylanguagesyntax.Theseappendixesarenot bindingon
an implementation or user of a SPARC-V9 system.

TheArchitectureCommitteeof SPARC Internationalhassoleresponsibilityfor clarifica-
tion of the definitions in this document.

1.2.6   SPARC-V9 Compliance

SPARC Internationalis responsiblefor certifying that implementationscomply with the
SPARC-V9 Architecture.Two levelsof compliancearedistinguished;an implementation
may be certified at either level.

Level 1:

The implementationcorrectly interpretsall of the nonprivileged instructionsby
any method,including direct execution,simulation,or emulation.This level sup-
ports user applications and is the architecture component of the SPARC-V9 ABI.
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Level 2:
Theimplementationcorrectlyinterpretsbothnonprivilegedandprivilegedinstruc-
tionsby any method,includingdirectexecution,simulation,or emulation.A Level
2 implementationincludesall hardware,supportingsoftware,andfirmwareneces-
sary to provide a complete and correct implementation.

Note that a Level-2-compliant implementation is also Level-1-compliant.

IMPL. DEP. #1: Whether an instruction is implemented directly by hardware, simulated by soft-
ware, or emulated by firmware is implementation-dependent.

SPARC Internationalpublishesa document,ImplementationCharacteristicsof Current
SPARC-V9-basedProducts,Revision9.x, listing which instructionsaresimulatedor emu-
lated in existing SPARC-V9 implementations.

Compliantimplementationsshallnotaddto or deviatefrom thisstandardexceptin aspects
describedas implementation-dependent.SeeAppendix C, “SPARC-V9 Implementation
Dependencies.”

An implementation may be claimed to be compliant only if it has been

(1) Submitted to SPARC International for testing, and

(2) Issued a Certificate of Compliance by SPARC International.

A systemincorporatingacertifiedimplementationmayalsoclaimcompliance.A claimof
compliance must designate the level of compliance.

Prior to testing,a statementmust be submittedfor eachimplementation;this statement
must:

— Resolve the implementation dependencies listed in Appendix C

— Identify the presence (but not necessarily the function) of any extensions

— Designate any instructions that require emulation

Thesestatementsbecomethepropertyof SPARC International,andmaybereleasedpub-
licly.
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2   Definitions
Thefollowing subsectionsdefinesomeof themostimportantwordsandacronymsusedin
this manual

2.1 addressspaceidentifier : An eight-bit valuethat identifiesan addressspace.For
eachinstructionor dataaccess,theinteger unit appendsanASI to theaddress.See
also: implicit ASI .

2.2 ASI: Abbreviation foraddress space identifier.

2.3 application program: A programexecutedwith the processorin nonprivileged
mode. Notethatstatementsmadein thisdocumentregardingapplicationprograms
may not be applicableto programs(for example,debuggers)that have accessto
pri vileged processor state (for example, as stored in a memory-image dump).

2.4 big-endian: An addressingconvention. Within a multiple-byte integer, the byte
with thesmallestaddressis themostsignificant;a byte’s significancedecreasesas
its address increases.

2.5 byte: Eight consecutive bits of data.

2.6 cleanwindow: A registerwindow in which all of theregisterscontaineitherzero,
a valid addressfrom the current addressspace,or valid data from the current
address space.

2.7 completed: A memory transactionis said to be completedwhen an idealized
memoryhasexecutedthetransactionwith respectto all processors.A loadis con-
sideredcompletedwhenno subsequentmemorytransactioncanaffect the value
returnedby the load. A storeis consideredcompletedwhenno subsequentload
can return the value that was overwritten by the store.

2.8 curr ent window: Theblock of 24 r registersthat is currentlyin use.TheCurrent
Window Pointer (CWP) register points to the current window.

2.9 dispatch: Issue a fetched instruction to one or more functional units for execution.

2.10 doublet: Two bytes (16 bits) of data.

2.11 doubleword: An alignedoctlet. Note that the definition of this term is architec-
ture-dependent and may differ from that used in other processor architectures.

2.12 exception: A conditionthatmakesit impossiblefor theprocessorto continueexe-
cuting the current instruction stream without software intervention.
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2.13 extendedword: An alignedoctlet, nominally containinginteger data.Note that
thedefinitionof this termis architecture-dependentandmaydiffer from thatused
in other processor architectures.

2.14 f register: A floating-pointregister. SPARC-V9 includessingle-double-andquad-
precisionf registers.

2.15 fccn: One of the floating-point condition code fields:fcc0, fcc1, fcc2, or fcc3.

2.16 floating-point exception: An exceptionthatoccursduringtheexecutionof afloat-
ing-point operate (FPop) instruction. The exceptions are: unfinished_FPop,
unimplemented_FPop, sequence_error, hardware_error, invalid_fp_register, and IEEE_
754_exception.

2.17 floating-point IEEE-754 exception: A floating-pointexception,as specifiedby
IEEE Std 754-1985. Listed within this manual asIEEE_754_exception.

2.18 floating-point trap type: Thespecifictypeof floating-pointexception,encodedin
the FSR.ftt field.

2.19 floating-point operate (FPop) instructions: Instructionsthat perform floating-
point calculations,asdefinedby theFPop1andFPop2opcodes.FPopinstructions
do not includeFBfcc instructions,or loadsand storesbetweenmemoryand the
floating-point unit .

2.20 floating-point unit : A processingunit thatcontainsthefloating-pointregistersand
performs floating-point operations, as defined by this specification.

2.21 FPU: Abbreviation forfloating-point unit .

2.22 halfword: An aligneddoublet. Notethatthedefinitionof this termis architecture-
dependent and may differ from that used in other processor architectures.

2.23 hexlet: Sixteen bytes (128 bits) of data.

2.24 implementation: Hardwareand/orsoftwarethat conformsto all of the specifica-
tions of an ISA.

2.25 implementation-dependent: An aspectof the architecturethat may legitimately
vary amongimplementations.In many cases,the permittedrangeof variation is
specifiedin the standard.Whena rangeis specified,compliantimplementations
shall not deviate from that range.

2.26 implicit ASI: Theaddressspaceidentifier thatis suppliedby thehardwareonall
instructionaccesses,andon dataaccessesthatdo not containanexplicit ASI or a
reference to the contents of the ASI register.

2.27 informative appendix: An appendixcontaininginformationthat is usefulbut not
requiredto createan implementationthat conformsto the SPARC-V9 specifica-
tion. See also: normative appendix.
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2.28 initiated . See issued.

2.29 instruction field: A bit field within an instruction word.

2.30 instruction setarchitecture (ISA): An ISA definesinstructions,registers,instruc-
tion anddatamemory, theeffectof executedinstructionsontheregistersandmem-
ory, andanalgorithmfor controllinginstructionexecution.An ISA doesnotdefine
clock cycle times,cyclesperinstruction,datapaths,etc.This specificationdefines
an ISA.

2.31 integer unit : A processingunit thatperformsintegerandcontrol-flow operations
and containsgeneral-purposeinteger registersand processorstateregisters,as
defined by this specification.

2.32 interrupt request: A requestfor servicepresentedto theprocessorby anexternal
device.

2.33 IU : Abbreviation for integer unit.

2.34 ISA: Abbreviation for instruction set architecture.

2.35 issued: In referenceto memorytransaction,a load,store,or atomic load-storeis
said to be issuedwhen a processorhassentthe transactionto the memorysub-
systemand the completionof the requestis out of the processor’s control. Syn-
onym: initiated .

2.36 leaf procedure: A procedurethat is a leaf in theprogram’s call graph;that is, one
that does not call (using CALL or JMPL) any other procedures.

2.37 little-endian: An addressingconvention.Within a multiple-byteinteger, the byte
with thesmallestaddressis the leastsignificant;a byte’s significanceincreasesas
its address increases.

2.38 may: A key word indicatingflexibility of choicewith no impliedpreference.Note:
“may” indicatesthat an action or operationis allowed, “can” indicatesthat it is
possible.

2.39 must: Synonym: shall.

2.40 next program counter (nPC): A registerthatcontainstheaddressof the instruc-
tion to be executed next, if a trap does not occur.

2.41 non-faulting load: A load operationthat will either completecorrectly (in the
absenceof any faults)or will returna value(nominallyzero)if a fault occurs.See
speculative load.

2.42 nonprivileged: An adjective that describes(1) the stateof the processorwhen
PSTATE.PRIV= 0, that is, nonprivileged mode; (2) processorstateinformation
that is accessibleto softwarewhile the processoris in eitherpri vileged mode or
nonprivilegedmode,for example,nonprivilegedregisters,nonprivilegedASRs,or,
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in general,nonprivilegedstate;(3) an instructionthat canbe executedwhen the
processor is in either privileged mode or nonprivileged mode.

2.43 nonprivileged mode: The processormode when PSTATE.PRIV= 0. Seealso:
nonprivileged.

2.44 normative appendix: An appendixcontainingspecificationsthatmustbemetby
animplementationconformingto theSPARC-V9 specification.Seealso: informa-
tive appendix.

2.45 NWINDOWS: The number of register windows present in an implementation.

2.46 octlet: Eight bytes(64 bits) of data.Not to beconfusedwith an“octet,” which has
beencommonlyusedto describeeight bits of data.In this document,the term
byte, rather than octet, is used to describe eight bits of data.

2.47 opcode: A bit pattern that identifies a particular instruction.

2.48 prefetchable: An attributeof a memorylocationwhich indicatesto anMMU that
PREFETCH operationsto that location may be applied. Normal memory is
prefetchable.Nonprefetchablelocations include those that, when read, change
state or cause external events to occur. See also: side effect.

2.49 pri vileged: An adjective that describes(1) the state of the processorwhen
PSTATE.PRIV = 1, thatis , pri vilegedmode; (2) processorstateinformationthat
is accessibleto softwareonly while theprocessoris in privilegedmode,for exam-
ple, privileged registers,privileged ASRs,or, in general,privileged state;(3) an
instruction that can be executed only when the processor is in privileged mode.

2.50 pri vileged mode: The processormodewhenPSTATE.PRIV= 1. Seealso: non-
pri vileged.

2.51 processor:  The combination of theinteger unit and thefloating-point unit .

2.52 program counter (PC): A registerthatcontainstheaddressof theinstructioncur-
rently being executed by theIU .

2.53 quadlet: Four bytes (32 bits) of data.

2.54 quadword: An alignedhexlet. Notethatthedefinitionof this termis architecture-
dependent and may be different from that used in other processor architectures.

2.55 r register: An integer register. Also calleda generalpurposeregisteror working
register.

2.56 RED_state: Reset, Error, and Debug state. The processor state when
PSTATE.RED= 1. A restrictedexecutionenvironmentusedto processresetsand
traps that occur when TL= MAXTL – 1.
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2.57 reserved: Usedto describeaninstructionfield, certainbit combinationswithin an
instructionfield, or a registerfield that is reservedfor definitionby futureversions
of the architecture.Reserved instruction fields shall read as zero, unlessthe
implementationsupportsextendedinstructionswithin the field. The behavior of
SPARC-V9-compliant processorswhen they encounter non-zero values in
reserved instruction fields is undefined.Reserved bit combinations within
instruction fields aredefinedin AppendixA; in all cases,SPARC-V9-compliant
processorsshalldecodeandtrapon thesereservedcombinations.Reserved regis-
ter fields shouldalwaysbe written by softwarewith valuesof thosefields previ-
ouslyreadfrom thatregister, or with zeroes; they shouldreadaszeroin hardware.
Softwareintendedto run on futureversionsof SPARC-V9 shouldnot assumethat
thesefield will readaszeroor any otherparticularvalue.Throughoutthis manual,
figuresandtablesillustratingregistersandinstructionencodingsindicatereserved
fields and combinations with an em dash ‘—’.

2.58 resettrap : A vectoredtransferof control to privilegedsoftwarethrougha fixed-
address reset trap table. Reset traps cause entry intoRED_state.

2.59 restricted: An adjective usedto describean addressspaceidentifier (ASI) that
may be accessed only while the processor is operating inpri vileged mode.

2.60 rs1, rs2, rd: Theintegerregisteroperandsof an instruction,wherers1andrs2are
the source registers andrd is the destination register.

2.61 shall: A key word indicatinga mandatoryrequirement.Designersshall implement
all suchmandatoryrequirementsto ensureinteroperabilitywith otherSPARC-V9-
conformant products.Synonym: must.

2.62 should: A key word indicating flexibility of choice with a strongly preferred
implementation.Synonym: it is recommended.

2.63 sideeffect: An operationhasasideeffect if it inducesasecondaryeffectaswell as
its primary effect. For example,accessto an I/O location may causea register
valuein anI/O device to changestateor initiate anI/O operation.A memoryloca-
tion is deemedto havesideeffectsif additionalactionsbeyondthereadingor writ-
ing of datamay occur when a memoryoperationon that location is allowed to
succeed.See also: prefetchable.

2.64 speculative load: A load operationthat is issuedby the processorspeculatively,
that is, beforeit is known whethertheloadwill beexecutedin theflow of thepro-
gram.Speculative accessesareusedby hardwareto speedprogramexecutionand
aretransparentto code.Contrastwith non-faulting load, which is anexplict load
thatalwayscompletes,evenin thepresenceof faults.Warning: someauthorscon-
fuse speculative loads with non-faulting loads.

2.65 supervisor software: Softwarethat executeswhenthe processoris in pri vileged
mode.
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2.66 trap : The action taken by the processorwhen it changesthe instructionflow in
responseto the presenceof an exception, a Tcc instruction,or an interrupt.The
actionis a vectoredtransferof control to supervisor software througha table,the
address of which is specified by the privileged Trap Base Address (TBA) register.

2.67 unassigned: A value(for example,anaddressspaceidentifier ), thesemanticsof
which arenot architecturallymandatedandmay be determinedindependentlyby
each implementation within any guidelines given.

2.68 undefined: An aspectof the architecturethat hasdeliberatelybeenleft unspeci-
fied.Softwareshouldhave no expectationof, nor make any assumptionsabout,an
undefinedfeatureor behavior. Useof sucha featuremay deliver randomresults,
mayor maynotcauseatrap,mayvaryamongimplementations,andmayvarywith
time on a given implementation.Notwithstandingany of the above, undefined
aspectsof thearchitectureshallnotcausesecurityholessuchasallowing usersoft-
wareto accessprivilegedstate,put theprocessorinto supervisormode,or put the
processor into an unrecoverable state.

2.69 unrestricted: An adjective usedto describeanaddressspaceidentifier thatmay
be used regardlessof the processormode, that is, regardlessof the value of
PSTATE.PRIV.

2.70 user application program: Synonym: application program.

2.71 word: An alignedquadlet. Note that the definition of this term is architecture-
dependent and may differ from that used in other processor architectures.
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3   Architectural Over view

SPARC-V9 is aninstructionsetarchitecture(ISA) with 32-and64-bit integerand32-,64-
and128-bit floating-pointas its principal datatypes.The 32- and64- bit floating point
typesconformsto IEEE Std754-1985.The128-bitfloating-pointtypeconformsto IEEE
Std 1596.5-1992.SPARC-V9 definesgeneral-purposeinteger, floating-point,andspecial
state/statusregisterinstructions,all encodedin 32-bit-wideinstructionformats.Theload/
store instructions address a linear, 264-byte address space.

3.1   SPARC-V9 Processor

A SPARC-V9 processorlogically consistsof anintegerunit (IU ) anda floating-pointunit
(FPU), eachwith its own registers.This organizationallows for implementationswith
concurrency betweenintegerandfloating-pointinstructionexecution.Integerregistersare
64 bits wide; floating-pointregistersare32,64,or 128bits wide. Instructionoperandsare
single registers, register pairs, register quadruples, or immediate constants.

Theprocessorcanbe in eitherof two modes:pri vilegedor nonprivileged. In privileged
mode,theprocessorcanexecuteany instruction,includingprivilegedinstructions.In non-
privilegedmode,anattemptto executea privilegedinstructioncausesa trapto privileged
software.

3.1.1   Integ er Unit (IU)

The integerunit containsthegeneral-purposeregistersandcontrolstheoverall operation
of theprocessor. The IU executesthe integerarithmeticinstructionsandcomputesmem-
ory addressesfor loadsand stores.It also maintainsthe programcountersand controls
instruction execution for the FPU.

IMPL. DEP. #2: An implementation of the IU may contain from 64 to 528 general-purpose 64-bit r
registers. this corresponds to a grouping of the registers into 8 global r registers, 8 alternate global
r registers, plus a circular stack of from 3 to 32 sets of 16 registers each, known as register win-
dows. Since the number of register windows present (NWINDOWS) is implementation-dependent,
the total number of registers is implementation-dependent.

At a giventime, an instructioncanaccessthe8 globals (or the8 alternateglobals) anda
registerwindow into the r registers.The 24-registerwindow consistsof a 16-registerset
— dividedinto 8 in and8 local registers— togetherwith the8 in registersof anadjacent
registerset,addressablefrom thecurrentwindow asits out registers.Seefigure2 on page
32.

Thecurrentwindow is specifiedby thecurrentwindow pointer(CWP) register. Thepro-
cessordetectswindow spill andfill exceptionsvia the CANSAVE andCANRESTORE
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registers,respectively, which are controlledby hardware and supervisorsoftware. The
actualnumberof windows in a SPARC-V9 implementationis invisible to a userapplica-
tion program.

Whenever the IU accessesan instructionor datum in memory, it appendsan address
spaceidentifier (ASI), to the address.All instructionaccessesand most dataaccesses
appendan implict ASI, but someinstructionsallow theinclusionof anexplict ASI, either
asanimmediatefield within theinstruction,or from theASI register. TheASI determines
the byte orderof the access.All instructionsareaccessedin big-endianbyte order;data
canbereferencedin eitherbig- or little-endianorder. See5.2.1,“ProcessorStateRegister
(PSTATE),” for information about changing the default byte order.

3.1.2   Floating-P oint Unit (FPU)

TheFPUhas32 32-bit (single-precision)floating-pointregisters,32 64-bit (double-preci-
sion) floating-point registers,and 16 128-bit (quad-precision)floating-point registers,
someof which overlap.Double-precisionvaluesoccupy aneven-oddpair of single-preci-
sionregisters,andquad-precisionvaluesoccupy a quad-alignedgroupof four single-pre-
cision registers.The 32 single-precisionregisters,the lower half of the double-precision
registers,andthe lower half of thequad-precisionregistersoverlayeachother. Theupper
half of the double-precisionregistersand the upperhalf of the quad-precisionregisters
overlayeachother, but donotoverlayany of thesingle-precisionregisters.Thus,thefloat-
ing-pointregisterscanhold a maximumof 32 single-precision,32double-precision,or 16
quad-precisionvalues.This is describedin more detail in 5.1.4, “Floating-PointRegis-
ters.”

Floating-pointload/storeinstructionsareusedto move databetweenthe FPU andmem-
ory. Thememoryaddressis calculatedby the IU. Floating-Pointoperate (FPop)instruc-
tions perform the floating-point arithmetic operations and comparisons.

The floating-pointinstructionset and 32- and 64-bit dataformatsconform to the IEEE
Standardfor Binary Floating-PointArithmetic, IEEE Std754-1985.The128-bitfloating-
point data type conforms to the IEEE Standardfor SharedData Formats, IEEE Std
1596.5-1992.

If anFPUis notpresentor is notenabled,anattemptto executeafloating-pointinstruction
generates anfp_disabled trap. In either case, privileged-mode software must:

— Enable the FPU and reexecute the trapping instruction, or

— Emulate the trapping instruction.

3.2   Instructions

Instructions fall into the following basic categories:

— Memory access

— Integer operate
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— Control transfer

— State register access

— Floating-point operate

— Conditional move

— Register window management

These classes are discussed in the following subsections.

3.2.1   Memor y Access

Loadandstoreinstructionsandtheatomicoperations,CASX, SWAP, andLDSTUB, are
the only instructionsthat accessmemory. They usetwo r registersor an r registeranda
signed13-bit immediatevalueto calculatea 64-bit,byte-alignedmemoryaddress.TheIU
appends an ASI to this address.

Thedestinationfield of theload/storeinstructionspecifieseitheroneor two r registers,or
one,two, or four f registers,thatsupplythedatafor astoreor receive thedatafrom a load.

Integerloadandstoreinstructionssupportbyte,halfword (16-bit),word (32-bit),anddou-
bleword (64-bit) accesses.Someversionsof integer load instructionsperformsignexten-
sion on 8-, 16-, and 32-bit valuesas they are loadedinto a 64-bit destinationregister.
Floating-pointloadandstoreinstructionssupportword,doubleword,andquadwordmem-
ory accesses.

CAS, SWAP, andLDSTUB arespecialatomicmemoryaccessinstructionsthat areused
for synchonization and memory updates by concurrent processes.

3.2.1.1   Memor y Alignment Restrictions

Halfword accessesshall be aligned on 2-byteboundaries;word accesses(which include
instructionfetches)shallbealignedon4-byteboundaries;extended-wordanddoubleword
accessesshallbealignedon 8-byteboundaries;andquadword quantitiesshallbealigned
on 16-byte boundaries.An improperly aligned addressin a load, store, or load-store
instructioncausesatrapto occur, with thepossibleexceptionof casesdescribedin 6.3.1.1,
“Memory Alignment Restrictions.”

3.2.1.2   Addressing Con ventions

SPARC-V9 usesbig-endianbyteorderby default: theaddressof aquadword,doubleword,
word,or halfword is theaddressof its mostsignificantbyte.Increasingtheaddressmeans
decreasingthe significanceof the unit being accessed.All instructionaccessesare per-
formedusingbig-endianbyteorder. SPARC-V9 alsocansupportlittle-endianbyteorder
for dataaccessesonly: the addressof a quadword, doubleword, word, or halfword is the
addressof its leastsignificantbyte. Increasingthe addressmeansincreasingthe signifi-
canceof theunit beingaccessed.See5.2.1,ProcessorStateRegister(PSTATE), for infor-
mation about changing the implicit byte order to little-endian.
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Addressing conventions are illustrated in figure35 on page 71 and figure36 on page 73.

3.2.1.3   Load/Store Alternate

Versionsof load/storeinstructions,the load/store alternate instructions,canspecifyan
arbitrary8-bit addressspaceidentifier for the load/storedataaccess.Accessto alternate
spaces0016..7F16 is restricted,and accessto alternatespaces8016..FF16 is unrestricted.
Someof the ASIs are available for implementation-dependentuses(impl. dep. #29).
Supervisorsoftware can usethe implementation-dependentASIs to accessspecialpro-
tectedregisters,suchasMMU, cachecontrol,andprocessorstateregisters,andotherpro-
cessor- or system-dependentvalues.See6.3.1.3,“AddressSpaceIdentifiers(ASIs),” for
more information.

Alternatespaceaddressingis also provided for the atomic memoryaccessinstructions,
LDSTUB, SWAP, and CASX.

3.2.1.4   Separate I and D Memories

Most of thespecificationsin this manualignoretheissuesof memorymappingandcach-
ing. Theinterpretationof addressescanbeunified,in whichcasethesametranslationsand
cachingare applied to both instructionsand data,or they can be split, in which case
instruction referencesuse one translationmechanismand cacheand data references
another, althoughthe samemain memoryis shared.In suchsplit-memorysystems,the
coherency mechanismmaybeunifiedandincludebothinstructionsanddata,or it maybe
split. For this reason,programsthat modify their own code(self-modifyingcode)must
issueFLUSH instructions,or a systemcall with a similar effect, to bring the instruction
and data memories into a consistent state.

3.2.1.5   Input/Output

SPARC-V9 assumesthat input/output registers are accessedvia load/storealternate
instructions,normalload/storeinstructions,or read/writeAncillary StateRegisterinstruc-
tions (RDASR, WRASR).

IMPL. DEP. #123: The semantic effect of accessing input/output (I/O) locations is implementation-
dependent.

IMPL. DEP. #6: Whether the I/O registers can be accessed by nonprovileged code is implementa-
tion-dependent.

IMPL. DEP. #7: The addresses and contents of I/O registers are implementation-dependent.

3.2.1.6   Memor y Sync hronization

Two instructionsareusedfor synchronizationof memoryoperations:FLUSH andMEM-
BAR. Their operation is explained in A.20, “Flush Instruction Memory,” and A.32,
“Memory Barrier,” respectively.
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3.2.2   Arithmetic/Logical/Shift Instructions

The arithmetic/logical/shiftinstructionsperform arithmetic, taggedarithmetic, logical,
andshift operations.With oneexception,theseinstructionscomputearesultthatis a func-
tion of two sourceoperands;the result is eitherwritten into a destinationregisteror dis-
carded.The exception,SETHI, may be usedin combinationwith anotherarithmenticor
logical instruction to create a 32-bit constant in anr register.

Shift instructionsare usedto shift the contentsof an r register left or right by a given
count.Theshift distanceis specifiedby a constantin theinstructionor by thecontentsof
anr register.

Theintegermultiply instructionperformsa 64 × 64 → 64-bit operation.Theintegerdivi-
sioninstructionsperform64 ÷ 64 → 64-bit operations.In addition,for compatibilitywith
SPARC-V8, 32 × 32 → 64-bit multiply, 64 ÷ 32 → 32-bit divide, and multiply step
instructionsareincluded.Divisionby zerocausesa trap.Someversionsof the32-bitmul-
tiply and divide instructions set the condition codes.

Thetaggedarithmeticinstructionsassumethat the least-significanttwo bits of eachoper-
andarea data-typetag.Thenontrappingversionsof theseinstructionssettheintegercon-
dition code(icc) andextendedintegerconditioncode(xcc) overflow bitson32-bit (icc) or
64-bit (xcc) arithmeticoverflow. In addition,if any of theoperands’tagbits arenonzero,
icc is set. Thexcc overflow bit is not affected by the tag bits.

3.2.3   Contr ol Transf er

Control-transferinstructions(CTI s) includePC-relative branchesandcalls,register-indi-
rect jumps,and conditionaltraps.Most of the control-transferinstructionsare delayed;
that is, the instruction immediately following a control-transferinstruction in logical
sequenceis dispatchedbeforethecontrol transferto thetargetaddressis completed.Note
that thenext instructionin logical sequencemaynot betheinstructionfollowing thecon-
trol-transfer instruction in memory.

The instructionfollowing a delayedcontrol-transferinstructionis calleda delay instruc-
tion. A bit in a delayedcontrol-transferinstruction(the annul bit ) can causethe delay
instructionto be annulled(that is, to have no effect) if the branchis not taken (or in the
“branch always” case, if the branch is taken).

Compatibility Note:
SPARC-V8 specifiedthat the delay instructionwasalwaysfetched,even if annulled,andthat an
annulledinstructioncouldnot causeany traps.SPARC-V9 doesnot requirethedelayinstructionto
be fetched if it is annulled.

BranchandCALL instructionsusePC-relative displacements.Thejump andlink (JMPL)
and return (RETURN) instructionsusea register-indirect target address.They compute
their targetaddressesaseitherthesumof two r registers,or thesumof anr registeranda
13-bit signedimmediatevalue.Thebranchon conditioncodeswithout predictioninstruc-
tion providesa displacementof ±8 Mbytes;thebranchon conditioncodeswith prediction
instructionprovidesa displacementof ±1 Mbyte; thebranchon registercontentsinstruc-
tion providesadisplacementof ±128Kbytes,andtheCALL instruction’s30-bitworddis-
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placementallows a control transferto any addresswithin ±2 gigabytes(±231 bytes).Note
that when 32-bit addressmasking is enabled(see 5.2.1.7, “PSTATE_address_mask
(AM)”), the CALL instructionmay transfercontrol to an arbitrary 32-bit address.The
returnfrom privilegedtrapinstructions(DONE andRETRY) gettheir targetaddressfrom
the appropriate TPC or TNPC register.

3.2.4   State Register Access

Thereadandwrite stateregisterinstructionsreadandwrite thecontentsof stateregisters
visible to nonprivileged software (Y, CCR, ASI, PC, TICK, and FPRS).The readand
write privilegedregister instructionsreadandwrite the contentsof stateregistersvisible
only to privilegedsoftware(TPC,TNPC,TSTATE, TT, TICK, TBA, PSTATE, TL, PIL,
CWP, CANSAVE, CANRESTORE, CLEANWIN, OTHERWIN, WSTATE, FPQ, and
VER).

IMPL. DEP. #8: Software can use read/write ancillary state register instructions to read/write
implementation-dependent processor registers (ASRs 16..31).

IMPL. DEP. #9: Which if any of the implementation-dependent read/write ancillary state register
instructions (for ASRS 16..31) is privileged is implementation-dependent.

3.2.5   Floating-P oint Operate

Floating-pointoperate(FPop)instructionsperformall floating-pointcalculations;they are
register-to-registerinstructionsthatoperateonthefloating-pointregisters.Likearithmetic/
logical/shift instructions,FPopscomputea result that is a function of oneor two source
operands.Specificfloating-pointoperationsareselectedby asubfieldof theFPop1/FPop2
instruction formats.

3.2.6   Conditional Mo ve

Conditionalmove instructionsconditionallycopy avaluefrom asourceregisterto adesti-
nationregister, dependingon anintegeror floating-pointconditioncodeor uponthecon-
tents of an integer register. Theseinstructionsincreaseperformanceby reducing the
number of branches.

3.2.7   Register Windo w Management

Theseinstructionsare usedto managethe register windows. SAVE and RESTORE are
nonprivilegedandcausearegisterwindow to bepushedor popped.FLUSHWis nonprivi-
leged and causesall of the windows except the currentone to be flushedto memory.
SAVED andRESTOREDareusedby privilegedsoftwareto endawindow spill or fill trap
handler.
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3.3   Traps

A trap is avectoredtransferof controlto privilegedsoftwarethroughatraptablethatmay
containthefirst eight instructions(thirty-two for fill/spill traps)of eachtraphandler. The
baseaddressof the table is establishedby software in a stateregister (the Trap Base
Addressregister, TBA). Thedisplacementwithin thetableis encodedin thetypenumber
of eachtrapandthelevel of thetrap.Onehalf of thetableis reservedfor hardwaretraps;
onequarteris reserved for software trapsgeneratedby trap (Tcc) instructions;the final
quarter is reserved for future expansion of the architecture.

A trapcausesthecurrentPCandnPCto besavedin theTPCandTNPCregisters.It also
causestheCCR,ASI, PSTATE, andCWPregistersto besavedin TSTATE. TPC,TNPC,
andTSTATE areentriesin a hardwaretrapstack,wherethenumberof entriesin the trap
stackis equalto thenumberof traplevelssupported(impl. dep.#101).A trapalsosetsbits
in thePSTATE register, oneof whichcanenableanalternatesetof globalregistersfor use
by thetraphandler. Normally, theCWPis not changedby a trap;on a window spill or fill
trap,however, theCWPis changedto point to theregisterwindow to besavedor restored.

A trap may be causedby a Tcc instruction,an asynchronousexception,an instruction-
inducedexception,or an interrupt requestnot directly relatedto a particularinstruction.
Beforeexecutingeachinstruction,theprocessorbehavesasthoughit determinesif there
areany pendingexceptionsor interruptrequests.If any arepending,theprocessorselects
the highest-priority exception or interrupt request and causes a trap.

See Chapter 7, “Traps,” for a complete description of traps.
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4   Data Formats

The SPARC-V9 architecture recognizes these fundamental data types:

— Signed Integer: 8, 16, 32, and 64 bits

— Unsigned Integer: 8, 16, 32, and 64 bits

— Floating Point: 32, 64, and 128 bits

The widths of the data types are:

— Byte: 8 bits

— Halfword: 16 bits

— Word: 32 bits

— Extended Word: 64 bits

— Tagged Word: 32 bits (30-bit value plus 2-bit tag)

— Doubleword: 64 bits

— Quadword: 128 bits

Thesignedintegervaluesarestoredastwo’s-complementnumberswith awidth commen-
suratewith their range.Unsignedinteger values,bit strings,booleanvalues,strings,and
other valuesrepresentablein binary form are storedas unsignedintegerswith a width
commensuratewith their range.Thefloating-pointformatsconformto theIEEE Standard
for Binary Floating-PointArithmetic, IEEE Std754-1985.In taggedwords,the leastsig-
nificant two bits are treated as a tag; the remaining 30 bits are treated as a signed integer.

Subsections4.1 through4.11 illustrate the signedinteger, unsignedinteger, and tagged
formats.Subsections4.12 through4.14 illustrate the floating-pointformats.In 4.4, 4.9,
4.13,and4.14,theindividualsubwordsof themultiworddataformatsareassignednames.
The arrangementof the subformatsin memoryand processorregistersbasedon these
namesis shown in table1. Tables2 through5 definetheintegerandfloating-pointformats.

4.1   Signed Integ er Byte

7 6 0

S
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4.2   Signed Integ er Halfw ord

4.3   Signed Integ er Word

4.4   Signed Integ er Doub le

4.5   Signed Extended Integ er

SX

4.6   Unsigned Integ er Byte

4.7   Unsigned Integ er Halfw ord

15 14 0

S

31 30 0

S

31 30 0

S signed_db l_integ er[62:32]

SD–0

SD–1

31 0

signed_db l_integ er[31:0]

63 62 0

S signed_e xt_integ er

7 0

15 0
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4.8   Unsigned Integ er Word

4.9   Unsigned Integ er Doub le

4.10   Unsigned Extended Integ er

UX

4.11   Tagged Word

4.12   Floating-P oint Single Precision

31 0

31 0

unsigned_db l_integ er[63:32]

UD–0

UD–1

31 0

unsigned_db l_integ er[31:0]

63 0

unsigned_e xt_integ er

31 0

tag

2 1

31 30 0

S exp[7:0] fraction[22:0]

2223
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4.13   Floating-P oint Doub le Precision

4.14   Floating-P oint Quad Precision

31 30 0

S exp[10:0] fraction[51:32]

1920

FD–0

FD–1
31 0

fraction[31:0]

31 30 0

S exp[14:0] fraction[111:96]

1516

FQ–0

FQ–1

FQ–2

FQ–3

31 0

fraction[95:64]

31 0

fraction[63:32]

31 0

fraction[31:0]
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† Althougha floating-pointdoubleword is only requiredto beword-alignedin memory, it is recom-
mended that it be doubleword-aligned (i.e., the address of its FD-0 word should be 0mod 8).

‡ Although a floating-pointquadword is only requiredto be word-alignedin memory, it is recom-
mended that it be quadword-aligned (i.e., the address of its FQ-0 word should be 0mod 16).

Table 1—Double- and Quadwords in Memory & Registers

Subformat
Name Subformat Field

Required
Addr ess

Alignment

Memory
Addr ess

Register
Number

Alignment

Register
Number

SD-0 signed_dbl_integer[63:32] 0 mod 8 n 0 mod 2 r

SD-1 signed_dbl_integer[31:0] 4 mod 8 n + 4 1 mod 2 r + 1

SX signed_ext_integer[63:0] 0 mod 8 n — r

UD-0 unsigned_dbl_integer[63:32] 0 mod 8 n 0 mod 2 r

UD-1 unsigned_dbl_integer[31:0] 4 mod 8 n + 4 1 mod 2 r + 1

UX unsigned_ext_integer[63:0] 0 mod 8 n — r

FD-0 s:exp[10:0]:fraction[51:32] 0 mod 4 † n 0 mod 2 f

FD-1 fraction[31:0] 0 mod 4 † n + 4 1 mod 2 f + 1

FQ-0 s:exp[14:0]:fraction[111:96] 0 mod 4 ‡ n 0 mod 4 f

FQ-1 fraction[95:64] 0 mod 4 ‡ n + 4 1 mod 4 f + 1

FQ-2 fraction[63:32] 0 mod 4 ‡ n + 8 2 mod 4 f + 2

FQ-3 fraction[31:0] 0 mod 4 ‡ n + 12 3 mod 4 f + 3

Table 2—Signed Integer, Unsigned Integer, and Tagged Format Ranges

Data type Width (bits) Range

Signed integer byte 8 −27 to 27 − 1

Signed integer halfword 16 −215 to 215 − 1

Signed integer word 32 −231 to 231 − 1

Signed integer tagged word 32 −229 to 229 − 1

Signed integer double 64 −263 to 263− 1

Signed extended integer 64 −263 to 263 − 1

Unsigned integer byte 8 0 to 28 − 1

Unsigned integer halfword 16 0 to 216 − 1

Unsigned integer word 32 0 to 232 − 1

Unsigned integer tagged word 32 0 to 230 − 1

Unsigned integer double 64 0 to 264 − 1

Unsigned extended integer 64 0 to 264 − 1
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Table 3—Floating-Point Single-Precision Format Definition

s = sign (1 bit)

e = biased exponent (8 bits)

f = fraction (23 bits)

u = undefined

Normalized value (0 < e < 255): (−1)s × 2e−127× 1.f

Subnormal value (e= 0): (−1)s × 2−126× 0.f

Zero (e = 0) (−1)s × 0

Signalling NaN s = u;   e = 255 (max);   f= .0uu--uu
(At least one bit of the fraction must be nonzero)

Quiet NaN s = u;   e = 255 (max);   f= .1uu--uu

− ∞ (negative infinity) s = 1;   e = 255 (max);   f= .000--00

+ ∞ (positive infinity) s = 0;   e = 255 (max);   f= .000--00

Table 4—Floating-Point Double-Precision Format Definition

s = sign (1 bit)

e = biased exponent (11 bits)

f = fraction (52 bits)

u = undefined

Normalized value (0 < e < 2047): (−1)s × 2e−1023× 1.f

Subnormal value (e= 0): (−1)s × 2−1022× 0.f

Zero (e = 0) (−1)s × 0

Signalling NaN s = u;   e = 2047 (max);   f= .0uu--uu
(At least one bit of the fraction must be nonzero)

Quiet NaN s = u;   e = 2047 (max);   f= .1uu--uu

− ∞ (negative infinity) s = 1;   e = 2047 (max);   f= .000--00

+ ∞ (positive infinity) s = 0;   e = 2047 (max);   f= .000--00

Table 5—Floating-Point Quad-Precision Format Definition

s = sign (1 bit)

e = biased exponent (15 bits)

f = fraction (112 bits)

u = undefined

Normalized value (0 < e < 32767): (-1)s × 2e−16383× 1.f

Subnormal value (e= 0): (-1)s × 2−16382× 0.f

Zero (e = 0) (-1)s × 0

Signalling NaN s = u;   e = 32767 (max);   f= .0uu--uu
(At least one bit of the fraction must be nonzero)

Quiet NaN s = u;   e = 32767 (max);   f= .1uu--uu

− ∞ (negative infinity) s = 1;   e = 32767 (max);   f= .000--00

+ ∞ (positive infinity) s = 0;   e = 32767 (max);   f= .000--00
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5   Register s

A SPARC-V9 processorincludestwo typesof registers:general-purpose,or working data
registers, and control/status registers.

Working registers include:

— Integer working registers (r registers)

— Floating-point working registers (f registers)

Control/status registers include:

— Program Counter register (PC)

— Next Program Counter register (nPC)

— Processor State register (PSTATE)

— Trap Base Address register (TBA)

— Y register (Y)

— Processor Interrupt Level register (PIL)

— Current Window Pointer register (CWP)

— Trap Type register (TT)

— Condition Codes Register (CCR)

— Address Space Identifier register (ASI)

— Trap Level register (TL)

— Trap Program Counter register (TPC)

— Trap Next Program Counter register (TNPC)

— Trap State register (TSTATE)

— Hardware clock-tick counter register (TICK)

— Savable windows register (CANSAVE)

— Restorable windows register (CANRESTORE)

— Other windows register (OTHERWIN)

— Clean windows register (CLEANWIN)

— Window State register (WSTATE)
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— Version register (VER)

— Implementation-dependent Ancillary State Registers (ASRs) (impl. dep. #8)

— Implementation-dependent IU Deferred-Trap Queue (impl. dep. #16)

— Floating-Point State Register (FSR)

— Floating-Point Registers State register (FPRS)

— Implementation-dependentFloating-PointDeferred-Trap Queue(FQ) (impl. dep.
#24)

For convenience,someregistersin this chapterareillustratedasfewer than64 bits wide.
Any bits not shown arereserved for future extensionsto the architecture.Suchreserved
bits readaszeroesand,whenwritten by software,shouldalwaysbewritten with theval-
ues of those bits previously read from that register, or with zeroes.

5.1   Nonprivileg ed Register s

The registersdescribedin this subsectionare visible to nonprivileged (application,or
“user-mode”) software.

5.1.1   General Purpose r Register s

At any moment,general-purposeregistersappearto nonprivilegedsoftwareasshown in
figure1.

An implementationof the IU maycontainfrom 64 to 528general-purpose64-bit r regis-
ters. They are partitionedinto 8 global registers,8 alternate global registers,plus an
implementation-dependentnumberof 16-registersets(impl. dep.#2). A registerwindow
consists of the current 8in registers, 8local registers, and 8out registers. See table6.

5.1.1.1   Global r Register s

Registersr[0] ..r[7] refer to a setof eight registerscalledtheglobal registers(g0..g7). At
any time, oneof two setsof eight registersis enabledandcanbe accessedasthe global
registers.Whichsetof globalsis currentlyenabledis selectedby theAG (alternateglobal)
field in the PSTATE register. See 5.2.1, “ProcessorState Register (PSTATE),” for a
description of the AG field.

Global register zero (g0) always reads as zero; writes to it have no program-visible effect.

Compatibility Note:

SincethePSTATE registeris only writableby privilegedsoftware,existing nonprivilegedSPARC-
V8 softwarewill operatecorrectlyon a SPARC-V9 implementationif supervisorsoftwareensures
that nonprivileged software sees a consistent set of global registers.
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Figure 1—General-Purpose Registers (Nonprivileged View)

Programming Note:

Thealternateglobalregistersarepresentto givetraphandlersasetof scratchregistersthatareinde-
pendentof nonprivilegedsoftware’s registers.TheAG bit in PSTATE allowssupervisorsoftwareto
access the normal global registers if required (for example, during instruction emulation).

5.1.1.2   Windo wed r Register s

At any time, an instructioncanaccessthe 8 globalsanda 24-registerwindow into the r
registers.A registerwindow comprisesthe8 in and8 local registersof aparticularregister
set,togetherwith the8 in registersof anadjacentregisterset,which areaddressablefrom
the current window asout registers. See figure2 and table6.
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Figure 2—Three Overlapping Windows and the Eight Global Registers

The numberof windows or registersets,NWINDOWS, is implementation-dependentand
rangesfrom 3 to 32(impl. dep.#2).Thetotalnumberof r registersin agivenimplementa-
tion is 8 (for theglobals), plus8 (for thealternateglobals), plusthenumberof setstimes
16 registers/set.Thus,theminimumnumberof r registersis 64 (3 setsplusthe16 globals
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andalternateglobals) andthe maximumnumberis 528 (32 setsplus the 16 globalsand
alternateglobals).

Thecurrentwindow into ther registersis givenby thecurrentwindow pointer(CWP)reg-
ister. The CWP is decrementedby the RESTORE instruction and incrementedby the
SAVE instruction.Window overflow is detectedvia the CANSAVE registerandwindow
underflow is detectedvia the CANRESTORE register,both of which are controlledby
privilegedsoftware.A window overflow (underflow) conditioncausesawindow spill (fill)
trap.

5.1.1.3   Overlapping Windo ws

Eachwindow sharesits ins with oneadjacentwindow andits outs with another. Theouts
of the CWP–1(moduloNWINDOWS) window areaddressableasthe ins of the current
window, andthe outs in the currentwindow arethe ins of the CWP+1(moduloNWIN-
DOWS) window. Thelocals are unique to each window.

An r register with addresso, where8 ≤ o ≤ 15, refers to exactly the sameregister as
(o+16) doesaftertheCWPis incrementedby 1 (moduloNWINDOWS).Likewise,a reg-
isterwith addressi, where24≤ i ≤ 31,refersto exactly thesameregisterasaddress(i −16)
does after the CWP is decremented by 1 (modulo NWINDOWS). See figures 2 and 3.

SinceCWP arithmeticis performedmoduloNWINDOWS, thehighestnumberedimple-
mentedwindow overlapswith window 0. Theoutsof window NWINDOWS−1 arethe ins
of window 0. Implementedwindows must be numberedcontiguouslyfrom 0 through
NWINDOWS−1.

Programming Note:
Sincetheprocedurecall instructions(CALL andJMPL) do not changetheCWP, a procedurecan
be called without changing the window. See H.1.2, “Leaf-Procedure Optimization.”

Becausethe windows overlap,the numberof windows available to software is one lessthan the
numberof implementedwindows,or NWINDOWS−1. Whentheregisterfile is full, theoutsof the
newest window are theins of the oldest window, which still contains valid data.

The local andout registersof a registerwindow areguaranteedto containeitherzeroesor an old
valuethatbelongsto thecurrentcontext uponreenteringthewindow throughaSAVE instruction.If
a programexecutesa RESTOREfollowedby a SAVE, theresultingwindow’s locals andouts may
notbevalid aftertheSAVE, sincea trapmayhaveoccurredbetweentheRESTOREandtheSAVE.
However, if theclean_window protocolis beingused,systemsoftwaremustguaranteethatregisters
in thecurrentwindow afteraSAVE will alwayscontainonly zeroesor valid datafrom thatcontext.
See 5.2.10.6, “Clean Windows (CLEANWIN) Register.”

Subsection6.4, “Register Window Management,” describeshow the windowed integer
registers are managed.

Table 6—Window Addressing

Windowed Register Address r Register Address

in[0] – in[7] r[24] – r[31]

local[0] – local[7] r[16] – r[23]

out[0] – out[7] r[ 8] – r[15]

global[0] – global[7] r[ 0] – r[ 7]
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Figure 3—The Windowed r Registers for NWINDO WS = 8

5.1.2   Special r Register s

The usage of two of ther registers is fixed, in whole or in part, by the architecture:

— The value ofr[0] is always zero; writes to it have no program-visible effect.

— The CALL instruction writes its own address into registerr[15] (out register 7).

CWP = 0
(current window pointer)

w1 outs

w2 outs

w3 outs

w4 outs

w5 outs

w6 outs

w7 outs

w0 outsw0 locals

w0 ins

w1 locals

w1 ins

w3 locals

w3 ins

w5 locals

w5 ins

w4 locals

w4 ins

w6 locals

w2 locals

w2 ins

w7 locals

w7 ins

RESTORESAVE

w6 ins

(Overlap)

OTHERWIN = 2

CANRESTORE = 1

CANSAVE = 3

CANSAVE + CANRESTORE + OTHERWIN = NWINDOWS – 2

Thecurrentwindow (window 0) andtheoverlapwindow (window 4) accountfor thetwo windows
in the right-handside of the equation.The “overlap window” is the window that must remain
unused because its ins and outs overlap two other valid windows.



5.1 Nonprivileged Registers 35

5.1.2.1   Register -Pair Operands

LDD, LDDA, STD, andSTDA instructionsaccessa pair of wordsin adjacentr registers
andrequireeven-oddregisteralignment.The least-significantbit of an r registernumber
in these instructions is reserved, and should be supplied as zero by software.

Whenthe r[0] – r[1] registerpair is usedasa destinationin LDD or LDDA, only r[1] is
modified.Whenther[0] – r[1] registerpair is usedasa sourcein STD or STDA, a zerois
written to the32-bit word at thelowestaddressandtheleastsignificant32 bits of r[1] are
written to the 32-bit word at the highest address (in big-endian mode).

An attemptto executean LDD, LDDA, STD, or STDA instructionthat refersto a mis-
aligned (odd) destination register number causes anillegal_instruction trap.

5.1.2.2   Register Usa ge

See H.1.1, “Registers,” for information about the conventional usage of ther registers.

In figure3, NWINDOWS = 8. The8 globalsarenot illustrated.CWP= 0, CANSAVE = 3,
OTHERWIN = 2, andCANRESTORE= 1. If theprocedureusingwindow w0 executesa
RESTORE,window w7 becomesthecurrentwindow. If theprocedureusingwindow w0
executes a SAVE, window w1 becomes the current window.

5.1.3   IU Contr ol/Status Register s

ThenonprivilegedIU control/statusregistersincludetheprogramcounters(PCandnPC),
the32-bit multiply/divide (Y) register(andpossiblyoptional)implementation-dependent
Ancillary State Registers (ASRs) (impl. dep. #8).

5.1.3.1   Program Counter s (PC, nPC)

The PC containsthe addressof the instructioncurrentlybeingexecutedby the IU. The
nPCholdstheaddressof thenext instructionto beexecuted,if a trapdoesnot occur. The
low-order two bits of PC and nPC always contain zero.

For a delayedcontrol transfer, the instruction that immediately follows the transfer
instructionis known asthedelayinstruction.Thisdelayinstructionis executed(unlessthe
control transferinstructionannulsit) beforecontrol is transferredto the target. During
executionof the delay instruction, the nPC points to the target of the control transfer
instruction, while the PC points to the delay instruction. See Chapter 6, “Instructions.”

The PC is usedimplicitly as a destinationregister by CALL, Bicc, BPcc,BPr, FBfcc,
FBPfcc,JMPL, andRETURN instructions.It canbe readdirectly by an RDPCinstruc-
tion.
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5.1.3.2   32-Bit Multipl y/Divide Register (Y)

Figure 4—Y Register

Thelow-order32 bits of theY register, illustratedin figure4, containthemoresignificant
wordof the64-bitproductof anintegermultiplication,asaresultof eithera32-bit integer
multiply (SMUL, SMULcc, UMUL, UMULcc) instructionor an integer multiply step
(MULScc) instruction.The Y registeralsoholdsthe moresignificantword of the 64-bit
dividend for a 32-bit integer divide (SDIV, SDIVcc, UDIV, UDIVcc) instruction.

Although Y is a 64-bit register, its high-order 32 bits are reserved and always read as 0.

The Y register is read and written with the RDY and WRY instructions, respectively.

5.1.3.3   Ancillar y State Register s (ASRs)

SPARC-V9 providesfor optionalancillary stateregisters(ASRs). Accessto a particular
ASRmaybeprivilegedor nonprivileged(impl. dep.#9); see5.2.11,“Ancillary StateReg-
isters (ASRs),” for a more complete description of ASRs.

5.1.4   Floating-P oint Register s

The FPU contains:

— 32 single-precision (32-bit) floating-point registers, numberedf[0], f [1], .. f[31].

— 32 double-precision (64-bit) floating-point registers, numberedf[0], f[2], .. f[62].

— 16 quad-precision (128-bit) floating-point registers, numberedf[0], f [4], .. f[60].

Thefloating-pointregistersarearrangedsothatsomeof themoverlap,that is, arealiased.
The layoutandnumberingof thefloating-pointregistersareshown in figures5, 6, and7.
Unlike the windowed r registers,all of the floating-pointregistersareaccessibleat any
time.Thefloating-pointregisterscanbereadandwritten by FPop(FPop1/FPop2format)
instructions, and by load/store single/double/quad floating-point instructions.

TheY registeris deprecated;it is providedonly for compatibilitywith previousver-
sionsof the architecture.It shouldnot be usedin new SPARC-V9 software.It is
recommendedthat all instructions that referencethe Y register (i.e., SMUL,
SMULcc,UMUL, UMULcc, MULScc,SDIV, SDIVcc,UDIV, UDIVcc, RDY, and
WRY) be avoided.Seethe appropriatepagesin AppendixA, “Instruction Defini-
tions,” for suitable substitute instructions.

63 032 31

— product<63:32> or dividend<63:32>
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Figure 5—Single-Precision Floating-Point Registers, with Aliasing

Operand
 register ID

Operand
fr om

f31 f31<31:0>
f30 f30<31:0>
f29 f29<31:0>
f28 f28<31:0>
f27 f27<31:0>
f26 f26<31:0>
f25 f25<31:0>
f24 f24<31:0>
f23 f23<31:0>
f22 f22<31:0>
f21 f21<31:0>
f20 f20<31:0>
f19 f19<31:0>
f18 f18<31:0>
f17 f17<31:0>
f16 f16<31:0>
f15 f15<31:0>
f14 f14<31:0>
f13 f13<31:0>
f12 f12<31:0>
f11 f11<31:0>
f10 f10<31:0>
f9 f9<31:0>
f8 f8<31:0>
f7 f7<31:0>
f6 f6<31:0>
f5 f5<31:0>
f4 f4<31:0>
f3 f3<31:0>
f2 f2<31:0>
f1 f1<31:0>
f0 f0<31:0>
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Figure 6—Double-Precision Floating-Point Registers, with Aliasing

Operand
 register ID

Operand
field

From
register

f62 <63:0> f62<63:0>
f60 <63:0> f60<63:0>
f58 <63:0> f58<63:0>
f56 <63:0> f56<63:0>
f54 <63:0> f54<63:0>
f52 <63:0> f52<63:0>
f50 <63:0> f50<63:0>
f48 <63:0> f48<63:0>
f46 <63:0> f46<63:0>
f44 <63:0> f44<63:0>
f42 <63:0> f42<63:0>
f40 <63:0> f40<63:0>
f38 <63:0> f38<63:0>
f36 <63:0> f36<63:0>
f34 <63:0> f34<63:0>
f32 <63:0> f32<63:0>

f30
<31:0> f31<31:0>
<63:32> f30<31:0>

f28
<31:0> f29<31:0>
<63:32> f28<31:0>

f26
<31:0> f27<31:0>
<63:32> f26<31:0>

f24
<31:0> f25<31:0>
<63:32> f24<31:0>

f22
<31:0> f23<31:0>
<63:32> f22<31:0>

f20
<31:0> f21<31:0>
<63:32> f20<31:0>

f18
<31:0> f19<31:0>
<63:32> f18<31:0>

f16
<31:0> f17<31:0>
<63:32> f16<31:0>

f14
<31:0> f15<31:0>
<63:32> f14<31:0>

f12
<31:0> f13<31:0>
<63:32> f12<31:0>

f10
<31:0> f11<31:0>
<63:32> f10<31:0>

f8
<31:0> f9<31:0>
<63:32> f8<31:0>

f6
<31:0> f7<31:0>
<63:32> f6<31:0>

f4
<31:0> f5<31:0>
<63:32> f4<31:0>

f2
<31:0> f3<31:0>
<63:32> f2<31:0>

f0
<31:0> f1<31:0>
<63:32> f0<31:0>
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Figure 7—Quad-Precision Floating-Point Registers, with Aliasing

Operand
 register ID

Operand
field

From
register

f60
<63:0> f62<63:0>
<127:64> f60<63:0>

f56
<63:0> f58<63:0>
<127:64> f56<63:0>

f52
<63:0> f54<63:0>
<127:64> f52<63:0>

f48
<63:0> f50<63:0>
<127:64> f48<63:0>

f44
<63:0> f46<63:0>
<127:64> f44<63:0>

f40
<63:0> f42<63:0>
<127:64> f40<63:0>

f36
<63:0> f38<63:0>
<127:64> f36<63:0>

f32
<63:0> f34<63:0>
<127:64> f32<63:0>

f28

<31:0> f31<31:0>
<63:32> f30<31:0>
<95:64> f29<31:0>
<127:96> f28<31:0>

f24

<31:0> f27<31:0>
<63:32> f26<31:0>
<95:64> f25<31:0>
<127:96> f24<31:0>

f20

<31:0> f23<31:0>
<63:32> f22<31:0>
<95:64> f21<31:0>
<127:96> f20<31:0>

f16

<31:0> f19<31:0>
<63:32> f18<31:0>
<95:64> f17<31:0>
<127:96> f16<31:0>

f12

<31:0> f15<31:0>
<63:32> f14<31:0>
<95:64> f13<31:0>
<127:96> f12<31:0>

f8

<31:0> f11<31:0>
<63:32> f10<31:0>
<95:64> f9<31:0>
<127:96> f8<31:0>

f4

<31:0> f7<31:0>
<63:32> f6<31:0>
<95:64> f5<31:0>
<127:96> f4<31:0>

f0

<31:0> f3<31:0>
<63:32> f2<31:0>
<95:64> f1<31:0>
<127:96> f0<31:0>
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5.1.4.1   Floating-P oint Register Number Encoding

Registernumbersfor single,double,andquadregistersareencodeddifferentlyin the5-bit
registernumberfield in afloating-pointinstruction.If thebits in aregisternumberfield are
labeled:b<4>..b<0> (whereb<4> is the most-significantbit of the registernumber),the
encodingof floating-point register numbersinto 5-bit instruction fields is as given in
table7.

Compatibility Note:
In SPARC-V8, bit 0 of doubleandquadregisternumbersencodedin instructionfieldswasrequired
to be zero.Therefore,all SPARC-V8 floating-pointinstructionscanrun unchangedon a SPARC-
V9 implementation using the encoding in table7.

5.1.4.2   Doub le and Quad Floating-P oint Operands

A single f register can hold one single-precisionoperand,a double-precisionoperand
requiresan alignedpair of f registers,anda quad-precisionoperandrequiresan aligned
quadrupleof f registers.At a giventime, thefloating-pointregisterscanhold a maximum
of 32single-precision,16double-precision,or 8 quad-precisionvaluesin thelowerhalf of
thefloating-pointregisterfile, plusanadditional16 double-precisionor 8 quad-precision
values in the upper half, or mixtures of the three sizes.

Programming Note:
Data to be loadedinto a floating-pointdoubleor quadregister that is not doubleword-alignedin
memorymustbeloadedinto thelower 16 doubleregisters(8 quadregisters)usingsingle-precision
LDF instructions.If desired,it canthenbecopiedinto theupper16 doubleregisters(8 quadregis-
ters).

An attemptto executean instruction that refers to a misalignedfloating-point register
operand(that is, a quad-precisionoperandin a registerwhose6-bit registernumberis not
0 mod 4) shall cause anfp_exception_other trap, with FSR.ftt = 6 (invalid_fp_register).

Programming Note:
Given the encoding in table7, it is impossible to specify a misaligned double-precision register.

5.1.5   Condition Codes Register (CCR)

Figure 8—Condition Codes Register

Table 7—Floating-Point Register Number Encoding

Register
operand

type 6-bit register number

Encoding in a
5-bit register field
in an instruction

Single f.p. or
32-bit integer

0 b<4> b<3> b<2> b<1> b<0> b<4> b<3> b<2> b<1> b<0>

Doublef.p. or
64-bit integer

b<5> b<4> b<3> b<2> b<1> 0 b<4> b<3> b<2> b<1> b<5>

Quad f.p. b<5> b<4> b<3> b<2> 0 0 b<4> b<3> b<2> 0 b<5>

7 4 03

xcc iccCCR
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The Condition Codes Register (CCR) holds the integer condition codes.

5.1.5.1   CCR Condition Code Fields ( xcc  and icc )

All instructionsthat set integer conditioncodessetboth the xcc and icc fields. The xcc
conditioncodesindicatetheresultof anoperationwhenviewedasa64-bit operation.The
icc conditioncodesindicatetheresultof anoperationwhenviewedasa 32-bit operation.
For example,if anoperationresultsin the64-bitvalue00000000FFFFFFFF16, the32-bit
result is negative (icc.N is set to 1) but the 64-bit result is nonnegative (xcc.N is set to 0).

Eachof the 4-bit condition-codefields is composedof four 1-bit subfields,asshown in
figure9.

Figure 9—Integer Condition Codes (CCR_icc and CCR_xcc)

The n bits indicate whetherthe 2’s-complementALU result was negative for the last
instruction that modified the integer condition codes. 1= negative, 0= not negative.

Thez bits indicatewhethertheALU resultwaszerofor the last instructionthatmodified
the integer condition codes. 1= zero, 0= nonzero.

Thev bits indicatewhethertheALU resultwaswithin therangeof (wasrepresentablein)
64-bit (xcc) or 32-bit (icc) 2’s complementnotationfor the last instructionthat modified
the integer condition codes. 1= overflow, 0= no overflow.

The c bits indicatewhethera 2’s complementcarry (or borrow) occurredduring the last
instructionthatmodifiedthe integerconditioncodes.Carry is seton additionif thereis a
carryout of bit 63 (xcc) or bit 31 (icc). Carryis seton subtractionif thereis a borrow into
bit 63 (xcc) or bit 31 (icc). 1= carry, 0= no carry.

5.1.5.1.1   CCR_extended_integ er_cond_codes ( xcc )

Bits 7 through4 aretheIU conditioncodesthatindicatetheresultsof anintegeroperation
with both of the operandsconsideredto be 64 bits long. Thesebits aremodifiedby the
arithmeticand logical instructionsthe namesof which end with the letters “cc” (e.g.,
ANDcc) andby the WRCCRinstruction.They canbe modifiedby a DONE or RETRY
instruction,which replacesthesebits with the CCR field of the TSTATE register. The
BPccandTcc instructionsmay causea transferof control basedon the valuesof these
bits. The MOVcc instructioncan conditionallymove the contentsof an integer register
basedon thestateof thesebits.TheFMOVcc instructioncanconditionallymove thecon-
tents of a floating-point register based on the state of these bits.

7 5 4

0

6

13 2

xcc:
icc:

cvn z
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5.1.5.1.2   CCR_integ er_cond_codes ( icc )

Bits 3 through0 aretheIU conditioncodes,which indicatetheresultsof anintegeropera-
tion with both of the operandsconsideredto be 32 bits. Thesebits aremodifiedby the
arithmeticand logical instructionsthe namesof which end with the letters “cc” (e.g.,
ANDcc) andby the WRCCRinstruction.They canbe modifiedby a DONE or RETRY
instruction,which replacesthesebits with the CCR field of the TSTATE register. The
BPcc,Bicc, andTcc instructionsmay causea transferof control basedon the valuesof
thesebits.TheMOVcc instructioncanconditionallymovethecontentsof anintegerregis-
ter basedon the stateof thesebits. The FMOVcc instructioncanconditionallymove the
contents of a floating-point register based on the state of these bits.

5.1.6   Floating-P oint Register s State (FPRS) Register

Figure 10—Floating-Point Registers State Register

TheFloating-PointRegistersState(FPRS)registerholdscontrolinformationfor thefloat-
ing-pointregisterfile; this informationis readableandwritableby nonprivilegedsoftware.

5.1.6.1   FPRS_enable_fp (FEF)

Bit 2, FEF, determineswhethertheFPUis enabled.If it is disabled,executinga floating-
point instructioncausesan fp_disabled trap.If this bit is setbut thePSTATE.PEFbit is not
set, then executing a floating-point instruction causesan fp_disabled trap; that is, both
FPRS.FEF and PSTATE.PEF must be set to enable floating-point operations.

5.1.6.2   FPRS_dir ty_upper (DU)

Bit 1 is the“dirty” bit for theupperhalf of thefloating-pointregisters;that is, f32..f62. It
is setwhenever any of the upperfloating-pointregistersis modified. Its settingmay be
pessimistic;thatis, it maybesetin somecaseseventhoughno registerwasactuallymod-
ified. It is cleared only by software.

5.1.6.3   FPRS_dir ty_lo wer (DL)

Bit 0 is the “dirty” bit for the lower 32 floating-pointregisters;that is, f0..f31. It is set
wheneverany of thelowerfloating-pointregistersis modified.Its settingmaybepessimis-
tic; thatis, it maybesetin somecaseseventhoughno registerwasactuallymodified.It is
cleared only by software.

Implementation Note:
The pessimisticsettingof FPRS.DLandFPRS.DUallows hardwareto setthesebits even though
the modification of a floating-point register might be cancelled before data is written.

012

DLFEF DUFPRS
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5.1.7   Floating-P oint State Register (FSR)

TheFSRregisterfields,illustratedin figure11,containFPUmodeandstatusinformation.
Thelower 32 bits of theFSRarereadandwrittenby theSTFSRandLDFSRinstructions;
all 64 bits of the FSR are readandwritten by the STXFSRandLDXFSR instructions,
respectively. Thever, ftt, andreserved fields are not modified by LDFSR or LDXFSR.

Figure 11—FSR Fields

Bits 63..38, 29..28, 21..20, and12 arereserved.Whenreadby an STXFSRinstruction,
thesebits shall readaszero.Softwareshouldonly issueLDXFSR instructionswith zero
valuesin thesebits, unlessthevaluesof thesebits areexactly thosederivedfrom a previ-
ous STFSR.

Subsections 5.1.7.1 through 5.1.7.10.5 describe the remaining fields in the FSR.

5.1.7.1   FSR_fp_condition_codes ( fcc0 , fcc1 , fcc2 , fcc3 )

Thereare four setsof floating-pointcondition codefields, labeledfcc0, fcc1, fcc2, and
fcc3.

Compatibility Note:

SPARC-V9’s fcc0 is the same as SPARC-V8’s fcc.

The fcc0field consistsof bits 11 and10 of theFSR,fcc1consistsof bits 33 and32, fcc2
consistsof bits35and34, andfcc3consistsof bits37and36.Executionof afloating-point
compareinstruction(FCMP or FCMPE) updatesone of the fccn fields in the FSR, as
selectedby theinstruction.Thefccnfieldsarereadandwrittenby STXFSRandLDXFSR
instructions,respectively. The fcc0 field may also be readand written by STFSRand
LDFSR,respectively. FBfcc andFBPfccinstructionsbasetheir control transferson these
fields.The MOVcc andFMOVcc instructionscanconditionallycopy a registerbasedon
the state of these fields.

In table8, frs1andfrs2correspondto thesingle,double,or quadvaluesin thefloating-point
registersspecifiedby a floating-pointcompareinstruction’s rs1andrs2 fields.Theques-
tion mark(‘?’) indicatesanunorderedrelation,which is trueif eitherfrs1or frs2 is asignal-
ling NaNor quietNaN.If FCMPor FCMPEgeneratesanfp_exception_ieee_754 exception,
thenfccn is unchanged.

63 3235 34 3338 37

31 141923 13 12 11 5 4 091017 162730 29 28 22 21 20

36

fcc3 fcc2 fcc1—

RD — TEM NS — ver ftt qne — fcc0 aexc cexc
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5.1.7.2   FSR_rounding_direction (RD)

Bits 31 and30 selectthe roundingdirectionfor floating-pointresultsaccordingto IEEE
Std 754-1985. Table 9 shows the encodings.

5.1.7.3   FSR_trap_enab le_mask (TEM)

Bits 27 through23 areenablebits for eachof thefive IEEE-754floating-pointexceptions
that canbe indicatedin thecurrent_exceptionfield (cexc). Seefigure12 on page48. If a
floating-pointoperateinstructiongeneratesoneor moreexceptionsandtheTEM bit corre-
spondingto any of theexceptionsis 1, an fp_exception_ieee_754 trapis caused.A TEM bit
value of 0 prevents the corresponding exception type from generating a trap.

5.1.7.4   FSR_nonstandar d_fp (NS)

IMPL. DEP. #18: When set to 1, bit 22 causes the FPU to produce implementation-defined results
that may not correspond to IEEE Std 754-1985.

For instance,to obtain higher performance,implementationsmay convert a subnormal
floating-pointoperandor resultto zerowhenFSR.NSis set.SPARC-V9 implementations
arepermittedbut not encouragedto deviate from IEEE 754 requirementswhenthe non-
standardmodebit of theFSRis 1. For implementationsin which no nonstandardfloating-
point modeexists, theNS bit of theFSRshouldalwaysreadas0, andwrites to it should
be ignored.

SeeImplementationCharacteristicsof CurrentSPARC-V9-basedProducts,Revision9.x, a
documentavailablefrom SPARC International,for a descriptionof how this field is used
in existing implementations.

Table 8—Floating-Point Condition Codes (fccn) Fields of FSR

Content of
fccn Indicated relation

0 frs1 = frs2

1 frs1 < frs2

2 frs1 > frs2

3 frs1 ? frs2 (unordered)

Table 9—Rounding Direction (RD) Field of FSR

RD Round toward

0 Nearest (even if tie)

1 0

2 + ∞
3 − ∞



5.1 Nonprivileged Registers 45

5.1.7.5   FSR_version ( ver )

IMPL. DEP. #19: Bits 19 through 17 identify one or more particular implementations of the FPU
architecture.

For eachSPARC-V9 IU implementation(asidentifiedby its VER.impl field), theremay
be one or more FPU implementations,or none.This field identifiesthe particularFPU
implementationpresent.Versionnumber7 is reserved to indicatethatno hardwarefloat-
ing-pointcontrolleris present.SeeImplementationCharacteristicsof CurrentSPARC-V9-
basedProducts,Revision 9.x, a documentavailable from SPARC International,for a
description of the values of this field in existing implementations.

Theverfield is read-only;it cannotbemodifiedby theLDFSRandLDXFSRinstructions.

5.1.7.6   FSR_floating-point_trap_type ( ftt )

Severalconditionscancausea floating-pointexceptiontrap.Whena floating-pointexcep-
tion trapoccurs,ftt (bits 16 through14 of theFSR)identifiesthecauseof theexception,
the“floating-pointtraptype.” After a floating-pointexceptionoccurs,the ftt field encodes
the type of the floating-point exception until an STFSR or an FPop is executed.

The ftt field can be read by the STFSRand STXFSR instructions.The LDFSR and
LDXFSR instructions do not affect ftt.

Privilegedsoftwarethathandlesfloating-pointtrapsmustexecuteanSTFSR(or STXFSR)
to determinethefloating-pointtraptype.STFSRandSTXFSRshallzeroftt afterthestore
completeswithout error. If the storegeneratesan error anddoesnot complete,ftt shall
remain unchanged.

Programming Note:
NeitherLDFSRnor LDXFSR canbeusedfor this purpose,sinceboth leave ftt unchanged.How-
ever, executinga nontrappingFPopsuchas“ fmovs %f0,%f0 ” prior to returningto nonprivi-
leged mode will zeroftt. Theftt remains valid until the next FPop instruction completes execution.

The ftt field encodesthefloating-pointtraptypeaccordingto table10.Notethatthevalue
“7” is reserved for future expansion.

Thesequence_error andhardware_error traptypesareunlikely to arisein thenormalcourse
of computation.They areessentiallyunrecoverablefrom thepointof view of userapplica-

Table 10—Floating-Point Trap Type (ftt) Field of FSR

ftt Trap type

0 None

1 IEEE_754_exception

2 unfinished_FPop

3 unimplemented_FPop

4 sequence_error

5 hardware_error

6 invalid_fp_register

7 —
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tions. In contrast, IEEE_754_exception, unfinished_FPop, and unimplemented_FPop will
likely ariseoccasionallyin thenormalcourseof computationandmustberecoverableby
system software.

When a floating-point trap occurs, the following results are observed by user software:

(1) The value ofaexc is unchanged.

(2) Thevalueof cexc is unchanged,exceptthat for an IEEE_754_exception a bit corre-
spondingto the trapping exception is set. The unfinished_FPop, unimplemented_
FPop, sequence_error, and invalid_fp_register floating-pointtrap typesdo not affect
cexc.

(3) The sourceregistersareunchanged(usuallyimplementedby leaving the destina-
tion registers unchanged).

(4) The value offccn is unchanged.

Theforegoingdescribestheresultseenby a usertraphandlerif anIEEE exceptionis sig-
nalled, either immediately from an IEEE_754_exception or after recovery from an
unfinished_FPop or unimplemented_FPop. In either case,cexc as seenby the trap handler
reflects the exception causing the trap.

In the casesof unfinished_FPop and unimplemented_FPop exceptionsthat do not subse-
quentlygenerateIEEEtraps,therecoverysoftwareshoulddefinecexc, aexc, andthedesti-
nation registers orfccs, as appropriate.

5.1.7.6.1 ftt = IEEE_754_exception

The IEEE_754_exception floating-pointtrap type indicatesthat a floating-pointexception
conformingto IEEEStd754-1985hasoccurred.Theexceptiontypeis encodedin thecexc
field. Note that aexc, the fccs, andthe destinationf registerarenot affectedby an IEEE_
754_exception trap.

5.1.7.6.2 ftt = unfinished_FP op

The unfinished_FPop floating-pointtrap type indicatesthat an implementation’s FPU was
unableto generatecorrectresults,or that exceptionsas definedby IEEE Std 754-1985
have occurred. In the latter case, thecexc field is unchanged.

5.1.7.6.3 ftt = unimplemented_FP op

The unimplemented_FPop floating-pointtrap type indicatesthat an implementation’s FPU
decoded an FPop that it does not implement. In this case, thecexc field is unchanged.

Programming Note:

For theunfinished_FPop andunimplemented_FPop floating-pointtraps,softwareshouldemulateor
reexecute the exception-causing instruction and update the FSR, destinationf register(s), andfccs.
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5.1.7.6.4 ftt = sequence_err or

The sequence_error floating-pointtrap type indicatesoneof threeabnormalerror condi-
tions in the FPU, all caused by erroneous supervisor software:

— An attemptwas madeto readthe floating-pointdeferred-trapqueue(FQ) on an
implementation without an FQ.

Implementation Note:
IMPL. DEP #25: On implementations without a floating-point queue, an attempt to read
the fq with an RDPR instruction shall cause either an illegal_instruction exception or an
fp_exception_other exception with FSR.ftt set to 4 (sequence_error).

— An attemptwasmadeto executea floating-pointinstructionwhen the FPU was
unableto acceptone.This typeof sequence_error arisesfrom alogic errorin super-
visorsoftwarethathascausedapreviousfloating-pointtrapto beincompletelyser-
viced (for example, the floating-point queuewas not emptiedafter a previous
floating-point exception).

— An attemptwasmadeto readthe floating-pointdeferred-trapqueue(FQ) with a
RDPRinstructionwhenthe FQ wasempty;that is, whenFSR.qne= 0. Note that
generation ofsequence_error is recommended but not required in this case.

Programming Note:
If a sequence_error floating-pointexceptionoccurswhile executingusercodedue to any of the
aboveconditions,it maynotbepossibleto recoversufficient stateto continueexecutionof theuser
application.

5.1.7.6.5 ftt = hardware_err or

The hardware_error floating-pointtrap type indicatesthat theFPUdetecteda catastrophic
internal error, such as an illegal state or a parity error on anf register access.

Programming Note:
If a hardware_error occurswhile executingusercode,it may not be possibleto recover sufficient
state to continue execution of the user application.

5.1.7.6.6 ftt = invalid_fp_register

The invalid_fp_register trap indicatesthat one (or more) operandsof an FPop are mis-
aligned;thatis, aquad-precisionregisternumberis not0 mod 4. An implementationshall
generate anfp_exception_other trap with FSR.ftt = invalid_fp_register in this case.

5.1.7.7   FSR_FQ_not_empty ( qne )

Bit 13 indicateswhetherthe optional floating-pointdeferred-trapqueue(FQ) is empty
after a deferredfloating-pointexceptiontrap or after a readprivileged register (RDPR)
instruction that readsthe queuehas beenexecuted.If qne= 0, the queueis empty; if
qne= 1, the queue is not empty.



48 5 Registers

The qne bit can be read by the STFSRand STXFSR instructions.The LDFSR and
LDXFSR instructionsdo not affect qne. However, executingsuccessive “RDPR %fpq ”
instructionswill (eventually)causetheFQ to becomeempty(qne= 0). If animplementa-
tion doesnot provide anFQ, this bit shall readaszero.Supervisorsoftwaremustarrange
for this bit to always read as zero to user-mode software.

5.1.7.8   FSR_accrued_e xception ( aexc )

Bits 9 through 5 accumulateIEEE_754floating-point exceptionswhile floating-point
exceptiontrapsaredisabledusingtheTEM field. Seefigure13on page49.After anFPop
completes,theTEM andcexcfieldsarelogically ANDed together. If theresultis nonzero,
aexc is left unchangedandan fp_exception_ieee_754 trap is generated;otherwise,thenew
cexc field is ORedinto the aexc field and no trap is generated.Thus, while (and only
while) traps are masked, exceptions are accumulated in theaexc field.

5.1.7.9   FSR_current_e xception ( cexc )

Bits 4 through0 indicatethatoneor moreIEEE_754floating-pointexceptionsweregen-
eratedby themostrecentlyexecutedFPopinstruction.Theabsenceof anexceptioncauses
the corresponding bit to be cleared. See figure14 on page 49.

The cexc bits aresetasdescribedin 5.1.7.10,“Floating-PointExceptionFields,” by the
executionof anFPopthateitherdoesnot causea trapor causesan fp_exception_ieee_754

trap with FSR.ftt = IEEE_754_exception. An IEEE_754_exception that traps shall cause
exactly onebit in FSR.cexc to be set,correspondingto the detectedIEEE Std 754-1985
exception.

In thecaseof anoverflow (underflow) IEEE_754_exception thatdoesnot trap(becausenei-
ther OFM (UFM) nor NXM is set),more than one bit in cexc is set: suchan overflow
(underflow) setsbothofc (ufc) andnxc. An overflow (underflow) IEEE_754_exception that
does trap (because OFM (UFM) or NXM or both are set) shall setofc (ufc), but notnxc.

If the executionof an FPopcausesa trap other thanan fp_exception_ieee_754 due to an
IEEE Std 754-1985 exception, FSR.cexc is left unchanged.

5.1.7.10   Floating-P oint Exception Fields

The currentandaccruedexceptionfields andthe trap enablemaskassumethe following
definitions of the floating-point exception conditions (per IEEE Std 754-1985):

Figure 12—Trap Enable Mask (TEM) Fields of FSR

24 2327 26 25

NVM OFM UFM DZM NXM



5.1 Nonprivileged Registers 49

Figure 13—Accrued Exception Bits (aexc) Fields of FSR

Figure 14—Current Exception Bits (cexc) Fields of FSR

5.1.7.10.1   FSR_invalid ( nvc , nva)

An operandis improperfor theoperationto beperformed.For example,0.0÷ 0.0and∞ –
∞ are invalid. 1= invalid operand(s), 0= valid operand(s).

5.1.7.10.2   FSR_overflo w (ofc , ofa )

Theresult,roundedasif theexponentrangewereunbounded,would be larger in magni-
tude than the destination format’s largest finite number. 1= overflow, 0= no overflow.

5.1.7.10.3   FSR_underflo w (ufc , ufa )

Theroundedresultis inexactandwouldbesmallerin magnitudethanthesmallestnormal-
ized number in the indicated format. 1= underflow, 0= no underflow.

Underflow is never indicated when the correct unrounded result is zero. Otherwise:

If UFM = 0: Underflow occursif a nonzeroresult is tiny and a loss of accuracy
occurs.Tininessmay be detectedbeforeor after rounding(impl. dep.
#55).Lossof accuracy maybeeitheradenormalizationlossor aninex-
act result.

If UFM = 1: Underflow occursif a nonzeroresult is tiny. Tininessmay be detected
before or after rounding (impl. dep. #55).

5.1.7.10.4   FSR_division-b y-zero (dzc , dza)

X ÷ 0.0,whereX is subnormalor normalized.Notethat0.0 ÷ 0.0 doesnot setthedzcor
dza bits. 1= division by zero, 0= no division by zero.

5.1.7.10.5   FSR_inexact ( nxc , nxa )

The roundedresult of an operationdiffers from the infinitely preciseunroundedresult.
1 = inexact result, 0= exact result.

6 59 8 7

nva ofa ufa dza nxa

1 04 3 2

nvc ofc ufc dzc nxc
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5.1.7.11   FSR Conf ormance

IMPL. DEP. #22: An implementation may choose to implement the TEM, cexc, and aexc fields in
hardware in either of two ways (both of which comply with IEEE Std 754-1985):

(1) Implement all three fields conformant to IEEE Std 754-1985.

(2) Implementthe NXM, nxa, and nxc bits of thesefields conformantto IEEE Std
754-1985. Implement each of the remaining bits in the three fields either

(a) Conformant to IEEE Std 754-1985, or

(b) As a statebit that may be setby software that calculatesthe IEEE Std 754-
1985 value of the bit. For any bit implemented as a state bit:

[1] The IEEE exceptioncorrespondingto the statebit mustalways causean
exception (specifically, an unfinished_FPop exception). During exception
processingin thetraphandler, thebit in thestatefield canbewritten to the
appropriate value by an LDFSR or LDXFSR instruction.

[2] The statebit mustbe implementedin sucha way that if it is written to a
particularvalueby anLDFSRor LDXFSR instruction,it will bereadback
as the same value by a subsequent STFSR or STXFSR.

Programming Note:
Software must be capableof simulating the operation of the FPU in order to handle the
unimplemented_FPop, unfinished_FPop, and IEEE_754_exception floating-pointtrap typesprop-
erly. Thus,a userapplicationprogramalwaysseesan FSRthat is fully compliantwith IEEE Std
754-1985.

5.1.8   Address Space Identifier Register (ASI)

Figure 15—ASI Register

TheASI registerspecifiestheaddressspaceidentifier to beusedfor loadandstorealter-
nateinstructionsthatusethe“ rs1+ simm13” addressingform. Nonprivileged(user-mode)
softwaremaywrite any valueinto theASI register;however, valueswith bit 7 = 0 indicate
restrictedASIs. Whena nonprivilegedinstructionmakesanaccessthatusesanASI with
bit 7 = 0, aprivileged_action exceptionis generated.See6.3.1.3,“AddressSpaceIdentifiers
(ASIs),” for details.

5.1.9   TICK Register (TICK)

Figure 16—TICK Register
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The counterfield of the TICK register is a 63-bit counterthat countsCPU clock cycles.
Bit 63 of theTICK registeris theNonprivilegedTrap(NPT) bit, which controlsaccessto
the TICK register by nonprivileged software. Privileged software can always read the
TICK register with either the RDPR or RDTICK instruction.Privileged software can
alwayswrite theTICK registerwith theWRPRinstruction;thereis no WRTICK instruc-
tion.

Nonprivileged software can read the TICK register using the RDTICK instruction;
TICK.NPT mustbe0. WhenTICK.NPT = 1, anattemptby nonprivilegedsoftwareto read
the TICK register causesa privileged_action exception. Nonprivileged software cannot
write the TICK register.

TICK.NPT is setto 1 by a power-on resettrap.The valueof TICK.counteris undefined
after a power-on reset trap.

After theTICK registeris written, readingtheTICK registerreturnsa valueincremented
(by oneor more)from thelastvaluewritten, ratherthanfrom somepreviousvalueof the
counter. Thenumberof countsbetweena write anda subsequentreadneednot accurately
reflectthenumberof processorcyclesbetweenthewrite andtheread.Softwaremayonly
rely on read-to-readcountsof theTICK registerfor accuratetiming, not on write-to-read
counts.

IMPL. DEP. #105: The difference between the values read from the TICK register on two reads
should reflect the number of processor cycles executed between the reads. If an accurate count
cannot always be returned, any inaccuracy should be small, bounded, and documented. An imple-
mentation may implement fewer than 63 bits in TICK.counter; however, the counter as imple-
mented must be able to count for at least 10 years without overflowing. Any upper bits not
implemented must read as zero.

Programming Note:
TICK.NPT may be usedby a secureoperatingsystemto control accessby usersoftwareto high-
accuracy timing information.The operationof the timer might be emulatedby the trap handler,
which could read TICK.counter and “fuzz” the value to lower accuracy.

5.2   Privileg ed Register s

Theregistersdescribedin thissubsectionarevisibleonly to softwarerunningin privileged
mode;that is, whenPSTATE.PRIV= 1. Privilegedregistersarewritten usingthe WRPR
instruction and read using the RDPR instruction.

5.2.1   Processor State Register (PST ATE)

Figure 17—PSTATE Fields

ThePSTATE registerholdsthecurrentstateof theprocessor. Thereis only oneinstanceof
the PSTATE register. See Chapter 7, “Traps,” for more details.

4 0

PSTATE PEF AM PRIV IE AG

3 2 16 5

MM RED

7

TLECLE

9 8

PID0PID1

11 10



52 5 Registers

Writing PSTATE is nondelayed;thatis, new machinestatewritten to PSTATE is visible to
the next instructionexecuted.The privilegedRDPRandWRPRinstructionsareusedto
read and write PSTATE, respectively.

Implementation Note:
To ensurethenondelayedsemantics,a write to PSTATE may take multiple cyclesto completeon
some implementations.

5.2.1.2 through 5.2.1.10 describe the fields contained in the PSTATE register.

5.2.1.1 PSTATE_impldep (PID1, PID0)

IMPL. DEP. #127: The presence and semantics of PSTATE.PID1 and PSTATE.PID0 are imple-
mentation-dependent. Software intended to run on multiple implementations should only write
these bits to values previously read from PSTATE, or to zeroes.

See also TSTATE  bits 19..18.

5.2.1.2   PSTATE_current_little_endian (CLE)

WhenPSTATE.CLE= 1, all datareadsandwritesusinganimplicit ASI areperformedin
little-endian byte order with an ASI of ASI_PRIMARY_LITTLE. When
PSTATE.CLE= 0, all datareadsandwrites usingan implicit ASI areperformedin big-
endianbyte orderwith an ASI of ASI_PRIMARY. Instructionaccessesarealwaysbig-
endian.

5.2.1.3   PSTATE_trap_little_endian (TLE)

Whena trap is taken, the currentPSTATE register is pushedonto the trap stackandthe
PSTATE.TLE bit is copiedinto PSTATE.CLE in the new PSTATE register. This allows
systemsoftwareto haveadifferentimplicit byteorderingthanthecurrentprocess.Thus,if
PSTATE.TLE is setto 1, dataaccessesusinganimplicit ASI in thetraphandlerarelittle-
endian.Theoriginal stateof PSTATE.CLE is restoredwhentheoriginal PSTATE register
is restored from the trap stack.

5.2.1.4   PSTATE_mem_model (MM)

This 2-bit field determines the memory model in use by the processor. Its values are:

An implementationmustprovideamemorymodelthatallowsprogramsconformingto the
TSO modelto run correctly;that is, TSO or a strongermodel.Whetherthe Partial Store
Order(PSO)modelor theRelaxedMemoryOrdering(RMO) modelis supportedis imple-
mentation-dependent (impl. dep. #113).

Value Memory model

00 Total Store Order (TSO)

01 Partial Store Order (PSO)

10 Relaxed Memory Order (RMO)

11 —
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Thecurrentmemorymodelis determinedby thevalueof PSTATE.MM. Theeffect of set-
ting PSTATE.MM to an unsupportedvalue is implementation-dependent(impl. dep.
#119).

5.2.1.5   PSTATE_RED_state (RED)

When PSTATE.RED is set to 1, the processoris operatingin RED (Reset,Error, and
Debug)state.See7.2.1,“RED_state.” TheIU setsPSTATE.REDwhenany hardwarereset
occurs.It alsosetsPSTATE.RED whena trap is taken while TL = (MAXTL – 1). Soft-
ware can exit RED_state by one of two methods:

(1) Execute a DONE or RETRY instruction, which restoresthe stacked copy of
PSTATE and clears PSTATE.RED if it was 0 in the stacked copy.

(2) Write a 0 to PSTATE.RED with a WRPR instruction.

Programming Note:

ChangingPSTATE.RED may causea changein addressmappingon somesystems.It is recom-
mendedthatwritesof PSTATE.REDbeplacedin thedelayslot of a JMPL; thetargetof this JMPL
shouldbe in the new addressmapping.The JMPL setsthe nPC,which becomesthe PC for the
instruction that folows the WPR in its delay slot. The effect of the WPR instruction is immediate.

5.2.1.6   PSTATE_enable_floating-point (PEF)

Whensetto 1, this bit enablesthefloating-pointunit, which allows privilegedsoftwareto
managethe FPU. For the floating-point unit to be usable, both PSTATE.PEF and
FPRS.FEFmustbe set.Otherwise,a floating-pointinstructionthat tries to referencethe
FPU will cause anfp_disabled trap.

5.2.1.7   PSTATE_address_mask (AM)

WhenPSTATE.AM = 1, bothinstructionanddataaddressesareinterpretedasif thehigh-
order32bitsweremaskedto zerobeforebeingpresentedto theMMU or memorysystem.
Thirty-two-bit application software must run with this bit set.

Branchtargetaddresses(sentto thenPC)andaddressessentto registersby CALL, JMPL,
andRDPCinstructionsarealways64-bitvalues,but thevalueof thehigh-order32-bitsare
implementation-dependent.Similarly, the value of the high-order32-bits of TPC and
TNPC after a trap taken while PSTATE.AM = 1 is implementation-dependent.

IMPL. DEP. #125: When PSTATE.AM = 1, the value of the high-order 32-bits of the PC transmitted
to the specified destination register(s) by CALL, JMLP, RDPC, and on a trap is implementation-
dependent.

5.2.1.8   PSTATE_privileg ed_mode (PRIV)

When PSTATE.PRIV= 1, the processor is in privileged mode.
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5.2.1.9   PSTATE_interrupt_enab le (IE)

When PSTATE.IE = 1, the processor can accept interrupts.

5.2.1.10   PSTATE_alternate_globals (A G)

WhenPSTATE.AG = 0, theprocessorinterpretsintegerregisternumbersin therange0..7
asreferringto thenormalglobal registerset.WhenPSTATE.AG = 1, theprocessorinter-
pretsintegerregisternumbersin therange0..7 asreferringto thealternateglobalregister
set.

5.2.2   Trap Le vel Register (TL)

Figure 18—Trap Level Register

Thetraplevel registerspecifiesthecurrenttraplevel. TL = 0 is thenormal(nontrap)level
of operation.TL > 0 implies that oneor moretrapsarebeingprocessed.The maximum
valid value that the TL register may containis “MAXTL. ” This is always equal to the
numberof supportedtrap levelsbeyond level 0. SeeChapter7, “Traps,” for moredetails
abouttheTL register. An implementationshallsupportat leastfour levelsof trapsbeyond
level 0; that is, MAXTL shall be≥ 4.

IMPL. DEP. #101: How many additional trap levels, if any, past level 4 are supported is implemen-
tation-dependent.

The remainder of this subsection assumes that there are four trap levels beyond level 0.

Programming Note:
Writing theTL registerwith a wrpr %tl instructiondoesnot alterany othermachinestate;that
is, it is not equivalent to taking or returning from a trap.

5.2.3   Processor Interrupt Le vel (PIL)

Figure 19—Processor Interrupt Level Register

The processorinterrupt level (PIL) is the interrupt level above which the processorwill
acceptan interrupt.Interruptpriorities aremappedsuchthat interruptlevel 2 hasgreater
priority thaninterruptlevel 1, andsoon. Seetable15 on page103 for a list of exception
and interrupt priorities.

Compatibility Note:
On SPARC-V8 processors,the level 15 interruptis consideredto benonmaskable,so it hasdiffer-
entsemanticsfrom otherinterruptlevels.SPARC-V9 processorsdonot treatlevel 15 interruptsdif-

2 0

TL TL

3 0

PIL PIL
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ferently from other interrupt levels. See7.6.2.4,“Externally Initiated Reset(XIR) Traps,” for a
facility in SPARC-V9 that is similar to a nonmaskable interrupt.

5.2.4   Trap Pr ogram Counter (TPC)

Figure 20—Trap Program Counter Register

The TPC registercontainsthe programcounter(PC) from the previous trap level. There
are MAXTL instancesof the TPC (impl. dep.#101),but only one is accessibleat any
time.Thecurrentvaluein theTL registerdetermineswhich instanceof theTPCregisteris
accessible.An attemptto reador write theTPCregisterwhenTL = 0 shallcausean illegal_
instruction exception.

5.2.5   Trap Next Pr ogram Counter (TNPC)

Figure 21—Trap Next Program Counter Register

TheTNPCregisteris thenext programcounter(nPC)from theprevioustrap level. There
areMAXTL instancesof the TNPC (impl. dep.#101),but only oneis accessibleat any
time.Thecurrentvaluein theTL registerdetermineswhich instanceof theTNPCregister
is accessible.An attemptto reador write the TNPC registerwhenTL = 0 shall causean
illegal_instruction exception.

TPC1 PC from trap while TL = 0

2

00

63 1 0

TPC2 PC from trap while TL = 1 00

TPC3 PC from trap while TL = 2 00

TPC4 PC from trap while TL = 3 00

TNPC1 nPC from trap while TL = 0

2

00

63 1 0

TNPC2 nPC from trap while TL = 1 00

TNPC3 nPC from trap while TL = 2 00

TNPC4 nPC from trap while TL = 3 00
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5.2.6   Trap State (TSTATE)

Figure 22—Trap State Register

TSTATE containsthe statefrom the previous trap level, comprisingthe contentsof the
CCR, ASI, CWP, andPSTATE registersfrom theprevious trap level. ThereareMAXTL
instancesof theTSTATE register, but only oneis accessibleata time.Thecurrentvaluein
theTL registerdetermineswhich instanceof TSTATE is accessible.An attemptto reador
write the TSTATE register when TL= 0 causes anillegal_instruction exception.

TSTATE bits 19 and18 areimplementation-dependent.IMPL.DEP. #127: If PSTATE bit 11
(10) is implemented, TSTATE bit 19 (18) shall be implemented and contain the state of PSTATE bit
11 (10) from the previous trap level. If PSTATE bit 11 (10) is not implemented, TSTATE bit 19 (18)
shall read as zero. Software intended to run on multiple implementations should only write these
bits to values previously read from PSTATE, or to zeroes.

5.2.7   Trap Type Register (TT)

Figure 23—Trap Type Register

TheTT registernormallycontainsthetraptypeof thetrapthatcausedentryto thecurrent
trap level. On a resettrap the TT field containsthe trap type of the reset(see7.2.1.1,
“RED_stateTrap Table”), exceptwhena watchdog(WDR) or externally initiated (XIR)
resetoccurswhile the processoris in error_state.Whenthis occurs,the TT registerwill
contain the trap type of the exception that caused entry into error_state.

ThereareMAXTL instancesof theTT register(impl. dep.#101),but only oneis accessi-
bleata time.Thecurrentvaluein theTL registerdetermineswhich instanceof theTT reg-
ister is accessible.An attemptto reador write theTT registerwhenTL = 0 shallcausean
illegal_instruction exception.

39 0

TSTATE1 CCR from TL = 0 CWP from TL = 0ASI from TL = 0 PSTATE from TL = 0— —

432 31 24 23 20 8 7 519

TSTATE2 CCR from TL = 1 CWP from TL = 1ASI from TL = 1 PSTATE from TL = 1— —

TSTATE3 CCR from TL = 2 CWP from TL = 2ASI from TL = 2 PSTATE from TL = 2— —

TSTATE4 CCR from TL = 3 CWP from TL = 3ASI from TL = 3 PSTATE from TL = 3— —

TT1 Trap type from trap while TL = 0

8 0

TT2 Trap type from trap while TL = 1

TT3 Trap type from trap while TL = 2

TT4 Trap type from trap while TL = 3
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5.2.8   Trap Base Ad dress (TB A)

Figure 24—Trap Base Address Register

The TBA registerprovidesthe upper49 bits of the addressusedto selectthe trap vector
for a trap. The lower 15 bits of the TBA always readas zero, and writes to them are
ignored.

The full address for a trap vector is specified by the TBA, TL, TT[TL], and five zeroes:

Figure 25—Trap Vector Address

Note that the “(TL >0)” bit is 0 if TL = 0 whenthe trapwastaken,and1 if TL > 0 when
the trapwastaken.This implies that therearetwo trap tables:onefor trapsfrom TL = 0
and one for traps from TL> 0. See Chapter 7, “Traps,” for more details on trap vectors.

5.2.9   Version Register (VER)

Figure 26—Version Register

The versionregisterspecifiesthe fixed parameterspertainingto a particularCPU imple-
mentation and mask set. The VER register is read-only.

IMPL. DEP. #104: VER.manuf contains a 16-bit manufacturer code. This field is optional and, if not
present, shall read as 0. VER.manuf may indicate the original supplier of a second-sourced chip. It
is intended that the contents of VER.manuf track the JEDEC semiconductor manufacturer code as
closely as possible. If the manufacturer does not have a JEDEC semiconductor manufacturer
code, SPARC International will assign a value for VER.manuf.

IMPL. DEP. #13: VER.impl uniquely identifies an implementation or class of software-compatible
implementations of the architecture. Values FFF016..FFFF16 are reserved and are not available for
assignment.

Thevalueof VER.impl is assignedasdescribedin C.3,“ImplementationDependency Cat-
egories.”

VER.maskspecifiesthe currentmaskset revision, and is chosenby the implementor. It
generallyincreasesnumericallywith successive releasesof the processor, but doesnot
necessarily increase by one for consecutive releases.

VER.maxtlcontainsthemaximumnumberof traplevelssupportedby animplementation
(impl. dep.#101),thatis, MAXTL, themaximumvalueof thecontentsof theTL register.

63 15 14 0

000000000000000Trap Base Address

63 15 14 0

TBA<63:15>

13 45

TL>0 TTTL 00000

63 48 47 24 23 16 15 8 7 05 432 31

maxwin—maxtl—maskimplmanuf
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VER.maxwincontainsthemaximumindex numberavailablefor useasavalid CWPvalue
in an implementation;that is, VER.maxwincontainsthevalue“NWINDOWS – 1” (impl.
dep. #2).

5.2.10   Register -Windo w State Register s

Thestateof theregisterwindows is determinedby a setof privilegedregisters.They can
be read/writtenby privilegedsoftwareusingthe RDPR/WRPRinstructions.In addition,
theseregistersare modified by instructionsrelatedto register windows and are usedto
generate traps that allow supervisor software to spill, fill, and clean register windows.

IMPL. DEP. #126: Privileged registers CWP, CANSAVE, CANRESTORE, OTHERWIN, and
CLEANWIN contain values in the range 0..NWINDOWS-1. The effect of writing a value greater
than NWINDOWS-1 to any of these registers is undefined. Although the width of each of these
five registers is nominally 5 bits, the width is implementation-dependent and shall be between
log2(NWINDOWS) and 5 bits, inclusive. If fewer than 5 bits are implemented, the unimple-
mented upper bits shall read as 0, and writes to them shall have no effect. All five registers should
have the same width.

Thedetailsof how thewindow-managementregistersareusedby hardwarearepresented
in 6.3.6, “Register Window Management Instructions.”

5.2.10.1   Current Windo w Pointer (CWP)

Figure 27—Current Window Pointer Register

TheCWPregisteris acounterthatidentifiesthecurrentwindow into thesetof integerreg-
isters.See6.3.6,“RegisterWindow ManagementInstructions,” andChapter7, “Traps,”
for information on how hardware manipulates the CWP register.

The effect of writing a value greaterthan NWINDOWS-1 to this register is undefined
(impl. dep. #126).

Compatibility Note:

Thefollowing differencesbetweenSPARC-V8 andSPARC-V9 arevisible only to privilegedsoft-
ware; they are invisible to nonprivileged software:

1) In SPARC-V9, SAVE incrementsCWP andRESTORE decrementsCWP. In SPARC-V8, the
opposite is true: SAVE decrements PSR.CWP and RESTORE increments PSR.CWP.

2) PSR.CWPin SPARC-V8 is changedon eachtrap. In SPARC-V9, CWP is affectedonly by a
trap caused by a window fill or spill exception.

3) In SPARC-V8, writing a valueinto PSR.CWPthat is greaterthanor equalto the numberof
implementedwindows causesan illegal_instruction exception. In SPARC-V9, the effect of
writing an out-of-range value to CWP is undefined.

4 0

CWP Current Window #
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5.2.10.2   Savable Windo ws (CANSA VE) Register

Figure 28—CANSAVE Register

TheCANSAVE registercontainsthenumberof registerwindows following CWPthatare
not in useandare,hence,availableto beallocatedby aSAVE instructionwithoutgenerat-
ing a window spill exception

The effect of writing a value greaterthan NWINDOWS-1 to this register is undefined
(impl. dep. #126).

5.2.10.3   Restorab le Windo ws (CANRESTORE) Register

Figure 29—CANRESTORE Register

The CANRESTORE register containsthe numberof register windows precedingCWP
thatarein useby thecurrentprogramandcanberestored(via theRESTOREinstruction)
without generating a window fill exception.

The effect of writing a value greaterthan NWINDOWS-1 to this register is undefined
(impl. dep. #126).

5.2.10.4   Other Windo ws (OTHERWIN) Register

Figure 30—OTHERWIN Register

TheOTHERWIN registercontainsthecountof registerwindows thatwill bespilled/filled
usinga separatesetof trapvectorsbasedon thecontentsof WSTATE_OTHER. If OTH-
ERWIN is zero,registerwindows arespilled/filled using trap vectorsbasedon the con-
tents of WSTATE_NORMAL.

The OTHERWIN register can be used to split the register windows amongdifferent
address spaces and handle spill/fill traps efficiently by using separate spill/fill vectors.

The effect of writing a value greaterthan NWINDOWS-1 to this register is undefined
(impl. dep. #126).

4 0

CANSAVE

4 0

CANRESTORE

4 0

OTHERWIN
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5.2.10.5   Windo w State (WSTATE) Register

Figure 31—WSTATE Register

The WSTATE registerspecifiesbits that areinsertedinto TTTL<4:2> on trapscausedby
window spill andfill exceptions.Thesebits areusedto selectoneof eightdifferentwin-
dow spill andfill handlers.If OTHERWIN = 0 at thetime a trapis takendueto a window
spill or window fill exception,thentheWSTATE.NORMAL bitsareinsertedinto TT[TL].
Otherwise,the WSTATE.OTHER bits areinsertedinto TT[TL]. See6.4, “RegisterWin-
dow Management,” for details of the semantics of OTHERWIN.

5.2.10.6   Clean Windo ws (CLEANWIN) Register

Figure 32—CLEANWIN Register

TheCLEANWIN registercontainsthenumberof windows thatcanbeusedby theSAVE
instruction without causing aclean_window exception.

The CLEANWIN register countsthe numberof registerwindows that are “clean” with
respectto the currentprogram;that is, register windows that containonly zeros,valid
addresses,or valid data from that program.Registers in thesewindows neednot be
cleanedbefore they can be used.The count includesthe register windows that can be
restored(the value in the CANRESTORE register) and the register windows following
CWPthatcanbeusedwithout cleaning.Whena cleanwindow is requested(via a dSAVE
instruction)andnoneis available,a clean_window exceptionoccursto causethenext win-
dow to be cleaned.

The effect of writing a value greaterthan NWINDOWS-1 to this register is undefined
(impl. dep. #126).

5.2.11   Ancillar y State Register s (ASRs)

SPARC-V9 provides for up to 25 ancillary state registers (ASRs), numberedfrom 7
through 31.

ASRsnumbered7..15 arereserved for future useby the architectureandshouldnot be
referenced by software.

ASRsnumbered16..31 areavailablefor implementation-dependentuses(impl. dep.#8),
suchastimers,counters,diagnosticregisters,self-testregisters,andtrap-controlregisters.
An IU may chooseto implementfrom zeroto sixteenof theseASRs.The semanticsof
accessingany of theseASRsis implementation-dependent.Whetheraccessto a particular
ancillary state register is privileged is implementation-dependent (impl. dep. #9).

WSTATE

05 3 2

OTHER NORMAL

4 0

CLEANWIN
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An ASR is readandwritten with theRDASR andWRASRinstructions,respectively. An
RDASR or WRASR instruction is privileged if the accessed register is privileged.

5.2.12   Floating-P oint Def erred-Trap Queue (FQ)

If presentin animplementation,theFQ containssufficient stateinformationto implement
resumable, deferred floating-point traps.

IMPL. DEP. #23: Floating-point traps may be precise or deferred. If deferred, a floating-point

deferred-trap queue (FQ) shall be present.

TheFQcanbereadwith thereadprivilegedregister(RDPR)floating-pointqueueinstruc-
tion. In a given implementation,it may alsobe readableor writable via privilegedload/
storedoublealternateinstructions(LDDA, STDA), or by read/writeancillarystateregister
instructions (RDASR, WRASR).

IMPL. DEP. #24: The presence, contents of, and operations upon the FQ are implementation-

dependent.

If an FQ is present,however, supervisorsoftwaremustbe ableto deducethe exception-
causinginstruction’s opcode(opf), operands,and addressfrom its FQ entry. This also
mustbetrueof any otherpendingfloating-pointoperationsin thequeue.SeeImplementa-
tion Characteristics of Current SPARC-V9-basedProducts,Revision 9.x, a document
available from SPARC International,for a discussionof the formats and operationof
implemented floating-point queues in existing SPARC-V9 implementations.

In implementationswith a floating-pointqueue,an attemptto readthe FQ with a RDPR
instructionwhentheFQis empty(FSR.qne= 0) shallcauseanfp_exception_other trapwith
FSR.ftt setto 4 (sequence_error).In implementationswithoutanFQ,theqnebit in theFSR
is always 0.

IMPL. DEP. #25: In implementations without a floating-point queue, an attempt to read the FQ with

an RDPR instruction shall cause either an illegal_instruction trap or an fp_exception_other trap

with FSR.ftt SET TO 4 (sequence_error).

5.2.13   IU Deferred-Trap Queue

An implementationmaycontainzeroor moreIU deferred-trapqueues. Sucha queuecon-
tainssufficient stateto implementresumabledeferredtrapscausedby the IU. See7.3.2,
“DeferredTraps,” for more information.Note that deferredfloating-pointtrapsarehan-
dled by the floating-point deferred-trapqueue.See ImplementationCharacteristicsof
Current SPARC-V9-basedProducts,Revision 9.x, a documentavailable from SPARC
International, for a discussion of such queues in existing implementations.

IMPL. DEP. #16: The existence, contents, and operation of an IU deferred-trap queue are imple-

mentation-dependent; it is not visible to user application programs under normal conditions.
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6   Instructions

Instructionsareaccessedby the processorfrom memoryandareexecuted,annulled,or
trapped.Instructionsareencodedin four majorformatsandpartitionedinto elevengeneral
categories.

6.1   Instruction Ex ecution

The instructionat the memorylocationspecifiedby the programcounteris fetchedand
thenexecuted.Instructionexecutionmaychangeprogram-visibleprocessorand/ormem-
ory state.As aside-effectof its execution,new valuesareassignedto theprogramcounter
(PC) and the next program counter (nPC).

An instructionmay generatean exceptionif it encounterssomecondition that makes it
impossibleto completenormalexecution.Suchanexceptionmay in turn generatea pre-
cisetrap.Othereventsmayalsocausetraps:anexceptioncausedby apreviousinstruction
(a deferredtrap),an interruptor asynchronouserror (a disruptingtrap),or a resetrequest
(a resettrap).If a trapoccurs,control is vectoredinto a traptable.SeeChapter7, “Traps,”
for a detailed description of exception and trap processing.

If a trap doesnot occur and the instruction is not a control transfer, the next program
counter(nPC)is copiedinto thePCandthenPCis incrementedby 4 (ignoringoverflow, if
any). If the instructionis a control-transferinstruction,thenext programcounter(nPC)is
copied into the PC and the target addressis written to nPC. Thus, the two program
counters provide for a delayed-branch execution model.

For eachinstructionaccessandeachnormaldataaccess,the IU appendsan8-bit address
spaceidentifier, or ASI, to the 64-bit memoryaddress.Load/storealternateinstructions
(see6.3.1.3,“AddressSpaceIdentifiers(ASIs),”) canprovide anarbitraryASI with their
data addresses, or use the ASI value currently contained in the ASI register.

Implementation Note:

Thetimerequiredto executeaninstructionis implementation-dependent,asis thedegreeof execu-
tion concurrency. In theabsenceof traps,an implementationshouldcausethesameprogram-visi-
ble registerandmemorystatechangesas if a programhadexecutedaccordingto the sequential
model implied in this document.SeeChapter7, “Traps,” for a definition of architecturalcompli-
ance in the presence of traps.

6.2   Instruction Formats

Instructionsareencodedin four major32-bit formatsandseveralminor formats,asshown
in figures 33 and 34.
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Figure 33—Summary of Instruction Formats: Formats 1, 2, and 3

op3rdop rs1 i=1 mmask

31 030 29

disp30op

Format 1 (op= 1): CALL

Format 2 (op= 0): SETHI & Branches (Bicc, BPcc, BPr, FBfcc, FBPfcc)

Format 3 (op= 2 or 3): Arithmetic, Logical, MOVr, MEMBAR, Load, and Store

31 141924 18 13 12 5 4 02530 29

31 2224 21 02530 29

disp22op2condop a

op3rdop —rs1 i=0 rs2

op3rdop rs1 i=1 simm13

disp19op2condop a

d16loop2rcondop a

20 19 1828

0

cc1cc0 p

pd16hi

14 13

rs1

op3rdop rcondrs1 i=0 rs2

op3rdop rs1 i=1 simm10

10 9

rcond

—

—

op3rdop rs1 i=0 rs2—

op3—op —rs1 i=0 rs2

op3—op rs1 i=1 simm13

2627

imm22op2rdop

67

cmask

3

op rd op3 rs1 i=0 imm_asi rs2

op3impl-depop impl-dep
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op3rdop rs1 i=0 rs2

op3rdop rs1 i=1 sw_trap#

cc1cc0 —

cc1cc0

Format 4 (op= 2): MOVcc, FMOVr, FMOVcc, and Tcc

op3rdop rs1 i=1 simm11

31 141924 18 13 12 5 4 02530 29 11 10 9

cc1cc0

7 6

—

op rd op3 cond opf_cc opf_low rs2

op rd op3 0 rcond opf_low rs2rs1

0

17

Format 3 (op= 2 or 3):Continued

31 24 02530 29 19 18

rdop op3 —

14 13 12 5 4

rs1 rs2i=0 x

rdop op3 —rs1 shcnt32i=1 x=0

rdop op3 —rs1 shcnt64i=1 x=1

6

op fcn op3 —

11

op3rdop rs1 —

rdop op3 —cond rs2i=0

rdop op3 cond simm11i=1

cc2

cc2

cc1

cc1

cc0

cc0

op3rdop —

op3rdop rs2opf—

op3rdop rs1 rs2opf

op op3 rs2000 rs1 opfcc1 cc0
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Figure 34—Summary of Instruction Formats: Formats 3 and 4

6.2.1   Instruction Fields

The instruction fields are interpreted as follows:

a:
Thea bit annulstheexecutionof the following instructionif thebranchis condi-
tional and untaken, or if it is unconditional and taken.

cc0, cc1, and cc2:
cc2:cc1:cc0specifytheconditioncodes(icc, xcc, fcc0, fcc1, fcc2, fcc3) to beused
in the instruction.Individual bits of the samelogical field arepresentin several
other instructions:Branch on Floating-PointCondition Codeswith Prediction
Instructions(FBPfcc),Branchon IntegerConditionCodeswith Prediction(BPcc),
Floating-PointCompareInstructions,Move IntegerRegisterif Conditionis Satis-
fied (MOVcc), Move Floating-PointRegisterif Conditionis Satisfied(FMOVcc),
andTrapon IntegerConditionCodes(Tcc). In instructionssuchasTcc thatdo not
containthe cc2 bit, the missingcc2 bit takeson a default value.Seetable38 on
page 279 for a description of these fields’ values.

cmask:
This3-bit field specifiessequencingconstraintson theorderof memoryreferences
and the processing of instructions before and after a MEMBAR instruction.

cond:
This 4-bit field selectstheconditiontestedby a branchinstruction.SeeAppendix
E, “Opcode Maps,” for descriptions of its values.

d16hi and d16lo:
These2-bit and14-bit fieldstogethercompriseaword-aligned,sign-extended,PC-
relative displacementfor a branch-on-register-contentswith prediction (BPr)
instruction.

disp19:
This 19-bit field is a word-aligned,sign-extended,PC-relative displacementfor an
integerbranch-with-prediction(BPcc)instructionor a floating-pointbranch-with-
prediction (FBPfcc) instruction.

disp22 and disp30:
These22-bit and 30-bit fields are word-aligned,sign-extended,PC-relative dis-
placements for a branch or call, respectively.

fcn:
This 5-bit field providesadditionalopcodebits to encodetheDONE andRETRY
instructions.

i:
The i bit selectsthe secondoperandfor integer arithmeticandload/storeinstruc-
tions. If i = 0, the operandis r[rs2]. If i = 1, the operandis simm10, simm11, or
simm13, depending on the instruction, sign-extended to 64 bits.
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imm22:
This 22-bit field is a constantthatSETHI placesin bits 31..10of a destinationreg-
ister.

imm_asi:
This 8-bit field is the addressspaceidentifier in instructionsthat accessalternate
space.

impl-dep:
The meaning of these fields is completely implementation-dependentfor
IMPDEP1 and IMPDEP2 instructions.

mmask:
This 4-bit field imposesorderconstraintson memoryreferencesappearingbefore
and after a MEMBAR instruction.

op and op2:
These2- and3-bit fieldsencodethethreemajorformatsandtheFormat2 instruc-
tions. See Appendix E, “Opcode Maps,” for descriptions of their values.

op3:
This 6-bit field (togetherwith onebit from op) encodestheFormat3 instructions.
See Appendix E, “Opcode Maps,” for descriptions of its values.

opf:
This 9-bit field encodesthe operationfor a floating-pointoperate(FPop)instruc-
tion. See Appendix E, “Opcode Maps,” for possible values and their meanings.

opf_cc:
Specifiesthe condition codesto be usedin FMOVcc instructions.Seecc0, cc1,
and cc2 above for details.

opf_low:
This 6-bit field encodesthespecificoperationfor a Move Floating-PointRegister
if Conditionis satisfied(FMOVcc) or Move Floating-Pointregisterif contentsof
integer register match condition (FMOVr) instruction.

p:
This 1-bit field encodesstaticpredictionfor BPccandFBPfccinstructions,asfol-
lows:

rcond:
This 3-bit field selectsthe register-contentsconditionto testfor a move basedon
registercontents(MOVr or FMOVr) instructionor a branchon registercontents
with prediction(BPr) instruction.SeeAppendixE, “OpcodeMaps,” for descrip-
tions of its values.

p Branch prediction

0 Predict branch will not be taken

1 Predict branch will be taken
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rd:
This 5-bit field is the addressof the destination(or source)r or f register(s)for a
load, arithmetic, or store instruction.

rs1:
This 5-bit field is the address of the firstr or f register(s) source operand.

rs2:
This 5-bit field is the addressof the secondr or f register(s)sourceoperandwith
i = 0.

shcnt32:
This 5-bit field provides the shift count for 32-bit shift instructions.

shcnt64:
This 6-bit field provides the shift count for 64-bit shift instructions.

simm10:
This 10-bit field is animmediatevaluethat is sign-extendedto 64 bits andusedas
the second ALU operand for a MOVr instruction wheni = 1.

simm11:
This 11-bit field is animmediatevaluethat is sign-extendedto 64 bits andusedas
the second ALU operand for a MOVcc instruction wheni = 1.

simm13:
This 13-bit field is animmediatevaluethat is sign-extendedto 64 bits andusedas
the secondALU operandfor an integer arithmeticinstructionor for a load/store
instruction wheni = 1.

sw_trap#:
This7-bit field is animmediatevaluethatis usedasthesecondALU operandfor a
Trap on Condition Code instruction.

x:
Thex bit selects whether a 32- or 64-bit shift will be performed..

6.3   Instruction Categories

SPARC-V9 instructions can be grouped into the following categories:

— Memory access

— Memory synchronization

— Integer arithmetic

— Control transfer (CTI)

— Conditional moves

— Register window management

— State register access
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— Privileged register access

— Floating-point operate

— Implementation-dependent

— Reserved

Each of these categories is further described in the following subsections.

6.3.1   Memor y Access Instructions

Load,Store,Prefetch,LoadStoreUnsignedByte, Swap,andCompareandSwaparethe
only instructionsthat accessmemory. All of the instructionsexceptCompareandSwap
useeithertwo r registersor an r registerandsimm13to calculatea 64-bit byte memory
address.Compareand Swap usesa single r register to specify a 64-bit byte memory
address.To this 64-bit address,the IU appendsan ASI that encodesaddressspaceinfor-
mation.

Thedestinationfield of a memoryreferenceinstructionspecifiesthe r or f register(s)that
supplythedatafor astoreor receivethedatafrom aloador LDSTUB. For SWAP, thedes-
tination register identifiesthe r register to be exchangedatomically with the calculated
memorylocation.For CompareandSwap,an r registeris specifiedwhosevalueis com-
paredwith thevaluein memoryat thecomputedaddress.If thevaluesareequal,thedesti-
nationfield specifiesthe r registerthat is to be exchangedatomicallywith the addressed
memorylocation.If thevaluesareunequal,thedestinationfield specifiesther registerthat
is to receive thevalueat theaddressedmemorylocation;in this case,theaddressedmem-
ory location remains unchanged.

The destinationfield of a PREFETCHinstruction is used to encodethe type of the
prefetch.

Integer load andstoreinstructionssupportbyte (8-bit), halfword (16-bit), word (32-bit),
anddoubleword(64-bit)accesses.Floating-pointloadandstoreinstructionssupportword,
doubleword, andquadword memoryaccesses.LDSTUB accessesbytes,SWAP accesses
words, and CAS accesses words or doublewords. PREFETCH accesses at least 64 bytes.

Programming Note:
By settingi = 1 andrs1= 0, any locationin thelowestor highest4K bytesof anaddressspacecan
be accessed without using a register to hold part of the address.

6.3.1.1   Memor y Alignment Restrictions

Halfword accessesshall be aligned on 2-byteboundaries,word accesses(which include
instructionfetches)shallbealignedon4-byteboundaries,extendedwordanddoubleword
accessesshallbealignedon8-byteboundaries,andquadwordaccessesshallbealignedon
16-byte boundaries, with the following exceptions.

An improperlyalignedaddressin a load, store,or load-storeinstructioncausesa mem_
address_not_aligned exception to occur, except:
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— An LDDF or LDDFA instructionaccessinganaddressthatis word-alignedbut not
doubleword-alignedmay causean LDDF_mem_address_not_aligned exception,or
may complete the operation in hardware (impl. dep. #109).

— An STDFor STDFA instructionaccessinganaddressthat is word-alignedbut not
doubleword-alignedmay causean STDF_mem_address_not_aligned exception or
may complete the operation in hardware (impl. dep. #110).

— An LDQF or LDQFA instructionaccessinganaddressthatis word-alignedbut not
quadword-alignedmaycauseanLDQF_mem_address_not_aligned exceptionor may
complete the operation in hardware (impl. dep. #111).

— An STQFor STQFA instructionaccessinganaddressthat is word-alignedbut not
quadword alignedmaycauseanSTQF_mem_address_not_aligned exceptionor may
complete the operation in hardware (impl. dep. #112).

6.3.1.2   Addressing Con ventions

SPARC-V9 usesbig-endianbyteorderfor all instructionaccessesand,by default, for data
accesses.It is possibleto accessdatain little-endianformat by usingselectedASIs. It is
alsopossibleto changethedefault byteorderfor implicit dataaccesses.See5.2.1,“Pro-
cessor State Register (PSTATE),” for more information.1

6.3.1.2.1   Big-Endian Ad dressing Con vention

Within amultiple-byteinteger, thebytewith thesmallestaddressis themostsignificant;a
byte’s significancedecreasesasits addressincreases.Thebig-endianaddressingconven-
tions are illustrated in figure35 and defined as follows:

byte:
A load/storebyte instructionaccessesthe addressedbyte in both big- and little-
endian modes.

halfword:
For a load/storehalfword instruction,two bytesareaccessed.Themostsignificant
byte(bits15..8) is accessedat theaddressspecifiedin theinstruction;theleastsig-
nificant byte (bits 7..0) is accessed at the address+ 1.

word:
For a load/storeword instruction,four bytesare accessed.The most significant
byte (bits 31..24) is accessedat the addressspecifiedin the instruction;the least
significant byte (bits 7..0) is accessed at the address+ 3.

doubleword or extended word:
For a load/storeextendedor floating-point load/storedouble instruction, eight
bytes are accessed.The most significant byte (bits 63..56) is accessedat the
addressspecifiedin theinstruction;theleastsignificantbyte(bits 7..0) is accessed
at the address+ 7.

1. See Cohen, D., “On Holy Wars and a Plea for Peace,” Computer 14:10 (October 1981), pp. 48-54.
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For the deprecatedinteger load/storedouble instructions(LDD/STD), two big-
endianwordsareaccessed.Thewordat theaddressspecifiedin theinstructioncor-
respondsto the even registerspecifiedin the instruction;the word at address+ 4
corresponds to the following odd-numbered register.

quadword:
For a load/storequadword instruction,sixteenbytesareaccessed.Themostsignif-
icantbyte(bits127..120)is accessedat theaddressspecifiedin theinstruction;the
least significant byte (bits 7..0) is accessed at the address+ 15.

Figure 35—Big-Endian Addressing Conventions

6.3.1.2.2   Little-Endian Ad dressing Con vention

Within a multiple-byteinteger, thebytewith thesmallestaddressis theleastsignificant;a
byte’s significanceincreasesasits addressincreases.Thelittle-endianaddressingconven-
tions are illustrated in figure36 and defined as follows:

byte:
A load/storebyte instructionaccessesthe addressedbyte in both big- and little-
endian modes.

Byte
7 0
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15 0
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63 32
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0 1
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Address<3:0> =

0000 0001 0010 0011
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Address<3:0> =

1000 1001 1010 1011

1100 1101 1110 1111

Extended w ord
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halfword:
For a load/storehalfword instruction,two bytesareaccessed.Theleastsignificant
byte(bits 7..0) is accessedat theaddressspecifiedin theinstruction;themostsig-
nificant byte (bits 15..8) is accessed at the address+ 1.

word:
For a load/storeword instruction,four bytesare accessed.The leastsignificant
byte(bits 7..0) is accessedat theaddressspecifiedin theinstruction;themostsig-
nificant byte (bits 31..24) is accessed at the address+ 3.

doubleword or extended word:
For a load/storeextendedor floating-point load/storedouble instruction, eight
bytesareaccessed.The leastsignificantbyte (bits 7..0) is accessedat theaddress
specifiedin theinstruction;themostsignificantbyte(bits63..56) is accessedat the
address+ 7.
For the deprecatedinteger load/storedoubleinstructions(LDD/STD), two little-
endianwordsareaccessed.Thewordat theaddressspecifiedin theinstruction+ 4
correspondsto theevenregisterspecifiedin theinstruction;thewordat theaddress
specified in the instruction corresponds to the following odd-numbered register.
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quadword:
For a load/storequadword instruction,sixteenbytesareaccessed.Theleastsignif-
icantbyte(bits7..0) is accessedat theaddressspecifiedin theinstruction;themost
significant byte (bits 127..120) is accessed at the address+ 15

Figure 36—Little-Endian Addressing Conventions

6.3.1.3   Address Space Identifier s (ASIs)

Load and store instructionsprovide an implicit ASI value of ASI_PRIMARY or ASI_
PRIMARY_LITTLE. Loadandstorealternateinstructionsprovide anexplicit ASI, speci-
fied by the imm_asiinstructionfield when i = 0, or thecontentsof theASI registerwhen
i = 1.

ASIs 0016 through7F16 arerestricted;only privilegedsoftwareis allowedto accessthem.
An attemptto accessa restrictedASI by nonprivileged software resultsin a privileged_
action exception.ASIs 8016 throughFF16 areunrestricted;software is allowed to access
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themwhethertheprocessoris operatingin privilegedor nonprivilegedmode.This is illus-
trated in table11.

The required ASI assignmentsare shown in table12. In the table, “R” indicatesa
restricted ASI, and “U” indicates an unrestricted ASI.

IMPL. DEP. #29: These ASI assignments are implementation-dependent: restricted ASIs
0016..0316, 0516..0B16, 0D16..0F16, 1216..1716, AND 1A16..7F16; and unrestricted ASIs
C016 .. FF16.

IMPL. DEP. #30: An implementation may choose to decode only a subset of the 8-bit ASI speci-
fier; however, it shall decode at least enough of the ASI to distinguish ASI_PRIMARY, ASI_
PRIMARY_LITTLE, ASI_AS_IF_USER_PRIMARY, ASI_AS_IF_USER_PRIMARY_LITTLE, ASI_
PRIMARY_NOFAULT, ASI_PRIMARY_NOFAULT_LITTLE, ASI_SECONDARY, ASI_
SECONDARY_LITTLE, ASI_AS_IF_USER_SECONDARY, ASI_AS_IF_USER_SECONDARY_
LITTLE, ASI_SECONDARY_NOFAULT, and ASI_SECONDARY_NOFAULT_LITTLE. If the nucleus
context is supported, then ASI_NUCLEUS and ASI_NUCLEUS_LITTLE must also be decoded
(impl. dep. #124). Finally, an implementation must always decode ASI bit<7> while
PSTATE.PRIV = 0, so that an attempt by nonprivileged software to access a restricted ASI will
always cause a privileged_action exception.

Table 11—Allowed Accesses to ASIs

Value Access Type Processor state
(PSTATE.PRIV) Result of ASI access

0016..7F16 Restricted
Nonprivileged (0) privileged_action exception

Privileged (1) Valid access

8016..FF16 Unrestricted
Nonprivileged (0) Valid access

Privileged (1) Valid access
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1 TheseASI assignmentsare implementation-dependent(impl. dep.#29) andavailable for useby
implementors. Code that references any of these ASIs may not be portable.

2 ASI_NUCLEUS{_LITTLE} areimplementation-dependent(impl. dep.#124);they may not be sup-
ported in all implementations. See F.4.4, “Contexts,” for more information.

3 Useof theseASIs causesaccesschecksto beperformedasif thememoryaccessinstructionwere
issuedwhile PSTATE.PRIV= 0 (that is, in nonprivilegedmode)anddirectedtowardsthe corre-
sponding address space.

4 ASI_PRIMARY_NOFAULT{_LITTLE} and ASI_SECONDARY_NOFAULT{_LITTLE} refer to the
sameaddressspacesasASI_PRIMARY{_LITTLE} andASI_SECONDARY{_LITTLE} , respectively,
with additional semantics as described in 8.3, “Addressing and Alternate Address Spaces.”

6.3.1.4   Separate Instruction Memor y

A SPARC-V9 implementationmaychooseto placeinstructionanddatain thesameshared
addressspaceandusehardwareto keepthedataandinstructionmemoryconsistentat all
times.It mayalsochooseto overloadindependentaddressspacesfor dataandinstructions
and allow them to becomeinconsistentwhen datawrites are madeto addressesshared
with the instructionspace.A programcontainingsuchself-modifyingcodemust issuea
FLUSHinstructionor appropriatecallsto systemsoftwareto bring theaddressspacesto a
consistent state. See H.1.6, “Self-Modifying Code,” for more information.

Table 12—Address Space Identifiers (ASIs)

Value Name Access Addr ess space
0016..0316 — R Implementation-dependent1

0416 ASI_NUCLEUS R Implementation-dependent2

0516..0B16 — R Implementation-dependent1

0C16 ASI_NUCLEUS_LITTLE R Implementation-dependent2

0D16 ..0F16 — R Implementation-dependent1

1016 ASI_AS_IF_USER_PRIMARY R Primary address space, user privilege3

1116 ASI_AS_IF_USER_SECONDARY R Secondary address space, user privilege3

1216 ..1716 — R Implementation-dependent1

1816 ASI_AS_IF_USER_PRIMARY_LITTLE R Primary address space, user privilege, little-endian3

1916 ASI_AS_IF_USER_SECONDARY_LITTLE R Secondary address space, user priv., little-endian3

1A16 ..7F16 — R Implementation-dependent1

8016 ASI_PRIMARY U Primary address space

8116 ASI_SECONDARY U Secondary address space

8216 ASI_PRIMARY_NOFAULT U Primary address space, no fault4

8316 ASI_SECONDARY_NOFAULT U Secondary address space, no fault4

8416..8716 — U Reserved

8816 ASI_PRIMARY_LITTLE U Primary address space, little-endian

8916 ASI_SECONDARY_LITTLE U Secondary address space, little-endian

8A16 ASI_PRIMARY_NOFAULT_LITTLE U Primary address space, no fault, little-endian4

8B16 ASI_SECONDARY_NOFAULT_LITTLE U Secondary address space, no fault, little-endian4

8C16..BF16 — U Reserved

C016 ..FF16 — U Implementation-dependent1
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6.3.2   Memor y Sync hronization Instructions

Two forms of memorybarrier (MEMBAR) instructionsallow programsto managethe
orderandcompletionof memoryreferences.OrderingMEMBARs inducea partialorder-
ing betweensetsof loadsandstoresandfuture loadsandstores.SequencingMEMBARs
exert explicit controlover completionof loadsandstores.Both barrierformsareencoded
in a single instruction, with sub-functions bit-encoded in an immediate field.

Compatibility Note:
ThedeprecatedSTBAR instructionis asubcaseof theMEMBAR instruction;it is identicalin oper-
ation to the STBAR instruction of SPARC-V8, and is included only for compatibility.

6.3.3   Integ er Arithmetic Instructions

The integer arithmeticinstructionsaregenerallytriadic-register-addressinstructionsthat
computea resultwhich is a functionof two sourceoperands.They eitherwrite theresult
into thedestinationregisterr[rd] or discardit. Oneof thesourceoperandsis alwaysr[rs1].
The othersourceoperanddependson the i bit in the instruction;if i = 0, the operandis
r[rs2]; if i = 1, the operandis the constantsimm10, simm11, or simm13sign-extendedto
64 bits.

Note that the value ofr[0] always reads as zero, and writes to it are ignored.

6.3.3.1   Setting Condition Codes

Most integer arithmetic instructionshave two versions;one setsthe integer condition
codes(icc andxcc) asasideeffect; theotherdoesnotaffect theconditioncodes.A special
comparisoninstructionfor integervaluesis notneeded,sinceit is easilysynthesizedusing
the “subtractandsetconditioncodes”(SUBcc) instruction.SeeG.3, “SyntheticInstruc-
tions,” for details.

6.3.3.2   Shift Instructions

Shift instructionsshift anr registerleft or right by a constantor variableamount.Noneof
the shift instructions changes the condition codes.

6.3.3.3   Set High 22 Bits of Lo w Word

The“sethigh22bitsof low wordof anr register” instruction(SETHI)writesa22-bitcon-
stantfrom the instructioninto bits 31 through10 of the destinationregister. It clearsthe
low-order10 bits andhigh-order32 bits, anddoesnot affect theconditioncodes.Its pri-
mary use is to construct constants in registers.

6.3.3.4   Integ er Multipl y/Divide

Theintegermultiply instructionperformsa 64 × 64 → 64-bit operation;theintegerdivide
instructionsperform 64 ÷ 64 → 64-bit operations.For compatibility with SPARC-V8,
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32 × 32 → 64-bitmultiply instructions,64 ÷ 32 → 32-bitdivide instructions,andthemul-
tiply step instruction are provided. Division by zero causes adivision_by_zero exception.

6.3.3.5   Tagged Ad d/Subtract

The taggedadd/subtractinstructionsassumetagged-formatdata,in which the tag is the
two low-orderbits of eachoperand.If eitherof the two operandshasa nonzerotag,or if
32-bit arithmeticoverflow occurs,tagoverflow is detected.TADDcc andTSUBccsetthe
CCR.icc.V bit if tagoverflow occurs;they settheCCR.xcc.V bit if 64-bit arithmeticover-
flow occurs.Thetrappingversions(TADDccTV, TSUBccTV)of theseinstructionscause
a tag_overflow trapif tagoverflow occurs.If 64-bitarithmeticoverflow occursbut tagover-
flow does not, TADDccTV and TSUBccTV set the CCR.xcc.V bit but do not trap.

6.3.4   Contr ol-Transf er Instructions (CTIs)

These are the basic control-transfer instruction types:

— Conditional branch (Bicc, BPcc, BPr, FBfcc, FBPfcc)

— Unconditional Branch

— Call and Link (CALL)

— Jump and Link (JMPL, RETURN)

— Return from trap (DONE, RETRY)

— Trap (Tcc)

A control-transferinstructionfunctionsby changingthevalueof thenext programcounter
(nPC)or by changingthe valueof both the programcounter(PC) andthe next program
counter(nPC).Whenonly the next programcounter, nPC,is changed,the effect of the
transferof control is delayedby oneinstruction.Most control transfersin SPARC-V9 are
of the delayedvariety. The instructionfollowing a delayedcontrol transferinstructionis
said to be in the delay slot of the control transfer instruction. Somecontrol transfer
instructions(branches)can optionally annul, that is, not execute,the instruction in the
delayslot, dependinguponwhetherthe transferis taken or not-taken. Annulled instruc-
tions have no effect upon the program-visible state nor can they cause a trap.

Programming Note:
Theannulbit increasesthe likelihoodthata compilercanfind a usefulinstructionto fill thedelay
slot aftera branch,therebyreducingthenumberof instructionsexecutedby a program.For exam-
ple, theannulbit canbeusedto move aninstructionfrom within a loop to fill thedelayslot of the
branchthatclosestheloop.Likewise,theannulbit canbeusedto move aninstructionfrom either
the “else” or “then” branchof an “if-then-else”programblock to thedelayslot of thebranchthat
selectsbetweenthem.Sincea full setof conditionsareprovided,a compilercanarrangethecode
(possiblyreversingthesenseof thecondition)sothataninstructionfrom eitherthe“else” branchor
the “then” branch can be moved to the delay slot.

Table13below definesthevalueof theprogramcounterandthevalueof thenext program
counter after execution of each instruction. Conditional brancheshave two forms:
branchesthat test a condition, representedin the table by “Bcc,” and branchesthat are
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unconditional,thatis, alwaysor never taken,representedin thetableby “B.” Theeffectof
anannulledbranchis shown in the tablethroughexplicit transfersof control, ratherthan
by fetching and annulling the instruction.

The effective address,EA in table13, specifiesthe target of the control transferinstruc-
tion. The effective addressis computedin different ways, dependingon the particular
instruction:

PC-relative Effective Address:
A PC-relative effective addressis computedby sign extendingthe instruction’s
immediatefield to 64-bits,left-shifting theworddisplacementby two bits to create
a byte displacement, and adding the result to the contents of the PC.

Register-Indir ect Effective Address:
A register-indirect effective address computes its target address as either
r[rs1]+r [rs2] if i = 0, or r[rs1]+sign_ext(simm13) if i = 1.

Trap Vector Effective Address:
A trapvectoreffectiveaddressfirst computesthesoftwaretrapnumberastheleast
significantsevenbits of r[rs1]+r [rs2] if i = 0, or astheleastsignificantsevenbits
of r[rs1]+sw_trap# if i = 1. Thetraplevel, TL, is incremented.Thehardwaretrap
typeis computedas256+ sw_trap#andstoredin TT[TL]. Theeffectiveaddressis
generatedby concatenatingthecontentsof theTBA register, the “TL>0” bit, and
the contents of TT[TL]. See 5.2.8, “Trap Base Address (TBA),” for details.

Trap State Effective Address:
A trap stateeffective addressis not computed,but is taken directly from either
TPC[TL] or TNPC[TL].

Compatibility Note:
SPARC-V8 specifiedthat the delay instructionwasalwaysfetched,even if annulled,andthat an
annulledinstructioncouldnot causeany traps.SPARC-V9 doesnot requirethedelayinstructionto
be fetched if it is annulled.

Compatibility Note:
SPARC-V8 left asundefinedtheresultof executingadelayedconditionalbranchthathadadelayed
control transferin its delayslot. For this reason,programmersshouldavoid suchconstructswhen
backwards compatibility is an issue.
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6.3.4.1   Conditional Branc hes

A conditionalbranchtransferscontrol if thespecifiedconditionis true.If theannulbit is
0, theinstructionin thedelayslot is alwaysexecuted.If theannulbit is 1, theinstructionin
thedelayslot is not executedunlesstheconditionalbranchis taken.Note that theannul
behavior of a taken conditional branch is different from that of anunconditional branch.

6.3.4.2   Unconditional Branc hes

An unconditionalbranchtransferscontrol unconditionally if its specifiedcondition is
“always”; it never transferscontrolif its specifiedconditionis “never.” If theannulbit is 0,
the instructionin thedelayslot is alwaysexecuted.If theannulbit is 1, the instructionin
thedelayslot is never executed.Note that theannulbehavior of anunconditionalbranch
is different from that of a taken conditional branch.

6.3.4.3   CALL and JMPL instructions

TheCALL instructionwritesthecontentsof thePC,whichpointsto theCALL instruction
itself, into r[15] (out register7) andthencausesa delayedtransferof controlto a PC-rela-
tive effective address.Thevaluewritten into r[15] is visible to theinstructionin thedelay
slot.

TheJMPL instructionwritesthecontentsof thePC,which pointsto theJMPL instruction
itself, into r[rd] and thencausesa delayedtransferof control to a PC-relative effective
address. The value written intor[rd] is visible to the instruction in the delay slot.

Table 13—Control Transfer Characteristics

Instruction gr oup Addr ess
form Delayed Taken Annul

bit New PC New nPC

Non-CTIs — — — — nPC nPC+ 4

Bcc PC-relative Yes Yes 0 nPC EA

Bcc PC-relative Yes No 0 nPC nPC+ 4

Bcc PC-relative Yes Yes 1 nPC EA

Bcc PC-relative Yes No 1 nPC+ 4 nPC+ 8

B PC-relative Yes Yes 0 nPC EA

B PC-relative Yes No 0 nPC nPC+ 4

B PC-relative Yes Yes 1 EA EA + 4

B PC-relative Yes No 1 nPC+ 4 nPC+ 8

CALL PC-relative Yes — — nPC EA

JMPL, RETURN Register-ind. Yes — — nPC EA

DONE Trap state No — — TNPC[TL] TNPC[TL] + 4

RETRY Trap state No — — TPC[TL] TNPC[TL]

Tcc Trap vector No Yes — EA EA + 4

Tcc Trap vector No No — nPC nPC + 4
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When PSTATE.AM = 1, the value of the high order 32-bits transmittedto r[15] by the
CALL instructionor to r[rd] by theJMPLinstructionis implementation-dependent.(impl.
dep #125).

6.3.4.4   RETURN Instruction

TheRETURNinstructionis usedto returnfrom a traphandlerexecutingin nonpriviliged
mode.RETURNcombinesthecontrol-transfercharacteristicsof a JMPL instructionwith
r[0] specified as the destination register and the register-window semanticsof a
RESTORE instruction.

6.3.4.5   DONE and RETRY Instructions

TheDONEandRETRY instructionsareusedby privilegedsoftwareto returnfrom a trap.
These instructions restore the machine state to values saved in the TSTATE register.

RETRY returnsto the instruction that causedthe trap in order to reexecuteit. DONE
returnsto the instructionpointedto by the valueof nPCassociatedwith the instruction
thatcausedthe trap, that is, thenext logical instructionin theprogram.DONE presumes
thatthetraphandlerdid whateverwasrequestedby theprogramandthatexecutionshould
continue.

6.3.4.6   Trap Instruction (Tcc)

TheTcc instructioninitiatesa trapif theconditionspecifiedby its condfield matchesthe
currentstateof theconditioncoderegisterspecifiedby its ccfield, otherwiseit executesas
a NOP. If the trap is taken, it incrementsthe TL register, computesa trap type which is
storedin TT[TL], andtransfersto acomputedaddressin thetraptablepointedto by TBA.
See 5.2.8, “Trap Base Address (TBA).”

A Tcc instructioncanspecifyoneof 128 softwaretrap types.Whena Tcc is taken,256
plus the seven leastsignificantbits of the sumof the Tcc’s sourceoperandsis written to
TT[TL]. Theonly visible differencebetweena softwaretrapgeneratedby a Tcc instruc-
tion anda hardwaretrapis thetrapnumberin theTT register. SeeChapter7, “Traps,” for
more information.

Programming Note:
Tcccanbeusedto implementbreakpointing,tracing,andcallsto supervisorsoftware.Tcccanalso
be used for run-time checks, such as out-of-range array index checks or integer overflow checks.

6.3.5   Conditional Mo ve Instructions

6.3.5.1   MOVcc and FMO Vcc Instructions

TheMOVcc andFMOVcc instructionscopy thecontentsof any integeror floating-point
register to a destinationinteger or floating-pointregister if a condition is satisfied.The
conditionto testis specifiedin theinstructionandmaybeany of theconditionsallowedin
conditionaldelayedcontrol-transferinstructions.This condition is testedagainstoneof
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thesix conditioncodes(icc, xcc, fcc0, fcc1, fcc2, andfcc3) asspecifiedby theinstruction.
For example:

fmovdg %fcc2, %f20, %f22

movesthecontentsof thedouble-precisionfloating-pointregister%f20 to register%f22
if floating-point condition code number 2 (fcc2) indicates a greater-than relation
(FSR.fcc2= 2). If fcc2 doesnot indicatea greater-thanrelation(FSR.fcc2 ≠ 2), thenthe
move is not performed.

The MOVcc andFMOVcc instructionscanbe usedto eliminatesomebranchesin pro-
grams.In most implementations,brancheswill be more expensive than the MOVcc or
FMOVcc instructions. For example, the following C statement:

if (A > B) X = 1; else X = 0;

can be coded as:

cmp %i0, %i2 ! (A > B)

or %g0, 0, %i3 ! set X = 0

movg %xcc, %g0,1, %i3 ! overwrite X with 1 if A > B

which eliminates the need for a branch.

6.3.5.2   MOVr and FMOVr Instructions

The MOVr and FMOVr instructionsallow the contentsof any integer or floating-point
registerto bemovedto a destinationintegeror floating-pointregisterif a conditionspeci-
fied by the instruction is satisfied. The condition to test may be any of the following:

Any of theintegerregistersmaybetestedfor oneof theconditions,andtheresultusedto
control the move. For example,

movrnz %i2, %l4, %l6

movesintegerregister%l4 to integerregister%l6 if integerregister%i2 containsa non-
zero value.

MOVr andFMOVr canbe usedto eliminatesomebranchesin programs,or to emulate
multiple unsignedconditioncodesby usinganintegerregisterto hold theresultof a com-
parison.

Condition Description

NZ Nonzero

Z Zero

GEZ Greater than or equal to zero

LZ Less than zero

LEZ Less than or equal to zero

GZ Greater than zero
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6.3.6   Register Windo w Management Instructions

This subsectiondescribesthe instructionsusedto manageregisterwindows in SPARC-
V9. Theprivilegedregistersaffectedby theseinstructionsaredescribedin 5.2.10,“Regis-
ter-Window State Registers.”

6.3.6.1   SAVE Instruction

TheSAVE instructionallocatesa new registerwindow andsavesthecaller’s registerwin-
dow by incrementing the CWP register.

If CANSAVE = 0, execution of a SAVE instruction causes awindow_spill exception.

If CANSAVE ≠ 0, but the number of clean windows is zero, that is:

(CLEANWIN – CANRESTORE)= 0

then SAVE causes aclean_window exception.

If SAVE doesnot causean exception,it performsan ADD operation,decrementsCAN-
SAVE, and incrementsCANRESTORE. The sourceregistersfor the ADD are from the
old window (theoneto which CWPpointedbeforetheSAVE), while theresultis written
into a register in the new window (the one to which the incremented CWP points).

6.3.6.2   RESTORE Instruction

The RESTORE instruction restoresthe previous register window by decrementingthe
CWP register.

If CANRESTORE= 0, executionof a RESTORE instructioncausesa window_fill excep-
tion.

If RESTORE doesnot causean exception,it performsan ADD operation,decrements
CANRESTORE,andincrementsCANSAVE. Thesourceregistersfor theADD arefrom
the“old” window (theoneto which CWPpointedbeforetheRESTORE),while theresult
is written into a register in the “new” window (the oneto which the decrementedCWP
points).

Programming Note:

The following describesa commonconvention for useof register windows, SAVE, RESTORE,
CALL, and JMPL instructions.

A procedureis invokedby executinga CALL (or a JMPL) instruction.If theprocedurerequiresa
registerwindow, it executesa SAVE instruction.A routinethatdoesnot allocatea registerwindow
of its own (possiblya leaf procedure)shouldnot modify any windowedregistersexceptout regis-
ters 0 through 6. See H.1.2, “Leaf-Procedure Optimization.”

A procedurethat usesa register window returnsby executing both a RESTORE and a JMPL
instruction.A procedurethathasnotallocatedaregisterwindow returnsby executingaJMPLonly.
Thetargetaddressfor theJMPL instructionis normallyeightplustheaddresssavedby thecalling
instruction, that is, to the instruction after the instruction in the delay slot of the calling instruction.
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The SAVE andRESTORE instructionscanbe usedto atomicallyestablisha new memorystack
pointerin anr registerandswitchto a new or previousregisterwindow. SeeH.1.4,“RegisterAllo-
cation within a Window.”

6.3.6.3   SAVED Instruction

The SAVED instructionshouldbe usedby a spill trap handlerto indicatethat a window
spill has completed successfully. It increments CANSAVE:

CANSAVE ← (CANSAVE + 1)

If thesavedwindow belongsto adifferentaddressspace(OTHERWIN ≠ 0), it decrements
OTHERWIN:

OTHERWIN ← (OTHERWIN – 1)

Otherwise,thesavedwindow belongsto thecurrentaddressspace(OTHERWIN = 0), so
SAVED decrements CANRESTORE:

CANRESTORE← (CANRESTORE – 1)

6.3.6.4   RESTORED Instruction

TheRESTOREDinstructionshouldbeusedby afill traphandlerto indicatethatawindow
has been filled successfully. It increments CANRESTORE:

CANRESTORE← (CANRESTORE+ 1)

If the restoredwindow replacesa window that belongsto a different addressspace
(OTHERWIN ≠ 0), it decrements OTHERWIN:

OTHERWIN ← (OTHERWIN – 1)

Otherwise,the restoredwindow belongsto the currentaddressspace(OTHERWIN = 0),
so RESTORED decrements CANSAVE:

CANSAVE ← (CANSAVE – 1)

If CLEANWIN is less than NWINDOWS-1, the RESTORED instruction increments
CLEANWIN:

if  (CLEANWIN < (NWINDOWS-1)) then CLEANWIN ← (CLEANWIN + 1)

6.3.6.5   Flush Windo ws Instruction

TheFLUSHW instructionflushesall of the registerwindows exceptthecurrentwindow,
by performingrepetitive spill traps.TheFLUSHW instructionis implementedby causing
a spill trapif any registerwindow (otherthanthecurrentwindow) hasvalid contents.The
number of windows with valid contents is computed as

NWINDOWS – 2 – CANSAVE
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If this number is nonzero,the FLUSHW instruction causesa spill trap. Otherwise,
FLUSHW hasno effect. If the spill trap handlerexits with a RETRY instruction, the
FLUSHW instruction will continue causingspill traps until all the register windows
except the current window have been flushed.

6.3.7   State Register Access

Theread/writestateregisterinstructionsaccessprogram-visiblestateandstatusregisters.
Theseinstructionsread/writethestateregistersinto/from r registers.A read/writeAncil-
lary State Register instruction is privileged only if the accessed register is privileged.

6.3.8   Privileg ed Register Access

Theread/writeprivilegedregisterinstructionsaccessstateandstatusregistersthatarevis-
ible only to privileged software. Theseinstructionsread/writeprivileged registersinto/
from r registers. The read/write privileged register instructions are privileged.

6.3.9   Floating-P oint Operate (FP op) Instructions

Floating-pointoperateinstructions(FPops)aregenerallytriadic-register-addressinstruc-
tions.They computea resultthatis a functionof oneor two sourceoperandsandplacethe
result in one or more destinationf registers. The exceptions are:

— Floating-pointconvert operations,which useonesourceandonedestinationoper-
and

— Floating-pointcompareoperations,which do not write to an f register, but update
one of thefccn fields of the FSR instead

The term “FPop” refersto thoseinstructionsencodedby the FPop1andFPop2opcodes
and doesnot include branchesbasedon the floating-pointcondition codes(FBfcc and
FBPfcc) or the load/store floating-point instructions.

TheFMOVcc instructionsfunction for thefloating-pointregistersastheMOVcc instruc-
tions do for the integer registers. See 6.3.5.1, “MOVcc and FMOVcc Instructions.”

TheFMOVr instructionsfunctionfor thefloating-pointregistersastheMOVr instructions
do for the integer registers. See 6.3.5.2, “MOVr and FMOVr Instructions.”

If there is no floating-pointunit presentor if PSTATE.PEF= 0 or FPRS.FEF= 0, any
instructionthatattemptsto accessanFPUregister, includinganFPopinstruction,gener-
ates anfp_disabled exception.

All FPop instructionsclear the ftt field and set the cexc field, unlessthey generatean
exception.Floating-pointcompareinstructionsalsowrite oneof the fccnfields.All FPop
instructionsthat cangenerateIEEE exceptionsset the cexc andaexc fields, unlessthey
generatean exception.FABS(s,d,q),FMOV(s,d,q),FMOVcc(s,d,q),FMOVr(s,d,q),and
FNEG(s,d,q) cannot generateIEEE exceptions, so they clear cexc and leave aexc
unchanged. FMOVcc and FMOVr instructionsclear theseFSR fields regardlessof the
value of the conditional predicate.
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IMPL. DEP. #3: An implementation may indicate that a floating-point instruction did not produce a
correct IEEE STD 754-1985 result by generating a special unfinished_FPop or unimplemented_
FPop exception. Privileged-mode software must emulate any functionality not present in the hard-
ware.

6.3.10   Implementation-Dependent Instructions

SPARC-V9 provides two instructions that are entirely implementation-dependent,
IMPDEP1 and IMPDEP2 (impl. dep. #106).

Compatibility Note:
The IMPDEPn instructions replace the CPopn instructions in SPARC-V8.

See A.23, “Implementation-Dependent Instructions,” for more information.

6.3.11   Reserved Opcodes and Instruction Fields

An attemptto executean opcodeto which no instructionis assignedshall causea trap.
Specifically, attemptingto executea reservedFPopcausesan fp_exception_other trap(with
FSR.ftt = unimplemented_FPop); attemptingto executeany other reserved opcodeshall
causean illegal_instruction trap.SeeAppendixE, “OpcodeMaps,” for acompleteenumera-
tion of the reserved opcodes.

6.4   Register Windo w Management

Thestateof theregisterwindowsis determinedby thecontentsof thesetof privilegedreg-
istersdescribedin 5.2.10,“Register-Window StateRegisters.” Thoseregistersareaffected
by theinstructionsdescribedin 6.3.6,“RegisterWindow ManagementInstructions.” Priv-
ileged software can read/write these state registers directly by using RDPR/WRPR
instructions.

6.4.1   Register Windo w State Definition

In orderfor thestateof the registerwindows to beconsistent,the following mustalways
be true:

CANSAVE + CANRESTORE+ OTHERWIN = NWINDOWS – 2

Figure3 on page34 shows how the registerwindows arepartitionedto obtainthe above
equation. In figure3, the partitions are as follows:

— Thecurrentwindow andthewindow thatoverlapstwo othervalid windows andso
mustnot beused(in thefigure,windows 0 and4, respectively) arealwayspresent
andaccountfor the 2 subtractedfrom NWINDOWS in the right-handsideof the
equation.

— Windows thatdo not have valid contentsandcanbeused(via a SAVE instruction)
without causinga spill trap.Thesewindows (windows 1, 2 and3 in thefigure)are
counted in CANSAVE.
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— Windows that have valid contentsfor the currentaddressspaceandcanbe used
(via the RESTORE instruction)without causinga fill trap.Thesewindows (win-
dow 7 in the figure) are counted in CANRESTORE.

— Windows that have valid contentsfor an addressspaceother than the current
addressspace.An attemptto usethesewindows via a SAVE (RESTORE)instruc-
tion resultsin a spill (fill) trapto a separatesetof trapvectors,asdiscussedin the
following subsection.Thesewindows (windows 5 and6 in thefigure)arecounted
in OTHERWIN.

In addition,

CLEANWIN ≥ CANRESTORE

sinceCLEANWIN is the sumof CANRESTORE andthenumberof cleanwindows fol-
lowing CWP.

In orderto usethewindow-managementfeaturesof thearchitectureasdescribedhere,the
stateof the registerwindows mustbekeptconsistentat all times,exceptin traphandlers
for window spilling, filling, andcleaning.While handlingwindow trapsthestatemaybe
inconsistent.Window spill/fill straphandlersshouldbewritten suchthata nestedtrapcan
be taken without destroying state.

6.4.2   Register Windo w Traps

Window trapsareusedto manageoverflow andunderflow conditionsin theregisterwin-
dows, to support clean windows, and to implement the FLUSHW instruction.

6.4.2.1   Windo w Spill and Fill T raps

A window overflow occurswhenaSAVE instructionis executedandthenext registerwin-
dow is occupied(CANSAVE = 0). An overflow causesa spill trap that allows privileged
softwareto save theoccupiedregisterwindow in memory, therebymakingit availablefor
use.

A window underflow occurswhena RESTORE instructionis executedandthe previous
register window is not valid (CANRESTORE= 0). An underflow causesa fill trap that
allows privileged software to load the registers from memory.

6.4.2.2   Clean-Windo w Trap

SPARC-V9 providesthe clean_window trap so that softwarecancreatea secureenviron-
ment in which it is guaranteedthat register windows containonly datafrom the same
address space.

A cleanregisterwindow is onein which all of theregisters,includinguninitializedregis-
ters,containeither zero or dataassignedby software executingin the addressspaceto
which thewindow belongs.A cleanwindow cannotcontainregistervaluesfrom another
process, that is, software operating in a different address space.
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Supervisorsoftwarespecifiesthe numberof windows that arecleanwith respectto the
currentaddressspacein theCLEANWIN register. This includesregisterwindows thatcan
berestored(thevaluein theCANRESTOREregister)andtheregisterwindows following
CWPthatcanbeusedwithout cleaning.Therefore,thenumberof cleanwindows thatare
available to be used by the SAVE instruction is

CLEANWIN – CANRESTORE

TheSAVE instructioncausesa clean_window trapif thisvalueis zero.Thisallowssupervi-
sor software to clean a register window before it is accessed by a user.

6.4.2.3   Vectoring of Fill/Spill T raps

In order to make handlingof fill andspill trapsefficient, SPARC-V9 providesmultiple
trap vectors for the fill and spill traps. These trap vectors are determined as follows:

— Supervisorsoftwarecanmarkasetof contiguousregisterwindowsasbelongingto
an addressspacedifferent from the currentone.The countof theseregisterwin-
dows is keptin theOTHERWIN register. A separatesetof trapvectors(fill_n_other
andspill_n_other) is provided for spill andfill trapsfor theseregisterwindows (as
opposed to register windows that belong to the current address space).

— Supervisorsoftwarecanspecifythetrapvectorsfor fill andspill trapsby presetting
thefields in theWSTATE register. This registercontainstwo subfields,eachthree
bits wide. The WSTATE.NORMAL field is usedto determineoneof eight spill
(fill) vectorsto beusedwhenthe registerwindow to bespilled (filled) belongsto
the currentaddressspace(OTHERWIN = 0). If the OTHERWIN register is non-
zero,theWSTATE.OTHER field selectsoneof eightfill_n_other (spill_n_other) trap
vectors.

See Chapter 7, “Traps,” for more details on how the trap address is determined.

6.4.2.4   CWP on Windo w Traps

Onawindow traptheCWPis setto point to thewindow thatmustbeaccessedby thetrap
handler, as follows (note that all arithmetic on CWP is done modulo NWINDOWS):

— If thespill trapoccursdueto a SAVE instruction(whenCANSAVE = 0), thereis
an overlap window between the CWP and the next register window to be spilled

CWP← (CWP+ 2) mod NWINDOWS

If thespill trapoccursdueto aFLUSHWinstruction,therecanbeunusedwindows
(CANSAVE) in additionto theoverlapwindow, betweentheCWPandthewindow
to be spilled

CWP← (CWP+ CANSAVE + 2) mod NWINDOWS

Implementation Note:
All spill traps can use:

CWP← (CWP+ CANSAVE + 2) mod NWINDOWS
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since CANSAVE is zero whenever a trap occurs due to a SAVE instruction.

— On a fill trap, the window preceding CWP must be filled

CWP← (CWP – 1)mod NWINDOWS

— On a clean_window trap, the window following CWP must be cleaned. Then

CWP← (CWP+ 1) mod NWINDOWS

6.4.2.5   Windo w Trap Handler s

The traphandlersfor fill, spill andclean_window trapsmusthandlethe trapappropriately
andreturnusingtheRETRY instruction,to reexecutethetrappedinstruction.Thestateof
the register windows must be updatedby the trap handler, and the relationshipamong
CLEANWIN, CANSAVE, CANRESTORE, and OTHERWIN must remain consistent.
The following recommendations should be followed:

— A spill traphandlershouldexecutetheSAVED instructionfor eachwindow thatit
spills.

— A fill trap handlershouldexecutethe RESTORED instructionfor eachwindow
that it fills.

— A clean_window traphandlershouldincrementCLEANWIN for eachwindow that
it cleans:

CLEANWIN ← (CLEANWIN + 1)

Window traphandlersin SPARC-V9 canbevery efficient.SeeH.2.2,“ExampleCodefor
Spill Handler,” for details and sample code.
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7   Traps

7.1   Overview

A trapis avectoredtransferof controlto supervisorsoftwarethroughatraptablethatcon-
tains the first eight (thirty-two for fill/spill traps)instructionsof eachtrap handler. The
baseaddressof the tableis establishedby supervisorsoftware,by writing the Trap Base
Address(TBA) register. Thedisplacementwithin thetableis determinedby thetraptype
andthecurrenttrap level (TL). One-halfof the tableis reserved for hardwaretraps;one-
quarteris reservedfor softwaretrapsgeneratedby Tcc instructions;theremainingquarter
is reserved for future use.

A trap behaves like an unexpected procedure call. It causes the hardware to

(1) Save certainprocessorstate(programcounters,CWP, ASI, CCR, PSTATE, and
the trap type) on a hardware register stack

(2) Enter privileged execution mode with a predefined PSTATE

(3) Begin executing trap handler code in the trap vector

Whenthetraphandlerhasfinished,it useseitheraDONEor RETRY instructionto return.

A trap may be causedby a Tcc instruction,an SIR instruction,an instruction-induced
exception,a reset,anasynchronousexception,or an interruptrequestnot directly related
to a particularinstruction.Theprocessormustappearto behave asthough,beforeexecut-
ing each instruction, it determinesif there are any pending exceptions or interrupt
requests.If therearependingexceptionsor interrupt requests,the processorselectsthe
highest-priority exception or interrupt request and causes a trap.

Thus,an exceptionis a conditionthat makesit impossiblefor the processorto continue
executingthecurrentinstructionstreamwithoutsoftwareintervention.A trapis theaction
takenby theprocessorwhenit changestheinstructionflow in responseto thepresenceof
an exception, interrupt, or Tcc instruction.

A catastrophicerror exception is due to the detectionof a hardware malfunctionfrom
which,dueto thenatureof theerror, thestateof themachineat thetime of theexception
cannotbe restored.Sincethe machinestatecannotbe restored,executionafter suchan
exceptionmaynotberesumable.An exampleof suchanerroris anuncorrectablebuspar-
ity error.
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IMPL. DEP. #31: The causes and effects of catastrophic errors are implementation-dependent.
They may cause precise, deferred, or disrupting traps.

7.2   Processor States, Normal and Special T raps

The processor is always in one of three discrete states:

— execute_state, which is the normal execution state of the processor

— RED_state(Reset,Error, and Debug state),which is a restrictedexecutionstate
reservedfor processingtrapsthatoccurwhenTL = MAXTL – 1, andfor process-
ing hardware- and software-initiated resets

— error_state,which is a halted state that is enteredas a result of a trap when
TL = MAXTL, or due to an unrecoverable error

Trapsprocessedin execute_statearecallednormal traps. Trapsprocessedin RED_state
are called special traps. Exceptionsthat causethe processorto enter error_stateare
recordedby the hardware and are madeavailable in the TT field after the processoris
reset.

Figure 37 shows the processor state diagram.

Figure 37—Processor State Diagram

7.2.1   RED_state

RED_stateis an acronym for Reset,Error, andDebug state.The processorentersRED_
state under any one of the following conditions:

— A trap is taken when TL =MAXTL –1.
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— Any of the four reset requests occurs (POR, WDR, XIR, SIR).

— An implementation-dependenttrap, internal_processor_error exception, or
catastrophic_error exception occurs.

— System software sets PSTATE.RED= 1.

RED_state serves two mutually exclusive purposes:

— During trapprocessing,it indicatesthattherearenomoreavailabletraplevels;that
is, if anothernestedtrap is taken, the processorwill entererror_stateand halt.
RED_state provides system software with a restricted execution environment.

— It provides the execution environment for all reset processing.

RED_stateis indicatedby PSTATE.RED.Whenthis bit is set,the processoris in RED_
state;whenthis bit is clear, theprocessoris not in RED_state,independentof thevalueof
TL. Executinga DONE or RETRY instructionin RED_staterestoresthestackedcopy of
the PSTATE register, which clears the PSTATE.RED flag if the stacked copy had it
cleared.Systemsoftware can also set or clear the PSTATE.RED flag with a WRPR
instruction,whichalsoforcestheprocessorto enteror exit RED_state,respectively. In this
case,theWRPRinstructionshouldbeplacedin thedelayslotof a jump,sothatthePCcan
be changed in concert with the state change.

Programming Note:

SettingTL = MAXTL with a WRPRinstructiondoesnot alsosetPSTATE.RED= 1; nor doesit
alter any other machine state. The values of PSTATE.RED and TL are independent.

7.2.1.1   RED_state Trap Table

Trapsoccurringin RED_stateor trapsthatcausetheprocessorto enterRED_stateusean
abbreviatedtrapvector. TheRED_statetrapvectoris constructedsothatit canoverlaythe
normal trap vector if necessary. Figure 38 illustrates the RED_state trap vector.

†TT = 2 if a watchdogresetoccurswhile the processoris not in error_state;TT = trap type of the
exception that caused entry into error_state if a watchdog reset (WDR) occurs in error_state.

‡TT = 3 if an externally initiated reset (XIR) occurswhile the processoris not in error_state;
TT = trap type of the exceptionthat causedentry into error_stateif the externally initiated reset
occurs in error_state.

* TT = trap type of the exception. See table14 on page 102.

Figure 38—RED_state Trap Vector Layout

Offset TT Reason

0016 0 Reserved (SPARC-V8 reset)

2016 1 Power-on reset (POR)

4016 2† Watchdog reset (WDR)

6016 3‡ Externally initiated reset (XIR)

8016 4 Software-initiated reset (SIR)

A016 * All other exceptions in RED_state
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IMPL. DEP. #114: The RED_state trap vector is located at an implementation-dependent address
referred to as RSTVaddr.

Implementation Note:

TheRED_statetraphandlersshouldbelocatedin trustedmemory, for example,in ROM. Thevalue
of RSTVaddrmaybehard-wiredin animplementation,but it is suggestedthatit beexternallysetta-
ble, for instance by scan, or read from pins at power-on reset.

7.2.1.2   RED_state Ex ecution En vir onment

In RED_statetheprocessoris forcedto executein a restrictedenvironmentby overriding
the values of some processor controls and state registers.

Programming Note:

The values are overridden, not set. This is to allow them to be switched atomically.

IMPL. DEP. #115: A processor’s behavior in RED_state is implementation-dependent.

The following are recommended:

(1) Instruction addresstranslationis a straight-throughphysical map; that is, the
MMU is always suppressed for instruction access in RED_state.

(2) Data addresstranslationis handlednormally; that is, the MMU is usedif it is
enabled.However, any eventthatcausestheprocessorto enterRED_statealsodis-
ables the MMU. The handler executing in RED_state can reenable the MMU.

(3) All references are uncached.

(4) Cachecoherencein RED_stateis theproblemof thesystemdesignerandsystem
programmer. Normally, cacheenablesareleft unchangedby RED_state;thus,if a
cacheis enabled,it will continueto participatein cachecoherenceuntil explicitly
disabledby recovery code.A cachemay be disabledautomaticallyif an error is
detected in the cache.

(5) Unessentialfunctionalunits (for example,thefloating-pointunit) andcapabilities
(for example, superscalar execution) should be disabled.

(6) If a storebuffer is present,it shouldbeemptied,if possible,beforeenteringRED_
state.

(7) PSTATE.MM is set to TSO.

Programming Note:

WhenRED_stateis entereddueto componentfailures,thehandlershouldattemptto recover from
potentiallycatastrophicerrorconditionsor to disablethe failing components.WhenRED_stateis
enteredafterareset,thesoftwareshouldcreatetheenvironmentnecessaryto restorethesystemto a
running state.
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7.2.1.3   RED_state Entr y Traps

The following traps are processed in RED_state in all cases

— POR (Power-on reset)

— WDR (Watchdog reset)

— XIR  (Externally initiated reset)

In addition,thefollowing trapis processedin RED_stateif TL < MAXTL whenthetrapis
taken. Otherwise it is processed in error_state.

— SIR (Software-initiated Reset)

An implementationalso may elect to set PSTATE.RED= 1 after an internal_processor_
error trap(impl. dep.#31),or any of theimplementation-dependenttraps (impl. dep.#35).

Implementation-dependenttraps may force additional statechanges,such as disabling
failing components.

TrapsthatoccurwhenTL = MAXTL – 1 alsosetPSTATE.RED= 1; thatis, any traphan-
dler entered with TL= MAXTL runs in RED_state.

Any nonresettrap that setsPSTATE.RED= 1 or that occurswhen PSTATE.RED= 1,
branches to a special entry in the RED_state trap vector at RSTVaddr+ A016.

In systemsin which it is desiredthat trapsnot enterRED_state,the RED_statehandler
may transfer to the normal trap vector by executing the following code:

! Assumptions:

! -- In RED_state handler, therefore we know that

! PSTATE.RED = 1, so a WRPR can directly toggle it to 0

! and, we don’t have to worry about intervening traps.

! -- Registers %g1 and %g2 are available as scratch registers.

...

#define PSTATE_RED 0x0020 ! PSTATE.RED is bit 5

...

rdpr %tt,%g1 ! Get the normal trap vector

rdpr %tba,%g2 ! address in %g2.

add %g1,%g2,%g2

rdpr %pstate,%g1 ! Read PSTATE into %g1.

jmpl %g2 ! Jump to normal trap vector,

wrpr %g1,PSTATE_RED,%pstate ! toggling PSTATE.RED to 0.

7.2.1.4   RED_state Software Considerations

In effect,RED_statereservesonelevel of thetrapstackfor recovery andresetprocessing.
Softwareshouldbedesignedto requireonly MAXTL – 1 trap levels for normalprocess-
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ing. That is, any trap that causesTL = MAXTL is an exceptionalcondition that should
cause entry to RED_state.

Since the minimum value for MAXTL is 4, typical usage of the trap levels is as follows:

Programming Note:

In orderto log thestateof theprocessor, RED_state-handlersoftwareneedseithera spareregister
or a preloadedpointerto a save area.To supportrecovery, theoperatingsystemmight reserve one
of the alternate global registers, (for example,%a7) for use in RED_state.

7.2.2   Error_state

The processorenterserror_statewhena trap occurswhile the processoris alreadyat its
maximum supported trap level, that is, when TL= MAXTL.

IMPL. DEP. #39: The processor may enter error_state when an implementation-dependent error
condition occurs.

IMPL. DEP. #40: Effects when error_state is entered are implementation-dependent, but it is rec-
ommended that as much processor state as possible be preserved upon entry to error_state.

In particular:

(1) The processor should present an external indication that it has entered error_state.

(2) The processor should halt, that is, make no further changes to system state.

(3) The processorshouldbe restartedby a watchdogreset(WDR). Alternatively, it
may be restarted by an externally initiated reset (XIR) or a power-on reset (POR).

After a resetthat bringsthe processorout of error_state,the processorentersRED_state
with TL setasdefinedin table18onpage106;thetrapstatedescribesthestateat thetime
of entryinto error_state.In particular, for WDR andXIR, TT is setto thevalueof theorig-
inal trap that caused entry to error_state, not the normal TT value for the WDR or XIR.

7.3   Trap Categories

An exception or interrupt request can cause any of the following trap types:

— A precise trap

TL Usage

0 Normal execution

1 System calls; interrupt handlers; instruction emulation

2 Window spill / fill

3 Page-fault handler

4 RED_state handler
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— A deferred trap

— A disrupting trap

— A reset trap

7.3.1   Precise T raps

A precisetrap is inducedby a particularinstructionandoccursbeforeany program-visi-
ble statehasbeenchangedby the trap-inducinginstruction.Whena precisetrap occurs,
several conditions must be true.

— The PC saved in TPC[TL] pointsto the instructionthat inducedthe trap,andthe
nPC saved in NTPC[TL] points to the instruction that was to be executed next.

— All instructionsissuedbeforetheonethat inducedthetraphave completedexecu-
tion.

— Any instructions issued after the one that induced the trap remain unexecuted.

Programming Note:

Among the actions the trap handler software might take after a precise trap are:

— Returnto the instructionthatcausedthetrapandreexecuteit, by executinga RETRY instruc-

tion (PC← old PC, nPC← old nPC)

— Emulatetheinstructionthatcausedthetrapandreturnto thesucceedinginstructionby execut-

ing a DONE instruction (PC← old nPC, nPC← old nPC + 4)

— Terminate the program or process associated with the trap

7.3.2   Deferred Traps

A deferred trap is also inducedby a particularinstruction,but unlike a precisetrap, a
deferredtrap may occur after program-visiblestatehasbeenchanged.Suchstatemay
have beenchangedby theexecutionof eitherthetrap-inducinginstructionitself or by one
or more other instructions.

If an instruction inducesa deferredtrap and a precisetrap occurssimultaneously, the
deferredtrapmaynot bedeferredpasttheprecisetrap,exceptthata floating-pointexcep-
tion may be deferred past a precise trap.

Associated with a particular deferred-trap implementation, there must exist:

— An instructionthat causesa potentiallyoutstandingdeferred-trapexceptionto be
taken as a trap.

— Privileged instructionsthat accessthe deferred-trapqueues.This queuecontains
the stateinformationneededby supervisorsoftwareto emulatethe deferred-trap-
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inducing instruction,and to resumeexecutionof the trappedinstructionstream.
See 5.2.13, “IU Deferred-Trap Queue.”)

Notethatresumingexecutionmayrequiretheemulationof instructionsthathadnot com-
pletedexecutionat thetime of thedeferredtrap,that is, thoseinstructionsin thedeferred-
trap queue.

IMPL. DEP. #32: Whether any deferred traps (and associated deferred-trap queues) are present is
implementation-dependent.

Note that to avoid deferredtrapsentirely, an implementationwould needto executeall
implementedfloating-point instructions synchronouslywith the execution of integer
instructions,causingall generatedexceptionsto be precise.A deferred-trapqueue(e.g.,
FQ) would be superfluous in such an implementation.

Programming Note:

Among the actions software can take after a deferred trap are:

— Emulatetheinstructionthatcausedtheexception,emulateor causeto executeany otherexecu-
tion-deferredinstructionsthatwerein anassociateddeferred-trapstatequeue,anduseRETRY
to return control to the instruction at which the deferred trap was invoked, or

— Terminate the program or process associated with the trap.

7.3.3   Disrupting T raps

A disrupting trap is neithera precisetrapnor a deferredtrap.A disruptingtrapis caused
by a condition (e.g.,aninterrupt),ratherthandirectly by a particularinstruction;this dis-
tinguishesit from preciseanddeferredtraps.Whena disruptingtrap hasbeenserviced,
programexecutionresumeswhereit left off. Thisdifferentiatesdisruptingtrapsfrom reset
traps, which resume execution at the unique reset address.

Disrupting trapsarecontrolledby a combinationof the ProcessorInterruptLevel (PIL)
register and the Interrupt Enable(IE) field of PSTATE. A disrupting trap condition is
ignoredwheninterruptsaredisabled(PSTATE.IE = 0) or whenthe condition’s interrupt
level is lower than that specified in PIL.

A disruptingtrapmaybedueto eitheran interruptrequestnot directly relatedto a previ-
ouslyexecutedinstruction,or to anexceptionrelatedto a previously executedinstruction.
Interruptrequestsmaybeeitherinternalor external.An interruptrequestcanbe induced
by theassertionof asignalnotdirectly relatedto any particularprocessoror memorystate.
Examplesof this are the assertionof an “I/O done” signal or settingexternal interrupt
request lines.

A disrupting trap relatedto an earlier instructioncausingan exception is similar to a
deferredtrap in that it occursafter instructionsfollowing the trap-inducinginstruction
have modifiedthe processoror memorystate.The differenceis that the conditionwhich
causedtheinstructionto inducethetrapmayleadto unrecoverableerrors,sincetheimple-
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mentationmaynotpreserve thenecessarystate.An exampleof this is anECCdata-access
error reported after the corresponding load instruction has completed.

Disrupting trap conditions should persist until the corresponding trap is taken.

Programming Note:
Among the actions that trap-handler software might take after a disrupting trap are:

— Use RETRY to return to the instruction at which the trap was invoked

(PC← old PC, nPC← old nPC), or

— Terminate the program or process associated with the trap.

7.3.4   Reset Traps

A resettrap occurswhensupervisorsoftwareor the implementation’s hardwaredeter-
minesthat themachinemustberesetto a known state. Resettrapsdiffer from disrupting
traps,sincethey do not resumeexecutionof theprogramthatwasrunningwhenthereset
trap occurred.

IMPL. DEP. #37: Some of a processor’s behavior during a reset trap is implementation-dependent.
See 7.6.2, “Special Trap Processing,” for details.

The following reset traps are defined for SPARC-V9:

Software-initiated reset (SIR):
Initiated by software by executing the SIR instruction.

Power-on reset (POR):
Initiated when power is applied (or reapplied) to the processor.

Watchdog reset (WDR):
Initiated in response to error_state or expiration of a watchdog timer.

Externally initiated r eset (XIR):
Initiatedin responseto anexternalsignal.This resettrapis normallyusedfor criti-
cal system events, such as power failure.

7.3.5   Uses of the T rap Categories

The SPARC-V9 trap model stipulates that:

(1) Resettraps,exceptsoftware_initiated_reset traps,occurasynchronouslyto program
execution.

(2) When recovery from an exception can affect the interpretationof subsequent
instructions, such exceptions shall be precise. These exceptions are:

— software_initiated_reset

— instruction_access_exception

— privileged_action

— privileged_opcode
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— trap_instruction

— instruction_access_error

— clean_window

— fp_disabled

— LDDF_mem_address_not_aligned

— STDF_mem_address_not_aligned

— tag_overflow

— unimplemented_LDD

— unimplemented_STD

— spill_n_normal

— spill_n_other

— fill_n_normal

— fill_n_other

(3) IMPL. DEP. #33: Exceptions that occur as the result of program execution may be precise
or deferred, although it is recommended that such exceptions be precise. Examples:
mem_address_not_aligned, division_by_zero.

(4) An exception causedafter the initial accessof a multiple-accessload or store
instruction (load-storedoubleword, LDSTUB, CASA, CASXA, or SWAP) that
causesa catastrophicexceptionmay be precise,deferred,or disrupting.Thus,a
trap due to the secondmemoryaccesscanoccurafter the processoror memory
state has been modified by the first access.

(5) Implementation-dependentcatastrophicexceptionsmaycauseprecise,deferred,or
disrupting traps (impl. dep. #31).

(6) Exceptionscausedby externaleventsunrelatedto the instructionstream,suchas
interrupts, are disrupting.

For the purposesof this subsection,we must distinguishbetweenthe dispatchof an
instructionand its executionby somefunctionalunit. An instructionis deemedto have
beendispatched when the software-visiblePC advancesbeyond that instructionin the
instructionstream.An instructionis deemedto have beenexecutedwhenthe resultsof
that instruction are available to subsequent instructions.

For most instructions,dispatchandexecutionappearto occursimultaneously;whenthe
PC hasadvancedbeyond the instruction,its resultsare immediatelyavailable to subse-
quentinstructions.For floating-pointinstructions,however, the PC may advancebeyond
the instructionas soonas the IU placesthe instructioninto a floating-pointqueue;the
instructionitself maynot have completed(or evenbegun)execution,andresultsmaynot
beavailableto subsequentinstructionsfor sometime.In particular, thefactthatafloating-
point instructionwill generateanexceptionmaynotbenoticedby thehardwareuntil addi-
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tional floating-pointinstructionshave beenplacedinto the queueby the IU. This creates
the condition for a deferred trap.

A deferredtrap may occuroneor moreinstructionsafter the trap-inducinginstructionis
dispatched.However, a deferredtrapmustoccurbeforetheexecution(but not necessarily
the dispatch)of any instructionthat dependson the trap-inducinginstruction.That is, a
deferredtrapmaynot bedeferredpasttheexecutionof aninstructionthatspecifiessource
registers,destinationregisters,conditioncodes,or any software-visiblemachinestatethat
could be modified by the trap-inducing instruction.

In thecaseof floating-pointinstructions,if afloating-pointexceptionis currentlydeferred,
anattemptto dispatcha floating-pointinstruction(FPop,FBfcc,FBPfcc,or floating-point
load/store) invokes or causes the outstandingfp_exception_ieee_754 trap.

Implementation Note:

To provide thecapabilityto terminatea userprocesson theoccurrenceof a catastrophicexception
thatcancauseadeferredor disruptingtrap,animplementationshouldprovideoneor moreinstruc-
tionsthatprovokeanoutstandingexceptionto betakenasa trap.For example,anoutstandingfloat-
ing-pointexceptionmight causean fp_exception_ieee_754 trapwhenany of anFPop,loador store
floating-point register (including the FSR), FBfcc, or FBPfcc instruction is executed.

7.4   Trap Contr ol

Several registers control how any given trap is processed:

— The interruptenable(IE) field in PSTATE andthe processorinterruptlevel (PIL)
register control interrupt processing.

— The enablefloating-pointunit (FEF) field in FPRS,the floating-pointunit enable
(PEF)field in PSTATE, andthetrapenablemask(TEM) in theFSRcontrolfloat-
ing-point traps.

— TheTL register, which containsthecurrentlevel of trapnesting,controlswhether
a trap causes entry to execute_state, RED_state, or error_state.

— PSTATE.TLE determineswhetherimplicit dataaccessesin thetraproutinewill be
performed using the big- or little-endian byte order.

7.4.1   PIL Contr ol

Betweenthe executionof instructions,the IU prioritizes the outstandingexceptionsand
interruptrequestsaccordingto table15.At any giventime,only thehighestpriority excep-
tion or interrupt requestis taken asa trap.1 Whentherearemultiple outstandingexcep-
tionsor interruptrequests,SPARC-V9 assumesthat lower-priority interruptrequestswill

1. Thehighestpriority exceptionor interruptis theonewith the lowestpriority valuein table15. For
example, a priority 2 exception is processed before a priority 3 exception.
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persistandlower-priority exceptionswill recurif anexception-causinginstructionis reex-
ecuted.

For interrupt requests,the IU comparesthe interrupt requestlevel against the processor
interruptlevel (PIL) register. If theinterruptrequestlevel is greaterthanPIL, theprocessor
takestheinterruptrequesttrap,assumingtherearenohigher-priority exceptionsoutstand-
ing

IMPL. DEP. #34: How quickly a processor responds to an interrupt request and the method by
which an interrupt request is removed are implementation-dependent.

7.4.2   TEM Contr ol

Theoccurrenceof floating-pointtrapsof type IEEE_754_exception canbecontrolledwith
theuser-accessibletrapenablemask(TEM) field of theFSR.If a particularbit of TEM is
1, the associatedIEEE_754_exception can cause anfp_exception_ieee_754 trap.

If a particularbit of TEM is 0, the associatedIEEE_754_exception doesnot causean fp_
exception_ieee_754 trap.Instead,theoccurrenceof theexceptionis recordedin theFSR’s
accrued exception field (aexc).

If an IEEE_754_exception resultsin an fp_exception_ieee_754 trap, then the destinationf
register, fccn, andaexcfieldsremainunchanged.However, if an IEEE_754_exception does
not resultin a trap,thenthef register, fccn, andaexcfieldsareupdatedto theirnew values.

7.5   Trap-Table Entr y Ad dresses

Privilegedsoftwareinitializesthetrapbaseaddress(TBA) registerto theupper49 bits of
thetrap-tablebaseaddress.Bit 14 of thevectoraddress(the“TL >0” field) is setbasedon
thevalueof TL at thetime thetrapis taken;that is, to 0 if TL = 0 andto 1 if TL > 0. Bits
13..5 of thetrapvectoraddressarethecontentsof theTT register. Thelowestfive bits of
the trap address,bits 4..0, arealways0 (henceeachtrap-tableentry is at least25 or 32
bytes long). Figure 39 illustrates this.

Figure 39—Trap Vector Address

63 15 14 0

TBA<63:15>

13 45

TL>0 TTTL 00000
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7.5.1   Trap Table Organization

The trap table layout is as illustrated in figure40.

Figure 40—Trap Table Layout

The trap table for TL = 0 comprises512 32-byteentries;the trap table for TL > 0 com-
prises 512 more 32-byte entries. Therefore, the total size of a full trap table is
512× 32 × 2, or 32K bytes.However, if privilegedsoftwaredoesnot usesoftwaretraps
(Tcc instructions) at TL> 0, the table can be made 24K bytes long.

7.5.2   Trap Type (TT)

Whenanormaltrapoccurs,avaluethatuniquelyidentifiesthetrapis written into thecur-
rent9-bit TT register(TT[TL]) by hardware.Control is thentransferredinto thetraptable
to an addressformedby the TBA register(“TL >0”) andTT[TL] (see5.2.8,“Trap Base
Address(TBA)”). Sincethe lowestfive bits of theaddressarealwayszero,eachentry in
the trap table may contain the first eight instructions of the corresponding trap handler.

Programming Note:
Thespill/fill andclean_window traptypesarespacedsuchthattheir traptableentriesare128bytes
(32 instructions)long. This allows thecompletecodefor onespill/fill or clean_window routineto
reside in one trap table entry.

Whenaspecialtrapoccurs,theTT registeris setasdescribedin 7.2.1,“RED_state.” Con-
trol is then transferredinto the RED_statetrap table to an addressformedby the RST-
Vaddr and an offset depending on the condition.

TT values 00016..0FF16 are reserved for hardware traps. TT values 10016..17F16 are
reserved for software traps(trapscausedby executionof a Tcc instruction).TT values
18016..1FF16 arereservedfor futureuses.Theassignmentof TT valuesto trapsis shown in
table14; table15 lists thetrapsin priority order. Trapsmarkedwith anopenbullet ‘❍’ are
optionalandpossiblyimplementation-dependent.Trapsmarked with a closedbullet ‘●’
aremandatory;that is, hardwaremustdetectandtrap theseexceptionsandinterruptsand
must set the defined TT values.

The trap type for the clean_window exception is 02416. Three subsequenttrap vectors
(02516..02716) arereservedto allow for an inline (branchless)traphandler. Window spill/
fill trapsaredescribedin 7.5.2.1.Threesubsequenttrapvectorsarereservedfor eachspill/
fill vector, to allow for an inline (branchless) trap handler.

Value of TL
Before the T rap

Trap Table Contents Trap Type

TL = 0

Hardware traps

Spill/fill traps

Software traps

Reserved

00016..07F16

08016..0FF16

10016..17F16

18016..1FF16

TL > 0

Hardware traps

Spill/fill traps

Software traps

Reserved

20016..27F16

28016..2FF16

30016..37F16

38016..3FF16
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Table 14—Exception and Interrupt Requests, Sorted by TT Value

M / O Exception or interrupt r equest TT Priority

● Reserved 00016 n/a

● power_on_reset 00116 0

❍ watchdog_reset 00216 1

❍ externally_initiated_reset 00316 1

● software_initiated_reset 00416 1

● RED_state_exception 00516 1

● Reserved 00616..00716 n/a

● instruction_access_exception 00816 5

❍ instruction_access_MMU_miss 00916 2

❍ instruction_access_error 00A16 3

● Reserved 00B16..00F16 n/a

● illegal_instruction 01016 7

● privileged_opcode 01116 6

❍ unimplemented_LDD 01216 6

❍ unimplemented_STD 01316 6

● Reserved 01416..01F16 n/a

● fp_disabled 02016 8

❍ fp_exception_ieee_754 02116 11

❍ fp_exception_other 02216 11

● tag_overflow 02316 14

❍ clean_window 02416..02716 10

● division_by_zero 02816 15

❍ internal_processor_error 02916 4

● Reserved 02A16..02F16 n/a

● data_access_exception 03016 12

❍ data_access_MMU_miss 03116 12

❍ data_access_error 03216 12

❍ data_access_protection 03316 12

● mem_address_not_aligned 03416 10

❍ LDDF_mem_address_not_aligned (impl. dep. #109) 03516 10

❍ STDF_mem_address_not_aligned (impl. dep. #110) 03616 10

● privileged_action 03716 11

❍ LDQF_mem_address_not_aligned (impl. dep. #111) 03816 10

❍ STQF_mem_address_not_aligned (impl. dep. #112) 03916 10

● Reserved 03A16..03F16 n/a

❍ async_data_error 04016 2

● interrupt_level_n (n = 1..15) 04116..04F16 32–n

● Reserved 05016..05F16 n/a

❍ implementation_dependent_exception_n (impl. dep. #35) 06016..07F16 impl.-dep.

● spill_n_normal (n = 0..7) 08016..09F16 9

● spill_n_other (n = 0..7) 0A016..0BF16 9

● fill_n_normal (n = 0..7) 0C016..0DF16 9

● fill_n_other (n = 0..7) 0E016..0FF16 9

● trap_instruction 10016..17F16 16

● Reserved 18016..1FF16 n/a
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Table 15—Exception and Interrupt Requests, Sorted by Priority (0 = Highest; 31 = Lowest)

M / O Exception or Interrupt Request TT Priority

● power_on_reset 00116 0

❍ watchdog_reset 00216 1

❍ externally_initiated_reset 00316 1

● software_initiated_reset 00416 1

● RED_state_exception 00516 1

❍ instruction_access_MMU_miss 00916 2

❍ async_data_error 04016 2

❍ instruction_access_error 00A16 3

❍ internal_processor_error 02916 4

● instruction_access_exception 00816 5

● privileged_opcode 01116 6

❍ unimplemented_LDD 01216 6

❍ unimplemented_STD 01316 6

● illegal_instruction 01016 7

● fp_disabled 02016 8

● spill_n_normal (n = 0..7) 08016..09F16 9

● spill_n_other (n = 0..7) 0A016..0BF16 9

● fill_n_normal (n = 0..7) 0C016..0DF16 9

● fill_n_other (n = 0..7) 0E016..0FF16 9

❍ clean_window 02416..02716 10

● mem_address_not_aligned 03416 10

❍ LDDF_mem_address_not_aligned (impl. dep. #109) 03516 10

❍ STDF_mem_address_not_aligned (impl. dep. #110) 03616 10

❍ LDQF_mem_address_not_aligned (impl. dep. #111) 03816 10

❍ STQF_mem_address_not_aligned (impl. dep. #112) 03916 10

❍ fp_exception_ieee_754 02116 11

❍ fp_exception_other 02216 11

● privileged_action 03716 11

● data_access_exception 03016 12

❍ data_access_MMU_miss 03116 12

❍ data_access_error 03216 12

❍ data_access_protection 03316 12

● tag_overflow 02316 14

● division_by_zero 02816 15

● trap_instruction 10016..17F16 16

● interrupt_level_n (n = 1..15) 04116..04F16 32–n

❍ implementation_dependent_exception_n  (impl. dep. #35) 06016..07F16 impl.-dep.
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Compatibility Note:

Supportfor sometrap typesis optional becausethey are associatedwith specificinstruction(s),
which, in a given implementation,might be implementedpurely in software.In sucha case,hard-
warewould never generatethat typeof trap; therefore,supportfor it would besuperfluous.Exam-
ples of trap types to which this applies arefp_exception_ieee_754 and fp_exception_other.

Since the assignmentof exceptions and interrupt requeststo particular trap vector
addressesandthe priority levels arenot visible to a userprogram,an implementationis
allowed to define additional hardware traps.

IMPL. DEP. #35: TT values 06016 TO 07F16 are reserved for implementation-dependent excep-
tions. The existence of implementation_dependent_n traps and whether any that do exist are pre-
cise, deferred, or disrupting is implementation-dependent. See Appendix C, “SPARC-V9
Implementation Dependencies.”

Trap Type valuesmarked “Reserved” in table14 are reserved for future versionsof the
architecture.

7.5.2.1   Trap Type f or Spill/Fill T raps

Thetrap type for window spill/fill trapsis determinedbasedon thecontentsof theOTH-
ERWIN and WSTATE registers as follows:

The fields have the following values:

SPILL_OR_FILL :

0102 for spill traps; 0112 for fill traps

OTHER :

(OTHERWIN ≠0)

WTYPE :

If (OTHER) then WSTATE.OTHER else WSTATE.NORMAL

7.5.3   Trap Priorities

Table14 shows theassignmentof trapsto TT valuesandtherelative priority of trapsand
interruptrequests.Priority 0 is highest,priority 31 is lowest; that is, if X < Y, a pending
exceptionor interrupt requestwith priority X is taken insteadof a pendingexceptionor
interrupt request with priorityY.

IMPL. DEP. #36: The priorities of particular traps are relative and are implementation-dependent,
because a future version of the architecture may define new traps, and an implementation may
define implementation-dependent traps that establish new relative priorities.

Trap Type

05 2

0SPILL_OR_FILL

1468

0WTYPEOTHER
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However, theTT valuesfor theexceptionsandinterruptrequestsshown in table14 must
remain the same for every implementation.

7.6   Trap Pr ocessing

Theprocessor’sactionduringtrapprocessingdependsonthetraptype,thecurrentlevel of
trap nesting(given in the TL register),andthe processorstate.All trapsusenormaltrap
processing,except those due to reset requests,catastrophicerrors, traps taken when
TL = MAXTL – 1, andtrapstaken whenthe processoris in RED_state.Thesetrapsuse
special RED_state trap processing.

During normaloperation,theprocessoris in execute_state.It processestrapsin execute_
state and continues.

Whena normaltrapor software-initiatedreset(SIR) occurswith TL = MAXTL, thereare
no morelevelson the trapstack,so theprocessorenterserror_stateandhalts.In orderto
avoid this catastrophicfailure,SPARC-V9 providestheRED_stateprocessorstate.Traps
processedin RED_stateusea specialtrap vectoranda specialtrap-vectoringalgorithm.
RED_statevectoringandthesettingof theTT valuefor RED_statetrapsaredescribedin
7.2.1, “RED_state.”

Trapsthat occur with TL = MAXTL – 1 are processedin RED_state.In addition, reset
trapsarealsoprocessedin RED_state.Resettrapprocessingis describedin 7.6.2,“Special
TrapProcessing.” Finally, supervisorsoftwarecanforce theprocessorinto RED_stateby
setting the PSTATE.RED flag to one.

OncetheprocessorhasenteredRED_state,nomatterhow it got there,all subsequenttraps
areprocessedin RED_stateuntil softwarereturnstheprocessorto execute_stateor a nor-
mal or SIR trap is taken when TL = MAXTL, which puts the processorin error_state.
Tables16, 17, and18 describethe processormodeandtrap level transitionsinvolved in
handling traps:

†This stateoccurswhensoftwarechangesTL to MAXTL anddoesnot setPSTATE.RED,or if it
clears PSTATE.RED while at MAXTL.

Table 16—Trap Received While in execute_state

New State, after receiving trap type

Original state Normal trap
or interrupt POR WDR, XIR,

Impl. Dep. SIR

execute_state

TL < MAXTL – 1

execute_state

TL + 1

RED_state

MAXTL

RED_state

TL + 1

RED_state

TL + 1

execute_state

TL = MAXTL – 1

RED_state

MAXTL

RED_state

MAXTL

RED_state

MAXTL

RED_state

MAXTL

execute_state†

TL = MAXTL

error_state

MAXTL

RED_state

MAXTL

RED_state

MAXTL

error_state

MAXTL
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Implementation Note:
The processor shall not recognize interrupts while it is in error_state.

7.6.1   Normal T rap Pr ocessing

A normal trap causes the following state changes to occur:

— If the processoris alreadyin RED_state,the new trap is processedin RED_state
unlessTL = MAXTL. See7.6.2.6,“Normal TrapsWhentheProcessoris in RED_
state.”

— If theprocessoris in execute_stateandthetraplevel is onelessthanits maximum
value,thatis, TL = MAXTL –1, theprocessorentersRED_state.See7.2.1,“RED_
state,” and 7.6.2.1, “Normal Traps with TL= MAXTL – 1.”

— If the processoris in either execute_stateor RED_state,and the trap level is
alreadyat its maximumvalue,that is, TL = MAXTL, the processorenterserror_
state. See 7.2.2, “Error_state.”

Otherwise, the trap uses normal trap processing, and the following state changes occur:

— Thetraplevel is set. Thisprovidesaccessto afreshsetof privilegedtrap-statereg-
isters used to save the current state, in effect, pushing a frame on the trap stack.
TL ← TL + 1

Table 17—Trap Received While in RED_state

New State, after receiving trap type

Original state
Normal trap
or interrupt POR

WDR, XIR,
Impl. Dep. SIR

RED_state

TL < MAXTL – 1

RED_state

TL + 1

RED_state

MAXTL

RED_state

TL + 1

RED_state

TL + 1

RED_state

TL = MAXTL – 1

RED_state

MAXTL

RED_state

MAXTL

RED_state

MAXTL

RED_state

MAXTL

RED_state

TL = MAXTL

error_state

MAXTL

RED_state

MAXTL

RED_state

MAXTL

error_state

MAXTL

Table 18—Reset Received While in error_state

New State, after receiving trap type

Original state
Normal trap
or interrupt POR

WDR, XIR,
Impl. Dep. SIR

error_state

TL < MAXTL – 1
—

RED_state

MAXTL

RED_state

TL + 1
—

error_state

TL = MAXTL – 1
—

RED_state

MAXTL

RED_state

MAXTL
—

error_state

TL = MAXTL
—

RED_state

MAXTL

RED_state

MAXTL
—



7.6 Trap Processing 107

— Existing state is preserved

TSTATE[TL].CCR ← CCR

TSTATE[TL].ASI ← ASI

TSTATE[TL].PSTATE ← PSTATE

TSTATE[TL].CWP ← CWP

TPC[TL] ← PC

TNPC[TL] ← nPC

— The trap type is preserved.

TT[TL] ← the trap type

— The PSTATE register is updated to a predefined state

PSTATE.MM is unchanged

PSTATE.RED ← 0

PSTATE.PEF ← 1 if FPU is present, 0 otherwise

PSTATE.AM ← 0 (address masking is turned off)

PSTATE.PRIV ← 1 (the processor enters privileged mode)

PSTATE.IE ← 0 (interrupts are disabled)

PSTATE.AG ← 1 (global regs are replaced with alternate globals)

PSTATE.CLE ← PSTATE.TLE (set endian mode for traps)

— For a register-window trap only, CWP is set to point to the registerwindow that
must be accessed by the trap-handler software, that is:

• If TT[TL] = 02416 (aclean_window trap), then CWP← CWP+ 1.

• If (08016 ≤ TT[TL] ≤ 0BF16) (window spill trap), then CWP←
CWP+ CANSAVE + 2.

• If (0C016 ≤ TT[TL] ≤ 0FF16) (window fill trap), then CWP← CWP–1.

For non-register-window traps, CWP is not changed.

— Control is transferred into the trap table:

PC ← TBA<63:15>  (TL>0)  TT[TL]  0 0000

nPC ← TBA<63:15>  (TL>0)  TT[TL]  0 0100

where “(TL>0)” is 0 if TL= 0, and 1 if TL> 0.

Interrupts are ignored as long as PSTATE.IE = 0.

Programming Note:

Statein TPC[n], TNPC[n], TSTATE[n], andTT[n] is only changedautonomouslyby theprocessor
when a trap is taken while TL = n–1, however, software can changeany of thesevalueswith a
WRPR instruction when TL= n.
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7.6.2   Special T rap Pr ocessing

The following conditions invoke special trap processing:

— Traps taken with TL= MAXTL – 1

— Power-on reset traps

— Watchdog reset traps

— Externally initiated reset traps

— Software-initiated reset traps

— Traps taken when the processor is already in RED_state

— Implementation-dependent traps

IMPL. DEP. #38: Implementation-dependent registers may or may not be affected by the various
reset traps.

7.6.2.1   Normal T raps with TL = MAXTL – 1

NormaltrapsthatoccurwhenTL = MAXTL – 1 areprocessedin RED_state.Thefollow-
ing state changes occur:

— The trap level is advanced.
TL ← MAXTL

— Existing state is preserved
TSTATE[TL].CCR ← CCR
TSTATE[TL].ASI ← ASI
TSTATE[TL].PSTATE ← PSTATE
TSTATE[TL].CWP ← CWP
TPC[TL] ← PC
TNPC[TL] ← nPC

— The trap type is preserved.
TT[TL] ← the trap type

— The PSTATE register is set as follows:
PSTATE.MΜ ← 002 (TSO)
PSTATE.RED ← 1 (enter RED_state)
PSTATE.PEF ← 1 if FPU is present, 0 otherwise
PSTATE.AM ← 0 (address masking is turned off)
PSTATE.PRIV ← 1 (the processor enters privileged mode)
PSTATE.IE ← 0 (interrupts are disabled)
PSTATE.AG ← 1 (global regs are replaced with alternate globals)
PSTATE.CLE ← PSTATE.TLE (set endian mode for traps)

— For a register-window trap only, CWP is set to point to the registerwindow that
must be accessed by the trap-handler software, that is:

• If TT[TL] = 02416 (aclean_window trap), then CWP← CWP+ 1.
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• If (08016 ≤ TT[TL] ≤ 0BF16) (window spill trap), then CWP←
CWP+ CANSAVE + 2.

• If (0C016 ≤ TT[TL] ≤ 0FF16)(window fill trap), then CWP← CWP–1.
For non-register-window traps, CWP is not changed.

— Implementation-specific state changes; for example, disabling an MMU

— Control is transferred into the RED_state trap table

PC ← RSTVaddr<63:8>  101000002

nPC ← RSTVaddr<63:8>  101001002

7.6.2.2   Power-On Reset (POR) Traps

Initiatedwhenpower is appliedto theprocessor. If theprocessoris in error_state,apower-
on reset(POR)bringstheprocessorout of error_stateandplacesit in RED_state.Proces-
sor state is undefined after POR, except for the following:

— The trap level is set.
TL ← MAXTL

— The trap type is set.
TT[TL] ← 00116

— The PSTATE register is set as follows:
PSTATE.MM ← 002 (TSO)
PSTATE.RED ← 1 (enter RED_state)
PSTATE.PEF ← 1 if FPU is present, 0 otherwise
PSTATE.AM ← 0 (address masking is turned off)
PSTATE.PRIV ← 1 (the processor enters privileged mode)
PSTATE.IE ← 0 (interrupts are disabled)
PSTATE.AG ← 1 (global regs are replaced with alternate globals)
PSTATE.TLE ← 0 (big-endian mode for traps)
PSTATE.CLE ← 0 (big-endian mode for non-traps)

— The TICK register is protected.
TICK.NPT ← 1 (TICK unreadable by nonprivileged software)

— Implementation-specific state changes; for example, disabling an MMU

— Control is transferred into the RED_state trap table

PC ← RSTVaddr<63:8>  001000002

nPC ← RSTVaddr<63:8>  001001002

For any resetwhenTL = MAXTL, for all n<MAXTL, the valuesin TPC[n], TNPC[n],
and TSTATE[n] are undefined.

7.6.2.3   Watchdog Reset (WDR) T raps

WDR trapsareinitiated by an externalsignal.Typically, this is generatedin responseto
error_stateor expirationof awatchdogtimer.WDR clearserror_stateandhungstates,and
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performsasystemreset;pendingandin-progresshardwareoperations(for example,loads
andstores)maybecancelledor aborted.Architecturallydefinedregisters(e. g., floating-
point registers,integer registers,etc.)andstateareunchangedfrom beforetheWDR, but
they maybein aninconsistentstateif operationsareaborted.If theprocessoris in error_
state,a watchdogreset(WDR) brings the processorout of error_stateand placesit in
RED_state.

The following state changes occur:

— The trap level is set.
TL ← MIN(TL + 1, MAXTL)

— Existing state is preserved.
TSTATE[TL].CCR ← CCR
TSTATE[TL].ASI ← ASI
TSTATE[TL].PSTATE ← PSTATE
TSTATE[TL].CWP ← CWP
TPC[TL] ← PC
TNPC[TL] ← nPC

— TT[TL] is set as described below.

— The PSTATE register is set as follows:
PSTATE.MM ← 002 (TSO)
PSTATE.RED ← 1 (enter RED_state)
PSTATE.PEF ← 1 if FPU is present, 0 otherwise
PSTATE.AM ← 0 (address masking is turned off)
PSTATE.PRIV ← 1 (the processor enters privileged mode)
PSTATE.IE ← 0 (interrupts are disabled)
PSTATE.AG ← 1 (global regs are replaced with alternate globals)
PSTATE.CLE ← PSTATE.TLE (set endian mode for traps)

— Implementation-specific state changes; for example, disabling an MMU.

— Control is transferred into the RED_state trap table.

PC ← RSTVaddr<63:8>  010000002

nPC ← RSTVaddr<63:8>  010001002

If a watchdogresetoccurswhentheprocessoris in error_state,theTT field givesthetype
of thetrapthatcausedentryinto error_state.If awatchdogresetoccurswith theprocessor
in execute_state, TT is set to 2 (WDR).

For any resetwhenTL = MAXTL, for all n<MAXTL, the valuesin TPC[n], TNPC[n],
and TSTATE[n] are undefined.

7.6.2.4   Externall y Initiated Reset (XIR) T raps

XIR trapsareinitiatedby anexternalsignal.They behave like aninterruptthatcannotbe
maskedby IE = 0 or PIL. Typically, XIR is usedfor critical systemeventssuchaspower
failure,resetbuttonpressed,failureof externalcomponentsthatdoesnot requirea WDR
(which abortsoperations),or system-wideresetin a multiprocessor. If theprocessoris in
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error_state,anexternally initiated reset(XIR) bringstheprocessorout of error_stateand
places it in RED_state.

The following state changes occur:

— The trap level is set.
TL ← MIN(TL + 1, MAXTL)

— Existing state is preserved.
TSTATE[TL].CCR ← CCR
TSTATE[TL].ASI ← ASI
TSTATE[TL].PSTATE ← PSTATE
TSTATE[TL].CWP ← CWP
TPC[TL] ← PC
TNPC[TL] ← nPC

— TT[TL] is set as described below.

— The PSTATE register is set as follows:
PSTATE.MM ← 002 (TSO)
PSTATE.RED ← 1 (enter RED_state)
PSTATE.PEF ← 1 if FPU is present, 0 otherwise
PSTATE.AM ← 0 (address masking is turned off)
PSTATE.PRIV ← 1 (the processor enters privileged mode)
PSTATE.IE ← 0 (interrupts are disabled)
PSTATE.AG ← 1 (global regs are replaced with alternate globals)
PSTATE.CLE ← PSTATE.TLE (set endian mode for traps)

— Implementation-specific state changes; for example, disabling an MMU.

— Control is transferred into the RED_state trap table.

PC ← RSTVaddr<63:8>  011000002

nPC ← RSTVaddr<63:8>  011001002

TT is set in the samemannerasfor watchdogreset.If the processoris in execute_state
whentheexternally initiatedreset(XIR) occurs,TT = 3. If theprocessoris in error_state
when the XIR occurs, TT identifies the exception that caused entry into error_state.

For any resetwhenTL = MAXTL, for all n<MAXTL, the valuesin TPC[n], TNPC[n],
and TSTATE[n] are undefined.

7.6.2.5   Software-Initiated Reset (SIR) T raps

SIRtrapsareinitiatedby executinganSIRinstruction.This is usedby supervisorsoftware
as a panic operation, or a meta-supervisor trap.

The following state changes occur:

— If TL = MAXTL, then enter error_state. Otherwise, do the following:

— The trap level is set.
TL ← TL + 1
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— Existing state is preserved
TSTATE[TL].CCR ← CCR
TSTATE[TL].ASI ← ASI
TSTATE[TL].PSTATE ← PSTATE
TSTATE[TL].CWP ← CWP
TPC[TL] ← PC
TNPC[TL] ← nPC

— The trap type is set.
TT[TL] ← 0416

— The PSTATE register is set as follows:
PSTATE.MM ← 002 (TSO)
PSTATE.RED ← 1 (enter RED_state)
PSTATE.PEF ← 1 if FPU is present, 0 otherwise
PSTATE.AM ← 0 (address masking is turned off)
PSTATE.PRIV ← 1 (the processor enters privileged mode)
PSTATE.IE ← 0 (interrupts are disabled)
PSTATE.AG ← 1 (global regs are replaced with alternate globals)
PSTATE.CLE ← PSTATE.TLE (set endian mode for traps)

— Implementation-specific state changes; for example, disabling an MMU.

— Control is transferred into the RED_state trap table

PC ← RSTVaddr<63:8>  100000002

nPC ← RSTVaddr<63:8>  100001002

For any resetwhenTL = MAXTL, for all n < MAXTL, the valuesin TPC[n], TNPC[n],
and TSTATE[n] are undefined.

7.6.2.6   Normal T raps When the Pr ocessor is in RED_state

Normal traps taken when the processoris alreadyin RED_stateare also processedin
RED_state, unless TL= MAXTL, in which case the processor enters error_state.

The processor state shall be set as follows:

— The trap level is set.
TL ← TL + 1

— Existing state is preserved.
TSTATE[TL].CCR ← CCR
TSTATE[TL].ASI ← ASI
TSTATE[TL].PSTATE ← PSTATE
TSTATE[TL].CWP ← CWP
TPC[TL] ← PC
TNPC[TL] ← nPC

— The trap type is preserved.
TT[TL] ← trap type
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— The PSTATE register is set as follows:
PSTATE.MM ← 002 (TSO)
PSTATE.RED ← 1 (enter RED_state)
PSTATE.PEF ← 1 if FPU is present, 0 otherwise
PSTATE.AM ← 0 (address masking is turned off)
PSTATE.PRIV ← 1 (the processor enters privileged mode)
PSTATE.IE ← 0 (interrupts are disabled)
PSTATE.AG ← 1 (global regs are replaced with alternate globals)
PSTATE.CLE ← PSTATE.TLE (set endian mode for traps)

— For a register-window trap only, CWP is set to point to the registerwindow that
must be accessed by the trap-handler software, that is:

• If TT[TL] = 02416 (aclean_window trap), then CWP← CWP+ 1.

• If (08016 ≤ TT[TL] ≤ 0BF16) (window spill trap), then
CWP← CWP+ CANSAVE + 2.

• If (0C016 ≤ TT[TL] ≤ 0FF16) (window fill trap), then CWP← CWP– 1.
For non-register-window traps, CWP is not changed.

— Implementation-specific state changes; for example, disabling an MMU

— Control is transferred into the RED_state trap table

PC ← RSTVaddr<63:8>  101000002

nPC ← RSTVaddr<63:8>  101001002

7.6.2.7   Implementation-Dependent T raps

The operationof the processorfor implementation_dependent_exception_n trapsis imple-
mentation-dependent (impl. dep. #35).

7.7   Exception and Interrupt Descriptions

The following paragraphsdescribethe variousexceptionsandinterruptrequestsandthe
conditionsthatcausethem.Eachexceptionandinterruptrequestdescribesthecorrespond-
ing traptypeasdefinedby thetrapmodel.An openbullet ‘❍’ identifiesoptionalandpos-
sibly implementation-dependenttraps; traps marked with a closed bullet ‘●’ are
mandatory. Eachtrap is markedasprecise,deferred,disrupting,or reset.Exampleexcep-
tion conditionsare includedfor eachexceptiontype. Appendix A, “Instruction Defini-
tions,” enumerates which traps can be generated by each instruction.

❍ async_data_error [tt = 04016] (Disrupting)

An asynchronousdataerror occurredon a dataaccess.Examples:an ECC error
occurredwhile writing datafrom a cachestorebuffer to memory, or anECCerror
occurredon anMMU hardwaretablewalk. Whenan async_data_error occurs,the
TPCandTNPCstackedby thetraparenot necessarilyrelatedto theinstructionor
data access that caused the error; that is,async_data_error causes a disrupting trap.
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Compatibility Note:
The SPARC-V9 async_data_error exceptionsupersedesthe lessgeneralSPARC-V8 data_store_
error exception.

❍ clean_window [tt = 02416..02716] (Precise)
A SAVE instructiondiscoveredthat the window aboutto be usedcontainsdata
from another address space; the window must be cleaned before it can be used.

IMPL. DEP. #102: An implementation may choose either to implement automatic cleaning
of register windows in hardware, or to generate a clean_window trap, when needed, so
that window(s) can be cleaned by software. If an implementationchoosesthe latter
option, then support for this trap type is mandatory.

❍ data_access_error [tt = 03216] (Precise, Deferred, or Disrupting)
A catastrophicerror exception occurredon a data accessfrom/to memory (for
example,a parity erroron a datacacheaccess,or anuncorrectableECCmemory
error) (impl. dep. #31).

● data_access_exception [tt = 03016] (Precise or Deferred)
An exceptionoccurredon a dataaccess.For example,an MMU indicatedthat a
page was invalid or protected (impl. dep. #33).

❍ data_access_MMU_miss [tt = 03116] (Precise or Deferred)
A miss in an MMU occurredon a dataaccessfrom/to memory. For example,a
pagedescriptorcacheor translationlookasidebuffer did not containa translation
for the virtual address. (impl. dep. #33)

❍ data_access_protection [tt = 03316] (Precise or Deferred)
A protectionfault occurredon a dataaccess;for example,anMMU indicatedthat
the page was write-protected (impl. dep. #33).

● division_by_zero [tt = 02816] (Precise or Deferred)
An integer divide instruction attempted to divide by zero (impl. dep. #33).

❍ externally_initiated_r eset [tt = 00316] (Reset)
An externalsignalwasasserted.This trap is usedfor catastrophiceventssuchas
power failure, resetbutton pressed,andsystem-wideresetin multiprocessorsys-
tems.

● fill_n_normal [tt = 0C016..0DF16] (Precise)

● fill_n_other [tt = 0E016..0FF16] (Precise)
A RESTOREor RETURNinstructionhasdeterminedthat thecontentsof a regis-
ter window must be restored from memory.

Compatibility Note:
The SPARC-V9 fill_n_* exceptions supersede the SPARC-V8 window_underflow exception.

● fp_disabled [tt = 02016] (Precise)
An attemptwasmadeto executean FPop,a floating-pointbranch,or a floating-
point load/storeinstructionwhile an FPU was not present,PSTATE.PEF= 0, or
FPRS.FEF= 0.
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❍ fp_exception_ieee_754 [tt = 02116] (Precise or Deferred (impl. dep. #23))
An FPopinstructiongeneratedanIEEE_754_exceptionandits correspondingtrap
enablemask(TEM) bit was1. Thefloating-pointexceptiontype,IEEE_754_excep-
tion, is encodedin the FSR.ftt, and specific IEEE_754_exception information is
encoded in FSR.cexc.

❍ fp_exception_other [tt = 02216] (Precise or Deferred(impl. dep. #23))
An FPopinstructiongeneratedanexceptionotherthanan IEEE_754_exception. For
example,theFPopis unimplemented,or theFPopdid notcomplete,or therewasa
sequenceor hardware error in the FPU. The floating-point exception type is
encoded in the FSR’s ftt field.

● illegal_instruction [tt = 01016] (Precise or Deferred)
An attemptwasmadeto executeaninstructionwith anunimplementedopcode,an
ILLTRAP instruction,aninstructionwith invalid field usage,or aninstructionthat
would resultin illegal processorstate.NotethatunimplementedFPopinstructions
generatefp_exception_other traps.

❍ implementation_dependent_exception_n [tt = 06016..07F16] (Pre, Def, or Dis)
These exceptions are implementation-dependent (impl. dep. #35).

❍ instruction_access_error [tt = 00A16] (Precise, Deferred, or Disrupting)
A catastrophicerror exceptionoccurredon an instructionaccess.For example,a
parity error on an instruction cache access (impl. dep. #31).

● instruction_access_exception [tt = 00816] (Precise)
An exceptionoccurredon an instructionaccess.For example,anMMU indicated
that the page was invalid or not executable.

❍ instruction_access_MMU_miss [tt = 00916] (Precise, Deferred, or Disrupting)
A missin anMMU occurredon aninstructionaccessfrom memory. For example,
aPDCor TLB did notcontaina translationfor thevirtual address.(impl. dep.#33)

❍ internal_processor_error [tt = 02916] (Precise, Deferred, or Disrupting)
A catastrophicerrorexceptionoccurredin themainprocessor. For example,a par-
ity or uncorrectable ECC error on an internal register or bus (impl. dep. #31).

Compatibility Note:
The SPARC-V9 internal_processor_error exception supersedesthe less generalSPARC-V8 r_
register_access_error exception.

● interrupt_le vel_n [tt = 04116..04F16] (Disrupting)
An interruptrequestlevel of n waspresentedto theIU, while PSTATE.IE = 1 and
(interrupt request level > PIL).

❍ LDDF_mem_address_not_aligned [tt = 03516] (Precise)
An attemptwasmadeto executean LDDF instructionand the effective address
wasword-alignedbut not doubleword-aligned.Useof this exceptionis implemen-
tation-dependent(impl. dep.#109).A separatetrap entry for this exceptionsup-
portsfastsoftwareemulationof theLDDF instructionwhentheeffectiveaddressis
word-aligned but not doubleword-aligned. See A.25, “Load Floating-Point.”
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❍ LDQF_mem_address_not_aligned [tt = 03816] (Precise)
An attemptwasmadeto executean LDQF instructionand the effective address
wasword-alignedbut not quadword-aligned.Useof this exceptionis implementa-
tion-dependent(impl. dep.#111).A separatetrapentryfor this exceptionsupports
fast software emulationof the LDQF instruction when the effective addressis
word-aligned but not quadword-aligned. See A.25, “Load Floating-Point.”

● mem_address_not_aligned [tt = 03416] (Precise or Deferred)
A load/storeinstructiongeneratedamemoryaddressthatwasnotproperlyaligned
accordingto the instruction,or a JMPL or RETURNinstructiongenerateda non-
word-aligned address (impl. dep. #33).

● power_on_reset [tt = 00116] (Reset)
An externalsignalwasasserted.This trap isusedto bring a systemreliably from
the power-off to the power-on state.

● pri vileged_action [tt = 03716] (Precise)
An actiondefinedto be privilegedhasbeenattemptedwhile PSTATE.PRIV= 0.
Examples:a dataaccessby nonprivileged software using an ASI value with its
mostsignificantbit = 0 (a restrictedASI), or anattemptto readtheTICK register
by nonprivileged software when TICK.NPT= 1.

● pri vileged_opcode [tt = 01116] (Precise)
An attempt was made to execute a privileged instruction while PSTATE.PRIV= 0.

Compatibility Note:
This trap type is identicalto theSPARC-V8 privileged_instruction trap.Thenamewaschangedto
distinguish it from the new privileged_action trap type.

● software_initiated_reset [tt = 00416] (Reset)
Causedby theexecutionof theSIR,Software-InitiatedReset,instruction.It allows
system software to reset the processor.

● spill_n_normal [tt = 08016..09F16] (Precise)

● spill_n_other [tt = 0A016..0BF16] (Precise)
A SAVE or FLUSHW instructionhasdeterminedthat the contentsof a register
window must be saved to memory.

Compatibility Note:
The SPARC-V9 spill_n_* exceptions supersede the SPARC-V8 window_overflow exception.

❍ STDF_mem_address_not_aligned [tt = 03616] (Precise)
An attemptwasmadeto executeanSTDFinstructionandtheeffectiveaddresswas
word-alignedbut not doubleword-aligned.Use of this exceptionis implementa-
tion-dependent(impl. dep.#110).A separatetrapentryfor this exceptionsupports
fast software emulationof the STDF instruction when the effective addressis
word-aligned but not doubleword-aligned. See A.52, “Store Floating-Point.”

❍ STQF_mem_address_not_aligned [tt = 03916] (Precise)
An attemptwasmadeto executeanSTQFinstructionandtheeffectiveaddresswas
word-alignedbut not quadword-aligned.Useof this exceptionis implementation-
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dependent(impl. dep.#112).A separatetrapentryfor this exceptionsupportsfast
softwareemulationof the STQF instructionwhen the effective addressis word-
aligned but not quadword-aligned. See A.52, “Store Floating-Point.”

● tag_overflow [tt = 02316] (Precise)
A TADDccTV or TSUBccTV instructionwas executed,and either 32-bit arith-
meticoverflow occurredor at leastoneof thetagbitsof theoperandswasnonzero.

● trap_instruction  [tt = 10016..17F16] (Precise)
A Tcc instruction was executed and the trap condition evaluated to TRUE.

❍ unimplemented_LDD [tt = 01216] (Precise)
An attemptwasmadeto executeanLDD instruction,which is not implementedin
hardware on this implementation (impl. dep. #107).

❍ unimplemented_STD [tt = 01316] (Precise)
An attemptwasmadeto executeanSTD instructionwhich is not implementedin
hardware on this implementation (impl. dep. #108).

● watchdog_reset [tt = 00216] (Precise)
An externalsignalwasasserted.This trap exists to breaka systemdeadlockcre-
atedwhenanexpectedexternaleventdoesnothappenwithin theexpectedtime.In
simplesystemsit is alsousedto bring a systemout of error_state,throughRED_
state, and ultimately back to execute_state.

All other trap types are reserved.
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8   Memor y Models

8.1   Intr oduction

The SPARC-V9 memory models define the semanticsof memory operations.The
instructionsetsemanticsrequirethatloadsandstoresseemto beperformedin theorderin
which they appearin thedynamiccontrolflow of theprogram.Theactualorderin which
they areprocessedby thememorymaybedifferent.Thepurposeof thememorymodelsis
to specify what constraints, if any, are placed on the order of memory operations.

The memorymodelsapply both to uniprocessorandto shared-memorymultiprocessors.
Formalmemorymodelsarenecessaryin orderto preciselydefinetheinteractionsbetween
multiple processorsandinput/outputdevicesin a shared-memoryconfiguration.Program-
ming shared-memorymultiprocessorsrequiresa detailedunderstandingof the operative
memorymodel and the ability to specify memoryoperationsat a low level in order to
build programsthat can safely and reliably coordinatetheir activities. SeeAppendix J,
“ProgrammingWith the Memory Models,” for additionalinformationon the useof the
models in programming real systems.

TheSPARC-V9 architectureis amodel thatspecifiesthebehavior observableby software
on SPARC-V9 systems.Therefore,accessto memorycanbeimplementedin any manner,
as long as the behavior observed by softwareconformsto that of the modelsdescribed
here and formally defined in Appendix D, “Formal Specification of the Memory Models.”

The SPARC-V9 architecturedefinesthreedifferentmemorymodels:Total Store Order
(TSO), Partial Store Order (PSO), andRelaxedMemory Order (RMO ). All SPARC-
V9 processorsmust provide Total StoreOrder (or a more strongly orderedmodel, for
example, Sequential Consistency) to ensure SPARC-V8 compatibility.

IMPL. DEP. 113: Whether the PSO or RMO models are supported is implementation-dependent.

Figure 41 shows the relationshipof the variousSPARC-V9 memorymodels,from the
leastrestrictive to themostrestrictive.Programswrittenassumingonemodelwill function
correctly on any included model.

Figure 41—Memory Models from Least Restrictive (RMO) to Most Restrictive (TSO)

RMO PSO TSO
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SPARC-V9 provides multiple memory models so that:

— Implementations can schedule memory operations for high performance.

— Programmers can create synchronization primitives using shared memory.

Thesemodelsare describedinformally in this subsectionand formally in Appendix D,
“Formal Specificationof the Memory Models.” If there is a conflict in interpretation
betweentheinformal descriptionprovidedhereandtheformal models,theformal models
supersede the informal description.

Thereis nopreferredmemorymodelfor SPARC-V9. Programswritten for RelaxedMem-
ory Orderwill work in PartialStoreOrderandTotalStoreOrderaswell. Programswritten
for PartialStoreOrderwill work in TotalStoreOrder. Programswritten for aweakmodel,
such as RMO, may executemore quickly, since the model exposesmore scheduling
opportunities,but mayalsorequireextra instructionsto ensuresynchronization.Multipro-
cessorprogramswritten for a strongermodelwill behave unpredictablyif run in a weaker
model.

Machinesthat implementsequential consistency(alsocalledstrongorderingor strong
consistency) automaticallysupportprogramswritten for TSO,PSO,andRMO. Sequential
consistency is not a SPARC-V9 memory model. In sequentialconsistency, the loads,
stores,andatomicload-storesof all processorsareperformedby memoryin a serialorder
thatconformsto theorderin which theseinstructionsareissuedby individual processors.
A machinethatimplementssequentialconsistency maydeliver lowerperformancethanan
equivalent machinethat implementsa weaker model. Although particular SPARC-V9
implementationsmay supportsequentialconsistency, portablesoftwaremustnot rely on
having this model available.

8.2   Memor y, Real Memor y, and I/O Locations

Memory is the collection of locations accessedby the load and store instructions
(describedin Appendix A, “Instruction Definitions”). Eachlocation is identified by an
addressconsistingof two elements:anaddressspaceidentifier (ASI), which identifiesan
addressspace,anda 64-bit address,which is a byteoffset into thataddressspace.Mem-
ory addressesmaybeinterpretedby thememorysubsystemto beeitherphysicaladdresses
or virtual addresses;addressesmaybe remappedandvaluescached,provided thatmem-
ory properties are preserved transparently and coherency is maintained.

When two or more data addressesrefer to the samedatum, the addressis said to be
aliased. In thiscase,theprocessorandmemorysystemmustcooperateto maintainconsis-
tency; that is, a store to an aliased address must change all values aliased to that address.

Memory addresses identify either real memory or I/O locations.

Real memory storesinformationwithout sideeffects.A loadoperationreturnsthevalue
most recentlystored.Operationsare side-effect-free in the sensethat a load, store,or
atomicload-storeto a locationin real memoryhasno program-observableeffect, except
upon that location.

I/O locations may not behave like memoryandmay have sideeffects.Load, store,and
atomicload-storeoperationsperformedon I/O locationsmayhave observablesideeffects
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andloadsmaynot returnthevaluemostrecentlystored.Thevaluesemanticsof operations
on I/O locationsarenot definedby thememorymodels,but theconstraintson theorderin
which operationsareperformedis the sameasit would be if the I/O locationswerereal
memory. The storageproperties,contents,semantics,ASI assignments,andaddressesof
I/O registersare implementation-dependent(impl. dep. #6) (impl. dep. #7) (impl. dep.
#123).

IMPL. DEP. #118: The manner in which I/O locations are identified is implementation-dependent.

See F.3.2, “Attributes the MMU Associates with Each Mapping,” for example.

IMPL. DEP #120: The coherence and atomicity of memory operations between processors and
I/O DMA memory accesses are implementation-dependent.

Compatibility Note:

Operationsto I/O locationsarenot guaranteedto besequentiallyconsistentbetweenthemselves,as
they are in SPARC-V8.

SPARC-V9 doesnot distinguishreal memoryfrom I/O locationsin termsof ordering.All refer-
ences,both to I/O locationsandreal memory, conformto the memorymodel’s orderconstraints.
Referencesto I/O locationsmayneedto be interspersedwith MEMBAR instructionsto guarantee
the desiredordering.Loadsfollowing storesto locationswith sideeffectsmay returnunexpected
resultsdueto lookasideinto theprocessor’s storebuffer, which maysubsumethememorytransac-
tion. This can be avoided by using a MEMBAR #LookAside .

SystemssupportingSPARC-V8 applicationsthat usememorymappedI/O locationsmustensure
thatSPARC-V8 sequentialconsistency of I/O locationscanbemaintainedwhenthoselocationsare
referencedby aSPARC-V8 application.TheMMU eithermustenforcesuchconsistency or cooper-
ate with system software and/or the processor to provide it.

IMPL. DEP #121: An implementation may choose to identify certain addresses and use an imple-
mentation-dependent memory model for references to them.

For example,animplementationmight chooseto processaddressestaggedwith a flag bit
in thememorymanagementunit (seeAppendixF, “SPARC-V9 MMU Requirements”),or
to treat thosethat utilize a particularASI (see8.3, “Addressingand AlternateAddress
Spaces,” below) as using a sequentially consistent model.

8.3   Addressing and Alternate Ad dress Spaces

An addressin SPARC-V9 is a tuple consistingof an 8-bit addressspaceidentifier (ASI)
anda 64-bit byte-addressoffsetin thespecifiedaddressspace.Memoryis byte-addressed,
with halfword accessesaligned on 2-byte boundaries,word accesses(which include
instruction fetches) aligned on 4-byte boundaries,extended-word and doubleword
accessesaligned on 8-byte boundaries,and quadword quantitiesaligned on 16-byte
boundaries.With thepossibleexceptionof thecasesdescribedin 6.3.1.1,“Memory Align-
mentRestrictions,” animproperlyalignedaddressin a load,store,or load-storeinstruction
alwayscausesatrapto occur. Thelargestdatumthatis guaranteedto beatomicallyreador
written is analigneddoubleword. Also, memoryreferencesto differentbytes,halfwords,
andwords in a given doubleword are treatedfor orderingpurposesas referencesto the
same location. Thus, the unit of ordering for memory is a doubleword.
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Programming Note:
While thedoubleword is thecoherency unit for update,programmersshouldnot assumethatdou-
bleword floating-pointvaluesareupdatedasa unit unlessthey aredoubleword-alignedandalways
updatedusingdouble-precisionloadsandstores.Someprogramsusepairsof single-precisionoper-
ationsto loadandstoredouble-precisionfloating-pointvalueswhenthecompilercannotdetermine
thatthey aredoubleword-aligned.Also, while quad-precisionoperationsaredefinedin theSPARC-
V9 architecture,thegranularityof loadsandstoresfor quad-precisionfloating-pointvaluesmaybe
word or doubleword.

Theprocessorprovidesanaddressspaceidentifierwith everyaddress.ThisASI mayserve
several purposes:

— To identify which of severaldistinguishedaddressspacesthe64-bit addressoffset
is to be interpreted as addressing

— To provide additionalaccesscontrol and attribute information, for example,the
processingwhich is to be taken if anaccessfault occursor to specifytheendian-
ness of the reference

— To specify the addressof an internal control register in the processor, cache,or
memory management hardware

The memory managementhardware can associatean independent264-byte memory
addressspacewith eachASI. If this is done,it becomespossibleto allow systemsoftware
easyaccessto theaddressspaceof thefaultingprogramwhenprocessingexceptions,or to
implement access to a client program’s memory space by a server program.

ThearchitecturallyspecifiedASIsarelistedin table12onpage75.ASIsneednotbefully
decodedby the hardware (impl. dep. #30). In particular, specifying an architecturally
undefinedASI valuein amemoryreferenceinstructionor in theASI registermayproduce
unexpected implementation-dependent results.

When TL = 0, normal accessesby the processorto memorywhen fetching instructions
andperformingloadsandstoresimplicitly specifyASI_PRIMARY or ASI_PRIMARY_
LITTLE, depending on the setting of the PSTATE.CLE bit.

IMPL. DEP. #124: When TL > 0, the implicit ASI for instruction fetches, loads, and stores is imple-
mentation-dependent.

Implementation Note:
Implementationsthat supportthe nucleuscontext shoulduseASI_NUCLEUS{_LITTLE}; those
that do not shoulduseASI_PRIMARY{_LITTLE}. SeeF.4.4, “Contexts,” for more information
about the nucleus context.

Accessesto other addressspacesuse the load/storealternateinstructions.For these
accesses,theASI is eithercontainedin theinstruction(for theregister-registeraddressing
mode) or taken from the ASI register (for register-immediate addressing).

ASIs are either unrestrictedor restricted.An unrestrictedASI is one that may be used
independentof the privilege level (PSTATE.PRIV) at which the processoris running.
RestrictedASIs require that the processorbe in privileged mode for a legal accessto
occur. RestrictedASIs have their high-orderbit equalto zero.The relationshipbetween
processor state and ASI restriction is shown in table11 on page 74.
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Several restrictedASIs must be provided: ASI_AS_IF_USER_PRIMARY{_LITTLE}
and ASI_AS_IF_USER_SECONDARY{_LITTLE}. The intent of theseASIs is to give
system software efficient access to the memory space of a program.

Thenormaladdressspaceis primaryaddressspace,which is accessedby theunrestricted
ASI_PRIMARY{_LITTLE}. Thesecondaryaddressspace,which is accessedby theunre-
strictedASI_SECONDARY{_LITTLE}, is providedto allow aserverprogramto accessa
client program’s address space.

ASI_PRIMARY_NOFAULT{_LITTLE} and ASI_SECONDARY_NOFAULT{_LIT-
TLE} supportnonfaulting loads.TheseASIs arealiasedto ASI_PRIMARY{_LITTLE}
andASI_SECONDARY{_LITTLE}, respectively, andhaveexactly thesameaction.They
may be usedto color (that is, distinguishinto classes)loadsin the instructionstreamso
that,in combinationwith a judiciousmappingof low memoryanda specializedtraphan-
dler, an optimizing compiler can move loads outside of conditional control structures.

Programming Note:
Nonfaulting loads allow optimizationsthat move loads aheadof conditional control structures
which guardtheir use;thus,they canminimizetheeffectsof loadlatency by improving instruction
scheduling.Thesemanticsof nonfaultingloadarethesameasfor any otherload,exceptwhennon-
recoverablecatastrophicfaultsoccur(for example,address-out-of-rangeerrors).Whensucha fault
occurs,it is ignoredandthe hardwareandsystemsoftwarecooperateto make the load appearto
completenormally, returning a zero result. The compiler’s optimizer generatesload-alternate
instructionswith the ASI field or registersetto ASI_PRIMARY_NOFAULT{_LITTLE} or ASI_
SECONDARY_NOFAULT{_LITTLE} for thoseloads it determinesshould be nonfaulting. To
minimizeunnecessaryprocessingif a fault doesoccur, it is desirableto maplow addresses(espe-
cially addresszero)to a pageof all zeros,sothatreferencesthrougha NULL pointerdo not cause
unnecessary traps.

Implementation Note:
An implementation,througha combinationof hardwareandsystemsoftware,mustprevent non-
faulting loadson memorylocationsthathave sideeffects;otherwise,suchaccessesproduceunde-
fined results.

8.4   The SPARC-V9 Memor y Model

The SPARC-V9 processorarchitecturespecifiesthe organization and structure of a
SPARC-V9 centralprocessingunit, but doesnot specifya memorysystemarchitecture.
AppendixF, “SPARC-V9 MMU Requirements,” summarizestheMMU supportrequired
by a SPARC-V9 central processing unit.

The memorymodelsspecifythe possibleorderrelationshipsbetweenmemory-reference
instructionsissuedby a processorandtheorderandvisibility of thoseinstructionsasseen
by otherprocessors.Thememorymodelis intimatelyintertwinedwith theprogramexecu-
tion model for instructions.

8.4.1   The SPARC-V9 Program Ex ecution Model

TheSPARC-V9 processormodelconsistsof threeunits:an issueunit, a reorderunit, and
an execute unit, as shown in figure42.
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Theissueunit readsinstructionsover theinstructionpathfrom memoryandissuesthemin
program order. Programorder is preciselythe orderdeterminedby the control flow of
the programandthe instructionsemantics,underthe assumptionthat eachinstructionis
performed independently and sequentially.

Issuedinstructionsare collected, reordered,and then dispatchedto the execute unit.
Instructionreorderingallows an implementationto perform someoperationsin parallel
andto betterallocateresources.Thereorderingof instructionsis constrainedto ensurethat
the resultsof programexecutionare the sameasthey would be if the instructionswere
performed in program order. This property is calledprocessor self-consistency.

Figure 42—Processor Model: Uniprocessor System

Processorself-consistency requiresthat the result of execution, in the absenceof any
sharedmemoryinteractionwith anotherprocessor, beidenticalto theresultthatwould be
observed if the instructionswereperformedin programorder.In the modelin figure42,
instructionsareissuedin programorderandplacedin thereorderbuffer. Theprocessoris
allowed to reorderinstructions,provided it doesnot violate any of the data-flow con-
straints for registers or for memory.

The data-flow order constraints for register reference instructions are:

— An instructioncannotbeperformeduntil all earlierinstructionsthatseta registerit
uses have been performed (read-after-write hazard; write-after-write hazard).

— An instructioncannotbeperformeduntil all earlierinstructionsthatusea register
it sets have been performed (write-after-read hazard).

An implementationcanavoid blockinginstructionexecutionin thesecondcaseby usinga
renamingmechanismwhich provides the old valueof the register to earlier instructions
and the new value to later uses.

The data-flow orderconstraintsfor memory-referenceinstructionsare thosefor register
reference instructions, plus the following additional constraints:

(1) A memory-referenceinstruction that sets(storesto) a location cannotbe per-
formeduntil all previous instructionsthat use(load from) the locationhave been
performed (write-after-read hazard).

(2) A memory-referenceinstructionthatuses(loads)thevalueat a locationcannotbe
performeduntil all earlier memory-referenceinstructionsthat set (store to) the
location have been performed (read-after-write hazard).

Processor

Memor y

Data Path

Instruction P athIssue Reorder Execute
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As with thecasefor registers,implementationscanavoid blockinginstructionsin case(2)
by providing an additionalmechanism,in this case,a write buffer which guaranteesthat
thevaluereturnedby a loadis thatwhichwouldbereturnedby themostrecentstore,even
thoughthestorehasnot completed.As a result,thevalueassociatedwith anaddressmay
appearto bedifferentwhenobservedfrom a processorthathaswritten thelocationandis
holdingthevaluein its write buffer thanit would bewhenobservedfrom a processorthat
referencesmemory(or its own write buffer). Moreover, the load thatwassatisfiedby the
write buffer never appears at the memory.

Memory-barrierinstructions(MEMBAR and STBAR) and the active memory model
specifiedby PSTATE.MM alsoconstrainthe issueof memory-referenceinstructions.See
8.4.3,“The MEMBAR Instruction,” and8.4.4,“Memory Models,” for a detaileddescrip-
tion.

Theconstraintson instructionexecutionasserta partialorderingon theinstructionsin the
reorderbuffer. Everyoneof theseveralpossibleorderingsis a legal executionorderingfor
the program.SeeAppendixD, “Formal Specificationof the Memory Models,” for more
information.

8.4.2   The Processor/Memor y Interface Model

Eachprocessorin a multiprocessorsystemis modelledasshown in figure43; thatis, hav-
ing two independentpathsto memory:onefor instructionsandonefor data.Cachesand
mappingsareconsideredto be part of the memory. Datacachesaremaintainedby hard-
wareto beconsistent(coherent).Instructioncachesneednot bekeptconsistentwith data
cachesand,therefore,requireexplicit programactionto ensureconsistency whena pro-
gram modifiesan executing instructionstream.Memory is sharedin termsof address
space,but may be inhomogeneousand distributed in an implementation.Mapping and
cachesare ignored in the model, since their functions are transparentto the memory
model.1

In realsystemsaddressesmayhave attributesthattheprocessormustrespect.Theproces-
sor executesloads,stores,and atomic load-storesin whatever order it chooses,as con-
strainedby programorder and the currentmemorymodel.The ASI address-couplesit
generatesare translatedby a memory managementunit (MMU), which associates
attributeswith theaddressandmay, in someinstances,abortthememorytransactionand
signalanexceptionto theCPU.For example,a region of memorymaybemarkedasnon-
prefetchable,non-cacheable,read-only, or restricted.It is theMMU’ sresponsibility, work-
ing in conjunctionwith systemsoftware,to ensurethat memoryattribute constraintsare
not violated. See Appendix F, “SPARC-V9 MMU Requirements,” for more information.

Instructionsare performedin an order constrainedby local dependencies.Using this
dependency ordering,an executionunit submitsone or more pendingmemorytransac-
tions to thememory. Thememoryperformstransactionsin memory order. Thememory

1. Themodeldescribedhereis only amodel.Implementationsof SPARC-V9 systemsareunsonstrained
so long as their observable behaviors match those of the model.
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unit mayperformtransactionssubmittedto it out of order;hence,theexecutionunit must
not submit two or more transactions concurrently that are required to be ordered.

Figure 43—Data Memory Paths: Multipr ocessor System

The memoryacceptstransactions,performsthem,andthenacknowledgestheir comple-
tion. Multiple memoryoperationsmaybein progressatany timeandmaybeinitiatedin a
nondeterministicfashionin any order, providedthatall transactionsto a locationpreserve
the per-processorpartial orders.Memory transactionsmay completein any order. Once
initiated,all memoryoperationsareperformedatomically:loadsfrom onelocationall see
the samevalue,andthe resultof storesarevisible to all potentialrequestorsat the same
instant.

The orderof memoryoperationsobserved at a single location is a total order that pre-
servesthepartialorderingsof eachprocessor’s transactionsto this address.Theremaybe
many legal total orders for a given program’s execution.

8.4.3   The MEMBAR Instruction

MEMBAR servestwo distinctfunctionsin SPARC-V9. Onevariantof theMEMBAR, the
orderingMEMBAR, providesa way for theprogrammerto control theorderof loadsand
storesissuedby a processor. Theothervariantof MEMBAR, thesequencingMEMBAR,
allows theprogrammerto explicitly controlorderandcompletionfor memoryoperations.
SequencingMEMBARs are neededonly when a programrequiresthat the effect of an
operationbecomegloballyvisible,ratherthansimplybeingscheduled.2 As bothformsare
bit-encodedinto the instruction,a single MEMBAR can function both as an ordering
MEMBAR and as a sequencing MEMBAR.

2. SequencingMEMBARs areneededfor someinput/outputoperations,forcing storesinto specialized
stablestorage,context switching,andoccasionalothersystemsfunctions.UsingaSequencingMEM-
BAR whenoneis not neededmay causea degradationof performance.SeeAppendixJ, “Program-
ming With the Memory Models,” for examples of their use.
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8.4.3.1   Ordering MEMB AR Instructions

OrderingMEMBAR instructionsinducean orderingin the instructionstreamof a single
processor. Setsof loadsandstoresthatappearbeforetheMEMBAR in programorderare
orderedwith respectto setsof loadsand storesthat follow the MEMBAR in program
order. Atomic operations(LDSTUB(A), SWAP(A), CASA, andCASXA) areorderedby
MEMBAR asif they werebotha loadanda store,sincethey sharethesemanticsof both.
An STBAR instruction,with semanticsthat area subsetof MEMBAR, is provided for
SPARC-V8 compatibility. MEMBAR andSTBAR operateon all pendingmemoryopera-
tionsin thereorderbuffer, independentof theiraddressor ASI, orderingthemwith respect
to all futurememoryoperations.This orderingappliesonly to memory-referenceinstruc-
tions issuedby the processorissuing the MEMBAR. Memory-referenceinstructions
issued by other processors are unaffected.

Theorderingrelationshipsarebit-encodedasshown in table19.For example,MEMBAR
0116, written as “membar #LoadLoad ” in assemblylanguage,requiresthat all load
operationsappearingbeforethe MEMBAR in programordercompletebeforeany of the
loadoperationsfollowing theMEMBAR in programordercomplete.Storeoperationsare
unconstrainedin this case.MEMBAR 0816 (#StoreStor e) is equivalentto theSTBAR
instruction;it requiresthat the valuesstoredby storeinstructionsappearingin program
orderprior to the STBAR instructionbe visible to otherprocessorsprior to issuingany
store operations that appear in program order following the STBAR.

In table19 theseorderingrelationshipsarespecifiedby the ‘<m’ symbol,which signifies
memoryorder. SeeAppendixD, “FormalSpecificationof theMemoryModels,” for a for-
mal description of the <m relationship.

Selectionsmay be combinedto form morepowerful barriers.For example,a MEMBAR
instruction with a mask of 0916 (#LoadLoad | #StoreStore ) orders loads with
respectto loadsandstoreswith respectto stores,but doesnot orderloadswith respectto
stores or vice versa.

An orderingMEMBAR instructiondoesnot guaranteeany completionproperty;it only
introducesanorderingconstraint.For example,a programshouldnot assumethata store
preceding a MEMBAR instruction has completed following execution of the MEMBAR.

8.4.3.2   Sequencing MEMB AR Instructions

A sequencingMEMBAR exertsexplicit controlover thecompletionof operations.There
arethreesequencingMEMBAR options,eachwith a differentdegreeof controlanda dif-
ferent application.

Table 19—Ordering Relationships Selected by Mask

Ordering r elation,
earlier < later

Suggested
assembler tag

Mask
value

nmask
bit #

Load <m Load #LoadLoad 0116 0

Store <m Load #StoreLoad 0216 1

Load <m Store #LoadStore 0416 2

Store <m Store #StoreStore 0816 3
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Lookaside Barrier:
Ensuresthat loads following this MEMBAR are from memoryand not from a
lookasideinto a write buffer. Lookaside Barrier requiresthat pendingstores
issuedprior to theMEMBAR becompletedbeforeany loadfrom thataddressfol-
lowing the MEMBAR may be issued.A Lookaside Barrier MEMBAR may be
neededto provide lock fairnessandto supportsomeplausibleI/O locationseman-
tics. See the example in J.14.1, “I/O Registers With Side Effects.”

Memory Issue Barrier:
Ensuresthat all memory operationsappearingin program order before the
sequencingMEMBAR completebeforeany any new memoryoperationmay be
initiated.  See the example in J.14.2, “The Control and Status Register (CSR).”

Synchronization Barrier:
Ensuresthat all instructions(memoryreferenceandothers)precedingthe MEM-
BAR completeandtheeffectsof any fault or errorhave becomevisible beforeany
instructionfollowing theMEMBAR in programorderis initiated.A Synchroniza-
tion Barrier  MEMBAR fully synchronizes the processor that issues it.

Table 20 shows the encoding of these functions in the MEMBAR instruction.

8.4.4   Memor y Models

The SPARC-V9 memorymodelsaredefinedbelow in termsof orderconstraintsplaced
uponmemory-referenceinstructionexecution,in additionto theminimal setrequiredfor
self-consistency. Theseorderconstraintstake theform of MEMBAR operationsimplicitly
performed following some memory-reference instructions.

8.4.4.1   Relaxed Memor y Order (RMO)

RelaxedMemory Order placesno orderingconstraintson memoryreferencesbeyond
thoserequiredfor processorself-consistency. Whenorderingis required,it mustbe pro-
vided explicitly in the programs using MEMBAR instructions.

8.4.4.2   Partial Store Or der (PSO)

Partial Store Order may be provided for compatibility with existing SPARC-V8 pro-
grams.Programsthatexecutecorrectlyin theRMO memorymodelwill executecorrectly
in the PSO model.

Table 20—Sequencing Barrier Selected by Mask

Sequencing
function

Assembler tag Mask
value

cmaskbit
#

Lookaside Barrier #Lookaside 1016 0

Memory Issue Barrier #MemIssue 2016 1

Synchronization Barrier #Sync 4016 2
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The rules for PSO are:

— Loads are blocking and ordered with respect to earlier loads.

— Atomic load-stores are ordered with respect to loads.

Thus, PSO ensures that:

— Eachload and atomic load-storeinstructionbehaves as if it were followed by a
MEMBAR with a mask value of 0516.

— Explicit MEMBAR instructionsarerequiredto orderstoreandatomicload-store
instructions with respect to each other.

8.4.4.3   Total Store Or der (TSO)

Total Store Order must be provided for compatibility with existing SPARC-V8 pro-
grams.Programsthatexecutecorrectlyin eitherRMO or PSOwill executecorrectlyin the
TSO model.

The rules for TSO are:

— Loads are blocking and ordered with respect to earlier loads.

— Stores are ordered with respect to stores.

— Atomic load-stores are ordered with respect to loads and stores.

Thus, TSO ensures that:

— Eachload instructionbehavesasif it werefollowedby a MEMBAR with a mask
value of 0516.

— Eachstoreinstructionbehavesasif it werefollowedby a MEMBAR with a mask
of 0816.

— Eachatomicload-storebehavesasif it werefollowedby aMEMBAR with amask
of 0D16.

8.4.5   Mode Contr ol

Thememorymodelis specifiedby thetwo-bit statein PSTATE.MM, describedin 5.2.1.4,
“PSTATE_mem_model (MM).”

Writing a new valueinto PSTATE.MM causessubsequentmemoryreferenceinstructions
to be performed with the order constraints of the specified memory model.

SPARC-V9 processorsneednot provide all threememorymodels;undefinedvaluesof
PSTATE.MM have implementation-dependent effects.

IMPL. DEP. #119: The effect of writing an unimplemented memory mode designation into
PSTATE.MM is implementation-dependent.



130 8 Memory Models

Implementation Note:

All SPARC-V9 implementationsmustprovide TSO or a strongermodel to maintainSPARC-V8
compatibility. An implementation may provide PSO, RMO, or neither.

Exceptwhen a trap entersRED_state,PSTATE.MM is left unchangedwhen a trap is
enteredandtheold valueis stacked.WhenenteringRED_state,thevalueof PSTATE.MM
is set to TSO.

8.4.6   Hardware Primitives f or Mutual Exc lusion

In additionto providing memory-orderingprimitivesthatallow programmersto construct
mutual-exclusionmechanismsin software,SPARC-V9 providesthreehardwareprimitives
for mutual exclusion:

— Compare and Swap (CASA, CASXA)

— Load Store Unsigned Byte (LDSTUB, LDSTUBA)

— Swap (SWAP, SWAPA)

Eachof theseinstructionshasthesemanticsof botha loadandastorein all threememory
models.They areall atomic, in thesensethatnootherstorecanbeperformedbetweenthe
loadandstoreelementsof theinstruction.All of thehardwaremutualexclusionoperations
conformto thememorymodelsandmayrequirebarrierinstructionsto ensureproperdata
visibility.

When the hardware mutual-exclusion primitives addressI/O locations,the resultsare
implementation-dependent(impl. dep. #123). In addition, the atomicity of hardware
mutual-exclusionprimitivesis guaranteedonly for processormemoryreferencesandnot
whenthememorylocationis simultaneouslybeingaddressedby an I/O device suchasa
channel or DMA (impl. dep. #120).

8.4.6.1   Compare and Swap (CASA, CASXA)

Compare-and-swapis anatomicoperationwhich comparesa valuein a processorregister
to a valuein memory, and,if andonly if they areequal,swapsthevaluein memorywith
thevaluein a secondprocessorregister. Both 32-bit (CASA) and64-bit (CASXA) opera-
tions are provided. The compare-and-swap operationis atomic in the sensethat once
begun,no otherprocessorcanaccessthememorylocationspecifieduntil thecomparehas
completedandtheswap(if any) hasalsocompletedandis potentiallyvisible to all other
processors in the system.

Compare-and-swap is substantiallymorepowerful thanthe otherhardwaresynchroniza-
tion primitives.It hasan infinite consensusnumber;that is, it canresolve, in a wait-free
fashion,an infinite numberof contendingprocesses.Becauseof this property, compare-
and-swap can be usedto constructwait-free algorithmsthat do not require the useof
locks. See Appendix J, “Programming With the Memory Models,” for examples.
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8.4.6.2   Swap (SWAP)

SWAP atomicallyexchangesthelower32bits in aprocessorregisterwith aword in mem-
ory. Swap hasa consensusnumberof two; that is, it cannotresolve morethantwo con-
tending processes in a wait-free fashion.

8.4.6.3   Load Store Unsigned Byte (LDSTUB)

LDSTUB loadsa bytevaluefrom memoryto a registerandwritesthevalueFF16 into the
addressedbyteatomically. LDSTUB is theclassictest-and-setinstruction.Like SWAP, it
hasaconsensusnumberof two andsocannotresolvemorethantwo contendingprocesses
in a wait-free fashion.

8.4.7   Sync hronizing Instruction and Data Memor y

TheSPARC-V9 memorymodelsdo not requirethat instructionanddatamemoryimages
beconsistentat all times.Theinstructionanddatamemoryimagesmaybecomeinconsis-
tent if a programwrites into theinstructionstream.As a result,whenever instructionsare
modifiedby aprogramin acontext wherethedata(thatis, theinstructions)in thememory
andthedatacachehierarchy maybeinconsistentwith instructionsin theinstructioncache
hierarchy, some special programmatic action must be taken.

The FLUSH instructionwill ensureconsistency betweenthe instructionstreamand the
datareferencesacrossany local cachesfor a particulardoubleword valuein theprocessor
executingtheFLUSH. It will ensureeventualconsistency acrossall cachesin a multipro-
cessorsystem.Theprogrammermustbecarefulto ensurethat themodificationsequence
is robust undermultiple updatesand concurrentexecution.Since, in the generalcase,
loads and storesmay be performedout of order, appropriateMEMBAR and FLUSH
instructionsmustbe interspersedasneededto control the order in which the instruction
data is mutated.

TheFLUSH instructionensuresthat subsequentinstructionfetchesfrom thedoubleword
target of the FLUSH by the processorexecutingthe FLUSH appearto executeafter any
loads,stores,andatomic load-storesissuedby the processorto that addressprior to the
FLUSH. FLUSH actsasa barrierfor instructionfetchesin the processorthat executesit
and has the properties of a store with respect to MEMBAR operations.

FLUSH hasno latency on theissuingprocessor;themodifiedinstructionstreamis imme-
diately available.3

IMPL. DEP. #122: The latency between the execution of FLUSH on one processor and the point at
which the modified instructions have replaced outdated instructions in a multiprocessor is imple-
mentation-dependent.

If all cachesin asystem(uniprocessoror multiprocessor)haveaunifiedcacheconsistency
protocol, FLUSH does nothing.

3. SPARC-V8 specifiedafive-instructionlatency. Invalidationof instructionsin executionin theinstruc-
tion cache is likely to force an instruction-cache fault.
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Useof FLUSH in a multiprocessorenvironmentmaycauseunexpectedperformancedeg-
radationin somesystems,becauseevery processorthatmayhave a copy of themodified
datain its instructioncachemustinvalidatethat data.In the worst casenaive system,all
processorsmustinvalidatethedata.Theperformanceproblemis compoundedby thedou-
bleword granularityof theFLUSH, which mustbeobservedevenwhentheactualinvali-
dation unit is larger, for example, a cache line.

Programming Note:
BecauseFLUSH is designedto act on a doubleword, and because,on someimplementations,
FLUSH maytrap to systemsoftware,it is recommendedthatsystemsoftwareprovide a user-call-
ableserviceroutine for flushingarbitrarily sizedregionsof memory. On someimplementations,
this routinewould issuea seriesof FLUSH instructions;on others,it might issuea singletrap to
system software that would then flush the entire region.
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A.1   Over view

This appendixdescribeseachSPARC-V9 instruction.Relatedinstructionsare grouped
into subsections. Each subsection consists of these parts:

(1) A tableof theopcodesdefinedin thesubsectionwith thevaluesof thefield(s)that
uniquely identify the instruction(s).

(2) An illustrationof theapplicableinstructionformat(s).In theseillustrations,a dash
‘—’ indicatesthat thefield is reserved for futureversionsof thearchitectureand
shallbezeroin any instanceof theinstruction.If a conformingSPARC-V9 imple-
mentationencountersnonzerovaluesin thesefields,its behavior is undefined.See
Appendix I, “Extending the SPARC-V9 Architecture,” for information about
extending the SPARC-V9 instruction set.

(3) A list of thesuggestedassemblylanguagesyntax;thesyntaxnotationis described
in Appendix G, “Suggested Assembly Language Syntax.”

(4) A description of the features, restrictions, and exception-causing conditions.

(5) A list of the exceptionsthat canoccurasa consequenceof attemptingto execute
theinstruction(s).Exceptionsdueto an instruction_access_error, instruction_access_
exception, instruction_access_MMU_miss, async_data_error, or internal_processor_
error, andinterruptrequestsarenot listed,sincethey canoccuron any instruction.
Also, any instructionthat is not implementedin hardwareshallgeneratean illegal_
instruction exception(or fp_exception_other exceptionwith ftt = unimplemented_FPop
for floating-point instructions) when it is executed.

This appendixdoesnot includeany timing information(in eithercyclesor clock time),
since timing is implementation-dependent.

Table 22 summarizesthe instruction set; the instruction definitions follow the table.
Within table22, throughoutthis appendix,and in AppendixE, “OpcodeMaps,” certain
opcodesaremarkedwith mnemonicsuperscripts.Thesuperscriptsandtheir meaningsare
defined in table21:

Table 21—Opcode Superscripts

Superscrip
t Meaning

D Deprecated instruction

P Privileged opcode

PASI Privileged action if bit 7 of the referenced ASI is zero

PASR Privileged opcode if the referenced ASR register is privileged

PNPT Privileged action if PSTATE.PRIV = 0 and TICK.NPT = 1
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Table 22—Instruction Set

Opcode Name Page
ADD (ADDcc) Add (and modify condition codes) 137

ADDC (ADDCcc) Add with carry (and modify condition codes) 137

AND (ANDcc) And (and modify condition codes) 184

ANDN (ANDNcc) And not (and modify condition codes) 184

BPcc Branch on integer condition codes with prediction 148

BiccD Branch on integer condition codes 146

BPr Branch on contents of integer register with prediction 138

CALL Call and link 151

CASAPASI Compare and swap word in alternate space 152

CASXAPAS I Compare and swap doubleword in alternate space 152

DONEP Return from trap 157

FABS(s,d,q) Floating-point absolute value 164

FADD(s,d,q) Floating-point add 158

FBfccD Branch on floating-point condition codes 140

FBPfcc Branch on floating-point condition codes with prediction 143

FCMP(s,d,q) Floating-point compare 159

FCMPE(s,d,q) Floating-point compare (exception if unordered) 159

FDIV(s,d,q) Floating-point divide 165

FdMULq Floating-point multiply double to quad 165

FiTO(s,d,q) Convert integer to floating-point 163

FLUSH Flush instruction memory 167

FLUSHW Flush register windows 169

FMOV(s,d,q) Floating-point move 164

FMOV(s,d,q)cc Move floating-point register if condition is satisfied 188

FMOV(s,d,q)r Move f-p reg. if integer reg. contents satisfy condition 192

FMUL(s,d,q) Floating-point multiply 165

FNEG(s,d,q) Floating-point negate 164

FsMULd Floating-point multiply single to double 165

FSQRT(s,d,q) Floating-point square root 166

F(s,d,q)TOi Convert floating point to integer 161

F(s,d,q)TO(s,d,q) Convert between floating-point formats 162

F(s,d,q)TOx Convert floating point to 64-bit integer 161

FSUB(s,d,q) Floating-point subtract 158

FxTO(s,d,q) Convert 64-bit integer to floating-point 163

ILLTRAP Illegal instruction 170

IMPDEP1 Implementation-dependent instruction 171

IMPDEP2 Implementation-dependent instruction 171

JMPL Jump and link 172

LDDD Load doubleword 178

LDDAD, PASI Load doubleword from alternate space 180

LDDF Load double floating-point 173

LDDFAPASI Load double floating-point from alternate space 176

LDF Load floating-point 173

LDFAPASI Load floating-point from alternate space 176

LDFSRD Load floating-point state register lower 173
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LDQF Load quad floating-point 173

LDQFAPASI Load quad floating-point from alternate space 176

LDSB Load signed byte 178

LDSBAPASI Load signed byte from alternate space 180

LDSH Load signed halfword 178

LDSHAPASI Load signed halfword from alternate space 180

LDSTUB Load-store unsigned byte 182

LDSTUBAPASI Load-store unsigned byte in alternate space 183

LDSW Load signed word 178

LDSWAPASI Load signed word from alternate space 180

LDUB Load unsigned byte 178

LDUBAPASI Load unsigned byte from alternate space 180

LDUH Load unsigned halfword 178

LDUHAPASI Load unsigned halfword from alternate space 180

LDUW Load unsigned word 178

LDUWAPASI Load unsigned word from alternate space 180

LDX Load extended 178

LDXA PASI Load extended from alternate space 180

LDXFSR Load floating-point state register 173

MEMBAR Memory barrier 186

MOVcc Move integer register if condition is satisfied 194

MOVr Move integer register on contents of integer register 198

MULSccD Multiply step (and modify condition codes) 202

MULX Multiply 64-bit integers 199

NOP No operation 204

OR (ORcc) Inclusive-or (and modify condition codes) 184

ORN (ORNcc) Inclusive-or not (and modify condition codes) 184

POPC Population count 205

PREFETCH Prefetch data 206

PREFETCHAPASI Prefetch data from alternate space 206

RDASI Read ASI register 214

RDASRPASR Read ancillary state register 214

RDCCR Read condition codes register 214

RDFPRS Read floating-point registers state register 214

RDPC Read program counter 214

RDPRP Read privileged register 211

RDTICKPNPT Read TICK register 214

RDYD Read Y register 214

RESTORE Restore caller’s window 217

RESTOREDP Window has been restored 219

RETRYP Return from trap and retry 157

RETURN Return 216

SAVE Save caller’s window 217

SAVEDP Window has been saved 219

SDIVD (SDIVccD) 32-bit signed integer divide (and modify condition codes) 154

SDIVX 64-bit signed integer divide 199

Table 22—Instruction Set  (Continued)

Opcode Name Page
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SETHI Set high 22 bits of low word of integer register 220

SIR Software-initiated reset 223

SLL Shift left logical 221

SLLX Shift left logical, extended 221

SMULD (SMULccD) Signed integer multiply (and modify condition codes) 200

SRA Shift right arithmetic 221

SRAX Shift right arithmetic, extended 221

SRL Shift right logical 221

SRLX Shift right logical, extended 221

STB Store byte 229

STBAPASI Store byte into alternate space 231

STBARD Store barrier 224

STDD Store doubleword 229

STDAD, PASI Store doubleword into alternate space 229

STDF Store double floating-point 225

STDFAPASI Store double floating-point into alternate space 227

STF Store floating-point 225

STFAPASI Store floating-point into alternate space 227

STFSRD Store floating-point state register 225

STH Store halfword 229

STHAPASI Store halfword into alternate space 231

STQF Store quad floating-point 225

STQFAPASI Store quad floating-point into alternate space 227

STW Store word 229

STWAPASI Store word into alternate space 231

STX Store extended 229

STXAPASI Store extended into alternate space 231

STXFSR Store extended floating-point state register 225

SUB (SUBcc) Subtract (and modify condition codes) 233

SUBC (SUBCcc) Subtract with carry (and modify condition codes) 233

SWAPD Swap integer register with memory 234

SWAPAD, PASI Swap integer register with memory in alternate space 235

TADDcc (TADDccTVD) Tagged add and modify condition codes (trap on overflow) 237

Tcc Trap on integer condition codes 240

TSUBcc (TSUBccTVD) Tagged subtract and modify condition codes (trap on overflow) 238

UDIVD (UDIVccD) Unsigned integer divide (and modify condition codes) 154

UDIVX 64-bit unsigned integer divide 199

UMULD (UMULccD) Unsigned integer multiply (and modify condition codes) 200

WRASI Write ASI register 244

WRASRPASR Write ancillary state register 244

WRCCR Write condition codes register 244

WRFPRS Write floating-point registers state register 244

WRPRP Write privileged register 242

WRYD Write Y register 244

XNOR (XNORcc) Exclusive-nor (and modify condition codes) 184

XOR (XORcc) Exclusive-or (and modify condition codes) 184

Table 22—Instruction Set  (Continued)

Opcode Name Page



A.2 Add 137

A.2   Ad d

Format (3):

Description:

ADD and ADDcc compute“ r[rs1] + r[rs2]” if i = 0, or “ r[rs1] + sign_ext(simm13)” if
i = 1, and write the sum intor[rd].

ADDC andADDCcc (“ADD with carry”) alsoaddtheCCRregister’s 32-bit carry(icc.c)
bit; that is, they compute“ r[rs1] + r[rs2] + icc.c” or “ r[rs1] + sign_ext(simm13) + icc.c”
and write the sum intor[rd].

ADDcc andADDCcc modify the integerconditioncodes(CCR.icc andCCR.xcc). Over-
flow occursonadditionif bothoperandshave thesamesignandthesignof thesumis dif-
ferent.

Programming Note:
ADDC andADDCcc readthe32-bit conditioncodes’carrybit (CCR.icc.c), not the64-bit condi-
tion codes’ carry bit (CCR.xcc.c).

Compatibility Note:
ADDC and ADDCcc were named ADDX and ADDXcc, respectively, in SPARC-V8.

Exceptions:
(none)5

Opcode Op3 Operation

ADD 000000 Add

ADDcc 010000 Add and modify cc’s

ADDC 001000 Add with Carry

ADDCcc 011000 Add with Carry and modify cc’s

Suggested Assembly Language Syntax

add regrs1, reg_or_imm, regrd

addcc regrs1, reg_or_imm, regrd

addc regrs1, reg_or_imm, regrd

addccc regrs1, reg_or_imm, regrd

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1
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A.3   Branc h on Integ er Register with Prediction (BPr)

Format (2):

Programming Note:
To settheannulbit for BPr instructions,append“ ,a ” to theopcodemnemonic.For example,use
“brz,a %i3 ,label.” The precedingtable indicatesthat the “ ,a ” is optionalby enclosingit in
braces.To set the branchpredictionbit “p,” appendeither“ ,pt ” for predict taken or “ ,pn ” for
predictnot takento theopcodemnemonic.If neither“ ,pt ” nor “ ,pn ” is specified,theassembler
shall default to “,p t”.

Description:

Theseinstructionsbranchbasedon thecontentsof r[rs1]. They treattheregistercontents
as a signed integer value.

A BPr instructionexaminesall 64bitsof r[rs1] accordingto thercondfield of theinstruc-
tion, producingeithera TRUE or FALSE result.If TRUE, thebranchis taken; that is, the
instructioncausesa PC-relative, delayedcontrol transferto theaddress“PC + (4 * sign_
ext(d16hi d16lo)).” If FALSE, the branch is not taken.

If thebranchis taken,thedelayinstructionis alwaysexecuted,regardlessof thevalueof
theannulbit. If thebranchis not takenandtheannulbit (a) is 1, thedelayinstructionis
annulled (not executed).

Opcode rcond Operation
Register

contents test

— 000 Reserved —

BRZ 001 Branch on Register Zero r[rs1] = 0

BRLEZ 010 Branch on Register Less Than or Equal to Zero r[rs1] ≤ 0

BRLZ 011 Branch on Register Less Than Zero r[rs1] < 0

— 100 Reserved —

BRNZ 101 Branch on Register Not Zero r[rs1] ≠ 0

BRGZ 110 Branch on Register Greater Than Zero r[rs1] > 0

BRGEZ 111 Branch on Register Greater Than or Equal to Zero r[rs1] ≥ 0

Suggested Assembly Language Syntax

brz { ,a }{ ,pt |,pn } regrs1, label

brlez { ,a }{ ,pt |,pn } regrs1, label

brlz { ,a }{ ,pt |,pn } regrs1, label

brnz { ,a }{ ,pt |,pn } regrs1, label

brgz { ,a }{ ,pt |,pn } regrs1, label

brgez { ,a }{ ,pt |,pn } regrs1, label

31 141924 18 13 027 2530 29 28 22 21 20

00 a 0 rcond 011 d16hi p rs1 d16lo
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Thepredictbit (p) is usedto give thehardwareahint aboutwhetherthebranchis expected
to betaken.A 1 in thep bit indicatesthatthebranchis expectedto betaken;a 0 indicates
that the branch is expected not to be taken.

Annulment,delayinstructions,prediction,anddelayedcontroltransfersaredescribedfur-
ther in Chapter 6, “Instructions.”

Implementation Note:
If this instructionis implementedby taggingeachregister value with an N (negative) bit and Z
(zero) bit, the following table can be used to determine ifrcond is TRUE:

Exceptions:
illegal_instruction (if rcond= 0002 or 1002)

Branch Test

BRNZ not Z

BRZ Z

BRGEZ not N

BRLZ N

BRLEZ N or Z

BRGZ not (N or Z)
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A.4   Branc h on Floating-P oint Condition Codes (FBfcc)

Format (2):

Opcode cond Operation fcc test

FBAD 1000 Branch Always 1

FBND 0000 Branch Never 0

FBUD 0111 Branch on Unordered U

FBGD 0110 Branch on Greater G

FBUGD 0101 Branch on Unordered or Greater G or U

FBLD 0100 Branch on Less L

FBULD 0011 Branch on Unordered or Less L or U

FBLGD 0010 Branch on Less or Greater L or G

FBNED 0001 Branch on Not Equal L or G or U

FBED 1001 Branch on Equal E

FBUED 1010 Branch on Unordered or Equal E or U

FBGED 1011 Branch on Greater or Equal E or G

FBUGED 1100 Branch on Unordered or Greater or Equal E or G or U

FBLED 1101 Branch on Less or Equal E or L

FBULED 1110 Branch on Unordered or Less or Equal E or L or U

FBOD 1111 Branch on Ordered E or L or G

The FBfcc instructionsare deprecated;they are provided only for compatibility
with previousversionsof thearchitecture.They shouldnotbeusedin new SPARC-
V9 software. It is recommended that the FBPfcc instructions be used in their place.

31 24 02530 29 28 22 21

cond00 a 110 disp22
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Programming Note:
To settheannulbit for FBfcc instructions,append“ ,a ” to theopcodemnemonic.For example,use
“ fbl,a label.” The preceding table indicates that the “,a ” is optional by enclosing it in braces .

Description:
Unconditional Branches (FBA, FBN):

If its annulfield is 0, an FBN (BranchNever) instructionactslike a NOP. If its
annulfield is 1, the following (delay)instructionis annulled(not executed)when
the FBN is executed. In neither case does a transfer of control take place.

FBA (BranchAlways)causesaPC-relative,delayedcontroltransferto theaddress
“PC + (4 × sign_ext(disp22)),” regardlessof thevalueof thefloating-pointcondi-
tion codebits. If theannulfield of thebranchinstructionis 1, thedelayinstruction
is annulled (not executed). If the annul field is 0, the delay instruction is executed.

Fcc-Conditional Branches:
ConditionalFBfcc instructions(exceptFBA andFBN) evaluatefloating-pointcon-
dition codezero(fcc0) accordingto thecondfield of theinstruction.Suchevalua-
tion produceseithera TRUE or FALSE result.If TRUE, thebranchis taken, that
is, the instruction causesa PC-relative, delayedcontrol transferto the address
“PC + (4 × sign_ext(disp22)).” If FALSE, the branch is not taken.

If a conditionalbranchis taken, the delayinstructionis alwaysexecuted,regard-
lessof the valueof the annulfield. If a conditionalbranchis not taken andthe a
(annul) field is 1, the delay instructionis annulled(not executed).Note that the
annulbit hasa differ ent effect on conditionalbranchesthanit doeson uncondi-
tional branches.

Suggested Assembly Language Syntax

fba { ,a } label

fbn { ,a } label

fbu { ,a } label

fbg { ,a } label

fbug { ,a } label

fbl { ,a } label

fbul { ,a } label

fblg { ,a } label

fbne { ,a } label (synonym: fbnz )

fbe { ,a } label (synonym: fbz )

fbue { ,a } label

fbge { ,a } label

fbuge { ,a } label

fble { ,a } label

fbule { ,a} label

fbo { ,a } label
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Annulment,delayinstructions,anddelayedcontrol transfersaredescribedfurther
in Chapter 6, “Instructions.”

Compatibility Note:
Unlike SPARC-V8, SPARC-V9 doesnot requirean instructionbetweena floating-pointcompare
operation and a floating-point branch (FBfcc, FBPfcc).

If FPRS.FEF= 0 or PSTATE.PEF= 0, or if anFPUis notpresent,theFBfcc instructionis
not executed and instead, generates anfp_disabled exception.

Exceptions:
fp_disabled
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A.5   Branc h on Floating-P oint Condition Codes with Prediction
(FBPfcc)

Format (2):

Opcode cond Operation fcc test

FBPA 1000 Branch Always 1

FBPN 0000 Branch Never 0

FBPU 0111 Branch on Unordered U

FBPG 0110 Branch on Greater G

FBPUG 0101 Branch on Unordered or Greater G or U

FBPL 0100 Branch on Less L

FBPUL 0011 Branch on Unordered or Less L or U

FBPLG 0010 Branch on Less or Greater L or G

FBPNE 0001 Branch on Not Equal L or G or U

FBPE 1001 Branch on Equal E

FBPUE 1010 Branch on Unordered or Equal E or U

FBPGE 1011 Branch on Greater or Equal E or G

FBPUGE 1100 Branch on Unordered or Greater or Equal E or G or U

FBPLE 1101 Branch on Less or Equal E or L

FBPULE 1110 Branch on Unordered or Less or Equal E or L or U

FBPO 1111 Branch on Ordered E or L or G

cc1  cc0
Condition

code

00 fcc0

01 fcc1

10 fcc2

11 fcc3

31 1924 18 02530 29 28 22 21 20

00 a cond 101 cc1 p disp19cc0
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Programming Note:
To settheannulbit for FBPfccinstructions,append“ ,a ” to theopcodemnemonic.For example,
use“ fbl,a %fcc3,label .” Theprecedingtableindicatesthat the“ ,a ” is optionalby enclos-
ing it in braces.To setthebranchpredictionbit, appendeither“ ,pt ” (for predicttaken)or “pn”
(for predict not taken) to the opcodemnemonic.If neither “ ,pt ” nor “ ,pn ” is specified,the
assemblershall default to “ ,p t”. To selectthe appropriatefloating-pointconditioncode,include
"%fcc0 ", "%fcc1 ", "%fcc2" , or "%fcc3 " before the label.

Description:

Unconditional Branches (FBPA, FBPN):
If its annul field is 0, an FBPN (Floating-PointBranchNever with Prediction)
instructionactslike a NOP. If the BranchNever’s annulfield is 0, the following
(delay)instructionis executed;if the annulfield is 1, the following instructionis
annulled(not executed).In no casedoesan FBPN causea transferof control to
take place.

FBPA (Floating-PointBranchAlways with Prediction)causesan unconditional
PC-relative, delayedcontrol transferto theaddress“PC + (4 × sign_ext(disp19)).”
If the annulfield of the branchinstructionis 1, the delay instructionis annulled
(not executed). If the annul field is 0, the delay instruction is executed.

Fcc-Conditional Branches:
ConditionalFBPfccinstructions(exceptFBPA andFBPN)evaluateoneof thefour
floating-pointconditioncodes(fcc0, fcc1, fcc2, fcc3) asselectedby cc0 andcc1,
accordingto thecondfield of theinstruction,producingeithera TRUE or FALSE
result.If TRUE, the branchis taken, that is, the instructioncausesa PC-relative,
delayedcontrol transferto the address“PC + (4 × sign_ext(disp19)).” If FALSE,
the branch is not taken.

Suggested Assembly Language Syntax

fba { ,a }{ ,pt |,pn } %fcc n, label

fbn { ,a }{ ,pt |,pn } %fcc n, label

fbu { ,a }{ ,pt |,pn } %fcc n, label

fbg { ,a }{ ,pt |,pn } %fcc n, label

fbug { ,a }{ ,pt |,pn } %fcc n, label

fbl { ,a }{ ,pt |,pn } %fcc n, label

fbul { ,a }{ ,pt |,pn } %fcc n, label

fblg { ,a }{ ,pt |,pn } %fcc n, label

fbne { ,a }{ ,pt |,pn } %fcc n, label (synonym: fbnz )

fbe { ,a }{ ,pt |,pn } %fcc n, label (synonym: fbz )

fbue { ,a }{ ,pt |,pn } %fcc n, label

fbge { ,a }{ ,pt |,pn } %fcc n, label

fbuge { ,a }{ ,pt |,pn } %fcc n, label

fble { ,a }{ ,pt |,pn } %fcc n, label

fbule { ,a }{ ,pt |,pn } %fcc n, label

fbo { ,a }{ ,pt |,pn } %fcc n, label
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If a conditionalbranchis taken, the delayinstructionis alwaysexecuted,regard-
lessof the valueof the annulfield. If a conditionalbranchis not taken andthe a
(annul) field is 1, the delay instructionis annulled(not executed).Note that the
annulbit hasa differ ent effect on conditionalbranchesthanit doeson uncondi-
tional branches.

Thepredictbit (p) is usedto give thehardwarea hint aboutwhetherthebranchis
expectedto be taken.A 1 in the p bit indicatesthat the branchis expectedto be
taken. A 0 indicates that the branch is expected not to be taken.

Annulment,delayinstructions,anddelayedcontrol transfersaredescribedfurther
in Chapter 6, “Instructions.”

If FPRS.FEF= 0 or PSTATE.PEF= 0, or if anFPUis notpresent,anFBPfccinstructionis
not executed and instead, generates anfp_disabled exception.

Compatibility Note:
Unlike SPARC-V8, SPARC-V9 doesnot requirean instructionbetweena floating-pointcompare
operation and a floating-point branch (FBfcc, FBPfcc).

Exceptions:
fp_disabled
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A.6   Branc h on Integ er Condition Codes (Bicc)

Format (2):

Opcode cond Operation icc test

BAD 1000 Branch Always 1

BND 0000 Branch Never 0

BNED 1001 Branch on Not Equal not Z

BED 0001 Branch on Equal Z

BGD 1010 Branch on Greater not (Z or (N xor V))

BLED 0010 Branch on Less or Equal Z or (N xor V)

BGED 1011 Branch on Greater or Equal not (N xor V)

BLD 0011 Branch on Less N xor V

BGUD 1100 Branch on Greater Unsigned not (C or Z)

BLEUD 0100 Branch on Less or Equal Unsigned C or Z

BCCD 1101 BranchonCarryClear(Greaterthanor Equal,Unsigned) not C

BCSD 0101 Branch on Carry Set (Less than, Unsigned) C

BPOSD 1110 Branch on Positive not N

BNEGD 0110 Branch on Negative N

BVCD 1111 Branch on Overflow Clear not V

BVSD 0111 Branch on Overflow Set V

Suggested Assembly Language Syntax

ba{,a} label

bn{,a} label

bne{,a} label (synonym: bnz)

be{,a} label (synonym: bz)

bg{,a} label

ble{,a} label

bge{,a} label

bl{,a} label

bgu{,a} label

bleu{,a} label

bcc{,a} label (synonym: bgeu)

bcs{,a} label (synonym: blu)

bpos{,a} label

bneg{,a} label

bvc{,a} label

bvs{,a} label

TheBicc instructionsaredeprecated;they areprovidedonly for compatibilitywith
previous versionsof the architecture.They shouldnot be usedin new SPARC-V9
software. It is recommended that the BPcc instructions be used in their place.

31 24 02530 29 28 22 21

00 a cond 010 disp22
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Programming Note:
To settheannulbit for Bicc instructions,append“ ,a ” to theopcodemnemonic.For example,use
“bgu,a label.” The preceding table indicates that the “,a ” is optional by enclosing it in braces.

Description:
Unconditional Branches (BA, BN):

If its annulfield is 0, a BN (BranchNever) instructionactslike a NOP. If its annul
field is 1, the following (delay) instructionis annulled(not executed).In neither
case does a transfer of control take place.

BA (BranchAlways)causesanunconditionalPC-relative,delayedcontroltransfer
to the address“PC + (4 × sign_ext(disp22)).” If the annul field of the branch
instructionis 1, thedelayinstructionis annulled(notexecuted).If theannulfield is
0, the delay instruction is executed.

Icc-Conditional Branches:
ConditionalBicc instructions(all exceptBA andBN) evaluatethe 32-bit integer
condition codes(icc), accordingto the cond field of the instruction,producing
eithera TRUE or FALSE result.If TRUE, thebranchis taken,that is, the instruc-
tion causesa PC-relative, delayedcontrol transferto theaddress“PC + (4 × sign_
ext(disp22)).” If FALSE, the branch is not taken.

If aconditionalbranchis taken,thedelayinstructionis alwaysexecutedregardless
of thevalueof theannulfield. If aconditionalbranchis not takenandthea (annul)
field is 1, the delayinstructionis annulled(not executed).Note that the annulbit
has a differ ent effect on conditional branchesthan it does on unconditional
branches.

Annulment,delayinstructions,anddelayedcontrol transfersaredescribedfurther
in Chapter 6, “Instructions.”

Exceptions:
(none)
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A.7   Branc h on Integ er Condition Codes with Prediction (BPcc)

Format (2):

Opcode cond Operation icc test

BPA 1000 Branch Always 1

BPN 0000 Branch Never 0

BPNE 1001 Branch on Not Equal not Z

BPE 0001 Branch on Equal Z

BPG 1010 Branch on Greater not (Z or (N xor V))

BPLE 0010 Branch on Less or Equal Z or (N xor V)

BPGE 1011 Branch on Greater or Equal not (N xor V)

BPL 0011 Branch on Less N xor V

BPGU 1100 Branch on Greater Unsigned not (C or Z)

BPLEU 0100 Branch on Less or Equal Unsigned C or Z

BPCC 1101 BranchonCarryClear(GreaterThanor Equal,Unsigned) not C

BPCS 0101 Branch on Carry Set (Less than, Unsigned) C

BPPOS 1110 Branch on Positive not N

BPNEG 0110 Branch on Negative N

BPVC 1111 Branch on Overflow Clear not V

BPVS 0111 Branch on Overflow Set V

cc1  cc0
Condition

code

00 icc

01 —

10 xcc

11 —

31 1924 18 02530 29 28 22 21 20

00 a cond 001 cc1 p disp19cc0
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Programming Note:
To settheannulbit for BPccinstructions,append“ ,a ” to theopcodemnemonic.For example,use
“bgu,a %icc,label .” Theprecedingtableindicatesthatthe“ ,a ” is optionalby enclosingit in
braces.To setthe branchpredictionbit, appendto an opcodemnemoniceither“ ,pt ” for predict
takenor “ ,pn ” for predictnot taken.If neither“ ,pt ” nor “ ,pn ” is specified,theassemblershall
default to “ ,p t”. To selectthe appropriateinteger condition code, include “%icc ” or “%xcc”
before the label.

Description:

Unconditional Branches (BPA, BPN):
A BPN(BranchNeverwith Prediction)instructionfor thisbranchtype(op2= 1) is
used in SPARC-V9 as an instruction prefetch; that is, the effective address
(PC+ (4 × sign_ext(disp19))) specifiesanaddressof aninstructionthatis expected
to beexecutedsoon.Theprocessormayusethis informationto begin prefetching
instructionsfrom that address.Like the PREFETCHinstruction,this instruction
maybetreatedasa NOPby an implementation.If theBranchNever’s annulfield
is 1, thefollowing (delay)instructionis annulled(not executed).If theannulfield
is 0, thefollowing instructionis executed.In no casedoesa BranchNever causea
transfer of control to take place.

BPA (Branch Always with Prediction) causesan unconditional PC-relative,
delayedcontrol transferto theaddress“PC + (4 × sign_ext(disp19)).” If theannul
field of thebranchinstructionis 1, thedelayinstructionis annulled(notexecuted).
If the annul field is 0, the delay instruction is executed.

Conditional Branches:
ConditionalBPccinstructions(exceptBPA andBPN)evaluateoneof thetwo inte-
gerconditioncodes(icc or xcc), asselectedby cc0andcc1, accordingto thecond
field of the instruction,producingeithera TRUE or FALSE result.If TRUE, the

Suggested Assembly Language Syntax

ba{ ,a }{ ,pt |,pn } i_or_x_cc, label

bn{ ,a }{ ,pt |,pn } i_or_x_cc, label (or: iprefetch label)

bne { ,a }{ ,pt |,pn } i_or_x_cc, label (synonym: bnz )

be{ ,a }{ ,pt |,pn } i_or_x_cc, label (synonym: bz )

bg{ ,a }{ ,pt |,pn } i_or_x_cc, label

ble { ,a }{ ,pt |,pn } i_or_x_cc, label

bge { ,a }{ ,pt |,pn } i_or_x_cc, label

bl { ,a }{ ,pt |,pn } i_or_x_cc, label

bgu { ,a }{ ,pt |,pn } i_or_x_cc, label

bleu { ,a }{ ,pt |,pn } i_or_x_cc, label

bcc { ,a }{ ,pt |,pn } i_or_x_cc, label (synonym: bgeu )

bcs { ,a }{ ,pt |,pn } i_or_x_cc, label (synonym: blu )

bpos { ,a }{ ,pt |,pn } i_or_x_cc, label

bneg { ,a }{ ,pt |,pn } i_or_x_cc, label

bvc { ,a }{ ,pt |,pn } i_or_x_cc, label

bvs { ,a }{ ,pt |,pn } i_or_x_cc, label



150 A Instruction Definitions

branchis taken;that is, theinstructioncausesa PC-relative,delayedcontrol trans-
fer to the address“PC + (4 × sign_ext(disp19)).” If FALSE, the branchis not
taken.

If aconditionalbranchis taken,thedelayinstructionis alwaysexecutedregardless
of thevalueof theannulfield. If aconditionalbranchis not takenandthea (annul)
field is 1, the delayinstructionis annulled(not executed).Note that the annulbit
has a differ ent effect for conditional branchesthan it does for unconditional
branches.

Thepredictbit (p) is usedto give thehardwarea hint aboutwhetherthebranchis
expectedto be taken.A 1 in the p bit indicatesthat the branchis expectedto be
taken; a 0 indicates that the branch is expected not to be taken.

Annulment, delay instructions, prediction, and delayed control transfers are
described further in Chapter 6, “Instructions.”

Exceptions:
illegal_instruction (cc1 cc0= 012 or 112)
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A.8   Call and Link

Format (1):

Description:

The CALL instructioncausesan unconditional,delayed,PC-relative control transferto
addressPC+ (4 × sign_ext(disp30)). Sincetheword displacement(disp30) field is 30 bits
wide, thetargetaddresslies within a rangeof –231 to +231 – 4 bytes.ThePC-relative dis-
placementis formedby sign-extendingthe 30-bit word displacementfield to 62 bits and
appending two low-order zeros to obtain a 64-bit byte displacement.

The CALL instructionalso writes the value of PC, which containsthe addressof the
CALL, into r[15] (out register7). Thehigh-order32-bitsof the PC valuestoredin r[15]
areimplementation-dependentwhenPSTATE.AM = 1 (impl. dep.#125).Thevaluewrit-
ten intor[15] is visible to the instruction in the delay slot.

Exceptions:
(none)

Opcode op Operation

CALL 01 Call and Link

Suggested Assembly Language Syntax

call label

31 030 29

01 disp30



152 A Instruction Definitions

A.9   Compare and Swap

Format (3):

Description:
Theseinstructionsareusedfor synchronizationandmemoryupdatesby concurrentpro-
cesses.Uses of compare-and-swap include spin-lock operations,updatesof shared
counters,andupdatesof linked-listpointers.Thelattertwo canusewait-free(nonlocking)
protocols.

The CASXA instructioncomparesthe value in register r[rs2] with the doubleword in
memorypointedto by thedoubleword addressin r[rs1]. If thevaluesareequal,thevalue
in r[rd] is swappedwith thedoublewordpointedto by thedoublewordaddressin r[rs1]. If
thevaluesarenot equal,thecontentsof thedoubleword pointedto by r[rs1] replacesthe
value inr[rd], but the memory location remains unchanged.

The CASA instructioncomparesthe low-order32 bits of register r[rs2] with a word in
memorypointedto by theword addressin r[rs1]. If thevaluesareequal,thelow-order32
bits of registerr[rd] areswappedwith thecontentsof thememoryword pointedto by the
addressin r[rs1] andthehigh-order32bitsof registerr[rd] aresetto zero.If thevaluesare
not equal,thememorylocationremainsunchanged,but thezero-extendedcontentsof the
memorywordpointedto by r[rs1] replacethelow-order32bitsof r[rd] andthehigh-order
32 bits of registerr[rd] are set to zero.

A compare-and-swap instructioncomprisesthreeoperations:a load, a compare,and a
swap.Theoverall instructionis atomic;that is, no interveninginterruptsor deferredtraps
arerecognizedby theprocessor, andno interveningupdateresultingfrom a compare-and-
swap,swap,load,load-storeunsignedbyte,or storeinstructionto thedoublewordcontain-
ing the addressed location, or any portion of it, is performed by the memory system.

A compare-and-swap operationdoesnot imply any memory barrier semantics.When
compare-and-swapis usedfor synchronization,thesameconsiderationshouldbegivento
memory barriers as if a load, store, or swap instruction were used.

Opcode op3 Operation

CASAPASI 111100 Compare and Swap Word from Alternate space

CASXAPASI 111110 Compare and Swap Extended from Alternate space

Suggested Assembly Language Syntax

casa [regrs1] imm_asi, regrs2, regrd

casa [regrs1] %asi , regrs2, regrd

casxa [regrs1] imm_asi, regrs2, regrd

casxa [regrs1] %asi , regrs2, regrd

31 141924 18 13 12 5 4 02530 29

11 rd op3 rs1 i=0 imm_asi rs2

11 rd op3 rs1 i=1 — rs2
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A compare-and-swap operationbehaves as if it performsa store,either of a new value
from r[rd] or of thepreviousvaluein memory. Theaddressedlocationmustbewritable,
even if the values in memory andr[rs2] are not equal.

If i = 0, theaddressspaceof thememorylocationis specifiedin the imm_asifield; if i = 1,
the address space is specified in the ASI register.

A mem_address_not_aligned exceptionis generatedif theaddressin r[rs1] is not properly
aligned.CASXA andCASA causea privileged_action exceptionif PSTATE.PRIV= 0 and
bit 7 of the ASI is zero.

The coherenceand atomicity of memoryoperationsbetweenprocessorsand I/O DMA
memory accesses are implementation-dependent (impl. dep #120).

Implementation Note:
An implementationmight causeanexceptiondueto anerrorduringthestorememoryaccess,even
though there was no error during the load memory access.

Programming Note:
CompareandSwap (CAS) andCompareandSwap Extended(CASX) syntheticinstructionsare
availablefor “big endian”memoryaccesses.CompareandSwapLittle (CASL) andCompareand
Swap ExtendedLittle (CASXL) syntheticinstructionsare available for “little endian” memory
accesses.See G.3, “Synthetic Instructions,” for these synthetic instructions’ syntax.

The compare-and-swap instructions do not affect the condition codes.

Exceptions:
privileged_action
mem_address_not_aligned
data_access_exception
data_access_MMU_miss
data_access_protection
data_access_error
async_data_error
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A.10   Divide (64-bit / 32-bit)

Format (3):

Description:

The divide instructionsperform 64-bit by 32-bit division, producinga 32-bit result. If
i = 0, they compute“(Y lower 32 bits of r[rs1]) ÷ lower 32 bits of r[rs2].” Otherwise
(i.e., if i = 1), the divide instructionscompute“(Y lower 32 bits of r[rs1]) ÷ lower 32
bitsof sign_ext(simm13).” In eithercase,if overflow doesnotoccur, thelesssignificant32
bits of the integer quotient are sign-or zero-extended to 64 bits and are written intor[rd].

Thecontentsof theY registerareundefinedafterany 64-bit by 32-bit integerdivide oper-
ation.

Unsigned Divide:

Unsigneddivide (UDIV, UDIVcc) assumesan unsignedinteger doubleword dividend
(Y lower 32 bits of r[rs1]) andanunsignedintegerword divisor (lower 32 bits of r[rs2]
or lower 32 bits of sign_ext(simm13)) andcomputesan unsignedinteger word quotient
(r[rd]). Immediatevaluesin simm13are in the ranges0..212–1 and 232–212..232–1 for
unsigned divide instructions.

Unsigned division rounds an inexact rational quotient toward zero .

Opcode op3 Operation

UDIVD 001110 Unsigned Integer Divide

SDIVD 001111 Signed Integer Divide

UDIVccD 011110 Unsigned Integer Divide and modify cc’s

SDIVccD 011111 Signed Integer Divide and modify cc’s

Suggested Assembly Language Syntax

udiv regrs1, reg_or_imm, regrd

sdiv regrs1, reg_or_imm, regrd

udivcc regrs1, reg_or_imm, regrd

sdivcc regrs1, reg_or_imm, regrd

TheUDIV, UDIVcc, SDIV, andSDIVcc instructionsaredeprecated;they arepro-
videdonly for compatibilitywith previousversionsof thearchitecture.They should
not be usedin new SPARC-V9 software.It is recommendedthat the UDIVX and
SDIVX instructions be used in their place.

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1



A.10 Divide (64-bit / 32-bit) 155

Programming Note:
The rational quotient is the infinitely preciseresultquotient.It includesboth the integerpartand
thefractionalpartof theresult.For example,therationalquotientof 11/4 = 2.75(Integerpart = 2,
fractional part= .75).

Theresultof anunsigneddivide instructioncanoverflow thelow-order32 bits of thedes-
tinationregisterr[rd] undercertainconditions.Whenoverflow occursthelargestappropri-
ate unsignedinteger is returnedas the quotient in r[rd]. The condition under which
overflow occursandthevaluereturnedin r[rd] underthis conditionis specifiedin thefol-
lowing table.

Whennooverflow occurs,the32-bit resultis zero-extendedto 64bitsandwritten into reg-
isterr[rd].

UDIV doesnot affect the conditioncodebits. UDIVcc writes the integer conditioncode
bits asshown in thefollowing table.Notethatnegative (N) andzero(Z) aresetaccording
to the value ofr[rd] after it has been set to reflect overflow, if any.

Signed Divide:

Signeddivide (SDIV, SDIVcc)assumesasignedintegerdoubleworddividend(Y lower
32bitsof r[rs1]) andasignedintegerworddivisor (lower32bitsof r[rs2] or lower32bits
of sign_ext(simm13)) and computes a signed integer word quotient (r[rd]).

Signeddivision roundsan inexact quotienttoward zero. For example,–7 ÷ 4 equalsthe
rational quotient of –1.75, which rounds to –1 (not –2) when rounding toward zero.

Theresultof a signeddivide canoverflow thelow-order32 bits of thedestinationregister
r[rd] undercertainconditions.Whenoverflow occursthe largestappropriatesignedinte-
ger is returnedasthe quotientin r[rd]. The conditionsunderwhich overflow occursand
the value returned inr[rd] under those conditions are specified in the following table.

Table 23—UDIV / UDIVcc Overflow Detection and Value Returned

Condition under which overflow occurs Value returned in r[rd]

Rational quotient≥ 232 232−1
(00000000FFFFFFFF16)

Bit UDIVcc

icc.N Set if r[rd]<31> = 1

icc.Z Set if r[rd]<31:0> = 0

icc.V Set if overflow (per table23)

icc.C Zero

xcc.N Set if r[rd]<63> = 1

xcc.Z Set if r[rd]<63:0>= 0

xcc.V Zero

xcc.C Zero



156 A Instruction Definitions

Whennooverflow occurs,the32-bit resultis sign-extendedto 64bitsandwritten into reg-
isterr[rd].

SDIV doesnot affect the conditioncodebits. SDIVcc writes the integer conditioncode
bits asshown in thefollowing table.Notethatnegative (N) andzero(Z) aresetaccording
to the value ofr[rd] after it has been set to reflect overflow, if any.

Exceptions:
division_by_zero

Table 24—SDIV / SDIVcc Overflow Detection and Value Returned

Condition under which overflow occurs Value returned in r[rd]

Rational quotient≥ 231 231−1
(000000007FFFFFFF16)

Rational quotient≤ -231−1
−231

(FFFFFFFF8000000016)

Bit SDIVcc

icc.N Set if r[rd]<31> = 1

icc.Z Set if r[rd]<31:0> = 0

icc.V Set if overflow (per table24)

icc.C Zero

xcc.N Set if r[rd]<63]> = 1

xcc.Z Set if r[rd]<63:0>= 0

xcc.V Zero

xcc.C Zero



A.11 DONE and RETRY 157

A.11   DONE and RETRY

Format (3):

Description:

The DONE andRETRY instructionsrestorethe saved statefrom TSTATE (CWP, ASI,
CCR, and PSTATE), set PC and nPC, and decrement TL.

The RETRY instruction resumesexecution with the trapped instruction by setting
PC←TPC[TL] (thesavedvalueof PCon trap)andnPC←TNPC[TL] (thesavedvalueof
nPC on trap).

The DONE instruction skips the trappedinstruction by setting PC←TNPC[TL] and
nPC←TNPC[TL]+4.

Executionof aDONEor RETRY instructionin thedelayslotof acontrol-transferinstruc-
tion produces undefined results.

Programming Note:
The DONE and RETRY instructions should be used to return from privileged trap handlers.

Exceptions:
privileged_opcode
illegal_instruction (if TL = 0 or fcn= 2..31)

Opcode op3 fcn Operation

DONEP 111110 0 Return from Trap (skip trapped instruction)

RETRYP 111110 1 Return from Trap (retry trapped instruction)

— 111110 2..31 Reserved

Suggested Assembly Language Syntax

done

retry

10 op3fcn —

31 1924 18 02530 29
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A.12   Floating-P oint Ad d and Subtract

Format (3):

Description:

The floating-pointaddinstructionsaddthe floating-pointregister(s)specifiedby the rs1
field andthefloating-pointregister(s)specifiedby thers2field, andwrite thesuminto the
floating-point register(s) specified by therd field.

Thefloating-pointsubtractinstructionssubtractthefloating-pointregister(s)specifiedby
thers2field from thefloating-pointregister(s)specifiedby thers1field, andwrite thedif-
ference into the floating-point register(s) specified by therd field.

Rounding is performed as specified by the FSR.RD field.

Exceptions:
fp_disabled
fp_exception_ieee_754 (OF, UF, NX, NV)
fp_exception_other (invalid_fp_register (only FADDQ and FSUBQ))

Opcode op3 opf Operation

FADDs 110100 0 01000001 Add Single

FADDd 110100 0 01000010 Add Double

FADDq 110100 0 01000011 Add Quad

FSUBs 110100 0 01000101 Subtract Single

FSUBd 110100 0 01000110 Subtract Double

FSUBq 110100 0 01000111 Subtract Quad

Suggested Assembly Language Syntax

fadds fregrs1, fregrs2, fregrd

faddd fregrs1, fregrs2, fregrd

faddq fregrs1, fregrs2, fregrd

fsubs fregrs1, fregrs2, fregrd

fsubd fregrs1, fregrs2, fregrd

fsubq fregrs1, fregrs2, fregrd

10 op3 rs2rd rs1

31 141924 18 13 02530 29 4

opf

5
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A.13   Floating-P oint Compare

Format (3):

Description:

Theseinstructionscomparethefloating-pointregister(s)specifiedby thers1field with the
floating-pointregister(s)specifiedby the rs2field, andsettheselectedfloating-pointcon-
dition code (fcc n) according to the following table:

The“?” in theabove tableindicatesthatthecomparisonis unordered.Theunorderedcon-
dition occurswhenoneor bothof theoperandsto thecompareis asignalingor quietNaN.

Opcode op3 opf Operation

FCMPs 110101 0 01010001 Compare Single

FCMPd 110101 0 01010010 Compare Double

FCMPq 110101 0 01010011 Compare Quad

FCMPEs 110101 0 01010101 Compare Single and Exception if Unordered

FCMPEd 110101 0 01010110 Compare Double and Exception if Unordered

FCMPEq 110101 0 01010111 Compare Quad and Exception if Unordered

Suggested Assembly Language Syntax

fcmps %fcc n, fregrs1, fregrs2

fcmpd %fcc n, fregrs1, fregrs2

fcmpq %fcc n, fregrs1, fregrs2

fcmpes %fcc n, fregrs1, fregrs2

fcmped %fcc n, fregrs1, fregrs2

fcmpeq %fcc n, fregrs1, fregrs2

cc1  cc0 Condition
code

00 fcc0

01 fcc1

10 fcc2

11 fcc3

fcc value Relation

0 fregrs1 = fregrs2

1 fregrs1 < fregrs2

2 fregrs1 > fregrs2

3 fregrs1? fregrs2 (unordered)

10 op3 rs2000 rs1

31 141924 18 13 02530 29 4

opf

52627

cc1 cc0



160 A Instruction Definitions

The “compareand causeexception if unordered”(FCMPEs,FCMPEd,and FCMPEq)
instructions cause an invalid (NV) exception if either operand is a NaN.

FCMP causes an invalid (NV) exception if either operand is a signaling NaN.

Compatibility Note:
Unlike SPARC-V8, SPARC-V9 doesnot requirean instructionbetweena floating-pointcompare
operation and a floating-point branch (FBfcc, FBPfcc).

Compatibility Note:
SPARC-V8 floating-pointcompareinstructionsare requiredto have a zero in the r[rd] field. In
SPARC-V9, bits26and25of ther[rd] field areusedto specifythefloating-pointconditioncodeto
be set.Legal SPARC-V8 codewill work on SPARC-V9 becausethe zeroesin the r[rd] field are
interpreted asfcc0, and the FBfcc instruction branches based onfcc0.

Exceptions:
fp_disabled
fp_exception_ieee_754 (NV)
fp_exception_other (invalid_fp_register (FCMPq, FCMPEq only))
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A.14   Conver t Floating-P oint to Integ er

Format (3):

Description:

FsTOx, FdTOx, andFqTOx convert thefloating-pointoperandin thefloating-pointregis-
ter(s) specified byrs2 to a 64-bit integer in the floating-point register(s) specified byrd.

FsTOi, FdTOi, andFqTOi convert the floating-pointoperandin the floating-pointregis-
ter(s) specified byrs2 to a 32-bit integer in the floating-point register specified byrd.

Theresultis alwaysroundedtowardzero;that is, theroundingdirection(RD) field of the
FSR register is ignored.

If thefloating-pointoperand’s valueis too largeto beconvertedto anintegerof thespeci-
fied size,or is a NaN or infinity, aninvalid (NV) exceptionoccurs.Thevaluewritten into
thefloating-pointregister(s)specifiedby rd in thesecasesis definedin B.5, “IntegerOver-
flow Definition.”

Exceptions:
fp_disabled
fp_exception_ieee_754 (NV, NX)
fp_exception_other (invalid_fp_register (FqTOi, FqTOx only))

Opcode op3 opf Operation

FsTOx 110100 0 10000001 Convert Single to 64-bit Integer

FdTOx 110100 0 10000010 Convert Double to 64-bit Integer

FqTOx 110100 0 10000011 Convert Quad to 64-bit Integer

FsTOi 110100 0 11010001 Convert Single to 32-bit Integer

FdTOi 110100 0 11010010 Convert Double to 32-bit Integer

FqTOi 110100 0 11010011 Convert Quad to 32-bit Integer

Suggested Assembly Language Syntax

fstox fregrs2, fregrd

fdtox fregrs2, fregrd

fqtox fregrs2, fregrd

fstoi fregrs2, fregrd

fdtoi fregrs2, fregrd

fqtoi fregrs2, fregrd

10 op3 rs2rd —

31 141924 18 13 02530 29 4

opf

5
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A.15   Conver t Between Floating-P oint Formats

Format (3):

Description:

Theseinstructionsconvert thefloating-pointoperandin thefloating-pointregister(s)spec-
ified by rs2 to a floating-pointnumberin thedestinationformat.They write theresultinto
the floating-point register(s) specified byrd.

Rounding is performed as specified by the FSR.RD field.

FqTOd, FqTOs,andFdTOs (the “narrowing” conversioninstructions)canraiseOF, UF,
andNX exceptions.FdTOq,FsTOq,andFsTOd (the“widening” conversioninstructions)
cannot.

Any of thesesix instructionscantriggeranNV exceptionif thesourceoperandis asignal-
ing NaN.

B.2.1, “UntrappedResultin DifferentFormatfrom Operands,” definesthe rulesfor con-
verting NaNs from one floating-point format to another.

Exceptions:
fp_disabled
fp_exception_ieee_754 (OF, UF, NV, NX)
fp_exception_other (invalid_fp_register) (FsTOq, FdTOq, FqTOs, FqTOd)

Opcode op3 opf Operation

FsTOd 110100 0 11001001 Convert Single to Double

FsTOq 110100 0 11001101 Convert Single to Quad

FdTOs 110100 0 11000110 Convert Double to Single

FdTOq 110100 0 11001110 Convert Double to Quad

FqTOs 110100 0 11000111 Convert Quad to Single

FqTOd 110100 0 11001011 Convert Quad to Double

Suggested Assembly Language Syntax

fstod fregrs2, fregrd

fstoq fregrs2, fregrd

fdtos fregrs2, fregrd

fdtoq fregrs2, fregrd

fqtos fregrs2, fregrd

fqtod fregrs2, fregrd

10 op3 rs2rd —

31 141924 18 13 02530 29 4

opf

5
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A.16   Conver t Integ er to Floating-P oint

Format (3):

Description:

FxTOs,FxTOd,andFxTOqconvert the64-bit signedintegeroperandin thefloating-point
register(s)specifiedby rs2 into a floating-pointnumberin the destinationformat. The
sourceregister, floating-pointregister(s)specifiedby rs2, mustbeaneven-numbered(that
is, double-precision) floating-point register.

FiTOs,FiTOd,andFiTOq convert the32-bit signedintegeroperandin floating-pointreg-
ister(s)specifiedby rs2 into a floating-pointnumberin the destinationformat.All write
their result into the floating-point register(s) specified byrd.

FiTOs, FxTOs, and FxTOd round as specified by the FSR.RD field.

Exceptions:
fp_disabled
fp_exception_ieee_754 (NX (FiTOs, FxTOs, FxTOd only))
fp_exception_other (invalid_fp_register (FiTOq, FxTOq only))

Opcode op3 opf Operation

FxTOs 110100 0 10000100 Convert 64-bit Integer to Single

FxTOd 110100 0 10001000 Convert 64-bit Integer to Double

FxTOq 110100 0 10001100 Convert 64-bit Integer to Quad

FiTOs 110100 0 11000100 Convert 32-bit Integer to Single

FiTOd 110100 0 11001000 Convert 32-bit Integer to Double

FiTOq 110100 0 11001100 Convert 32-bit Integer to Quad

Suggested Assembly Language Syntax

fxtos fregrs2, fregrd

fxtod fregrs2, fregrd

fxtoq fregrs2, fregrd

fitos fregrs2, fregrd

fitod fregrs2, fregrd

fitoq fregrs2, fregrd

10 op3 rs2rd —

31 141924 18 13 02530 29 4

opf

5
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A.17   Floating-P oint Mo ve

Format (3):

Description:

Thesingle-precisionversionsof theseinstructionscopy thecontentsof a single-precision
floating-pointregisterto thedestination.Thedouble-precisionformscopy thecontentsof
a double-precisionfloating-pointregister to the destination.The quad-precisionversions
copy a quad-precision value in floating-point registers to the destination.

FMOV copies the source to the destination unaltered.

FNEG copies the source to the destination with the sign bit complemented.

FABS copies the source to the destination with the sign bit cleared.

These instructions do not round.

Exceptions:
fp_disabled
fp_exception_other (invalid_fp_register(FMOVq, FNEGq, FABSq only))

Opcode op3 opf Operation

FMOVs 110100 0 00000001 Move Single

FMOVd 110100 0 00000010 Move Double

FMOVq 110100 0 00000011 Move Quad

FNEGs 110100 0 00000101 Negate Single

FNEGd 110100 0 00000110 Negate Double

FNEGq 110100 0 00000111 Negate Quad

FABSs 110100 0 00001001 Absolute Value Single

FABSd 110100 0 00001010 Absolute Value Double

FABSq 110100 0 00001011 Absolute Value Quad

Suggested Assembly Language Syntax

fmovs fregrs2, fregrd

fmovd fregrs2, fregrd

fmovq fregrs2, fregrd

fnegs fregrs2, fregrd

fnegd fregrs2, fregrd

fnegq fregrs2, fregrd

fabss fregrs2, fregrd

fabsd fregrs2, fregrd

fabsq fregrs2, fregrd

10 op3 rs2rd —

31 141924 18 13 02530 29 4

opf

5
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A.18   Floating-P oint Multipl y and Divide

Format (3):

Description:

The floating-pointmultiply instructionsmultiply the contentsof the floating-pointregis-
ter(s)specifiedby thers1field by thecontentsof thefloating-pointregister(s)specifiedby
the rs2 field, andwrite the productinto the floating-pointregister(s)specifiedby the rd
field.

TheFsMULd instructionprovidestheexactdouble-precisionproductof two single-preci-
sion operands,without underflow, overflow, or roundingerror. Similarly, FdMULq pro-
vides the exact quad-precision product of two double-precision operands.

The floating-pointdivide instructionsdivide the contentsof the floating-pointregister(s)
specifiedby the rs1 field by the contentsof the floating-pointregister(s)specifiedby the
rs2 field, and write the quotient into the floating-point register(s) specified by therd field.

Rounding is performed as specified by the FSR.RD field.

Exceptions:
fp_disabled
fp_exception_ieee_754 (OF, UF, DZ (FDIV only), NV, NX)
fp_exception_other (invalid_fp_register (FMULq, FdMULq, and FDIVq only))

Opcode op3 opf Operation

FMULs 110100 0 01001001 Multiply Single

FMULd 110100 0 01001010 Multiply Double

FMULq 110100 0 01001011 Multiply Quad

FsMULd 110100 0 01101001 Multiply Single to Double

FdMULq 110100 0 01101110 Multiply Double to Quad

FDIVs 110100 0 01001101 Divide Single

FDIVd 110100 0 01001110 Divide Double

FDIVq 110100 0 01001111 Divide Quad

Suggested Assembly Language Syntax

fmuls fregrs1, fregrs2, fregrd

fmuld fregrs1, fregrs2, fregrd

fmulq fregrs1, fregrs2, fregrd

fsmuld fregrs1, fregrs2, fregrd

fdmulq fregrs1, fregrs2, fregrd

fdivs fregrs1, fregrs2, fregrd

fdivd fregrs1, fregrs2, fregrd

fdivq fregrs1, fregrs2, fregrd

10 op3 rs2rd rs1

31 141924 18 13 02530 29 4

opf
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A.19   Floating-P oint Square Root

Format (3):

Description:

Theseinstructionsgeneratethe squareroot of the floating-pointoperandin the floating-
point register(s)specifiedby the rs2field, andplacetheresultin thedestinationfloating-
point register(s) specified by therd field.

Rounding is performed as specified by the FSR.RD field.

Implementation Note:
SeeImplementationCharacteristicsof Current SPARC-V9-basedProducts,Revision 9.x, a docu-
mentavailablefrom SPARC International,for informationon whethertheFSQRT instructionsare
implemented in hardware or software in the various SPARC-V9 implementations.

Exceptions:
fp_disabled
fp_exception_ieee_754 (IEEE_754_exception (NV, NX))
fp_exception_other (invalid_fp_register (FSQRTq))

Opcode op3 opf Operation

FSQRTs 110100 0 00101001 Square Root Single

FSQRTd 110100 0 00101010 Square Root Double

FSQRTq 110100 0 00101011 Square Root Quad

Suggested Assembly Language Syntax

fsqrts fregrs2, fregrd

fsqrtd fregrs2, fregrd

fsqrtq fregrs2, fregrd

10 op3 rs2rd —

31 141924 18 13 02530 29 4

opf
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A.20   Flush Instruction Memor y

Format (3):

Description:

FLUSH ensuresthatthedoubleword specifiedastheeffective addressis consistentacross
any localcachesand,in amultiprocessorsystem,will eventuallybecomeconsistentevery-
where.

In the following discussionPFLUSH refers to the processorthat executedthe FLUSH
instruction.FLUSHensuresthatinstructionfetchesfrom thespecifiedeffectiveaddressby
PFLUSH appearto executeafter any loads,stores,and atomic load-storesto that address
issuedby PFLUSH prior to the FLUSH. In a multiprocessorsystem,FLUSH alsoensures
that thesevalueswill eventuallybecomevisible to theinstructionfetchesof all otherpro-
cessors.FLUSH behavesas if it werea storewith respectto MEMBAR-inducedorder-
ings. See A.32, “Memory Barrier.”

FLUSH operates on at least the doubleword containing the addressed location.

The effective addressoperandfor the FLUSH instructionis “ r[rs1] + r[rs2]” if i = 0, or
“ r[rs1] + sign_ext(simm13)” if i = 1. Theleastsignificanttwo addressbits of theeffective
addressareunusedandshouldbe suppliedaszerosby software.Bit 2 of the addressis
ignored, because FLUSH operates on at least a doubleword.

Programming Notes:
(1) Typically, FLUSH is usedin self-modifyingcode.SeeH.1.6,“Self-Modifying Code,” for informa-

tion aboutuseof theFLUSHinstructionin portableself-modifyingcode.Theuseof self-modifying
code is discouraged.

(2) Theorderin whichmemoryis modifiedcanbecontrolledby usingFLUSHandMEMBAR instruc-
tions interspersedappropriatelybetweenstoresand atomic load-stores.FLUSH is neededonly
betweena storeanda subsequentinstructionfetchfrom themodifiedlocation.Whenmultiple pro-
cessesmay concurrentlymodify live (that is, potentially executing)code,caremust be taken to
ensure that the order of update maintains the program in a semantically correct form at all times.

(3) The memorymodelguaranteesin a uniprocessorthat data loadsobserve the resultsof the most
recent store, even if there is no intervening FLUSH.

Opcode op3 Operation

FLUSH 111011 Flush Instruction Memory

Suggested Assembly Language Syntax

flush address

31 24 02530 29 19 18

—10 op3 —

14 13 12 5 4

rs1 rs2i=0

10 op3 rs1 simm13i=1—
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(4) FLUSH maybe time-consuming.Someimplementationsmay trap ratherthanimplementFLUSH
in hardware.In a multiprocessorconfiguration,FLUSH requiresall processorsthat may be refer-
encing the addressed doubleword to flush their instruction caches, a potentially disruptive activity.

(5) In a multiprocessorsystem,thetime it takesfor a FLUSH to take effect is implementation-depen-
dent (impl. dep. #122). No mechanism is provided to ensure or test completion.

(6) BecauseFLUSH is designedto act on a doubleword, and because,on someimplementations,
FLUSH maytrap to systemsoftware,it is recommendedthatsystemsoftwareprovide a user-call-
ableserviceroutine for flushingarbitrarily sizedregionsof memory. On someimplementations,
this routinewould issuea seriesof FLUSH instructions;on others,it might issuea singletrap to
system software that would then flush the entire region.

Implementation Notes:

(1) IMPL. DEP. #42: If FLUSH is not implemented in hardware, it causes an illegal_instruction
exception and the function of FLUSH is performed by system software. Whether FLUSH
traps is implementation-dependent.

(2) The effect of a FLUSH instructionasobserved from PFLUSH is immediate.Otherprocessorsin a
multiprocessorsystemeventuallywill seetheeffect of theFLUSH, but the latency is implementa-
tion-dependent (impl. dep. #122).

Exceptions:
(none)
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A.21   Flush Register Windo ws

Format (3):

Description:

FLUSHW causesall active registerwindows exceptthe currentwindow to be flushedto
memoryat locationsdeterminedby privilegedsoftware.FLUSHW behavesasa NOP if
thereare no active windows other than the currentwindow. At the completionof the
FLUSHW instruction, the only active register window is the current one.

Programming Note:
TheFLUSHWinstructioncanbeusedby applicationsoftwareto switchmemorystacksor examine
register contents for previous stack frames.

FLUSHWactsasaNOPif CANSAVE = NWINDOWS – 2. Otherwise,thereis morethan
one active window, so FLUSHW causesa spill exception.The trap vector for the spill
exceptionis basedon thecontentsof OTHERWIN andWSTATE. Thespill traphandleris
invoked with the CWP setto the window to be spilled (that is, (CWP+ CANSAVE + 2)
mod NWINDOWS). See 6.3.6, “Register Window Management Instructions.”

Programming Note:
Typically, the spill handlerwill save a window on a memorystackand return to reexecutethe
FLUSHW instruction.Thus,FLUSHW will trapandreexecuteuntil all active windows otherthan
the current window have been spilled.

Exceptions:
spill_n_normal
spill_n_other

Opcode op3 Operation

FLUSHW 101011 Flush Register Windows

Suggested Assembly Language Syntax

flushw

31 24 02530 29 19 18

—10 op3 —

14 13 12

— i=0
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A.22   Illegal Instruction T rap

Format (2):

Description:

The ILLTRAP instruction causesan illegal_instruction exception. The const22value is
ignoredby thehardware;specifically, this field is not reservedby thearchitecturefor any
future use.

Compatibility Note:
Except for its name, this instruction is identical to the SPARC-V8 UNIMP instruction.

Exceptions:
illegal_instruction

Opcode op op2 Operation

ILLTRAP 00 000 illegal_instruction trap

Suggested Assembly Language Syntax

illtrap const22

00 000 const22—

31 2124 02530 29 22
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A.23   Implementation-Dependent Instructions

Format (3):

Description:

IMPL. DEP. #106: The IMPDEP1 and IMPDEP2 instructions are completely implementation-
dependent. Implementation-dependent aspects include their operation, the interpretation of bits
29..25 and 18..0 in their encodings, and which (if any) exceptions they may cause.

SeeI.1.2, “Implementation-Dependentand Reserved Opcodes,” for information about
extendingtheSPARC-V9 instructionsetusingtheimplementation-dependentinstructions.

Compatibility Note:
These instructions replace the CPopn instructions in SPARC-V8.

Exceptions:
illegal_instruction (if the implementation does not define the instructions)
implementation-dependent (if the implementation defines the instructions)

Opcode op3 Operation

IMPDEP1 110110 Implementation-Dependent Instruction 1

IMPDEP2 110111 Implementation-Dependent Instruction 2

10 op3 impl-depimpl-dep

31 1824 02530 29 19
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A.24   Jump and Link

Format (3):

Description:

The JMPL instructioncausesa register-indirect delayedcontrol transferto the address
given by “r[rs1] + r[rs2]” if i field = 0, or “r[rs1] + sign_ext(simm13)” if i = 1.

TheJMPL instructioncopiesthePC,which containstheaddressof theJMPL instruction,
into registerr[rd]. Thehigh-order32-bitsof thePCvaluestoredin r[rd] areimplementa-
tion-dependentwhenPSTATE.AM = 1 (impl. dep.#125).The valuewritten into r[rd] is
visible to the instruction in the delay slot.

If either of the low-order two bits of the jump addressis nonzero,a mem_address_not_
aligned exception occurs.

Programming Note:
A JMPL instructionwith rd = 15 functionsasa register-indirectcall usingthestandardlink regis-
ter.

JMPL with rd = 0 can be used to return from a subroutine.The typical return addressis
“ r[31] + 8,” if anonleafroutine(onethatusestheSAVE instruction)is enteredby aCALL instruc-
tion, or “ r[15] + 8” if a leaf routine(onethat doesnot usethe SAVE instruction)is enteredby a
CALL instruction or by a JMPL instruction withrd = 15.

Exceptions:
mem_address_not_aligned

Opcode op3 Operation

JMPL 111000 Jump and Link

Suggested Assembly Language Syntax

jmpl address, reg rd

31 24 02530 29 19 18

rd10 op3

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1

—



A.25 Load Floating-Point 173

A.25   Load Floating-P oint

† Encoded floating-point register value, as described in 5.1.4.1

Format (3):

Description:

The load single floating-point instruction (LDF) copies a word from memory intof[rd].

The load doubleword floating-point instruction(LDDF) copiesa word-aligneddouble-
word from memory into a double-precision floating-point register.

The load quadfloating-pointinstruction(LDQF) copiesa word-alignedquadword from
memory into a quad-precision floating-point register.

Opcode op3 rd Operation

LDF 10000
0

0..31 Load Floating-Point Register

LDDF 10001
1

† Load Double Floating-Point Register

LDQF 10001
0

† Load Quad Floating-Point Register

LDFSRD 10000
1

0 Load Floating-Point State Register Lower

LDXFSR 10000
1

1 Load Floating-Point State Register

— 10000
1

2..31 Reserved

Suggested Assembly Language Syntax

ld [address], fregrd

ldd [address], fregrd

ldq [address], fregrd

ld [address], %fsr

ldx [address], %fsr

The LDFSR instruction is deprecated;it is provided only for compatibility with
previousversionsof thearchitecture.It shouldnot beusedin new SPARC-V9 soft-
ware. It is recommended that the LDXFSR instruction be used in its place.

31 24 02530 29 19 18 14 13 12 5 4

rd11 op3 rs1 simm13i=1

rd11 op3 rs1 i=0 — rs2
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Theloadfloating-pointstateregisterlower instruction(LDFSR)waitsfor all FPopinstruc-
tions that have not finishedexecutionto complete,andthenloadsa word from memory
into the lower 32 bits of the FSR.  The upper 32 bits of FSR are unaffected by LDFSR.

Theloadfloating-pointstateregisterinstruction(LDXFSR)waitsfor all FPopinstructions
thathave not finishedexecutionto complete,andthenloadsa doubleword from memory
into the FSR.

Compatibility Note:
SPARC-V9 supportstwo differentinstructionsto loadtheFSR;theSPARC-V8 LDFSRinstruction
is definedto load only the lower 32 bits into the FSR,whereasLDXFSR allows SPARC-V9 pro-
grams to load all 64 bits of the FSR.

Loadfloating-pointinstructionsaccesstheprimaryaddressspace(ASI = 8016). Theeffec-
tive address for these instructions is “ r[rs1] + r[rs2]” if i = 0, or “ r[rs1] + sign_
ext(simm13)” if i = 1.

LDF, LDFSR,LDDF, andLDQF causea mem_address_not_aligned exceptionif theeffec-
tive memoryaddressis not word-aligned;LDXFSR causesa mem_address_not_aligned
exceptionif theaddressis notdoubleword-aligned.If thefloating-pointunit is notenabled
(perFPRS.FEFandPSTATE.PEF),or if no FPUis present,a loadfloating-pointinstruc-
tion causes anfp_disabled exception.

IMPL. DEP. #109(1): LDDF requires only word alignment. However, if the effective address is
word-aligned but not doubleword-aligned, LDDF may cause an LDDF_mem_address_not_aligned
exception. In this case the trap handler software shall emulate the LDDF instruction and return.

IMPL. DEP. #111(1): LDQF requires only word alignment. However, if the effective address is
word-aligned but not quadword-aligned, LDQF may cause an LDQF_mem_address_not_aligned
exception. In this case the trap handler software shall emulate the LDQF instruction and return.

Programming Note:
In SPARC-V8, somecompilersissuedsequencesof single-precisionloadswhen they could not
determinethatdouble-or quadwordoperandswereproperlyaligned.For SPARC-V9, sinceemula-
tion of misalignedloadsis expectedto befast,it is recommendedthatcompilersissuesetsof sin-
gle-precisionloads only when they can determinethat double- or quadword operandsare not
properly aligned.

Implementation Note:
IMPL. DEP. #44: If a load floating-point instruction traps with any type of access error, the
contents of the destination floating-point register(s) remain unchanged or are undefined.

Exceptions:
async_data_error
illegal_instruction (op3=2116 andrd = 2..31)
fp_disabled
LDDF_mem_address_not_aligned (LDDF only) (impl. dep. #109)
LDQF_mem_address_not_aligned (LDQF only) (impl. dep. #111)
fp_exception_other (invalid_fp_register (LDQF only))
mem_address_not_aligned
data_access_MMU_miss
data_access_exception
data_access_error
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data_access_protection
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A.26   Load Floating-P oint fr om Alternate Space

† Encoded floating-point register value, as described in 5.1.4.1

Format (3):

Description:

Theloadsinglefloating-pointfrom alternatespaceinstruction(LDFA) copiesaword from
memory intof[rd].

The load doubleword floating-pointfrom alternatespaceinstruction(LDDFA) copiesa
word-aligned doubleword from memory into a double-precision floating-point register.

The load quadfloating-pointfrom alternatespaceinstruction(LDQFA) copiesa word-
aligned quadword from memory into a quad-precision floating-point register.

Load floating-pointfrom alternatespaceinstructionscontainthe addressspaceidentifier
(ASI) to beusedfor theloadin theimm_asifield if i = 0, or in theASI registerif i = 1. The
accessis privileged if bit seven of the ASI is zero; otherwise,it is not privileged.The
effective addressfor theseinstructionsis “ r[rs1] + r[rs2]” if i = 0, or “ r[rs1] + sign_
ext(simm13)” if i = 1.

LDFA, LDDFA, andLDQFA causea mem_address_not_aligned exceptionif the effective
memory addressis not word-aligned; If the floating-point unit is not enabled(per
FPRS.FEFandPSTATE.PEF),or if no FPU is present,loadfloating-pointfrom alternate
spaceinstructionscausean fp_disabled exception.LDFA, LDDFA and LDQFA causea
privileged_action exception if PSTATE.PRIV= 0 and bit 7 of the ASI is zero.

Opcode op3 rd Operation

LDFAPASI 11000
0

0..31 Load Floating-Point Register from Alternate space

LDDFAPASI 11001
1

† Load Double Floating-Point Register from Alternate space

LDQFAPASI 11001
0

† Load QuadFloating-Point Register from Alternate space

Suggested Assembly Language Syntax

lda [regaddr] imm_asi, fregrd

lda [reg_plus_imm] %asi , fregrd

ldda [regaddr] imm_asi, fregrd

ldda [reg_plus_imm] %asi , fregrd

ldqa [regaddr] imm_asi, fregrd

ldqa [reg_plus_imm] %asi , fregrd

31 24 02530 29 19 18

rd11 op3 imm_asi

14 13 12 5 4

rs1 rs2i=0

rd11 op3 rs1 i=1 simm13
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IMPL. DEP. #109(2): LDDFA requires only word alignment. However, if the effective address is
word-aligned but not doubleword-aligned, LDDFA may cause an LDDF_mem_address_not_
aligned exception. In this case the trap handler software shall emulate the LDDF instruction and
return.

IMPL. DEP. #111(2): LDQFA requires only word alignment. however, if the effective address is
word-aligned but not quadword-aligned, LDQFA may cause an ldqf_mem_address_not_aligned
exception. In this case the trap handler software shall emulate the LDQF instruction and return.

Programming Note:
In SPARC-V8, somecompilersissuedsequencesof single-precisionloadswhen they could not
determinethatdouble-or quadwordoperandswereproperlyaligned.For SPARC-V9, sinceemula-
tion of mis-alignedloadsis expectedto befast,it is recommendedthatcompilersissuesetsof sin-
gle-precisionloads only when they can determinethat double- or quadword operandsare not
properly aligned.

Implementation Note:
If a loadfloating-pointinstructiontrapswith any typeof accesserror, thedestinationfloating-point
register(s) either remain unchanged or are undefined. (impl. dep. #44)

Exceptions:
async_data_error
fp_disabled
LDDF_mem_address_not_aligned (LDDFA only) (impl. dep. #109)
LDQF_mem_address_not_aligned (LDQFA only) (impl. dep. #111)
fp_exception_other (invalid_fp_register (LDQFA only))
mem_address_not_aligned
privileged_action
data_access_MMU_miss
data_access_exception
data_access_error
data_access_protection
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A.27   Load Integ er

Format (3):

Description:

Theloadintegerinstructionscopy abyte,ahalfword,aword,anextendedword,or adou-
bleword from memory. All exceptLDD copy thefetchedvalueinto r[rd]. A fetchedbyte,
halfword, or word is right-justified in the destinationregister r[rd]; it is either sign-
extendedor zero-filledon theleft, dependingon whethertheopcodespecifiesa signedor
unsigned operation, respectively.

Theloaddoubleword integerinstructions(LDD) copy adoubleword from memoryinto an
r-registerpair. Thewordat theeffectivememoryaddressis copiedinto theevenr register.
Thewordat theeffectivememoryaddress+ 4 is copiedinto thefollowing odd-numberedr

Opcode op3 Operation

LDSB 001001 Load Signed Byte

LDSH 001010 Load Signed Halfword

LDSW 001000 Load Signed Word

LDUB 000001 Load Unsigned Byte

LDUH 000010 Load Unsigned Halfword

LDUW 000000 Load Unsigned Word

LDX 001011 Load Extended Word

LDDD 000011 Load Doubleword

Suggested Assembly Language Syntax

ldsb [address], regrd

ldsh [address], regrd

ldsw [address], regrd

ldub [address], regrd

lduh [address], regrd

lduw [address], regrd (synonym: ld )

ldx [address], regrd

ldd [address], regrd

TheLDD instructionis deprecated;it is providedonly for compatibilitywith previ-
ousversionsof thearchitecture.It shouldnot beusedin new SPARC-V9 software.
It is recommended that the LDX instruction be used in its place.

31 24 02530 29 19 18 14 13 12 5 4

rd11 op3 rs1 simm13i=1

rd11 op3 rs1 i=0 — rs2
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register. The upper32 bits of both the even-numberedandodd-numberedr registersare
zero-filled.Note thata loaddoubleword with rd = 0 modifiesonly r[1]. The leastsignifi-
cantbit of the rd field in anLDD instructionis unusedandshouldbesetto zeroby soft-
ware. An attemptto executea load doubleword instruction that refers to a misaligned
(odd-numbered) destination register causes anillegal_instruction exception.

IMPL. DEP. #107(1): It is implementation-dependent whether LDD is implemented in hardware. If
not, an attempt to execute it will cause an unimplemented_ldd exception.

Load integer instructionsaccessthe primary addressspace(ASI = 8016). The effective
address is “r[rs1] + r[rs2]” if i = 0, or “r[rs1] + sign_ext(simm13)” if i = 1.

A successfulload (notably, load extendedand load doubleword) instruction operates
atomically.

LDUH andLDSH causea mem_address_not_aligned exceptionif the addressis not half-
word-aligned.LDUW andLDSW causea mem_address_not_aligned exceptionif theeffec-
tive addressis not word-aligned. LDX and LDD causea mem_address_not_aligned
exception if the address is not doubleword-aligned.

Programming Note:
LDD is provided for compatibility with SPARC-V8. It may execute slowly on SPARC-V9
machinesbecauseof datapathandregister-accessdifficulties.In somesystemsit maytrapto emu-
lation code. It is suggested that programmers and compilers avoid using these instructions.

If LDD is emulatedin software,anLDX instructionshouldbeusedfor thememoryaccessin order
to preserve atomicity.

Compatibility Note:
TheSPARC-V8 LD instructionhasbeenrenamedLDUW in SPARC-V9. TheLDSW instructionis
new in SPARC-V9.

Exceptions:
async_data_error
unimplemented_LDD (LDD only (impl. dep. #107))
illegal_instruction (LDD with oddrd)
mem_address_not_aligned (all except LDSB, LDUB)
data_access_exception
data_access_protection
data_access_MMU_miss
data_access_error
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A.28   Load Integ er fr om Alternate Space

Format (3):

Description:
The load integer from alternatespaceinstructionscopy a byte, a halfword, a word, an
extendedword, or a doubleword from memory. All exceptLDDA copy the fetchedvalue
into r[rd]. A fetchedbyte, halfword, or word is right-justified in the destinationregister

Opcode op3 Operation

LDSBAPASI 011001 Load Signed Byte from Alternate space

LDSHAPASI 011010 Load Signed Halfword from Alternate space

LDSWAPASI 011000 Load Signed Word from Alternate space

LDUBAPASI 010001 Load Unsigned Byte from Alternate space

LDUHAPASI 010010 Load Unsigned Halfword from Alternate space

LDUWAPASI 010000 Load Unsigned Word from Alternate space

LDXA PASI 011011 Load Extended Word from Alternate space

LDDAD, PASI 010011 Load Doubleword from Alternate space

Suggested Assembly Language Syntax

ldsba [regaddr] imm_asi, reg rd

ldsha [regaddr] imm_asi, reg rd

ldswa [regaddr] imm_asi, reg rd

lduba [regaddr] imm_asi, reg rd

lduha [regaddr] imm_asi, reg rd

lduwa [regaddr] imm_asi, reg rd  (synonym:lda )

ldxa [regaddr] imm_asi, reg rd

ldda [regaddr] imm_asi, reg rd

ldsba [reg_plus_imm] %asi , reg rd

ldsha [reg_plus_imm] %asi , reg rd

ldswa [reg_plus_imm] %asi , reg rd

lduba [reg_plus_imm] %asi , reg rd

lduha [reg_plus_imm] %asi , reg rd

lduwa [reg_plus_imm] %asi , reg rd  (synonym:lda )

ldxa [reg_plus_imm] %asi , reg rd

ldda [reg_plus_imm] %asi , reg rd

TheLDDA instructionis deprecated;it is providedonly for compatibilitywith pre-
vious versionsof the architecture.It shouldnot be usedin new SPARC-V9 soft-
ware. It is recommended that the LDXA instruction be used in its place.

31 24 02530 29 19 18

rd11 op3 imm_asi
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rs1 rs2i=0

rd11 op3 rs1 i=1 simm13
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r[rd]; it is eithersign-extendedor zero-filledon theleft, dependingonwhethertheopcode
specifies a signed or unsigned operation, respectively.

The load doubleword integer from alternatespaceinstruction(LDDA) copiesa double-
word from memoryinto an r-registerpair. The word at the effective memoryaddressis
copiedinto theevenr register. Thewordat theeffectivememoryaddress+ 4 is copiedinto
the following odd-numberedr register. Theupper32 bits of both theeven-numberedand
odd-numberedr registersarezero-filled.Notethata loaddoublewordwith rd = 0 modifies
only r[1]. The leastsignificantbit of the rd field in an LDDA instructionis unusedand
shouldbesetto zeroby software.An attemptto executea loaddoubleword instructionthat
refers to a misaligned(odd-numbered)destinationregister causesan illegal_instruction
exception.

IMPL. DEP. #107(2): It is implementation-dependent whether LDDA is implemented in hardware. If
not, an attempt to execute it will cause an unimplemented_ldd exception.

The load integer from alternatespaceinstructionscontain the addressspaceidentifier
(ASI) to beusedfor theloadin theimm_asifield if i = 0, or in theASI registerif i = 1. The
accessis privileged if bit seven of the ASI is zero; otherwise,it is not privileged.The
effective addressfor theseinstructionsis “ r[rs1] + r[rs2]” if i = 0, or “ r[rs1] + sign_
ext(simm13)” if i = 1.

A successfulload (notably, load extendedand load doubleword) instruction operates
atomically.

LDUHA, and LDSHA causea mem_address_not_aligned exceptionif the addressis not
halfword-aligned.LDUWA and LDSWA causea mem_address_not_aligned exception if
the effective addressis not word-aligned;LDXA andLDDA causea mem_address_not_
aligned exception if the address is not doubleword-aligned.

Theseinstructionscausea privileged_action exceptionif PSTATE.PRIV= 0 andbit 7 of the
ASI is zero.

Programming Note:
LDDA is provided for compatibility with SPARC-V8. It may execute slowly on SPARC-V9
machinesbecauseof datapathandregister-accessdifficulties.In somesystemsit maytrapto emu-
lation code. It is suggested that programmers and compilers avoid using this instruction.

If LDDA is emulatedin software,anLDXA instructionshouldbeusedfor thememoryaccessin
order to preserve atomicity.

Compatibility Note:
TheSPARC-V8 instructionLDA hasbeenrenamedLDUWA in SPARC-V9. TheLDSWA instruc-
tion is new in SPARC-V9.

Exceptions:
async_data_error
privileged_action
unimplemented_LDD (LDDA only (impl. dep. #107))
illegal_instruction (LDDA with oddrd)
mem_address_not_aligned (all except LDSBA and LDUBA)
data_access_exception
data_access_protection
data_access_MMU_miss
data_access_error
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A.29   Load-Store Unsigned Byte

Format (3):

Description:

The load-storeunsignedbyte instructioncopiesa byte from memoryinto r[rd], andthen
rewritestheaddressedbytein memoryto all ones.Thefetchedbyteis right-justifiedin the
destination registerr[rd] and zero-filled on the left.

Theoperationis performedatomically, that is, without allowing interveninginterruptsor
deferredtraps.In a multiprocessorsystem,two or moreprocessorsexecutingLDSTUB,
LDSTUBA, CASA, CASXA, SWAP, or SWAPA instructionsaddressingall or partsof the
samedoubleword simultaneouslyare guaranteedto executethem in an undefinedbut
serial order.

Theeffective addressfor theseinstructionsis “ r[rs1] + r[rs2]” if i = 0, or “ r[rs1] + sign_
ext(simm13)” if i = 1.

The coherenceand atomicity of memoryoperationsbetweenprocessorsand I/O DMA
memory accesses are implementation-dependent (impl. dep #120).

Exceptions:
async_data_error
data_access_exception
data_access_error
data_access_protection
data_access_MMU_miss

Opcode op3 Operation

LDSTUB 001101 Load-Store Unsigned Byte

Suggested Assembly Language Syntax

ldstub [address], regrd

31 24 02530 29 19 18 14 13 12 5 4

rd11 op3 rs1 simm13i=1

rd11 op3 rs1 i=0 — rs2
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A.30   Load-Store Unsigned Byte to Alternate Space

Format (3):

Description:

The load-storeunsignedbyte into alternatespaceinstructioncopiesa byte from memory
into r[rd], then rewrites the addressedbyte in memoryto all ones.The fetchedbyte is
right-justified in the destination registerr[rd] and zero-filled on the left.

Theoperationis performedatomically, that is, without allowing interveninginterruptsor
deferredtraps.In a multiprocessorsystem,two or moreprocessorsexecutingLDSTUB,
LDSTUBA, CASA, CASXA, SWAP, or SWAPA instructionsaddressingall or partsof the
samedoubleword simultaneouslyare guaranteedto executethem in an undefined,but
serial order.

LDSTUBA containstheaddressspaceidentifier(ASI) to beusedfor theloadin the imm_
asi field if i = 0, or in theASI registerif i = 1. Theaccessis privilegedif bit sevenof the
ASI is zero; otherwise,it is not privileged.The effective addressis “ r[rs1] + r[rs2]” if
i = 0, or “r[rs1] + sign_ext(simm13)” if i = 1.

LDSTUBA causesa privileged_action exceptionif PSTATE.PRIV= 0 andbit 7 of theASI
is zero.

The coherenceand atomicity of memoryoperationsbetweenprocessorsand I/O DMA
memory accesses are implementation-dependent (impl. dep #120).

Exceptions:
async_data_error
privileged_action
data_access_exception
data_access_error
data_access_protection
data_access_MMU_miss

Opcode op3 Operation

LDSTUBAPASI 011101 Load-Store Unsigned Byte into Alternate space

Suggested Assembly Language Syntax

ldstuba [regaddr] imm_asi, regrd

ldstuba [reg_plus_imm] %asi , regrd

31 24 02530 29 19 18

rd11 op3 imm_asi

14 13 12 5 4

rs1 rs2i=0

rd11 op3 rs1 i=1 simm13
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A.31   Logical Operations

Format (3):

Description:

Theseinstructionsimplementbitwiselogical operations.They compute“ r[rs1] op r[rs2]”
if i = 0, or “r[rs1] op sign_ext(simm13)” if i = 1, and write the result intor[rd].

ANDcc, ANDNcc, ORcc,ORNcc,XORcc, and XNORcc modify the integer condition
codes(icc andxcc). They set icc.v, icc.c, xcc.v, andxcc.c to zero, icc.n to bit 31 of the
result,xcc.nto bit 63of theresult,icc.zto 1 if bits31:0of theresultarezero(otherwiseto
0), andxcc.z to 1 if all 64 bits of the result are zero (otherwise to 0).

Opcode op3 Operation

AND 000001 And

ANDcc 010001 And and modify cc’s

ANDN 000101 And Not

ANDNcc 010101 And Not and modify cc’s

OR 000010 Inclusive Or

ORcc 010010 Inclusive Or and modify cc’s

ORN 000110 Inclusive Or Not

ORNcc 010110 Inclusive Or Not and modify cc’s

XOR 000011 Exclusive Or

XORcc 010011 Exclusive Or and modify cc’s

XNOR 000111 Exclusive Nor

XNORcc 010111 Exclusive Nor and modify cc’s

Suggested Assembly Language Syntax

and regrs1, reg_or_imm, regrd

andcc regrs1, reg_or_imm, regrd

andn regrs1, reg_or_imm, regrd

andncc regrs1, reg_or_imm, regrd

or regrs1, reg_or_imm, regrd

orcc regrs1, reg_or_imm, regrd

orn regrs1, reg_or_imm, regrd

orncc regrs1, reg_or_imm, regrd

xor regrs1, reg_or_imm, regrd

xorcc regrs1, reg_or_imm, regrd

xnor regrs1, reg_or_imm, regrd

xnorcc regrs1, reg_or_imm, regrd

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1
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ANDN, ANDNcc, ORN,andORNcclogically negatetheir secondoperandbeforeapply-
ing the main (AND or OR) operation.

Programming Note:
XNOR and XNORcc are identical to the XOR-Not andXOR-Not-cc logical operations,respec-
tively.

Exceptions:
(none)
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A.32   Memor y Barrier

Format (3):

Description:

Thememorybarrierinstruction,MEMBAR, hastwo complementaryfunctions:to express
orderconstraintsbetweenmemoryreferencesandto provide explicit controlof memory-
referencecompletion.Themembar_maskfield in thesuggestedassemblylanguageis the
bitwise OR of thecmask andmmask instruction fields.

MEMBAR introducesanorderconstraintbetweenclassesof memoryreferencesappear-
ing beforetheMEMBAR andmemoryreferencesfollowing it in aprogram.Theparticular
classesof memoryreferencesare specifiedby the mmaskfield. Memory referencesare
classifiedas loads (including load instructions,LDSTUB(A), SWAP(A), CASA, and
CASXA) and stores (including store instructions, LDSTUB(A), SWAP(A), CASA,
CASXA, andFLUSH). Themmaskfield specifiestheclassesof memoryreferencessub-
ject to ordering,asdescribedbelow. MEMBAR appliesto all memoryoperationsin all
addressspacesreferencedby the issuingprocessor, but hasno effect on memoryrefer-
encesby otherprocessors.Whenthecmaskfield is nonzero,completionaswell asorder
constraintsareimposed,andtheorderimposedcanbemorestringentthanthatspecifiable
by themmask field alone.

A loadhasbeenperformedwhenthevalueloadedhasbeentransmittedfrom memoryand
cannotbe modified by anotherprocessor. A storehasbeenperformedwhen the value
storedhasbecomevisible, that is, whenthepreviousvaluecanno longerbe readby any
processor. In specifyingthe effect of MEMBAR, instructionsare consideredto be exe-
cutedasif they wereprocessedin a strictly sequentialfashion,with eachinstructioncom-
pleted before the next has begun.

The mmaskfield is encodedin bits 3 through0 of the instruction.Table25 specifiesthe
orderconstraintthateachbit of mmask(selectedwhensetto 1) imposesonmemoryrefer-
encesappearingbeforeand after the MEMBAR. From zero to four maskbits may be
selected in themmask field.

Opcode op3 Operation

MEMBAR 101000 Memory Barrier

Suggested Assembly Language Syntax

membar membar_mask

31 141924 18 13 12 02530 29

10 0 op3 0 1111 i=1 —

4 3

mmask

6

4

7

cmask
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Thecmaskfield is encodedin bits 6 through4 of the instruction.Bits in thecmaskfield,
illustratedin table26, specifyadditionalconstraintson the orderof memoryreferences
andthe processingof instructions.If cmaskis zero,thenMEMBAR enforcesthe partial
orderingspecifiedby themmaskfield; if cmaskis nonzero,thencompletionaswell aspar-
tial order constraints are applied.

For information on the useof MEMBAR, see8.4.3, “The MEMBAR Instruction,” and
Appendix J, “ProgrammingWith the Memory Models.” Chapter8, “Memory Models,”
andAppendixF, “SPARC-V9 MMU Requirements,” containadditionalinformationabout
the memory models themselves.

The encodingof MEMBAR is identical to that of the RDASR instruction,except that
rs1= 15, rd = 0, and i = 1.

The coherenceand atomicity of memoryoperationsbetweenprocessorsand I/O DMA
memory accesses are implementation-dependent (impl. dep #120).

Compatibility Note:
MEMBAR with mmask= 816 andcmask= 016 (“membar #StoreStore ”) is identicalin func-
tion to the SPARC-V8 STBAR instruction, which is deprecated.

Exceptions:
(none)

Table 25—MEMBAR mmask Encodings

Mask bit Name Description

mmask<3> #StoreStore The effects of all storesappearingprior to the MEMBAR instruction
mustbevisible to all processorsbeforetheeffectof any storesfollowing
the MEMBAR. Equivalent to the deprecated STBAR instruction

mmask<2> #LoadStore All loadsappearingprior to the MEMBAR instructionmusthave been
performedbeforetheeffectof any storesfollowing theMEMBAR is vis-
ible to any other processor.

mmask<1> #StoreLoad The effects of all storesappearingprior to the MEMBAR instruction
mustbe visible to all processorsbeforeloadsfollowing the MEMBAR
may be performed.

mmask<0> #LoadLoad All loadsappearingprior to the MEMBAR instructionmusthave been
performedbeforeany loadsfollowing theMEMBAR maybeperformed.

Table 26—MEMBAR cmask Encodings

Mask bit Function Name Description

cmask<2> Synchronization
barrier

#Sync All operations(includingnonmemoryreferenceoperations)
appearingprior to theMEMBAR musthavebeenperformed
andtheeffectsof any exceptionsbecomevisible beforeany
instruction after the MEMBAR may be initiated.

cmask<1> Memory issue
barrier

#MemIssue All memory referenceoperationsappearingprior to the
MEMBAR musthave beenperformedbeforeany memory
operation after the MEMBAR may be initiated.

cmask<0> Lookaside
barrier

#Lookaside A store appearingprior to the MEMBAR must complete
before any load following the MEMBAR referencingthe
same address can be initiated.
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A.33   Move Floating-P oint Register on Condit ion (FMOVcc)

For Integer Condition Codes:

For Floating-Point Condition Codes:

Opcode op3 cond Operation icc/xcc test

FMOVA 110101 1000 Move Always 1

FMOVN 110101 0000 Move Never 0

FMOVNE 110101 1001 Move if Not Equal not Z

FMOVE 110101 0001 Move if Equal Z

FMOVG 110101 1010 Move if Greater not (Z or (N xor V))

FMOVLE 110101 0010 Move if Less or Equal Z or (N xor V)

FMOVGE 110101 1011 Move if Greater or Equal not (N xor V)

FMOVL 110101 0011 Move if Less N xor V

FMOVGU 110101 1100 Move if Greater Unsigned not (C or Z)

FMOVLEU 110101 0100 Move if Less or Equal Unsigned (C or Z)

FMOVCC 110101 1101 Move if CarryClear(Greateror Equal,Unsigned) not C

FMOVCS 110101 0101 Move if Carry Set (Less than, Unsigned) C

FMOVPOS 110101 1110 Move if Positive not N

FMOVNEG 110101 0110 Move if Negative N

FMOVVC 110101 1111 Move if Overflow Clear not V

FMOVVS 110101 0111 Move if Overflow Set V

Opcode op3 cond Operation fcc test

FMOVFA 110101 1000 Move Always 1

FMOVFN 110101 0000 Move Never 0

FMOVFU 110101 0111 Move if Unordered U

FMOVFG 110101 0110 Move if Greater G

FMOVFUG 110101 0101 Move if Unordered or Greater G or U

FMOVFL 110101 0100 Move if Less L

FMOVFUL 110101 0011 Move if Unordered or Less L or U

FMOVFLG 110101 0010 Move if Less or Greater L or G

FMOVFNE 110101 0001 Move if Not Equal L or G or U

FMOVFE 110101 1001 Move if Equal E

FMOVFUE 110101 1010 Move if Unordered or Equal E or U

FMOVFGE 110101 1011 Move if Greater or Equal E or G

FMOVFUGE 110101 1100 Move if Unorderedor Greateror Equal E or G or U

FMOVFLE 110101 1101 Move if Less or Equal E or L

FMOVFULE 110101 1110 Move if Unordered or Less or Equal E or L or U

FMOVFO 110101 1111 Move if Ordered E or L or G



A.33 Move Floating-Point Register on Condition (FMOVcc) 189

Format (4):

Encoding of the opf_cc field (also see table38 on page 273):

Encoding of opf field (opf_cc opf_low):

opf_cc Condition code

000 fcc0

001 fcc1

010 fcc2

011 fcc3

100 icc

101 —

110 xcc

111 —

Instruction variation opf_cc opf_low opf

FMOVScc %fcc n,rs2,rd 0nn 000001 0 nn000001

FMOVDcc %fcc n,rs2,rd 0nn 000010 0 nn000010

FMOVQcc %fcc n,rs2,rd 0nn 000011 0 nn000011

FMOVScc %icc , rs2,rd 100 000001 1 00000001

FMOVDcc %icc , rs2,rd 100 000010 1 00000010

FMOVQcc %icc , rs2,rd 100 000011 1 00000011

FMOVScc %xcc, rs2,rd 110 000001 1 10000001

FMOVDcc %xcc, rs2,rd 110 000010 1 10000010

FMOVQcc %xcc, rs2,rd 110 000011 1 10000011

31 1924 18 1314 11 5 4 010172530 29

10 rd op3 cond opf_cc opf_low rs20
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For Integer Condition Codes:

Programming Note:
To select the appropriate condition code, include “%icc ” or “%xcc” before the registers.

For Floating-Point Condition Codes:

Suggested Assembly Language Syntax

fmov{s,d,q}a i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}n i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}ne i_or_x_cc, fregrs2, fregrd (synonyms: fmov { s,d,q } nz )

fmov{s,d,q}e i_or_x_cc, fregrs2, fregrd (synonyms: fmov { s,d,q } z )

fmov{s,d,q}g i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}le i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}ge i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}l i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}gu i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}leu i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}cc i_or_x_cc, fregrs2, fregrd (synonyms: fmov { s,d,q } geu )

fmov{s,d,q}cs i_or_x_cc, fregrs2, fregrd (synonyms: fmov { s,d,q } lu )

fmov{s,d,q}pos i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}neg i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}vc i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}vs i_or_x_cc, fregrs2, fregrd

Suggested Assembly Language Syntax

fmov{s,d,q}a %fcc n, fregrs2, fregrd

fmov{s,d,q}n %fcc n, fregrs2, fregrd

fmov{s,d,q}u %fcc n, fregrs2, fregrd

fmov{s,d,q}g %fcc n, fregrs2, fregrd

fmov{s,d,q}ug %fcc n, fregrs2, fregrd

fmov{s,d,q}l %fcc n, fregrs2, fregrd

fmov{s,d,q}ul %fcc n, fregrs2, fregrd

fmov{s,d,q}lg %fcc n, fregrs2, fregrd

fmov{s,d,q}ne %fcc n, fregrs2, fregrd  (synonyms: fmov { s,d,q } nz )

fmov{s,d,q}e %fcc n, fregrs2, fregrd  (synonyms: fmov { s,d,q } z )

fmov{s,d,q}ue %fcc n, fregrs2, fregrd

fmov{s,d,q}ge %fcc n, fregrs2, fregrd

fmov{s,d,q}uge %fcc n, fregrs2, fregrd

fmov{s,d,q}le %fcc n, fregrs2, fregrd

fmov{s,d,q}ule %fcc n, fregrs2, fregrd

fmov{s,d,q}o %fcc n, fregrs2, fregrd
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Description:

Theseinstructionscopy thefloating-pointregister(s)specifiedby rs2 to thefloating-point
register(s)specifiedby rd if the condition indicatedby the condfield is satisfiedby the
selectedconditioncode.The conditioncodeusedis specifiedby the opf_ccfield of the
instruction. If the condition is FALSE, then the destination register(s) are not changed.

These instructions do not modify any condition codes.

Programming Note:
Branchescausemost implementations’performanceto degrade significantly. Frrequently, the
MOVcc andFMOVcc instructionscanbe usedto avoid branches.For example,the following C
language segment:

double A, B, X;
if (A > B) then X = 1.03; else X = 0.0;

can be coded as

! assume A is in %f0; B is in %f2; %xx points to constant area
ldd [%xx+C_1.03],%f4 ! X = 1.03
fcmpd %fcc3,%f0,%f2 ! A > B
fble ,a %fcc3,label
! following only executed if the branch is taken
fsubd %f4,%f4,%f4 ! X = 0.0

label:...

This takes four instructions including a branch.

Using FMOVcc, this could be coded as

ldd [%xx+C_1.03],%f4 ! X = 1.03
fsubd %f4,%f4,%f6 ! X’ = 0.0
fcmpd %fcc3,%f0,%f2 ! A > B
fmovdle %fcc3,%f6,%f4 ! X = 0.0

Thisalsotakesfour instructions,but requiresnobranchesandmayboostperformancesignificantly.
It is suggestedthat MOVcc and FMOVcc be used insteadof brancheswherever they would
improve performance.

Exceptions:
fp_disabled
fp_exception_other (invalid_fp_register (quad forms only))
fp_exception_other (ftt = unimplemented_FPop (opf_cc= 1012 or 1112)
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A.34   Move F-P Register on Integ er Register Condition  (FMOVr)

Format (4):

Encoding ofopf_low field:

Description:

If the contentsof integer registerr[rs1] satisfythe conditionspecifiedin the rcondfield,
theseinstructionscopy the contentsof the floating-pointregister(s)specifiedby the rs2
field to the floating-pointregister(s)specifiedby the rd field. If the contentsof r[rs1] do
not satisfy the condition, the floating-point register(s)specifiedby the rd field are not
modified.

Theseinstructionstreattheintegerregistercontentsasa signedintegervalue;they do not
modify any condition codes.

Opcode op3 rcond Operation Test

— 110101 000 Reserved —

FMOVRZ 110101 001 Move if Register Zero r[rs1] = 0

FMOVRLEZ 110101 010 Move if Register Less Than or Equal to Zero r[rs1] ≤ 0

FMOVRLZ 110101 011 Move if Register Less Than Zero r[rs1] < 0

— 110101 100 Reserved —

FMOVRNZ 110101 101 Move if Register Not Zero r[rs1] ≠ 0

FMOVRGZ 110101 110 Move if Register Greater Than Zero r[rs1] > 0

FMOVRGEZ 110101 111 Move if Register Greater Than or Equal to Zero r[rs1] ≥ 0

Instruction variation opf_low

FMOVSrcond rs1, rs2, rd 0 0101

FMOVDrcond rs1, rs2, rd 0 0110

FMOVQrcond rs1, rs2, rd 0 0111

Suggested Assembly Language Syntax

fmovr{s,d,q}e regrs1, fregrs2, fregrd (synonym: fmovr{s,d,q}z )

fmovr{s,d,q}lez regrs1, fregrs2, fregrd

fmovr{s,d,q}lz regrs1, fregrs2, fregrd

fmovr{s,d,q}ne regrs1, fregrs2, fregrd (synonym: fmovr{s,d,q}nz )

fmovr{s,d,q}gz regrs1, fregrs2, fregrd

fmovr{s,d,q}gez regrs1, fregrs2, fregrd

31 141924 18 13 12 9 5 4 0102530 29

10 rd op3 0 rcond opf_low rs2rs1
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Implementation Note:
If this instructionis implementedby taggingeachregistervaluewith anN (negative)andaZ (zero)
bit, use the following table to determine whetherrcond is TRUE:

Exceptions:
fp_disabled
fp_exception_other (invalid_fp_register (quad forms only))
fp_exception_other (unimplemented_FPop (rcond= 0002 or 1002))

Branch Test

FMOVRNZ not Z

FMOVRZ Z

FMOVGEZ not N

FMOVRLZ N

FMOVRLEZ N or Z

FMOVRGZ N nor Z



194 A Instruction Definitions

A.35   Move Integ er Register on Condition (MO Vcc)

For Integer Condition Codes:

For Floating-Point Condition Codes:

Opcode op3 cond Operation icc/xcc test

MOVA 101100 1000 Move Always 1

MOVN 101100 0000 Move Never 0

MOVNE 101100 1001 Move if Not Equal not Z

MOVE 101100 0001 Move if Equal Z

MOVG 101100 1010 Move if Greater not (Z or (N xorV))

MOVLE 101100 0010 Move if Less or Equal Z or (N xorV)

MOVGE 101100 1011 Move if Greater or Equal not (N xorV)

MOVL 101100 0011 Move if Less N xorV

MOVGU 101100 1100 Move if Greater Unsigned not (C orZ)

MOVLEU 101100 0100 Move if Less or Equal Unsigned (C orZ)

MOVCC 101100 1101 Move if CarryClear(Greateror Equal,Unsigned) not C

MOVCS 101100 0101 Move if Carry Set (Less than, Unsigned) C

MOVPOS 101100 1110 Move if Positive not N

MOVNEG 101100 0110 Move if Negative N

MOVVC 101100 1111 Move if Overflow Clear not V

MOVVS 101100 0111 Move if Overflow Set V

Opcode op3 cond Operation fcc test

MOVFA 101100 1000 Move Always 1

MOVFN 101100 0000 Move Never 0

MOVFU 101100 0111 Move if Unordered U

MOVFG 101100 0110 Move if Greater G

MOVFUG 101100 0101 Move if Unordered or Greater G or U

MOVFL 101100 0100 Move if Less L

MOVFUL 101100 0011 Move if Unordered or Less L or U

MOVFLG 101100 0010 Move if Less or Greater L or G

MOVFNE 101100 0001 Move if Not Equal L or G or U

MOVFE 101100 1001 Move if Equal E

MOVFUE 101100 1010 Move if Unordered or Equal E or U

MOVFGE 101100 1011 Move if Greater or Equal E or G

MOVFUGE 101100 1100 Move if Unordered or Greater or Equal E or G or U

MOVFLE 101100 1101 Move if Less or Equal E or L

MOVFULE 101100 1110 Move if Unordered or Less or Equal E or L or U

MOVFO 101100 1111 Move if Ordered E or L or G
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Format (4):

For Integer Condition Codes:

Programming Note:
To selecttheappropriateconditioncode,include“%icc ” or “%xcc” beforetheregisteror immedi-
ate field.

cc2 cc1 cc0 Condition code

000 fcc0

001 fcc1

010 fcc2

011 fcc3

100 icc

101 Reserved

110 xcc

111 Reserved

Suggested Assembly Language Syntax

mova i_or_x_cc, reg_or_imm11, regrd

movn i_or_x_cc, reg_or_imm11, regrd

movne i_or_x_cc, reg_or_imm11, regrd (synonym: movnz)

move i_or_x_cc, reg_or_imm11, regrd (synonym: movz)

movg i_or_x_cc, reg_or_imm11, regrd

movle i_or_x_cc, reg_or_imm11, regrd

movge i_or_x_cc, reg_or_imm11, regrd

movl i_or_x_cc, reg_or_imm11, regrd

movgu i_or_x_cc, reg_or_imm11, regrd

movleu i_or_x_cc, reg_or_imm11, regrd

movcc i_or_x_cc, reg_or_imm11, regrd (synonym: movgeu)
movcs i_or_x_cc, reg_or_imm11, regrd (synonym: movlu )

movpos i_or_x_cc, reg_or_imm11, regrd

movneg i_or_x_cc, reg_or_imm11, regrd

movvc i_or_x_cc, reg_or_imm11, regrd

movvs i_or_x_cc, reg_or_imm11, regrd

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

cond rs2i=0

rd10 op3 cond simm11i=1

17

cc2

cc2

11

cc1

cc1

10

cc0

cc0
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For Floating-Point Condition Codes:

Programming Note:
To selectthe appropriatecondition code, include “%fcc0 ,” “%fcc1 ,” “%fcc2 ,” or “%fcc3 ”
before the register or immediate field.

Description:

Theseinstructionstestto seeif condis TRUE for theselectedconditioncodes.If so,they
copy thevaluein r[rs2] if i field = 0, or “sign_ext(simm11)” if i = 1 into r[rd]. Thecondi-
tion codeusedis specifiedby thecc2, cc1, andcc0fieldsof the instruction.If thecondi-
tion is FALSE, thenr[rd] is not changed.

Theseinstructionscopy an integer register to anotherinteger register if the condition is
TRUE. Theconditioncodethat is usedto determinewhetherthemove will occurcanbe
eitherintegerconditioncode(icc or xcc) or any floating-pointconditioncode(fcc0,fcc1,
fcc2, or fcc3).

These instructions do not modify any condition codes.

Programming Note:
Branchescausemany implementations’performanceto degrade significantly. Frequently, the
MOVcc andFMOVcc instructionscanbeusedto avoid branches.For example,theC languageif-
then-else statement

if (A > B) then X = 1; else X = 0;

can be coded as

cmp %i0,%i2
bg,a %xcc,label

or %g0,1,%i3 ! X = 1

or %g0,0,%i3 ! X = 0

label:...

Suggested Assembly Language Syntax

mova %fcc n, reg_or_imm11, regrd

movn %fcc n, reg_or_imm11, regrd

movu %fcc n, reg_or_imm11, regrd

movg %fcc n, reg_or_imm11, regrd

movug %fcc n, reg_or_imm11, regrd

movl %fcc n, reg_or_imm11, regrd

movul %fcc n, reg_or_imm11, regrd

movlg %fcc n, reg_or_imm11, regrd

movne %fcc n, reg_or_imm11, regrd (synonym: movnz)

move %fcc n, reg_or_imm11, regrd (synonym: movz)

movue %fcc n, reg_or_imm11, regrd

movge %fcc n, reg_or_imm11, regrd

movuge %fcc n, reg_or_imm11, regrd

movle %fcc n, reg_or_imm11, regrd

movule %fcc n, reg_or_imm11, regrd

movo %fcc n, reg_or_imm11, regrd
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This takes four instructions including a branch. Using MOVcc this could be coded as

cmp %i0,%i2
or %g0,1,%i3 ! assume X = 1
movle %xcc,0,%i3 ! overwrite with X = 0

This takesonly threeinstructionsandno branchesandmay boostperformancesignificantly. It is
suggestedthat MOVcc andFMOVcc be usedinsteadof brancheswherever they would increase
performance.

Exceptions:
illegal_instruction (cc2 cc1 cc0= 1012 or 1112)
fp_disabled (cc2 cc1 cc0= 0002, 0012, 0102, or 0112 and the FPU is dis-

abled)
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A.36   Move Integ er Register on Register Condition (MO VR)

Format (3):

Description:
If thecontentsof integerregisterr[rs1] satisfiestheconditionspecifiedin the rcondfield,
theseinstructionscopy r[rs2] (if i = 0) or sign_ext(simm10) (if i = 1) into r[rd]. If thecon-
tentsof r[rs1] doesnot satisfytheconditionthenr[rd] is not modified.Theseinstructions
treat the register contentsas a signedinteger value; they do not modify any condition
codes.
Implementation Note:

If this instructionis implementedby taggingeachregistervaluewith anN (negative)andaZ (zero)
bit, use the following table to determine ifrcond is TRUE:

Exceptions:
illegal_instruction (rcond= 0002 or 1002)

Opcode op3 rcond Operation Test

— 101111 000 Reserved —

MOVRZ 101111 001 Move if Register Zero r[rs1] = 0

MOVRLEZ 101111 010 Move if Register Less Than or Equal to Zero r[rs1] ≤ 0

MOVRLZ 101111 011 Move if Register Less Than Zero r[rs1] < 0

— 101111 100 Reserved —

MOVRNZ 101111 101 Move if Register Not Zero r[rs1] ≠ 0

MOVRGZ 101111 110 Move if Register Greater Than Zero r[rs1] > 0

MOVRGEZ 101111 111 Move if RegisterGreaterThanor Equalto Zero r[rs1] ≥ 0

Suggested Assembly Language Syntax

movr z regrs1, reg_or_imm10, regrd (synonym: movr e)

movrlez regrs1, reg_or_imm10, regrd

movrlz regrs1, reg_or_imm10, regrd

movrn z regrs1, reg_or_imm10, regrd (synonym: movrn e)

movrgz regrs1, reg_or_imm10, regrd

movrgez regrs1, reg_or_imm10, regrd

Branch Test

MOVRNZ not Z

MOVRZ Z

MOVRGEZ not N

MOVRLZ N

MOVRLEZ N or Z

MOVRGZ N nor Z

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm10i=1

rcond

rcond

10 9
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A.37   Multipl y and Divide (64-bit)

Format (3):

Description:

MULX computes“ r[rs1] × r[rs2]” if i = 0 or “ r[rs1] × sign_ext(simm13)” if i = 1, and
writesthe64-bit productinto r[rd]. MULX canbeusedto calculatethe64-bit productfor
signed or unsigned operands (the product is the same).

SDIVX andUDIVX compute“ r[rs1] ÷ r[rs2]” if i = 0 or “ r[rs1] ÷ sign_ext(simm13)” if
i = 1, and write the 64-bit result into r[rd]. SDIVX operateson the operandsas signed
integersandproducesa correspondingsignedresult.UDIVX operateson theoperandsas
unsigned integers and produces a corresponding unsigned result.

For SDIVX, if thelargestnegativenumberis dividedby –1,theresultshouldbethelargest
negative number. That is:

800000000000000016 ÷ FFFFFFFFFFFFFFFF16 = 800000000000000016.

These instructions do not modify any condition codes.

Exceptions:
division_by_zero

Opcode op3 Operation

MULX 001001 Multiply (signed or unsigned)

SDIVX 101101 Signed Divide

UDIVX 001101 Unsigned Divide

Suggested Assembly Language Syntax

mulx regrs1, reg_or_imm, regrd

sdivx regrs1, reg_or_imm, regrd

udivx regrs1, reg_or_imm, regrd

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1
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A.38   Multipl y (32-bit)

Format (3):

Description:

The multiply instructionsperform 32-bit by 32-bit multiplications, producing 64-bit
results.They compute“ r[rs1]<31:0> × r[rs2]<31:0>” if i = 0, or “ r[rs1]<31:0> × sign_
ext(simm13)<31:0>” if i = 1. They write the32mostsignificantbitsof theproductinto the
Y register and all 64 bits of the product intor[rd].

Unsignedmultiply (UMUL, UMULcc) operateson unsignedinteger word operandsand
computesan unsignedinteger doubleword product.Signedmultiply (SMUL, SMULcc)
operateson signedinteger word operandsand computesa signedinteger doubleword
product.

UMUL andSMUL donotaffect theconditioncodebits.UMULcc andSMULccwrite the
integerconditioncodebits, icc andxcc, asfollows. Note that32-bit negative (icc.N) and
zero(icc.Z) conditioncodesaresetaccordingto the lesssignificantword of theproduct,
and not according to the full 64-bit result.

Opcode op3 Operation

UMULD 001010 Unsigned Integer Multiply

SMULD 001011 Signed Integer Multiply

UMULccD 011010 Unsigned Integer Multiply and modify cc’s

SMULccD 011011 Signed Integer Multiply and modify cc’s

Suggested Assembly Language Syntax

umul regrs1, reg_or_imm, regrd

smul regrs1, reg_or_imm, regrd

umulcc regrs1, reg_or_imm, regrd

smulcc regrs1, reg_or_imm, regrd

TheUMUL, UMULcc, SMUL, andSMULcc instructionsaredeprecated;they are
provided only for compatibility with previous versionsof the architecture.They
shouldnotbeusedin new SPARC-V9 software.It is recommendedthattheMULX
instruction be used in their place.

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1
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Programming Note:
32-bit overflow after UMUL / UMULcc is indicated by Y≠ 0.

32-bitoverflow afterSMUL / SMULcc is indicatedby Y ≠ (r[rd] >> 31),where “>>” indicates32-
bit arithmetic right shift.

Implementation Note:
An implementation may assume that the smaller operand typically will ber[rs2] or simm13.

Implementation Note:
SeeImplementationCharacteristicsof Current SPARC-V9-basedProducts,Revision 9.x, a docu-
mentavailablefrom SPARC International,for informationonwhethertheseinstructionsareimple-
mented by hardware or software in the various SPARC-V9 implementations.

Exceptions:
(none)

Bit UMULcc / SMULcc

icc.N Set if product[31]= 1

icc.Z Set if product[31:0]= 0

icc.V Zero

icc.C Zero

xcc.N Set if product[63]= 1

xcc.Z Set if product[63:0]= 0

xcc.V Zero

xcc.C Zero
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A.39   Multipl y Step

Format (3):

Description:

MULScc treatsthelower 32 bits of bothr[rs1] andtheY registerasa single64-bit, right-
shiftabledoublewordregister. Theleastsignificantbit of r[rs1] is treatedasif it wereadja-
centto bit 31 of theY register. TheMULScc instructionadds,basedon the leastsignifi-
cant bit of Y.

Multiplication assumesthat theY registerinitially containsthemultiplier, r[rs1] contains
themostsignificantbits of theproduct,andr[rs2] containsthemultiplicand.Uponcom-
pletionof themultiplication, theY registercontainsthe leastsignificantbits of theprod-
uct.

Note that a standard MULScc instruction hasrs1= rd.

MULScc operates as follows:

(1) The multiplicand isr[rs2] if i = 0, or sign_ext(simm13) if i = 1.

(2) A 32-bit value is computed by shifting r[rs1] right by one bit with
“CCR.icc.nxor CCR.icc.v” replacingbit 31 of r[rs1]. (This is thepropersign for
the previous partial product.)

(3) If theleastsignificantbit of Y = 1, theshiftedvaluefrom step(2) andthemultipli-
candare added.If the leastsignificantbit of the Y = 0, then 0 is addedto the
shifted value from step (2).

Opcode op3 Operation

MULSccD 100100 Multiply Step and modify cc’s

Suggested Assembly Language Syntax

mulscc regrs1, reg_or_imm, regrd

The MULScc instructionis deprecated;it is provided only for compatibility with
previousversionsof thearchitecture.It shouldnot beusedin new SPARC-V9 soft-
ware. It is recommended that the MULX instruction be used in its place.

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1
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(4) The sumfrom step(3) is written into r[rd]. The upper32-bitsof r[rd] areunde-
fined.Theintegerconditioncodesareupdatedaccordingto theadditionperformed
in step (3). The values of the extended condition codes are undefined.

(5) The Y register is shifted right by one bit, with the least significant bit of the
unshiftedr[rs1] replacing bit 31of Y.

Exceptions:
(none)
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A.40   No Operation

Format (2):

Description:

The NOP instruction changes no program-visible state (except the PC and nPC).

Note that NOP is a special case of the SETHI instruction, withimm22= 0 andrd = 0.

Exceptions:
(none)

Opcode op op2 Operation

NOP 00 100 No Operation

Suggested Assembly Language Syntax

nop

31 24 02530 29 22 21

00 op op2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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A.41   Population Count

Format (3):

Description:

POPCcountsthenumberof onebits in r[rs2] if i = 0, or thenumberof onebits in sign_
ext(simm13) if i = 1, andstoresthe count in r[rd]. This instructiondoesnot modify the
condition codes.

Implementation Note:
Instructionbits 18 through14 mustbezerofor POPC.Otherencodingsof this field (rs1) maybe
used in future versions of the SPARC architecture for other instructions.

Programming Note:
POPCcanbe usedto “find first bit set” in a register. A C programillustrating how POPCcanbe
used for this purpose follows:

int ffs(zz) /* finds first 1 bit, counting from the LSB */
unsigned zz;
{

return popc ( zz ^ ( ∼ (–zz))); /* for nonzero zz */
}

Inline assembly language code forffs( )  is

neg %IN, %M_IN ! –zz( 2’s complement)
xnor %IN, %M_IN, %TEMP ! ^ ∼ –zz (exclusive nor)
popc %TEMP,%RESULT ! result = popc( zz ^ ∼ –zz)
movrz %IN,%g0,%RESULT ! %RESULT should be 0 for %IN=0

whereIN , M_IN, TEMP, andRESULT are integer registers.

Example:
IN = ...00101000 ! 1st 1 bit from rt is 4th bit
–IN = ...11011000
∼ –IN = ...00100111
IN ^ ∼ –IN = ...00001111
popc(IN ^ ∼ –IN) = 4

Exceptions:
illegal_instruction (instruction<18:14>≠ 0)

Opcode op3 Operation

POPC 101110 Population Count

Suggested Assembly Language Syntax

popc reg_or_imm, regrd

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

0 0000 rs2i=0

rd10 op3 0 0000 simm13i=1
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A.42   Pref etch Data

Format (3) PREFETCH:

Format (3) PREFETCHA:

Description:

In nonprivilegedcode,a prefetchinstructionhasthesameobservableeffect asa NOP; its
executionis nonblockingand cannotcausean observable trap. In particular, a prefetch
instruction shall not trap if it is applied to an illegal or nonexistent memory address.

IMPL. DEP. #103(1): Whether the execution of a PREFETCH instruction has observable effects in
privileged code is implementation-dependent.

IMPL. DEP. #103(2): Whether the execution of a PREFETCH instruction can cause a data_
access_mmu_miss exception is implementation-dependent.

Opcode op3 Operation

PREFETCH 101101 Prefetch Data

PREFETCHAPASI 111101 Prefetch Data from Alternate Space

fcn Prefetch function

0 Prefetch for several reads

1 Prefetch for one read

2 Prefetch for several writes

3 Prefetch for one write

4 Prefetch page

5–15 Reserved

16–31 Implementation-dependent

Suggested Assembly Language Syntax

prefetch [address], prefetch_fcn

prefetcha [regaddr] imm_asi, prefetch_fcn

prefetcha [reg_plus_imm] %asi, prefetch_fcn

31 24 02530 29 19 18 14 13 12 5 4

fcn11 op3 rs1 simm13i=1

fcn11 op3 rs1 i=0 — rs2

31 24 02530 29 19 18

fcn11 op3 imm_asi

14 13 12 5 4

rs1 rs2i=0

fcn11 op3 rs1 simm13i=1
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Whetherprefetchalwayssucceedswhenthe MMU is disabledis implementation-depen-
dent (impl. dep. # 117).

Implementation Note:
Any effectsof prefetchin privilegedcodeshouldbereasonable(e.g.,handlingECCerrors,nopage
prefetchingallowed within codethat handlespagefaults).The benefitsof prefetchingshouldbe
available to most privileged code.

Executionof a prefetchinstructioninitiatesdatamovement(or preparationfor futuredata
movementor addressmapping)to reducethelatency of subsequentloadsandstoresto the
specified address range.

A successfulprefetchinitiatesmovementof a block of datacontainingtheaddressedbyte
from memory toward the processor.

IMPL. DEP. #103(3): The size and alignment in memory of the data block is implementation-
dependent; the minimum size is 64 bytes and the minimum alignment is a 64-byte boundary.

Programming Note:
Softwaremay prefetch64 bytesbeginning at an arbitraryaddressaddressby issuingthe instruc-
tions

prefetch [ address],  prefetch_fcn

prefetch [ address + 63], prefetch_fcn

Implementation Note:
Prefetchingmay be usedto help managememorycache(s).A prefetchfrom a nonprefetchable
locationhasno effect. It is up to memorymanagementhardwareto determinehow locationsare
identified as not prefetchable.

Prefetchinstructionsthatdo not load from analternateaddressspaceaccesstheprimary
addressspace(ASI_PRIMARY{_LITTLE}). Prefetchinstructionsthat do load from an
alternateaddressspacecontaintheaddressspaceidentifier(ASI) to beusedfor theloadin
theimm_asifield if i = 0, or in theASI registerif i = 1. Theaccessis privilegedif bit seven
of theASI is zero;otherwise,it is not privileged.Theeffective addressfor theseinstruc-
tions is “r[rs1] + r[rs2]” if i = 0, or “r[rs1] + sign_ext(simm13)” if i = 1.

Variantsof theprefetchinstructioncanbeusedto preparethememorysystemfor different
types of accesses.

IMPL. DEP. #103(4): An implementation may implement none, some, or all of these variants. A
variant not implemented shall execute as a nop. An implemented variant may support its full
semantics, or may support just the simple common-case prefetching semantics.

A.42.1   Pref etch Variants

The prefetchvariant is selectedby the fcn field of the instruction.fcn values5..15 are
reserved for future extensions of the architecture.

IMPL. DEP. #103(5): PREFETCH fcn values of 16..31 are implementation-dependent.

Eachprefetchvariantreflectsanintenton thepartof thecompileror programmer. This is
differentfrom otherinstructionsin SPARC-V9 (exceptBPN),all of whichspecifyspecific
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actions.An implementationmayimplementaprefetchvariantby any technique,aslongas
the intent of the variant is achieved.

The prefetchinstruction is designedto treat the commoncaseswell. The variantsare
intendedto providescalabilityfor futureimprovementsin bothhardwareandcompilers.If
a variantis implemented,thenit shouldhave theeffectsdescribedbelow. In casesomeof
thevariantslistedbelow areimplementedandsomearenot, thereis a recommendedover-
loading of the unimplementedvariants(seethe ImplementationNote labeled“Recom-
mended Overloadings” in A.42.2).

A.42.1.1   Pref etch for Several Reads ( fcn = 0)

Theintentof this variantis to causemovementof datainto thedatacachenearestthepro-
cessor, with “reasonable” efforts made to obtain the data.

Implementation Note:
If, for example,someTLB missesarehandledin hardware,thenthey shouldbe handled.On the
other hand, a multiple ECC error is reasonable cause for cancellation of a prefetch.

This is the most important case of prefetching.

If the addresseddatais alreadypresent(andowned,if necessary)in the cache,thenthis
variant has no effect.

A.42.1.2   Pref etch for One Read ( fcn = 1)

Thisvariantindicatesthat,if possible,thedatacacheshouldbeminimally disturbedby the
datareadfrom the given address,becausethat datais expectedto be readonceandnot
reused (read or written) soon after that.

If the data is already present in the cache, then this variant has no effect.

Programming Note:
The intendeduseof this variant is in streaminglarge amountsof datainto the processorwithout
overwriting data in cache memory.

A.42.1.3   Pref etch for Several Writes (and P ossib ly Reads) ( fcn = 2)

The intent of this variant is to cause movement of data in preparation for writing.

If the addressed data is already present in the data cache, then this variant has no effect.

Programming Note:
An exampleuseof this variantis to write adirty cacheline backto memory, or to initialize acache
line in preparation for a partial write.

Implementation Note:
Onamultiprocessor,thisvariantindicatesthatexclusiveownershipof theaddresseddatais needed,
so it may have the additional effect of obtaining exclusive ownership of the addressed cache line.

Implementation Note:
On a uniprocessor, there is no distinction between Prefetch for Several Reads and this variant.
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A.42.1.4   Pref etch for One Write ( fcn = 3)

Thisvariantindicatesthat,if possible,thedatacacheshouldbeminimally disturbedby the
datawritten to thisaddress,becausethatdatais notexpectedto bereused(reador written)
soon after it has been written once.

If the data is already present in the cache, then this variant has no effect.

A.42.1.5   Pref etch Page (fcn = 4)

In a virtual-memorysystem,the intendedactionof this variantis for thesupervisorsoft-
ware or hardware to initiate asynchronousmappingof the referencedvirtual address,
assuming that it is legal to do so.

Programming Note:
Thedesireis to avoid a laterpagefault for thegivenaddress,or at leastto shortenthelatency of a
page fault.

In a nonvirtual-memorysystem,or if the addressedpageis alreadymapped,this variant
has no effect.

The referencedpageneednot be mappedwhen the instruction completes.Loads and
storesissuedbeforethepageis mappedshouldblock justasthey would if theprefetchhad
never beenissued.When the activity associatedwith the mappinghascompleted,the
loads and stores may proceed.

Implementation Note:
An example of mapping activity is DMA from secondary storage.

Implementation Note:
Useof this variantmay be disabledor restrictedin privilegedcodethat is not permittedto cause
page faults.

A.42.1.6   Implementation-Dependent Pref etch (fcn = 16..31)

Thesevaluesareavailablefor implementationsto use.An implementationshall treatany
unimplemented prefetchfcn values as NOPs (impl. dep. #103).

A.42.2   General Comments

There is no variant of PREFETCHfor instruction prefetching.Instruction prefetching
shouldbeencodedusingtheBranchNever (BPN) form of theBPccinstruction(seeA.7,
“Branch on Integer Condition Codes with Prediction (BPcc)”).

Oneerrorto avoid in thinkingaboutprefetchinstructionsis thatthey shouldhave “no cost
to execute.” As long asthe costof executinga prefetchinstructionis well lessthanone-
third the cost of a cachemiss,useof prefetchingis a net win. It doesnot appearthat
prefetchingcausesa significantnumberof uselessfetchesfrom memory, thoughit may
increasetherateof useful fetches(andhencethebandwidth),becauseit moreefficiently
overlaps computing with fetching.
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Implementation Note:
RecommendedOverloadings.Therearefour recommendedsetsof overloadingsfor theprefetch
variants,basedon a simplistic classificationof SPARC-V9 systemsinto cost (low-costvs. high-
cost)andprocessormultiplicity (uniprocessorvs. multiprocessor)categories.Theseoverloadings
are chosen to help ensure efficient portability of software across a range of implementations.

In a uniprocessor, thereis no needto supportmultiprocessorcacheprotocols;hence,Prefetchfor
SeveralReadsandPrefetchfor SeveralWritesmaybehave identically. In a low-costimplementa-
tion, Prefetchfor OneReadandPrefetchfor OneWrite may be identical to Prefetchfor Several
Reads and Prefetch for Several Writes, respectively.

Programming Note:
A SPARC-V9 compiler that generatesPREFETCHinstructionsshouldgenerateeachof the four
variantswhereit is mostappropriate.Theoverloadingssuggestedin theprevious Implementation
Note ensurethat suchcodewill be portableandreasonablyefficient acrossa rangeof hardware
configurations.

Implementation Note:
ThePrefetchfor OneReadandPrefetchfor OneWrite variantsassumetheexistenceof a “bypass
cache,” so that thebulk of the“real cache”remainsundisturbed.If sucha bypasscacheis used,it
shouldbelargeenoughto properlyshieldtheprocessorfrom memorylatency. Suchacacheshould
probably be small, highly associative, and use a FIFO replacement policy.

Exceptions:
data_access_MMU_miss (implementation-dependent (impl. dep. #103))
illegal_instruction (fcn=5..15)

Multiplicity Cost Prefetch for ..

Could be overloaded
to mean the same as

 Prefetch for ..

Uniprocessor Low

One read Several writes

Several reads Several writes

One write Several writes

Several writes —

Uniprocessor High

One read —

Several reads Several writes

One write —

Several writes —

Multiprocessor Low

One read Several reads

Several reads —

One write Several writes

Several writes —

Multiprocessor High

One read —

Several reads —

One write —

Several writes —
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A.43   Read Privileg ed Register

Format (3):

Opcode op3 Operation

RDPRP 101010 Read Privileged Register

rs1 Privileged register

0 TPC

1 TNPC

2 TSTATE

3 TT

4 TICK

5 TBA

6 PSTATE

7 TL

8 PIL

9 CWP

10 CANSAVE

11 CANRESTORE

12 CLEANWIN

13 OTHERWIN

14 WSTATE

15 FQ

16..30 —

31 VER

31 141924 18 13 02530 29

10 rd op3 rs1 —
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Description:

The rs1 field in the instructiondeterminesthe privilegedregister that is read.Thereare
MAXTL copiesof theTPC,TNPC,TT, andTSTATE registers.A readfrom oneof these
registersreturnsthevaluein theregisterindexedby thecurrentvaluein thetraplevel reg-
ister (TL). A readof TPC, TNPC, TT, or TSTATE whenthe trap level is zero(TL = 0)
causes anillegal_instruction exception.

RDPRinstructionswith rs1 in the range16..30 arereserved;executinga RDPRinstruc-
tion with rs1 in that range causes anillegal_instruction exception.

A readfrom the FQ (Floating-PointDeferred-Trap Queue)registercopiesthe front dou-
blewordof thequeueinto r[rd]. Thesemanticsof readingtheFQandthedatareturnedare
implementation-dependent(impl. dep.#24).However, theaddressof a trappingfloating-
point instructionmustbe availableto the privilegedtrap handler. On an implementation
with a floating-pointqueue,anattemptto executeRDPRof FQ whenthequeueis empty
(FSR.qne= 0) shallcausean fp_exception exceptionwith FSR.ftt setto 4 (sequence_error).
In an implementationwithout a floating-pointqueue,anattemptto executeRDPRof FQ
shall causeeither an illegal_instruction exceptionor an fp_exception_other exceptionwith
FSR.ftt set to 3 (unimplemented_FPop) (impl. dep. #25).

Programming Note:
Onanimplementationwith precisefloating-pointtraps,theaddressof a trappinginstructionwill be
in theTPC[TL] registerwhenthetrapcodebeginsexecution.On animplementationwith deferred
floating-point traps, the address of the trapping instruction might be a value obtained from the FQ.

Exceptions:
privileged_opcode
illegal_instruction ((rs1= 16..30) or ((rs1≤3) and (TL= 0)))

Suggested Assembly Language Syntax

rdpr %tpc, regrd

rdpr %tnpc, regrd

rdpr %tstate, regrd

rdpr %tt, regrd

rdpr %tick, regrd

rdpr %tba, regrd

rdpr %pstate, regrd

rdpr %tl, regrd

rdpr %pil, regrd

rdpr %cwp, regrd

rdpr %cansave, regrd

rdpr %canrestore, regrd

rdpr %cleanwin, regrd

rdpr %otherwin, regrd

rdpr %wstate, regrd

rdpr %fq, regrd

rdpr %ver, regrd
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fp_exception_other (sequence_error) (RDPRof FQ whenFSR.qne= 0 in a system
with an FQ; (impl. dep. #25)

illegal_instruction (RDPR of FQ in a system without an FQ; (impl. dep. #25)
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A.44   Read State Register

Format (3):

Description:

These instructions read the specified state register intor[rd].

Note that RDY, RDCCR,RDASI, RDPC,RDTICK, RDFPRS,and RDASR are distin-
guished only by the value in thers1 field.

If rs1≥ 7, anancillarystateregisteris read.Valuesof rs1 in therange7..14 arereserved
for futureversionsof thearchitecture;valuesin therange16..31 areavailablefor imple-
mentationsto use(impl. dep.#8).A RDASR instructionwith rs1= 15, rd = 0, andi = 0 is
definedto be an STBAR instruction(seeA.51). An RDASR instructionwith rs1= 15,
rd = 0, and i = 1 is defined to be a MEMBAR instruction (see A.32). RDASR with

Opcode op3 rs1 Operation

RDYD 101000 0 Read Y Register

— 101000 1 reserved

RDCCR 101000 2 Read Condition Codes Register

RDASI 101000 3 Read ASI Register

RDTICKPNPT 101000 4 Read Tick Register

RDPC 101000 5 Read Program Counter

RDFPRS 101000 6 Read Floating-Point Registers Status Register

RDASRPASR 101000 7−14 Read Ancillary State Register (reserved)

See text 101000 15 See text

RDASRPASR 101000 16−31 Implementation-dependent (impl. dep. #47)

Suggested Assembly Language Syntax

rd %y, regrd

rd %ccr , regrd

rd %asi , regrd

rd %tick , regrd

rd %pc, regrd

rd %fprs , regrd

rd asr_regrs1, regrd

TheRDY instructionis deprecated;it is providedonly for compatibilitywith previ-
ousversionsof thearchitecture.It shouldnot beusedin new SPARC-V9 software.
It is recommended that all instructions which reference the Y register be avoided.

31 141924 18 13 02530 29

10 rd op3 rs1 —

12

i=0
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rs1= 15 andrd≠0 is reserved for future versionsof the architecture;it causesan illegal_
instruction exception.

RDTICK causes aprivileged_action exception if PSTATE.PRIV= 0 and TICK.NPT= 1.

For RDPC, the high-order32-bits of the PC value storedin r[rd] are implementation-
dependent when PSTATE.AM = 1 (impl. dep. #125).

RDFPRSwaits for all pendingFPopsand loadsof floating-pointregistersto complete
before reading the FPRS register.

IMPL. DEP. #47: RDASR instructions with rd in the range 16..31 are available for implementation-
dependent uses (impl. dep.#8). For a RDASR instruction with rs1 in the range 16 .. 31, the follow-
ing are implementation-dependent: the interpretation of bits 13:0 and 29:25 in the instruction,
whether the instruction is privileged (impl. dep.#9), and whether the instruction causes an illegal_

instruction exception.

SeeI.1.1, “Read/WriteAncillary StateRegisters(ASRs),” for a discussionof extending
the SPARC-V9 instruction set using read/write ASR instructions.

Implementation Note:
Ancillary stateregistersmay include(for example)timer, counter, diagnostic,self-test,andtrap-
control registers.SeeImplementationCharacteristicsof CurrentSPARC-V9-basedProducts,Revi-
sion 9.x, a documentavailablefrom SPARC International,for informationon implementedancil-
lary state registers.

Compatibility Note:
TheSPARC-V8 RDPSR,RDWIM, andRDTBR instructionsdo not exist in SPARC-V9 since the
PSR, WIM, and TBR registers do not exist in SPARC-V9.

Exceptions:
privileged_opcode (RDASR only; implementation-dependent (impl. dep. #47))
illegal_instruction (RDASR with rs1= 1 or 7..14; RDASR with rs1= 15 andrd≠0;

RDASR with rs1= 16..31 andtheimplementationdoesnot definetheinstruc-
tion as an extension; implementation-dependent (impl. dep. #47))

privileged_action (RDTICK only)
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A.45   RETURN

Format (3):

Description:

TheRETURNinstructioncausesadelayedtransferof controlto thetargetaddressandhas
thewindow semanticsof a RESTOREinstruction;that is, it restoresthe registerwindow
prior to the last SAVE instruction. The target addressis “ r[rs1] + r[rs2]” if i = 0, or
“ r[rs1] + sign_ext(simm13)” if i = 1. Registersr[rs1] and r[rs2] comefrom the old win-
dow.

TheRETURNinstructionmaycauseanexception.It maycausea window_fill exceptionas
part of its RESTORE semanticsor it may causea mem_address_not_aligned exceptionif
either of the two low-order bits of the target address are nonzero.

Programming Note:
To reexecutethe trappedinstructionwhen returningfrom a usertrap handler, usethe RETURN
instruction in the delay slot of a JMPL instruction, for example:

jmpl %l6,%g0 ! Trapped PC supplied to user trap handler
return %l7 ! Trapped nPC supplied to user trap handler

Programming Note:
A routine that uses a register window may be structured either as

save %sp,- framesize, %sp
. . .
ret ! Same as jmpl %i7 + 8, %g0
restore ! Something useful like “restore %o2,%l2,%o0”

or as

save %sp,- framesize, %sp
. . .
return %i7 + 8
nop ! Could do some useful work in the caller’s

! window e.g. “or %o1, %o2,%o0”

Exceptions:
mem_address_not_aligned
fill_n_normal (n = 0..7)
fill_n_other (n = 0..7)

Opcode op3 Operation

RETURN 111001 RETURN

Suggested Assembly Language Syntax

return address

31 24 02530 29 19 18

—10 op3 —

14 13 12 5 4

rs1 rs2i=0

10 op3 rs1 simm13i=1—
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A.46   SAVE and RESTORE

Format (3):

Description (Effect on Nonprivileged State):

The SAVE instructionprovidesthe routineexecutingit with a new registerwindow. The
out registersfrom the old window becomethe in registersof the new window. The con-
tentsof theout andthe local registersin thenew window arezeroor containvaluesfrom
the executing process; that is, the process sees a clean window.

The RESTORE instructionrestoresthe registerwindow saved by the last SAVE instruc-
tion executedby the currentprocess.The in registersof the old window becomethe out
registersof thenew window. The in andlocal registersin thenew window containthepre-
vious values.

Furthermore,if and only if a spill or fill trap is not generated,SAVE and RESTORE
behave like normalADD instructions,exceptthatthesourceoperandsr[rs1] and/orr[rs2]
arereadfrom theold window (thatis, thewindow addressedby theoriginalCWP)andthe
sumis written into r[rd] of the new window (that is, the window addressedby the new
CWP).

Note that CWP arithmetic is performedmodulo the numberof implementedwindows,
NWINDOWS.

Programming Note:
Typically, if aSAVE (RESTORE)instructiontraps,thespill (fill) traphandlerreturnsto thetrapped
instructionto reexecuteit. So,althoughthe ADD operationis not performedthe first time (when
theinstructiontraps),it is performedthesecondtime theinstructionexecutes.Thesameappliesto
changing the CWP.

Programming Note:
The SAVE instructioncanbe usedto atomicallyallocatea new window in the registerfile anda
new software stack frame in memory. See H.1.2, “Leaf-Procedure Optimization,” for details.

Programming Note:
Thereis aperformancetradeoff to considerbetweenusingSAVE/RESTOREandsaving andrestor-
ing selected registers explicitly.

Opcode op3 Operation

SAVE 111100 Save caller’s window

RESTORE 111101 Restore caller’s window

Suggested Assembly Language Syntax

save regrs1, reg_or_imm, regrd

restore regrs1, reg_or_imm, regrd

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

10 op3 rs1 simm13i=1rd
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Description (effect on privileged state):

If theSAVE instructiondoesnot trap,it incrementstheCWP(mod NWINDOWS) to pro-
videanew registerwindow andupdatesthestateof theregisterwindowsby decrementing
CANSAVE and incrementing CANRESTORE.

If thenew registerwindow is occupied(that is, CANSAVE = 0), a spill trap is generated.
Thetrapvectorfor thespill trapis basedon thevalueof OTHERWIN andWSTATE. The
spill traphandleris invokedwith theCWPsetto point to thewindow to bespilled(thatis,
old CWP+ 2).

If CANSAVE ≠ 0, the SAVE instructioncheckswhetherthe new window needsto be
cleaned.It causesa clean_window trapif thenumberof unusedcleanwindows is zero,that
is, (CLEANWIN – CANRESTORE)= 0. The clean_window trap handleris invoked with
the CWP set to point to the window to be cleaned (that is, old CWP+ 1).

If theRESTOREinstructiondoesnot trap,it decrementstheCWP(mod NWINDOWS)to
restoretheregisterwindow thatwasin useprior to thelastSAVE instructionexecutedby
the currentprocess.It also updatesthe stateof the register windows by decrementing
CANRESTORE and incrementing CANSAVE.

If the registerwindow to be restoredhasbeenspilled (CANRESTORE= 0), a fill trap is
generated.The trap vector for the fill trap is basedon the valuesof OTHERWIN and
WSTATE, asdescribedin 7.5.2.1,“TrapTypefor Spill/Fill Traps.” Thefill traphandleris
invoked with CWP set to point to the window to be filled, that is, old CWP– 1.

Programming Note:
Thevectoringof spill andfill trapscanbecontrolledby settingthevalueof theOTHERWIN and
WSTATE registersappropriately. For details,seethe unnumberedsubsectiontitled “Splitting the
Register Windows” in H.2.3, “Client-Server Model.”

Programming Note:
The spill (fill) handlernormally will endwith a SAVED (RESTORED) instructionfollowed by a
RETRY instruction.

Exceptions:
clean_window (SAVE only)
fill_n_normal (RESTORE only, n=0..7)
fill_n_other (RESTORE only, n = 0..7)
spill_n_normal (SAVE only, n = 0..7)
spill_n_other (SAVE only, n = 0..7)
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A.47   SAVED and RESTORED

Format (3):

Description:

SAVED and RESTORED adjust the state of the register-windows control registers.

SAVED increments CANSAVE. If OTHERWIN = 0, it decrements CANRESTORE.
If OTHERWIN ≠0, it decrements OTHERWIN.

RESTORED increments CANRESTORE. If CLEANWIN < (NWINDOWS-1),
RESTORED increments CLEANWIN.If OTHERWIN = 0, it decrements CANSAVE.
If OTHERWIN ≠ 0, it decrements OTHERWIN.

Programming Note:
The spill (fill) handlersusethe SAVED (RESTORED) instructionto indicatethat a window has
been spilled (filled) successfully. See H.2.2, “Example Code for Spill Handler,” for details.

Programming Note:
Normalprivilegedsoftwarewould probablynot do a SAVED or RESTOREDfrom trap level zero
(TL = 0). However, it is not illegal to do so, and does not cause a trap.

Programming Note:
ExecutingaSAVED (RESTORED)instructionoutsideof awindow spill (fill) traphandleris likely
to createaninconsistentwindow state.Hardwarewill notsignalanexception,however, sincemain-
taining a consistent window state is the responsibility of privileged software.

Exceptions:
privileged_opcode
illegal_instruction (fcn=2..31)

Opcode op3 fcn Operation

SAVEDP 110001 0 Window has been Saved

RESTOREDP 110001 1 Window has been Restored

— 110001 2..31 Reserved

Suggested Assembly Language Syntax

saved

restored

31 1924 18 02530 29

10 fcn op3 —
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A.48   SETHI

Format (2):

Description:

SETHI zeroesthe leastsignificant10 bits and the mostsignificant32 bits of r[rd], and
replaces bits 31 through 10 ofr[rd] with the value from itsimm22 field.

SETHI does not affect the condition codes.

A SETHI instructionwith rd = 0 andimm22= 0 is definedto beaNOPinstruction,which
is defined in A.40.

Programming Note:
Themostcommonform of 64-bit constantgenerationis creatingstackoffsetswhosemagnitudeis
less than 232. The code below can be used to create the constant 00000000ABCD 123416:

sethi %hi(0xabcd1234),%o0
or %o0, 0x234, %o0

The following codeshows how to createa negative constant.Note that the immediatefield of the
xor instructionis signextendedandcanbeusedto get1sin all of theupper32 bits.For example,
to set the negative constant FFFFFFFFABCD 123416:

sethi %hi(0x5432edcb),%o0 ! note 0x5432EDCB, not 0xABCD1234
xor %o0, 0x1e34, %o0  ! part of imm. overlaps upper bits

Exceptions:
(none)

Opcode op op2 Operation

SETHI 00 100 Set High 22 Bits of Low Word

Suggested Assembly Language Syntax

sethi const22, regrd

sethi %hi  (value), regrd

31 2224 21 02530 29

00 rd 100 imm22
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A.49   Shift

Format (3):

Description:

Wheni = 0 andx = 0, theshift countis theleastsignificantfive bits of r[rs2]. Wheni = 0
andx = 1, theshift countis theleastsignificantsix bitsof r[rs2]. Wheni = 1 andx = 0, the
shift count is the immediatevaluespecifiedin bits 0 through4 of the instruction.When
i = 1 andx = 1, theshift countis the immediatevaluespecifiedin bits 0 through5 of the
instruction.

SLL andSLLX shift all 64bitsof thevaluein r[rs1] left by thenumberof bitsspecifiedby
theshift count,replacingthevacatedpositionswith zeroes,andwrite theshiftedresultto
r[rd].

Opcode op3 x Operation

SLL 100101 0 Shift Left Logical - 32 Bits

SRL 100110 0 Shift Right Logical - 32 Bits

SRA 100111 0 Shift Right Arithmetic - 32 Bits

SLLX 100101 1 Shift Left Logical - 64 Bits

SRLX 100110 1 Shift Right Logical - 64 Bits

SRAX 100111 1 Shift Right Arithmetic - 64 Bits

Suggested Assembly Language Syntax

sll regrs1, reg_or_shcnt, regrd

srl regrs1, reg_or_shcnt, regrd

sra regrs1, reg_or_shcnt, regrd

sllx regrs1, reg_or_shcnt, regrd

srlx regrs1, reg_or_shcnt, regrd

srax regrs1, reg_or_shcnt, regrd

i x Shift count

0 0 bits 4..0 of r[rs2]

0 1 bits 5..0 of r[rs2]

1 0 bits 4..0 of instruction

1 1 bits 5..0 of instruction

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0 x

rd10 op3 —rs1 shcnt32i=1 x=0

rd10 op3 —rs1 shcnt64i=1 x=1

6
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SRLshiftsthelow 32bitsof thevaluein r[rs1] right by thenumberof bitsspecifiedby the
shift count.Zeroesareshiftedinto bit 31.Theupper32bitsaresetto zero,andtheresultis
written tor[rd].

SRLX shiftsall 64 bits of thevaluein r[rs1] right by thenumberof bits specifiedby the
shift count.Zeroesare shifted into the vacatedhigh-orderbit positions,and the shifted
result is written tor[rd].

SRA shifts the low 32 bits of thevaluein r[rs1] right by thenumberof bits specifiedby
theshift count,andreplacesthevacatedpositionswith bit 31 of r[rs1]. Thehigh order32
bits of the result are all set with bit 31 ofr[rs1], and the result is written tor[rd].

SRAX shiftsall 64 bits of thevaluein r[rs1] right by thenumberof bits specifiedby the
shift count,andreplacesthe vacatedpositionswith bit 63 of r[rs1]. The shiftedresult is
written tor[rd].

No shift occurswhentheshift countis zero,but thehigh-orderbitsareaffectedby the32-
bit shifts as noted above.

These instructions do not modify the condition codes.

Programming Note:
“Arithmetic left shift by 1 (and calculate overflow)” can be effected with the ADDcc instruction.

Programming Note:
Theinstruction“sra rs1,0, rd” canbeusedto convert a 32-bit valueto 64 bits,with signexten-
sion into the upper word. “srl rs1,0, rd” can be used to clear the upper 32 bits ofr[rd].

Exceptions:
(none)
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A.50   Software-Initiated Reset

Format (3):

Description:

SIR is usedto generatea software-initiatedreset(SIR). It maybeexecutedin eitherprivi-
legedor nonprivilegedmode,with slightly differenteffect.As with othertraps,asoftware-
initiated reset performs different actions when TL = MAXTL than it does when
TL < MAXTL.

Whenexecutedin usermode,theactionof SIR is conditionalon theSIR_enablecontrol
flag.

IMPL. DEP. #116: The location of the SIR_enable control flag and the means of accessing the
SIR_enable control flag are implementation-dependent. In some implementations it may be per-
manently zero.

WhenSIR_enableis 0, SIRexecuteswithouteffect (asaNOP)in usermode.WhenSIR is
executedin privilegedmodeor in usermodewith SIR_enable= 1, theprocessorperforms
a software-initiatedreset.See7.6.2.5,“Software-InitiatedReset(SIR) Traps,” for more
information about software-initiated resets.

Programming Note:
This instructionis never illegal. It is notaprivilegedinstruction,eventhoughits actionin privileged
mode is different than in user mode.

Exceptions:
software_initiated_reset

Opcode op3 rd Operation

SIR 110000 15 Software-initiated reset

Suggested Assembly Language Syntax

sir simm13

31 1924 18 02530 29

10 0 1111 op3

14 13

0 0000 simm13

12

i=1
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A.51   Store Barrier

Format (3):

Description:

The storebarrier instruction(STBAR) forcesall storeandatomic load-storeoperations
issuedby aprocessorprior to theSTBAR to completetheir effectsonmemorybeforeany
storeor atomicload-storeoperationsissuedby that processorsubsequentto the STBAR
are executed by memory.

Notethattheencodingof STBAR is identicalto thatof theRDASRinstructionexceptthat
rs1= 15 andrd = 0, andis identicalto thatof theMEMBAR instructionexceptthatbit 13
(i) = 0.

The coherenceand atomicity of memoryoperationsbetweenprocessorsand I/O DMA
memory accesses are implementation-dependent (impl. dep #120).

Compatibility Note:
STBAR is identical in function to a MEMBAR instructionwith mmask= 816. STBAR is retained
for compatibility with SPARC-V8.

Implementation Note:
For correctness,it is sufficient for aprocessorto stopissuingnew storeandatomicload-storeoper-
ationswhenanSTBAR is encounteredandresumeafterall storeshavecompletedandareobserved
in memoryby all processors.More efficient implementationsmay take advantageof the fact that
theprocessoris allowedto issuestoreandload-storeoperationsafter theSTBAR, aslong asthose
operationsareguaranteednot to becomevisible beforeall theearlierstoresandatomicload-stores
have become visible to all processors.

Exceptions:
(none)

Opcode op3 Operation

STBARD 101000 Store Barrier

Suggested Assembly Language Syntax

stbar

The STBAR instructionis deprecated;it is provided only for compatibility with
previousversionsof thearchitecture.It shouldnotbeusedin new SPARC-V9 soft-
ware. It is recommended that the MEMBAR instruction be used in its place.

31 141924 18 13 02530 29

10 0 op3 0 1111 —

12

0
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A.52   Store Floating-P oint

† Encoded floating-point register value, as described in 5.1.4.1

Format (3):

Description:

The store single floating-point instruction (STF) copiesf [rd] into memory.

The storedoublefloating-point instruction(STDF) copiesa doubleword from a double
floating-point register into a word-aligned doubleword in memory.

The storequadfloating-pointinstruction(STQF)copiesthe contentsof a quadfloating-
point register into a word-aligned quadword in memory.

The storefloating-pointstateregister lower instruction(STFSR)waits for any currently
executing FPop instructions to complete, and then writes the lower 32 bits of the FSR into
memory.

The storefloating-pointstateregister instruction(STXFSR)waits for any currentlyexe-
cuting FPop instructions to complete, and then writes all 64 bits of the FSR into memory.

Opcode op3 rd Operation

STF 100100 0..31 Store Floating-Point Register

STDF 100111 † Store Double Floating-Point Register

STQF 100110 † Store Quad Floating-Point Register

STFSRD 100101 0 Store Floating-Point State Register Lower

STXFSR 100101 1 Store Floating-Point State Register

— 100101 2..31 Reserved

Suggested Assembly Language Syntax

st fregrd, [address]

std fregrd, [address]

stq fregrd, [address]

st %fsr , [address]

stx %fsr , [address]

TheSTFSRinstructionis deprecated;it is providedonly for compatibilitywith pre-
vious versionsof the architecture.It shouldnot be usedin new SPARC-V9 soft-
ware. It is recommended that the STXFSR instruction be used in its place.

31 24 02530 29 19 18 14 13 12 5 4

rd11 op3 rs1 simm13i=1

rd11 op3 rs1 i=0 — rs2
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Compatibility Note:
SPARC-V9 needstwo store-FSRinstructions,sincetheSPARC-V8 STFSRinstructionis definedto
storeonly 32 bits of the FSRinto memory. STXFSRallows SPARC-V9 programsto storeall 64
bits of the FSR.

STFSR and STXFSR zero FSR.ftt after writing the FSR to memory.

Implementation Note:
FSR.ftt should not be zeroed until it is known that the store will not cause a precise trap.

Theeffective addressfor theseinstructionsis “ r[rs1] + r[rs2]” if i = 0, or “ r[rs1] + sign_
ext(simm13)” if i = 1.

STF, STFSR,STDF, andSTQFcauseamem_address_not_aligned exceptionif theeffective
memoryaddressis not word-aligned;STXFSRcausesa mem_address_not_aligned excep-
tion if theaddressis not doubleword-aligned.If thefloating-pointunit is not enabledfor
the sourceregister rd (per FPRS.FEFandPSTATE.PEF),or if the FPU is not present,a
store floating-point instruction causes anfp_disabled exception.

IMPL. DEP. #110(1): STDF requires only word alignment in memory. If the effective address is
word-aligned but not doubleword-aligned, it may cause an STDF_mem_address_not_aligned
exception. In this case the trap handler software shall emulate the STDF instruction and return.

IMPL. DEP. #112(1): STQF requires only word alignment in memory. If the effective address is
word-aligned but not quadword-aligned, it may cause an STQF_mem_address_not_aligned
exception. In this case the trap handler software shall emulate the STQF instruction and return.

Programming Note:
In SPARC-V8, somecompilersissuedsetsof single-precisionstoreswhen they could not deter-
minethatdouble-or quadwordoperandswereproperlyaligned.For SPARC-V9, sinceemulationof
misalignedstoresis expectedto befast,it is recommendedthatcompilersissuesetsof single-preci-
sion storesonly when they can determinethat double-or quadword operandsare not properly
aligned.

Exceptions:
async_data_error
fp_disabled
mem_address_not_aligned
STDF_mem_address_not_aligned (STDF only) (impl. dep. #110)
STQF_mem_address_not_aligned (STQF only) (impl. dep. #112)
data_access_exception
data_access_protection
data_access_MMU_miss
data_access_error
illegal_instruction (op3= 2516 andrd = 2..31)
fp_exception_other (invalid_fp_register (STQF only))
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A.53   Store Floating-P oint into Alternate Space

† Encoded floating-point register value, as described in 5.1.4.1

Format (3):

Description:

The storesingle floating-point into alternatespaceinstruction(STFA) copiesf[rd] into
memory.

Thestoredoublefloating-pointinto alternatespaceinstruction(STDFA) copiesa double-
word from a double floating-point register into a word-aligned doubleword in memory.

Thestorequadfloating-pointinto alternatespaceinstruction(STQFA) copiesthecontents
of a quad floating-point register into a word-aligned quadword in memory.

Storefloating-pointinto alternatespaceinstructionscontainthe addressspaceidentifier
(ASI) to beusedfor theloadin theimm_asifield if i = 0, or in theASI registerif i = 1. The
accessis privileged if bit seven of the ASI is zero; otherwise,it is not privileged.The
effective addressfor theseinstructionsis “ r[rs1] + r[rs2]” if i = 0, or “ r[rs1] + sign_
ext(simm13)” if i = 1.

STFA, STDFA, and STQFA causea mem_address_not_aligned exceptionif the effective
memoryaddressis notword-aligned.If thefloating-pointunit is notenabledfor thesource
registerrd (perFPRS.FEFandPSTATE.PEF),or if theFPUis not present,storefloating-
point into alternate space instructions cause anfp_disabled exception.

STFA, STDFA, andSTQFA causea privileged_action exceptionif PSTATE.PRIV= 0 and
bit 7 of the ASI is zero.

Opcode op3 rd Operation

STFAPASI 110100 0..31 Store Floating-Point Register to Alternate Space

STDFAPASI 110111 † Store Double Floating-Point Register to Alternate Space

STQFAPASI 110110 † Store Quad Floating-Point Register to Alternate Space

Suggested Assembly Language Syntax

sta fregrd,  [regaddr] imm_asi

sta fregrd,  [reg_plus_imm] %asi

stda fregrd,  [regaddr] imm_asi

stda fregrd,  [reg_plus_imm] %asi

stqa fregrd,  [regaddr] imm_asi

stqa fregrd,  [reg_plus_imm] %asi

31 24 02530 29 19 18

rd11 op3 imm_asi

14 13 12 5 4

rs1 rs2i=0

rd11 op3 rs1 simm13i=1
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IMPL. DEP. #110(2): STDFA requires only word alignment in memory. If the effective address is
word-aligned but not doubleword-aligned, it may cause an STDF_mem_address_not_aligned
exception. In this case the trap handler software shall emulate the STDFA instruction and return.

IMPL. DEP. #112(2): STQFA requires only word alignment in memory. If the effective address is
word-aligned but not quadword-aligned, it may cause an STQF_mem_address_not_aligned
exception. In this case the trap handler software shall emulate the STQFA instruction and return.

Programming Note:
In SPARC-V8, somecompilersissuedsetsof single-precisionstoreswhen they could not deter-
minethatdouble-or quadwordoperandswereproperlyaligned.For SPARC-V9, sinceemulationof
misalignedstoresis expectedto befast,it is recommendedthatcompilersissuesetsof single-preci-
sion storesonly when they can determinethat double-or quadword operandsare not properly
aligned.

Exceptions:
async_data_error
fp_disabled
mem_address_not_aligned
STDF_mem_address_not_aligned (STDFA only) (impl. dep. #110)
STQF_mem_address_not_aligned (STQFA only) (impl. dep. #112)
privileged_action
data_access_exception
data_access_protection
data_access_MMU_miss
data_access_error
fp_exception_other (invalid_fp_register (STQFA only))
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A.54   Store Integ er

Format (3):

Description:
Thestoreintegerinstructions(exceptstoredoubleword) copy thewholeextended(64-bit)
integer, the less-significantword, the leastsignificanthalfword, or the leastsignificant
byte ofr[rd] into memory.

Thestoredoubleword integer instruction(STD) copiestwo wordsfrom an r registerpair
into memory. Theleastsignificant32 bits of theeven-numberedr registerarewritten into
memoryat the effective address,and the leastsignificant32 bits of the following odd-
numberedr registerarewritten into memoryat the“effective address+ 4.” The leastsig-
nificantbit of therd field of astoredoubleword instructionis unusedandshouldalwaysbe
setto zeroby software.An attemptto executeastoredoubleword instructionthatrefersto
a misaligned (odd-numbered)rd causes anillegal_instruction exception.

IMPL. DEP. #108(1): IT is implementation-dependent whether STD is implemented in hardware. if
not, an attempt to execute it will cause an unimplemented_STD exception.

Theeffective addressfor theseinstructionsis “ r[rs1] + r[rs2]” if i = 0, or “ r[rs1] + sign_
ext(simm13)” if i = 1.

Opcode op3 Operation

STB 000101 Store Byte

STH 000110 Store Halfword

STW 000100 Store Word

STX 001110 Store Extended Word

STDD 000111 Store Doubleword

Suggested Assembly Language Syntax

stb regrd,  [address] (synonyms: stub , stsb )

sth regrd,  [address] (synonyms: stuh , stsh )

stw regrd,  [address] (synonyms: st , stuw , stsw )

stx regrd,  [address]

std regrd,  [address]

TheSTD instructionisdeprecated;it is providedonly for compatibilitywith previ-
ousversionsof thearchitecture.It shouldnot beusedin new SPARC-V9 software.
It is recommended that the STX instruction be used in its place.
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A successfulstore (notably, storeextendedand storedoubleword) instructionoperates
atomically.

STH causesa mem_address_not_aligned exceptionif theeffective addressis not halfword-
aligned.STW causesa mem_address_not_aligned exceptionif the effective addressis not
word-aligned.STX andSTD causesa mem_address_not_aligned exceptionif theeffective
address is not doubleword-aligned.

Programming Note:
STDis providedfor compatibilitywith SPARC-V8. It mayexecuteslowly onSPARC-V9 machines
becauseof datapathandregister-accessdifficulties. In someSPARC-V9 systemsit may causea
trap to emulation code; therefore, STD should be avoided.

If STD is emulated in software, STX should be used in order to preserve atomicity.

Compatibility Note:
The SPARC-V8 ST instruction has been renamed STW in SPARC-V9.

Exceptions:
async_data_error
unimplemented_STD (STD only) (impl. dep. #108)
illegal_instruction (STD with oddrd)
mem_address_not_aligned (all except STB)
data_access_exception
data_access_error
data_access_protection
data_access_MMU_miss
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A.55   Store Integ er into Alternate Space

Format (3):

Description:
The store integer into alternatespaceinstructions(except store doubleword) copy the
whole extended(64-bit) integer, the less-significantword, the least-significanthalfword,
or the least-significant byte ofr[rd] into memory.

Thestoredoubleword integerinstruction(STDA) copiestwo wordsfrom anr registerpair
into memory. Theleast-significant32 bits of theeven-numberedr registerarewritten into
memoryat the effective address,and the least-significant32 bits of the following odd-
numberedr registerarewritten into memoryat the“effective address+ 4.” The leastsig-
nificantbit of therd field of astoredoubleword instructionis unusedandshouldalwaysbe
setto zeroby software.An attemptto executeastoredoubleword instructionthatrefersto
a misaligned (odd-numbered)rd causes anillegal_instruction exception.

Opcode op3 Operation

STBAPASI 010101 Store Byte into Alternate space

STHAPASI 010110 Store Halfword into Alternate space

STWAPASI 010100 Store Word into Alternate space

STXAPASI 011110 Store Extended Word into Alternate space

STDAD, PASI 010111 Store Doubleword into Alternate space

Suggested Assembly Language Syntax

stba regrd,  [regaddr] imm_asi (synonyms: stuba , stsba )

stha regrd,  [regaddr] imm_asi (synonyms: stuha , stsha )

stwa regrd,  [regaddr] imm_asi (synonyms: sta , stuwa , stswa )

stxa regrd,  [regaddr] imm_asi

stda regrd,  [regaddr] imm_asi

stba regrd,  [reg_plus_imm] %asi (synonyms: stuba , stsba )

stha regrd,  [reg_plus_imm] %asi (synonyms: stuha , stsha )

stwa regrd,  [reg_plus_imm] %asi (synonyms: sta , stuwa , stswa )

stxa regrd,  [reg_plus_imm] %asi

stda regrd,  [reg_plus_imm] %asi

TheSTDA instructionis deprecated;it is providedonly for compatibilitywith pre-
vious versionsof the architecture.It shouldnot be usedin new SPARC-V9 soft-
ware. It is recommended that the STXA instruction be used in its place.
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IMPL. DEP. #108(2): It is implementation-dependent whether STDA is implemented in hardware. If
not, an attempt to execute it will cause an unimplemented_STD exception.

Storeintegerto alternatespaceinstructionscontaintheaddressspaceidentifier(ASI) to be
usedfor thestorein the imm_asifield if i = 0, or in theASI registerif i = 1. Theaccessis
privileged if bit seven of the ASI is zero; otherwise,it is not privileged.The effective
addressfor theseinstructionsis “ r[rs1] + r[rs2]” if i = 0, or “ r[rs1] +sign_ext(simm13)” if
i = 1.

A successfulstore (notably, storeextendedand storedoubleword) instructionoperates
atomically.

STHA causesa mem_address_not_aligned exception if the effective addressis not half-
word-aligned.STWA causesa mem_address_not_aligned exceptionif theeffective address
is not word-aligned.STXA andSTDA causea mem_address_not_aligned exceptionif the
effective address is not doubleword-aligned.

A store integer into alternatespaceinstruction causesa privileged_action exception if
PSTATE.PRIV= 0 and bit 7 of the ASI is zero.

Programming Note:
STDA is provided for compatibility with SPARC-V8. It may execute slowly on SPARC-V9
machinesbecauseof datapathandregister-accessdifficulties.In someSPARC-V9 systemsit may
cause a trap to emulation code; therefore, STDA should be avoided.

If STDA is emulated in software, STXA should be used in order to preserve atomicity.

Compatibility Note:
The SPARC-V8 STA instruction is renamed STWA in SPARC-V9.

Exceptions:
async_data_error
unimplemented_STD (STDA only) (impl. dep. #108)
illegal_instruction (STDA with oddrd)
privileged_action
mem_address_not_aligned (all except STBA)
data_access_exception
data_access_error
data_access_protection
data_access_MMU_miss
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A.56   Subtract

Format (3):

Description:

Theseinstructionscompute“ r[rs1] – r[rs2]” if i = 0, or “ r[rs1] – sign_ext(simm13)” if
i = 1, and write the difference intor[rd].

SUBCandSUBCcc(“SUBtractwith carry”) alsosubtracttheCCRregister’s 32-bit carry
(icc.c) bit; that is, they compute“ r[rs1] – r[rs2] – icc.c” or “ r[rs1] – sign_ext(simm13) –
icc.c,” and write the difference intor[rd].

SUBccandSUBCccmodify the integer conditioncodes(CCR.icc andCCR.xcc). 32-bit
overflow (CCR.icc.v) occurson subtractionif bit 31 (thesign)of theoperandsdiffer and
bit 31 (the sign) of the differencediffers from r[rs1]<31>. 64-bit overflow (CCR.xcc.v)
occurson subtractionif bit 63 (thesign)of theoperandsdiffer andbit 63 (thesign)of the
difference differs fromr[rs1]<63>.
Programming Note:

A SUBccwith rd = 0 canbeusedto effect a signedor unsignedintegercomparison.SeetheCMP
synthetic instruction in Appendix G.

Programming Note:
SUBCandSUBCccreadthe32-bit conditioncodes’carrybit (CCR.icc.c), not the64-bit condition
codes’ carry bit (CCR.xcc.c).

Compatibility Note:
SUBC and SUBCcc were named SUBX and SUBXcc, respectively, in SPARC-V8.

Exceptions:
(none)

Opcode op3 Operation

SUB 000100 Subtract

SUBcc 010100 Subtract and modify cc’s

SUBC 001100 Subtract with Carry

SUBCcc 011100 Subtract with Carry and modify cc’s

Suggested Assembly Language Syntax

sub regrs1, reg_or_imm, regrd

subcc regrs1, reg_or_imm, regrd

subc regrs1, reg_or_imm, regrd

subccc regrs1, reg_or_imm, regrd

31 24 02530 29 19 18
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A.57   Swap Register with Memor y

Format (3):

Description:

SWAP exchangesthelower 32 bits of r[rd] with thecontentsof theword at theaddressed
memorylocation.The upper32 bits of r[rd] areset to zero.The operationis performed
atomically, thatis, withoutallowing interveninginterruptsor deferredtraps.In amultipro-
cessorsystem,two or more processorsexecuting CASA, CASXA, SWAP, SWAPA,
LDSTUB, or LDSTUBA instructionsaddressingany or all of thesamedoublewordsimul-
taneously are guaranteed to execute them in an undefined but serial order.

Theeffective addressfor theseinstructionsis “ r[rs1] + r[rs2]” if i = 0, or “ r[rs1] + sign_
ext(simm13)” if i = 1. This instructioncausesa mem_address_not_aligned exceptionif the
effective address is not word-aligned.

The coherenceand atomicity of memoryoperationsbetweenprocessorsand I/O DMA
memory accesses are implementation-dependent (impl. dep #120).

Implementation Note:
SeeImplementationCharacteristicsof Current SPARC-V9-basedProducts,Revision 9.x, a docu-
mentavailablefrom SPARC International,for informationon thepresenceof hardwaresupportfor
these instructions in the various SPARC-V9 implementations.

Exceptions:
mem_address_not_aligned
data_access_exception
data_access_error
data_access_protection
data_access_MMU_miss
async_data_error

Opcode op3 Operation

SWAPD 001111 SWAP register with memory

Suggested Assembly Language Syntax

swap [address], regrd

TheSWAP instructionis deprecated;it is providedonly for compatibilitywith pre-
vious versionsof the architecture.It shouldnot be usedin new SPARC-V9 soft-
ware. It is recommendedthat the CASA (or CASXA) instructionbe usedin its
place.
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A.58   Swap Register with Alternate Space Memor y

Format (3):

Description:

SWAPA exchangesthe lower 32 bits of r[rd] with the contentsof the word at the
addressedmemorylocation.The upper32 bits of r[rd] areset to zero.The operationis
performedatomically, that is, without allowing interveninginterruptsor deferredtraps.In
a multiprocessorsystem,two or more processorsexecuting CASA, CASXA, SWAP,
SWAPA, LDSTUB, or LDSTUBA instructionsaddressingany or all of thesamedouble-
word simultaneously are guaranteed to execute them in an undefined, but serial order.

TheSWAPA instructioncontainstheaddressspaceidentifier(ASI) to beusedfor theload
in the imm_asifield if i = 0, or in theASI registerif i = 1. Theaccessis privilegedif bit
seven of the ASI is zero; otherwise,it is not privileged. The effective addressfor this
instruction is “r[rs1] + r[rs2]” if i = 0, or “r[rs1] + sign_ext(simm13)” if i = 1.

This instructioncausesa mem_address_not_aligned exceptionif theeffectiveaddressis not
word-aligned.It causesa privileged_action exceptionif PSTATE.PRIV= 0 andbit 7 of the
ASI is zero.

The coherenceand atomicity of memoryoperationsbetweenprocessorsand I/O DMA
memory accesses are implementation-dependent (impl. dep #120).

Implementation Note:
SeeImplementationCharacteristicsof Current SPARC-V9-basedProducts,Revision 9.x, a docu-
mentavailablefrom SPARC International,for informationon thepresenceof hardwaresupportfor
this instruction in the various SPARC-V9 implementations.

Opcode op3 Operation

SWAPAD, PASI 011111 SWAP register with Alternate space memory

Suggested Assembly Language Syntax

swapa [regaddr] imm_asi, regrd

swapa [reg_plus_imm] %asi, regrd

The SWAPA instructionis deprecated;it is provided only for compatibility with
previousversionsof thearchitecture.It shouldnot beusedin new SPARC-V9 soft-
ware. It is recommended that the CASXA instruction be used in its place.
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Exceptions:
mem_address_not_aligned
privileged_action
data_access_exception
data_access_error
data_access_protection
data_access_MMU_miss
async_data_error
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A.59   Tagged Ad d

Format (3):

Description:

Theseinstructionscomputea sum that is “ r[rs1] + r[rs2]” if i = 0, or “ r[rs1] + sign_
ext(simm13)” if i = 1.

TADDcc modifiestheintegerconditioncodes(icc andxcc), andTADDccTV doessoalso,
if it does not trap.

A tag_overflow exceptionoccursif bit 1 or bit 0 of eitheroperandis nonzero,or if theaddi-
tion generates32-bitarithmeticoverflow (i.e.,bothoperandshavethesamevaluein bit 31,
and bit 31 of the sum is different).

If TADDccTV causesa tagoverflow, a tag_overflow exceptionis generated,andr[rd] and
theintegerconditioncodesremainunchanged.If aTADDccTV doesnot causea tagover-
flow, thesumis written into r[rd], andtheintegerconditioncodesareupdated.CCR.icc.v
is set to 0 to indicateno 32-bit overflow. If a TADDcc causesa tag overflow, the 32-bit
overflow bit (CCR.icc.v) is set to 1; if it doesnot causea tag overflow, CCR.icc.v is
cleared.

In eithercase,the remainingintegerconditioncodes(both theotherCCR.icc bits andall
theCCR.xccbits)arealsoupdatedasthey wouldbefor anormalADD instruction.In par-
ticular, the settingof the CCR.xcc.vbit is not determinedby the tag overflow condition
(tag overflow is usedonly to setthe 32-bit overflow bit). CCR.xcc.v is setonly basedon
the normal 64-bit arithemetic overflow condition, like a normal 64-bit add.
Compatibility Note:

TADDccTV trapsbasedon the 32-bit overflow condition, just as in SPARC-V8. Although the
tagged-addinstructionssetthe64-bit conditioncodesCCR.xcc, thereis no form of the instruction
that traps the 64-bit overflow condition.

Exceptions:
tag_overflow (TADDccTV only)

Opcode op3 Operation

TADDcc 100000 Tagged Add and modify cc’s

TADDccTVD 100010 Tagged Add and modify cc’s, or Trap on Overflow

Suggested Assembly Language Syntax

taddcc regrs1, reg_or_imm, regrd

taddcctv regrs1, reg_or_imm, regrd

The TADDccTV instruction is deprecated;it is provided only for compatibility
with previousversionsof thearchitecture.It shouldnot beusedin new SPARC-V9
software.It is recommendedthatTADDcc followedby BPVSbeusedin its place
(with instructions to save the pre-TADDcc integer condition codes, if necessary).
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A.60   Tagged Subtract

Format (3):

Description:

Theseinstructionscompute“ r[rs1] – r[rs2]” if i = 0, or “ r[rs1] – sign_ext(simm13)” if
i = 1.

TSUBccmodifiestheintegerconditioncodes(icc andxcc); TSUBccTValsomodifiesthe
integer condition codes, if it does not trap.

A tag overflow occursif bit 1 or bit 0 of eitheroperandis nonzero,or if the subtraction
generates32-bit arithmeticoverflow; that is, the operandshave differentvaluesin bit 31
(the 32-bit sign bit) andthe sign of the 32-bit differencein bit 31 differs from bit 31 of
r[rs1].

If TSUBccTV causesa tag overflow, a tag_overflow exceptionis generatedand r[rd] and
theintegerconditioncodesremainunchanged.If a TSUBccTVdoesnot causea tagover-
flow condition, the differenceis written into r[rd], and the integer condition codesare
updated.CCR.icc.v is set to 0 to indicateno 32-bit overflow. If a TSUBcccausesa tag
overflow, the32-bit overflow bit (CCR.icc.v) is setto 1; if it doesnotcausea tagoverflow,
CCR.icc.v is cleared.

In eithercase,the remainingintegerconditioncodes(both theotherCCR.icc bits andall
theCCR.xccbits) arealsoupdatedasthey would be for a normalsubtractinstruction.In
particular, thesettingof theCCR.xcc.vbit is not determinedby thetagoverflow condition
(tag overflow is usedonly to setthe 32-bit overflow bit). CCR.xcc.v is setonly basedon
the normal 64-bit arithemetic overflow condition, like a normal 64-bit subtract.

Opcode op3 Operation

TSUBcc 100001 Tagged Subtract and modify cc’s

TSUBccTVD 100011 Tagged Subtract and modify cc’s, or Trap on Overflow

Suggested Assembly Language Syntax

tsubcc regrs1, reg_or_imm, regrd

tsubcctv regrs1, reg_or_imm, regrd

TheTSUBccTVinstructionis deprecated;it is providedonly for compatibilitywith
previousversionsof thearchitecture.It shouldnot beusedin new SPARC-V9 soft-
ware.It is recommendedthatTSUBccfollowedby BPVSbeusedin its place(with
instructions to save the pre-TSUBcc integer condition codes, if necessary).
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Compatibility Note:
TSUBccTV trapsarebasedon the32-bit overflow condition,just asin SPARC-V8. Although the
tagged-subtractinstructionssetthe64-bit conditioncodesCCR.xcc, thereis no form of theinstruc-
tion that traps on 64-bit overflow.

Exceptions:
tag_overflow (TSUBccTV only)
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A.61   Trap on Integ er Condition Codes (Tcc)

Format (4):

Opcode op3 cond Operation icc test

TA 111010 1000 Trap Always 1

TN 111010 0000 Trap Never 0

TNE 111010 1001 Trap on Not Equal not Z

TE 111010 0001 Trap on Equal Z

TG 111010 1010 Trap on Greater not (Z or (N xor V))

TLE 111010 0010 Trap on Less or Equal Z (N xor V)

TGE 111010 1011 Trap on Greater or Equal not (N xor V)

TL 111010 0011 Trap on Less N xor V

TGU 111010 1100 Trap on Greater Unsigned not (C or Z)

TLEU 111010 0100 Trap on Less or Equal Unsigned (C or Z)

TCC 111010 1101 TraponCarryClear(Greaterthanor Equal,Unsigned) not C

TCS 111010 0101 Trap on Carry Set (Less Than, Unsigned) C

TPOS 111010 1110 Trap on Positive or zero not N

TNEG 111010 0110 Trap on Negative N

TVC 111010 1111 Trap on Overflow Clear not V

TVS 111010 0111 Trap on Overflow Set V

cc1 cc0 Condition codes

00 icc

01 —

10 xcc

11 —

5 4

10 cond op3 rs1 i=0 — rs2

31 141924 18 13 12 02530 29

—

28 7 6

cc1cc0

11 10

10 cond op3 rs1 i=1 —— cc1cc0 sw_trap_#
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Description:

TheTcc instructionevaluatestheselectedintegerconditioncodes(icc or xcc) accordingto
thecondfield of the instruction,producingeithera TRUE or FALSE result.If TRUE and
no higher-priority exceptionsor interrupt requestsare pending, then a trap_instruction
exception is generated.If FALSE, a trap_instruction exception doesnot occur and the
instruction behaves like a NOP.

The software trap number is specified by the least significant seven bits of
“ r[rs1] + r[rs2]” if i = 0, or theleastsignificantsevenbitsof “ r[rs1] + sw_trap_#” if i = 1.

When i = 1, bits 7 through10 arereserved andshouldbe suppliedaszerosby software.
When i = 0, bits 5 through 10 are reserved, and the most significant 57 bits of
“ r[rs1] + r[rs2]” are unused, and both should be supplied as zeros by software.

Description (Effect on Privileged State):

If a trap_instruction traps,256plus thesoftwaretrapnumberis written into TT[TL]. Then
thetrapis taken,andtheprocessorperformsthenormaltrapentryprocedure,asdescribed
in Chapter 7, “Traps.”

Programming Note:
Tcc canbeusedto implementbreakpointing,tracing,andcalls to supervisorsoftware.It canalso
be used for run-time checks, such as out-of-range array indexes, integer overflow, etc.

Compatibility Note:
Tcc is upwardcompatiblewith theSPARC-V8 Ticc instruction,with onequalification:a Ticc with
i = 1 andsimm13< 0 mayexecutedifferentlyon a SPARC-V9 processor. Useof the i = 1 form of
Ticc is believedto berarein SPARC-V8 software,andsimm13< 0 is probablynot usedat all, soit
is believed that, in practice, full software compatibillity will be achieved.

Exceptions:
trap_instruction
illegal_instruction (cc1 cc0= 012 or 112)

Suggested Assembly Language Syntax

ta i_or_x_cc, software_trap_number

tn i_or_x_cc, software_trap_number

tne i_or_x_cc, software_trap_number (synonym: tnz )

te i_or_x_cc, software_trap_number (synonym: tz )

tg i_or_x_cc, software_trap_number

tle i_or_x_cc, software_trap_number

tge i_or_x_cc, software_trap_number

tl i_or_x_cc, software_trap_number

tgu i_or_x_cc, software_trap_number

tleu i_or_x_cc, software_trap_number

tcc i_or_x_cc, software_trap_number (synonym: tgeu )

tcs i_or_x_cc, software_trap_number (synonym: tlu )

tpos i_or_x_cc, software_trap_number

tneg i_or_x_cc, software_trap_number

tvc i_or_x_cc, software_trap_number

tvs i_or_x_cc, software_trap_number
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A.62   Write Privileg ed Register

Format (3):

Opcode op3 Operation

WRPRP 110010 Write Privileged Register

rd Privileged register

0 TPC

1 TNPC

2 TSTATE

3 TT

4 TICK

5 TBA

6 PSTATE

7 TL

8 PIL

9 CWP

10 CANSAVE

11 CANRESTORE

12 CLEANWIN

13 OTHERWIN

14 WSTATE

15..31 Reserved

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1
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Description:

This instruction stores the value “ r[rs1] xor r[rs2]” if i = 0, or “ r[rs1] xor sign_
ext(simm13)” if i = 1 to the writable fields of the specifiedprivilegedstateregister. Note
the exclusive-or operation.

Therd field in theinstructiondeterminestheprivilegedregisterthatis written.Thereareat
leastfour copiesof theTPC,TNPC,TT, andTSTATE registers,onefor eachtraplevel. A
write to oneof theseregisterssetstheregisterindexedby thecurrentvaluein thetraplevel
register(TL). A write to TPC,TNPC,TT, or TSTATE whenthetraplevel is zero(TL = 0)
causes anillegal_instruction exception.

A WRPR of TL doesnot causea trap or return from trap; it doesnot alter any other
machine state.
Programming Note:

A WRPRof TL can be usedto readthe valuesof TPC, TNPC, andTSTATE for any trap level,
however, care must be taken that traps do not occur while the TL register is modified.

TheWRPRinstructionis anondelayed-writeinstruction.Theinstructionimmediatelyfol-
lowing the WRPR observes any changes made to processor state made by the WRPR.

WRPR instructionswith rd in the range15..31 are reserved for future versionsof the
architecture;executinga WRPRinstructionwith rd in that rangecausesan illegal_instruc-
tion exception.
Programming Note:

On animplementationthatprovidesa floating-pointqueue,supervisorsoftwareshouldbeawareof
thestateof theFQbeforedisablingthefloating-pointunit (changingPSTATE.PEFfrom 1 to 0 with
a WRPRinstruction)(impl. dep.#24).Typically, supervisorsoftwareensuresthat theFQ is empty
(FSR.qne= 0) before disabling the floating-point unit.

Exceptions:
privileged_opcode
illegal_instruction ((rd = 15..31) or ((rd ≤ 3) and (TL= 0)))

Suggested Assembly Language Syntax

wrpr regrs1, reg_or_imm, %tpc

wrpr regrs1, reg_or_imm, %tnpc

wrpr regrs1, reg_or_imm, %tstate

wrpr regrs1, reg_or_imm, %tt

wrpr regrs1, reg_or_imm, %tick

wrpr regrs1, reg_or_imm, %tba

wrpr regrs1, reg_or_imm, %pstate

wrpr regrs1, reg_or_imm, %tl

wrpr regrs1, reg_or_imm, %pil

wrpr regrs1, reg_or_imm, %cwp

wrpr regrs1, reg_or_imm, %cansave

wrpr regrs1, reg_or_imm, %canrestore

wrpr regrs1, reg_or_imm, %cleanwin

wrpr regrs1, reg_or_imm, %otherwin

wrpr regrs1, reg_or_imm, %wstate
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A.63   Write State Register

Format (3):

† Syntax for WRASR with rd=16..31 may vary  (impl. dep. #48)

Description:

WRY, WRCCR,WRFPRS,andWRASI storesthe value “ r[rs1] xor r[rs2]” if i = 0, or
“ r[rs1] xor sign_ext(simm13)” if i = 1, to thewritablefieldsof thespecifiedstateregister.
Note the exclusive-or operation.

NotethatWRY, WRCCR,WRASI, WRFPRS,andWRASRaredistinguishedonly by the
rd field.

WRASRwritesavalueto theancillarystateregister(ASR) indicatedby rd. Theoperation
performedto generatethe valuewritten may be rd-dependentor implementation-depen-

Opcode op3 rd Operation

WRYD 110000 0 Write Y register

— 110000 1 Reserved

WRCCR 110000 2 Write Condition Codes Register

WRASI 110000 3 Write ASI register

WRASRPASR 110000 4, 5 Write Ancillary State Register (reserved)

WRFPRS 110000 6 Write Floating-Point Registers Status register

WRASRPASR 110000 7..14 Write Ancillary State Register (reserved)

See text 110000 15 See text

WRASRPASR 110000 16.. 31 Implementation-dependent (impl. dep. #48)

Suggested Assembly Language Syntax

wr regrs1, reg_or_imm, %y

wr regrs1, reg_or_imm, %ccr

wr regrs1, reg_or_imm, %asi

wr regrs1, reg_or_imm, %fprs

wr regrs1, reg_or_imm, asr_regrd   †

TheWRY instructionis deprecated;it is providedonly for compatibilitywith previ-
ousversionsof thearchitecture.It shouldnot beusedin new SPARC-V9 software.
It is recommended that all instructions which reference the Y register be avoided.
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14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1
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dent (seebelow). A WRASR instructionis indicatedby op= 216, rd = 4, 5, or ≥ 7 and
op3= 3016.

An instructionwith op= 216, op3= 3016, rd = 15, rs1= 0, and i = 1 is definedas a SIR
instruction.SeeA.50, “Software-InitiatedReset.” Whenop= 216, op3= 3016, andrd = 15,
if either rs1≠0 or i ≠1, then anillegal_instruction exception shall be generated.

IMPL. DEP. #48: WRASR instructions with rd in the range 16..31 are available for implementation-
dependent uses (impl. dep.#8). For a WRASR instruction with rd in the range 16..31, the follow-
ing are implementation-dependent: the interpretation of bits 18:0 in the instruction, the opera-
tion(s) performed (for example, XOR) to generate the value written to the ASR, whether the
instruction is privileged (impl. dep.#9), and whether the instruction causes an illegal_instruction
exception.

SeeI.1.1, “Read/WriteAncillary StateRegisters(ASRs),” for a discussionof extending
the SPARC-V9 instruction set using read/write ASR instructions.

The WRY, WRCCR,WRFPRS,andWRASI instructionsarenot delayed-writeinstruc-
tions. The instruction immediatelyfollowing a WRY, WRCCR, WRFPRS,or WRASI
observes the new value of the Y, CCR, FPRS, or ASI register.

WRFPRSwaits for any pendingfloating-pointoperationsto completebeforewriting the
FPRS register.

Implementation Note:
Ancillary stateregistersmay include(for example)timer, counter, diagnostic,self-test,andtrap-
control registers.SeeImplementationCharacteristicsof CurrentSPARC-V9-basedProducts,Revi-
sion9.x, a documentavailablefrom SPARC International,for informationon ancillarystateregis-
ters provided by specific implementations.

Compatibility Note:
TheSPARC-V8 WRIER,WRPSR,WRWIM, andWRTBR instructionsdonotexist in SPARC-V9,
since the IER, PSR, TBR, and WIM registers do not exist in SPARC-V9.

Exceptions:
privileged_opcode (WRASR only; implementation-dependent (impl. dep. #48))
illegal_instruction (WRASR with rd = 16..31 and the implementationdoes not

definethe instructionasan extension;implementation-dependent(impl. dep.
#48),or WRASRwith rd equalto 1, 4, 5, or in therange7..14),WRASRwith
rd equal to 15 andrs1≠0 or i ≠1
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B IEEE Std 754-1985 Requirements f or SPARC-V9
The IEEE Std 754-1985 floating-point standardcontains a number of implementa-
tion-dependencies.This appendixspecifieschoicesfor theseimplementation-dependen-
cies, to ensure that SPARC-V9 implementations are as consistent as possible.

B.1   Traps Inhibit Results
As describedin 5.1.7,“Floating-PointStateRegister(FSR),” andelsewhere,whena float-
ing-point trap occurs:

— The destination floating-point register(s) (thef registers) are unchanged.

— The floating-point condition codes (fcc0, fcc1, fcc2, andfcc3) are unchanged.

— The FSR.aexc (accrued exceptions) field is unchanged.

— The FSR.cexc (current exceptions) field is unchanged except for
IEEE_754_exceptions; in that case,cexc containsa bit set to “1” correspondingto
the exception that caused the trap. Only one bit shall be set incexc.

Instructionscausingan fp_exception_other trapdueto unfinishedor unimplementedFPops
executeasif by hardware;that is, a trapis undetectableby usersoftware,exceptthat tim-
ing may be affected. A user-mode trap handler invoked for an IEEE_754_exception,
whetherasa direct resultof a hardwarefp_exception_ieee_754 trapor asan indirect result
of supervisorhandlingof an unfinished_FPop or unimplemented_FPop, canrely on the fol-
lowing:

— The address of the instruction that caused the exception will be available to it.

— The destinationfloating-pointregister(s)are unchangedfrom their stateprior to
that instruction’s execution.

— The floating-point condition codes (fcc0, fcc1, fcc2, andfcc3) are unchanged.

— The FSRaexc field is unchanged.

— TheFSRcexcfield containsexactlyonebit setto 1, correspondingto theexception
that caused the trap.

— The FSRftt, qne, andreserved fields are zero.

Supervisorsoftwareis responsiblefor enforcingtheserequirementsif the hardwaretrap
mechanism does not.
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B.2   NaN Operand and Result Definitions

An untrappedfloating-pointresultcanbein a formatthatis eitherthesameas,or different
from, the format of the source operands. These two cases are described separately below.

B.2.1   Untrapped Result in Diff erent Format fr om Operands

F[sdq]TO[sdq] with a quiet NaN operand:
No exceptioncaused;resultis aquietNaN.Theoperandis transformedasfollows:

NaN transformation: Themostsignificantbits of theoperandfractionarecopied
to the mostsignificantbits of the result fraction. Whenconverting to a narrower
format,excesslow-orderbits of theoperandfractionarediscarded.Whenconvert-
ing to a wider format,excesslow-orderbits of theresultfractionaresetto 0. The
quiet bit (the mostsignificantbit of the result fraction) is alwaysset to 1, so the
NaN transformationalwaysproducesa quietNaN.Thesignbit is copiedfrom the
operand to the result without modification.

F[sdq]TO[sdq] with a signaling NaN operand:
Invalid exception; result is the signaling NaN operandprocessedby the NaN
transformation above to produce a quiet NaN.

FCMPE[sdq] with any NaN operand:
Invalid exception; the selected floating-point condition code is set to unordered.

FCMP[sdq] with any signaling NaN operand:
Invalid exception; the selected floating-point condition code is set to unordered.

FCMP[sdq] with any quiet NaN operand but no signaling NaN operand:
No exception; the selected floating-point condition code is set to unordered.

B.2.2   Untrapped Result in Same Format as Operands

No NaN operand:
For aninvalid operationsuchassqrt(–1.0)or 0.0÷ 0.0,theresultis thequietNaN
with sign= zero,exponent= all ones,andfraction= all ones.The sign is zeroto
distinguish such results from storage initialized to all ones.

One operand, a quiet NaN:
No exception; result is the quiet NaN operand.

One operand, a signaling NaN:
Invalid exception;resultis thesignalingNaNwith its quietbit (mostsignificantbit
of fraction field) set to 1.

Two operands, both quiet NaNs:
No exception; result is thers2 (second source) operand.

Two operands, both signaling NaNs:
Invalid exception; result is thers2 operand with the quiet bit set to 1.
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Two operands, only one a signaling NaN:
Invalid exception; result is the signaling NaN operand with the quiet bit set to 1.

Two operands, neither a signaling NaN, only one a quiet NaN:
No exception; result is the quiet NaN operand.

In table27 NaNn means that the NaN is in rsn, Q means quiet, S signaling.

QSNaNn meansa quiet NaN producedby the NaN transformation on a signalingNaN
from rsn; the invalid exceptionis alwaysindicated.TheQNaNn resultsin the tablenever
generatean exception,but IEEE 754 specifiesseveral casesof invalid exceptions,and
QNaN results from operands that are both numbers.

B.3   Trapped Underflo w Definition (UFM = 1)
Underflow occursif theexactunroundedresulthasmagnitudebetweenzeroandthesmall-
est normalized number in the destination format.

IMPL. DEP. #55: Whether tininess (in IEEE 754 terms) is detected before or after rounding is
implementation-dependent. It is recommended that tininess be detected before rounding.

Note that the wrappedexponentresultsintendedto be deliveredon trappedunderflows
andoverflows in IEEE 754 are irrelevant to SPARC-V9 at the hardwareandsupervisor
softwarelevels; if they arecreatedat all, it would beby usersoftwarein a user-modetrap
handler.

B.4   Untrapped Underflo w Definition (UFM = 0)

Underflow occursif theexactunroundedresulthasmagnitudebetweenzeroandthesmall-
estnormalizednumberin the destinationformat,and the correctlyroundedresult in the
destination format is inexact.

Table 28 summarizes what happens when an exactunrounded valueu satisfying

0 ≤ |u| ≤ smallest normalized number

would round,if no trapintervened,to a roundedvaluer which might bezero,subnormal,
or thesmallestnormalizedvalue.“UF” meansunderflow trap(with ufc setin cexc), “NX”
meansinexacttrap(with nxcsetin cexc), “uf” meansuntrappedunderflow exception(with
ufc setin cexcandufa in aexc), and“nx” meansuntrappedinexactexception(with nxcset
in cexc and nxa inaexc).

Table 27—Untrapped Floating-Point Results

rs2 operand

Number QNaN2 SNaN2

rs1
operand

None IEEE 754 QNaN2 QSNaN2

Number IEEE 754 QNaN2 QSNaN2

QNaN1  QNaN1 QNaN2 QSNaN2

SNaN1  QSNaN1 QSNaN1 QSNaN2
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† If tininessis detectedafter roundingandNXM = 1, thenNX, otherwise“None”
(impl. dep. #55).

B.5   Integ er Overflo w Definition

F[sdq]TOi:
Whena NaN, infinity, large positive argument≥ 2147483648.0,or large negative
argument≤ –2147483649.0is convertedto aninteger, theinvalid_current(nvc) bit
of FSR.cexc shouldbesetandfp_exception_IEEE_754 shouldberaised.If thefloat-
ing-point invalid trap is disabled(FSR.TEM.NVM = 0), no trap occursand a
numericalresult is generated:if the sign bit of the operandis 0, the result is
2147483647; if the sign bit of the operand is 1, the result is –2147483648.

F[sdq]TOx:
Whena NaN, infinity, largepositive argument≥ 263, or largenegative argument≤
–(263 + 1), is converted to an extendedinteger, the invalid_current(nvc) bit of
FSR.cexc shouldbe setand fp_exception_IEEE_754 shouldbe raised.If the float-
ing-point invalid trap is disabled(FSR.TEM.NVM = 0), no trap occursand a
numericalresultis generated:if thesignbit of theoperandis 0, theresultis 263 – 1;
if the sign bit of the operand is 1, the result is –263.

B.6   Floating-P oint Nonstandar d Mode

SPARC-V9 implementationsarepermittedbut not encouragedto deviate from IEEE Std
754-1985requirementswhenthenonstandardmode(NS) bit of theFSRis set(impl. dep.
#18).

Table 28—Untrapped Floating-Point Underflow

Underflow trap:
Inexact trap:

UFM = 1
NXM = ?

UFM = 0
NXM = 1

UFM = 0
NXM = 0

u = r

r is minimum normal None None None

r is subnormal UF None None

r is zero None None None

u ≠ r

r is minimum normal UF † NX uf nx

r is subnormal UF NX uf nx

r is zero UF NX uf nx
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C SPARC-V9 Implementation Dependencies
This appendixprovidesa summaryof all implementationdependenciesin theSPARC-V9
standard.Thenotation“ IMPL. DEP. #nn :” is usedto identify thedefinitionof animplemen-
tation dependency; the notation“(impl. dep.#nn)” is usedto identify a referenceto an
implementation dependency. The numbernn provides an index into table29 on page 253.

SPARC Internationalmaintainsa document,ImplementationCharacteristicsof Current
SPARC-V9-basedProducts,Revision 9.x, which describesthe implementation-dependent
designfeaturesof SPARC-V9-compliantimplementations.ContactSPARC International
for this document at

SPARC International
535 Middlefield Rd, Suite 210

Menlo Park, CA 94025
(415) 321-8692

C.1   Definition of an Implementation Dependenc y

The SPARC-V9 architectureis a model that specifiesunambiguouslythe behavior
observedby software on SPARC-V9 systems.Therefore,it doesnot necessarilydescribe
the operation of thehardware of any actual implementation.

An implementationis not requiredto executeevery instructionin hardware.An attemptto
executea SPARC-V9 instructionthat is not implementedin hardware generatesa trap.
Whetheran instructionis implementeddirectly by hardware,simulatedby software,or
emulated by firmware is implementation-dependent (impl. dep. #1).

The two levels of SPARC-V9 complianceare describedin 1.2.6, “SPARC-V9 Compli-
ance.”

Someelementsof thearchitecturearedefinedto beimplementation-dependent.Theseele-
ments include certain registersand operationsthat may vary from implementationto
implementation, and are explicitly identified as such in thisappendix.

Implementationelements(suchasinstructionsor registers)thatappearin animplementa-
tion but arenot definedin this document(or its updates)arenot consideredto beSPARC-
V9 elements of that implementation.

C.2   Hardware Characteristics

Hardwarecharacteristicsthatdo not affect thebehavior observedby softwareon SPARC-
V9 systemsare not consideredarchitecturalimplementationdependencies.A hardware
characteristicmayberelevantto theusersystemdesign(for example,thespeedof execu-
tion of aninstruction)or maybetransparentto theuser(for example,themethodusedfor
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achieving cacheconsistency). TheSPARC Internationaldocument,ImplementationChar-
acteristicsof Current SPARC-V9-basedProducts,Revision 9.x, providesa useful list of
thesehardware characteristics,along with the list of implementation-dependentdesign
features of SPARC-V9-compliant implementations.

In general, hardware characteristics deal with

— Instruction execution speed

— Whether instructions are implemented in hardware

— Thenatureanddegreeof concurrency of thevarioushardwareunitscomprisinga
SPARC-V9 implementation.

C.3   Implementation Dependenc y Categories

Many of the implementationdependenciescanbe groupedinto four categories,abbrevi-
ated by their first letters throughout thisappendix:

Value (v):
Thesemanticsof anarchitecturalfeaturearewell-defined,exceptthatavalueasso-
ciatedwith it maydiffer acrossimplementations.A typical exampleis thenumber
of implemented register windows (Implementation dependency #2).

Assigned Value (a):
Thesemanticsof anarchitecturalfeaturearewell-defined,exceptthatavalueasso-
ciatedwith it may differ acrossimplementationsandthe actualvalueis assigned
by SPARC International.Typical examplesare the impl field of Versionregister
(VER) (Implemententationdependency #13) andthe FSR.ver field (Implementa-
tion dependency #19).

Functional Choice (f):
TheSPARC-V9 architectureallows implementorsto chooseamongseveralpossi-
ble semanticsrelatedto an architecturalfunction.A typical exampleis the treat-
ment of a catastrophicerror exception,which may causeeither a deferredor a
disrupting trap (Implementation dependency #31).

Total Unit (t) :
Theexistenceof thearchitecturalunit or functionis recognized,but detailsareleft
to eachimplementation.Examplesinclude the handlingof I/O registers(Imple-
mentationdependency #7) and somealternateaddressspaces(Implementation
dependency #29).

C.4   List of Implementation Dependencies

Table29 providesa completelist of the implementationdependenciesin thearchitecture,
the definition of each,andreferencesto the pagenumbersin the standardwhereeachis
definedor referenced.Most implementationdependenciesoccurbecauseof the address
spaces,I/O registers,registers(including ASRs),the type of trappingusedfor an excep-
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tion, the handlingof errors,or miscellaneousnon-SPARC-V9-architecturalunits suchas
the MMU or caches (which affect the FLUSH instruction).

Table 29—Implementation Dependencies

Number Category Def / Ref
page # Description

1 f 8, 251 Software emulation of instructions
Whetheran instructionis implementeddirectly by hardware,sim-
ulatedby software,or emulatedby firmware is implementation-
dependent.

2 v 15, 30, 32,58 Number of IU registers
An implementationof theIU maycontainfrom 64 to 528general-
purpose64-bit r registers.This correspondsto a groupingof the
registersinto two setsof eight global r registers,plus a circular
stackof from threeto 32 setsof 16 registerseach,known asregis-
ter windows. Since the number of register windows present
(NWINDOWS) is implementation-dependent,the total numberof
registers is also implementation-dependent.

3 f 85 Incorr ect IEEE Std 754-1985 results
An implementationmay indicatethat a floating-pointinstruction
did not producea correctIEEE Std754-1985resultby generating
a specialfloating-pointunfinishedor unimplementedexception.In
thiscase,privilegedmodesoftwareshallemulateany functionality
not present in the hardware.

4-5 — — Reserved

6 f 18, 121 I/O r egisters privileged status
WhetherI/O registerscan be accessedby nonprivileged code is
implementation-dependent.

7 t 18, 121 I/O r egister definitions
The contentsand addressesof I/O registersare implementation-
dependent.

8 t 20, 30, 35, 60,
214, 215, 245,

256, 256

RDASR/WRASR target registers
Softwarecanuseread/writeancillary stateregisterinstructionsto
read/write implementation-dependentprocessorregisters (ASRs
16-31).

9 f 20, 36, 60, 245,
256, 256

RDASR/WRASR privileged status
Whethereachof the implementation-dependentread/writeancil-
lary stateregister instructions(for ASRs 16-31) is privileged is
implementation-dependent.

10-12 — — Reserved

13 a 57 VER.impl
VER.impl uniquely identifiesan implementationor classof soft-
ware-compatibleimplementationsof the architecture. Values
FFF016..FFFF16 arereservedandarenotavailablefor assignment.

14-15 — — Reserved

16 t 30 IU deferred-trap queue
The existence,contents,and operation of an IU deferred-trap
queueareimplementation-dependent;it is notvisible to userappli-
cation programs under normal operating conditions.

17 — — Reserved
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18 f 44, 250 Nonstandard IEEE 754-1985 results
Bit 22 of the FSR, FSR_nonstandard_fp(NS), when set to 1,
causesthe FPU to produceimplementation-definedresults that
may not correspond to IEEE Standard 754-1985.

19 a 45 FPU version, FSR.ver
Bits 19:17of theFSR,FSR.ver, identify oneor moreimplementa-
tions of the FPU architecture.

20-21 — — Reserved

22 f 50 FPU TEM, cexc, and aexc
An implementationmaychooseto implementtheTEM, cexc, and
aexc fields in hardware in either of two ways (see5.1.7.11for
details).

23 f 61, 115, 115 Floating-point traps
Floating-point traps may be preciseor deferred.If deferred,a
floating-point deferred-trap queue (FQ) must be present.

24 t 30, 212 FPU deferred-trap queue (FQ)
The presence,contentsof, and operationson the floating-point
deferred-trap queue (FQ) are implementation-dependent.

25 f 47, 212, 213,
213

RDPR of FQ with nonexistent FQ
On implementationswithout a floating-pointqueue,anattemptto
readtheFQwith anRDPRinstructionshallcauseeitheran illegal_
instruction exception or an fp_exception_other exception with
FSR.ftt set to 4 (sequence_error).

26-28 — — Reserved

29 t 18,74, 75 Addr ess space identifier (ASI) definitions
The following ASI assignmentsare implementation-dependent:
restrictedASIs 0016..0316, 0516..0B16, 0D16..0F16, 1216..1716,
and 1A16..7F16; and unrestricted ASIs C016..FF16.

30 f 74 ASI address decoding
An implementationmay chooseto decodeonly a subsetof the 8-
bit ASI specifier;however, it shall decodeat leastenoughof the
ASI to distinguishASI_PRIMARY, ASI_PRIMARY_LITTLE , ASI_
AS_IF_USER_PRIMARY, ASI_AS_IF_USER_PRIMARY_LITTLE ,
ASI_PRIMARY_NOFAULT, ASI_PRIMARY_NOFAULT_LITTLE,
ASI_SECONDARY, ASI_SECONDARY_LITTLE , ASI_AS_IF_USER_
SECONDARY, ASI_AS_IF_USER_SECONDARY_LITTLE , ASI_
SECONDARY_NOFAULT, and ASI_SECONDARY_NOFAULT_LIT-
TLE. If ASI_NUCLEUSandASI_NUCLEUS_LITTLE aresupported
(impl. dep.#124), they mustbe decodedalso.Finally, an imple-
mentation must always decode ASI bit<7> while
PSTATE.PRIV= 0, so that an attemptby nonprivilegedsoftware
to accessa restrictedASI will always causea privileged_action
exception.

31 f 90, 93,114,115,
115

Catastrophic error exceptions
Thecausesandeffectsof catastrophicerrorexceptionsareimple-
mentation-dependent.They may causeprecise,deferred,or dis-
rupting traps.

Table 29—Implementation Dependencies  (Continued)

Number Category Def / Ref
page # Description
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32 t 96 Deferred traps
Whetherany deferredtraps(andassociateddeferred-trapqueues)
are present is implementation-dependent.

33 f 98, 114, 114,
114, 114, 115,

116

Trap precision
Exceptionsthat occuras the resultof programexecutionmay be
preciseor deferred,althoughit is recommendedthat suchexcep-
tionsbeprecise.Examplesincludemem_address_not_aligned and
division_by_zero.

34 f 100 Interrupt clearing
How quickly a processorrespondsto an interruptrequestandthe
methodby which aninterruptrequestis removedareimplementa-
tion-dependent.

35 t 93, 102, 103,
104, 113, 115

Implementation-dependent traps
Trap type (TT) values06016..07F16 arereserved for implementa-
tion-dependentexceptions. The existence of implementation_
dependent_n traps and whether any that do exist are precise,
deferred, or disrupting is implementation-dependent.

36 f 104 Trap priorities
The priorities of particulartrapsarerelative andareimplementa-
tion-dependent,becausea future versionof the architecturemay
define new traps,and implementationsmay define implementa-
tion-dependent traps that establish new relative priorities.

37 f 97 Reset trap
Someof a processor’s behavior duringa resettrap is implementa-
tion-dependent.

38 f 108 Effect of reset trap on implementation-dependent registers
Implementation-dependentregistersmay or may not be affected
by the various reset traps.

39 f 94 Entering error_state on implementation-dependent errors
The processormay enter error_statewhen an implementation-
dependent error condition occurs.

40 f 94 Err or_state processor state
Whatoccursaftererror_stateis enteredis implementation-depen-
dent,but it is recommendedthatasmuchprocessorstateaspossi-
ble be preserved upon entry to error_state.

41 — — Reserved

42 t,f,v 168 FLUSH instruction
If FLUSH is not implementedin hardware, it causesan illegal_
instruction exceptionandits functionis performedby systemsoft-
ware. Whether FLUSH traps is implementation-dependent.

43 — — Reserved

44 f 174, 177 Data access FPU trap
If a load floating-point instructiontrapswith any type of access
errorexception,thecontentsof thedestinationfloating-pointregis-
ter(s) either remain unchanged or are undefined.

45 - 46 — — Reserved

Table 29—Implementation Dependencies  (Continued)

Number Category Def / Ref
page # Description
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47 t 214,215, 215,
215

RDASR
RDASR instructionswith rd in the range16..31 areavailablefor
implementation-dependentuses(impl. dep.#8). For anRDASR
instructionwith rs1 in the range16..31, the following areimple-
mentation-dependent:the interpretationof bits 13:0 and29:25 in
the instruction,whetherthe instruction is privileged (impl. dep.
#9), and whether it causes anillegal_instruction trap.

48 t 244, 244, 245,
245, 245

WRASR
WRASRinstructionswith rd in therange16..31 areavailablefor
implementation-dependentuses(impl. dep. #8). For a WRASR
instruction with rd in the range16..31, the following are imple-
mentation-dependent:theinterpretationof bits 18:0in theinstruc-
tion, theoperation(s)performed(for example,xor) to generatethe
value written to the ASR, whether the instruction is privileged
(impl. dep. #9), and whether it causes anillegal_instruction trap.

49-54 — — Reserved

55 f 49, 49,249, 250 Floating-point underflow detection
Whether"tininess"(in IEEE 754terms)is detectedbeforeor after
rounding is implementation-dependent.It is recommendedthat
tininess be detected before rounding.

56-100 — — Reserved

101 v 21,54, 55, 55,
56, 57

Maximum trap level
It is implementation-dependenthow many additionallevels,if any,
past level 4 are supported.

102 f 114 Clean windows trap
An implementationmay chooseeither to implement automatic
“cleaning” of registerwindows in hardware,or generatea clean_
window trap,whenneeded,for window(s) to be cleanedby soft-
ware.

103 f 206, 206, 207,
207, 207, 209,

210

Prefetch instructions
The following aspectsof the PREFETCH and PREFETCHA
instructionsareimplementation-dependent:(1) whetherthey have
anobservableeffect in privilegedcode;(2) whetherthey cancause
a data_access_MMU_miss exception; (3) the attributes of the
blockof memoryprefetched:its size(minimum= 64bytes)andits
alignment(minimum= 64-bytealignment);(4) whethereachvari-
ant is implementedasa NOP, with its full semantics,or with com-
mon-caseprefetchingsemantics;(5) whether and how variants
16..31 are implemented.

104 a 57 VER.manuf
VER.manufcontainsa 16-bit semiconductormanufacturercode.
This field is optional,andif not presentreadsaszero.VER.manuf
may indicate the original supplier of a second-sourcedchip in
casesinvolving mask-level second-sourcing.It is intendedthatthe
contentsof VER.manuftracktheJEDECsemiconductormanufac-
turercodeascloselyaspossible.If themanufacturerdoesnothave
a JEDECsemiconductormanufacturercode,SPARC International
will assign a VER.manuf value.

Table 29—Implementation Dependencies  (Continued)

Number Category Def / Ref
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105 f 51 TICK r egister
Thedifferencebetweenthevaluesreadfrom theTICK registeron
two readsshouldreflectthe numberof processorcyclesexecuted
betweenthereads.If anaccuratecountcannotalwaysbereturned,
any inaccuracy should be small, bounded,and documented.An
implementation may implement fewer than 63 bits in
TICK.counter; however, thecounterasimplementedmustbeable
to countfor at least10 yearswithout overflowing. Any upperbits
not implemented must read as zero.

106 f 85,171 IMPDEPn instructions
The IMPDEP1andIMPDEP2instructionsarecompletelyimple-
mentation-dependent.Implementation-dependentaspectsinclude
their operation,the interpretationof bits 29:25 and 18:0 in their
encodings, and which (if any) exceptions they may cause.

107 f 179, 179,181,
181

Unimplemented LDD trap
It is implementation-dependentwhether LDD and LDDA are
implementedin hardware.If not, anattemptto executeeitherwill
cause anunimplemented_LDD trap.

108 f 117,229, 230,
232, 232

Unimplemented STD trap
It is implementation-dependentwhether STD and STDA are
implementedin hardware.If not, anattemptto executeeitherwill
cause anunimplemented_STD trap.

109 f 115,174, 174,
177

LDDF_mem_address_not_aligned
LDDF andLDDFA requireonly word alignment.However, if the
effective addressis word-aligned but not doubleword-aligned,
either may causean LDDF_mem_address_not_aligned trap, in
which casethe trap handlersoftwareshall emulatethe LDDF (or
LDDFA) instruction and return.

110 f 116,226, 226,
228, 228

STDF_mem_address_not_aligned
STDFandSTDFA requireonly word alignmentin memory. How-
ever, if the effective addressis word-alignedbut not doubleword-
aligned, either may cause an STDF_mem_address_not_aligned
trap, in which casethe trap handlersoftware shall emulatethe
STDF or STDFA instruction and return.

111 f 116,174, 174,
177

LDQF_mem_address_not_aligned
LDQF andLDQFA requireonly word alignment.However, if the
effective addressis word-alignedbut not quadword-aligned,either
may causean LDQF_mem_address_not_aligned trap, in which
case the trap handler software shall emulate the LDQF (or
LDQFA) instruction and return.

112 f 117,226, 226,
228, 228

STQF_mem_address_not_aligned
STQFandSTQFA requireonly word alignmentin memory. How-
ever, if the effective addressis word-alignedbut not quadword-
aligned, either may causean STQF_mem_address_not_aligned
trap, in which casethe trap handlersoftware shall emulatethe
STQF or STQFA instruction and return.

113 f 52,119 Implemented memory models
WhetherthePartial StoreOrder(PSO)or RelaxedMemoryOrder
(RMO) models are supported is implementation-dependent.

Table 29—Implementation Dependencies  (Continued)
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114 f 92 RED_state trap vector address (RSTVaddr)
TheRED_statetrapvectoris locatedat animplementation-depen-
dent address referred to as RSTVaddr.

115 f 92 RED_state processor state
What occursafter the processorentersRED_stateis implementa-
tion-dependent.

116 f 223 SIR_enable control flag
The location of the SIR_enablecontrol flag and the meansof
accessingthe SIR_enablecontrol flag are implementation-depen-
dent. In some implementations, it may be permanently zero.

117 f 207,282 MMU disabled prefetch behavior
WhetherPrefetchandNon-faultingLoadalwayssucceedwhenthe
MMU is disabled is implementation-dependent.

118 f 121 Identifying I/O locations
The mannerin which I/O locationsare identified is implementa-
tion-dependent.

119 f  53,129 Unimplemented values for PSTATE.MM
The effect of writing an unimplementedmemory-modedesigna-
tion into PSTATE.MM is implementation-dependent.

120 f 121, 130, 153,
182, 187, 224,

234, 235

Coherence and atomicity of memory operations
Thecoherenceandatomicity of memoryoperationsbetweenpro-
cessorsand I/O DMA memory accessesare implementation-
dependent.

121 f 121 Implementation-dependent memory model
An implementationmay chooseto identify certainaddressesand
useanimplementation-dependentmemorymodelfor referencesto
them.

122 f 131, 168, 168 FLUSH latency
The latency betweenthe executionof FLUSH on one processor
andthepointatwhich themodifiedinstructionshave replacedout-
datedinstructionsin a multiprocessoris implementation-depen-
dent.

123 f 18, 121, 130 Input /output (I/O) semantics
The semanticeffect of accessinginput/output (I/O) registers is
implementation-dependent.

124 v 75, 74,122, 254 Implicit ASI when TL > 0
WhenTL > 0, the implicit ASI for instructionfetches,loads,and
stores is implementation-dependent.See F.4.4, “Contexts,” for
more information.

125 f 53, 80,151,172,
215

Addr ess masking
WhenPSTATE.AM = 1, thevalueof thehigh-order32-bitsof the
PC transmittedto the specifieddestinationregister(s)by CALL,
JMPL, RDPC, and on a trap is implementation-dependent.

Table 29—Implementation Dependencies  (Continued)

Number Category Def / Ref
page # Description
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126 v 58, 58, 59, 59,
59, 60

Register Windows State Registers Width
PrivilegedregistersCWP, CANSAVE, CANRESTORE, OTHER-
WIN, and CLEANWIN contain values in the range
0..NWINDOWS-1. The effect of writing a value greater than
NWINDOWS-1to any of theseregistersis undefined.Althoughthe
width of eachof thesefive registersis nominally5 bits, thewidth
is implementation-dependent and shall be between
log2(NWINDOWS) and5 bits, inclusive. If fewer than5 bits are
implemented,the unimplementedupperbits shall readas 0 and
writesto themshallhave no effect. All five registersshouldhave
the same width.

127 f 52, 56 PSTATE PID bits
The presenceandsemanticsof PSTATE.PID1andPSTATE.PID0
areimplementation-dependent.The presenceof TSTATE bits 19
and 18 is implementation-dependent.If PSTATE bit 11 (10) is
implemented,TSTATE bit 19 (18) shallbe implementedandcon-
tain thestateof PSTATE bit 11 (10) from theprevious trap level..
If PSTATE bit 11 (10) is not implemented,TSTATE bit 19 (18)
shallreadaszero.Softwareintendedto runonmultiple implemen-
tationsshouldonly write thesebits to valuespreviously readfrom
PSTATE, or to zeroes.

Table 29—Implementation Dependencies  (Continued)

Number Category Def / Ref
page # Description
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D Formal Specification of the Memor y Models
This appendixprovides a formal descriptionof the SPARC-V9 processor’s interaction
with memory. Theformaldescriptionis morecompleteandmoreprecisethanthedescrip-
tion of Chapter8, “Memory Models,” andthereforerepresentsthedefinitive specification.
Implementationsmustconformto this model,andprogrammersmustusethis description
to resolve any ambiguity.

This formal specificationis not intendedto bea descriptionof anactualimplementation,
only to describein apreciseandrigorousfashionthebehavior thatany conformingimple-
mentation must provide.

D.1   Processor s and Memor y

Thesystemmodelconsistsof acollectionof processors,P0, P1,..Pn-1. Eachprocessorexe-
cutesits own instructionstream.1 Processorsmay shareaddressspaceandaccessto real
memory and I/O locations.

To improve performance,processorsmayinterposea cacheor cachesin thepathbetween
theprocessorandmemory. For dataandI/O references,cachesarerequiredto betranspar-
ent.Thememorymodelspecifiesthefunctionalbehavior of theentirememorysubsystem,
which includesany form of caching.Implementationsmustuseappropriatecachecoher-
ency mechanisms to achieve this transparency.2

TheSPARC-V9 memorymodelrequiresthatall datareferencesbeconsistentbut doesnot
require that instruction referencesor input/output referencesbe maintainedconsistent.
TheFLUSHinstructionor anappropriateoperatingsystemcall maybeusedto ensurethat
instructionanddataspacesareconsistent.Likewise,systemsoftwareis neededto manage
the consistency of I/O operations.

Thememorymodelis a local propertyof a processorthatdeterminestheorderproperties
of memoryreferences.Theorderingpropertieshave global implicationswhenmemoryis
shared,sincethe memorymodeldetermineswhat datais visible to observingprocessors
and in what order. Moreover, the operative memorymodel of the observingprocessor
affects the apparent order of shared data reads and writes that it observes.

1. Processorsare equivalent to their software abstraction,processes,provided that context switching is
properlyperformed.SeeAppendixJ, “ProgrammingWith theMemoryModels,” for anexampleof con-
text switch code.

2. Philip Bitar andAlvin M. Despain,“MultiprocessorCacheSynchronization:Issues,Innovations,Evolu-
tion,” Proc. 13th Annual InternationalSymposiumon ComputerArchitecture, ComputerArchitecture
News 14:2, June 1986, pp.424-433.



262 D Formal Specification of the Memory Models

D.2   An Over view of the Memor y Model Specification

Theunderlyinggoalof thememorymodelis to placetheweakestpossibleconstraintson
theprocessorimplementationsandto provideaprecisespecificationof thepossibleorder-
ings of memory operations so that shared-memory multiprocessors can be constructed.

An executiontrace is a sequenceof instructionswith a specifiedinitial instruction.An
executiontraceconstitutesonepossibleexecutionof a programandmayinvolve arbitrary
reorderingsandparallelexecutionof instructions.A self-consistentexecutiontraceis one
thatgeneratespreciselythesameresultsasthoseproducedby a programorderexecution
trace.

A program order executiontrace is anexecutiontracethatbeginswith aspecifiedinitial
instructionandexecutesoneinstructionat a time in sucha fashionthat all the semantic
effectsof eachinstructiontake effect beforethe next instructionis begun.Theexecution
trace this process generates is defined to beprogram order.

A program is defined by the collection of all possible program order execution traces.

Dependenceorder is a partialorderon the instructionsin anexecutiontracethat is ade-
quateto ensurethat the executiontraceis self-consistent.Dependenceordercanbe con-
structedusingconventionaldatadependenceanalysistechniques.Dependenceorderholds
only betweeninstructionsin the instructiontraceof a singleprocessor;instructionsthat
are part of execution traces on different processors are never dependence-ordered.

Memory order is a total orderon the memoryreferenceinstructions(loads,stores,and
atomic load/stores)which satisfiesthe dependenceorderand,possibly, otherordercon-
straintssuchasthoseintroducedimplicitly by the choiceof memorymodelor explicitly
by theappearanceof memorybarrier(MEMBAR) instructionsin theexecutiontrace.The
existenceof a globalmemoryorderon theperformanceof all storesimpliesthatmemory
access is write-atomic.3

A memory model is a set of rules that constrainthe order of memoryreferences.The
SPARC-V9 architecturesupportsthreememorymodels:total storeorder (TSO), partial
storeorder (PSO),andrelaxed memoryorder (RMO). The memorymodelsaredefined
only for memoryand not for I/O locations.See8.2, “Memory, Real Memory, and I/O
Locations,” for more information.

The formal definition usedin the SPARC-V8 specification4 remainsvalid for the defini-
tion of PSO and TSO, except for the FLUSH instruction, which has been modified
slightly.5 TheSPARC-V9 architectureintroducesanew memorymodel,RMO, whichdif-
fers from TSOandPSOin that it allows loadoperationsto bereorderedaslong assingle
thread programs remain self-consistent.

3. W.W. Collier, “ReasoningAbout ParallelArchitectures”,Prentice-Hall,1992includesanexcellentdis-
cussion of write-atomicity and related memory model topics.

4. PradeepSindhu,Jean-MarcFrailong,andMichel Ceklov. “Formal Specificationof Memory Models,”
Xerox Palo Alto Research Center Report CSL-91-11, December 1991.

5. In SPARC-V8, a FLUSH instructionneedsat leastfive instructionexecutioncyclesbeforeit is guaran-
teed to have local effects; in SPARC-V9 this five-cycle requirement has been removed.
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D.3   Memor y Transactions
D.3.1   Memor y Transactions

A memory transaction is one of the following:

Store:
A requestby a processorto replacethevalueof a specifiedmemorylocation.The
addressandnew valueareboundto the storetransactionwhenthe processorini-
tiatesthestoretransaction.A storeis completewhenthenew valueis visible to all
processors in the system.

Load:
A requestby a processorto retrieve the valueof the specifiedmemorylocation.
Theaddressis boundto the load transactionwhentheprocessorinitiatesthe load
transaction.A loadis completewhenthevaluebeingreturnedcannotbemodified
by a store made by another processor.

Atomic:
A load/storepairwith theguaranteethatnoothermemorytransactionwill alterthe
stateof thememorybetweentheloadandthestore.TheSPARC-V9 instructionset
includesthreeatomicinstructions:LDSTUB, SWAP andCAS.6 An atomictrans-
action is considered to be both a load and a store.7

Flush:
A requestby a processorto forcechangesin thedataspacealiasedto the instruc-
tion spaceto becomeconsistent.Flushtransactionsareconsideredto bestoreoper-
ations for memory model purposes.

Memorytransactionsarereferredto by capitalletters:Xna, whichdenotesaspecificmem-
ory transactionX by processorn to memory addressa. The processorindex and the
addressarespecifiedonly if needed.ThepredicateS(X) is true if andonly if X hasstore
semantics. The predicateL(X) is true if and only ifX has load semantics.

MEMBAR instructionsarenotmemorytransactions;ratherthey convey orderinformation
above andbeyondthe implicit orderingimplied by thememorymodelin use.MEMBAR
instructions are applied in program order.

D.3.2   Program Or der

Theprogram order is a per-processortotal orderthatdenotesthesequencein which pro-
cessorn logically executesinstructions.Theprogramorderrelationis denotedby <p such

6. Therearethreegenericforms.CASA andCASXA reference32-bit and64-bit objectsrespectively. Both
normalandalternateASI formsexist for LDSTUB andSWAP. CASA andCASXA only have alternate
forms, however, a CASA (CASXA) with ASI = ASI_PRIMARY{_LITTLE} is equivalent to CAS
(CASX). Synthetic instructions for CAS and CASX are suggested in G.3, “Synthetic Instructions.”

7. Eventhoughthestorepartof a CASA is conditional,it is assumedthat thestorewill alwaystake place
whetherit doesor not in a particularimplementation.Sincethevaluestoredwhentheconditionfails is
the valuealreadypresent,andsincethe CASA operationis atomic,no observingprocessorcandeter-
mine whether the store occurred or not.
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thatXn <p Yn is true if andonly if thememorytransactionXn is causedby an instruction
that is executed before the instruction that caused memory transactionYn.

Programorderspecifiesa uniquetotal orderfor all memorytransactionsinitiatedby one
processor.

Memory barrier (MEMBAR) instructionsexecutedby the processorare orderedwith
respectto <p. ThepredicateM(X,Y)is trueif andonly if X <p Y andthereexistsa MEM-
BAR instructionthatordersX andY (thatis, it appearsin programorderbetweenX andY).
MEMBAR instructionscanbeeitherorderingor sequencingandmaybecombinedinto a
single instruction using a bit-encoded mask.8

OrderingMEMBAR instructionsimposeconstraintson theorderin which memorytrans-
actions are performed.

SequencingMEMBARs introduceadditionalconstraintsthatarerequiredin caseswhere
thememorytransactionhasside-effectsbeyondstoringdata.Suchside-effectsarebeyond
thescopeof thememorymodel,which is limited to orderandvaluesemanticsfor mem-
ory.9

This definition of programorder is equivalent to the definition given in the SPARC-V8
memory model specification.

D.3.3   Dependence Or der

Dependenceorderis apartialorderthatcapturestheconstraintsthatholdbetweeninstruc-
tions thataccessthesameprocessorregisteror memorylocation.In orderto allow maxi-
mumconcurrency in processorimplementations,dependenceorderassumesthatregisters
are dynamically renamed to avoid false dependences arising from register reuse.

Two memorytransactionX andY aredependenceordered,denotedby X <d Y, if andonly
if they are program ordered,X <p Y , and at least one of the following conditions is true:

(1) The execution ofY is conditional on X, and S(Y) is true.

(2) Y reads a register that is written byX.

(3) X and Y access the same memory location andS(X) andL(Y) are both true.

The dependenceorder also holds betweenthe memorytransactionsassociatedwith the
instructions. It is important to remember that partial ordering is transitive.

Rule (1) includesall control dependencesthat arisefrom the dynamicexecutionof pro-
grams.In particular, a storeor atomicmemorytransactionthat is executedaftera condi-

8. TheOrderingMEMBAR instructionuses4 bits of its argumentto specifytheexistenceof anorderrela-
tion dependingon whetherX andYhave loador storesemantics.TheSequencingMEMBAR usesthree
bits to specify completion conditions. The MEMBAR encoding is specified in A.32.

9. Sequencingconstraintshave other effects,suchas controlling when a memoryerror is recognizedor
whenan I/O accessreachesglobal visibility. The needfor sequencingconstraintsis alwaysassociated
with I/O and kernel level programmingand not usually with normal,user-level applicationprogram-
ming.
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tional branchwill dependon the outcomeof that branchinstruction,which in turn will
dependon oneor morememorytransactionsthat precedethe branchinstruction.Loads
afteranunresolvedconditionalbranchmayproceed,thatis, a conditionalbranchdoesnot
dependenceorder subsequentloads.Control dependencesalways order the initiation of
subsequent instructions to the performance of the preceding instructions.10

Rule (2) capturesdependencesarisingfrom registeruse.It is not necessaryto includean
orderingwhenX readsa registerthat is laterwritten by Y, becauseregisterrenamingwill
allow out-of-orderexecutionin this case.Register renamingis equivalent to having an
infinite pool of registersandrequiringall registersto bewrite-once.Observe thatthecon-
dition coderegisteris setby somearithmeticandlogical instructionsandusedby condi-
tional branch instructions thus introducing a dependence order.

Rule (3) capturesorderingconstraintsresultingfrom memoryaccessesto thesameloca-
tion andrequirethat the dependenceorderreflectthe programorderfor store-loadpairs,
but not for load-storeor store-storepairs.A load may be executedspeculatively, since
loads are side-effect free, provided that Rule (3) is eventually satisfied.

An actualprocessorimplementationwill maintaindependenceorderby score-boarding,
hardware interlocks, data flow techniques,compiler directedcode scheduling,and so
forth, or, simply, by sequentialprogramexecution.The meansby which the dependence
orderis derived from a programis irrelevant to thememorymodel,which hasto specify
which possiblememory transactionsequencesare legal for a given set of datadepen-
dences.Practicalimplementationswill not necessarilyusetheminimal setof constraints:
addingunnecessaryorderrelationsfrom theprogramorderto thedependenceorderonly
reduces the available concurrency, but does not impair correctness.

D.3.4   Memor y Order

Thesequencein whichmemorytransactionsareperformedby thememoryis calledmem-
ory order, which is a total order on all memory transactions.

In general,the memoryorder cannotbe known a priori. Instead,the memoryorder is
specifiedasasetof constraintsthatareimposedon thememorytransactions.Therequire-
ment that memory transactionX must be performedbefore memory transactionY is
denotedby X <m Y. Any memoryorderthatsatisfiestheseconstraintsis legal. Themem-
ory subsystemmaychoosearbitrarily amonglegal memoryorders,hencemultiple execu-
tions of the same programs may result in different memory orders.

D.4   Specification of Relax ed Memor y Order (RMO)

D.4.1   Value Atomicity

Memorytransactionswill atomicallysetor retrieve thevalueof amemorylocationaslong
as the size of the value is less than or equal to eight bytes, the unit of coherency.

10.Self modifying code (use of FLUSH instructions) also causes control dependences.
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D.4.2   Store Atomicity

All possibleexecutiontracesare consistentwith the existenceof a memoryorder that
totally orders all transactions including all store operations.

This doesnot imply that the memoryorder is observable.Nor doesit imply that RMO
requires any central serialization mechanism.

D.4.3   Atomic Memor y Transactions

TheatomicmemorytransactionsSWAP, LDSTUB, andCAS areperformedasonemem-
ory transactionthatis botha loadandastorewith respectto memoryorderconstraints.No
othermemorytransactioncanseparatethe load andstoreactionsof an atomicmemory
transaction.Thesemanticsof atomicinstructionsaredefinedin AppendixA, “Instruction
Definitions.”

D.4.4   Memor y Order Constraints

A memory order is legal in RMO if and only if:

(1) X <d Y & L(X)⇒ X <m Y

(2) M(X,Y)⇒ X <m Y

(3) Xa <p Ya & S(Y)⇒ X <m Y

Rule(1) statesthattheRMO modelwill maintaindependencewhentheprecedingtransac-
tion is a load.Precedingstoresmaybedelayedin theimplementation,sotheir ordermay
not be preserved globally.

Rule(2) statesthatMEMBAR instructionsordertheperformanceof memorytransactions.

Rule(3) statesthatstoresto thesameaddressareperformedin programorder. This is nec-
essary for processor self-consistency

D.4.5   Value of Memor y Transactions

Thevalueof a loadYa is thevalueof themostrecentstorethatwasperformedwith respect
to memoryorderor the valueof the mostrecentlyinitiated storeby the sameprocessor.
AssumingY is a load to memory locationa:

Value(La) = Value( Max<m { S | Sa <mLa or Sa<p La } )

whereMax<m{..} selectsthe mostrecentelementwith respectto the memoryorderand
whereValue() yields the value of a particularmemorytransaction.This statesthat the
valuereturnedby a load is eithertheresultof themostrecentstoreto thataddresswhich
hasbeenperformedby any processoror which hasbeeninitiatedby theprocessorissuing
the load. The distinction betweenlocal and remotestorespermitsuseof store-buffers,
which are explicitly supported in all SPARC-V9 memory models.
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D.4.6   Termination of Memor y Transactions

Any memorytransactionwill eventuallybeperformed.This is formalizedby therequire-
mentthatonly a finite numberof memoryorderedloadscanbeperformedbeforea pend-
ing store is completed.

D.4.7   Flush Memor y Transaction

Flushinstructionsaretreatedasstorememorytransactionsasfar asthememoryorderis
concerned.Their semanticsare defined in A.20, “Flush Instruction Memory.” Flush
instructionsintroducea controldependenceto any subsequent(in programorder)execu-
tion of the instruction that was addressed by the flush.

D.5   Specification of P artial Store Or der (PSO)

The specificationof Partial StoreOrder(PSO)is that of Relaxed Memory Order(RMO)
with theadditionalrequirementthatall memorytransactionswith loadsemanticsarefol-
lowed by an implied MEMBAR #LoadLoad  | #LoadStore .

D.6   Specification of T otal Store Or der (TSO)

Thespecificationof Total StoreOrder(TSO)is thatof Partial StoreOrder(PSO)with the
additionalrequirementthatall memorytransactionswith storesemanticsarefollowedby
an implied MEMBAR #StoreStore .

D.7   Examples Of Pr ogram Ex ecutions

This subsectionlists several codesequencesandan exhaustive list of all possibleexecu-
tion sequencesunderRMO, PSOandTSO.For eachexample,thecodeis followedby the
list of orderrelationsbetweenthecorrespondingmemorytransactions.Thememorytrans-
actionsarereferredto by numbers.In eachcase,the programis executedoncefor each
memory model.

D.7.1   Obser vation of Store Atomicity

The codeexamplebelow demonstrateshow storeatomicity preventsmultiple processors
from observinginconsistentsequencesof events.In this case,processors2 and3 observe
changesto thesharedvariablesA andB, whicharebeingmodifiedby processor1. Initially
both variablesare0. The storesby processor1 do not useany form of synchronization,
and they may in fact be issued by two independent processors.

Shouldprocessor2 find A to have thenew value(1) andB to have theold value(0), it can
infer thatA wasupdatedbeforeB. Likewise,processor3 mayfind B = 1 andA = 0, which
implies thatB waschangedbeforeA. It is impossiblefor both to occurin all SPARC-V9
memorymodelssincetherecannotexist a total orderon all stores.This propertyof the
memory models has been encoded in the assertion A1.
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However, in RMO, theobservingprocessormustseparatethe loadoperationswith mem-
bar instructions.Otherwise,the loadsmay be reorderedandno inferenceon the update
order can be made.

Figure 44 is taken from the output of the SPARC-V9 memorymodel simulator, which
enumeratesall possibleoutcomesof shortcodesequencesandwhichcanbeusedto prove
assertions about such programs.

ST #1, A

ST #1, B

LD A, %r1

LD B, %r2

LD B, %r1

LD A, %r2

T T,P T,P

T : TSO P : PSO R : RMO <d<m

Processor 1 Processor 2 Processor 3

/*
 * Store atomicity
 * Note: will fail in RMO due to lack of membars between loads
 */

Processor 1:
        (0)             st      #1,[A]
        (1)             st      #1,[B]
Processor 2:
        (2)             ld      [A],%r1
        (3)             ld      [B],%r2
Processor 3:
        (4)             ld      [B],%r1
        (5)             ld      [A],%r2

Assertions:
A1: !(P2:%r1 = = 1 && P2:%r2 = = 0) || !(P3:%r1 = = 1 && P3:%r2 = = 0)

Possible values under all memory models:
2:r1  2:r2  3:r1  3:r2    A     B   example sequence of performance in <m
  0     0     0     0     1     1   4 5 2 0 3 1
  0     0     0     1     1     1   4 2 0 5 3 1
  0     0     1     1     1     1   2 3 0 1 4 5
  0     1     0     0     1     1   4 5 2 0 1 3
  0     1     0     1     1     1   4 2 0 5 1 3
  0     1     1     1     1     1   2 0 1 3 4 5
  1     0     0     0     1     1   4 5 0 2 3 1
  1     0     0     1     1     1   4 0 5 2 3 1
  1     0     1     1     1     1   0 2 3 1 4 5
  1     1     0     0     1     1   4 5 0 2 1 3
  1     1     0     1     1     1   4 0 5 1 2 3
  1     1     1     1     1     1   0 1 4 2 5 3

Possible values under PSO & RMO, but not under TSO:
2:r1  2:r2  3:r1  3:r2    A     B   example sequence of performance in <m
  0     0     1     0     1     1   2 3 1 4 5 0
  0     1     1     0     1     1   2 1 4 3 5 0
  1     1     1     0     1     1   1 4 5 0 2 3

Possible values under RMO, but not under PSO & TSO:
2:r1  2:r2  3:r1  3:r2    A     B   example sequence of performance in <m
  1     0     1     0     1     1   5 3 0 2 1 4

Figure 44—Store Atomicity Example



D.7 Examples Of Program Executions 269

D.7.2   Dekker’ s Algorithm

Theessenceof Dekker’s algorithmis shown in figure45 on page269.11 To assuremutual
exclusion,eachprocessorsignalsits intent to entera critical region by assertinga dedi-
catedvariable(A for processor1 andB for processor2). It thenchecksthat theotherpro-
cessordoesnotwantto enterand,if it findstheothersignalvariableis deasserted,it enters
thecritical region.Thiscodedoesnotguaranteethatany processorcanenter(thatrequires
a retry mechanismwhich is omittedhere),but it doesguaranteemutualexclusion,which
meansthat it is impossiblethat eachprocessorfinds the other’s lock idle ( = 0) when it
enters cthe ritical section.

D.7.3   Indirection Thr ough Pr ocessor s

Another propertyof the SPARC-V9 memorymodelsis that causalupdaterelationsare
preserved,which is a side-effect of theexistenceof a total memoryorder. In theexample

11.SeealsoDECLitmusTest8 describedin theAlphaArchitectureHandbook, Digital EquipmentCorpora-
tion, 1992, p. 5-14.

ST #1, A

LD B, %r1

ST #1, B

LD A, %r1
T,P,R T,P,R

Processor 1 Processor 2

/*
 * Dekker's Algorithm
 */
Processor 1:
        (0)             st      #1,[A]
                        membar  #StoreLoad
        (1)             ld      [B],%r1
Processor 2:
        (2)             st      #1,[B]
                        membar  #StoreLoad
        (3)             ld      [A],%r1

Assertions:
A1: P1:%r1 = = 1 || P2:%r1 = = 1

Possible values under all memory models:
1:r1  2:r1   A     B    example sequence of performance in <m
  0     1     1     1   0 1 2 3
  1     0     1     1   2 3 0 1
  1     1     1     1   2 0 3 1

Possible values under PSO & RMO, but not under TSO:
                --- none ---

Possible values under RMO, but not under PSO & TSO:
                --- none ---

T : TSO P : PSO R : RMO <d<m

Figure 45—Dekker’s Algorithm
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below, processor3 observesupdatesmadeby processor1. Processor2 simply copiesB to
C, which does not impact the causal chain of events.

Again,thisexampleintentionallyexposestwo potentialerrorsources.In PSO(andRMO),
thestoresby processor1 arenot orderedautomaticallyandmaybeperformedout of pro-
gramorder. Thecorrectcodewould needto inserta MEMBAR #StoreStore between
thesestores.In RMO (but not in PSO),theobservationprocess3 needsto separatethetwo
load instructions by a MEMBAR #LoadLoad .

D.7.4   PSO Behavior

Thecodein figure47 on page271shows how differentresultscanbeobtainedby allow-
ing out of order performanceof two storesin PSOand RMO models.A storeto B is

ST #1, A

ST #1, B

LD B, %r1

ST %r1, C

LD C, %r1

LD A, %r2
T T,PT,P,R

Processor 1 Processor 2 Processor 3

T : TSO P : PSO R : RMO <d<m
/*
 * Indirection through processors
 * Note: Assertion will fail for PSO and RMO due to lack of
 *       membar #StoreStore after P1's first store
 */
Processor 1:
        (0)             st      #1,[A]
        (1)             st      #1,[B]
Processor 2:
        (2)             ld      [B],%r1
        (3)             st      %r1,[C]
Processor 3:
        (4)             ld      [C],%r1
        (5)             ld      [A],%r2

Assertions:
A1: !(P3:%r1 = = 1 && P3:%r2 = = 0)

Possible values under all memory models:
2:r1  3:r1  3:r2   A     B     C    example sequence of performance in <m
  0     0     0     1     1     0   4 5 0 2 1 3
  0     0     1     1     1     0   4 2 0 5 1 3
  1     0     0     1     1     1   4 5 0 1 2 3
  1     0     1     1     1     1   4 0 5 1 2 3
  1     1     1     1     1     1   0 1 2 3 4 5

Possible values under PSO & RMO, but not under TSO:
2:r1  3:r1  3:r2   A     B     C    example sequence of performance in <m
  1     1     0     1     1     1   1 2 3 4 5 0

Possible values under RMO, but not under PSO & TSO:
                --- none ---

Figure 46—Indirection Through Processors
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allowed to be performedbeforea storeto A. If two loadsof processor2 areperformed
betweenthetwo stores,thentheassertionbelow is satisfiedfor thePSOandRMO models.

D.7.5   Application to Compiler s

A significantproblemin a multiprocessorenvironmentarisesfrom the fact that normal
compileroptimizationswhich reordercodecansubvert programmerintent.TheSPARC-
V9 memorymodelcanbe appliedto the program,ratherthanan execution,in order to
identify transformationsthatcanbeapplied,providedthattheprogramhasa propersetof
MEMBARs in place.In this case,the dependenceorder is a programdependenceorder,
ratherthana tracedependenceorder, andmustincludethedependencesfrom all possible
executions.

ST #1, A

LD A, %r

LD B, %r1

LD A, %r2
T,P

ST %r, B

T

T,P,R

Processor 1 Processor 2

T : TSO P : PSO R : RMO <d<m

/*
 * PSO behavior
 */

Processor 1:
 (0) st #1, [A]
 (1) ld [A], %r
 (2) st %r, [B]

Processor 2:
 (3) ld [B], %r1
 (4) ld [A], %r2

Assertions:
E: P2:%r1 = = 1 && P2:%r2 = = 0;

Possible values under all memory models:
 1:r 2:r1  2:r2   A     B example sequence of performance in <m
 1     0     0     1     1    3 4 0 1 2
 1     0     1     1     1    0 3 4 1 2
 1     1     1     1     1    0 1 2 3 4

Possible values under PSO & RMO, but not under TSO:
 1:r 2:r1  2:r2   A     B example sequence of performance in <m
 1     1     0     1     1    1 2 3 4 0

Possible values under RMO, but not under PSO & TSO:
                --- none ---

Figure 47—PSO Behavior
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D.7.6   Verifying Memor y Models

While definingtheSPARC-V9 memorymodels,softwaretoolsweredevelopedthatauto-
matically analyzeand formally verify assembly-codesequencesrunning in the models.
Thecoreof this collectionof tools is theMurphi finite-stateverifier developedby David
Dill and his students at Stanford University.

For example, thesetools can be usedto confirm that synchronizationroutinesoperate
properlyin variousmemorymodelsandto generatecounterexampletraceswhenthey fail.
The tools work by exhaustively enumeratingsystemstatesin a versionof the memory
model,sothey canonly beappliedto fairly smallassemblycodeexamples.We foundthe
tools to be helpful in understanding the memory models and checking our examples.12

Contact SPARC International to obtain the verification tools and a set of examples.

12.For a discussionof an earlierapplicationof similar tools to TSO andPSO,seeDavid Dill, Seungjoon
Park, andAndreasG. Nowatzyk, “Formal Specificationof AbstractMemory Models” in Research on
IntegratedSystems:Proceedingsof the1993Symposium, Ed. GaetanoBorriello andCarl Ebeling,MIT
Press, 1993.
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E Opcode Maps

E.1   Overview

This appendix contains the SPARC-V9 instruction opcode maps.

Opcodesmarked with a dash‘—’ arereserved; an attemptto executea reserved opcode
shall causea trap,unlessit is an implementation-specificextensionto the instructionset.
See 6.3.11, “Reserved Opcodes and Instruction Fields,” for more information.

In thisappendixandin AppendixA, “InstructionDefinitions,” certainopcodesaremarked
with mnemonicsuperscripts.Thesesuperscriptsandtheirmeaningsaredefinedin table21
on page133.For deprecatedopcodes,seethe appropriateinstructionpagesin Appendix
A, “Instruction Definitions,” for preferred substitute instructions.

E.2   Tables

†rd = 0, imm22 = 0

Table 30—op[1:0]

op [1:0]

0 1 2 3

Branches & SETHI
See table31

CALL Arithmetic & Misc.
See table32

Loads/Stores
See table33

Table 31—op2[2:0] (op= 0)

op2 [2:0]

0 1 2 3 4 5 6 7

ILLTRAP
BPcc

See table36
BiccD

See table36
BPr

See table37
SETHI
NOP†

FBPfcc
See table36

FBfccD

See table36
—
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Table 32—op3[5:0] (op= 2)

op3 [5:4]

0 1 2 3

op3
[3:0]

0 ADD ADDcc TADDcc

WRYD (rd = 0)
— (rd= 1)

WRCCR (rd=2)
WRASI (rd=3)

WRASRPASR (seeA.63)
WRFPRS(rd=6)

SIR (rd=15, rs1=0, i=1)

1 AND ANDcc TSUBcc
SAVEDP (fcn = 0),

RESTOREDP (fcn = 1)

2 OR ORcc TADDccTVD WRPRP

3 XOR XORcc TSUBccTVD —

4 SUB SUBcc MULSccD FPop1
See table34

5 ANDN ANDNcc SLL (x = 0), SLLX (x = 1)
FPop2

See table35

6 ORN ORNcc SRL (x = 0), SRLX (x = 1) IMPDEP1

7 XNOR XNORcc SRA (x = 0), SRAX (x = 1) IMPDEP2

8 ADDC ADDCcc

RDYD (rs1= 0)
— (rs1= 1)

RDCCR (rs1= 2)
RDASI (rs1= 3)

RDTICKPNPT (rs1= 4)
RDPC (rs1= 5)

RDFPRS(rs1=6)
RDASRPASR (seeA.44)

MEMBAR (rs1= 15,rd=0,i = 1)
STBARD (rs1= 15,rd=0,i = 0)

JMPL

9 MULX — — RETURN

A UMULD UMULccD RDPRP Tcc
See table36

B SMULD SMULccD FLUSHW FLUSH

C SUBC SUBCcc MOVcc SAVE

D UDIVX — SDIVX RESTORE

E UDIVD UDIVccD POPC (rs1= 0)
— (rs1>0)

DONEP (fcn = 0)
RETRYP (fcn = 1)

F SDIVD SDIVccD MOVr
See table37

—
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Table 33—op3[5:0] (op= 3)

op3 [5:4]

0 1 2 3

op3
[3:0]

0 LDUW LDUWAPASI LDF LDFAPASI

1 LDUB LDUBAPASI LDFSRD, LDXFSR —
2 LDUH LDUHAPASI LDQF LDQFAPASI

3 LDDD LDDAD, PASI LDDF LDDFAPASI

4 STW STWAPASI STF STFAPASI

5 STB STBAPASI STFSRD, STXFSR —
6 STH STHAPASI STQF STQFAPASI

7 STDD STDAPASI STDF STDFAPASI

8 LDSW LDSWAPASI — —
9 LDSB LDSBAPASI — —
A LDSH LDSHAPASI — —
B LDX LDXA PASI — —
C — — — CASAPASI

D LDSTUB LDSTUBAPASI PREFETCH PREFETCHAPASI

E STX STXAPASI — CASXAPASI

F SWAPD SWAPAD, PASI — —
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Table 36—cond[3:0]

BPcc BiccD FBPfcc FBfccD Tcc

op = 0
op2= 1

op = 0
op2= 2

op = 0
op2= 5

op = 0
op2= 6

op = 2
op3= 3A16

cond
[3:0]

0 BPN BND FBPN FBND TN

1 BPE BED FBPNE FBNED TE

2 BPLE BLED FBPLG FBLGD TLE

3 BPL BLD FBPUL FBULD TL

4 BPLEU BLEUD FBPL FBLD TLEU

5 BPCS BCSD FBPUG FBUGD TCS

6 BPNEG BNEGD FBPG FBGD TNEG

7 BPVS BVSD FBPU FBUD TVS

8 BPA BAD FBPA FBAD TA

9 BPNE BNED FBPE FBED TNE

A BPG BGD FBPUE FBUED TG

B BPGE BGED FBPGE FBGED TGE

C BPGU BGUD FBPUGE FBUGED TGU

D BPCC BCCD FBPLE FBLED TCC

E BPPOS BPOSD FBPULE FBULED TPOS

F BPVC BVCD FBPO FBOD TVC

Table 37—Encoding ofrcond[2:0] Instruction Field

BPr MOVr FMOVr

op = 0
op2= 3

op = 2
op3= 2F16

op = 2
op3= 3516

rcond
[2:0]

0 — — —
1 BRZ MOVRZ FMOVZ

2 BRLEZ MOVRLEZ FMOVLEZ

3 BRLZ MOVRLZ FMOVLZ

4 — — —
5 BRNZ MOVRNZ FMOVNZ

6 BRGZ MOVRGZ FMOVGZ

7 BRGEZ MOVRGEZ FMOVGEZ
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Table 38—cc/opf_cc Fields (MOVcc and FMOVcc)

opf_cc Condition
code selectedcc2 cc1 cc0

0 0 0 fcc0

0 0 1 fcc1

0 1 0 fcc2

0 1 1 fcc3

1 0 0 icc

1 0 1 —
1 1 0 xcc

1 1 1 —

Table 39—cc Fields (FBPfcc, FCMP and FCMPE)

cc1 cc0
Condition

code selected

0 0 fcc0

0 1 fcc1

1 0 fcc2

1 1 fcc3

Table 40—cc Fields (BPcc and Tcc)

cc1 cc0
Condition

code selected

0 0 icc

0 1 —
1 0 xcc

1 1 —
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F SPARC-V9 MMU Requirements

F.1   Intr oduction

This appendixdescribestheboundaryconditionsthatall SPARC-V9 MMUs mustsatisfy.
Theappendixdoesnotdefinethearchitectureof any specificmemorymanagementunit. It
is possible to build a SPARC-V9-compliant system without an MMU.

F.1.1   Definitions

address space:
A rangeof locationsaccessiblewith a 64-bit virtual address.Different address
spaces may use the same virtual address to refer to different physical locations.

aliases:
Two virtual addressesarealiasesof eachother if they refer to the samephysical
address.

context:
A set of translations used to support a particular address space.

page:
Therangeof virtual addressestranslatedby a singletranslationelement.Thesize
of a pageis thesizeof therangetranslatedby a singletranslationelement.Differ-
ent pagesmay have differentsizes.Associatedwith a pageor with a translation
elementareattributes(e.g.,restricted,permission,etc.) andstatistics(e.g.,refer-
enced, modified, etc.)

translation element:
Used to translate a range of virtual addresses to a range of physical addresses.

F.2   Overview

All SPARC-V9 MMUs must provide the following basic functions:

— Translate64-bit virtual addressesto physical addresses.This translationmay be
implemented with one or more page sizes.

This appendix is informative only.

It is not part of the SPARC-V9 specification.
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— Provide the RED_state operation, as defined in 7.2.1, “RED_state.”

— Provide a methodfor disablingtheMMU. WhentheMMU is disabled,no transla-
tion occurs:Physical Address<N:0> = Virtual Address<N:0>, whereN is imple-
mentation-dependent.Furthermore,the disabled MMU will not perform any
memoryprotection(seeF.4.2,“Memory Protection”)or prefetchandnon-faulting
load violation (see F.4.3, “Prefetch and Non-Faulting Load Violation”) checks.

IMPL. DEP. #117: Whether PREFETCH and non-faulting load always succeed when the
MMU  is disabled is implementation-dependent.

— Provide page-level protections.Conventionalprotections(Read,Write, Execute)
for both privileged and nonprivileged accesses may be provided.

— Providepage-level enablinganddisablingof prefetchandnon-faultingloadopera-
tion. The MMU, however, neednot provide separateprotectionmechanismsfor
prefetch and non-faulting load.

— Support multiple addressspaces(ASIs). The MMU must support the address
spaces as defined in F.3.1, “Information the MMU Expects from the Processor.”

— Provide page-level statistics such as referenced and modified.

Theabove requirementsapplyonly to thosesystemsthat includeSPARC-V9 MMUs. See
F.8, “SPARC-V9 Systems without an MMU.”

F.3   The Processor -MMU Interface

A SPARC-V9 MMU must support at least two types of addresses:

(1) Virtual Addr esses, which map all system-wide,program-visiblememory. A
SPARC-V9 MMU maychoosenot to supporttranslationfor theentire64-bit vir-
tualaddressspace,aslongasaddressesoutsidethesupportedvirtual addressrange
aretreatedeitherasNo_translationor Translation_not_valid (seeF.3.3,“Informa-
tion the MMU Sends to the Processor”).

(2) Physical Addr esses, which map real physical memory and I/O device space.
Thereis no minimumrequirementfor how many physicaladdressbits a SPARC-
V9 MMU must support.
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A SPARC-V9 MMU translatesvirtual addressesfrom the processorinto physical
addresses, as illustrated in figure48.

Figure 48—Logical Diagram of a SPARC-V9 System with anMMU

Figure48 shows only the addressanddatapathsbetweenthe processorand the MMU.
ThecontrolinterfacebetweentheprocessorandtheMMU is discussedin F.3.1,“Informa-
tion the MMU Expectsfrom the Processor,” andF.3.3, “Information the MMU Sendsto
the Processor.”

F.3.1   Information the MMU Expects fr om the Pr ocessor

A SPARC-V9 MMU expectsthefollowing informationto accompany eachvirtual address
from the processor:

RED_state:
Indicateswhetherthe MMU should operatein RED_state,as definedin 7.2.1,
“RED_state.”

Data / Instruction:
Indicates whether the access is an instruction fetch or data access (load or store).

Prefetch:
Indicateswhetherthedata(Data/ Instruction= Data)accesswasinitiatedby one
of the SPARC-V9 prefetch instructions.

Privileged:
Indicates whether this access is privileged.

Read / Write:
Indicateswhetherthis accessis a read(instructionfetch or dataload) or a write
(data store) operation.

Atomic:
Indicateswhether this is an atomic load-storeoperation.Whenever atomic is
asserted, the value of “Read/Write” is treated by the MMU as “don’t care.”

ASI:
An 8-bit addressspaceidentifier.See6.3.1.3,“AddressSpaceIdentifiers(ASIs),”
for the list of ASIs that the MMU must support.

I/O

Locations

Processor

Physical

MMU

Address

Vir tual
Address

Physical
Address

Data

Space

Real

Memor y
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F.3.2   Attrib utes the MMU Associates with Eac h Mapping

In additionto translatingvirtual addressesto physicaladdresses,a SPARC-V9 MMU also
storesassociatedattributes,eitherwith eachmappingor with eachpage,dependingupon
the implementation.Someof theseattributesmaybeassociatedimplicitly, asopposedto
explicitly, with the mapping. This information includes

Restricted:
Only privilegedaccessesareallowed (seeF.3.1, “Information the MMU Expects
from the Processor”); nonprivileged accesses are disallowed.

Read, Write, and Execute Permissions:
An MMU may allow zeroor moreof read,write, andexecutepermissions,on a
per-mappingbasis.Readpermissionis necessaryfor datareadaccessesandatomic
accesses.Write permission is necessaryfor data write accessesand atomic
accesses.Executepermissionis necessaryfor instructionaccesses.At a minimum,
an MMU mustallow for “all permissions,” “no permissions,” and“no write per-
mission”;optionally, it canprovide “executeonly” and“write only,” or any combi-
nation of “read/write/execute” permissions.

Prefetchable:
Thepresenceof this attribute indicatesthataccessesmadewith theprefetchindi-
cationfrom the processorareallowed; otherwise,they aredisallowed.SeeF.3.1,
“Information the MMU Expects from the Processor.”

Non-faultable:
The presence of this attribute indicates that accesses made with
ASI_PRIMARY_NOFAULT{_LITTLE} and ASI_SECONDARY_NOFAULT{_LITTLE} are
allowed; otherwise,they aredisallowed.An implementationmay chooseto com-
bine the prefetchableandnon-faultableattributesinto a single“No SideEffects”
attribute;thatis, “readsfrom thisaddressdonotcausesideeffects,suchasclearon
read.”

F.3.3   Information the MMU Sends to the Pr ocessor

The processorcan expect one and only one of the following signalscoming from any
SPARC-V9 MMU for each translation requested:

Translation_error:
TheMMU hasdetectedanerror (for example,parity error) in the translationpro-
cess. Can cause adata_access_error or instruction_access_error exception.

No_translation:
TheMMU is unableto translatethevirtual address,sinceno translationexists for
it. Some implementationsmay not provide this information and provide only
Translation_not_valid. Can cause either a data_access_exception or an
instruction_access_exception exception.

Translation_not_valid:
The MMU is unableto translatethe virtual address,sinceit cannotfind a valid
translation.Someimplementationsmay not provide this informationandprovide
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only No_translation. Can cause either a data_access_MMU_miss or an
instruction_access_MMU_miss exception.

Privilege_violation:
The MMU hasdetecteda privilege violation, i.e., an accessto a restrictedpage
whenthe accessdoesnot have the requiredprivilege (seeF.3.1, “Information the
MMU Expectsfrom theProcessor”).Cancauseeithera data_access_protection or
an instruction_access_protection exception.

Protection_violation:
TheMMU hasdetectedaprotectionviolation,which is definedto bea read,write,
or instructionfetchattemptto apagethatdoesnothaveread,write, or executeper-
mission, respectively. Can cause either a data_access_protection or an
instruction_access_protection exception.

Prefetch_violation:
TheMMU hasdetectedanattemptto prefetchfrom apagefor whichprefetchingis
disabled.

NF-Load_violation:
TheMMU hasdetectedanattemptto performa non-faultingloadfrom a pagefor
which non-faulting loads are disabled.

Translation_successful:
The MMU hassuccessfullytranslatedthe virtual addressto a physical address;
none of the conditions described above has been detected.

F.4   Components of the SP ARC-V9 MMU Ar chitecture

A SPARC-V9 MMU should contain the following:

— Logic that implements virtual-to-physical address translation

— Logic that provides memory protection

— Logic that supports prefetching as noted in A.42, “Prefetch Data”

— Logic that supportsnon-faulting loading,asnotedin 8.3, “AddressingandAlter-
nate Address Spaces”

— A methodfor specifyingthe primary, secondaryand,optionally, nucleusaddress
spaces

— A method for supplying information related to failed translations

— A method for collecting “referenced” and “modified” statistics

F.4.1   Vir tual-to-Ph ysical Ad dress T ranslation

A SPARC-V9 MMU tries to translateevery virtual addressit receives into a physical
address as long as:

— The MMU is enabled.
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— The processorindicatesthat this is a non-RED_stateinstruction fetch (seethe
Data/Instructiondescriptionin F.3.1, “Information the MMU Expectsfrom the
Processor”)or adataaccesswith anASI thatindicatesatranslatableaddressspace.

Although the MMU will attemptto translateevery virtual addressthat meetsthe above
two conditions,it neednotguaranteethatit canprovidea translationevery time.Whenthe
MMU encounters a virtual address that it cannot translate, it asserts either
Translation_error, No_translation,or Translation_not_valid, asdiscussedin F.3.3,“Infor-
mation the MMU Sends to the Processor.”

F.4.2   Memor y Protection

For eachvirtual addressfor which a SPARC-V9 MMU can provide a translation,the
MMU checkswhethermemoryprotectionwouldbeviolated.Morespecifically, theMMU

— IndicatesPrivilege_violation(seeF.3.3) if the translationinformation indicatesa
restricted page but the access was not privileged (see F.3.1)

— IndicatesProtection_violation(seeF.3.3) if a read,write, or instructionfetchuses
a translation that does not grant read, write, or execute permission, respectively

— IndicatesProtection_violation(seeF.3.3) if anatomicload-storeusesa translation
that does not grant both read and write permission

F.4.3   Prefetch and Non-F aulting Load Violation

For eachvirtual address,the MMU checksfor prefetchor non-faulting load violation as
long as

— The MMU can provide a translation, and

— TheMMU doesnot detectany memoryprotectionviolation,asdiscussedin F.4.2,
“Memory Protection.”

More specifically, the MMU performsthe following beforesendingthe physical address
to the rest of the memory system:

— AssertsPrefetch_violation(seeF.3.3)if anaccesswith theprefetchindication(see
F.3.1) uses a translation that lacks the prefetchable attribute (see F.3.2)

— AssertsNF-Load_violation(seeF.3.3)if theASI (seeF.3.1)indicatesthisaccessis
a non-faultingload,but thetranslationit useslacksthenon-faultableattribute(see
F.3.2)

F.4.4   Conte xts

The MMU must support two contexts:

(1) Primary Context

(2) Secondary Context
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In addition, it is also recommended that the MMU support a third context:

(3) Nucleus Context

On dataaccesss,theMMU decideswhich of thesethreecontexts to usebasedon theASI
field, as illustrated in table41. Becausethe SPARC-V9 MMU cannot determinethe
instructionopcode,it treatsall dataaccesseswith ASI_PRIMARY{_LITTLE} asnormal
loads or stores,even though the processormay issue them with load/storealternate
instructions.

† Supportfor thenucleuscontext is only arecommendation;if animplementationdoesnotsup-
port the nucleus context it may ignore this row.

On instructionfetch, the MMU decideswhich context to usebasedon the ASI field, as
illustrated in table42.Note that the secondary context is never used for instruction fetch.

† Supportfor the NucleusContext is only a recommendation;if an implementationdoesnot
support the Nucleus Context it may ignore this row.

‡ It is implementation-dependentwhetherinstructionfetchusingASI_NUCLEUSin nonprivi-
leged mode is allowed.

F.4.5   Fault Status and F ault Ad dress

A SPARC-V9 MMU must provide the following:

Table 41—Context Used for Data Access

MMU Inputs Output
ContextASI Mode

ASI_PRIMARY Either Primary

ASI_PRIMARY_LITTLE Either Primary

ASI_PRIMARY_NOFAULT Either Primary

ASI_PRIMARY_NOFAULT_LITTLE Either Primary

ASI_AS_IF_USER_PRIMARY Privileged Primary

ASI_AS_IF_USER_PRIMARY_LITTLE Privileged Primary

ASI_SECONDARY Either Secondary

ASI_SECONDARY_LITTLE Either Secondary

ASI_SECONDARY_NOFAULT Either Secondary

ASI_SECONDARY_NOFAULT_LITTLE Either Secondary

ASI_AS_IF_USER_SECONDARY Privileged Secondary

ASI_AS_IF_USER_SECONDARY_LITTLE Privileged Secondary

ASI_NUCLEUS † Privileged Nucleus

ASI_NUCLEUS_LITTLE † Privileged Nucleus

Table 42—Context Used for Instruction Access

ASI Mode Context

ASI_PRIMARY Either Primary

ASI_NUCLEUS† Privileged‡ Nucleus
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— Fault statusinformationthatspecifieswhichconditionlistedin F.3.3,“Information
the MMU Sendsto the Processor,” hasresultedin a translation-relatedprocessor
trap,andany otherinformationnecessaryfor privilegedsoftwareto determinethe
cause of the trap; for example, ASI, Read/Write, Data/Instruction, etc.

— TheFault addressassociatedwith thefailedtranslation.Sincetheaddressfrom an
instructiontranslationfailureis availablein theprocessorasthetrapPC,theMMU
is not required to save the address of an instruction translation failure.

F.4.6   Referenced and Modified Statistics

A SPARC-V9 MMU shallallow, eitherthroughhardware,software,or somecombination
thereof,for thecollectionof “referenced”and“modified” statisticsassociatedwith trans-
lationsand/orphysicalpages.That is, theremustbea methodto determineif a pagehas
beenreferenced,a methodto determineif a pagehasbeenmodified,anda methodfor
clearingthe indicationsthat a pagehasbeenreferencedand/ormodified.Thesestatistics
may be kept on either a per-translation basis or a per-physical-page basis.

It is implementation-dependentwhether the referencedand/or modified statisticsare
updated when an access is performed or when the translation for that access is performed.

F.5   RED_state Pr ocessing

It is recommended that the MMU perform as follows when the processor is in RED_state:

— Instruction addresstranslationis a straight-throughphysical map; that is, the
MMU is always suppressed for instruction access in RED_state.

— Data addresstranslationis handlednormally; that is, the MMU is usedif it is
enabled.Note that any event which causesthe processorto enterRED_statealso
disablestheMMU, however, thehandlerexecutingin RED_statemayreenablethe
MMU.

F.6   Vir tual Ad dress Aliasing

Hardware and privileged software must cooperateso that multiple virtual addresses
aliasedto the samephysical addressappearto be consistentas definedby the memory
modelsdescribedin Chapter8, “Memory Models.” Dependinguponthe implementation,
this may requireallowing multiple translationsto coexist only if they meetsomeimple-
mentation-dependentalignmentconstraint,or it mayrequirethatsoftwareensurethatonly
one translation is in effect at any given time.

F.7   MMU Demap Operation

The SPARC-V9 MMU must provide a mechanismfor privileged software to invalidate
some or all of the virtual-to-physical address translations.
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F.8   SPARC-V9 Systems without an MMU

It is possibleto build a SPARC-V9 systemthat doesnot have an MMU. Sucha system
should behave as if contains an MMU that is disabled.



290 F SPARC-V9 MMU Requirements



291

G Suggested Assemb ly Langua ge Syntax
This appendixsupportsAppendixA, “Instruction Definitions.” Eachinstructiondescrip-
tion in AppendixA includesa tablethat describesthe suggestedassemblylanguagefor-
mat for that instruction.This appendixdescribesthe notation usedin thoseassembly
languagesyntaxdescriptionsandlistssomesyntheticinstructionsthatmaybeprovidedby
a SPARC-V9 assembler for the convenience of assembly language programmers.

G.1   Notation Used

The notations defined here are also used in the syntax descriptions in Appendix A.

Itemsin typewriter font areliterals to be written exactly asthey appear. Itemsin
italic fontaremetasymbolsthatareto bereplacedby numericor symbolicvaluesin actual
SPARC-V9 assemblylanguagecode.For example,“ imm_asi” would be replacedby a
numberin therange0 to 255(thevalueof theimm_asibits in thebinaryinstruction),or by
a symbol bound to such a number.

Subscriptson metasymbolsfurther identify theplacementof theoperandin thegenerated
binary instruction.For example,regrs2 is a reg (registername)whosebinaryvaluewill be
placed in thers2 field of the resulting instruction.

G.1.1   Register Names

reg:
A reg is an integer register name. It may have any of the following values:1

%r0 ..%r31

%g0..%g7 (global registers; same as%r0 ..%r7)
%o0..%o7 (out      registers; same as%r8 ..%r15)
%l0 ..%l7 (local   registers; same as%r16 ..%r23)
%i0 ..%i7 (in        registers; same as%r24 ..%r31)
%fp (frame pointer; conventionally same as%i6 )

1. In actual usage, the%sp, %fp, %gn, %on, %ln, and%in forms are preferred over%rn.

This appendix is informative only.

It is not part of the SPARC-V9 specification.
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%sp (stack pointer; conventionally same as%o6)

Subscriptsidentify theplacementof theoperandin thebinaryinstructionasoneof
the following:

regrs1 (rs1 field)
regrs2 (rs2 field)
regrd (rd field)

freg:
An freg is a floating-point register name. It may have the following values:

%f0, %f1, %f2 .. %f63 See 5.1.4, “Floating-Point Registers”

Subscriptsfurtheridentify theplacementof theoperandin thebinaryinstructionas
one of the following:

fregrs1 (rs1field)
fregrs2 (rs2 field)
fregrd (rd field)

asr_reg:
An asr_reg is anAncillary StateRegistername.It mayhave oneof the following
values:

%asr16 ..%asr31

Subscriptsfurtheridentify theplacementof theoperandin thebinaryinstructionas
one of the following:

asr_regrs1 (rs1 field)
asr_regrd (rd field)

i_or_x_cc:
An i_or_x_ccspecifiesa setof integerconditioncodes, thosebasedon eitherthe
32-bit resultof anoperation(icc ) or on the full 64-bit result(xcc ). It mayhave
either of the following values:

%icc

%xcc

fccn:
An fccnspecifiesasetof floating-pointconditioncodes.It mayhaveany of thefol-
lowing values:

%fcc0

%fcc1

%fcc2

%fcc3

G.1.2   Special Symbol Names

Certainspecialsymbolsappearin thesyntaxtablein typewriter font . They mustbe
written exactly as they are shown, including the leading percent sign (%).

The symbol names and the registers or operators to which they refer are as follows:
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%asi Address Space Identifier register
%canrestore Restorable Windows register
%cansave Savable Windows register
%cleanwin Clean Windows register
%cwp Current Window Pointer register
%fq Floating-Point Queue
%fsr Floating-Point State Register
%otherwin Other Windows register
%pc Program Counter register
%pil Processor Interrupt Level register
%pstate Processor State register
%tba Trap Base Address register
%tick Tick (cycle count) register
%tl Trap Level register
%tnpc Trap Next Program Counter register
%tpc Trap Program Counter register
%tstate Trap State register
%tt Trap Type register
%ccr Condition Codes Register
%fprs Floating-Point Registers State register
%ver Version register
%wstate Window State register
%y Y register

The following special symbol namesare unary operatorsthat perform the functions
described:

%uhi Extracts bits 63..42 (high 22 bits of upper word) of its operand
%ulo Extractsbits 41..32 (low-order 10 bits of upperword) of its

operand
%hi Extractsbits 31..10 (high-order22 bits of low-orderword) of

its operand
%lo Extracts bits 9..0 (low-order 10 bits) of its operand

Certainpredefinedvaluenamesappearin thesyntaxtablein typewriter font . They
must be written exactly as they are shown, including the leading sharp sign (#).

The value names and the values to which they refer are as follows:
#n_reads 0 (for PREFETCH instruction)
#one_read 1 (for PREFETCH instruction)
#n_writes 2 (for PREFETCH instruction)
#one_write 3 (for PREFETCH instruction)
#page 4 (for PREFETCH instruction)
#Sync 4016 (for MEMBAR instructioncmask field)
#MemIssue 2016 (for MEMBAR instructioncmask field)
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#Lookaside 1016 (for MEMBAR instructioncmask field)
#StoreStore 0816 (for MEMBAR instructionmmask field)
#LoadStore 0416 (for MEMBAR instructionmmask field)
#StoreLoad 0216 (for MEMBAR instructionmmask field)
#LoadLoad 0116 (for MEMBAR instructionmmask field)
#ASI_AIUP 1016 ASI_AS_IF_USER_PRIMARY
#ASI_AIUS 1116 ASI_AS_IF_USER_SECONDARY
#ASI_AIUP_L 1816 ASI_AS_IF_USER_PRIMARY_LITTLE
#ASI_AIUS_L 1916 ASI_AS_IF_USER_SECONDARY_LITTLE
#ASI_P 8016 ASI_PRIMARY
#ASI_S 8116 ASI_SECONDARY
#ASI_PNF 8216 ASI_PRIMARY_NOFAULT
#ASI_SNF 8316 ASI_SECONDARY_NOFAULT
#ASI_P_L 8816 ASI_PRIMARY_LITTLE
#ASI_S_L 8916 ASI_SECONDARY_LITTLE
#ASI_PNF_L 8A16 ASI_PRIMARY_NOFAULT_LITTLE
#ASI_SNF_L 8B16 ASI_SECONDARY_NOFAULT_LITTLE

The full names of the ASIs may also be defined:
#ASI_AS_IF_USER_PRIMARY 1016

#ASI_AS_IF_USER_SECONDARY 1116

#ASI_AS_IF_USER_PRIMARY_LITTLE 1816

#ASI_AS_IF_USER_SECONDARY_LITTLE1916

#ASI_PRIMARY 8016

#ASI_SECONDARY 8116

#ASI_PRIMARY_NOFAULT 8216

#ASI_SECONDARY_NOFAULT 8316

#ASI_PRIMARY_LITTLE 8816

#ASI_SECONDARY_LITTLE 8916

#ASI_PRIMARY_NOFAULT_LITTLE 8A16

#ASI_SECONDARY_NOFAULT_LITTLE 8B16

G.1.3   Values

Some instructions use operand values as follows:
const4 A constant that can be represented in 4 bits
const22 A constant that can be represented in 22 bits
imm_asi An alternate address space identifier (0..255)
simm7 A signed immediate constant that can be represented in 7 bits
simm10 A signed immediate constant that can be represented in 10 bits
simm11 A signed immediate constant that can be represented in 11 bits
simm13 A signed immediate constant that can be represented in 13 bits
value Any 64-bit value
shcnt32 A shift count from 0..31
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shcnt64 A shift count from 0..63

G.1.4   Labels

A labelis asequenceof charactersthatcomprisesalphabeticletters(a–z,A–Z [with upper
andlower casedistinct]), underscores(_), dollar signs($), periods(.), anddecimaldigits
(0-9).A labelmaycontaindecimaldigits, but maynot begin with one.A local labelcon-
tains digits only.

G.1.5   Other Operand Syntax

Some instructions allow several operand syntaxes, as follows:

reg_plus_imm may be any of the following:
regrs1 (equivalent toregrs1+ %g0)
regrs1+ simm13
regrs1– simm13
simm13 (equivalent to%g0+ simm13)
simm13+ regrs1 (equivalent toregrs1+ simm13)

address may be any of the following:
regrs1 (equivalent toregrs1+ %g0)
regrs1+ simm13
regrs1– simm13
simm13 (equivalent to%g0+ simm13)
simm13+ regrs1 (equivalent toregrs1+ simm13)
regrs1+ regrs2

membar_mask is the following:
const7 A constantthatcanberepresentedin 7 bits.Typically, this is an

expressioninvolving the logical or of some combinationof
#Lookaside , #MemIssue , #Sync , #StoreStore ,
#LoadStore , #StoreLoad , and#LoadLoad .

prefetch_fcn (prefetch function) may be any of the following:
#n_reads

#one_read

#n_writes

#one_write

#page

0..31

regaddr (register-only address) may be any of the following:
regrs1 (equivalent toregrs1+ %g0)
regrs1+ regrs2
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reg_or_imm (register or immediate value) may be either of:
regrs2
simm13

reg_or_imm10 (register or immediate value) may be either of:
regrs2
simm10

reg_or_imm11 (register or immediate value) may be either of:
regrs2
simm11

reg_or_shcnt (register or shift count value) may be any of:
regrs2
shcnt32
shcnt64

software_trap_number may be any of the following:
regrs1 (equivalent toregrs1+ %g0)
regrs1+ simm7
regrs1– simm7
simm7 (equivalent to%g0+ simm7)
simm7+ regrs1 (equivalent toregrs1+ simm7)
regrs1+ regrs2

The resultingoperandvalue(softwaretrap number)mustbe in the range0..127,
inclusive.

G.1.6   Comments

It is suggestedthattwo typesof commentsbeacceptedby SPARC-V9 assemblers:C-style
“ /*...*/ ” comments,which may spanmultiple lines, and “ !... ” comments,which
extend from the “! ” to the end of the line.

G.2   Syntax Design

The suggested SPARC-V9 assembly language syntax is designed so that

— The destinationoperand(if any) is consistentlyspecifiedas the last (rightmost)
operand in an assembly language instruction.

— A referenceto the contents of a memory location (in a Load, Store, CASA,
CASXA, LDSTUB(A), or SWAP(A) instruction) is always indicatedby square
brackets([ ] ); a referenceto theaddressof amemorylocation(suchasin aJMPL,
CALL, or SETHI) is specified directly, without square brackets.
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G.3   Synthetic Instructions

Table43 describesthe mappingof a setof synthetic(or “pseudo”) instructionsto actual
instructions.Theseand other synthetic instructionsmay be provided in a SPARC-V9
assembler for the convenience of assembly language programmers.

Note that syntheticinstructionsshouldnot be confusedwith “pseudo-ops,” which typi-
cally provide information to the assemblerbut do not generateinstructions.Synthetic
instructionsalwaysgenerateinstructions;they provide moremnemonicsyntaxfor stan-
dard SPARC-V9 instructions.

Table 43—Mapping Synthetic to SPARC-V9 Instructions

Synthetic instruction SPARC-V9 instruction(s) Comment

cmp regrs1,  reg_or_imm subcc regrs1,  reg_or_imm, %g0 compare

jmp address jmpl address, %g0

call address jmpl address, %o7

iprefetch label bn,a,pt %xcc, label instruction prefetch

tst regrs1 orcc %g0,  regrs1, %g0 test

ret jmpl %i7+8, %g0 return from subroutine

retl jmpl %o7+8, %g0 return from leaf subroutine

restore restore %g0, %g0, %g0 trivial restore

save save %g0, %g0, %g0 trivial save
(Warning: trivial save
should only be used in kernel
code!)

set uw value, regrd sethi %hi (value),  regrd (when ((value&3FF16) = = 0))

— or —

or %g0,  value,  regrd (when 0≤value≤4095)

— or —

sethi %hi (value),  regrd; (otherwise)

or regrd, %lo (value),  regrd Warning: do not usesetuw  in
the delay slot of a DCTI.

set value, regrd synonym for setuw

set sw value, regrd sethi %hi (value),  regrd (when (value> = 0) and
((value & 3FF16) = = 0))

— or —

or %g0,  value,  regrd (when -4096≤value≤4095)

— or —

sethi %hi (value),  regrd (otherwise, if (value < 0) and
((value & 3FF16) = = 0))

sra regrd, %g0,  regrd

— or —

sethi %hi (value),  regrd; (otherwise, if value> = 0)

or regrd, %lo (value),  regrd

— or —

sethi %hi (value),  regrd; (otherwise, if value<0)

or regrd, %lo (value),  regrd

sra regrd, %g0,  regrd Warning: do not usesetsw  in
the delay slot of a CTI.

setx value,  reg,  regrd sethi %uhi( value),  reg create 64-bit constant

or reg, %ulo( value),  reg (“reg” is used as a temporary
register)sllx reg,32, reg
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sethi %hi( value),  regrd Note:set x optimizations are
possible,  but not enumer-
ated here. The worst-case is
shown.Warning: do not use
set x in the delay slot of a
CTI.

or regrd,  reg,  regrd

or regrd, %lo( value),  regrd

Table 43—Mapping Synthetic to SPARC-V9 Instructions  (Continued)

Synthetic instruction SPARC-V9 instruction(s) Comment
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signx regrs1,  regrd sra regrs1, %g0,  regrd sign-extend 32-bit value to
64 bitssignx regrd sra regrd, %g0,  regrd

not regrs1,  regrd xnor regrs1, %g0,  regrd one’s complement

not regrd xnor regrd, %g0,  regrd one’s complement

neg regrs2,  regrd sub %g0,  regrs2,  regrd two’s complement

neg regrd sub %g0,  regrd,  regrd two’s complement

cas [regrs1],  regrs2,  regrd casa [regrs1]#ASI_P,  regrs2,  regrd compare and swap

casl [regrs1],  regrs2,  regrd casa [regrs1]#ASI_P_L,  regrs2,  regrd compare and swap, little-endian

casx [regrs1],  regrs2,  regrd casxa [regrs1]#ASI_P,  regrs2,  regrd compare and swap extended

casxl [regrs1],  regrs2,  regrd casxa [regrs1]#ASI_P_L,  regrs2,  regrd compare and swap extended,
little-endian

inc regrd add regrd, 1,  regrd increment by 1

inc const13, regrd add regrd,  const13,  regrd increment by const13

inccc regrd addcc regrd, 1,  regrd incr by 1;  set icc & xcc

inccc const13, regrd addcc regrd,  const13,  regrd incr by const13;  set icc & xcc

dec regrd sub regrd, 1,  regrd decrement by 1

dec const13,  regrd sub regrd,  const13,  regrd decrement by const13

deccc regrd subcc regrd, 1,  regrd decr by 1; set icc & xcc

deccc const13,  regrd subcc regrd,  const13,  regrd decr by const13; set icc & xcc

btst reg_or_imm,  regrs1 andcc regrs1,  reg_or_imm, %g0 bit test

bset reg_or_imm,  regrd or regrd,  reg_or_imm,  regrd bit set

bclr reg_or_imm,  regrd andn regrd,  reg_or_imm,  regrd bit clear

btog reg_or_imm,  regrd xor regrd,  reg_or_imm,  regrd bit toggle

clr regrd or %g0, %g0,  regrd clear (zero) register

clrb [address] stb %g0, [address] clear byte

clrh [address] sth %g0, [address] clear halfword

clr [address] stw %g0, [address] clear word

clrx [address] stx %g0, [address] clear extended word

clruw regrs1,  regrd srl regrs1, %g0,  regrd copy and clear upper word

clruw regrd srl regrd, %g0,  regrd clear upper word

mov reg_or_imm,  regrd or %g0,  reg_or_imm, regrd

mov %y,  regrd rd %y, regrd

mov %asrn,  regrd rd %asrn, regrd

mov reg_or_imm, %y wr %g0,  reg_or_imm, %y

mov reg_or_imm, %asrn wr %g0,  reg_or_imm, %asrn

Table 43—Mapping Synthetic to SPARC-V9 Instructions  (Continued)

Synthetic instruction SPARC-V9 instruction(s) Comment
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H Software Considerations
This appendixdescribeshow software can usethe SPARC-V9 architectureeffectively.
Examples do not necessarily conform to any specific Application Binary Interface (ABI).

H.1   Nonprivileg ed Software

This subsectiondescribessoftware conventionsthat have proven or may prove useful,
assumptionsthat compilersmay make aboutthe resourcesavailable,andhow compilers
canusethoseresources.It doesnotdiscusshow supervisorsoftware(anoperatingsystem)
mayusethearchitecture.Althougha setof softwareconventionsis described,softwareis
free to use other conventions more appropriate for specific applications.

Thefollowing aretheprimarygoalsfor many of thesoftwareconventionsdescribedin this
subsection:

— Minimizing average procedure-call overhead

— Minimizing latency due to branches

— Minimizing latency due to memory access

H.1.1   Register s

Registerusageis a critical resourceallocationissuefor compilers.TheSPARC-V9 archi-
tectureprovideswindowed integer registers(in, out, local), global integer registers,and
floating-point registers.

H.1.1.1 In and Out  Register s

The in andout registersareusedprimarily for passingparametersto andreceiving results
from subroutines,andfor keepingtrackof thememorystack.Whena procedureis called
and executes a SAVE instruction, the caller’s outs become the callee’s ins.

Oneof a procedure’s out registers(%o6) is usedasits stackpointer, %sp. It pointsto an
areain which the systemcanstore%r16 ..%r31 (%l0 ..%l7 and%i0 ..%i7 ) when the
registerfile overflows (spill trap),andis usedto addressmostvalueslocatedon thestack.

This appendix is informative only.

It is not part of the SPARC-V9 specification.
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A trapcanoccurat any time1, which mayprecipitatea subsequentspill trap.During this
spill trap, the contentsof the user’s registerwindow at the time of the original trap are
spilled to the memory to which its%sp points.

A proceduremaystoretemporaryvaluesin its out registers(except%sp) with theunder-
standingthatthosevaluesarevolatileacrossprocedurecalls.%spcannotbeusedfor tem-
porary values for the reasons described in H.1.1.3, “Register Windows and %sp.”

Up to six parameters2 may be passedby placingthemin out registers%o0..%o5; addi-
tionalparametersarepassedin thememorystack.Thestackpointeris implicitly passedin
%o6, anda CALL instructionplacesits own addressin %o7.3 Floating-pointparameters
may also be passed in floating-point registers.

After acalleeis enteredandits SAVE instructionhasbeenexecuted,thecaller’sout regis-
ters are accessible as the callee’s in registers.

The caller’s stack pointer %sp (%o6) automaticallybecomesthe current procedure’s
frame pointer%fp (%i6 ) when the SAVE instruction is executed.

Thecalleefindsits first six integerparametersin %i0 ..%i5 , andtheremainder(if any) on
the stack.

A function returnsa scalarinteger valueby writing it into its ins (which arethe caller’s
outs),startingwith %i0 . A scalarfloating-pointvalueis returnedin thefloating-pointreg-
isters, starting with%f0.

A procedure’s returnaddress,normallytheaddressof theinstructionjustaftertheCALL’s
delay-slot instruction, is as%i7 +8.4

H.1.1.2 Local  Register s

The locals areusedfor automatic5 variablesand for most temporaryvalues.For access
efficiency, a compiler may also copy parameters(that is, thosepastthe sixth) from the
memory stack into thelocals and use them from there.

SeeH.1.4, “Register Allocation within a Window,” for methodsof allocatingmore or
fewer than eight registers for local values.

1. For example,due to an error in executingan instruction(for example,a mem_address_not_aligned
trap), or due to any type of external interrupt.

2. Six is morethanadequate,sincethe overwhelmingmajority of proceduresin systemcodetake fewer
thansix parameters.Accordingto studiescited by Weicker (Weicker, R. P., “Dhrystone:A Synthetic
SystemsProgrammingBenchmark,” CACM 27:10,October1984),at least97% (measuredstatically)
take fewer thansix parameters.Theaveragenumberof parametersdid not exceed2.1,measuredeither
statically or dynamically, in any of these studies.

3. If a JMPL instruction is used in place of a CALL, it should place its address in%o7 for consistency.

4. For convenience,SPARC-V9 assemblersmayprovidea “ ret ” (return)syntheticinstructionthatgener-
ates a “jmpl %i7+8 , %g0” hardware instruction. See G.3, “Synthetic Instructions.”

5. In theC language,anautomaticvariableis a local variablewhoselifetime is no longerthanthatof its
containing procedure.
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H.1.1.3   Register Windo ws and %sp

Somecaveatsabouttheuseof %spandtheSAVE andRESTOREinstructionsareappro-
priate. If the operating system and user code use register windows, it is essential that

— %spalwayscontainsa correctvalue,sothatwhen(andif) a registerwindow spill/
fill trap occurs,the register window can be correctly storedto or reloadedfrom
memory.6

— NonprivilegedcodeusesSAVE andRESTOREinstructionscarefully. In particular,
“walking” thecall chainthroughthe registerwindows usingRESTOREs,expect-
ing to be ableto returnto whereonestartedusingSAVEs, doesnot work asone
might suppose.Sinceusercodecannotdisabletraps,a trap (e.g., an interrupt)
couldwrite over thecontentsof auserregisterwindow thathas“temporarily” been
RESTOREd7. The safemethodis to flush the registerwindows to usermemory
(thestack)by usingtheFLUSHW instruction.Then,usercodecansafely“walk”
the call chain through user memory, instead of through the register windows.

To avoid suchproblems,considerall datamemoryat addressesjust lessthan%sp to be
volatile, and the contents of all register windows “below” the current one to be volatile.

H.1.1.4 Global  Register s

Unlike the ins, locals, andouts, theglobals arenot partof any registerwindow. Theglo-
bals area setof eightregisterswith globalscope,like theregistersetsof moretraditional
processorarchitectures.An ABI may defineconventionsthat the globals (except %g0)
mustobey. For example,if theconventionassumesthatglobalsarevolatile acrossproce-
durecalls,eitherthecalleror thecalleemusttake responsibilityfor saving andrestoring
their contents.

Globalregister%g0hasahardwiredvalueof zero;it alwaysreadsaszero,andwritesto it
have no program-visible effect.

Typically, theglobal registersotherthan%g0areusedfor temporaries,globalvariables,or
globalpointers— eitheruservariables,or valuesmaintainedaspartof theprogram’s exe-
cutionenvironment.For example,onecoulduseglobals in theexecutionenvironmentby
establishinga conventionthatglobal scalarsareaddressedvia offsetsfrom a globalbase

6. Typically, the SAVE instructionis usedto generatea new %sp valuewhile shifting to a new register
window, all in oneatomicoperation.WhenSAVE is usedthis way, synchronizationof the two opera-
tions should not be a problem.

7. Anotherreasonthismight fail is thatusercodehasnowayto determinehow many registerwindowsare
implemented by the hardware.
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register. In the mostgeneralcase,memoryaccessedat an arbitraryaddressrequiressix
instructions; for example,

sethi %uhi(address), tmp
or tmp, %ulo(address), tmp
sllx tmp, 32, tmp
sethi %hi(address),  reg
or reg, %lo(address), reg
ld [ reg+tmp],  reg

Useof a global baseregister for frequentlyaccessedglobal valueswould provide faster
(single-instruction) access to 213 bytes of those values; for example,

ld [%gn+offset], reg

Additional global registerscould be usedto provide single-instructionaccessto corre-
spondingly more global values.

H.1.1.5   Floating-P oint Register s

There are sixteen quad-precisionfloating-point registers. The registers can also be
accessedasthirty-two double-precisionregisters.In addition,thefirst eightquadregisters
canalsobe accessedasthirty-two single-precisionregisters.Floating-pointregistersare
accessedwith differentinstructionsthantheintegerregisters;their contentscanbemoved
amongthemselves, and to or from memory. See5.1.4, “Floating-Point Registers,” for
more information about floating-point register aliasing.

Like theglobal registers,thefloating-pointregistersmustbemanagedby software.Com-
pilers usethe floating-point registersfor uservariablesand compiler temporaries,pass
floating-point parameters, and return floating-point results in them.

H.1.1.6   The Memor y Stac k

A stackis maintainedto hold automaticvariables,temporaryvariables,andreturninfor-
mationfor eachinvocationof a procedure.Whena procedureis called,a stack frame is
allocated;it is releasedwhenthe procedurereturns.The useof a stackfor this purpose
allows simple and efficient implementation of recursive procedures.

Undercertainconditions,optimizationcanallow a leaf procedureto useits caller’s stack
frameinsteadof oneof its own. In thatcase,theprocedureallocatesno spaceof its own
for a stack frame. See H.1.2, “Leaf-Procedure Optimization,” for more information.

Thestackpointer%spmustalwaysmaintainthealignmentrequiredby theoperatingsys-
tem’s ABI. This is at least doubleword alignment,possibly with a constantoffset to
increase stack addressability using constant offset addressing.

H.1.2   Leaf-Pr ocedure Optimization

A leaf procedure is onethat is a “leaf” in theprogram’s call graph;that is, onethatdoes
not call (e.g., via CALL or JMPL) any other procedures.
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Eachprocedure,includingleafprocedures,normallyusesaSAVE instructionto allocatea
stack frame and obtain a register window for itself, and a correspondingRESTORE
instruction to deallocate it. The time costs associated with this are

— Possiblegenerationof register-window spill/fill trapsat runtime.This only hap-
pensoccasionally,8 but wheneithera spill or fill trap doesoccur, it costsseveral
machine cycles to process.

— The cycles expended by the SAVE and RESTORE instructions themselves.

Therearealsospacecostsassociatedwith this convention,thecumulative cacheeffectsof
which may be nonnegligible. The space costs include

— The space occupied on the stack by the procedure’s stack frame

— The two words occupied by the SAVE and RESTORE instructions

Of the above costs, the trap-processing cycles typically are the most significant.

Someleaf procedurescanbemadeto operatewithout their own registerwindow or stack
frame,using their caller’s instead.This canbe donewhen the candidateleaf procedure
meets all of the following conditions:9

— It contains no references to%sp, except in its SAVE instruction.

— It contains no references to%fp.

— It refersto (or canbemadeto referto) no morethaneightof thethirty-two integer
registers, including%o7 (the return address).

If a procedureconformsto the above conditions,it can be madeto operateusing its
caller’s stackframe and registers,an optimizationthat saves both time and space.This
optimizationis calledleaf procedure optimization. Theoptimizedproceduremaysafely
use only registers that its caller already assumes to be volatile across a procedure call.

The optimizationcan be performedat the assemblylanguagelevel using the following
steps:

(1) Changeall referencesto registers in the procedureto registers that the caller
assumes volatile across the call.

(a) Leave references to%o7 unchanged.

(b) Leave any references to%g0..%g7 unchanged.

(c) Change%i0 ..%i5 to %o0..%o5, respectively. If anin registeris changedto an
out registerthatwasalreadyreferencedin theoriginal unoptimizedversionof
the procedure,all original referencesto that out registermustbe changedto
refer to an unusedout or global register.

8. Thefrequency of overflow andunderflow trapsdependsontheapplicationandonthenumberof register
windows (NWINDOWS) implemented in hardware.

9. Althoughslightly lessrestrictive conditionscouldbeused,theoptimizationwould becomemorecom-
plex to perform and the incremental gain would usually be small.
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(d) Changereferencesto eachlocal registerinto referencesto any unusedregister
that is assumed to be volatile across a procedure call.

(2) Delete the SAVE instruction. If it was in a delay slot, replaceit with a NOP
instruction.If its destinationregisterwasnot %g0or %sp, convert theSAVE into
the corresponding ADD instruction instead of deleting it.

(3) If the RESTORE’s implicit addition operationis usedfor a productive purpose
(suchassettingtheprocedure’s returnvalue),convert theRESTOREto thecorre-
spondingADD instruction.Otherwise,the RESTORE is only usedfor stackand
register-window deallocation;replaceit with a NOP instruction(it is probablyin
the delay slot of the RET, and so cannot be deleted).

(4) Changethe RET (return) syntheticinstructionto RETL (return-from-leaf-proce-
dure synthetic instruction).

(5) Performany optimizationsnewly madepossible,suchascombininginstructionsor
filling thedelayslot of theRETL (or thedelayslot occupiedby theSAVE) with a
productive instruction.

After theabove changes,thereshouldbeno SAVE or RESTOREinstructions,andno ref-
erencesto in or local registersin theprocedurebody. All original referencesto insarenow
to outs.All otherregisterreferencesareto registersthatareassumedto bevolatileacrossa
procedure call.

Costs of optimizing leaf procedures in this way include

— Additional intelligencein a peepholeoptimizer to recognizeandoptimizecandi-
date leaf procedures

— Additional intelligencein debuggersto properlyreportthecall chainandthestack
traceback for optimized leaf procedures10

H.1.3   Example Code f or a Pr ocedure Call

This subsectionillustratescommonparameter-passingconventionsand gives a simple
example of leaf-procedure optimization.

Thecodefragmentin example1 shows a simpleprocedurecall with a valuereturned,and
the procedure itself.

Sincesum3 doesnot call any otherprocedures(i.e., it is a leaf procedure),it canbeopti-
mized to become:

sum3:
add %o0, %o1, %o0
retl ! (must use RETL, not RET,
add %o0, %o2, %o0 ! to return from leaf procedure)

10. A debuggercanrecognizean optimizedleaf procedureby scanningit, noting the absenceof a SAVE
instruction.CompilersoftenconstraintheSAVE, if present,to appearwithin thefirst few instructionsof
a procedure; in such a case, only those instruction positions need be examined.
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H.1.4   Register Allocation within a Windo w

The usualSPARC-V9 softwareconvention is to allocateeight registers(%l0 ..%l7 ) for
local values.A compilercould allocatemoreregistersfor local valuesat the expenseof
having fewer outs and ins available for argumentpassing.For example, if insteadof
assumingthat the boundarybetweenlocal valuesand input argumentsis betweenr[23]
and r[24] (%l7 and %i0 ), software could, by convention,assumethat the boundaryis
betweenr[25] andr[26] (%i1 and%i2 ). This would provide tenregistersfor local values
and sixin andout registers. This is shown in table44.

! CALLER:
! int i; /* compiler assigns "i" to register %l7 */
! i = sum3( 1, 2, 3 );

...
mov 1, %o0 ! first arg to sum3 is 1
mov 2, %o1 ! second arg to sum3 is 2
call sum3 ! the call to sum3
mov 3, %o2 ! last parameter to sum3 in delay slot
mov %o0, %l7 ! copy return value to %l7 (variable "i")
...

#define SA(x) (((x)+15)&(~0x1F)) /* rounds "x" up to extended word boundary
*/
#define MINFRAME ((16+1+6)*8) /* minimum size stack frame, in bytes;

 * 16 extended words for saving the
current

 * register window,
 * 1 extended word for “hidden parameter”,
 * and 6 extended words in which a callee
 * can store its arguments.
 */

! CALLEE:
! int sum3( a, b, c )
! int a, b, c; /* args received in %i0, %i1, and %i2 */
! {
! return  a+b+c;
! }
sum3:

save %sp,-SA(MINFRAME),%sp ! set up new %sp; alloc min. stack frame
add %i0, %i1, %l7 ! compute sum in local %l7
add %l7, %i2, %l7 !   (or %i0 could have been used directly)
ret ! return from sum3, and...
restore %l7, 0, %o0 ! move result into output reg & restore

Example 1—Simple Procedure Call with Value Returned
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H.1.5   Other Register -Windo w-Usage Models

Sofar, this appendixhasdescribedSPARC-V9 softwareconventionsthatareappropriate
for usein a general-purposemultitaskingcomputersystem.However, SPARC-V9 is used
in many otherapplications,notablyembeddedand/orreal-timesystems.In suchapplica-
tions,otherschemesfor allocationof SPARC-V9’sregisterwindowsmightbemorenearly
optimal than the one described above.

One possibility is to avoid using the normal register-window mechanismby not using
SAVE and RESTORE instructions.Software would see 32 general-purposeregisters
insteadof SPARC-V9’s usualwindowed register file. In this mode,SPARC-V9 would
operatelike processorswith more traditional (flat) registerarchitectures.Procedurecall
timeswouldbemoredeterminate(dueto lackof spill/fill traps),but for mosttypesof soft-
ware,averageprocedurecall time would significantlyincrease,dueto increasedmemory
traffic for parameter passing and saving/restoring local variables.

Effective useof this software convention would requirecompilersto generatedifferent
code(directregisterspills/fills to memoryandno SAVE/RESTOREinstructions)thanfor
the software conventions described above.

It wouldbeawkward,atbest,to attemptto mix (link) codethatusestheSAVE/RESTORE
conventionwith codethatdoesnot useit. If bothconventionswere usedin thesamesys-
tem, two versions of each library would be required.

It would be possibleto run usercodewith oneregister-usageconventionandsupervisor
codewith another. With sufficient intelligencein supervisorsoftware,userprocesseswith
different register conventions could be run simultaneously.11

H.1.6   Self-Modifying Code

If a programincludesself-modifyingcode,it must issuea FLUSH instructionfor each
modifieddoublewordof instructions(or acall to supervisorsoftwarehaving anequivalent
effect).

Table 44—Register Allocation within a Window

Standard
register
model

10 local
register
model

Arbitrary
register
model

Registers for local values 8 10 n

In / out registers

Reserved for%sp / %fp 1 1 1

Reserved for return address 1 1 1

Available for argument passing 6 4 14 − n

Total ins / outs 8 6 16 − n

11. Althoughtechnicallypossible,this is not to suggestthattherewouldbesignificantutility in mixing user
processes with differing register-usage conventions.
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Notethatself-modifyingcodeintendedto beportablemust useFLUSH instruction(s)(or
a call to supervisorsoftware having equivalent effect) after storing into the instruction
stream.

All SPARC-V9 instructionaccessesarebig-endian.If aprogramis runningin little-endian
mode and wishes to modify instructions, it must do one of the following:

— Use an explicit big-endian ASI to write the modified instruction to memory, or

— Reverse the byte ordering shown in the instruction formats in Appendix A,
“Instruction Definitions,” beforedoing a little-endianstore,sincethe storeddata
will be reordered before the bytes are written to memory.

H.1.7   Thread Mana gement

SPARC-V9 providessupportfor theefficient managementof user-level threads.Thecost
of thread switching can be reduced by using the following features:

User Management of FPU:
The FEF bit in the FPRSregisterallows nonprivilegedcodeto managethe FPU.
This is in additionto themanagementdoneby thesupervisorcodevia thePEFbit
in the PSTATE register. A thread-managementlibrary can implementefficient
switchingof theFPUamongthreadsby manipulatingtheFEFbit in theFPRSreg-
ister andby providing a usertrap handler(with supportfrom the supervisorsoft-
ware) for the fp_disabled exception.Seethe descriptionof User Trapsin H.2.4,
“User Trap Handlers.”

FLUSHW Instruction :
TheFLUSHW instructionis anefficient way for a threadlibrary to flushtheregis-
ter windows duringa threadswitch.Theinstructionexecutesasa NOPif thereare
no windows to flush.

H.1.8   Minimizing Branc h Latenc y

The SPARC-V9 architecturecontainsseveral instructionsthat can be usedto minimize
branch latency. These are described below.

Conditional Moves:
Theconditionalmove instructionsfor bothintegerandfloating-pointregisterscan
beusedto eliminatebranchesfrom thecodegeneratedfor simpleexpressionsand/
or assignments. The following example illustrates this.

The C code segment

double x,y;
int i;
...
i = (x > y) ? 1 : 2;
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can be compiled to use a conditional move as follows:

fcmp %fcc1, x, y ! x and y are double regs
mov 1, i ! i is int; assume x > y
movfle %fcc1, 2, i ! fix i if wrong

Branch or Move Based on Register Contents:
Theuseof registercontentsasconditionsfor branchandmove instructionsallows
any integerregister(otherthanr0) to hold a booleanvalueor theresultsof a com-
parison.This allows conditionsto be usedmore efficiently in nestedcases.It
allows thegenerationof aconditionto bemovedfurtherfrom its use,therebymin-
imizing latency. In addition, it can eliminate the needfor additionalarithmetic
instructionsto settheconditioncodes.This is illustratedin thefollowing example.

The test for finding the maximum of an array of integers,

if (A[i] > max)
max = A[i];

canbecompiledasfollows,allowing theconditionfor theloop to besetbeforethe
sequence and checked after it:

ldx [ addr_of_Ai], Ai
sub Ai, max, tmp
movrgz tmp, Ai, max

H.1.9   Prefetch

The SPARC-V9 architectureincludesa prefetchinstruction intendedto help hide the
latency of accessing memory.12

As a generalrule,givena loop of thefollowing form (usingC for assemblylanguage,and
assuming a cache line size of 64 bytes and that A and B are arrays of 8-byte values)

for (i = 0; i < N; i++) {
load A[i]

load B[i]

...

}

which takesC cyclesper iteration(assumingall loadshit in cache)andgivenL cyclesof
latency to memory, prefetchinstructionsmay be insertedfor data that will be needed
ceiling(L /C') iterationsin the future, whereC' is numberof cycles per iteration of the
modified loop. Thus, the loop would be transformed into

12. Two papersdescribingthe useof prefetchinstructionsare Callahan,D., K. Kennedy, A. Porterfield,
“SoftwarePrefetching,” Proceedingsof the Fourth InternationalConferenceon Architectural Support
for ProgrammingLanguagesandOperating Systems, April 1991,pp. 40-52,andMowry, T., M. Lam,
andA. Gupta,“Design andEvaluationof a CompilerAlgorithm for Prefetching,” Proceedingsof the
Fifth InternationalConferenceon Architectural Supportfor ProgrammingLanguagesand Operating
Systems, October 1992, pp. 62-73.
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K = ceiling(L/C');
for (i = 0; i < N; i++) {

load A[i]

load B[i]

prefetch A[i+K]

prefetch B[i+K]

...

}

This ensuresthat the loadswill find their datain thecache,andwill thuscompletemore
quickly. Thefirst K iterationswill notgetany benefitfrom prefetching,soif thenumberof
iterations is small (see below), then prefetching will not help.

Note that in casesof contiguousaccess(like this one),many of the prefetchinstructions
will in fact beunnecessaryandmay slow theprogramdown. To avoid this, notethat the
prefetch instruction always obtains at least 64 (cache-line-aligned) bytes.

/* Round up access to next cache line. */
K' = (ceiling(L/C') + 7) & ~7;

for (i = 0; i < N; i++) {

load A[i]

load B[i]

if ( ((int)(A+i) & 63) = = 0) {

prefetch A[i+K']

prefetch B[i+K']

}

...

}

or (unrolled eight times, assuming A and B are arrays of 8-byte values)

/* Be sure that we access the next cache line. */
K'' = ceiling(L/C') + 7;

for (i = 0; i < N; i++) {

load A[i]

load B[i]

prefetch A[i+K'']

prefetch B[i+K'']

...

load A[i+1]

load B[i+2]

... (no prefetching)

...

load A[i+7]

load B[i+7]

...

}
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In thefirst case,theprefetchingis performedexactly whenneeded,andthusthedistance
neednot beadjusted.However, theprefetchingmaynot starton thefirst iteration,result-
ing in as many as K'+ 7 iterations without prefetching.

In the secondcase,the prefetchingoccurssomewherewithin a cacheline, andthus,it is
not known exactly how long it will be until the next cacheline is needed.However, by
prefetchingsevenfurtherahead,weensurethatthenext cacheline will beprefetchedsoon
enough.In the worst case,asmany asK'' (≤ K' + 7) iterationswill executewithout any
benefit from prefetching.

Table45 illustratesthecosttradeoffs betweennoprefetching,naiveprefetching,andsmart
prefetching(the secondchoice) for a small loop (two cycles) with varying uncovered
latenciesto memory. Someof thelatency maybeoverlappedwith executionof surround-
ing instructions; that which is not is uncovered.

Here,we treatthearraysaccessedasif onewerenot in thecache.Thus,every eight itera-
tions, a cacheline mustbe fetchedfrom memoryin the no-prefetchcase;and thus, the
amortizedcostof aniterationis C + L /8. Thecostestimatefor thesmartcaseignoresany
benefitsfrom unrolling,sinceit is reasonableto expectthattheloop would beunrolledor
pipelinedin this fashion,even if prefetchingwerenot used.The startupcostsassumean
alignmentwithin the cachethat maximizesthe initial misses.The break-even cost was
chosen by solving the following equation for N.

N ∗ (C + L /8) = WM ∗ L + N ∗ (7C+ C')/8 {e.g., 3N= 16+ 2.25N⇒ N = 21}

Of course, this is a simplified model.

Anotherpossibility to consideris the worst-casecostof prefetching.If, in the example
provided, everything accessedis always cached,then the smart-prefetchingloop takes
12.5%longer. For eachmemorylatency, thereis abreak-evenpoint (in termsof how often
oneof the arrayoperandsis cached)at which the prefetchingloop begins to run faster.
Table 46 illustrates this.

Table 45—Prefetch Cost Tradeoffs

Limit cycles/iteration Smart startup costs

No pf Naive Smart Worst Worst

C C' L K K'' C+L/8 C' (7C+C')/8 Misses Breakeven

2 4 8 4 11 3 4 2.25 2 N = 21

2 4 16 8 15 4 4 2.25 2 N = 18

2 4 32 16 23 6 4 2.25 3 N = 26

Table 46—Cache Break-Even Points

L C-cached C-missed C-smart

Break-even
% cached
operands

Break-even
loop cachemiss

rate

8 2 3 2.25 75% 1.56%

16 2 4 2.25 88% 0.75%

32 2 6 2.25 94% 0.375%

64 2 10 2.25 97% 0.188%
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Notethatoneuncachedoperandcorrespondsto oneloadoutof sixteenmissingthecache;
theoperandmissrateis sixteentimeshigherthanthe loadmissrate.Note that this is the
miss rate for this loop alone; extrapolation from whole-program miss rates is not advised.

Binariesthat run efficiently acrossdifferentSPARC-V9 implementationscanbe created
for caseslike this (wherememoryaccessesareregular, thoughnotnecessarilycontiguous)
by parameterizingtheprefetchdistanceby machinetype.In privilegedcodethemachine
typeis availablein theVER register;nonprivilegedcodeshouldbeableto obtainthis from
theoperatingsystemor ABI. Basedon informationaboutknown machinesandestimated
loop execution times, a compiler could precalculatevalues for K'' (assumingsmart
prefetching)andstorethemin a table.At executiontime,thepropervaluefor K'' wouldbe
fetched from the table before entering the loop.

For regular but noncontiguousaccesses,a prefetchwould be issuedfor every load. If
cacheblocking is used,theprefetchingstrategy mustbeadjustedaccordingly, sincethere
is no point in prefetching data that is expected to be in the cache already.

Theprefetchvariantshouldbechosenbasedon what is known aboutthelocal andglobal
useof the dataprefetched.If the datais not beingwritten locally, thenvariant0 (several
reads)shouldbeused.If it is beingwritten (andpossiblyalsoread),thenvariant2 (several
writes)shouldbeused.If, in addition,it is known thatthis is likely to bethelastuseof the
datafor sometime (for example,if theloop iterationcountis onemillion anddependence
analysisrevealsnoreuseof data),thenit is appropriateto useeithervariant1 (oneread)or
3 (onewrite). If reuseof datais expectedto occursoon,thenuseof variants1 or 3 is not
appropriate, because of the risk of increased bus and memory traffic on a multiprocessor.

If thehardwaredoesnot implementall variants,it is expectedto provide a sensibleover-
loadingof theunimplementedvariants.Thus,correctuseof a specificvariantneednot be
tied to a particular SPARC-V9 implementation or multi/uniprocessor configuration.

H.1.10   Nonfaulting Load

TheSPARC-V9 architectureincludesa way to specifyloadinstructionsthatdo not gener-
ate visible faults, so that compilerscan have more freedomin schedulinginstructions.
Note that thesearenot speculative loads,which may fault if their resultsare later used;
thesearenormal load instructions,but taggedto indicateto the kerneland/orhardware
that a fault should not be delivered to the code executing the instruction.

Five important rules govern the use of nonfaulting loads:

(1) Volatilememoryreferencesin thesourcelanguageshouldnotusenonfaultingload
instructions.

(2) Code compiled for debugging should not use nonfaulting loads, becausethey
remove the ability to detect common errors.

(3) If nonfaulting loadsareused,pagezeroshouldbea pageof zerovalues,mapped
read-only. Compilersthatroutinelyusenegative offsetsto registerpointersshould
map page “–1” similarly, if the operating software permits it.
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(4) Any useof nonfaulting loadsin privilegedcodemustbe awareof how they are
treated by the host SPARC-V9 implementation.

(5) Nonfaulting loadsfrom unalignedaddressesmaybesubstantiallymoreexpensive
than nonfaulting loads from other addresses.

Nonfaulting loads can be used to solve three scheduling problems.

— On super-scalarmachines,it is often desirableto obtainthe right mix of instruc-
tions to avoid conflicts for any given executionunit. A nonfaulting load can be
moved (backwards) past a basic block boundary to even out the instruction mix.

— On pipelinedmachines,theremaybelatency betweenloadsanduses.A nonfault-
ing loadcanbemovedpasta block boundaryto placemoreinstructionsbetweena
load into a register and the next use of that register.

— Softwarepipeliningimprovestheschedulingof loops,but if a loop iterationbegins
with a loadinstructionandcontainsanearlyexit, it maynotbeeligible for pipelin-
ing. If the load is replaced with a nonfaulting load, then the loop can be pipelined.

In thebranch-ladencodeshown in example2, nonfaultingloadscouldbeusedto separate
loadsfrom uses.The resultalsohasa somewhat bettermix of instructionsandis some-
what pipelined. The basic blocks are separated.
Source Code:

while ( x ! = 0 && x -> key ! = goal) x = x -> next;

With Normal Loads:
entry:

brnz,a x,loop !

ldx [x],t1 ! (pre)load1 (key)

loop:

cmp t1,goal ! use1

bpe %xcc,out

nop ! no filling from loop.

ldx [x+8],x ! load2 (next)

brnz,a x,loop ! use2

ldx [x],t1 ! load1

out: ...

With Nonfaulting Loads:
entry:

mov x,t2
mov #ASI_PNF, %asi
ldxa [t2]%asi,t1 ! (pre)load1 (nf-load for key)

loop:
mov t2,x ! begin loop body
brz,pn t2,out
ldxa [t2+8]%asi,t2 ! load2 (nf-load for next)

cmp t1,goal ! use1
bpne %xcc,loop
ldxa [t2],%asi,t1 ! use2, load1 ! nf-load for x

out: ...

Example 2—Branch-Laden Code with Nonfaulting Loads
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In the loop shown in example3, nonfaulting loadsallow pipelining. This loop might be

improved further usingunrolling, prefetching,andmultiple FCCs,but that is beyond the
scope of this discussion.

H.2   Super visor Software

This subsectiondiscusseshow supervisorsoftware can use the SPARC-V9 privileged
architecture.It is intendedto illustrate how the architecturecan be usedin an efficient
manner. An implementationmaychooseto utilize differentstrategiesbasedon its require-
ments and implementation-specific aspects of the architecture.

H.2.1   Trap Handling

TheSPARC-V9 privilegedarchitectureprovidessupportfor efficient traphandling,espe-
cially for window traps.The following featuresof theSPARC-V9 privilegedarchitecture
can be used to write efficient trap handlers:

Multiple T rap Levels:
The trap handlersfor trap levels lessthanMAXTL – 1 canbe written to ignore
exceptionalconditionsandexecutethe commoncaseefficiently (without checks
and branches).For example,the fill/spill handlerscan accesspageablememory

Example 3—Loop with Nonfaulting Loads

Source Code:
d_ne_index (double * d1, double * d2) {

int i = 0;

while(d1[i] = = d2[i]) i++;

return i;

}

With Normal Loads:
mov 0,t
mov 0,i

loop:
lddf [d1+t],a1
lddf [d2+t],a2 ! load
add t,8,t
fcmpd a1,a2 ! use
fbe,a loop ! fcc use
add i,1,i

With Nonfaulting Loads:
lddf [d1],a1
lddf [d2],a2
mov 8,t
mov 0,i

loop:
fcmpd a1,a2 ! use, fcc def
lddfa [d1+t],%asi,a1
lddfa [d2+t],%asi,a2 ! load
add t,8,t
fbe,a loop ! fcc use
add i,1,i
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withoutfirst checkingif it is resident.If thememoryis not resident,theaccesswill
cause a trap that will be handled at the next trap level.

Vectoring of Fill/Spill Traps:
Supervisorsoftwarecansetup the vectoringof fill/spill trapsprior to executing
codethatusesregisterwindows andmaycausespill/fill traps.This featurecanbe
usedto supportSPARC-V8 andSPARC-V7 binaries.Thesebinariescreatestack
frameswith saveareasfor 32-bit registers.SPARC-V9 binariescreatestackframes
with save areasfor 64-bit registers.By settingup thespill/fill trapvectorbasedon
the type of binary being executed,the trap handlerscan avoid checking and
branching to use the appropriate load/store instructions.

Saved Trap State:
Trap handlersneednot save (restore)processorstatethat is automaticallysaved
(restored)on a trap(returnfrom trap).For example,thefill/spill traphandlerscan
load ASI_AS_IF_USER_PRIMARY{_LITTLE} into the ASI register in orderto
accesstheuser’s addressspacewithout theoverheadof having to save andrestore
the ASI register.

SAVED and RESTORED Instructions:
The SAVED (RESTORED) instruction provides an efficient way to updatethe
stateof theregisterwindows aftersuccessfullyspilling (filling) a registerwindow.
They implementa default policy of spilling (filling) oneregisterwindow at a time.
If desired,the supervisorsoftware can implementa different policy by directly
updating the state registers.

Alter nate Globals:
Thealternateglobalregisterscanbeusedto avoid saving andrestoringthenormal
global registers.They canbe usedlike the local registersof the trap window in
SPARC-V8.

Lar ge Trap Vectors for Spill/Fill :
The definition of the spill andfill trap vectorswith reserved spacebetweeneach
pair of vectorsallows spill andfill traphandlersto beup to thirty-two instructions
long, thus avoiding a branch in the handler.

H.2.2   Example Code f or Spill Handler

Thecodein example4 shows a spill handlerfor a SPARC-V9 userbinary. Thehandleris
locatedat thevectorfor traptypespill_0_normal (08016). It is assumedthatsupervisorsoft-
warehasset the WSTATE register to 0 beforeexecutingthe userbinary. The handleris
invoked when user code executes a SAVE instruction that results in a window overflow.

H.2.3   Client-Ser ver Model

SPARC-V9 provides mechanismsto supportclient-server computingefficiently. A call
from a client to a server (wheretheclient andserver have separateaddressspaces)canbe
implementedefficiently usingasoftwaretrapthatswitchestheaddressspace.This is often
referredto asacross-domaincall. A systemcall in mostoperatingsystemscanbeviewed
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asaspecialcaseof across-domaincall. Thefollowing featuresareusefulin implementing
a cross-domain call:

Splitting the Register Windo ws

Theregisterwindows canbesharedefficiently betweenmultiple addressspacesby using
the OTHERWIN registerandproviding additionaltrap handlersto handlespill/fill traps
for theother(not thecurrent)addressspaces.Onacross-domaincall (asoftwaretrap),the
supervisorcansettheOTHERWIN registerto thenumberof registerwindowsusedby the
client (equal to CANRESTORE) and CANRESTORE to zero. At the sametime the
WSTATE bit vectorscanbesetto vectorthespill/fill trapsappropriatelyfor eachaddress
space.

The sequencein example5 shows a cross-domaincall andreturn.The exampleassumes
the simplecase,whereonly a singleclient-server pair canoccupy the registerwindows.
More general schemes can be developed along the same lines.

ASI_SECONDARY{_LITTLE}

SupervisorsoftwarecanusetheseunrestrictedASIs to supportcross-address-spaceaccess
betweenclientsandnonprivilegedservers.For example,someservicesthatarecurrently
provided aspart of a large monolithic supervisorcanbe separatedout asnonprivileged
servers(potentiallyoccupying a separateaddressspace).This is often referredto asthe
microkernel approach.

H.2.4   User Trap Handler s

Supervisorsoftwarecanprovideefficientsupportfor user(nonprivileged)traphandlerson
SPARC-V9. The RETURN instructionallows nonprivilegedcodeto retry an instruction

T_NORMAL_SPILL_0:
!Set ASI to access user addr space
wr #ASI_AIUP,  %asi
stxa %l0, [%sp+(8* 0)]%asi !Store window in memory stack
stxa %l1, [%sp+(8* 1)]%asi
stxa %l2, [%sp+(8* 2)]%asi
stxa %l3, [%sp+(8* 3)]%asi
stxa %l4, [%sp+(8* 4)]%asi
stxa %l5, [%sp+(8* 5)]%asi
stxa %l6, [%sp+(8* 6)]%asi
stxa %l7, [%sp+(8* 7)]%asi
stxa %i0, [%sp+(8* 8)]%asi
stxa %i1, [%sp+(8* 9)]%asi
stxa %i2, [%sp+(8*10)]%asi
stxa %i3, [%sp+(8*11)]%asi
stxa %i4, [%sp+(8*12)]%asi
stxa %i5, [%sp+(8*13)]%asi
stxa %i6, [%sp+(8*14)]%asi
stxa %i7, [%sp+(8*15)]%asi
saved ! Update state
retry ! Retry trapped instruction

! Restores old %asi

Example 4—Spill Handler
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pointedto by thepreviousstackframe.This providesthesemanticsrequiredfor returning
from a usertrap handlerwithout any changein processorstate.Supervisorsoftwarecan
invoke theusertraphandlerby first creatinga new registerwindow (andstackframe)on
its behalfandpassingthenecessaryarguments(includingthePCandnPCfor thetrapped
instruction)in the local registers.The codein example6 shows how a usertrap handler
may be invoked and how it returns:

cross_domain_call:
save ! create a new register window for the server
.. ! Switch to the execution environment for the server;
.. ! Save trap state as necessary.

! Set CWP for caller in TSTATE
rdpr %tstate, %g1
rdpr %cwp, %g2
bclr TSTATE_CWP, %g1
wrpr %g1, %g2, %tstate
rdpr %canrestore, %g1
wrpr %g0, 0, %canrestore
wrpr %g0, %g1, %otherwin
rdpr %wstate, %g1
sll %g1, 3, %g1 ! Move WSTATE_NORMAL (client’s

! vector)to WSTATE_OTHER
or %g1, WSTATE_SERVER, %g1 ! Set WSTATE_NORMAL to the

! vector for the server
wrpr %g0, %g1, %wstate
.. ! Load trap state for server
done ! Execute server code

cross_domain_return:
rdpr %otherwin, %g1
wrpr %g0, %g1, %canrestore
wrpr %g0, 0, %otherwin
rdpr %wstate, %g1
srl %g1, 3, %g1
wrpr %g0, %g1, %wstate ! Reset WSTATE_NORMAL to

! client’s vector
.. ! Restore saved trap state as necessary; this includes

! the return PC for the caller.
restore ! Go back to the caller’s register window.

! Set CWP for caller in TSTATE
rdpr %tstate, %g1
rdpr %cwp, %g2
bclr TSTATE_CWP, %g1
wrpr %g1, %g2, %tstate

done ! return to the caller

Example 5—Cross-Domain Call and Return
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T_EXAMPLE_TRAP: ! Supervisor trap handler for T_EXAMPLE_TRAP trap
save ! Create a window for the user trap handler

!Set CWP for new window in TSTATE
rdpr %tstate, %l6
rdpr %cwp, %l5
bclr TSTATE_CWP, %l6
wrpr %l6, %l5, %tstate

rdpr %tpc,%l6 !Put PC for trapped instruction in local register
rdpr %tnpc,%l7 !Put nPC for trapped instruction in local register
.. !Get the address of the user trap handler in %l5;

! for example, from a supervisor data structure.

wrpr %l5, %tnpc ! Put PC for user trap handler in %tnpc.
done ! Execute user trap handler.

USER_EXAMPLE_TRAP: !User trap handler for T_EXAMPLE_TRAP trap

.. !Execute trap handler logic. Local registers
! can be used as scratch.

jmpl %l6 !Return to retry the trapped instruction.
return %l7

Example 6—User Trap Handler
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I Extending the SP ARC-V9 Ar chitecture
This appendixdescribeshow extensionscanbeeffectively addedto theSPARC-V9 archi-
tecture.It describeshow new instructionscanbeaddedthroughtheuseof readandwrite
ancillary state register (ASR) and implementation-dependent(IMPDEP1/IMPDEP2)
instructions.

I.1   Addition of SP ARC-V9 Extensions

There are two approved methodsof adding extensionsto an implementationof the
SPARC-V9 architecture.An implementorwho wishesto defineand implementa new
SPARC-V9 instruction should, if possible, use one of the following methods.

I.1.1   Read/Write Ancillar y State Register s (ASRs)

Thefirst methodof addinginstructionsto SPARC-V9 is throughtheuseof theimplemen-
tation-dependentWrite Ancillary StateRegister(WRASR)andReadAncillary StateReg-
ister (RDASR) instructionsoperatingon ASRs16..31. Througha read/writeinstruction
pair, any instructionthatrequiresanrs1, reg_or_imm, andrd field canbeimplemented.A
WRASRinstructioncanalsoperformanarbitraryoperationon two registersources,or on
oneregistersourceandasignedimmediatevalue,andplacetheresultin anASR.A subse-
quentRDASRinstructioncanreadtheresultASRandplaceits valuein anintegerdestina-
tion register.

I.1.2   Implementation-Dependent and Reser ved Opcodes

The meaningof “reserved” for SPARC-V9 opcodesdiffers from its meaningin SPARC-
V8. The SPARC-V9 definition of “reserved” allows implementationsto use reserved

This appendix is informative only.

It is not part of the SPARC-V9 specification.

Programs that make use of SPARC-V9 architectural extensions
may not be portableand likely will not conform to any current or
future SPARC-V9 binary standards.

— WARNING —
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opcodesfor implementation-specificpurposes.While a hardware implementationthat
usesreserved opcodeswill be SPARC-V9-compliant,SPARC-V9 ABI-compliant pro-
gramscannotusethesereserved opcodesandremaincompliant.A SPARC-V9 platform
that implementsinstructionsusingreserved opcodesmustprovide softwarelibrariesthat
providetheinterfacebetweenSPARC-V9 ABI-compliantprogramsandtheseinstructions.
Graphicslibrariesprovide a goodexampleof this.Hardwareplatformshave many diverse
implementationsof graphicsaccelerationhardware,but graphicsapplicationprogramsare
insulated from this diversity through libraries.

Thereis noguaranteethata reservedopcodewill notbeusedfor additionalinstructionsin
a future version of the SPARC architecture.Implementorswho use reserved opcodes
should keep this in mind.

In somecasesforward compatibility may not be an issue;for example,in an embedded
application,binarycompatibilitymaynot beanissue.Theseimplementationscanuseany
reserved opcodes for extensions.

Evenwhenforwardcompatibilityis anissue,futureSPARC revisionsarelikely to contain
few changesto opcodeassignments,giventhatbackwardcompatibilitywith previousver-
sionsmustbemaintained.It is recommendedthatimplementationswishingto remainfor-
ward-compatible use the new IMPDEP1 and IMPDEP2 reserved opcodes with
op3[5:0] = 1101102 and 1101112.

Compatibility Note:
IMPDEP1andIMPDEP2replacetheSPARC-V8 CPop1andCPop2opcodes.SPARC-V9 includes
neither the SPARC-V8 coprocessoropcodesnor any other SPARC-V8 architecturalsupportfor
coprocessors.The coprocessoropcodeswere eliminated becausethey have not been used in
SPARC-V7 and SPARC-V8, as witnessed by the lack of coprocessor implementations.

It is further recommendedthatSPARC Internationalbenotifiedof any useof IMPDEP1,
IMPDEP2,or otherreservedopcodes.Whenandif futurerevisionsto SPARC arecontem-
plated, and if any SPARC-V9 implementationshave made use of reserved opcodes,
SPARC Internationalwill make every effort not to usethoseopcodes.By going through
SPARC International,therecan be feedbackand coordinationin the choiceof opcodes
thatmaximizestheprobabilityof forwardcompatibility. Giventhehistoricallysmallnum-
ber of implementation-specificchanges,coordinating through SPARC International
should be sufficient to ensure future compatibility.
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J Programming With the Memor y Models
This appendixdescribeshow to programwith theSPARC-V9 memorymodels.An intui-
tive descriptionof the modelsis provided in Chapter8, “Memory Models.” A complete
formal specificationappearsin AppendixD, “FormalSpecificationof theMemoryMod-
els.” In this subsection,generalprogrammingguidelinesaregivenfirst, followedby spe-
cific examplesshowing how low-level synchronizationcanbeimplementedin TSO,PSO,
and RMO.

Note that codewritten for a weaker memorymodelwill executecorrectly in any of the
strongermemorymodels.Furthermore,theonly possibledifferencebetweencodewritten
for a weaker memorymodelandthecorrespondingcodefor a strongermemorymodelis
the presenceof memoryorderinginstructions(MEMBARs) that are not neededfor the
strongermemorymodel.Hence,transformingcodefrom/to a strongermemorymodelto/
from a weaker memorymodelmeansadding/removing certainmemoryorderinginstruc-
tions.1 Therequiredmemoryorderingdirectivesaremonotonicallyorderedwith respectto
the strengthof the memorymodel,with the weakestmemorymodelrequiringthe stron-
gest memory ordering instructions.

The code examplesgiven below are written to run correctly using the RMO memory
model.Thecommentson theMEMBAR instructionsindicatewhich orderingconstraints
(if any) are required for the PSO and TSO memory models.

J.1   Memor y Operations

Programsaccessmemory via five types of operations,namely, load, store,LDSTUB,
SWAP, andcompare-and-swap.Loadcopiesa valuefrom memoryor anI/O locationto a
register. Storecopiesa valuefrom a register into memoryor an I/O location.LDSTUB,
SWAP, andcompare-and-swap areatomic load-storeinstructionsthat storea value into

1. MEMBAR instructionsspecifyseven independentorderingconstraints;thus,therearecaseswherethe
transitionto a strongermemorymodelallows theuseof a lessrestrictive MEMBAR instruction,but still
requiresa MEMBAR instruction.To demonstratethis property, thecodeexamplesgiven in this subsec-
tion usemultiple MEMBAR instructionsif someof theorderingconstraintsareneededin somebut not
all memorymodels.Multiple, adjacentMEMBAR instructionscan always be replacedwith a single
MEMBAR instruction byORing the arguments.

This appendix is informative only.

It is not part of the SPARC-V9 specification.
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memoryor anI/O locationandreturntheold valuein a register. Thevaluewritten by the
atomic instructionsdependson the instruction.LDSTUB storesall onesin the accessed
byte, SWAP storesthe suppliedvalue,andcompare-and-swap storesthe suppliedvalue
only if the old value equals the second supplied value.

Memoryorderandconsistency arecontrolledby MEMBAR instructions.For example,a
MEMBAR #StoreStore (equivalentto aSTBAR in SPARC-V8) ensuresthatall previ-
ousstoreshave beenperformedbeforesubsequentstoresandatomicload-storesareexe-
cutedby memory. This particularmemoryorderis guaranteedimplicitly in TSO,but PSO
andRMO requirethis instructionif thecorrectnessof a programdependson theorderin
which two store instructions can be observed by another processor.2

FLUSH is not a memoryoperation,but it is relevantherein thecontext of synchronizing
storeswith instructionexecution.WhenaprocessormodifiesaninstructionataddressA, it
doesa storeto A followedby a FLUSH A. TheFLUSH ensuresthat thechangemadeby
the store will become visible to the instruction fetch units of all processors in the system.

J.2   Memor y Model Selection

Giventhatall SPARC-V9 systemsarerequiredto supportTSO,programswritten for any
memorymodelwill beableto run on any SPARC-V9 system.However, a systemrunning
with the TSO modelgenerallywill offer lower performancethanPSOor RMO, because
lessconcurrency is exposedto theCPUandthememorysystem.Themotivationfor weak-
eningthememorymodelis to allow theCPUto issuemultiple,concurrentmemoryrefer-
encesin orderto hidememorylatency andincreaseaccessbandwidth.For example,PSO
andRMO allow theCPUto initiate new storeoperationsbeforeanoutstandingstorehas
completed.

Usingaweakermemorymodelfor anMP (multiprocessor)applicationthatexhibitsahigh
degreeof read-writememorysharingwith fine granularityanda high frequency of syn-
chronization operations may result in frequent MEMBAR instructions.

In general,it is expectedthat theweaker memorymodelsoffer a performanceadvantage
for multiprocessor SPARC-V9 implementations.

J.3   Processor s and Pr ocesses

In theSPARC-V9 memorymodels,the term“processor”maybereplacedsystematically
by theterm“process”or “thread,” aslongasthecodefor switchingprocessesor threadsis
written properly. The correctprocess-switchsequenceis given in J.8, “ProcessSwitch
Sequence.” If an operatingsystemimplementsthis process-switchsequence,application
programmersmay completelyignorethe differencebetweena process/threadanda pro-
cessor.

2. Memory order is of concernonly to programscontainingmultiple threadsthat sharewritable memory
andthatmayrun on multiple processors,andto thoseprogramswhich referenceI/O locations.Notethat
from the processor’s point of view, I/O devices behave like other processors.
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J.4   Higher -Level Pr ogramming Langua ges and Memor y Models

The SPARC-V9 memory modelsare definedat the machineinstruction level. Special
attentionis requiredto write thecritical partsof MP/MT (multi-threaded)applicationsin a
higher-level language.Currenthigher-level languagesdo not supportmemoryordering
instructionsandatomicoperations.As a result,MP/MT applicationsthatarewritten in a
higher-level languagegenerallywill rely on a library of MP/MT supportfunctions,for
example,the parmacslibrary from ArgonneNational Laboratory.3 The detailsof con-
structing and using such libraries are beyond the scope of this document.

Compileroptimizationssuchascodemotionandinstructionschedulinggenerallydo not
preserve theorderin which memoryis accessedbut they do preserve thedatadependen-
ciesof a singlethread.Compilersdo not, in general,dealwith theadditionaldependency
requirementsto support sharing read-write data among multiple concurrentthreads.
Hence,the memorysemanticsof a SPARC-V9 systemin generalare not preserved by
optimizing compilers.For this reason,and becausememoryorderingdirectives are not
available from higher-level languages,the examplespresentedin this subsectionuse
assembly language.

Futurecompilersmayhave theability to presenttheprogrammerwith a sequentiallycon-
sistentmemory model despitethe underlying hardware’s providing a weaker memory
model.4

J.5   Por tability And Recommended Pr ogramming Style

Whetheraprogramis portableacrossvariousmemorymodelsdependsonhow it synchro-
nizesaccessto sharedread-writedata.Two aspectsof a program’s style are relevant to
portability:

— Good semanticsrefersto whetherthe synchronizationprimitiveschosenandthe
way in which they areusedaresuchthat changingthe memorymodeldoesnot
involve making any changes to the code that uses the primitives.

— Good structur e refers to whetherthe codefor synchronizationis encapsulated
through the use of primitives such that when the memory model is changed,
required changes to the code are confined to the primitives.

Goodsemanticsarea prerequisitefor portability, while goodstructuremakesportingeas-
ier.

Programsthatusesingle-writer/multiple-readerlocks to protectall accessto sharedread-
write dataare portableacrossall memorymodels.The codethat implementsthe lock
primitivesthemselvesis portableacrossall modelsonly if it is written to run correctlyon
RMO. If thelock primitivesarecollectedinto a library, then,atworst,only thelibrary rou-

3. Lusk,E. L., R.A. Overbeek,“Use of Monitorsin Fortran:A Tutorial on theBarrier, Self-schedulingDo-
Loop, and Askfor Monitors,” TR# ANL-84-51, Argonne National Laboratory, June 1987.

4. SeeGharachorloo,K., S.V. Adve, A. Gupta,J.L. Hennessy, andM.D. Hill, “Programmingfor Different
Memory Consistency Models,”  Journal of Parallel and Distributed Systems, 15:4, August 1992.
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tinesmustbechanged.Notethatmutualexclusion(mutex) locksarea degeneratetypeof
single-writer/multiple-readers lock.

Programsthatusewrite locksto protectwrite accessesbut readwithout lockingareporta-
ble acrossall memorymodelsonly if writes to shareddataareseparatedby MEMBAR
#StoreStore instructions,andif readingthelock is followedby aMEMBAR #Load-
Load instruction.If the MEMBAR instructionsare omitted, the codeis portableonly
acrossTSOandStrongConsistency,5 but generallyit will not work with PSOandRMO.
The codethat implementsthe lock primitives is portableacrossall modelsonly if it is
written to run correctlyon RMO. If the lock routinesarecollectedinto a library, theonly
possible changes not confined to the library routines are the MEMBAR instructions.

Programsthatdo synchronizationwithout usingsingle-writer/multiple-readerlocks,write
locks, or their equivalent are, in general,not portableacrossdifferent memorymodels.
More precisely, the memorymodelsareorderedfrom RMO (which is the weakest,least
constrained,and most concurrent),PSO,TSO, to sequentiallyconsistent(which is the
strongest,mostconstrained,andleastconcurrent).A programwritten to run correctlyfor
any particularmemorymodelwill alsorun correctlyin any of thestrongermemorymod-
els,but not vice versa.Thus,programswritten for RMO arethemostportable,thosewrit-
ten for TSO are lessso, and thosewritten for strongconsistency are the leastportable.
This general relationship between the memory models is shown graphically in figure49.

Figure 49—Portability Relations among Memory Models

Thestyle recommendationsmaybesummarizedasfollows: Programsshouldusesingle-
writer/multiple-readerlocks,or their equivalent,whenpossible.Other lower-level forms
of synchronization(suchasDekker’s algorithmfor locking) shouldbeavoidedwhenpos-
sible. Whenuseof suchlow-level primitives is unavoidable,it is recommendedthat the

5. Programsthat assumea sequentiallyconsistentmemory are not guaranteedto run correctly on any
SPARC-V9-compliantsystem,sinceTSOis thestrongestmemorymodelrequiredto besupported.How-
ever, sequentialconsistency is the most naturaland intuitive programmingmodel.This motivatesthe
developmentof compilertechniquesthatallow programswritten for sequentialconsistency to be trans-
lated into code that runs correctly (and efficiently) on systems with weaker memory models.

Strong Consistenc y

TSO

PSO

RMO
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codebewritten to work on theRMO modelto ensureportability. Additionally, lock prim-
itivesshouldbecollectedtogetherinto a library andwritten for RMO to ensureportability.

AppendixD, “FormalSpecificationof theMemoryModels,” describesa tool andmethod
that allows short code sequences to be formally verified for correctness.

J.6   Spin Loc ks

A spinlock is a lock for which the“lock held” conditionis handledby busywaiting.The
codein example7 shows how spinlockscanbeimplementedusingLDSTUB. A nonzero
valuefor the lock representsthe lockedcondition,while a zerovaluemeansthat the lock
is free.Notethat thecodebusywaitsby doingloadsto avoid generatingexpensive stores
to a potentially sharedlocation. The MEMBAR #StoreStore in UnLockWithLD-
STUB ensures that pending stores are completed before the store that frees the lock.

Thecodein example8 shows how spin lockscanbeimplementedusingCASA. Again, a
nonzerovaluefor the lock representsthe lockedcondition,while a zerovaluemeansthe
lock is free.Thenonzerolock value(ID) is suppliedby thecallerandmaybeusedto iden-
tify thecurrentownerof thelock. Thisvalueis availablewhile spinningandcouldbeused
to maintaina time-outor to verify that the threadholding the lock is still running.As in
the previous case, the code busy-waits by doing loads, not stores.

J.7   Producer -Consumer Relationship

In a producer-consumerrelationship,theproducerprocessgeneratesdataandputsit into a
buffer, while theconsumerprocesstakesdatafrom thebuffer andusesit. If thebuffer is
full, the producerprocessstalls when trying to put datainto the buffer. If the buffer is
empty, the consumer process stalls when trying to remove data.

LockWithLDSTUB( lock)

retry:
ldstub [ lock],%l0
tst %l0
be out
nop

loop:
ldub [ lock],%l0
tst %l0
bne loop
nop
ba,a retry

out:
membar #LoadLoad | #LoadStore

UnLockWithLDSTUB( lock)
membar #StoreStore !RMO and PSO only
membar #LoadStore !RMO only
stub %g0,[ lock]

Example 7—Lock and Unlock Using LDSTUB
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Figure50 shows the buffer datastructureandregisterusage.Example9 shows the pro-
ducerandconsumercode.Thecodeassumestheexistenceof two procedures,IncrHead
andIncrTail , which incrementtheheadandtail pointersof thebuffer in a wraparound
manner and return the incremented value, but do not modify the pointers in the buffer.

LockWithCAS( lock, ID)
retry:

mov [ID],%l0
cas [ lock],%g0,%l0
tst %l0
be out
nop

loop:
ld [ lock],%l0
tst %l0
bne loop
nop
ba,a retry

out:
membar #LoadLoad | #LoadStore !See example 7

UnLockWithCAS( lock)
membar #StoreStore !RMO and PSO only
membar #LoadStore !RMO only
st %g0,[ lock]

Example 8—Lock and Unlock Using CAS

bufhead

buftail

bufdata

l

l

l

buffer Buffer Empty Condition:
bufhead == buftail

Buffer Full Condition:
IncrTail (buffer) == bufheadbuffer+4

( = %i0)

Buff er Data Structure:

Register Usa ge:
%i0  and%i1

%o0

%l0  and%l1

parameters

local values

result

Figure 50—Data Structures for Producer-Consumer Code
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J.8   Process Switc h Sequence

This subsectionprovides codethat must be usedduring processor threadswitching to
ensurethat thememorymodelseenby a processor threadis theoneseenby a processor.
The HeadSequence mustbe insertedat the beginning of a processor threadwhen it
startsexecutingonaprocessor. TheTailSequence mustbeinsertedat theendof apro-
cess or thread when it relinquishes a processor.

Example10 shows theheadandtail sequences.Thetwo sequencesrefer to a per-process
variabletailDone. The value0 for tailDone meansthat the processis running,while the
value –1 (all ones)meansthat the processhascompletedits tail sequenceand may be
migratedto anotherprocessorif the processis runnable.Whena new processis created,
tailDone is initialized to –1.

The MEMBAR in HeadSequence is required to be able to provide a switching
sequencethatensuresthatthestateobservedby a processin its sourceprocessorwill also
beseenby theprocessin its destinationprocessor. SinceFLUSHesandstoresaretotally
ordered,the headsequenceneednot do anything specialto ensurethat FLUSHesper-
formed prior to the switch are visible by the new processor.

Programming Note:
A conservative implementation may simply use a MEMBAR with all barriers set.

Produce( buffer, data)
call IncrTail

full:
ld [%i0],%l0
cmp %l0,%o0
be full
ld [%i0+4],%l0
st %i1,[%l0]
membar #StoreStore !RMO and PSO only
st %o0,[%i0+4]

Consume( buffer)
ld [%i0],%l0

empty:
ld [%i0+4],%l1
cmp %l0,%l1
be empty
call IncrHead
ld [%l0],%l0
membar #LoadStore !RMO only
st %o0,[%i0]
mov %l0,%o0

Example 9—Producer and Consumer Code
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J.9   Dekker’ s Algorithm

Dekker’s algorithmis theclassicalsequencefor synchronizingentryinto a critical section
usingloadsandstoresonly. Thereasonfor showing this examplehereis to illustratehow
onemay ensurethat a storefollowed by a load in issuingorderwill be executedby the
memorysystemin thatorder. Dekker’s algorithmis not a valid synchronizationprimitive
for SPARC-V9, becauseit requiresa sequentiallyconsistent(SC)memorymodelin order
to work. Dekker’s algorithm (and similar synchronizationsequences)can be codedon
RMO, PSO,andTSO by addingappropriateMEMBAR instructions.This examplealso
illustrateshow future compilerscanprovide the equivalentof sequentialconsistency on
systems with weaker memory models.

Example11 shows the entry andexit sequencesfor Dekker’s algorithm.The locationsA
andB areusedfor synchronization;A = 0 meansthatprocessP1is outsideits critical sec-
tion, while any othervaluemeansthatP1is insideit; similarly, B = 0 meansthatP2is out-
side its critical section, and any other value means that P2 is inside it.

Dekker’s algorithmguaranteesmutualexclusion,but it doesnot guaranteefreedomfrom
deadlock.In this case,it is possiblethatbothprocessorsendup trying to enterthecritical
region without success.Thecodeabove tries to addressthis problemby briefly releasing
the lock in eachretry loop. However, both storesare likely to be combinedin a store
buffer, sothereleasehasnochanceof success.A morerealisticimplementationwoulduse
a probabilisticback-off strategy that increasesthe releasedperiod exponentiallywhile
waiting. If any randomizationis used,suchan algorithmwill avoid deadlockwith arbi-
trarily high probability.

J.10   Code Patching

The codepatchingexampleillustrateshow to modify codethat is potentiallybeingexe-
cutedat the time of modification.Two commonusesof codepatchingare in debuggers
and dynamic linking.

HeadSequence( tailDone)
nrdy:

ld [ tailDone],%l0
cmp %l0,-1
bne nrdy
st %g0, [ tailDone]
membar #StoreLoad

TailSequence( tailDone)
mov -1,%l0
membar #StoreStore !RMO and PSO only
membar #LoadStore !RMO only (combine with above)
st %l0,[ tailDone]

Example 10—Process or Thread Switch Sequence
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Codepatchinginvolvesamodifyingprocess,Pm, andoneor moretargetprocessesPt. For
simplicity, assumethat the sequenceto be modified is four instructionslong: the old
sequenceis (Old1, Old2, Old3, Old4), and the new sequenceis (New1, New2, New3,
New4). Therearetwo examples:noncooperative modification,in which thechangesare
madewithout cooperationfrom Pt; andcooperative modification,in which the changes
require explicit cooperation fromPt.

In noncooperative modification,illustratedin example12, changesare madein reverse
executionorder. Thethreepartially modifiedsequences(Old1, Old2, Old3, New4), (Old1,
Old2, New3, New4), and(Old1, New2, New3, New4) mustbe legal sequencesfor Pt, in
thatPt mustdo the right thing if it executesany of them.Additionally, noneof the loca-
tionsto bemodified,exceptthefirst, maybethetargetof abranch.Thecodeassumesthat
%i0 containsthestartingaddressof theareato bepatchedand%i1 , %i2 , %i3 , and%i4
containNew1, New2, New3, andNew4.

Theconstraintthatall partiallymodifiedsequencesmustbelegal is quiterestrictive.When
this constraintcannotbe satisfied,noncooperative codepatchingmay requirethe target
processorto executeFLUSH instructions.One methodof triggering such a non-local
FLUSH would be to send an interrupt to the target processor.

P1Entry( )
mov -1,%l0

busy:
st %l0,[A]
membar #StoreLoad
ld [ B],%l1
tst %l1
bne,a busy
st %g0,[ A]

P1Exit( )
membar #StoreStore !RMO and PSO only
membar #LoadStore !RMO only
st %g0,[ A]

P2Entry( )
mov -1,%l0

busy:
st %l0,[B]
membar #StoreLoad
ld [ A],%l1
tst %l1
bne,a busy
st %g0,[ B]

P2Exit( )
membar #StoreStore !RMO and PSO only
membar #LoadStore !RMO only
st %g0,[ B]

Example 11—Dekker’s Algorithm
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In cooperative codepatching,illustrated in example13, changesto instructionscan be
madein any order. WhenPmis finishedwith thechanges,it writesinto thesharedvariable
doneto notify Pt. Pt waits for doneto changefrom 0 to someothervalueasa signalthat
the changeshave been completed.The code assumesthat %i0 containsthe starting
addressof theareato bepatched,%i1 , %i2 , %i3 , and%i4 containNew1, New2, New3,
andNew4, and%g1containsthe addressof done. The FLUSH instructionsin Pt ensure
that the instructionbuffer of Pt’s processoris flushedso that the old instructionsarenot
executed.

NonCoopPatch( addr, instructions...)
st %i4,[%i0+12]
flush %i0+12
membar #StoreStore !RMO and PSO only
st %i3,[%i0+8]
flush %i0+8
membar #StoreStore !RMO and PSO only
st %i2,[%i0+4]
flush %i0+4
membar #StoreStore !RMO and PSO only
st %i1,[%i0]
flush %i0

Example 12—Nonxooperative Code Patching

CoopPatch( addr, instructions...) !%i0 = addr, %i1..%i4 = instructions
st %i1,[%i0]
st %i2,[%i0+4]
st %i3,[%i0+8]
st %i4,[%i0+12]
mov -1,%l0
membar #StoreStore !RMO and PSO only
st %l0,[%g1]

TargetCode( )
wait:

ld [%g1],%l0
cmp %l0,0
be wait
flush A
flush A+4
flush A+8
flush A+12

A:
Old1
Old2
Old3
Old4

Example 13—Cooperative Code Patching
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J.11   Fetch_and_Ad d

Fetch_and_Addperforms the sequencea = a + b atomically with respect to other
Fetch_and_Adds to location a. Two versionsof Fetch_and_Addare shown. The first
(example14) usesthe routineLockWithLDSTUBdescribedabove. This approachusesa
lock to guardthe value.Sincethe memorymodel dependency is embodiedin the lock
access routines, the code does not depend on the memory model.6

Fetch_and_Addoriginally was inventedto avoid lock contentionandto provide an effi-
cient meansto maintainqueuesandbuffers without cumbersomelocks. Hence,usinga
lock is inefficientandcontraryto theintentionsof theFetch_and_Add. TheCASsynthetic
instruction allows a more efficient version, as shown in example15.

J.12   Barrier Sync hronization

Barriersynchronizationensuresthateachof N processesis blockeduntil all of themreach
a given state.The point in the flow of control at which this stateis reachedis calledthe
barrier;hencethename.ThecodeusesthevariableCountinitializedto N. As eachprocess
reachesits desiredstate,it decrementsCountandwaitsfor Countto reachzerobeforepro-
ceeding further.

6. Inlining of the lock-access functions with subsequent optimization may break this code.

/*Fetch and Add using LDSTUB*/
int Fetch_And_Add(Index, Increment, Lock)

int *Index;
int Increment;
int *Lock;
{

int old_value;
LockWithLDSTUB(Lock);
old_value = *Index;
*Index = old_value + Increment;
UnlockWithLDSTUB(Lock);
return(old_value);

}

Example 14—Fetch and Add Using LDSTUB

FetchAndAddCAS( address, increment) !%i0 = address, %i1 = increment
retry:

ld [%i0],%l0
add %l0,%i1,%l1
cas [%i0],%l0,%l1
cmp %l0,%l1
bne retry
mov %l1,%o0 !return old value

Example 15—Fetch and Add Using CAS
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Similar to the fetch and add operation,barrier synchronizationis easily implemented
using a lock to guard the counter variable, as shown in example16.

The CAS implementationof barrier synchronization,shown in example17, avoids the
extra lock access.

A practicalbarriersynchronizationmustbereusablebecauseit is typically usedonceper
iterationin applicationsthat requiremany iterations.Barriersthat arebasedon counters
musthave meansto resetthecounter. Onesolutionto this problemis to alternatebetween
two complementaryversionsof the barrier:onethat countsdown to 0 andthe otherthat
countsupto N. In thiscase,passingonebarrieralsoinitializesthecounterfor thenext bar-
rier.

Passingabarriercanalsosignalthattheresultsof oneiterationarereadyfor processingby
thenext iteration.In thiscase,RMO andPSOrequireaMEMBAR#StoreStore instruc-
tion prior to thebarriercodeto ensurethatall local resultsbecomegloballyvisibleprior to
passing the barrier.

Barriersynchronizationamongalargenumberof processorswill leadto accesscontention
on thecountervariable,which maydegradeperformance.This problemcanbesolvedby
using multiple counters.The butterfly barrier usesa divide-and-conquertechniqueto
avoid any contention and can be implemented without atomic operations.7

/*Barrier Synchronization using LDSTUB*/
Barrier(Count,Lock)
int *Count;
int *Lock;
{

LockWithLdstUB(Lock);
*Count = *Count - 1;
UnlockWithLdstUB(Lock);
while(*Count > 0) { ; /*busy-wait*/  }

}

Example 16—Barrier Synchronization Using LDSTUB

BarrierCAS(Count) !%i0 = address of counter variable
retry:

ld [%i0],%l0
add %l0,-1,%l1
cas [%i0],%l0,%l1
cmp %l0,%l1
bne retry
nop

wait:
ld [%i0],%l0
tst %l0
bne wait
nop

Example 17—Barrier Synchronization Using CAS
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J.13   Linked List Inser tion and Deletion

Linked lists aredynamicdatastructuresthat might be usedby a multi-threadedapplica-
tion. As in the previous examples,a lock canbe usedto guardaccessto the entiredata
structure.However, singlelocksguardinglargeandfrequentlyshareddatastructurescan
be inefficient.

In example18, the CAS syntheticinstructionis usedto operateon a linked list without
explicit locking. Each list elementstartswith an addressfield that containseither the
addressof thenext list elementor zero.Theheadof thelist is theaddressof avariablethat
holds the address of the first list element. The head is zero for empty lists.

In the example, there is little differencein performancebetweenthe CAS and lock
approaches,however, more complex data structurescan allow more concurrency. For
example,a binary treeallows the concurrentinsertionandremoval of nodesin different
branches.

J.14   Comm unicating With I/O De vices

I/O accessesmaybe reorderedjust asothermemoryreferencearereordered.Becauseof
this, theprogrammermusttake specialcareto meettheconstraintrequirementsof physi-
cal devices, in both the uniprocessor and multiprocessor cases.

7. Brooks,E. D., “The Butterfly Barrier,” InternationalJournal of Parallel Programming15(4), pp. 295-
307, 1986.

ListInsert( Head, Element) !%i0 = Head addr, %i1 = Element addr
retry:

ld [ %i0],%l0
st %l0, [%i1]
mov %i1, %l1
cas [%i0],%l0,%l1
cmp %l0,%l1
bne retry
nop

ListRemove( Head) !%i0 = Head addr
retry:

ld [%i0],%o0
tst %o0
be empty
nop
ld [%o0],%l0
cas [%i0],%o0,%l0
cmp %o0,%l0
bne retry

empty:
nop

Example 18—List Insertion and Removal
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Accessesto I/O locationsrequiresequencingMEMBARs undercertaincircumstancesto
properly managethe order of accessesarriving at the device, and the order of device
accesseswith respectto memoryaccesses.Thefollowing rulesdescribetheuseof MEM-
BARs in thesesituations.Maintaining the order of accessesto multiple devices will
require higher-level software constructs, which are beyond the scope of this discussion.

(1)  Accesses to the same I/O location address:

— A store followed by a store is ordered in all memory models.

— A load followed by a load requires a MEMBAR #LoadLoad  in RMO only..
Compatibility Note:

This MEMBAR is not neededin implementationsthatprovide SPARC-V8 compati-
bility for I/O accesses in RMO.

— A load followed by a store is ordered in all memory models.

— A store followed by a load requiresMEMBAR #Lookaside betweenthe
accesses for allmemory models; however, implementations that provide
SPARC-V8 compatiblity for I/O accessesin any of TSO,PSO,andRMO do
not need the MEMBAR in any model that provides this compatibility.

(2) Accesses to different I/O location addresses:

— The appropriateorderingMEMBAR is requiredto guaranteeorder within a
range of addresses assigned to a device.

— Device-specificsynchronizationof completion,suchasreadingbackfrom an
addressafter a store, may be required to coordinateaccessesto multiple
devices. This is beyond the scope of this discussion.

(3) Accesses to an I/O location address and a memory address.

— A MEMBAR #MemIssue is requiredbetweenan I/O accessanda memory
accessif it is requiredthat the I/O accessreachesglobal visibility beforethe
memoryaccessreachesglobalvisibility. For example,if thememorylocation
is a lock thatcontrolsaccessto an I/O address,thenMEMBAR #MemIssue
is requiredbetweenthe lastaccessto theI/O locationandthestorethatclears
the lock.

(4) Accessesto differentI/O locationaddresseswithin an implementation-dependent
rangeof addressesarestronglyorderedoncethey reachglobal visiblity. Beyond
thepointof globalvisibility thereis noguaranteeof globalorderof accessesarriv-
ing at differentdeviceshaving disjoint implementation-dependentaddressranges
defining the device. Programmers can rely on this behavior from implementations.

(5) Accessesto I/O locationsprotectedby a lock in sharedmemory that is subse-
quently released,with attentionto the above barrier rules, are strongly ordered
with respect to any subsequent accesses to those locations that respect the lock.
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J.14.1   I/O Register s With Side Eff ects

I/O registerswith sideeffectsarecommonlyusedin hardwaredevicessuchasUARTs.
Oneregisteris usedto addressaninternalregisterof theI/O device,anda secondregister
is used to transfer data to or from the selected internal register.

In examples19 and20, let X be theaddressof a device with two suchregisters;X.P is a
port register, andX.D is a dataregister. The addressof an internalregister is storedinto
X.P; that internal register can then be read or written by loading into or storing from X.D.

Accessto theseregisters,of course,must be protectedby a mutual-exclusion lock to
ensurethat multiple threadsaccessingthe registers do not interfere. The sequencing
MEMBAR is requiredto ensurethatthestoreactuallycompletesbeforetheloadis issued.

J.14.2   The Contr ol and Status Register (CSR)

A controlandstatusregisteris anI/O locationwhich is updatedby anI/O device indepen-
dentof accessby theprocessor. For example,sucharegistermightcontainthecurrentsec-
tor under the head of a disk drive.

In example21, let Y be the addressof a control andstatusregisterthat is readto obtain
statusandwritten to assertcontrol.Bits readdiffer from the last datathat wasstoredto
them.

Accessto theseregisters,of course,must be protectedby a mutual-exclusion lock to
ensurethat multiple threadsaccessingthe registers do not interfere. The sequencing
MEMBAR is neededto ensurethevalueproducedby theloadcomesfrom theregisterand
not from the write buffer since the write has side-effects. No MEMBAR is needed
between the load and the store, because of the anti-dependency on the memory address.

st %i1, [X+P]
membar #StoreStore ! PSO and RMO only
st %i2, [X+D]

Example 19—I/O Registers With Side-Effects: Store Followed by Store

st %i1, [X+P]
membar #StoreLoad |#MemIssue ! RMO only
ld [X+D], %i2

Example 20—I/O Registers With Side-Effects: Store Followed by Load

ld [Y], %i1 ! obtain status
st %i2, [Y] ! write a command
membar #Lookaside ! make sure we really read the register
ld [Y], %i3 ! obtain new status

Example 21—Accessing a Control/Status Register
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J.14.3   The Descriptor

In example22, let A be the addressof a descriptorin memory. After initializing the
descriptorwith information,theaddressof thedescriptoris storedinto deviceregisterD or
madeavailableto someotherportionof theprogramthatwill make decisionsbasedupon
thevalue(s)in thedescriptor. It is importantto ensurethatthestoresof thedatahavecom-
pletedbeforemaking the address(and hencethe data in the descriptor)visible to the
device or program component.

Accessmust be protectedby a mutual-exclusion lock to ensurethat multiple threads
accessingtheregistersdo not interfere.In addition,theagentreadingthedescriptormust
usea load-barrierMEMBAR after readingD to ensurethat the most recentvaluesare
read.

J.14.4   Loc k-Contr olled Access to a De vice Register

Let A bea lock in memorythat is usedto controlaccessto a device registerD. Thecode
that accesses the device might look like that show in example23.

ThesequencingMEMBAR is neededto ensurethatanotherCPUwhichgrabsthelock and
loadsfrom thedevice registerwill actuallyseeany changesin thedevice inducedby the
store.TheorderingMEMBARs in thelock andunlockcode(seeJ.6,“Spin Locks”), while
ensuringcorrectnesswhenprotectingordinarymemory, are insufficient for this purpose
when accessing device registers. Compare with J.14.1, “I/O Registers With Side Effects.”

st %i1, [A]
st %i2, [A+4]
... ! more stores
membar #StoreStore ! PSO and RMO only
st A, [D]

Example 22—Accessing a Memory Descriptor

set A, %l1 ! address of lock
set D, %l2 ! address of device register
call lock ! lock(A);
mov %l1, %o0
ld [%l2], %i1 ! read the register

... ! do some computation

st %i2, [%l2] ! write the register
membar #MemIssue ! all memory models
call unlock ! unlock(A);
mov %l1, %o0

Example 23—Accessing a Device Register



339

K Chang es From SPARC-V8 to SPARC-V9
SPARC-V9 is complimentaryto the SPARC-V8 architecture;it does not replace it.
SPARC-V9 was designed to be a higher-performance peer to SPARC-V8.

Application software for the 32-bit SPARC-V8 (Version8) microprocessorarchitecture
canexecute,unchanged,on SPARC-V9 systems.SPARC-V8 softwareexecutesnatively
on SPARC-V9-conformant processors; no special compatibility mode is required.

Changesto the SPARC-V9 architecturesinceSPARC-V8 arein six main areas:the trap
model,dataformats,the registers,alternateaddressspaceaccess,the instructionset,and
the memory model.

K.1   Trap Model

The trap model, visible only to privileged software, has changed substantially.

— Insteadof onelevel of traps,four or morelevels arenow supported.This allows
first-level trap handlers,notably register window spill and fill (formerly called
overflow andunderflow) traps,to executemuchfaster. This is becausesuchtrap
handlerscannow executewithout costlyrun-timechecksfor lower-level trapcon-
ditions,suchaspagefaultsor amisalignedstackpointer. Also, multiple traplevels
support more robust fault-tolerance mechanisms.

— Most trapsno longerchangetheCWP. Instead,the trapstate(including theCWP
register) is saved in register stacks called TSTATE, TT, TPC, and TNPC.

— New instructions(DONE and RETRY) are usedto return from a trap handler,
instead of RETT.

— A new instruction(RETURN) is provided for returningfrom a trap handlerrun-
ning in nonprivileged mode, providing support for user trap handlers.

— Terminology about privileged-modeexecution has changed,from “supervisor/
user” to “privileged/nonprivileged.”

— A new processorstate,RED_state,hasbeenaddedto facilitateprocessingresets
and nested traps that would exceed MAXTL.

This appendix is informative only.

It is not part of the SPARC-V9 specification.
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K.2   Data Formats

Data formats for extended (64-bit) integers have been added.

K.3   Little-Endian Suppor t

Dataaccessescanbeeitherbig-endianor little-endian.Bits in thePSTATE registercontrol
theimplicit endiannessof dataaccesses.SpecialASI valuesareprovidedto allow specific
data accesses to be in a specific endianness.

K.4   Register s

These privileged SPARC-V8 registers have been deleted:

— PSR: Processor State Register

— TBR: Trap Base Register

— WIM: Window Invalid Mask

These registers have been widened from 32 to 64 bits:

— All integer registers

— All state registers: FSR, PC, nPC, Y

The contents of the following register has changed:

— FSR:Floating-PointStateRegister: fcc1, fcc2, and fcc3 (additionalfloating-point
condition code) bits have been added and the register widened to 64-bits..

These SPARC-V9 registers are fields within a register in SPARC-V8:

— PIL: Processor Interrupt Level register

— CWP: Current Window Pointer register

— TT[MAXTL]: T rap Type register

— TBA: Trap Base Address register

— VER: Version register

— CCR: Condition Codes Register

These registers have been added:

— Sixteenadditionaldouble-precisionfloating-pointregisters,f[32]..f[62], whichare
aliasedwith and overlap eight additionalquad-precisionfloating-pointregisters,
f[32]..f[60]

— FPRS: Floating-Point Register State register

— ASI: ASI register
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— PSTATE: Processor State register

— TL: Trap Level register

— TPC[MAXTL]: Trap Program Counter register

— TNPC[MAXTL]: Trap Next Program Counter register

— TSTATE[MAXTL]: T rap State register

— TICK: Hardware clock-tick counter

— CANSAVE: Savable windows register

— CANRESTORE: Restorable windows register

— OTHERWIN: Other windows register

— CLEANWIN: Clean windows register

— WSTATE: Window State register

TheSPARC-V9 CWPregisteris incrementedduringaSAVE instructionanddecremented
duringa RESTOREinstruction.Although this is theoppositeof PSR.CWP’s behavior in
SPARC-V8, theonly softwareit shouldaffect is a few traphandlersthatoperatein privi-
legedmode,andthatmustberewritten for SPARC-V9 anyway. This changewill have no
effect on nonprivileged software.

K.5   Alternate Space Access

In SPARC-V8, accessto all alternateaddressspacesis privileged.In SPARC-V9, loads
andstoresto ASIs 0016..7f16 areprivileged; thoseto ASIs 8016..FF16 arenonprivileged.
That is, load- andstore-alternateinstructionsto one-halfof the alternatespacescannow
be used in user code.

K.6   Little-Endian Byte Or der

In SPARC-V8, all instructionanddataaccesseswereperformedin big-endianbyteorder.
SPARC-V9 supportsbothbig- andlittle-endianbyteordersfor dataaccessesonly; instruc-
tion accesses in SPARC-V9 are always performed using big-endian order.

K.7   Instruction Set

All changesto the instructionset were madesuchthat applicationsoftware written for
SPARC-V8 canrun unchangedon a SPARC-V9 processor. Application softwarewritten
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for SPARC-V8 shouldnot even be ableto detectthat its instructionsnow process64 bit
values.

Thedefinitionsof the following instructionswereextendedor modifiedto work with the
64-bit model:

— FCMP, FCMPE:Floating-PointCompare—cansetany of the four floating-point
condition codes

— LDUW, LDUWA(same as “LD, LDA” in SPARC-V8)

— LDFSR, STFSR: Load/Store FSR: only affect low-order 32 bits of FSR

— RDASR/WRASR: Read/Write State Registers: access additional registers

— SAVE/RESTORE

— SETHI

— SRA, SRL, SLL: Shifts: split into 32-bit and 64-bit versions

— Tcc: (wasTicc) operateswith eitherthe32-bit integerconditioncodes(icc), or the
64-bit integer condition codes (xcc)

— All otherarithmeticoperationsnow operateon64-bit operandsandproduce64-bit
results.Applicationsoftwarewritten for SPARC-V8 cannotdetectthatarithmetic
operationsarenow 64 bits wide.This is dueto retentionof the32-bit integercon-
dition codes(icc), additionof 64-bit integerconditioncodes(xcc), andthe carry-
propagation rules of 2’s-complement arithmetic.

The following instructionshave beenaddedto provide supportfor 64-bit operationsand/
or addressing:

— F[sdq]TOx: Convert floating point to 64-bit word

— FxTO[sdq]: Convert 64-bit word to floating point

— FMOV[dq]: Floating-point Move, double and quad

— FNEG[dq]: Floating-point Negate, double and quad

— FABS[dq]: Floating-point Absolute Value, double and quad

— LDDFA, STDFA, LDFA, STFA: Alternateaddressspaceforms of LDDF, STDF,
LDF, and STF

— LDSW: Load a signed word

— LDSWA: Load a signed word from an alternate space

— LDX: Load an extended word

— LDXA: Load an extended word from an alternate space

— LDXFSR: Load all 64 bits of the FSR register

— STX: Store an extended word
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— STXA: Store an extended word into an alternate space

— STXFSR: Store all 64 bits of the FSR register

The following instructions have been added to support the new trap model:

— DONE: Return from trap and skip instruction that trapped

— RDPR and WRPR: Read and Write privileged registers

— RESTORED: Adjust state of register windows after RESTORE

— RETRY: Return from trap and reexecute instruction that trapped

— RETURN: Return

— SAVED: Adjust state of register windows after SAVE

— SIR: Signal Monitor (generate Software Initiated Reset)

The following instructionshave beenaddedto supportimplementationof higher-perfor-
mance systems:

— BPcc: Branch on integer condition code with prediction

— BPr: Branch on integer register contents with prediction

— CASA, CASXA: Compare and Swap from an alternate space

— FBPfcc: Branch on floating-point condition code with prediction

— FLUSHW: Flush windows

— FMOVcc: Move floating-point register if condition code is satisfied

— FMOVr: Move floating-point register if integer register contents satisfy condition

— LDQF(A), STQF(A): Load/Store Quad Floating-point (in an alternate space)

— MOVcc: Move integer register if condition code is satisfied

— MOVr: Move integer register if register contents satisfy condition

— MULX: Generic 64-bit multiply

— POPC: Population Count

— PREFETCH, PREFETCHA: Prefetch Data

— SDIVX, UDIVX: Signed and Unsigned 64-bit divide

The definitions of the following instructions have changed:

— IMPDEPn: Implementation-Dependentinstructions (replace SPARC-V8 CPop
instructions)

The following instruction was added to support memory synchronization:

— MEMBAR: Memory barrier
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The following instructions have been deleted:

— Coprocessor loads and stores

— RDTBR andWRTBR: TBR no longerexists.It hasbeenreplacedby TBA, which
can be read/written with RDPR/WRPR instructions.

— RDWIM andWRWIM: WIM no longerexists.WIM hasbeensubsumedby sev-
eral register-window state registers.

— RDPSRandWRPSR:PSRno longerexists. It hasbeenreplacedby severalsepa-
rate registers which are read/written with other instructions.

— RETT: Return from trap (replaced by DONE/RETRY).

— STDFQ: Store Double from Floating-pointQueue(replacedby the RDPR FQ
instruction).

K.8   Memor y Model

SPARC-V9 definesa new memorymodel called Relaxed Memory Order (RMO). This
very weakmodelallows the CPU hardwareto schedulememoryaccessessuchas loads
andstoresin nearlyany order, aslongastheprogramcomputesthecorrectanswer. Hence,
thehardwarecaninstantaneouslyadjustto resourcecontentionsandscheduleaccessesin
the most efficient order, leading to much fastermemory operationsand better perfor-
mance.
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A
a field of instructions, 66, 138, 141, 144, 147,

148, 152
ABI, seeSPARC-V9 Application Binary Interface

(ABI)
accruedexception(aexc) field of FSRregister, 46,

48, 100, 247, 254
activation record, seestack frame
ADD instruction, 137, 299
ADDC instruction, 137
ADDcc instruction, 137, 222, 299
ADDCcc instruction, 137
address, 120

aliased, 120
physical, 120, 281
virtual, 120, 281

address, 295
address aliases, 281
address mask (AM) field of PSTATE register, 53,

151, 172, 215
address space, 4, 281, 282
address space identifier (ASI), 9, 16, 17, 50, 63,

67, 69, 73, 120, 121, 174, 179, 207, 227,
254, 283, 317, 341
architecturally specified, 122
restricted, 74, 122, 254
unrestricted, 74, 122, 254

addressspaceidentifier (ASI) register, 16, 21, 50,
56, 73, 89, 122, 157, 176, 181, 183, 207,
227, 232, 235, 245, 316

addressing conventions, 17, 70
addressing modes, 4
ADDX instruction (SPARC-V8), 137
ADDXcc instruction (SPARC-V8), 137
aexc, seeaccruedexception(aexc)field of FSRreg-

ister
AG, seealternate globals enable (AG) field of

PSTATE register
aggregate data values, seedata aggregates
alias

address, 120
floating-point registers, 36

alignment, 304
data (load/store), 17, 69, 121
doubleword, 17, 69, 121
extended-word, 69

halfword, 17, 69, 121
instructions, 17, 69, 121
integer registers, 179, 181
memory, 121
quadword, 17, 69, 121
stack pointer, 304
word, 17, 69, 121

alternate address space, 207
alternate global registers, 15, 30, 30, 316
alternateglobalsenable(AG) field of PSTATEreg-

ister, 30, 31, 54
alternate space instructions, 18, 50, 341
AM, seeaddressmask(AM) field of PSTATEregis-

ter
ancillary state registers (ASRs), 18, 35, 36, 60,

214, 215, 244, 245, 252, 253, 292, 321
AND instruction, 184
ANDcc instruction, 184, 299
ANDN instruction, 184, 299
ANDNcc instruction, 184
annul bit, 35, 138

in conditional branches, 141
annulled branches, 138
applicationprogram, 9, 14, 16, 30, 46, 47, 50, 61,

104, 341
architectural extensions, 7, 321
arguments to a subroutine, 302
arithmetic overflow, 41
ASI register,seeaddressspaceidentifier (ASI)reg-

ister
ASI, seeaddress space identifier (ASI)
ASI_AS_IF_USER_PRIMARY, 75, 123, 254,

287, 316
ASI_AS_IF_USER_PRIMARY_LITTLE, 75,

123, 254, 287, 316
ASI_AS_IF_USER_SECONDARY, 75, 123, 254,

287
ASI_AS_IF_USER_SECONDARY_LITTLE, 75,

123, 254, 287
ASI_NUCLEUS, 75, 75, 122, 254, 287
ASI_NUCLEUS_LITTLE, 75, 122, 254, 287
ASI_PRIMARY, 73, 75, 75, 122, 123, 254, 287
ASI_PRIMARY_LITTLE, 52, 75, 122, 254, 287
ASI_PRIMARY_NOFAULT, 75, 75, 123, 254,

284, 287
ASI_PRIMARY_NOFAULT_LITTLE, 75, 254

Index
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ASI_SECONDARY, 75, 75, 123, 254, 287, 317
ASI_SECONDARY_LITTLE, 75, 254, 287, 317
ASI_SECONDARY_NOFAULT, 75, 75, 123,

254, 284, 287
ASI_SECONDARY_NOFAULT_LITTLE, 75,

254, 287
asr_reg, 292
assembler

synthetic instructions, 297
assigned value

implementation-dependent, 252
async_data_error exception, 113, 133, 153, 174,

177, 179, 181, 182, 183, 226, 228, 230, 232,
234, 236

atomic, 130, 230, 232
memory operations, 127, 130

atomic load-store instructions, 69, 152
compare and swap, 98, 152
load-store unsigned byte, 182, 234, 235
load-storeunsignedbyteto alternatespace, 183
swapr register with alternate space memory,

235
swapr register with memory, 152, 234

atomicity, 121, 224, 258
automatic variables, 302

B
BA instruction, 147, 278
BCC instruction, 146, 278
BCLR synthetic instruction, 299
BCS instruction, 146, 278
BE instruction, 146, 278
Berkeley RISCs, xiv, 5
BG instruction, 146, 278
BGE instruction, 146, 278
BGU instruction, 146, 278
bibliography, 345
Bicc instructions, 35, 42, 146, 273, 278
big-endian btye order, 9
big-endian byte order, 17, 52, 70
binary compatibility, 6
bit vector concatenation, 3
BL instruction, 278
BLE instruction, 146, 278
BLEU instruction, 146, 278
BN instruction, 146, 147, 209, 278, 297
BNE instruction, 146, 278
BNEG instruction, 146, 278
BPA instruction, 148, 278
BPCC instruction, 148, 278
BPcc instructions, 35, 41, 42, 66, 67, 148, 209
BPCS instruction, 148, 278
BPE instruction, 148, 278
BPG instruction, 148, 278
BPGE instruction, 148, 278

BPGU instruction, 148, 278
BPL instruction, 148, 278
BPLE instruction, 148, 278
BPLEU instruction, 148, 278
BPN instruction, 148, 278
BPNE instruction, 148, 278
BPNEG instruction, 148, 278
BPOS instruction, 146, 278
BPPOS instruction, 148, 278
BPr instructions, 35, 66, 67, 138, 273, 278
BPVC instruction, 148, 278
BPVS instruction, 148, 278
branch

annulled, 138
delayed, 63
elimination, 81
fcc-conditional, 141, 144
icc-conditional, 147
prediction bit, 138
unconditional, 141, 144, 147, 149
with prediction, 5

branch if contents of integer register match condi-
tion instructions, 138

branch on floating-point condition codes instruc-
tions, 140

branch on floating-point condition codes with pre-
diction instructions, 143

branch on integer condition codes instructions, 146
branch on integer condition codes with prediction

instructions, 148
BRGEZ instruction, 138
BRGZ instruction, 138
BRLEZ instruction, 138
BRLZ instruction, 138
BRNZ instruction, 138
BRZ instruction, 138
BSET synthetic instruction, 299
BTOG synthetic instruction, 299
BTST synthetic instruction, 299
BVC instruction, 146, 278
BVS instruction, 146, 278
byte, 9

addressing, 70, 71
data format, 23
order, 17, 70
order, big-endian, 17, 52
order, implicit, 52
order, little-endian, 17, 52

C
C condition code bit, seecarry (C) bit of condition

fields of CCR
cache

coherence in RED_state, 92
data, 125



D 351

in RED_state, 92
instruction, 125
memory, 253
miss, 209
non-consistent instruction cache, 125
system, 6

call chain
walking, 303

CALL instruction, 19, 33, 34, 35, 151, 172, 302,
304

CALL synthetic instruction, 297
CANRESTORE, seerestorable windows (CANRE-

STORE) register
CANSAVE, seesavable windows (CANSAVE) reg-

ister
carry (C) bit of condition fields of CCR, 41
CAS synthetic instruction, 127, 299
CASA instruction, 98, 130, 152, 182, 183, 234,

235, 299
CASX synthetic instruction, 127, 130, 299
CASXA instruction, 98, 130, 152, 182, 183, 234,

235, 299
catastrophic_error exception, 89, 91, 98, 99, 113,

114, 115
cc0 field of instructions, 66, 144, 148, 159, 195
cc1 field of instructions, 66, 144, 148, 159, 195
cc2 field of instructions, 66, 195
CCR, seecondition codes (CCR) register
certificate of compliance, 8
cexc, seecurrent exception (cexc) field of FSR reg-

ister
CLE, seecurrent_little-endian (CLE) field of

PSTATE register
clean register window, 9, 33, 58, 60, 82, 86, 88,

114, 217
cleanwindows(CLEANWIN) register, 58, 60, 82,

83, 86, 87, 88, 211, 242, 259
clean_window exception, 60, 82, 87, 98, 101, 114,

218, 256
clock cycle, 51
clock-tick register(TICK), 51, 116, 211, 242, 257
CLR synthetic instruction, 299
CMP synthetic instruction, 233, 297
coherence, 120, 258

memory, 121, 224
unit, memory, 122

compare and swap instructions, 98, 152
comparison instruction, 76, 233
compatibility note, 4
compatibilitywith SPARC-V8, 4, 19, 30, 40, 43,

54, 58, 76, 78, 85, 104, 114, 115, 116, 121,
142, 145, 160, 170, 171, 174, 179, 181, 187,
215, 224, 226, 230, 232, 233, 237, 239, 241,
245, 322, 336

compatibility with SPARC-V9, 137
compliance, 8

certificate of, 8
certification process, 8
Level I, 7
Level II, 8

compliant SPARC-V9 implementation, 7
concatenation of bit vectors, 3
concurrency, 15
condfield of instructions, 66, 141, 144, 147, 148,

189, 195
condition codes, 153

floating-point, 141
integer, 41

conditioncodes(CCR)register, 21, 89, 137, 157,
202, 245

conditional branches, 141, 144, 147
conditional move instructions, 20
conforming SPARC-V9 implementation, 7
const22 field of instructions, 170
constants

generating, 220
contexts

Nucleus, 122, 287
control and status registers, 35
control-transfer instructions (CTIs), 19, 157
conventions

software, 301
convertbetweenfloating-pointformatsinstructions,

162, 248
convert floating-point to integer instructions, 161,

250
convert integer to floating-point instructions, 163
coprocessor, 322
counter field of TICK register, 51
CPopn instructions (SPARC-V8), 171, 322
cross-domain call, 316
CTI, seecontrol-transfer instructions (CTIs)
current exception (cexc) field of FSR register, 44,

46, 48, 84, 115, 247, 254
current window, 9
currentwindowpointer(CWP)register, 9, 15, 21,

33, 56, 58, 58, 60, 82, 87, 89, 157, 169, 211,
217, 218, 242, 259

current_little_endian(CLE) field of PSTATEregis-
ter, 52, 52, 122

CWP, seecurrent window pointer (CWP) register

D
d16hi field of instructions, 66, 138
d16lo field of instructions, 66, 138
data access

RED_state, 92
data aggregate

argument passed by value, 302
examples of, 302

data alignment, seealignment
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data cache, 125
data flow order constraints

memory reference instructions, 124
register reference instructions, 124

data formats
byte, 23
doubleword, 23
extended word, 23
halfword, 23
quadword, 23
tagged word, 23
word, 23

data memory, 131
data types, 23

floating-point, 23
signed integer, 23
unsigned integer, 23

data_access_error exception, 114, 153, 174, 177,
179, 181, 182, 183, 226, 228, 230, 232, 234,
236

data_access_exception exception, 114, 153, 174,
177, 179, 181, 182, 183, 226, 228, 230, 232,
234, 236

data_access_MMU_miss exception, 114, 153,
174, 177, 179, 181, 182, 183, 210, 226, 228,
230, 232, 234, 236, 256

data_access_protection exception, 114, 153, 175,
177, 179, 181, 182, 183, 226, 228, 230, 232

data_protection exception, 234, 236
DEC synthetic instruction, 299
DECcc synthetic instruction, 299
deferred trap, 95, 95, 96, 99, 254

avoiding, 96
floating-point, 212

deferred-trap queue, 95
floating-point (FQ), 47, 61, 96, 211, 243
integer unit, 61

Dekker's algorithm, 326
delayinstruction, 19, 35, 138, 141, 144, 150, 157,

216, 302, 306
delayed branch, 63
delayed control transfer, 35, 138
deprecated instructions

BCC, 146
BCS, 146
BE, 146
BG, 146
BGE, 146
BGU, 146
Bicc, 146
BLE, 146
BLEU, 146
BN, 146
BNE, 146
BNEG, 146
BPOS, 146

BVC, 146
BVS, 146
FBE, 140
FBfcc, 140
FBG, 140
FBGE, 140
FBL, 140
FBLE, 140
FBLG, 140
FBN, 140
FBNE, 140
FBO, 140
FBU, 140
FBUE, 140
FBUGE, 140
FBUL, 140
FBULE, 140
LDDA , 180
LDFSR, 173
MULScc, 202
SDIV, 154
SDIVcc, 154
SMULcc, 200
STFSR, 225
SWAP, 234
SWAPA, 235
TSUBccTV, 237, 238
UDIVcc, 154
UMULcc, 200

destination register, 13
dirty bits, seelower and upper registers dirty (DL

and DU) fields of FPRS register
disp19 field of instructions, 66, 144, 148
disp22 field of instructions, 66, 141, 147
disp30 field of instructions, 66, 151
disrupting traps, 95, 96, 97, 98, 254
divide instructions, 19, 154, 199
divide-by-zero mask (DZM) bit of TEM field of

FSR register, 48
division_by_zero exception, 77, 98, 104, 114, 156,

199
division-by-zero accrued (dza) bit of aexc field of

FSR register, 49
division-by-zero current (dzc) bit of cexc field of

FSR register, 49
DL, seelower registers dirty (DL) field of FPRS

register
DONE instruction, 20, 41, 42, 89, 91, 95
doublet, 9
doubleword, 9, 17, 69, 121

addressing, 70, 72
in memory, 35

doubleword data format, 23
DU, seeupper registers dirty (DU) field of FPRS

register



E 353

dza, seedivision-by-zero accrued (dza) bit of aexc
field of FSR register

dzc, seedivision-by-zero current (dzc) bit of cexc
field of FSR register

DZM, seedivide-by-zero mask (DZM) bit of TEM
field of FSR register

E
emulating multiple unsigned condition codes, 81
enable floating-point (FEF) field of FPRS register,

42, 53, 84, 99, 114, 142, 145, 174, 176, 226,
227, 243

enable floating-point (PEF) field of PSTATE regis-
ter, 42, 53, 84, 99, 114, 142, 145, 174, 176,
226, 227, 309

enableRED_state(RED)field of PSTATEregister,
91

error_state processor state, 56, 90, 91, 94, 105,
106, 109, 110, 111, 112, 117, 255

exceptions, 21, 89
async_data_error, 113, 133, 153, 174, 177,

179, 181, 182, 183, 226, 228, 230, 232,
234, 236

catastrophic, 98
catastrophic_error, 89, 91, 99, 113, 114, 115
clean_window, 60, 82, 87, 98, 101, 114, 218,

256
data_access_error, 114, 153, 174, 177, 179,

181, 182, 183, 226, 228, 230, 232, 234,
236

data_access_exception, 114, 153, 174, 177,
179, 181, 182, 183, 226, 228, 230, 232,
234, 236

data_access_MMU_miss, 114, 153, 174, 177,
179, 181, 182, 183, 210, 226, 228, 230,
232, 234, 236, 256

data_access_protection, 114, 153, 175, 177,
179, 181, 226, 228, 230, 232

data_protection, 234, 236
division_by_zero, 77, 98, 104, 114, 156, 199
externally_initiated_reset (XIR), 56, 108, 110
fill_n_normal, 98, 114, 216, 218
fill_n_other, 98, 114, 216, 218
floating-point, 10, 99
fp_disabled, 16, 42, 84, 98, 114, 142, 145,

158, 160, 161, 162, 163, 164, 165, 166,
174, 176, 177, 191, 193, 197, 226, 227,
228, 309

fp_exception, 45
fp_exception_ieee_754, 44, 48, 99, 100, 104,

115, 158, 160, 161, 162, 163, 165, 166,
247

fp_exception_other, 40, 47, 61, 85, 104, 115,
158, 160, 161, 162, 163, 164, 165, 166,
174, 177, 191, 193, 213, 226, 228, 247

illegal_instruction, 35, 47, 58, 85, 115, 133,
139, 150, 157, 168, 170, 171, 174, 179,
181, 197, 198, 205, 212, 213, 215, 219,
226, 229, 230, 231, 232, 241, 243, 245,
254, 255, 256

implementation_dependent_n, 91, 104, 255
instruction_access, 97
instruction_access_error, 98, 115, 133
instruction_access_exception, 115, 133
instruction_access_MMU_miss, 115, 133
internal_processor_error, 91, 115, 133
invalid_exception, 161
LDDF_mem_address_not_aligned, 70, 98,

115, 174, 177, 226, 228, 257
LDQF_mem_address_not_aligned, 70, 116,

174, 177, 257
mem_address_not_aligned, 69, 98, 116, 153,

172, 174, 177, 179, 181, 216, 226, 228,
230, 232, 234, 236

persistence, 100
power_on_reset (POR), 108, 116
privileged_action, 51, 73, 97, 116, 153, 176,

177, 181, 183, 215, 227, 228, 232, 236
privileged_instruction (SPARC-V8), 116
privileged_opcode, 98, 116, 157, 212, 215,

219, 243, 245
r_register_access_error (SPARC-V8), 115
software_initiated reset (SIR), 105
software_initiated_reset, 97
software_initiated_reset (SIR), 97, 111, 116,

223
spill_n_normal, 98, 116, 169, 218
spill_n_other, 116, 169, 218
STDF_mem_address_not_aligned, 70, 98,

116, 226, 228, 257
STQF_mem_address_not_aligned, 70, 116,

226, 228, 257
tag_overflow, 77, 98, 104, 117, 237, 239
trap_instruction, 98, 117, 241
unimplemented_LDD, 98, 117, 179, 181, 257
unimplemented_STD, 98, 117, 230, 232, 257
watchdog_reset (WDR), 108
window_fill, 58, 59, 60, 82, 216, 305
window_overflow, 301
window_spill, 58, 60, 305

exceptions, also seetrap types
execute protection, 282
execute unit, 123
execute_state, 90, 105, 106, 110, 111, 117
extended word, 10
extended word addressing, 70, 72
extended word data format, 23
extensions

architectural, 7, 321
externally_initiated_reset (XIR), 56, 91, 93, 97,

108, 110, 111
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F
f registers, 16, 36, 100, 247, 255
FABSd instruction, 164, 275, 276, 277
FABSq instruction, 164, 275, 276, 277
FABSs instruction, 164, 275
FADDd instruction, 158, 275
FADDq instruction, 158, 275
FADDs instruction, 158, 275
FBA instruction, 141, 278
FBE instruction, 140, 278
FBfccinstructions, 35, 43, 84, 99, 114, 140, 142,

273, 278
FBG instruction, 140, 278
FBGE instruction, 140, 278
FBL instruction, 140, 278
FBLE instruction, 140, 278
FBLG instruction, 140, 278
FBN instruction, 140, 141, 278
FBNE instruction, 140, 278
FBO instruction, 140, 278
FBPA instruction, 143, 144, 278
FBPcc instructions, 66
FBPE instruction, 143, 278
FBPfccinstructions, 35, 43, 66, 67, 84, 99, 142,

143, 273, 278
FBPG instruction, 143, 278
FBPGE instruction, 143, 278
FBPL instruction, 143, 278
FBPLE instruction, 143, 278
FBPLG instruction, 143, 278
FBPN instruction, 143, 144, 278
FBPNE instruction, 143, 278
FBPO instruction, 143, 278
FBPU instruction, 143, 278
FBPUE instruction, 143, 278
FBPUG instruction, 143, 278
FBPUGE instruction, 143, 278
FBPUL instruction, 143, 278
FBPULE instruction, 143, 278
FBU instruction, 140, 278
FBUE instruction, 140, 278
FBUG instruction, 140, 278
FBUGE instruction, 140, 278
FBUL instruction, 140, 278
FBULE instruction, 140, 278
fcc, seefloating-pointconditioncodes(fcc)fieldsof

FSR register
fcc-conditional branches, 141, 144
fccN, 10
FCMP* instructions, 43, 159
FCMPd instruction, 159, 248, 277
FCMPE* instructions, 43, 159
FCMPEd instruction, 159, 248, 277
FCMPEq instruction, 159, 248, 277
FCMPEs instruction, 159, 248, 277

FCMPq instruction, 159, 248, 277
FCMPs instruction, 159, 248, 277
fcn field of instructions, 157, 206
FDIVd instruction, 165, 275
FDIVq instruction, 165, 275
FDIVs instruction, 165, 275
FdMULq instruction, 165, 275
FdTOi instruction, 161, 250, 275
FdTOq instruction, 162, 248, 275
FdTOs instruction, 162, 248, 275
FdTOx instruction, 161, 275, 276, 277
FEF,seeenablefloating-point(FEF) field of FPRS

register
fill register window, 33, 58, 59, 82, 83, 86, 87,

88, 114, 217, 218, 219, 316
fill_n_normal exception, 98, 114, 216, 218
fill_n_other exception, 98, 114, 216, 218
FiTOd instruction, 163, 275
FiTOq instruction, 163, 275
FiTOs instruction, 163, 275
floating-point add and subtract instructions, 158
floating-pointcompareinstructions, 43, 159, 159,

248
floating-point condition code bits, 141
floating-point condition codes (fcc) fields of FSR

register, 43, 46, 100, 141, 144, 159, 247, 292
floating-point data type, 23
floating-pointdeferred-trapqueue(FQ), 47, 61, 96,

211, 212, 243, 254
floating-point enable (FEF) field of FPRS register,

309
floating-point exception, 10, 99
floating-point move instructions, 164
floating-point multiply and divide instructions, 165
floating-point operate (FPop) instructions, 10, 20,

36, 45, 48, 67, 84, 99, 114, 115, 174
floating-point queue, seefloating-point deferred-

trap queue (FQ)
floating-point registers, 40, 247, 255, 304
floating-point registers state (FPRS) register, 42,

215, 245
floating-point square root instructions, 166
floating-pointstate(FSR)register, 43, 48, 50, 174,

225, 226, 247, 250, 254
floating-point trap type (ftt) field of FSR register,

10, 43, 45, 48, 61, 84, 85, 115, 212, 226, 247
floating-point trap types

fp_disabled, 53
FPop_unfinished, 85
FPop_unimplemented, 85
hardware_error, 10, 45, 47
IEEE_754_exception, 10, 46, 46, 48, 50, 100,

115, 247
invalid_fp_register, 10, 40, 46, 158, 160, 161,

162, 163, 164, 165, 166, 174, 177, 191,
193, 226, 228
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numeric values, 45
sequence_error, 45, 46, 47, 61, 212, 213
unfinished_FPop, 10, 46, 46, 50, 247, 253
unimplemented_FPop, 10, 46, 46, 50, 85,

191, 212, 247, 253
floating-point traps

deferred, 212
precise, 212

floating-point unit (FPU), 10, 16
FLUSH instruction, 131, 167, 253, 258, 308, 324

in multiprocess environment, 132
flush instruction memory instruction, 167, 324
FLUSH latency, 258
flush register windows instruction, 169
FLUSHW instruction, 20, 83, 86, 87, 116, 169,

303
FMOVA instruction, 188
FMOVCC instruction, 188
FMOVccinstructions, 41, 42, 43, 66, 67, 80, 84,

188, 191, 196, 197, 278
FMOVccd instruction, 277
FMOVccq instruction, 277
FMOVccs instruction, 277
FMOVCS instruction, 188
FMOVd instruction, 164, 275, 276, 277
FMOVE instruction, 188
FMOVFA instruction, 188
FMOVFE instruction, 188
FMOVFG instruction, 188
FMOVFGE instruction, 188
FMOVFL instruction, 188
FMOVFLE instruction, 188
FMOVFLG instruction, 188
FMOVFN instruction, 188
FMOVFNE instruction, 188
FMOVFO instruction, 188
FMOVFU instruction, 188
FMOVFUE instruction, 188
FMOVFUG instruction, 188
FMOVFUGE instruction, 188
FMOVFUL instruction, 188
FMOVFULE instruction, 188
FMOVG instruction, 188
FMOVGE instruction, 188
FMOVGU instruction, 188
FMOVL instruction, 188
FMOVLE instruction, 188
FMOVLEU instruction, 188
FMOVN instruction, 188
FMOVNE instruction, 188
FMOVNEG instruction, 188
FMOVPOS instruction, 188
FMOVq instruction, 164, 275, 276, 277
FMOVr instructions, 67, 84, 192
FMOVRGEZ instruction, 192
FMOVRGZ instruction, 192

FMOVRLEZ instruction, 192
FMOVRLZ instruction, 192
FMOVRNZ instruction, 192
FMOVRZ instruction, 192
FMOVs instruction, 164, 275
FMOVVC instruction, 188
FMOVVS instruction, 188
FMULd instruction, 165, 275
FMULq instruction, 165, 275
FMULs instruction, 165, 275
FNEGd instruction, 164, 275, 276, 277
FNEGq instruction, 164, 275, 276, 277
FNEGs instruction, 164, 275
formats

instruction, 63
fp_disabled floating-pointtraptype, 16, 42, 53, 84,

98, 114, 142, 145, 158, 160, 161, 162, 163,
164, 165, 166, 174, 176, 177, 191, 193, 197,
226, 227, 228, 309

fp_exception exception, 45, 48
fp_exception_ieee_754 exception, 44, 48, 99, 100,

104, 115, 158, 160, 161, 162, 163, 165, 166,
247

fp_exception_other exception, 40, 47, 61, 85, 104,
115, 158, 160, 161, 162, 163, 164, 165, 166,
174, 177, 191, 193, 212, 213, 226, 228, 247

FPopinstructions,seefloating-pointoperate(FPop)
instructions

FPop_unimplemented floating-point trap type, 85
FPop1 instructions, 10
FPop2 instructions, 10
FPRS, seefloating-point register state (FPRS) reg-

ister
FPU, seefloating-point unit
FQ, seefloating-point deferred-trap queue (FQ)
FqTOd instruction, 162, 248, 275
FqTOi instruction, 161, 250, 275
FqTOs instruction, 162, 248, 275
FqTOx instruction, 161, 275, 276, 277
frame pointer register, 302
freg, 292
FsMULd instruction, 165, 275
FSQRTd instruction, 166, 275
FSQRTq instruction, 166, 275
FSQRTs instruction, 166, 275
FsTOd instruction, 162, 248, 275
FsTOi instruction, 161, 250, 275
FsTOq instruction, 162, 248, 275
FsTOx instruction, 161, 275, 276, 277
FSUBd instruction, 158, 275
FSUBq instruction, 158, 275
FSUBs instruction, 158, 275
ftt, seefloating-pointtrap type(ftt) field of FSRreg-

ister
function return value, 302
functional choice
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implementation-dependent, 252
FxTOd instruction, 163, 275, 276, 277
FxTOq instruction, 163, 275, 276, 277
FxTOs instruction, 163, 275, 276, 277

G
generating constants, 220
global registers, 4, 15, 30, 30, 30, 303

H
halfword, 10, 17, 69, 121

addressing, 70, 72
data format, 23

halt, 105
hardware

dependency, 251
traps, 101

hardware_error floating-point trap type, 10, 45, 47
has, 7
hexlet, 10

I
i field of instructions, 66, 137, 154, 167, 169, 172,

173, 176, 178, 180, 182, 183, 184, 195, 198,
199, 200, 202, 205, 206, 214, 216

I/O, seeinput/output (I/O)
i_or_x_cc, 292
icc field of CCR register, 41, 42, 137, 147, 149,

155, 156, 184, 196, 200, 202, 203, 233, 237,
241

icc-conditional branches, 147
IE, seeinterrupt enable (IE) field of PSTATE regis-

ter
IEEE Std 754-1985, 10, 15, 44, 46, 48, 50, 85,

247, 249, 250, 253, 254
IEEE_754_exception floating-point trap type, 10,

46, 46, 48, 50, 100, 115, 247
IER register (SPARC-V8), 245
illegal_instruction exception, 35, 47, 58, 85, 115,

133, 139, 150, 157, 168, 170, 171, 174, 179,
181, 197, 198, 205, 210, 212, 213, 215, 219,
226, 229, 230, 231, 232, 241, 243, 245, 254,
255, 256

ILLTRAP instruction, 115, 170, 273
imm_asi field of instructions, 67, 73, 152, 173,

176, 178, 180, 182, 183, 206
imm22 field of instructions, 67
IMPDEPn instructions, seeimplementation-depen-

dent (IMPDEPn) instructions
IMPL, 171
impl field of VER register, 45
impl_dep (PID) fields of PSTATE register, 52

implementation, 10
implementation dependency, 7, 251
implementation note, 4
implementation number (impl) field of VER regis-

ter, 57
implementation_dependent_n exception, 91, 104,

115, 255
implementation-dependent, 10

assigned value (a), 252
functional choice (c), 252
total unit (t), 252
trap, 108
value (v), 252

implementation-dependent (IMPDEPn) instruc-
tions, 85, 171, 257, 321

implicit
ASI, 73
byte order, 52

in registers, 15, 30, 33, 217, 301
INC synthetic instruction, 299
INCcc synthetic instruction, 299
inexactaccrued(nxa) bit of aexcfield of FSRregis-

ter, 49, 250
inexact current (nxc) bit of cexc field of FSR regis-

ter, 48, 49, 249, 250
inexactmask(NXM) bit of TEM field of FSRregis-

ter, 48, 48
inexact quotient, 154, 155
infinity , 250
initiated, 11
input/output (I/O), 6, 18
input/output (I/O) locations, 120, 121, 130, 253,

258
order, 121
value semantics, 121

instruction
access in RED_state, 92
alignment, 17, 69, 121
cache, 125
dispatch, 98
execution, 98
fetch, 69
formats, 4, 63
memory, 131
reordering, 124

instruction fields, 11
a, 66, 138, 141, 147, 148, 152
cc0, 66, 144, 148, 159, 195
cc1, 66, 144, 148, 159, 195
cc2, 66, 195
cond, 66, 141, 144, 147, 148, 189, 195
const22, 170
d16hi, 66, 138
d16lo, 66, 138
disp19, 66, 144, 148
disp22, 66, 141, 147
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disp30, 66, 151
fcn, 157, 206
i, 66, 137, 154, 167, 169, 172, 173, 176, 178,

180, 182, 183, 184, 195, 198, 199, 200,
202, 205, 206, 214, 216

imm_asi, 67, 73, 152, 173, 176, 178, 180,
206

imm22, 67
mmask, 67, 224
op3, 67, 137, 152, 154, 157, 167, 169, 172,

173, 176, 178, 180, 182, 183, 184, 199,
200, 202, 206, 211, 214, 216

opf, 67, 158, 159, 161, 162, 163, 164, 165,
166

opf_cc, 67, 189
opf_low, 67, 189, 192
p, 67, 138, 139, 144, 148
rcond, 67, 138, 192, 198
rd, 13, 68, 137, 152, 154, 158, 161, 162,

163, 164, 165, 166, 172, 173, 176, 178,
180, 182, 183, 184, 189, 192, 195, 198,
199, 200, 202, 205, 211, 214, 321

reg_or_imm, 321
reserved, 133
rs1, 13, 68, 137, 138, 152, 154, 158, 159,

165, 167, 172, 173, 176, 178, 180, 182,
183, 184, 192, 198, 199, 200, 202, 206,
211, 214, 216, 321

rs2, 13, 68, 137, 152, 154, 158, 159, 161,
162, 163, 164, 165, 166, 167, 172, 173,
176, 178, 180, 182, 183, 184, 189, 192,
195, 198, 199, 200, 202, 205, 206, 216

simm10, 68, 198
simm11, 68, 195
simm13, 68, 137, 154, 167, 172, 173, 176,

178, 180, 182, 183, 184, 199, 200, 202,
205, 206, 216

sw_trap#, 68
undefined, 171

instruction set architecture, 5, 10, 11
instruction_access exception, 97
instruction_access_error exception, 98, 115, 133
instruction_access_exception exception, 115, 133
instruction_access_MMU_miss exception, 115, 133
instructions

atomic, 152
atomicload-store, 69, 98, 152, 182, 183, 234,

235
branchif contentsof integerregistermatchcon-

dition, 138
branch on floating-point condition codes, 140
branch on floating-point condition codes with

prediction, 143
branch on integer condition codes, 146
branch on integer condition codes with predic-

tion, 148

compare and swap, 98, 152
comparison, 76, 233
conditional move, 20
control-transfer (CTIs), 19, 157
convert between floating-point formats, 162,

248
convert floating-point to integer, 161, 250
convert integer to floating-point, 163
divide, 19, 154, 199
floating-point add and subtract, 158
floating-point compare, 43, 159, 159, 248
floating-point move, 164
floating-point multiply and divide, 165
floating-pointoperate(FPop), 20, 45, 48, 99,

174
floating-point square root, 166
flush instruction memory, 167, 324
flush register windows, 169
implementation-dependent (IMPDEPn), 85,

171
jump and link, 19, 172
load, 323
load floating-point, 69, 173
load floating-point from alternate space, 176
load integer, 69, 178
load integer from alternate space, 180
load-store unsigned byte, 98, 152, 182, 234,

235
load-storeunsignedbyteto alternatespace, 183
logical, 184
movefloating-pointregisterif conditionis true,

188
move floating-point register if contents of inte-

ger register satisfy condition, 192
move integer register if condition is satisfied,

194
moveintegerregisterif contentsof integerreg-

ister satisfies condition, 198
move on condition, 5
multiply, 19, 199, 200, 200
multiply step, 19, 202
prefetch data, 206
read privileged register, 211
read state register, 20, 214
register window management, 20
reserved, 85
reserved fields, 133
shift, 19, 221
software-initiated reset, 223
store, 323
store floating point, 69
store floating-point, 225
store floating-point into alternate space, 227
store integer, 69, 229, 231
subtract, 233
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swapr register with alternate space memory,
235

swapr register with memory, 234
synthetic, 297
tagged add, 237
tagged arithmetic, 19
test-and-set, 131
timing, 133
trap on integer condition codes, 240
write privileged register, 242
write state register, 244

integerconditioncodes,seeicc fieldof CCRregister
integer divide instructions, seedivide instructions
integer multiply instructions, seemultiply instruc-

tions
integer unit (IU), 11, 11, 15
integer unit deferred-trap queue, 61
internal_processor_error exception, 91, 115, 133

and RED_state, 93
interruptenable(IE) field of PSTATEregister, 54,

96, 99, 115
interrupt level, 54
interrupt request, 11, 21, 89, 133
interrupts, 54
invalid accrued (nva) bit of aexc field of FSR regis-

ter, 49
invalid current (nvc) bit of cexc field of FSR regis-

ter, 49, 250
invalid mask (NVM) bit of TEM field of FSR regis-

ter, 48
invalid_exception exception, 161
invalid_fp_register floating-pointtraptype, 10, 40,

46, 158, 160, 161, 162, 163, 164, 165, 166,
174, 177, 191, 193, 226, 228

IPREFETCH synthetic instruction, 297
ISA, seeinstruction set architecture
issue unit, 123, 124
issued, 11
italic font

in assembly language syntax, 291
IU, seeinteger unit

J
JMP synthetic instruction, 297
JMPLinstruction, 19, 33, 35, 116, 172, 216, 297,

304
jump and link instruction, 19, 172

L
LD instruction (SPARC-V8), 179
LDA instruction (SPARC-V8), 181
LDD instruction, 35, 98, 117, 178, 257
LDDA instruction, 35, 61, 98, 180, 257
LDDF instruction, 70, 98, 115, 173

LDDF_mem_address_not_aligned exception, 70,
98, 115, 174, 177, 228, 257

LDDFA instruction, 70, 98, 176
LDF instruction, 173
LDFSR instruction, 43, 45, 48, 50, 173
LDQF instruction, 70, 116, 173
LDQF_mem_address_not_aligned exception, 70,

116, 174, 177, 257
LDQFA instruction, 70, 176
LDSB instruction, 178
LDSBA instruction, 180
LDSH instruction, 178
LDSHA instruction, 180
LDSTUB insruction, 69
LDSTUB instruction, 98, 127, 131, 182, 327
LDSTUBA instruction, 98, 183
LDSW instruction, 178
LDSWA instruction, 180
LDUB instruction, 178
LDUBA instruction, 180
LDUH instruction, 178
LDUHA instruction, 180
LDUW instruction, 178
LDUWA instruction, 180
LDX instruction, 98, 178
LDXA instruction, 98, 180
LDXFSR instruction, 43, 45, 48, 50, 173
leaf procedure, 11, 82, 304, 304

optimization, 305, 306
Level I compliance, 7
Level II compliance, 8
little-endian byte order, 11, 17, 52
load floating-point from alternate space instruc-

tions, 176
load floating-point instructions, 173
load instructions, 69, 323
load integer from alternate space instructions, 180
load integer instructions, 178
LoadLoad MEMBAR relationship, 127, 187
loads

non-faulting, 123, 123
loads from alternate space, 18, 50, 73, 341
load-store alignment, 17, 69, 121
load-store instructions, 17, 98

compare and swap, 98, 152
load-store unsigned byte, 152, 182, 234, 235
load-storeunsignedbyteto alternatespace, 183
swapr register with alternate space memory,

235
swapr register with memory, 152, 234

LoadStore MEMBAR relationship, 127, 128, 187
local registers, 15, 30, 33, 217, 302, 307
logical instructions, 184
Lookaside MEMBAR relationship, 187
lowerregistersdirty (DL) field of FPRSregister, 42
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M
manual

audience, 1
fonts, 3
where to start, 1

manufacturer (manuf) field of VER register, 57,
256

mask number (mask) field of VER register, 57
maximumtraplevels(maxtl) field of VER register,

57
MAXTL , 54, 90, 106, 223
maxtl, seemaximumtrap levels(maxtl)field of VER

register
may, 11
mem_address_not_aligned exception, 69, 98, 116,

153, 172, 174, 177, 179, 181, 216, 226, 228,
230, 232, 234, 236

MEMBAR instruction, 67, 76, 121, 125, 126–
128, 129, 131, 167, 186, 214, 224, 324

membar_mask, 295
MemIssue MEMBAR relationship, 187
memory

alignment, 121
atomicity, 258
coherence, 120, 121, 258
coherency unit, 122
data, 131
instruction, 131
ordering unit, 121
page, 281
real, 120, 121
stack layout, 304

memory access instructions, 17
memory management unit (MMU), 6, 114, 115,

253, 291
address translation, 286
ASI input, 283
atomic input, 283
context, 281
Data / Instr input, 283
diagram, 283
disabled, 207
disabling, 282
fault address, 288
fault status, 288
in RED_state, 92
memory protection, 286
modified statistics, 282, 288
NF-Load_violation output, 285
No_translation output, 284
Non-faultable attribute, 284
Nucleus Context, 287
Prefetch input, 283
Prefetch_violation output, 285
Prefetchable attribute, 284

Primary Context, 286
Privilege input, 283
Privilege_violation output, 285, 286
Protection_violation output, 285, 286
Read / Write input, 283
Read, Write, and Execute attributes, 284
RED_state, 92, 288
RED_state input, 283
referenced statistics, 282, 288
Restricted attribute, 284
Secondary Context, 286
Translation_error output, 284
Translation_not_valid output, 284
Translation_successful output, 285

memory model, 119–132
barrier synchronization, 333, 334
Dekker's algorithm, 326
issuing order, 330
mode control, 129
mutex (mutual exclusion) locks, 326
operations, 323
overview, 119
partialstoreorder(PSO), 119, 128, 130, 257,

323
portability and recommended programming

style, 324
processors and processes, 324
programming with, 323–335
relaxedmemoryorder(RMO), 119, 128, 130,

257, 323
sequential consistency, 120
SPARC-V9, 128
spin lock, 327
strong, 120
strong consistency, 120, 325, 330
totalstoreorder(TSO), 92, 119, 129, 130, 323
weak, 120

memory operations
atomic, 130

memory order, 125
program order, 124

memory reference instructions
data flow order constraints, 124

memory_model (MM) field of PSTATE register,
52, 92, 125, 129, 130, 258

microkernel, 317
MM, seememory_model (MM) field of PSTATE

register
mmask field of instructions, 67, 224
MMU, seememory management unit (MMU)
mode

nonprivileged, 6, 15, 75
privileged, 15, 51, 85, 122
user, 30, 50, 303

MOV synthetic instruction, 299
MOVA instruction, 194
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MOVCC instruction, 194
MOVcc instructions, 41, 42, 43, 66, 68, 80, 191,

194, 196, 197, 278
MOVCS instruction, 194
movefloating-pointregisterif conditionis true, 188
move floating-point register if contents of integer

register satisfy condition, 192
MOVE instruction, 194
move integer register if condition is satisfied in-

structions, 194
move integer register if contents of integer register

satisfies condition instructions, 198
move on condition instructions, 5
MOVFA instruction, 194
MOVFE instruction, 194
MOVFG instruction, 194
MOVFGE instruction, 194
MOVFL instruction, 194
MOVFLE instruction, 194
MOVFLG instruction, 194
MOVFN instruction, 194
MOVFNE instruction, 194
MOVFO instruction, 194
MOVFU instruction, 194
MOVFUE instruction, 194
MOVFUG instruction, 194
MOVFUGE instruction, 194
MOVFUL instruction, 194
MOVFULE instruction, 194
MOVG instruction, 194
MOVGE instruction, 194
MOVGU instruction, 194
MOVL instruction, 194
MOVLE instruction, 194
MOVLEU instruction, 194
MOVN instruction, 194
MOVNE instruction, 194
MOVNEG instruction, 194
MOVPOS instruction, 194
MOVr instruction, 67
MOVr instructions, 68, 81, 198
MOVRGEZ instruction, 198
MOVRGZ instruction, 198
MOVRLEZ instruction, 198
MOVRLZ instruction, 198
MOVRNZ instruction, 198
MOVRZ instruction, 198
MOVVC instruction, 194
MOVVS instruction, 194
MULScc (multiply step) instruction, 19, 202
multiple unsigned condition codes

emulating, 81
multiply instructions, 19, 199, 200, 200
multiply step instruction, seeMULScc (multiply

step) instruction
multiply/divide register, seeY register

multiprocessor synchronization instructions, 5,
152, 234, 235

multiprocessor system, 5, 125, 167, 208, 210,
234, 235, 258

MULX instruction, 199
must, 11
mutex (mutual exclusion) locks, 326

N
N condition code bit, seenegative (N) bit of condi-

tion fields of CCR
NaN (not-a-number), 161, 248, 250

quiet, 159, 160, 248
signaling, 43, 159, 160, 162, 248

NEG synthetic instruction, 299
negative (N) bit of condition fields of CCR, 41
negative infinity, 250
nested traps, 5
next program counter (nPC), 11, 21, 35, 35, 55,

63, 95, 97, 157, 204, 318
non-faulting load, 11, 123, 123, 123
non-leaf routine, 172
nonprivileged

mode, 6, 9, 12, 15, 45, 75
registers, 30
software, 42

nonprivileged trap (NPT) field of TICK register,
51, 215

nonstandard floating-point (NS) field of FSR regis-
ter, 44, 44, 250, 254

nonstandard modes
in FPU, 44

non-virtual memory, 209
NOP instruction, 141, 144, 147, 204, 206, 220,

241
normal traps, 90, 101, 106, 106, 108
NOT synthetic instruction, 299
note

compatibility, 4
implementation, 4
programming, 4

nPC, seenext program counter (nPC)
NPT, seenonprivileged trap (NPT) field of TICK

register)
NS, seenonstandard floating-point (NS) field of

FSR register
Nucleus Context, 122, 287
numberof windows(maxwin) field of VERregister,

58, 87
nva, seeinvalid accrued (nva) bit of aexc field of

FSR register
nvc, seeinvalidcurrent(nvc)bit of cexcfieldofFSR

register
NVM, seeinvalid mask (NVM) bit of TEM field of

FSR register
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NWINDOWS, 12, 15, 32, 33, 58, 217, 218, 253,
259

nxa, seeinexact accrued (nxa) bit of aexc field of
FSR register

nxc, seeinexactcurrent(nxc)bit ofcexcfieldofFSR
register

NXM, seeinexact mask (NXM) bit of TEM field of
FSR register

O
object-oriented programming, 6
octlet, 12
ofa, seeoverflow accrued (ofa) bit of aexc field of

FSR register
ofc, seeoverflow current (ofc) bit of cexc field of

FSR register
OFM, seeoverflowmask(OFM) bit of TEMfield of

FSR register
op3 field of instructions, 67, 137, 152, 154, 157,

167, 169, 172, 173, 176, 178, 180, 182, 183,
184, 199, 200, 202, 206, 211, 214, 216

opcode, 12
reserved, 321

opf field of instructions, 67, 158, 159, 161, 162,
163, 164, 165, 166

opf_cc field of instructions, 67, 189
opf_low field of instructions, 67, 189, 192
optimized leaf procedure, seeleaf procedure (opti-

mized)
OR instruction, 184, 299
ORcc instruction, 184, 297
ordering unit

memory, 121
ORN instruction, 184
ORNcc instruction, 184
otherwindows(OTHERWIN)register, 58, 59, 60,

83, 86, 87, 169, 211, 218, 242, 259, 317
out register #7, 34, 151, 172, 215
out registers, 15, 30, 33, 217, 301
overflow, 86

window, 316
overflow (V) bit of condition fields of CCR, 41, 77
overflow accrued (ofa) bit of aexc field of FSR reg-

ister, 49
overflowcurrent(ofc) bit of cexcfield of FSRregis-

ter, 48, 49
overflowmask(OFM) bit of TEM field of FSRreg-

ister, 48, 48

P
p field of instructions, 67, 138, 139, 144, 148
page attributes, 281
page descriptor cache (PDC), 114, 115
page fault, 209

page-level protections, 282
parameters to a subroutine, 302
parity error, 115
partial store order (PSO) memory model, 52, 119,

120, 128, 130, 257, 323
PC, seeprogram counter (PC)
PDC, seepage descriptor cache (PDC)
PEF, seeenable floating-point (PEF) field of

PSTATE register
physical address, 120, 281, 282
PID0, PID1 fields of PSTATE register, 52
PIL, seeprocessor interrupt level (PIL) register
POPC instruction, 205
positive infinity, 250
power failure, 97, 110
power-on reset, 51, 92, 93, 97, 109
power-on reset (POR) trap, 108
power-on_reset, 91
precise floating-point traps, 212
precise trap, 94, 95, 95, 96, 254
predict bit, 139
prefetch

for one read, 208
for one write, 209
for several reads, 208
for several writes, 208
implementation dependent, 209
instruction, 209
page, 209

prefetch data instruction, 206
PREFETCH instruction, 69, 149, 206, 256
prefetch_fcn, 295
PREFETCHA instruction, 206, 256
prefetchable, 12
PRIV, seeprivileged(PRIV)field of PSTATEregis-

ter
privileged, 11, 12

mode, 12, 15, 51, 85, 122, 223
registers, 51
software, 6, 33, 45, 53, 73, 101, 169, 256,

288
privileged (PRIV) field of PSTATE register, 14,

53, 116, 122, 153, 176, 183, 215, 227, 232,
235

privileged_action exception, 51, 73, 97, 116, 153,
176, 177, 181, 183, 215, 227, 228, 232, 236

privileged_instruction exception (SPARC-V8), 116
privileged_opcode exception, 98, 116, 157, 212,

215, 219, 243, 245
processor, 12, 15

execute unit, 123
halt, 94, 105
issue unit, 123, 124
model, 123
reorder unit, 123
self-consistency, 124
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state diagram, 90
processorinterruptlevel(PIL) register, 54, 96, 99,

100, 115, 211, 242
processorstate(PSTATE)register, 21, 30, 51, 52,

56, 89, 91, 157, 211, 242
processor states

error_state, 56, 91, 94, 105, 106, 109, 110,
111, 112, 117, 255

execute_state, 105, 106, 110, 111, 117
RED_state, 90, 91, 94, 101, 105, 106, 108,

109, 110, 111, 112, 117, 130, 258
programcounter(PC), 12, 21, 35, 35, 55, 63, 89,

95, 97, 151, 157, 172, 204, 318
program order, 124, 124
programming note, 4
protection

execute, 282
read, 282
write, 282

PSO,seepartial storeordering(PSO)memorymod-
el

PSR register (SPARC-V8), 245
PTD, seepage table descriptor (PTD)
PTE, seepage table entry (PTE)

Q
qne, seequeuenotempty(qne)field of FSRregister
quadlet, 12
quadword, 12, 17, 69, 121

addressing, 71, 73
data format, 23

queuenotempty(qne) field of FSRregister, 47, 47,
61, 212, 213, 243, 247

quiet NaN (not-a-number), 43, 159, 160, 248

R
r register, 30

#15, 34, 151, 172
alignment, 179, 181

r registers, 253
r_register_access_error exception (SPARC-V8),

115
rcond field of instructions, 67, 138, 192, 198
rd field of instructions, 13, 68, 137, 152, 154, 158,

161, 162, 163, 164, 165, 166, 172, 173, 176,
178, 180, 182, 183, 184, 189, 192, 195, 198,
199, 200, 202, 205, 211, 214, 321

RD, seeroundingdirection(RD) field of FSRregis-
ter

RDASI instruction, 214
RDASR instruction, 18, 61, 214, 224, 256, 299,

321
RDCCR instruction, 214
RDFPRS instruction, 214

RDPC instruction, 35, 214
RDPR instruction, 47, 51, 52, 58, 61, 85, 211,

215
RDTICK instruction, 214, 215
RDY instruction, 36, 214, 299
read privileged register instruction, 211
read protection, 282
read state register instructions, 20, 214
read-after-write memory hazard, 124
real memory, 120, 121
real-time software, 308
RED,seeenableRED_state(RED)fieldof PSTATE

register
RED_state, 13, 90, 91, 94, 101, 105, 106, 108,

109, 110, 111, 112, 117, 282
andinternal_processor_error exception, 93
cache behavior, 92
cache coherence in, 92
data access, 92
instruction access, 92
memory management unit (MMU) in, 92
restricted environment, 92

RED_state (RED) field of PSTATE register, 53,
91, 93

RED_state processor state, 130, 258
RED_state trap table, 101
RED_state trap vector, 91, 92, 258
RED_state trap vector address (RSTVaddr), 258
reference MMU, 6, 291
references, 345
reg, 291
reg_or_imm, 296
reg_or_imm field of instructions, 296, 321
reg_plus_imm, 295
regaddr, 295
register

allocation within a window, 307
destination, 13
renaming mechanism, 124
sets, 29, 33
window usage models, 308

register reference instructions
data flow order constraints, 124

register window management instructions, 20
register windows, 4, 5, 15, 33, 301, 303

clean, 9, 58, 60, 82, 86, 88, 114
fill , 33, 58, 59, 82, 83, 86, 87, 88, 114, 218,

219
spill, 33, 58, 59, 82, 83, 85, 86, 87, 88, 116,

218, 219
registers

address space identifier (ASI), 89, 122, 157,
176, 181, 183, 207, 227, 232, 235, 245,
316

alternate global, 15, 30, 30, 316
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ancillary state registers (ASRs), 18, 36, 60,
252, 321

ASI, 50, 56
cleanwindows(CLEANWIN), 58, 60, 82, 83,

86, 87, 88, 211, 242, 259
clock-tick (TICK), 116
condition codes register (CCR), 56, 89, 137,

157, 202, 245
control and status, 29, 35
current window pointer (CWP), 15, 33, 56,

58, 58, 60, 87, 89, 157, 169, 211, 217,
218, 242, 259

f, 36, 100, 247, 255
floating-point, 16, 40, 255, 304
floating-point deferred-trap queue (FQ), 212
floating-pointregistersstate(FPRS), 42, 215,

245
floating-point state (FSR), 43, 48, 50, 174,

225, 247, 250, 254
frame pointer, 302
global, 4, 15, 30, 30, 30, 303
IER (SPARC-V8), 245
in, 15, 30, 33, 217, 301
input/output (I/O), 18, 252
local, 15, 30, 33, 217, 302, 307
nonprivileged, 30
otherwindows(OTHERWIN), 58, 59, 60, 83,

86, 87, 169, 211, 218, 242, 259, 317
out, 15, 30, 33, 217, 301
out #7, 34, 151, 172, 215
privileged, 51
processor interrupt level (PIL), 54, 211, 242
processorstate(PSTATE), 30, 51, 52, 56, 89,

157, 211, 242
PSR (SPARC-V8), 245
PSTATE, 91
r, 30, 253
r register

#15, 34, 151, 172, 215
restorablewindows(CANRESTORE), 16, 33,

58, 59, 60, 82, 83, 86, 87, 211, 218, 219,
242, 259, 317

savable windows (CANSAVE), 16, 33, 58,
59, 82, 83, 86, 87, 169, 211, 218, 219,
242, 259

stack pointer, 301, 303
TBR (SPARC-V8), 245
TICK, 51, 211, 242
trapbaseaddress(TBA), 14, 57, 89, 100, 211,

242
traplevel(TL), 54, 54, 55, 56, 57, 60, 89, 94,

157, 211, 212, 219, 223, 242, 243
trap next program counter (TNPC), 55, 95,

113, 211, 242
trapprogramcounter(TPC), 55, 95, 113, 211,

212, 242

trap state (TSTATE), 52, 56, 157, 211, 242
trap type (TT), 56, 57, 60, 101, 105, 110,

111, 211, 241, 242, 255
version register (VER), 57, 211
WIM (SPARC-V8), 245
window state (WSTATE), 58, 60, 87, 169,

211, 218, 242, 316, 317
working, 29
Y, 35, 36, 154, 200, 202, 245

relaxed memory order (RMO) memory model, 5,
52, 119, 128, 130, 257, 323

renaming mechanism
register, 124

reorder unit, 123
reordering

instruction, 124
reserved, 13

fields in instructions, 133
instructions, 85
opcodes, 321

reset
externally initiated (XIR), 91, 93, 97, 111
externally_initiated (XIR), 91
externally_initiated_reset (XIR), 56, 110
power_on_reset (POR) trap, 116
power-on, 51, 91, 92, 93, 97, 109
processing, 91
request, 91, 116
reset

trap, 51, 56, 96, 97
software_initiated (SIR), 91
software_initiated_reset (SIR), 97, 111, 116
software-initiated, 93, 97, 105
trap, 13, 51, 95, 97, 105, 255
trap table, 13
watchdog, 56, 91, 93, 94, 97, 109, 110, 111

Reset, Error, and Debug state, 90
restorablewindows(CANRESTORE)register, 16,

33, 58, 59, 60, 82, 83, 86, 87, 211, 218, 219,
242, 259, 317

RESTOREinstruction, 6, 20, 33, 35, 58, 59, 82,
86, 114, 217, 303, 305, 306, 308

RESTORE synthetic instruction, 297
RESTOREDinstruction, 20, 83, 88, 218, 219, 316
restricted, 13
restricted address space identifier, 73, 74, 254
RET synthetic instruction, 297, 306
RETL synthetic instruction, 297, 306
RETRY instruction, 20, 41, 42, 88, 89, 91, 95,

96, 97, 157, 218
return address, 302, 305
returnfrom trap(DONE) instruction,seeDONEin-

struction
return from trap (RETRY) instruction, seeRETRY

instruction
RETURN instruction, 19, 35, 114, 116, 216, 317
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RMO, seerelaxed memory ordering (RMO) memo-
ry model

rounding
in signed division, 155

rounding direction (RD) field of FSR register, 44,
158, 161, 162, 163, 165, 166

routine
non-leaf, 172

rs1 field of instructions, 13, 68, 137, 138, 152,
154, 158, 159, 165, 167, 172, 173, 176, 178,
180, 182, 183, 184, 192, 198, 199, 200, 202,
206, 211, 214, 216, 321

rs2 field of instructions, 13, 68, 137, 152, 154,
158, 159, 161, 162, 163, 164, 165, 166, 167,
172, 173, 176, 178, 180, 184, 189, 192, 195,
198, 199, 200, 202, 205, 206

RSTVaddr, 92, 101, 258

S
savablewindows(CANSAVE)register, 16, 33, 58,

59, 82, 83, 86, 87, 169, 211, 218, 219, 242,
259

SAVE instruction, 6, 20, 33, 35, 58, 59, 60, 82,
85, 86, 87, 114, 116, 172, 216, 217, 302,
303, 305, 306, 308

SAVE synthetic instruction, 297
SAVED instruction, 20, 83, 88, 218, 219, 316
SDIV instruction, 36, 154
SDIVcc instruction, 36, 154
SDIVX instruction, 199
self-consistency

processor, 124
self-modifying code, 167, 308
sequence_error floating-point trap type, 10, 45,

46, 47, 61, 115, 212, 213
sequential consistency memory model, 120
SET synthetic instruction, 297
SETHI instruction, 19, 67, 76, 204, 220, 273,

297, 304
shall (special term), 13
shared memory, 119, 325, 326, 327, 332
shift instructions, 19, 76, 221
should (special term), 13
side effects, 13, 120, 121, 123
signal handler, seetrap handler
signal monitor instruction, 223
signalingNaN(not-a-number), 43, 159, 160, 162,

248
signed integer data type, 23
sign-extended 64-bit constant, 68
sign-extension, 299
SIGNX synthetic instruction, 299
simm10 field of instructions, 68, 198
simm11 field of instructions, 68, 195

simm13 field of instructions, 68, 137, 154, 167,
172, 173, 176, 178, 180, 182, 183, 184, 199,
200, 202, 205, 206, 216

SIR instruction, 89, 97, 111, 116, 223
SIR, seesoftware_initiated_reset (SIR)
SIR_enable control flag, 223, 258
SLL instruction, 221
SLLX instruction, 221, 297
SMUL instruction, 36, 200
SMULcc instruction, 36, 200
software conventions, 301
software trap, 101, 101, 241
software_initiated_reset (SIR), 91, 97, 105, 108,

111, 116, 223
software_trap_number, 296
software-initiated_reset, 93, 97
SPARC Architecture Committee, 7
SPARC-V8 compatibility, 4, 19, 30, 40, 43, 54,

58, 76, 78, 104, 114, 115, 116, 121, 137,
142, 145, 160, 170, 171, 174, 179, 181, 187,
215, 224, 226, 230, 232, 233, 237, 239, 241,
245, 322, 336

SPARC-V8 compatiblity, 85
SPARC-V9ApplicationBinaryInterface(ABI) , 6,

7, 75
SPARC-V9 features, 4
SPARC-V9 memory models, 128
SPARC-V9-NP, 7
special terms

shall, 13
should, 13

special traps, 90, 101
speculative load, 13
spill registerwindow, 33, 58, 59, 82, 83, 85, 86,

87, 88, 116, 218, 219, 316
spill windows, 217
spill_n_normal exception, 98, 116, 169, 218
spill_n_other exception, 116, 169, 218
spin lock, 327
SRA instruction, 221, 299
SRAX instruction, 221
SRL instruction, 221
SRLX instruction, 221
ST instruction, 299
stack frame, 217
stack pointer alignment, 304
stack pointer register, 301, 303
STB instruction, 229, 231, 299
STBA instruction, 229, 231
STBAR instruction, 76, 125, 127, 187, 214, 224
STD instruction, 35, 98, 117, 229, 231, 257
STDA instruction, 35, 61, 98, 229, 231, 257
STDF instruction, 70, 116, 225
STDF_mem_address_not_aligned exception, 70,

98, 116, 226, 228, 257
STDFA instruction, 70, 98, 227
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STF instruction, 225
STFSR instruction, 43, 45, 48, 50, 225
STH instruction, 229, 231, 299
STHA instruction, 229, 231
store floating-point instructions, 225
storefloating-pointintoalternatespaceinstructions,

227
store instructions, 69, 323
store integer instructions, 229, 231
StoreLoad MEMBAR relationship, 127, 187
stores to alternate space, 18, 50, 73, 341
StoreStore MEMBAR relationship, 127, 187
STQF instruction, 70, 116, 225
STQF_mem_address_not_aligned exception, 70,

116, 226, 228, 257
STQFA instruction, 70, 227
strong consistency memory model, 120, 325, 330
strong ordering, seestrong consistency memory

model
STW instruction, 229, 231
STWA instruction, 229, 231
STX instruction, 98, 229, 231
STXA instruction, 98, 229, 231
STXFSR instruction, 43, 45, 48, 50, 225
SUB instruction, 233, 299
SUBC instruction, 233
SUBcc instruction, 76, 233, 297
SUBCcc instruction, 233
subtract instructions, 233
SUBX instruction (SPARC-V8), 233
SUBXcc instruction (SPARC-V8), 233
supervisor software, 13, 18, 30, 31, 46, 47, 48,

61, 89, 95, 105, 111, 243, 249, 253, 301,
315, 316, 317

supervisor-mode trap handler, 101
sw_trap# field of instructions, 68
SWAP instruction, 69, 127, 131, 182, 183, 234,

327
swapr registerwith alternatespacememoryinstruc-

tions, 235
swapr registerwith memoryinstructions, 152, 234
SWAPA instruction, 182, 183, 235
Sync MEMBAR relationship, 187
synthetic instructions, 2

BCLR, 299
BSET, 299
BTOG, 299
BTST, 299
CALL , 297
CAS, 299
CASX, 299
CLR, 299
CMP, 233, 297
DEC, 299
DECcc, 299
INC, 299

INCcc, 299
IPREFETCH, 297
JMP, 297
MOV, 299
NEG, 299
NOT, 299
RESTORE, 297
RET, 297, 306
RETL, 297, 306
SAVE, 297
SET, 297
SIGNX, 299
TST, 297

synthetic instructions in assembler, 2, 297
system call, 316
system software, 116, 122, 123, 132, 168, 255,

303, 304, 308, 309, 316, 317

T
TA instruction, 278
TADDcc instruction, 77, 237
TADDccTV instruction, 77, 117, 237
tag overflow, 77
tag_overflow exception, 77, 98, 104, 117, 237, 239
tagged add instructions, 237
tagged arithmetic, 77
tagged arithmetic instructions, 19
tagged word data format, 23
task switching, seecontext switching
TBR register (SPARC-V8), 245
Tcc instructions, 21, 41, 42, 66, 89, 101, 117,

240, 278
TCS instruction, 278
TE instruction, 278
TEM, seetrap enablemask(TEM)field of FSRreg-

ister
test-and-set instruction, 131
TG instruction, 278
TGE instruction, 278
TGU instruction, 278
threads, seemultithreaded software
Ticc instruction (SPARC-V8), 241
TICK, seeclock-tick register (TICK)
timing

instruction, 133
tininess (floating-point), 49, 249, 256
TL instruction, 278
TLB, seepage descriptor cache (PDC)
TLE instruction, 278
TLE, seetrap_little_endian(TLE) field of PSTATE

register
TLEU instruction, 278
TN instruction, 278
TNE instruction, 278
TNEG instruction, 278
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total order, 126
total store order (TSO) memory model, 52, 92,

119, 129, 130, 323
total unit

implementation-dependent, 252
TPOS instruction, 278
Translation Lookaside Buffer (TLB), seepage de-

scriptor cache (PDC)
trap, 14, 21, 21, 89, 302
trapbaseaddress(TBA) register, 14, 57, 89, 100,

211, 242
trap categories

deferred, 95, 96, 99
disrupting, 96, 97, 98
precise, 95, 95, 96
reset, 97

trap enable mask (TEM) field of FSR register, 44,
48, 99, 100, 115, 254

trap handler, 157
supervisor-mode, 101
user, 46, 249, 317

trap level, 54
traplevel(TL) register, 54, 54, 55, 56, 57, 60, 89,

94, 157, 211, 212, 219, 223, 242, 243
trap model, 97
trapnextprogramcounter(TNPC)register, 55, 95,

113, 211, 242
trap on integer condition codes instructions, 240
trap priorities, 104
trap processing, 91, 105
trap program counter (TPC) register, 55, 95, 113,

211, 212, 242
trap stack, 5, 106
trap state (TSTATE) register, 52, 56, 157, 211,

242
trap type (TT) register, 56, 57, 60, 90, 101, 105,

110, 111, 211, 241, 242, 255
trap types, also seeexceptions
trap vector

RED_state, 91
trap_instruction exception, 98, 117, 241
trap_little_endian(TLE) field of PSTATEregister,

52, 52
traps

also seeexceptions
causes, 21
deferred, 95, 254
disrupting, 95, 254
hardware, 101
implementation-dependent, 108
nested, 5
normal, 90, 101, 106, 106, 108
precise, 94, 95, 254
reset, 56, 95, 96, 97, 105, 255
software, 101, 241
software-initiated reset (SIR), 108

special, 90, 101
window fill, 101
window spill, 101

TSO, seetotal store ordering (TSO) memory model
TST synthetic instruction, 297
TSUBcc instruction, 77
TSUBccTV instruction, 77, 117
TVC instruction, 278
TVS instruction, 278
typewriter font

in assembly language syntax, 291

U
UDIV instruction, 36
UDIVcc instruction, 36, 154
UDIVX instruction, 199
ufa, seeunderflowaccrued(ufa)bit of aexcfield of

FSR register
ufc, seeunderflow current (ufc) bit of cexc field of

FSR register
UFM, seeunderflow mask (UFM) bit of TEM field

of FSR register
UMUL instruction, 36, 200
UMULcc instruction, 36, 200
unassigned, 14
unconditional branches, 141, 144, 147, 149
undefined, 14
underflow, 86
underflowaccrued(ufa) bit of aexcfield of FSRreg-

ister, 49, 249
underflowcurrent(ufc) bit of cexcfield of FSRreg-

ister, 48, 49, 249
underflow mask (UFM) bit of TEM field of FSR

register, 48, 48, 49, 249
unfinished_FPop floating-point trap type, 10, 46,

46, 50, 85, 247, 253
UNIMP instruction (SPARC-V8), 170
unimplemented_FPop floating-point trap type, 10,

46, 46, 50, 85, 191, 212, 247, 253
unimplemented_LDD exception, 98, 117, 179, 181,

257
unimplemented_STD exception, 98, 117, 230, 232,

257
unrestricted, 14
unrestricted address space identifier, 74, 254, 317
unsigned integer data type, 23
upperregistersdirty (DU) field of FPRSregister, 42
user

mode, 30, 48, 50, 223, 303
program, 253
software, 308
trap handler, 46, 249, 317

user application program, seeapplication program
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V
V condition code bit, seeoverflow (V) bit of condi-

tion fields of CCR
value

implementation-dependent, 252
valuesemanticsof input/output(I/O) locations, 121
variables

automatic, 302
ver, seeversion (ver) field of FSR register
version (ver) field of FSR register, 45, 254
version register (VER), 57, 211
virtual address, 120, 281, 282
virtual address aliasing, 288
virtual memory, 209

W
walking the call chain, 303
watchdogreset, 56, 91, 93, 94, 97, 109, 110, 111
watchdog timer, 109
watchdog_reset, 91
watchdog_reset (WDR), 108
WIM register (SPARC-V8), 245
window

clean, 217
window fill exception, 58, 60
window fill trap, 101
window fill trap handler, 20
window overflow, 33, 86, 316
window spill trap, 101
window spill trap handler, 20
windowstate(WSTATE)register, 58, 60, 87, 169,

211, 218, 242, 316, 317
window underflow, 33, 86
window_fill exception, 59, 82, 216, 305
window_overflow exception, 301
window_spill exception, 58, 60
windows

register, 303
windows, seeregister windows
word, 14, 17, 69, 121
word data format, 23
WRASI instruction, 244
WRASR instruction, 18, 61, 244, 256, 299, 321
WRCCR instruction, 41, 42, 244
WRFPRS instruction, 243, 244
WRIER instruction (SPARC-V8), 245
write privileged register instruction, 242
write protection, 282
write state register instructions, 244
write-after-read memory hazard, 124
write-after-write memory hazard, 124
WRPR instruction, 51, 52, 58, 85, 91, 242
WRPSR instruction (SPARC-V8), 245
WRTBR instruction (SPARC-V8), 245

WRWIM instruction (SPARC-V8), 245
WRY instruction, 36, 244, 299
WTYPE subfield field of trap type field, 104

X
xccfield of CCRregister, 41, 137, 149, 155, 156,

184, 196, 200, 203, 233, 237
XIR, seeexternally_initiated_reset (XIR)
XNOR instruction, 184, 299
XNORcc instruction, 184
XOR instruction, 184, 299
XORcc instruction, 184

Y
Y register, 35, 36, 154, 200, 202, 245

Z
Z condition code bit, seezero (Z) bit of condition

fields of CCR
zero (Z) bit of condition fields of CCR, 41
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