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Intr oduction

Welcometo SFARC-V9, the mostsignificantchangeto the SFARC architecturesinceit
wasannouncedh 1987.SFARC-V9 extendstheaddressesf SFARC to 64 bitsandaddsa
number of ne instructions and other enhancements to the architekture.

SFARC-V9, like its predecessoBFARC-V8, is a microprocessospecificationcreatedoy
the SFARC ArchitectureCommitteeof SFARC International SFARC-V9 is not a specific
chip; it is an architecturalspecificationthat can be implementedas a microprocessoby
aryone securing a license from/ARC International.

SFARC Internationalis a consortiumof computemalers,with membershippento ary

compay in the world. Executve membercompaniesachdesignateonevoting member
to participateon the SFARC Architecture Committee.Over the pastseveral years,the

architecturecommitteehasbeenhardat work designinghe next generatiorof the SFARC

architecture.

Typically, microprocessoraredesignedandimplementedn secretby a singlecompauy.

Then the company spendssucceedingyears defendingits proprietary rights in court
againstits competitors.With SFARC, it is our intentionto make it easyfor arnyoneto

designandimplementto this architecturakpecification Several SFARC-V9 implementa-
tions are already undervay, and we expect mary more companiesto designsystems
around this microprocessor standard in the coming years.

0.1 SPARC

SFARC standdgor a ScalableProcessoARChitecture.SFARC hasbeenimplementedn
processorsisedin arangeof computerdgrom laptopsto supercomputerSFARC Interna-
tional membercompaniehiave implementedver a dozendifferentcompatiblemicropro-
cessorssince SFARC wasfirst announced—moréhan ary other microprocessofamily
with this level of binary compatibility As a result, SFARC todayboastsover 8000 com-
patible softwareapplicationprograms SFARC-V9 maintainsupwardsbinary compatibil-
ity for application softwre, which is aery important feature.

Throughoutthe pastsix years,the SFARC architecturehassened our needswell. But at
thesametime, VLSI technologycompilertechniquesindusers’needshave changedThe
time is right to upgrade ®RC for the coming decade.

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

The designof Reducedinstruction Set ProcessorgRISC) began in earnestin the early
1980s.Early RISC processorsypically were characterizedy a load-storearchitecture,
singleinstruction-peicycle execution,and32-bit addressingT he instructionsetarchitec-
ture of theseearly RISC chipswas well matchedto the level of computeroptimization
availablein the early 1980s,and provided a minimal interfacefor the UNIX™ operating
system.

The computerindustry hasgrown significantly in the last decade Computerusersneed
morefor the 1990sthantheseearly RISCsprovided;they demandmnorepowerful systems
today andyet they continueto wanttheir systemdo have goodperformancegrowth and
compatibilityinto thefuture. Theapplicationf the future—highlyinteractve anddistrib-
utedacrosamultiple platforms—will requirelargeraddresspacesandmoresophisticated
operatingsysteminterfaces. Tomorranv’s architecturesmust provide better supportfor
multiprocessordjghtweightthreadsandobjectorientedprogrammingModerncomputer
systems must also perform more reliably than in the past.

It is interestingto obsene the evolution of RISC architectureswithout sufficientinstruc-
tion encoding somemicroprocessorlave beenunableto provide for eitherlargeraddress
spacesor new instructionfunctionality Othershave provided 64-bit addressingbut still
have notchangednuchfrom the RISCsof the 1980s Fortunately SFARC’s designerdiad
sufficient foresightto allow for all of the changeswve felt wereneededo keepSFARC a
viable architecture for the long term.

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

SFARC-V9 is arobust RISC architecturehat will remaincompetitve well into the next
century The SFARC-V9 architecturaleliverson this promiseby enhancingSFARC-V8 to
provide eplicit support for:

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

— Improved system performance

— Advanced optimizing compilers

— Superscalar implementations

— Advanced operating systems

— Fault tolerance

— Extremely &st trap handling and comrteswitching

— Big- and little-endian byte orders

0.3.1 64-bit Data and Ad dresses

SFARC-V9 directly supports64-bit virtual addresseandinteger datasizesup to 64 bits.
All SFARC-V8 integerregistershave beenextendedrom 32 to 64 bits. Therearealsosev-



0.3 SPARC-V9: A Robust RISC for the Next Century XV

eralnew instructionsthat explicitly manipulate64-bit values.For example,64-bitinteger
values can be loaded and stored directly with the LDX and STX instructions.

Despitethesechanges4-bit SFARC-V9 microprocessorsvill be able to executepro-
gramscompiledfor 32-bit SFARC-V8 processorsThe principlesof two’s complement
arithmeticmadeupward compatibility straightforvard to accomplish. Arithmetic opera-
tions,for example,specifiedarithmeticon registers,independenof thelengthof theregis-
ter. The low order 32-bits of arithmeticoperationswill continueto generatethe same
valuesthey did on SFARC-V8 processorsSince SFARC-V8 programspaid attentionto
only the low order 32-bits, theseprogramswill executecompatibly Compatibility for
SFARC-V9 was accomplishedby making surethat all previously existing instructions
continuedo generatexactly the sameresultin thelow order32-bitsof registers.In some
casegshis meantaddingnew instructionsto operateon 64-bit values.For example,shift
instructions nw/ have an additional 64-bit form.

In orderto take advantageof SFARC-V9’s extendedaddressingndadvancedcapabilities,
SFARC-V8 programamustbe recompiled SFARC-V9 compilerswill take full advantage
of the new featuresof the architectureextending the addressingange and providing

access to all of the added functionality

0.3.2 Improved System P erformance

Performancas one of the biggestconcerngor both computerusersand manufcturers.
We've changedsome basicthings in the architectureto allow SFARC-V9 systemsto
achieve higherperformanceThenew architecturecontainsl6 additionaldouble-precision
floating-pointregisters bringingthetotal to 32. Theseadditionalregistersreducememory
traffic, allowing programso run faster The new floating-pointregistersarealsoaddress-
able as eight quad-precisiomegisters.SFARC-V9's supportfor a 128-bit quadfloating-
point format is unique for microprocessors.

SFARC-V9 supportsfour floating-pointcondition coderegisters,whereSFARC-V8 sup-
portedonly one. SFARC-V9 processorsan provide more parallelismfor a Superscalar
machineby launchingseveralinstructionsatatime. With only oneconditioncoderegister
instructionswould have a serialdependencevaiting for the singleconditioncoderegister
to be updated.The new floating-pointconditioncoderegistersallow SFARC-V9 proces-
sors to initiate up to four floating-point compares simultaneously

We've also gtended the instruction set to increase performance by adding:
— 64-bit integer multiply and diide instructions.
— Load and store floating-point quadsd instructions.

— Softwaresettableébranchprediction,which givesthehardwarea greatemprobability
of keeping the processor pipeline full.

— Branchesnregistervalue,which eliminatethe needto executea comparenstruc-
tion. This providesthe appearancef multiple integerconditioncodes gliminating
a potentialbottleneckand creatingsimilar possibilitiesfor parallelismin integer
calculations that we obtained from multiple floating-point condition codes.
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— Conditional mee instructions, which alil® mary branches to be eliminated.

0.3.3 Advanced Optimizing Compiler s

We expectto seemary new optimizing compilersin the coming decade and we have
includedfeaturesn SFARC-V9 thatthesecompilerswill be ableto useto provide higher
performance. SFARC-V9 software can explicitly prefetch data and instructions,thus
reducingthe memorylateng, so a programneednot wait aslong for its codeor data.|f
compilersgenerateodeto prefetchcodeanddatafar enoughin advance the datacanbe
availableassoonasthe programneedso useit, reducingcachemisspenaltiesand pipe-
line stalls.

SFARC-V9 hassupportfor loadingdatanot alignedon “natural” boundariesBecauseof
theway the FORTRAN languagds specified,compilersoften cannotdeterminewhether
double-precisiorfloating-pointdatais alignedon doublevord boundariesn memory In
mary RISC architectures FORTRAN compilers generatetwo single-precisionloads
instead of one double-precisionload. This can be a severe performancebottleneck.
SFARC-V9 allows the compilerto always usethe mostefficient load and storeinstruc-
tions. On thoserare occasionsvhen the datais not aligned,the underlyingarchitecture
providesfor afasttrapto returnthe requestediata,without the encumbrancesf provid-
ing unalignedaccessedirectly in the memorysystemhardware. This neteffect is higher
performance on mgFORTRAN programs.

SFARC-V9 alsosupportson-faultingloads,which allow compilersto move loadinstruc-
tions aheadof conditionalcontrol structureshat guardtheir use.The semanticof non-
faultingloadsarethe sameasfor otherloads,exceptwhena nonrecweerablefault suchas
an address-out-of-rangerror occurs.Thesefaultsareignored,and hardware and system
softwarecooperatdo make the load appeaito completenormally, returninga zeroresult.
This optimizationis particularlyusefulwhenoptimizingfor superscalaprocessorsCon-
sider this C program fragment:

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

With non-faulting loads,the load of *p canbe moved up by the compilerto beforethe
checkfor p '= NULL, allowing overlappedexecution.A normalload on mary processors
would causethe programto be abortedif this optimizationwas performedand p was
NULL The efect is equwialent to this transformation:

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

Imaginea superscalaprocessothat could executefour instructionsper cycle, but only
oneof which couldbealoador store.In aloop of eightinstructionscontainingtwo loads,

it might turn out that without this transformationit would not be possibleto schedule
eitherof the loadsin the first group of four instructions.In this casea third or possibly
fourth clock cycle might be necessaryor eachloop iterationinsteadof the minimal two
cycles.Improving opportunitiedor betterinstructionschedulingcould have madea factor

of two difference in performance for thigaample. Good instruction scheduling is critical.
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Alias detectionis a particularlydifficult problemfor compilers.If a compilercannottell
whethertwo pointersmight point to the samevaluein memory thenit is not at liberty to
move loads up past previous store instructions.This can createa difficult instruction
schedulingbottleneck SFARC-V9 containsspecificinstructionsto enablethe hardwareto
detectpointeraliasesand offers the compilera simple solutionto this difficult problem.
Two pointerscanbe comparedandthe resultsof this comparisorstoredin anintegerreg-
ister TheFMOVRZ instruction,for example,will conditionallymove afloating-pointreg-
ister basedon the resultof this prior test. This instructioncanbe usedto correctaliasing
problemsand allow load instructionsto be moved up paststores.As with the previous
example, this can maka significant dierence in gerall program performance.

Finally, we've addeda TICK register which is incrementednceper machinecycle. This
registercanbereadby a userprogramto make simpleandaccurateneasurementsf pro-
gram performance.

0.3.4 Advanced Super scalar Pr ocessor s

SFARC-V9 includessupportfor advancedSuperscalaprocessodesigns CPU designers
arelearningto executemoreinstructionsper cycle every yearwith new pipelines.Two to
threeinstructionsat a time is becomingcommonplaceWe eventuallyexpectto be ableto
executeeightto sixteeninstructionsatatime with the SFARC architectureTo accomplish
this, weve made enhancements to\pde better support for Superscalaeeution.

Many of thesechangeswvere driven by the experiencegainedfrom implementingTexas
InstrumentsSuperSRRC andRossTechnologiesHyperSRARC, both Superscalachips.
SRARC'’s simple-to-decodefixed-lengthinstructions,and separatanteger and floating-
point units lend themsedg to Superscalar technology

In addition, SFARC-V9 provides more floating-pointregisters,supportfor non-faulting
loads, multiple conditioncodes branchprediction,andbrancheson integer registercon-
tents.All of thesefeaturesallow for moreparallelismwithin the processarFor the mem-
ory systemwe’ve addeda sophisticatesmemorybarrierinstruction,which allows system
programmerso specifythe minimumsynchronizatiomeededo ensurecorrectoperation.

0.3.5 Advanced Operating Systems

The operatingsysteminterface hasbeencompletelyredesignedn SFARC-V9 to better
supportoperatingsystemsof the 1990s.There are new privileged registersand a nev
structureto thoseregisters,which makes it much simpler to accessmportant control
informationin the machine.Rememberthe changen the operatingsysteminterfacehas
no effect on applicationsoftware;userlevel programsdo not seethesechangesandthus,
are binary compatible without recompilation.

Several changeswere madeto supportthe nev microkernel style of operatingsystem
design.Nestedtrap levels allow moremodularstructuringof code,andaremoreefficient
aswell. SFARC-V9 providesimproved supportfor lightweightthreadsandfastercontext
switching thanwas possiblein previous SFARC architecturesWe've accomplishedhis
by making registerwindows more flexible thanthey werein earlier SFARC processors,
allowing the kernelto provide a separateegisterbankto eachrunningprocessThus,the
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processorcan performa context switch with essentiallyno overhead.The new register
window implementatioralsoprovidesbettersupportfor object-orientedperatingsystems
by speedingup interprocessommunicatioracrossdifferentdomains.Thereis a mecha-
nismto provide efficient sener accesdo client addresspaceausing useraddresspace
identifiers.The definition of a nucleusaddresspaceallows the operatingsystemto exist

in a different address space than that of the user program.

Earlier SFARC implementationsupportednultiprocessorsnow we've addedsupportfor
very large-scalemultiprocessorsncludinga memorybarrierinstructionanda new mem-
ory modelwe call relaxed memoryorder(RMO). Thesefeaturesallow SFARC-V9 CPUs
to schedulememoryoperationsto achieve high performancewhile still doing the syn-
chronization and locking operations needed for shared-memory multiprocessing.

Finally we've addedarchitecturakupportthathelpsthe operatingsystemprovide “clean”

registerwindowsto its processesA cleanwindow is guaranteedb containzeroesnitially,

andonly dataor addressegeneratedby the procesguringits lifetime. This makesit eas-
ier to implementa secureoperating system, which must provide absoluteisolation
between its processes.

0.3.6 Fault Tolerance

Most existing microprocessoarchitecturegio not provide explicit supportfor reliability
andfault-toleranceYou might build a reliableandfault-tolerantmachinewithout explicit
supportbut providing it saresalot of work, andthe machinewill costlessin thelongrun.

We've incorporateda numberof featuresin SFARC-V9 to addresgheseshortcomings.
First,we've addeda compare-and-sapinstruction.This instructionhaswell-known fault-
tolerant features and is also aficéént way to do multiprocessor synchronization.

We've also addedsupportfor multiple levels of nestedtraps, which allow systemsto
recover gracefullyfrom variouskindsof faults,andto containmoreefficienttraphandlers.
Nested traps are described in thgtreection.

Finally, we've addeda specialnewv processorstatecalled RED_state short for Reset,
Error and Delug state.lt fully definesthe expectedbehaior whenthe systemis faced
with catastrophierrors,andduring resetprocessingvhenit is returningto service.This
level of rolustness is required taitd fault-tolerant systems.

0.3.7 Fast Traps and Conte xt Switc hing

We have alsoworked hardto provide very fasttrapsandcontet switchingin SFARC-V9.
We have re-architectedhe trap entry mechanisnio transfercontrolinto the trap handlers
very quickly. We've alsoaddedeight new registerscalled“alternateglobals; sothetrap
handlerhasa freshregistersetto useimmediatelyuponentry;the softwareneednot store
registersbeforeit canbegin to doits work. This allows very fastinstructionemulationand
very short interrupt response times.

We have also addedsupportfor multiple levels of nestedtraps.lt is very usefulfor the
machineto allow a trap handlerto generatea trap. SFARC-V8 trap handlerswere not
allowedto causeanothertrap. With supportfor nestedraps,we have seensometrap han-
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dlersreducedrom onehundredinstructionsto lessthantwenty Obviously, this createsa
big performance imprement, ot it also allevs a much simpler operating system design.

We've alsofoundaway to reducethe numberof registerssaved andrestoreetweerpro-
cessexecutionswhich providesfastercontect switching. The architectureprovidessepa-
rate dirty bits for the original (lower) and the new (upper)floating-pointregisters.If a
programhasnot modifiedary registerin oneof the sets,thereis no needto save thatset
during a contet switch.

0.3.8 Big- and Little-Endian Byte Or ders

Finally, we have provided supportfor datacreatedon little-endianprocessorsuchasthe
80x86family. The architectureallows both userandsupervisorcodeto explicitly access
datain little-endianbyte order It is alsopossibleto changethe default byte orderto little-
endianin usermodeonly, in supervisomodeonly, or in both. This allows SFARC-V9 to
support mixed byte order systems.

0.4 Summary

As you cansee,SFARC-V9 is a significantadwanceover its predecessord\Ve have pro-
vided 64-bit dataand addressingsupportfor fault tolerance fastcontet switching, sup-
portfor advancedcompileroptimizations efficient designfor Superscalaprocessorsand
acleanstructurefor modernoperatingsystemsAnd we've doneit all with 100%upwards
binarycompatibilityfor applicationprogramsWe believe thatthis is a significantachieve-
ment.

In the future, we ervision superiorSFARC-V9 implementationgproviding high perfor-
mance stellarreliability, andexcellentcostefficienoy—just whatcomputerusersareask-
ing for. SFARC hasbeenthe RISCleaderfor thelastfive years.With thechangesve have
made in SRRC-V9, we &pect it to remain the RISC leader well into thetreentury

Speaking for the Committee members, we sincerely hope that you profit fronodur w

— David R. Ditzel
Chairman, SRRC Architecture Committee
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1 Overview

This specificationdefinesa 64-bit architecturecalled SFARC-V9, which is upward-com-
patiblewith the existing 32-bit SFARC-V8 microprocessoarchitectureThis specification
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

Audiencedor this specificatiorincludeimplementorf thearchitecturestudentsof com-
puterarchitectureanddevelopersof SFARC-V9 systemsoftware (simulators,compilers,
deluggers,and operatingsystemsfor example).Software developerswho needto write
SFARC-V9 software in assembly language will also find this information useful.

1.1.2 Where to Star t

If you arenew to the SFARC architecturereadChapter2 and Chapter3 for anoverview,
thenlook into the subsequenthaptersaandappendixe$or moredetailsin areaof interest
to you.

If you arealreadyfamiliar with SFARC-V8, you will wantto review thelist of changesn
AppendixK, “Changed-romSFARC-V8 to SFARC-V9." For additionaldetail,review the
following chapters:

— Chapter 5, “Ragisters; for a description of the ggster set.

— Chapter 6, “Instructionsfor a description of the meinstructions.

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

— Chapter 8, “Memory Modelsfor a description of the memory models.

— AppendixA, “Instruction Definitions] for description®f new or changednstruc-
tions.

1.1.3 Contents
The manual contains these chapters:

— Chapterl, “Overview,” describeghe backgrounddesignphilosoply, and high-
level features of the architecture.

— Chapter 2, “Definitions defines some of the terms used in the specification.

1
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Chapter3, “ArchitecturalOvervien,” is anoverview of thearchitectureits organi-
zation, instruction set, and trap model.

Chapter 4, “Data érmats, describes the supported data types.
Chapter 5, “Ragisters; describes the gaster set.

Chapter 6, “Instructionsgescribes the instruction set.
Chapter 7, “Taps, describes the trap model.

Chapter 8, “Memory Modelsdescribes the memory models.

These appendixes follothe chapters:

Appendix A, “Instruction Definitions] containsdefinitions of all SFARC-V9
instructions,including tablesshaving the recommende@dssemblylanguagesyn-
tax for each instruction.

AppendixB, “IEEE Std 754-1985Requirementgor SFARC-V9,” containsinfor-
mationaboutthe SFARC-V9 implementatiorof the IEEE 754 floating-pointstan-
dard.

Appendix C, “SPARC-V9 ImplementationDependencie’s,containsinformation
about features that may fdif 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 Requirement$,describeghe requirementghat
SFARC-V9 imposes on Memory Management Units.

Appendix G, “SuggestedAssemblyLanguageSyntax; definesthe syntacticcon-
ventionsusedin the appendixegor the suggesteFARC-V9 assemblytanguage.
It alsolists syntheticinstructionsthatmaybe supportecdby SFARC-V9 assemblers
for the conenience of assembly language programmers.

Appendix H, “Software Consideration$, containsgeneral SFARC-V9 software
considerations.

Appendix |, “Extending the SFARC-V9 Architecturé€, containsinformation on
how an implementation carxtend the instruction set orgister set.

AppendixJ, “ProgrammingWith the Memory Models; containsinformationon
programming with the $ERC-V9 memory models.

Appendix K, “ChangesFrom SFARC-V8 to SFARC-V9,;" describesthe differ-
ences between 8RC-V8 and SRRC-V9.

A bibliograpty and an inde 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 follcs:

— ltalic font is usedfor register names,instruction fields, and read-only register
fields. For example: “Therslfield contains..".

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

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

— UPPERCASE itemsare acroryms, instructionnames,or writable registerfields.
Somecommonacroryms appeaiin the glossaryin Chapter2. Note that namesof
some instructions contain both uppand laver-case letters.

— ltalic sans serif font is usedfor exceptionand trap names.For example, “The
privileged_action exception..”.

— Underbarcharactergoin words in register register field, exception, and trap
names Note that suchwords canbe split acrosdines at the underbarwithout an
intervening hyphen.For example:“This is true wheneer the integer_condition_
code field..”.

— Reduced-size foris used in informational notes. See 1.1.4.4, “Informational Notes.
The following notational coventions are used:

— Squarebraclets’[ ] indicatea numberedegisterin aregisterfile. For example:
“r[0] contains...”.

— Angle braclets‘< >’ indicatea bit numberor colon-separatedangeof bit num-
bers within a field. &r example: “Bits FSR<29:28> and FSR<12> are....

— Curly braces{ } areusedto indicatetextual substitution For example,the string
“ASI_PRIMARY{ LITTLE}” expands to “ASI_PRIMARY” and “ASI_
PRIMARY_LITTLE".

— The|] symboldesignatesoncatenationf bit vectors A comma’,” ontheleft side
of an assignmentseparategjuantitiesthat are concatenatedor the purposeof
assignmentfor example,if X, Y, andZ are 1-bit vectors,andthe 2-bit vector T
equals 13, then

resultsin Xx=0, Y=1, and Z=1.

1.1.4.2 Implementation Dependencies

Definitionsof SFARC-V9 architecturamplementatiordependencieareindicatedby the
notation“IMPL. DEP. #nn: Some descriptive text.” The numbernn is usedto enumerate¢he
dependenciem AppendixC, “SPARC-V9 ImplementatiorDependencies Reference$o
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SFARC-V9implementatiordependencieareindicatedby 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 specificationare decimal(base-10unlessotherwiseindicated.
Numbersin other basesare followed by a numeric subscriptindicating their base(for
example,100L, FFFF000Q). Long binary andhex numberswithin the text have spaces
insertedevery four charactergo improve readability Within C or assemblylanguage
examples,numbersmay be precededy “0x” to indicatebase-1§hexadecimal)notation
(for example,0xffffo000 ).

1.1.4.4 Informational Notes

This manual provides several different types of information in notes;the information
appears in &duced-size fontThe folloving are illustrations of theavious note types:

Programming Note:
These contain incidental information about programming using tARGR/9 architecture.

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

Compatibility Note:
Thesecontaininformationaboutfeaturesof SFARC-V9 thatmay not be compatiblewith SFARC-
V8 implementations.

1.2 The SPARC-V9 Architecture

1.2.1 Features
SFARC-V9 includes the follwing 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 boundariesn memory Only load and storeinstructionsaccess
memory and perform 1/O.

— Few addressingnodes:A memoryaddresss given aseither“register+ register”
or “register + immediate.

— Triadicregisteraddressedviost computationainstructionsoperateon two register
operands or one gester and a constant, and place the result in a thgrstee

— A largewindowedregisterfile: At arny oneinstant,a programsees3 globalinteger
registersplusa 24-registerwindow of alargerregisterfile. Thewindowedregisters
can be used as a cache of procedugeraents, localalues, and return addresses.
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— Floating-point:The architectureprovides an IEEE 754-compatiblefloating-point
instructionset, operatingon a separateegisterfile that provides 32 single-preci-
sion(32-bit), 32 double-precisiori64-bit), 16 quad-precisior128-bit) registers,or
a mixture thereof.

— Fast trap handlers:raps are gctored through a table.

— Multiprocessorsynchronizatiorinstructions:Oneinstructionperformsan atomic
read-then-set-memorgperation;anotherperformsan atomic exchange-rgister
with-memoryoperationanothercompareshe contentsof aregisterwith avaluein
memoryandexchangesnemorywith the contentsof anothermregisterif the com-
parisonwasequal;two othersareusedto synchronizehe orderof sharednemory
operations as obsextt by processors.

— PredictedbranchesThe branchwith predictioninstructionsallow the compileror
assemblyanguagegrogrammeto give thehardwarea hint aboutwhetherabranch
will be taken.

— Branch elimination instructions: Several instructionscan be usedto eliminate
branchesltogether(e.g.,move on condition).Eliminating branchesncreaseper-
formance in superscalar and superpipelined implementations.

— Hardwaretrap stack: A hardware trap stackis provided to allow nestedtraps. It
containsall of the machinestatenecessaryo returnto the previoustraplevel. The
trap stackmakes the handlingof faults and error conditionssimplet faster and
safer

— Relaxedmemoryorder(RMO) model: This weakmemorymodelallows the hard-
ware to schedulememoryaccesse almostary order aslong asthe program
computes the correct result.

1.2.2 Attrib utes

SFARC-V9 is a CPU instruction setarchitecture (ISA) derived from SFARC-V8; both
architecturexomefrom a reducednstructionsetcomputer(RISC) lineage.As architec-
tures,SFARC-V9 and SFARC-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

SFARC-V9 is designedto be a target for optimizing compilersand high-performance
hardwareimplementationsSFARC-V9 implementationgrovide exceptionallyhigh exe-
cution rates and short time-to-matlderelopment schedules.

1.2.2.2 Register Windo ws

SFARC-V9is dervedfrom SFARC, which wasformulatedat SunMicrosystemsn 1985.
SFARC is basedontheRISCI andll designsengineeredtthe University of Californiaat
Berkeley from 1980through1982.SFARC's “registerwindow” architecturepioneeredn
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the UC Berkeley designsallows for straightforvard, high-performanceompilersand a
significantreductionin memoryload/storeinstructionsover otherRISCs,particularlyfor
large applicationprograms For languagesuchas C++, whereobject-orientedorogram-
ming is dominantregisterwindows resultin anevengreaterreductionin instructionsexe-
cuted.

Note that supervisorsoftware, not user programs,manageshe register windows. The
supervisorcansa/e a minimum numberof registers(approximately24) during a context
switch, thereby optimizing conteswitch lateny.

OnemajordifferencebetweerSFARC-V9 andthe Berkeley RISCI andll is thatSFARC-
V9 providesgreateiflexibility to acompilerin its assignmenof registersto programvari-
ables. SFARC-V9 is moreflexible becauseegisterwindow managemens nottiedto pro-
cedurecall andreturninstructions,asit is on the Berkeley machineslinstead,separate
instructions(SAVE andRESTORE) provide registerwindov managemenfThe manage-
ment of register windows by privileged software is very different too, as discussedn
Appendix H, “Softvare Consideratioris.

1.2.3 System Components

The architectureallows for a spectrumof input/output(l/O), memory-managemeninit
(MMU), andcachesystemsubarchitectureSSFARC-V9 assumeshat theseelementsare
bestdefinedby the specificrequirement®f particularsystemsNotethatthey areinvisible
to nearlyall userprogramsandtheinterfacesto themcanbelimited to localizedmodules
in an associated operating system.

1.2.3.1 Reference MMU

The SFARC-V9 ISA doesnot mandatea singleMMU designfor all systemimplementa-
tions.Ratherdesignerarefreeto usethe MMU thatis mostappropriatdor their applica-
tion, or no MMU at all, if they wish. AppendixF, “SPARC-V9 MMU Requirements,
discusses the boundary conditions that AFBRRV9 MMU is expected to satisfy

1.2.3.2 Privileg ed Software

SFARC-V9 doesnot assumehat all implementationsnust executeidentical privileged
software. Thus,certaintraits of animplementatiorthatarevisible to privileged software
can be tailored to the requirementof the system.For example, SFARC-V9 allows for
implementations with diérent instruction concurrep@nd diferent trap hardare.

1.2.4 Binary Compatibility

ThemostimportantSFARC-V9 architecturamandateas binary compatibility of nonprvi-

legedprogramsacrosamplementationsBinariesexecutedin nonprvilegedmodeshould
behae identically on all SFARC-V9 systems~vhenthosesystemsarerunningan operat-
ing systemknown to provide a standardexecutionervironment.One exampleof sucha
standard enronment is the SARC-V9 Application Binary Inteidce (ABI).
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Although different SFARC-V9 systemamay executenonprvileged programsat different
rates,they will generateghe sameresults,aslong asthey arerun underthe samememory
model. See Chapter 8, “Memory Modeéfer more information.

Additionally, SFARC-V9 is designedo be binary upward-compatiblédrom SFARC-V8
for applications running in nonpileged mode that conform to the AR®C-V8 ABI.

1.2.5 Architectural Definition

The SFARC Version9 Architectureis definedby the chaptersand normatve appendixes
of this document.A correctimplementationof the architectureinterpretsa program
strictly accordingto the rules and algorithms specifiedin the chaptersand normatve

appendixes. Only tavclasses of déations are permitted:

(1) Certainelementsof the architectureare definedto be implementation-dependent.
Theseelementdncluderegistersand operationghat may vary from implementa-
tion to implementationand are explicitly identified in this documentusing the
notationIMPL. DEP. #NN: Some descriptive text.” AppendixC, “SPARC-V9 Imple-
mentation Dependenciésglescribes each of these references.

(2) Functionalextensionsare permitted,insofar asthey do not changethe behaior of
ary definedoperationor register Suchextensionsarediscouragedsincethey limit
the portability of applicationsfrom one implementationto another Appendix|,
“Extending the SFARC-V9 Architecture;, provides guidelinesfor incorporating
enhancements in an implementation.

This documentdefinesa nonpriileged subsetdesignate(SFARC-V9-NP This includes
only thoseelementghat may be executedor accesseavhile the processors executingin
nonprvileged mode.

The informative appendixesprovide supplementaryinformation such as programming
tips, expectedusage andassemblyanguagesyntax.Theseappendixesrenot bindingon
an implementation or user of a/ARC-V9 system.

The ArchitectureCommitteeof SFARC Internationalhassoleresponsibilityfor clarifica-
tion of the definitions in this document.

1.2.6 SPARC-V9 Compliance

SFARC Internationalis responsibldor certifying thatimplementationsomply with the
SFARC-V9 Architecture.Two levels of compliancearedistinguishedanimplementation
may be certified at eithendel.

Level 1:

The implementationcorrectly interpretsall of the nonprvileged instructionsby
ary method,including direct execution,simulation,or emulation.This level sup-
ports user applications and is the architecture component of ARRCSY?9 ABI.
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Level 2
Theimplementatiorcorrectlyinterpretsboth nonprivileged andprivilegedinstruc-
tionsby any method ,includingdirectexecution,simulation,or emulation A Level
2 implementatiorincludesall hardware,supportingsoftware,andfirmwareneces-
sary to preide a complete and correct implementation.

Note that a Leel-2-compliant implementation is alsousd-1-compliant.

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

SFARC Internationalpublishesa document,implementationCharacteristicsof Current
SFARC-V9-base®roducts,Revision 9.x, listing which instructionsaresimulatedor emu-
lated in &isting SARC-V9 implementations.

Compliantimplementationshallnotaddto or deviatefrom this standardexceptin aspects
describedas implementation-dependerfiee Appendix C, “SPARC-V9 Implementation
Dependencies.

An implementation may be claimed to be compliant only if it has been
(1) Submitted to SRRC International for testing, and
(2) Issued a Certificate of Compliance B9ARC International.

A systemincorporatinga certifiedimplementatiormayalsoclaim complianceA claim of
compliance must designate thedeof compliance.

Prior to testing,a statemenimust be submittedfor eachimplementationthis statement
must:

— Resole the implementation dependencies listed in Appendix C
— Identify the presence (b not necessarily the function) ofyaextensions
— Designate aninstructions that require emulation

Thesestatementbecomethe propertyof SFARC Internationalandmay bereleasegub-
licly.



2 Definitions

Thefollowing subsectionslefinesomeof the mostimportantwordsandacrorymsusedin
this manual

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

2.10

2.11

2.12

addressspaceidentifier: An eight-bit valuethatidentifiesan addresspace For
eachinstructionor dataaccesstheinteger unit appendsnASI to theaddressSee
alsa implicit ASI .

ASI: Abbreviation foraddress space identifier

application program: A programexecutedwith the processoin nonprivileged
mode Notethatstatementsnadein this documentegardingapplicationprograms
may not be applicableto programs(for example,dehuggers)that have accesgo
privileged processor state (foxample, as stored in a memory-image dump).

big-endian: An addressingcorvention. Within a multiple-byteinteger, the byte
with the smallestaddresss the mostsignificant;a byte’s significancedecreaseas
its address increases.

byte: Eight consecuge bits of data.

cleanwindow: A registerwindow in which all of theregisterscontaineitherzero,
a valid addressfrom the currentaddressspace,or valid datafrom the current
address space.

completed A memory transactionis said to be completedwhen an idealized
memoryhasexecutedthe transactiorwith respecto all processorsA loadis con-
sideredcompletedwhen no subsequenmemorytransactioncan affect the value
returnedby the load. A storeis considereccompletedwhen no subsequenitoad
can return thealue that vas werwritten by the store.

current window: Theblock of 24 r registersthatis currentlyin use.The Current
Window Pointer (CWP) rgister points to the current windo

dispatch: Issue a fetched instruction to one or more functional unitsceaugion.
doublet: Two bytes (16 bits) of data.

doubleword: An alignedoctlet. Note that the definition of this termis architec-
ture-dependent and may feif from that used in other processor architectures.

exception A conditionthatmakesit impossiblefor the processoto continueexe-
cuting the current instruction stream without sefitevinterention.
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2.13

2.14

2.15

2.16

2.17

2.18

2.19

2.20

2.21

2.22

2.23

2.24

2.25

2.26

2.27

extendedword: An alignedoctlet, nominally containinginteger data. Note that
the definition of this termis architecture-dependeandmay differ from thatused
in other processor architectures.

f register. A floating-pointregister SFARC-V9 includessingle-double-andquad-
precisionf registers.

fccn: One of the floating-point condition code fielétxcQ, fccl, fcc2, orfcc3

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

floating-point IEEE-754 exception A floating-pointexception,as specifiedby
IEEE Std 754-1985. Listed within this manualBBE_754_exception.

floating-point trap type: Thespecifictype of floating-pointexception,encodedn
the FSKt field.

floating-point operate (FPop) instructions: Instructionsthat perform floating-
point calculationsasdefinedby the FPoplandFPop2opcodesFPopinstructions
do not include FBfcc instructions,or loadsand storesbetweenmemoryand the
floating-point unit.

floating-point unit: A processinginit thatcontainghefloating-pointregistersand
performs floating-point operations, as defined by this specification.

FPU: Abbreviation forfloating-point unit.

halfword: An aligneddoublet. Notethatthe definitionof this termis architecture-
dependent and may tf from that used in other processor architectures.

hexlet Sixteen bytes (128 bits) of data.

implementation: Hardware and/orsoftware that conformsto all of the specifica-
tions of an ISA.

implementation-dependent An aspectof the architecturethat may legitimately
vary amongimplementationsin mary casesthe permittedrangeof variationis
specifiedin the standard When a rangeis specified,compliantimplementations
shall not deiate from that range.

implicit ASI: Theaddressspaceidentifier thatis suppliedby the hardwareonall
instructionaccessesandon dataaccessethat do not containan explicit ASI or a
reference to the contents of the ASiister

informative appendix. An appendixcontaininginformationthatis usefulbut not
requiredto createan implementationthat conformsto the SFARC-V9 specifica-
tion. See alspnormative appendix
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2.28

2.29

2.30

231

2.32

2.33

2.34

2.35

2.36

2.37

2.38

2.39

2.40

2.41

2.42

initiated . Seeissued
instruction field: A bit field within an instruction ard.

instruction setarchitecture (ISA): An ISA definednstructionsyegisters,nstruc-
tion anddatamemory theeffect of executednstructionsontheregistersandmem-
ory, andanalgorithmfor controllinginstructionexecution.An ISA doesnotdefine
clock cycle times,cyclesperinstruction,datapaths,etc. This specificatiordefines
an ISA.

integer unit: A processinginit that performsinteger and control-flov operations
and containsgeneral-purposénteger registers and processorstate registers, as
defined by this specification.

interrupt request A requesfor servicepresentedo the processoby anexternal
device.

IU: Abbreviation forinteger unit.
ISA: Abbreviation forinstruction set architecture.

issued In referenceto memorytransactiona load, store,or atomicload-storeis
saidto be issuedwhen a processohassentthe transactionto the memory sub-
systemand the completionof the requestis out of the processos control. Syn-
onym initiated .

leaf procedure: A procedureghatis aleafin the programs call graph;thatis, one
that does not call (using CALL or JMPL)yaather procedures.

little-endian: An addressingorvention. Within a multiple-byteinteger, the byte
with the smallestaddresss the leastsignificant;a byte’s significanceincreasess
its address increases.

may: A key word indicatingflexibility of choicewith noimplied preferenceNote:
“may” indicatesthat an action or operationis allowed, “can” indicatesthat it is
possible.

must: Synonymshall.

next program counter (nPC): A registerthat containsthe addres®f theinstruc-
tion to be &ecuted ngt, if a trap does not occur

non-faulting load: A load operationthat will either completecorrectly (in the
absencef arny faults)or will returnavalue(nominallyzero)if afaultoccurs.See
speculatve load

nonprivileged An adjectve that describeg1) the stateof the processomwhen
PSTATE.PRIV=0, thatis, nonprivileged mode (2) processostateinformation
thatis accessibldo softwarewhile the processois in either privileged mode or
nonprvilegedmode,for example,nonprvilegedregisters,nonprvilegedASRs,or,
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2.43

244

2.45

2.46

2.47

2.48

2.49

2.50

251

2.52

2.53

254

2.55

2.56

in general,nonprvileged state;(3) an instructionthat can be executedwhenthe
processor is in either prieged mode or nonprileged mode.

nonprivileged mode The processomrmode when PSTATE.PRIV=0. Seealsa
nonprivileged

normative appendix An appendixcontainingspecificationghat mustbe metby
animplementatiorconformingto the SFARC-V9 specificationSeealsa informa-
tive appendix

NWINDOWS: The number of ggster windavs present in an implementation.

octlet: Eight bytes(64 bits) of data.Not to be confusedwith an*“octet;” which has
beencommonlyusedto describeeight bits of data.In this documentthe term
byte, rather than octet, is used to describe eight bits of data.

opcode A bit pattern that identifies a particular instruction.

prefetchable An attribute of a memorylocationwhich indicatesto anMMU that
PREFETCH operationsto that location may be applied. Normal memory is

prefetchable Nonprefetchabldocationsinclude those that, when read, change
state or causexternal @ents to occurSee alsoside effect

privileged An adjectve that describes(1l) the state of the processorwhen
PSTATE.PRIV =1, thatis, privilegedmode (2) processostateinformationthat
is accessibleo softwareonly while the processors in privilegedmode,for exam-
ple, privileged registers,privileged ASRs, or, in general,privileged state;(3) an
instruction that can bexecuted only when the processor is irvigged mode.

privileged mode The processomodewhen PSTATE.PRIV = 1. Seealsa non-
privileged

processor The combination of thmteger unit and thefloating-point unit.

program counter (PC): A registerthatcontainghe addres®f theinstructioncur-
rently being gecuted by théU.

guadlet: Four bytes (32 bits) of data.

guadword: An alignedhexlet Notethatthe definitionof thistermis architecture-
dependent and may beféifent from that used in other processor architectures.

r register. An integer register Also calleda generalpurposeregisteror working
register

RED_state Reset, Error, and Delug state. The processor state when
PSTATE.RED= 1. A restrictedexecutionervironmentusedto processesetsand
traps that occur when T MAXTL — 1.
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2.57

2.58

2.59

2.60

2.61

2.62

2.63

2.64

2.65

reseved: Usedto describeaninstructionfield, certainbit combinationsvithin an
instructionfield, or aregisterfield thatis resenedfor definitionby future versions
of the architecture.Resewed instruction fields shall read as zero, unlessthe
implementationsupportsextendedinstructionswithin the field. The behaior of
SFARC-V9-compliant processorswhen they encounter non-zero values in
resened instruction fields is undefined. Resewved bit combinations within
instruction fields aredefinedin AppendixA,; in all casesSFARC-V9-compliant
processorshalldecodeandtrap on theseresened combinationsReserved regis-
ter fields shouldalwaysbe written by softwarewith valuesof thosefields previ-
ouslyreadfrom thatregister or with zeroesthey shouldreadaszeroin hardware.
Softwareintendedto run on future versionsof SFARC-V9 shouldnot assumehat
thesefield will readaszeroor ary otherparticularvalue. Throughouthis manual,
figuresandtablesillustrating registersandinstructionencodingsndicateresered
fields and combinations with an em dash ‘—'.

resettrap: A vectoredtransferof controlto privileged software througha fixed-
address reset trap table. Reset traps cause entigmostate

restricted: An adjectve usedto describean addressspaceidentifier (ASI) that
may be accessed only while the processor is operatirgvileged mode

rsl,rs2,rd: Theintegerregisteroperandof aninstruction,whererslandrs2are
the source mggsters andd is the destination gister

shall: A key word indicatinga mandatoryequirementDesignershallimplement
all suchmandatoryrequirementso ensurenteroperabilitywith otherSFARC-V9-
conformant productsSynonymmust.

should: A key word indicating flexibility of choice with a strongly preferred
implementationSynonymit is recommended.

sideeffect An operatiorhasasideeffectif it inducesasecondargffectaswell as
its primary effect. For example,accesgo an I/O location may causea register
valuein anl/O device to changestateor initiate an1/O operation A memoryloca-
tion is deemedo have sideeffectsif additionalactionsbeyondthereadingor writ-
ing of datamay occurwhena memoryoperationon that locationis allowed to
succeedSee alsoprefetchable

speculative load: A load operationthat is issuedby the processoispeculatiely,
thatis, beforeit is known whethertheloadwill be executedn theflow of the pro-
gram.Speculatie accesseare usedby hardwareto speedprogramexecutionand
aretransparento code.Contrastwith non-faulting load, which is anexplict load
thatalwayscompletesevenin the presencef faults.\Warning: someauthorscon-
fuse speculate loads with nondulting loads.

supetrvisor software: Softwarethat executeswhenthe processois in privileged
mode
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2.66

2.67

2.68

2.69

2.70

2.71

trap: The actiontaken by the processomwhenit changeghe instructionflow in
responsdo the presencef an exception a Tcc instruction,or an interrupt. The
actionis avectoredtransferof controlto supervisor software throughatable,the
address of which is specified by thevpeged Tap Base Address (7B register

unassigned A value(for example,anaddressspaceidentifier), the semanticof
which are not architecturallymandatedcand may be determinedndependentlyby
each implementation within grguidelines gien.

undefined An aspectof the architecturethat hasdeliberatelybeenleft unspeci-
fied. Softwareshouldhave no expectationof, nor make any assumptiongabout,an
undefinedfeatureor behaior. Use of sucha featuremay deliver randomresults,
mayor maynot causeatrap,mayvary amongimplementationsandmayvary with

time on a given implementation.Notwithstandingary of the above, undefined
aspect®f thearchitectureshallnot causesecurityholessuchasallowing usersoft-

wareto accesgrivilegedstate,put the processointo supervisormode,or put the
processor into an unregerable state.

unrestricted: An adjectve usedto describeanaddressspaceidentifier thatmay
be usedregardlessof the processormode, that is, regardlessof the value of
PSTATE.PRIV.

user application program: Synonymapplication program.

word: An alignedquadlet. Note that the definition of this term is architecture-
dependent and may tf from that used in other processor architectures.
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SFARC-V9 s aninstructionsetarchitecturglSA) with 32-and64-bitintegerand32-,64-
and 128-bit floating-pointasits principal datatypes.The 32- and 64- bit floating point
typesconformsto IEEE Std 754-1985.The 128-bitfloating-pointtype conformsto IEEE
Std 1596.5-1992SPARC-V9 definesgeneral-purposateger, floating-point,and special
state/statusegisterinstructions all encodedn 32-bit-wideinstructionformats.The load/
store instructions address a line#f-byte address space.

3.1 SPARC-V9 Processor

A SFARC-V9 processotogically consistsof anintegerunit (IU) anda floating-pointunit
(FPU), eachwith its own registers.This organizationallows for implementationswith
concurreng betweenntegerandfloating-pointinstructionexecution.Integerregistersare
64 bits wide; floating-pointregistersare 32, 64, or 128bits wide. Instructionoperandsare
single rgjisters, rgister pairs, rgister quadruples, or immediate constants.

The processocanbein eitherof two modes:privileged or nonprivileged In privileged
mode,the processocanexecuteary instruction,including privilegedinstructionsln non-
privilegedmode,an attemptto executea privilegedinstructioncauses trap to privileged
software.

3.1.1 Integer Unit (IV)

The integer unit containsthe general-purposeegistersand controlsthe overall operation
of the processarThe lU executesthe integer arithmeticinstructionsand computesnem-
ory addresse$or loadsand stores.It also maintainsthe programcountersand controls
instruction gecution 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, aninstructioncanaccesghe 8 globals (or the 8 alternateglobalg anda

registerwindow into ther registers.The 24-rggisterwindow consistsof a 16-registerset

— dividedinto 8 in and8 local registers— togetherwith the 8 in registersof anadjacent
registerset,addressabléom the currentwindow asits out registers.Seefigure 2 on page
32.

The currentwindow is specifiedby the currentwindow pointer(CWP) register The pro-
cessordetectswindow spill andfill exceptionsvia the CANSAVE and CANRESTORE

15
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registers,respectrely, which are controlled by hardware and supervisorsoftware. The
actualnumberof windows in a SFARC-V9 implementatioris invisible to a userapplica-
tion program.

Wheneer the IU accessesn instructionor datumin memory it appendsan address
spaceidentifier (ASI), to the addressAll instructionaccessesnd most dataaccesses
appendanimplict ASI, but someinstructionsallow theinclusionof anexplict ASI, either
asanimmediatefield within theinstruction,or from the ASI register The ASI determines
the byte orderof the accessAll instructionsare accessedh big-endianbyte order;data
canbereferencedn eitherbig- or little-endianorder Seeb.2.1,“ProcessoiStateRegister
(PSTATE), for information about changing the @eiit byte order

3.1.2 Floating-P oint Unit (FPU)

The FPUhas32 32-bit (single-precisionjloating-pointregisters,32 64-bit (double-preci-
sion) floating-point registers,and 16 128-bit (quad-precision)loating-point registers,
someof which overlap.Double-precisiorvaluesoccupy aneven-oddpair of single-preci-
sionregisters,andquad-precisiovaluesoccupy a quad-alignedyroupof four single-pre-
cision registers.The 32 single-precisiorregisters,the lower half of the double-precision
registers,andthe lower half of the quad-precisiomegistersoverlay eachother The upper
half of the double-precisiorregistersand the upperhalf of the quad-precisiorregisters
overlayeachother but do not overlayary of thesingle-precisiomegisters.Thus,thefloat-
ing-pointregisterscanhold a maximumof 32 single-precision32 double-precisionor 16
guad-precisionvalues.This is describedn more detail in 5.1.4,“Floating-PointReagis-
ters’

Floating-pointload/storeinstructionsare usedto move databetweenthe FPU and mem-
ory. The memoryaddresss calculatedby the IU. Floating-Pointoperate (FPop)instruc-
tions perform the floating-point arithmetic operations and comparisons.

The floating-pointinstructionsetand 32- and 64-bit dataformatsconformto the IEEE
Standardor Binary Floating-PointArithmetic, IEEE Std 754-1985.The 128-bitfloating-
point data type conformsto the IEEE Standardfor SharedData Formats, IEEE Std
1596.5-1992.

If anFPUis notpresenbr is notenabledanattemptto executea floating-pointinstruction
generates aip_disabled trap. In either case, prieged-mode softare must:

— Enable the FPU and neecute the trapping instruction, or

— Emulate the trapping instruction.

3.2 Instructions
Instructions &ll into the follaving basic catgories:
— Memory access

— Integer operate
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— Control transfer

— State rgister access

— Floating-point operate

— Conditional mee

— Raegister windov management

These classes are discussed in thewviatig subsections.

3.2.1 Memory Access

Load andstoreinstructionsandthe atomicoperationsCASX, SWAP, andLDSTUB, are
the only instructionsthataccessmemory They usetwo r registersor anr registeranda
signed13-bitimmediatevalueto calculatea 64-bit, byte-alignednemoryaddressThe U

appends an ASI to this address.

Thedestinatiorfield of theload/storanstructionspecifiesitheroneor two r registers,or
one,two, or four f registers thatsupplythe datafor a storeor receve the datafrom aload.

Integerloadandstoreinstructionssupportbyte, halfword (16-bit), word (32-bit),anddou-
bleword (64-bit) accessesSomeversionsof integerload instructionsperformsign exten-
sion on 8-, 16-, and 32-bit valuesasthey are loadedinto a 64-bit destinationregister
Floating-pointoadandstoreinstructionssupportword, doublevord, andquadword mem-
Ory accesses.

CAS, SWAP, andLDSTUB are specialatomic memoryaccessnstructionsthat are used
for synchonization and memory updates by concurrent processes.

3.2.1.1 Memory Alignment Restrictions

Halfword accesseshall be aligned on 2-byte boundariesyord accessegwhich include
instructionfetches)hallbe alignedon 4-byteboundariesextended-vord anddoublevord

accesseshallbe alignedon 8-byteboundariesandquadword quantitiesshall be aligned
on 16-byte boundaries An improperly aligned addressin a load, store, or load-store
instructioncausestrapto occut with the possibleexceptionof caseslescribedn 6.3.1.1,
“Memory Alignment Restrictions.

3.2.1.2 Addressing Con ventions

SFARC-V9 useshig-endianbyteorderby default: theaddres®f a quadword, doublevord,
word, or halfword is theaddres®f its mostsignificantbyte. Increasinghe addressneans
decreasinghe significanceof the unit being accessedAll instructionaccessesre per-
formedusingbig-endianbyte order SFARC-V9 alsocansupportlittle-endianbyte order
for dataaccessesnly: the addresof a quadword, doublevord, word, or halfword is the
addresof its leastsignificantbyte. Increasingthe addressmeansincreasingthe signifi-
canceof the unit beingaccessedSee5.2.1,Processo6tateRegister(PSTATE), for infor-
mation about changing the implicit byte order to little-endian.
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Addressing coventions are illustrated in figuB5 on page 71 and figuB® on page 73.

3.2.1.3 Load/Store Alternate

Versionsof load/storeinstructions,the load/store alternate instructions,can specify an

arbitrary 8-bit addressspaceidentifier for the load/storedataaccessAccessto alternate
spaced0;5..7F;4 is restricted,and accesgo alternatespaces80;4..FF;¢ IS unrestricted.
Someof the ASIs are available for implementation-dependenises(impl. dep. #29).

Supervisorsoftware can usethe implementation-dependeitSls to accessspecialpro-

tectedregisters,suchasMMU, cachecontrol,andprocessostateregisters,andotherpro-

cessor or system-dependentlues.See6.3.1.3,“Address Spaceldentifiers(ASIs); for

more information.

Alternate spaceaddressings also provided for the atomic memoryaccessnstructions,
LDSTUB, SWAP, and CASX.

3.2.1.4 Separate | and D Memories

Most of the specificationsn this manualignoretheissuesof memorymappingandcach-

ing. Theinterpretatiorof addressesanbeunified,in which casethesametranslationsand

cachingare appliedto both instructionsand data, or they can be split, in which case
instruction referencesuse one translation mechanismand cache and data references
anothey althoughthe samemain memoryis shared.In suchsplit-memorysystemsthe

cohereng mechanismmay be unified andincludebothinstructionsanddata,or it maybe

split. For this reason programsthat modify their own code (self-modifying code) 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

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

IMPL. DEP. #123: The semantic effect of accessing input/output (1/0O) locations is implementation-
dependent.

IMPL. DEP. #6: Whether the 1/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 Memory Sync hronization

Two instructionsareusedfor synchronizatiorof memoryoperationsFLUSH and MEM-
BAR. Their operationis explainedin A.20, “Flush Instruction Memory, and A.32,
“Memory Barrier, respectvely.
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3.2.2 Arithmetic/Logical/Shift Instructions

The arithmetic/logical/shiftinstructionsperform arithmetic, taggedarithmetic, logical,
andshift operationsWith oneexception,theseinstructionscomputearesultthatis afunc-
tion of two sourceoperandsthe resultis eitherwritten into a destinationregisteror dis-
carded.The exception,SETHI, may be usedin combinationwith anotherarithmenticor
logical instruction to create a 32-bit constant irr asgister

Shift instructionsare usedto shift the contentsof anr register left or right by a given
count.The shift distances specifiedby a constanin the instructionor by the contentsof
anr register

Theinteger multiply instructionperformsa 64 x 64 — 64-bit operation.Theintegerdivi-
sioninstructionsperform64 + 64 — 64-bitoperationsin addition,for compatibility with
SFARC-V8, 32 x 32 - 64-bit multiply, 64 + 32 - 32-bit divide, and multiply step
instructionsareincluded.Division by zerocausestrap. Someversionsof the 32-bit mul-
tiply and dvide instructions set the condition codes.

Thetaggedarithmeticinstructionsassumehatthe least-significantwo bits of eachoper-
andareadata-typeag. The nontrappingversionsof theseinstructionssettheintegercon-
dition code(icc) andextendedntegerconditioncode(xcc) overflow bits on 32-bit (icc) or
64-bit (xco arithmeticoverflow. In addition,if arny of the operandstag bits arenonzero,
icc is set. Thexccoverflow bit is not afected by the tag bits.

3.2.3 Control Transfer

Control-transfeinstructions(CTI s) include PC-relatve branchesandcalls, registerindi-

rect jumps, and conditionaltraps.Most of the control-transferinstructionsare delayed;
that is, the instruction immediately following a control-transferinstruction in logical

sequences dispatchedeforethe controltransferto the targetaddresss completedNote
thatthe next instructionin logical sequencenay not be theinstructionfollowing the con-
trol-transfer instruction in memary

The instructionfollowing a delayedcontrol-transfeiinstructionis calleda delay instruc-
tion. A bit in a delayedcontrol-transferinstruction (the annul bit) cancausethe delay
instructionto be annulled(thatis, to have no effect) if the branchis not taken (or in the
“branch alvays” case, if the branch is &k).

Compatibility Note:
SFARC-V8 specifiedthat the delayinstructionwas always fetched,even if annulled,andthatan
annulledinstructioncould not causeary traps.SFARC-V9 doesnotrequirethedelayinstructionto
be fetched if it is annulled.

BranchandCALL instructionsusePC-relatve displacementsThe jump andlink (JMPL)
andreturn (RETURN) instructionsuse a registerindirect target addressThey compute
their targetaddresseaseitherthe sumof two r registers,or the sumof anr registeranda
13-bit signedimmediatevalue.The branchon conditioncodeswithout predictioninstruc-
tion providesa displacemendf £8 Mbytes;the branchon conditioncodeswith prediction
instructionprovidesa displacemenbf £1 Mbyte; the branchon registercontentsnstruc-
tion providesadisplacementdf £128Kbytes,andthe CALL instructions 30-bitword dis-
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placementllows a controltransferto ary addresswithin +2 gigabytes(+23! 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 addressThe
returnfrom privilegedtrapinstructiong DONE andRETRY) gettheir targetaddresgrom
the appropriate TPC or TNPCgistet

3.2.4 State Register Access

Thereadandwrite stateregisterinstructionsreadandwrite the contentsof stateregisters
visible to nonprvileged software (Y, CCR, ASI, PC, TICK, and FPRS).The readand
write privilegedregisterinstructionsreadandwrite the contentsof stateregistersvisible
only to privilegedsoftware (TPC, TNPC, TSTATE, TT, TICK, TBA, PSTATE, TL, PIL,
CWPR, 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-pointoperatg FPop)instructionsperformall floating-pointcalculationsthey are

registerto-registerinstructionghatoperateon thefloating-pointregisters Lik e arithmetic/

logical/shiftinstructions,FPopscomputea resultthatis a function of one or two source

operandsSpecificfloating-pointoperationsareselectedy a subfieldof the FPop1l/FPop2
instruction formats.

3.2.6 Conditional Mo ve

Conditionalmove instructionsconditionallycopy a valuefrom a sourceregisterto a desti-
nationregister dependingon aninteger or floating-pointconditioncodeor uponthe con-
tents of an integer register Theseinstructionsincreaseperformanceby reducingthe
number of branches.

3.2.7 Register Windo w Management

Theseinstructionsare usedto managethe register windows. SAVE and RESTORE are
nonprvilegedandcausearegisterwindow to be pushedr popped FLUSHW s nonprvi-
leged and causesall of the windows except the currentone to be flushedto memory
SAVED andRESTORED areusedby privilegedsoftwareto endawindow spill or fill trap
handler.
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3.3 Traps

A trap is avectoredransferof controlto privilegedsoftwarethroughatraptablethatmay
containthefirst eightinstructions(thirty-two for fill/spill traps)of eachtrap handler The
baseaddressof the table is establishedoy software in a stateregister (the Trap Base
Addressregister TBA). The displacementithin the tableis encodedn the type number
of eachtrapandthelevel of thetrap. Onehalf of thetableis reseredfor hardwaretraps;
one quarteris resered for software trapsgeneratedy trap (Tcc) instructions;the final

quarter is reserd for future gpansion of the architecture.

A trap causeghe currentPCandnPCto be savedin the TPCand TNPC registers.It also
causeshe CCR,ASI, PSTATE, andCWP registersto be savedin TSTATE. TPC, TNPC,
and TSTATE areentriesin a hardwaretrap stack,wherethe numberof entriesin thetrap
stackis equalto thenumberof traplevelssupportedimpl. dep.#101).A trapalsosetsbits
in the PSTATE register oneof which canenableanalternatesetof globalregistersfor use
by thetrap handler Normally, the CWP is not changedy atrap;on awindow spill or fill
trap,however, the CWPis changedo pointto theregisterwindow to be savedor restored.

A trap may be causedby a Tcc instruction,an asynchronougxception,an instruction-
inducedexception,or aninterrupt requestnotdirectly relatedto a particularinstruction.
Before executingeachinstruction,the processobehaesasthoughit determinesf there
areary pendingexceptionsor interruptrequestslf ary arepending,the processoselects
the highest-priority xeception or interrupt request and causes a trap.

See Chapter 7, ‘faps, for a complete description of traps.



22

3 Architectural Overview




4 Data Formats

The SRRC-V9 architecture recognizes these fundamental data types:
— Signed Intger: 8, 16, 32, and 64 bits
— Unsigned Intger: 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 Wird: 64 bits
— Tagged Wird: 32 bits (30-bit &lue plus 2-bit tag)
— Doublevord: 64 bits
— Quadwvord: 128 bits

Thesignedintegervaluesarestoredastwo’s-complementumberswvith awidth commen-
suratewith their range.Unsignedinteger values,bit strings,booleanvalues,strings,and
other valuesrepresentablén binary form are storedas unsignedintegerswith a width
commensurateith their range.Thefloating-pointformatsconformto the IEEE Standard
for Binary Floating-PointArithmetic, IEEE Std 754-1985.In taggedwords,the leastsig-
nificant two bits are treated as a tag; the remaining 30 bits are treated as a sigyezd inte

Subsectiongl.1 through4.11 illustrate the signedinteger, unsignedinteger, and tagged
formats.Subsectiongt.12 through4.14 illustrate the floating-pointformats.in 4.4, 4.9,
4.13,and4.14,theindividual subwordsof the multiword dataformatsareassignedames.
The arrangemenbf the subformatsin memory and processoregistersbasedon these
namesds shavn in tablel. Tables2 through5 definetheintegerandfloating-pointformats.

4.1 Signed Integ er Byte

23
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4.2 Signed Integ er Halfw ord

S

1514 0

4.3 Signed Integ er Word

S

3130

4.4 Signed Integ er Doub le
SD-0

S signed_db |_integ er[62:32]

3130

SD-1

signed_db |_integ er[31:0]

31

4.5 Signed Extended Integ er

SX

S signed_e xt_integ er

63 62

4.6 Unsigned Integ er Byte

4.7 Unsigned Integ er Halfw ord

15 0



4.8 Unsigned Integer Word
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4.8 Unsigned Integ er Word

31

4.9 Unsigned Integ er Doub le

ub-0

unsigned_db |_integ er[63:32]

31

UbD-1

unsigned_db |_integ er[31:0]

31

4.10 Unsigned Extended Integ er

UX

unsigned_e xt_integ er

63

4.11 Tagged Word

tag

31

4.12 Floating-P oint Single Precision

10

S

exp[7:0]

fraction[22:0]

3130

2322
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4.13 Floating-P oint Doub le Precision

FD-0 |s| exp[10:0] fraction[51:32]

3130 2019 0
FD-1 fraction[31:0]

31 0

4.14 Floating-P oint Quad Precision

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

3130 1615 0
FQ-1 fraction[95:64]

31 0
FQ-2 fraction[63:32]

31 0
FQ-3 fraction[31:0]

31 0
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Table 1—Double- and Quagords in Memory & Registers

SUDRMAL | pma Feld ndirees | Memory | (EOEST | Register
Alignment Alignment

SD-0 signed_dbl_intger[63:32] O mod 8 n 0 mod 2 r
SD-1 signed_dbl_intger[31:0] 4mod 8 n+4 1mod?2 r+1
SX signed_gt_integer[63:0] 0O mod 8 n — r
uUD-0 unsigned_dbl_inger[63:32] Omod 8 n Omod 2 r
UD-1 unsigned_dbl_inger[31:0] 4 mod 8 n+4 1mod?2 r+1
UXx unsigned_xt_integer[63:0] Omod 8 n — r
FD-0 s:exp[10:0]:fraction[51:32] Omod 4T n 0mod 2 f
FD-1 fraction[31:0] Oomod4™ | n+4 1mod2 |f+1
FQ-0 s:exp[14:0]:fraction[111:96] Omod 4* n Omod 4 f
FQ-1 fraction[95:64] Omod4* | n+4 1mod4 | f+1
FQ-2 fraction[63:32] Omod4¥ | n+8 2mod4 | f+2
FQ-3 fraction[31:0] Omod4* | n+12 3mod4 | f+3

T Althougha floating-pointdoublevord is only requiredto be word-alignedin memory it is recom-
mended that it be doublerd-aligned (i.e., the address of its FD-Ord/should be @od 8).

¥ Although a floating-pointquadwvord is only requiredto be word-alignedin memory it is recom-
mended that it be quadwnd-aligned (i.e., the address of its FQ-@ravshould be @nod 16).

Table 2—Signed IntegerUnsigned Integer and Tagged rmat Ranges

Data type Width (bits) Range

Signed intger byte 8 —2't02/ -1
Signed intger halfword 16 250 251
Signed intger word 32 -281tp 81 -1
Signed intger tagged wrd 32 —229t0 2% -1
Signed intger double 64 —283t0 £3-1
Signed &tended intger 64 —2631q P31
Unsigned intger byte 8 Oto2-1
Unsigned intger halfword 16 Oto216—-1
Unsigned intger word 32 Oto 22-1
Unsigned intger tagged wrd 32 Oto 20-1
Unsigned intger double 64 Oto X4-1
Unsigned gtended intger 64 OtoP4-1
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Table 3—Floating-Roint

Single-Precision Format Definition

s =sign (1 bit)

e = biased gponent (8 bits)
f =fraction (23 bits)

u =undefined

Normalized alue (0 < e < 255):

(_l)s x 29—127 x 1.f

Subnormal glue (e= 0):

(-1)x 27126x 0.f

Zero (e =0) (-1¥x0
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=.luu-uu

— 00 (negative infinity)

s =1; e=255(max); f=.000--00

+ o0 (positive infinity)

s =0; e=255(max); f=.000--00

Table 4—Floating-Point Double-Precision Format Definition

s =sign (1 bit)

e = biased gponent (11 bits)
f =fraction (52 bits)

u =undefined

Normalized walue (0 < e < 2047):

(-1)8x 2271023 1

Subnormal glue (e = 0):

(-1)°x 271022x 0 f

Zero (e=0) (1% 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=.luu-uu

— oo (ngyative infinity)

s =1; e=2047 (max); f=.000--00

+ oo (positive infinity)

s =0; e=2047 (max); f=.000--00

Table 5—Floating-Roint Quad-Precision Format Definition

s =sign (1 bit)

e = biased gponent (15 bits)
f =fraction (112 bits)

u = undefined

Normalized alue (0 < e < 32767):

(_1)8 x 28—16383x 1.f

Subnormal glue (e = 0):

(_1)8 x 2—16382>< 0.f

Zero (e=0) (-1°x 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=.luu-uu

— 00 (ngyative infinity)

s =1; e=32767 (max); f=.000--00

+ oo (positive infinity)

s =0; e=32767 (max); f=.000--00




5 Regqisters
A SFARC-V9 processoincludestwo typesof registers:general-purposar working data
registers, and control/statugisters.
Working registers include:
— Integer working registers ( registers)
— Floating-point vorking registers f registers)
Control/status mgisters include:
— Program Counter gister (PC)
— Next Program Counter gester (nPC)
— Processor Stategister (PSATE)
— Trap Base Addressgester (TBA)
— Y register (Y)
— Processor Interrupt kel register (PIL)
— Current Wndow Pointer rgister (CWP)
— Trap Type raister (TT)
— Condition Codes Rgster (CCR)
— Address Space Identifiergister (ASI)
— Trap Level register (TL)
— Trap Program Countergester (TPC)
— Trap Net Program Counter gaster (TNPC)
— Trap State rgister (TSATE)
— Hardware clock-tick counter gaster (TICK)
— Savable windavs register (CANSA/E)
— Restorable windes register (CANRESORE)
— Other windavs register (OTHERWIN)
— Clean windavs ragister (CLEANWIN)
— Window State rgister (WSRATE)

29
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— Version rgister (VER)

— Implementation-dependent Ancillary Stategigters (ASRs) (impl. dep. #8)
— Implementation-dependent IU Deferredap Queue (impl. dep. #16)

— Floating-Point State Rygster (FSR)

— Floating-Point Rgisters State gster (FPRS)

— Implementation-dependefoating-PointDeferred-Tap Queue(FQ) (impl. dep.
#24)

For cornvenience someregistersin this chapterareillustratedasfewer than 64 bits wide.
Any bits not shavn areresenred for future extensionsto the architecture Suchresered
bits readaszeroesand,whenwritten by software,shouldalwaysbe written with the val-
ues of those bits pveously read from that gaster or with zeroes.

5.1 Nonprivileg ed Register s

The registersdescribedin this subsectionare visible to nonprvileged (application,or
“usermode”) softvare.

5.1.1 General Purpose r Register s

At ary moment,general-purposeegistersappearto nonprvileged software as shavn in
figurel.

An implementatiorof the lU may containfrom 64 to 528 general-purposé4-bitr regis-
ters. They are partitionedinto 8 global registers,8 alternate global registers,plus an
implementation-dependentimberof 16-registersets(impl. dep.#2). A registerwindow
consists of the currentiB registers, 8ocal registers, and 8ut registers. See tabk

5.1.1.1 Global r Register s

Registersr[0]..r[7] referto a setof eightregisterscalledthe global registers(g0..g7). At
ary time, one of two setsof eightregistersis enabledandcanbe accesse@sthe global
registers Which setof globalsis currentlyenableds selectedy the AG (alternateglobal)
field in the PSTATE register See5.2.1, “ProcessorState Register (PSTATE),” for a
description of the & field.

Global reyister zero (g0) alays reads as zero; writes to ivBano program-visible &dct.

Compatibility Note:

Sincethe PSTATE registeris only writable by privilegedsoftware,existing nonprivileged SFARC-
V8 softwarewill operatecorrectlyon a SFARC-V9 implementatiorif supervisoisoftwareensures
that nonprileged softvare sees a consistent set of globgisters.
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i7 r[31]
i6 r[30]
i5 r[29]
i4 r[28]
i3 r[27]
i2 r[26]
il r[25]
i0 r[24]
17 r[23]
16 r[22]
15 r[21]
14 r[20]
13 r[19]
12 r[18]
11 r[17]
10 r[16]
o7 r[15]
06 r[14]
05 r[13]
o4 r[12]
03 r[11]
02 r[10]
ol r[9]
00 r(8]
g7 r(7]
g6 r[6]
gs r(s]
g4 r(4]
93 r3]
92 r(2]
gl r(1]
g0 r[0]

Figure 1—General-Pupose Registers (Nonpriileged \iew)

Programming Note:

Thealternategglobalregistersarepresento give traphandlersa setof scratchregistersthatareinde-
pendenbf nonpriilegedsoftwares registers. The AG bit in PSTATE allows supervisosoftwareto
access the normal globabisters if required (fonemple, during instruction emulation).

5.1.1.2 Windowed r Register s

At ary time, aninstructioncanaccesshe 8 globalsanda 24-registerwindow into ther
registers A registerwindow comprisesghe8 in and8 local registersof a particularregister
set,togethemwith the 8 in registersof anadjacentegisterset,which areaddressabléom
the current winde asoutregisters. See figur2 and tables.
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Window (CWP — 1)

r[31]
: ins
r[24]
r[23]
: locals
r[16] Window (CWP )
r[15] r[31]
: outs : ins
r[ 8] r[24]
r[23]
: locals
r[16] Window (CWP + 1)
r[15] r[31]
: outs : ins
r[ 8] r[24]
r[23]
: locals
r[16]
r[15]
: outs
r[ 8]
7]
: globals
1]
rf O] 0
63 0

Figure 2—Three Owerlapping Windows and the Eight Global Registers

The numberof windows or registersets,NWINDOWS, is implementation-dependeand
rangedrom 3to 32 (impl. dep.#2). Thetotal numberof r registersin agivenimplementa-
tion is 8 (for the globalg, plus 8 (for the alternateglobalg, plusthe numberof setstimes
16 registers/setThus,the minimumnumberof r registersis 64 (3 setsplusthe 16 globals
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andalternateglobalg andthe maximumnumberis 528 (32 setsplus the 16 globalsand
alternatgglobalg.

Table 6—Wndow Addressing

Windowed Register Addiess r Register Address
in[0] —in[7] r[24] —r[31]
local[0] — local[7] r[16] —r[23]
ouf0] —ouf7] r[ 8] —r[15]
global0] — global 7] r[ 0] —r[ 7]

Thecurrentwindow into ther registersis givenby the currentwindow pointer(CWP)reg-
ister The CWP is decrementedy the RESTORE instruction and incrementedby the
SAVE instruction.Window overflow is detectedvia the CANSAVE registerandwindow
underflav is detectedvia the CANRESTORE register, both of which are controlled by
privilegedsoftware.A window overflow (underflav) conditioncauseswindow spill (fill)

trap.

5.1.1.3 Overlapping Windo ws

Eachwindow sharests ins with oneadjacentvindow andits outs with another The outs
of the CWP-1(moduloNWINDOWS) window are addressablasthe ins of the current
window, andthe outs in the currentwindow arethe ins of the CWP+1 (modulo NWIN-

DOWS) windawv. Thelocals are unique to each wingdo

An r register with addresso, where8 < o < 15, refersto exactly the sameregister as
(o+16) doesafterthe CWPis incrementedy 1 (moduloNWINDOWS). Likewise,areg-
isterwith address, where24 < i < 31, refersto exactly the sameregisterasaddresgi—16)
does after the CWP is decremented by 1 (modulo NWIW3] See figures 2 and 3.

SinceCWP arithmeticis performedmoduloNWINDOWS, the highestnumberedmple-
mentedwindow overlapswith window 0. The outs of window NWINDOWS-1 aretheins
of window 0. Implementedwindows must be numberedcontiguouslyfrom 0 through
NWINDOWS-1.

Programming Note:
Sincethe procedurecall instructions(CALL andJMPL) do not changethe CWP, a procedurecan
be called without changing the windoSee H.1.2, “Leaf-Procedure Optimization.

Becausehe windows overlap, the numberof windows availableto softwareis onelessthanthe
numberof implementedvindows, or NWINDOWS-1. Whentheregisterfile is full, theouts of the
newest windav are thens of the oldest winde, which still contains alid data.

The local andout registersof a registerwindow are guaranteedo containeitherzeroesor anold

valuethatbelongsto thecurrentcontext uponreenteringhewindow througha SAVE instruction.If

aprogramexecutesa RESTORE followed by a SAVE, theresultingwindow’s locals andouts may
notbevalid afterthe SAVE, sinceatrapmay have occurrechetweerthe RESTORE andthe SAVE.

However, if theclean_window protocolis beingused systemsoftwaremustguaranteghatregisters
in the currentwindow aftera SAVE will alwayscontainonly zeroesor valid datafrom thatcontet.

See 5.2.10.6, “Clean Mtlows (CLEANWIN) Rayister’

Subsectionb.4, “Register Window Managemernit, describeshow the windowed integer
registers are managed.
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CWP =0 |
(current window pointer) :

\
N
\

N
CANRESTORE

wO outs

wO locals

! CANSAVE =3
w2 locals

RESTORE
w4 locals @

N

N

\

/ .

(Overlap)

w7 ins

w6 outs

OTHERWIN = 2

CANSAVE + CANRESTORE + OHERWIN = NWINDOWS - 2

The currentwindow (window 0) andthe overlapwindow (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 owsrtap two other \alid windows.

Figure 3—The Wndowedr Registers br NWINDO WS =8

5.1.2 Special r Register s
The usage of tevof ther registers is fied, in whole or in part, by the architecture:
— The \alue ofr[0] is always zero; writes to it va no program-visible &fct.

— The CALL instruction writes itswn address into ggsterr[15] (outregister 7).
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5.1.2.1 Register -Pair Operands

LDD, LDDA, STD, andSTDA instructionsaccessa pair of wordsin adjacent registers
andrequireeven-oddregisteralignment.The least-significanbit of anr registernumber
in these instructions is resexy, and should be supplied as zero by saritw

Whenther[0] —r[1] registerpair is usedasa destinationin LDD or LDDA, only r[1] is
modified.Whenther[0] —r[1] registerpairis usedasasourcein STD or STDA, azerois
written to the 32-bit word at the lowestaddresandthe leastsignificant32 bits of r[1] are
written to the 32-bit wrd at the highest address (in big-endian mode).

An attemptto executean LDD, LDDA, STD, or STDA instructionthat refersto a mis-
aligned (odd) destinationgister number causes #agal_instruction trap.

5.1.2.2 Register Usa ge
See H.1.1, “Reisters, for information about the caentional usage of theregisters.

In figure 3, NWINDOWS = 8. The8 globals arenotillustrated. CWP = 0, CANSAVE = 3,
OTHERWIN =2, andCANRESTORE= 1. If the procedureausingwindow w0 executesa
RESTORE, window w7 becomeghe currentwindow. If the procedureusingwindow w0
executes a SYAE, windov wl becomes the current wingo

5.1.3 IU Contr ol/Status Register s

ThenonprvilegedlU control/statusegistersincludethe programcounter§PCandnPC),
the 32-bit multiply/divide (Y) register (and possiblyoptional)implementation-dependent
Ancillary State Rgisters (ASRs) (impl. dep. #8).

5.1.3.1 Program Counter s (PC, nPC)

The PC containsthe addres=f the instructioncurrently being executedby the IU. The
nPCholdsthe addresof the next instructionto be executed|f atrapdoesnotoccur The
low-order two bits of PC and nPCwahys contain zero.

For a delayed control transfer, the instruction that immediately follows the transfer
instructionis known asthe delayinstruction.This delayinstructionis executedunlesshe
control transferinstructionannulsit) beforecontrol is transferredto the target. During
execution of the delay instruction, the nPC points to the tamget of the control transfer
instruction, while the PC points to the delay instruction. See Chapter 6, “Instrtictions.

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

TheY registeris deprecatedt is providedonly for compatibilitywith previousver-
sionsof the architecturelt shouldnot be usedin nev SFARC-V9 software. It is
recommendedhat all instructionsthat 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.

— product<63:32> or dividend<63:32>

63 32 31 0

Figure 4—Y Register

Thelow-order32 bits of the Y register illustratedin figure 4, containthe moresignificant
word of the 64-bit productof anintegermultiplication,asaresultof eithera 32-bitinteger
multiply (SMUL, SMULcc, UMUL, UMULcc) instructionor an integer multiply step
(MULScc) instruction.The Y registeralsoholdsthe more significantword of the 64-bit
dividend for a 32-bit intger dvide (SDIV, SDIVcc, UDIV, UDIVcc) instruction.

Although Y is a 64-bit rgister its high-order 32 bits are resedrand aliays read as 0.

The Y raister is read and written with the R@2and WRY instructions, respecigly.

5.1.3.3 Ancillar y State Register s (ASRSs)

SFARC-V9 providesfor optionalancillary stateregisters(ASRs) Accessto a particular
ASR maybe privilegedor nonprvileged(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-pointgisters, numberef]0], f[1], .. f[31].
— 32 double-precision (64-bit) floating-poingisters, numbereff0], f[2], .. f[62].
— 16 quad-precision (128-bit) floating-poingrsters, numberef]0], f[4], .. f[60].

Thefloating-pointregistersarearrangedo thatsomeof themoverlap,thatis, arealiased.
Thelayoutandnumberingof the floating-pointregistersareshawvn in figures5, 6, and?.
Unlike the windowed r registers,all of the floating-pointregistersare accessibleat ary
time. Thefloating-pointregisterscanbe readandwritten by FPop(FPopl/FPop2ormat)
instructions, and by load/store single/double/quad floating-point instructions.
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Figure 5—Single-Pecision Floating-Pint Registers, with Aliasing

Operand Operand

register ID from
f31 f31<31:0>
f30 f30<31:0>
f29 f29<31:0>
f28 f28<31:0>
f27 f27<31:0>
26 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>
9 f9<31:0>
f8 f8<31:0>
7 f7<31:0>
f6 f6<31:0>
5 f5<31:0>
f4 f4<31:0>
3 f3<31:0>
f2 f2<31:0>
fl f1<31:0>
fo f0<31:0>
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Figure 6—Double-Pecision Floating-Pint Registers, with Aliasing

Operand Operand From
register ID field register
f62 <63:0> f62<63:0>
f60 <63:0> f60<63:0>
f58 <63:0> f58<63:0>
56 <63:0> f56<63:0>
54 <63:0> f54<63:0>
52 <63:0> f52<63:0>
f50 <63:0> f50<63:0>
f48 <63:0> f48<63:0>
f46 <63:0> f46<63:0>
fa4 <63:0> f44<63:0>
f42 <63:0> f42<63:0>
f40 <63:0> f40<63:0>
38 <63:0> f38<63:0>
36 <63:0> f36<63:0>
f34 <63:0> f34<63:0>
32 <63:0> f32<63:0>
£30 <31:0> f31<31:0>

<63:32> | f30<31:0>
f28 <31:0> f29<31:0>
<63:32> | f28<31:0>
26 <31:0> f27<31:0>
<63:32> | f26<31:0>
f24 <31:0> f25<31:0>
<63:32> | f24<31:0>
22 <31:0> f23<31:0>
<63:32> | f22<31:0>
£20 <31:0> f21<31:0>
<63:32> | f20<31:0>
18 <31:0> f19<31:0>
<63:32> | f18<31:0>
16 <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>
10 <31:0> f11<31:0>
<63:32> | f10<31:0>
" <31:.0> f9<31:0>
<63:32> | f8<31:0>
6 <31:.0> f7<31:0>
<63:32> | f6<31:0>
“ <31:.0> f5<31:0>
<63:32> | f4<31:0>
" <31:.0> f3<31:0>
<63:32> | f2<31:0>
0 <31:.0> f1<31:0>
<63:32> | f0<31:0>




5.1 Nonprivileged Registers

39

Figure 7—Quad-Pecision Floating-Pint Registers, with Aliasing

Operand Operand From
register ID field register
60 <63:0> f62<63:0>
<127:64> | f60<63:0>
56 <63:0> f58<63:0>
<127:64> | f56<63:0>
(52 <63:0> f54<63:0>
<127:64> | f52<63:0>
18 <63:0> f50<63:0>
<127:64> | f48<63:0>
taa <63:0> f46<63:0>
<127:64> | f44<63:0>
t40 <63:0> f42<63:0>
<127:64> | f40<63:0>
36 <63:0> f38<63:0>
<127:64> | f36<63:0>
t32 <63:0> f34<63:0>
<127:64> | f32<63:0>
<31:.0> f31<31:0>
8 <63:32> | f30<31:0>
<95:64> | f29<31:0>
<127:96> | f28<31:0>
<31:.0> f27<31.0>
t24 <63:32> | f26<31:0>
<95:64> f25<31:0>
<127:96> | f24<31:0>
<31:.0> f23<31:.0>
20 <63:32> | f22<31:0>
<95:64> f21<31:0>
<127:96> | f20<31:0>
<31:.0> f19<31:0>
16 <63:32> | f18<31:0>
<95:64> f17<31.0>
<127:96> | f16<31:0>
<31:.0> f15<31:0>
12 <63:32> | f14<31:0>
<95:64> | f13<31:0>
<127:96> | f12<31:0>
<31:.0> f11<31:0>
3 <63:32> | f10<31:0>
<95:64> | f9<31.0>
<127:96> | f8<31:0>
<31:.0> f7<31:0>
t <63:32> f6<31:0>
<95:64> | f5<31.0>
<127:96> | f4<31:0>
<31:.0> f3<31:0>
‘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

Reagisternumberdor single,double andquadregistersareencodedlifferentlyin the 5-bit
registernumberfield in afloating-pointinstruction.If thebitsin aregisternumberfield are
labeled:b<4>..b<0> (whereb<4>is the most-significanbit of the registernumber),the
encodingof floating-pointregister numbersinto 5-bit instructionfields is as given in
table7.

Table 7—Floating-Point Register Number Encoding

Register Encoding in a
operand 5-bit register field
type 6-bit register number in an instruction

Singlef.p. a | 1o | heds | be2> | bel> | b<0> | b<d> | b<3> | b<2> | b<1> | b<0>
32-bitinteger
Douplgf.p.or b<5> | b<4> | b<3> | b<2> | b<1> 0 | b<4>| b<3>| b<2>| b<l1l>| b<5>
64-bit integer
Quadf.p. b<5> | b<4> | b<3> | b<2> 0 0 | b<4>| b<3>| b<2> 0 | b<b>

Compatibility Note:
In SFARC-V8, bit 0 of doubleandquadregisternumbersencodedn instructionfieldswasrequired
to be zero. Therefore all SFARC-V8 floating-pointinstructionscanrun unchangean a SFARC-
V9 implementation using the encoding in table

5.1.4.2 Double and Quad Floating-P oint Operands

A single f register can hold one single-precisionoperand,a double-precisioroperand
requiresan alignedpair of f registers,anda quad-precisioroperandrequiresan aligned
quadrupleof f registers.At a giventime, the floating-pointregisterscanhold a maximum
of 32 single-precision]16 double-precisionpr 8 quad-precisiowvaluesin thelower half of
the floating-pointregisterfile, plus an additional16 double-precisioror 8 quad-precision
values in the upper half, or mixtures of the three sizes.

Programming Note:
Datato be loadedinto a floating-pointdoubleor quadregisterthatis not doublevord-alignedin
memorymustbeloadedinto thelower 16 doubleregisters(8 quadregisters)usingsingle-precision
LDF instructionslf desiredjt canthenbe copiedinto the upperl6 doubleregisters(8 quadregis-
ters).

An attemptto executean instructionthat refersto a misalignedfloating-pointregister
operandthatis, a quad-precisiorperandn aregisterwhose6-bit registernumberis not
0 mod 4) shall cause ap_exception_other trap, with FSRtt = 6 (invalid_fp_register).

Programming Note:
Given the encoding in tablg it is impossible to specify a misaligned double-precisigister

5.1.5 Condition Codes Register (CCR)

CCR Xxce icc

7 4 3 0

Figure 8—Condition Codes Register
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The Condition Codes Rester (CCR) holds the inger condition codes.

5.1.5.1 CCR Condition Code Fields ( xcc and icc)

All instructionsthat setinteger condition codesset both the xcc andicc fields. The xcc
conditioncodesindicatetheresultof anoperatiorwhenviewedasa 64-bit operation.The
icc conditioncodesindicatethe resultof anoperationrwhenviewed asa 32-bit operation.
For example,if anoperatiorresultsin the 64-bitvalue00000000FFFFFFFF, the 32-bit
result is ngative (cc.N is set to 1) bt the 64-bit result is nongative xccN is set to 0).

Eachof the 4-bit condition-codefields is composedf four 1-bit subfields,asshavn in
figure9.

XCC:
icc.c 3 2 1 0

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 irder condition codes. 4 negative, 0= not ngative.

The z bits indicatewhetherthe ALU resultwaszerofor thelastinstructionthat modified
the intgyer condition codes. 4 zero, 0= nonzero.

Thev bits indicatewhetherthe ALU resultwaswithin the rangeof (wasrepresentablen)
64-bit (xco) or 32-bit (icc) 2's complemennotationfor the lastinstructionthat modified
the intgger condition codes. & overflow, 0= no overflow.

The c bits indicatewhethera 2’s complementarry (or borrow) occurredduring the last
instructionthat modifiedthe integer conditioncodes.Carryis seton additionif thereis a
carryoutof bit 63 (xco or bit 31 (icc). Carryis seton subtractiorif thereis aborrow into
bit 63 (kco) or bit 31 (cc). 1= carry, 0=no carry

5.1.5.1.1 CCR_extended_integ er_cond_codes ( xcc)

Bits 7 through4 arethe lU conditioncodeshatindicatetheresultsof anintegeroperation
with both of the operandsconsideredo be 64 bits long. Thesebits are modified by the
arithmetic and logical instructionsthe namesof which end with the letters“cc” (e.qg.,
ANDcc) andby the WRCCRinstruction.They canbe modifiedby a DONE or RETRY
instruction, which replacesthesebits with the CCR field of the TSTATE register The
BPccand Tcc instructionsmay causea transferof control basedon the valuesof these
bits. The MOVcc instructioncan conditionally move the contentsof an integer register
basedon the stateof thesebits. The FMOVcc instructioncanconditionallymove the con-
tents of a floating-point gester based on the state of these bits.
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5.1.5.1.2 CCR_integ er_cond_codes ( icc)

Bits 3 throughO arethelU conditioncodeswhichindicatetheresultsof anintegeropera-
tion with both of the operandsconsideredo be 32 bits. Thesebits are modified by the
arithmetic and logical instructionsthe namesof which end with the letters“cc” (e.qg.,
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, and Tcc instructionsmay causea transferof control basedon the valuesof

thesebits. The MOVcc instructioncanconditionallymove the contentsof anintegerregis-
ter basedon the stateof thesebits. The FMOVcc instructioncan conditionally move the
contents of a floating-pointgester based on the state of these bits.

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

FPRS FEF|DU | DL

2 1 0

Figure 10—Floating-Pint Registers State Register

TheFloating-PointRegistersState(FPRS)registerholdscontrolinformationfor the float-
ing-pointregisterfile; thisinformationis readableandwritable by nonprvilegedsoftware.

5.1.6.1 FPRS_enable_fp (FEF)

Bit 2, FEF, determineswhetherthe FPU s enabledlf it is disabled,executinga floating-
pointinstructioncausesanfp_disabled trap.If this bit is setbut the PSTATE.PEFbit is not
set, then executing a floating-pointinstruction causesan fp_disabled trap; that is, both
FPRS.FEF and P&TE.PEF must be set to enable floating-point operations.

5.1.6.2 FPRS_dirty_upper (DU)

Bit 1 is the“dirty” bit for the upperhalf of thefloating-pointregisters;thatis, f32..f62. It
is setwheneer ary of the upperfloating-pointregistersis modified. Its settingmay be
pessimisticthatis, it maybe setin somecasesventhoughno registerwasactuallymod-
ified. It is cleared only by softave.

5.1.6.3 FPRS dirty lower (DL)

Bit O is the “dirty” bit for the lower 32 floating-pointregisters;thatis, f0..f31. It is set
wheneer ary of thelower floating-pointregistersis modified.Its settingmaybe pessimis-
tic; thatis, it maybe setin somecasesventhoughno registerwasactuallymodified.It is

cleared only by softere.

Implementation Note:

The pessimisticsettingof FPRS.DLandFPRS.DUallows hardwareto setthesebits eventhough
the modification of a floating-pointgester might be cancelled before data is written.
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5.1.7 Floating-P oint State Register (FSR)

TheFSRregisterfields, illustratedin figure 11, containFPU modeandstatusnformation.
Thelower 32 bits of the FSRarereadandwritten by the STFSRandLDFSR instructions;
all 64 bits of the FSR are readand written by the STXFSRand LDXFSR instructions,
respectrely. Thever, ftt, andreservedields are not modified by LDFSR or LDXFSR.

— fce3 | fec2 | fecl
63 38 37 36 35 34 33 32
RD| — TEM NS| — ver ftt gne|—| fccO aexc cexc
31 30 29 28 27 23 22 21 20 19 17 16 14 13 12 11 10 9 5 4 0

Figure 11—FSR Fields

Bits 63..38, 29..28, 21..20, and 12 areresered. Whenreadby an STXFSRinstruction,
thesebits shallreadaszero. Software shouldonly issueLDXFSR instructionswith zero
valuesin thesebits, unlessthe valuesof thesebits are exactly thosederived from 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 ( fccO, fccl, fcc2, fcc3)

Thereare four setsof floating-pointcondition codefields, labeledfccO, fccl, fcc2 and
fcc3

Compatibility Note:
SRARC-V9'sfccOis the same as BRC-V8'sfcc.

ThefccOfield consistsof bits 11 and10 of the FSR,fccl consistsof bits 33 and 32, fcc2
consistof bits 35 and34, andfcc3consistof bits 37 and36. Executionof afloating-point
compareinstruction (FCMP or FCMPE) updatesone of the fcen fields in the FSR, as
selectedy theinstruction.Thefccenfieldsarereadandwritten by STXFSRandLDXFSR

instructions,respectiely. The fccO field may also be read and written by STFSRand
LDFSR,respectiely. FBfcc andFBPfccinstructionsbasetheir controltransferson these
fields. The MOVcc and FMOVcc instructionscan conditionally copy a registerbasedon

the state of these fields.

In table8, f, 5, andf,g, correspondo thesingle,double,or quadvaluesin thefloating-point
registersspecifiedby a floating-pointcompareinstructions rs1 andrs2 fields. The ques-
tion mark(‘?") indicatesanunorderedelation,whichis trueif eitherf,g; or f,5>is asignal-
ling NaN or quietNaN. If FCMPor FCMPEgenerateanfp_exception_ieee_754 exception,
thenfccnis unchanged.



44 5 Registers

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

Corf1tent of Indicated relation
ccn

0 frs1 =frs2

1 frsl < frsz

2 frsl > fr32

3 frs1 ?frs2 (Unodered

5.1.7.2 FSR_rounding_direction (RD)

Bits 31 and 30 selectthe roundingdirectionfor floating-pointresultsaccordingto IEEE
Std 754-1985. dble 9 shars the encodings.

Table 9—Rounding Direction (RD) Field of FSR

RD Round toward
0 Nearest (een if tie)
1 0
2 + o0
3 — 00

5.1.7.3 FSR_trap_enab le_mask (TEM)

Bits 27 through23 areenablebits for eachof the five IEEE-754floating-pointexceptions
thatcanbe indicatedin the current_g&ceptionfield (cexc). Seefigure12 on page48. If a
floating-pointoperatanstructiongeneratesneor moreexceptionsandthe TEM bit corre-
spondingto ary of theexceptionds 1, anfp_exception_ieee_754 trapis causedA TEM bit

value of 0 preents the correspondingaeeption 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 performancejmplementationsmay corvert a subnormal
floating-pointoperandor resultto zerowhenFSR.NSis set. SFARC-V9 implementations
are permittedbut not encouragedo deviate from IEEE 754 requirementsvhenthe non-
standardnodebit of the FSRis 1. For implementationsn which no nonstandardoating-
point modeexists, the NS bit of the FSRshouldalwaysreadas0, andwritesto it should
be ignored.

SeelmplementatiorCharacteristicsof Current SFARC-V9-base®roducts Revision9.x a
documentavailablefrom SFARC Internationalfor a descriptionof how this field is used
in existing implementations.
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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 eachSFARC-V9 U implementationasidentified by its VER.impl field), theremay
be one or more FPU implementationspr none. This field identifiesthe particular FPU
implementatiorpresentVersionnumber7 is resened to indicatethat no hardwarefloat-
ing-pointcontrolleris presentSeelmplementatiorCharacteristicsof Current SFARC-V9-
basedProducts, Revision 9.x, a documentavailable from SFARC International,for a
description of the alues of this field in»asting implementations.

Theverfield is read-only;it cannotbe modifiedby the LDFSRandLDXFSR instructions.

5.1.7.6 FSR_floating-point_trap_type ( ftt)

Severalconditionscancausea floating-pointexceptiontrap. Whena floating-pointexcep-
tion trap occurs,ftt (bits 16 through14 of the FSR)identifiesthe causeof the exception,
the“floating-pointtraptype’ After afloating-pointexceptionoccurs theftt field encodes
the type of the floating-poinkeeption until an STFSR or an FPop xeeuted.

The ftt field can be read by the STFSRand STXFSR instructions.The LDFSR and
LDXFSR instructions do not f&fct fit.

Privilegedsoftwarethathandledloating-pointtrapsmustexecutean STFSR(or STXFSR)
to determinethefloating-pointtraptype. STFSRandSTXFSRshallzeroftt afterthe store
completeswithout error. If the storegeneratesn error and doesnot complete,ftt shall
remain unchanged.

Programming Note:
Neither LDFSR nor LDXFSR canbe usedfor this purpose sinceboth leave ftt unchangedHow-
ever, executinga nontrappingFPopsuchas“fmovs  %f0,%f0 " prior to returningto nonpri-
leged mode will zerdtt. Theftt remains alid until the n&t FPop instruction completegaxution.

Theftt field encodeghefloating-pointtraptype accordingto table10. Note thatthe value
“7” is resened for future gpansion.

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

—
—

Trap type
None
IEEE_754_exception
unfinished_FPop
unimplemented_FPop
sequence_error
hardware_error
invalid_fp_register

N/~ WINIFL O

Thesequence_error andhardware_error traptypesareunlikely to arisein thenormalcourse
of computationThey areessentiallyjunrecaerablefrom the point of view of userapplica-
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tions. In contrast, IEEE_754_exception, unfinished_FPop, and unimplemented_FPop Will
likely ariseoccasionallyin the normalcourseof computatiorandmustbe recoverableby
system softare.

When a floating-point trap occurs, the faliag results are obsesd by user softare:
(1) The alue ofaexcis unchanged.

(2) Thevalueof cexcis unchangedexceptthatfor aniEEE_754_exception a bit corre-
spondingto the trapping exceptionis set. The unfinished_FPop, unimplemented_
FPop, sequence_error, andinvalid_fp_register floating-pointtrap typesdo not affect
cexc.

(3) The sourceregistersare unchangedusuallyimplementedoy leaving the destina-
tion registers unchanged).

(4) The \alue offccnis unchanged.

Theforegoingdescribesgheresultseenby a usertrap handlerif 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 xception causing the trap.

In the casesof unfinished_FPop and unimplemented_FPop exceptionsthat do not subse-
guentlygeneratdEEE traps,therecovery softwareshoulddefinecexc, aexc, andthedesti-
nation rgisters oifccs, as appropriate.

5.1.7.6.1 ftt = IEEE_754_exception

The IEEE_754_exception floating-pointtrap type indicatesthat a floating-pointexception
conformingto IEEE Std 754-1985hasoccurred.Theexceptiontypeis encodedn thecexc
field. Note that aexc, the fccs, andthe destinationf registerare not affectedby an IEEE_
754_exception trap.

5.1.7.6.2 ftt = unfinished FP op

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

5.1.7.6.3 ftt = unimplemented_FP op

The unimplemented_FPop floating-pointtrap type indicatesthat animplementatiors FPU
decoded an FPop that it does not implement. In this casegdhield is unchanged.

Programming Note:

For the unfinished_FPop andunimplemented_FPop floating-pointtraps,softwareshouldemulateor
reexecute thexeception-causing instruction and update the FSR, destirfatagister(s), andccs.
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5.1.7.6.4 ftt = sequence_err or

The sequence_error floating-pointtrap type indicatesone of threeabnormalerror condi-
tions in the FPU, all caused by erroneous supervisor axtw

— An attemptwas madeto readthe floating-pointdeferred-trapgueue(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 attemptwas madeto executea floating-pointinstructionwhenthe FPU was
unableto accepbne.Thistypeof sequence_error arisesrom alogic errorin super-
visor softwarethathascaused previousfloating-pointtrapto beincompletelyser-
viced (for example, the floating-point queuewas not emptied after a previous
floating-point &ception).

— An attemptwas madeto readthe floating-pointdeferred-trapueue(FQ) with a
RDPRinstructionwhenthe FQ wasempty;thatis, whenFSRgne= 0. Note that
generation ofequence_error is recommendedub not required in this case.

Programming Note:

If a sequence_error floating-pointexceptionoccurswhile executingusercodedueto ary of the
above conditions it maynot be possibleto recover sufiicient stateto continueexecutionof the user
application.

5.1.7.6.5 ftt = hardware_error

The hardware_error floating-pointtrap type indicatesthatthe FPU detectedh catastrophic
internal errorsuch as an ilgal state or a parity error on aregister access.

Programming Note:

If a hardware_error occurswhile executingusercode,it may not be possibleto recover suficient
state to continuexecution 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-precisiomegisternumberis not 0 mod 4. An implementatiorshall
generate afp_exception_other trap with FSRitt = invalid_fp_register in this case.

5.1.7.7 FSR_FQ_not_empty ( gne)

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



48 5 Registers

The gne bit can be read by the STFSRand STXFSR instructions.The LDFSR and
LDXFSR instructionsdo not affect gne However, executingsuccessie “RDPR %fpqg”
instructionswill (eventually)causethe FQ to becomeempty(gne= 0). If animplementa-
tion doesnot provide anFQ, this bit shallreadaszero.Supervisorsoftwaremustarrange
for this bit to alvays read as zero to useonde softvare.

5.1.7.8 FSR_accrued_e xception ( aexc)

Bits 9 through 5 accumulatelEEE_754 floating-point exceptionswhile floating-point
exceptiontrapsaredisabledusingthe TEM field. Seefigure 13 on page49. After anFPop
completesthe TEM andcexcfieldsarelogically ANDed togetherl|f theresultis nonzero,
aexc is left unchangedndanfp_exception_ieee_754 trapis generatedptherwise the nev
cexc field is ORedinto the aexc field and no trap is generatedThus, while (and only
while) traps are maskl, xceptions are accumulated in thexc field.

5.1.7.9 FSR_current_e xception ( cexc)

Bits 4 throughO indicatethatone or morelEEE_ 754floating-pointexceptionsweregen-
eratedby the mostrecentlyexecuted=Popinstruction.Theabsenc®f anexceptioncauses
the corresponding bit to be cleared. See figdren page 49.

The cexc bits are setasdescribedn 5.1.7.10,“Floating-PointExceptionFields; by the
executionof an FPopthat eitherdoesnot causea trap or causesn fp_exception_ieee_754

trap with FSRftt = IEEE_754 exception. An IEEE_754 exception that traps shall cause
exactly onebit in FSRcexc to be set, correspondindo the detectedEEE Std 754-1985
exception.

In the caseof anoverflow (underflav) IEEE_754_exception thatdoesnot trap (becausaei-
ther OFM (UFM) nor NXM is set), more thanone bit in cexc is set: suchan overflow
(underflav) setsboth ofc (ufc) andnxc An overflow (underflav) IEEE_754_exception that
doestrap (because OFM (UFM) or NXM or both are set) shalbi&efufc), but notnxc

If the executionof an FPopcausesa trap otherthanan fp_exception_ieee_754 dueto an
IEEE Std 754-1985xeeption, FSReexc s left unchanged.

5.1.7.10 Floating-P oint Exception Fields

The currentand accruedexceptionfields andthe trap enablemaskassumehe following
definitions of the floating-poinixeeption conditions (per IEEE Std 754-1985):

NVM |OFM [UFM | DZM | NXM

27 26 25 24 23

Figure 12—Trap Enable Mask (TEM) Fields of FSR
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nva | ofa ufa | dza | nxa

9 8 7 6 5

Figure 13—Accrued Exception Bits§exq Fields of FSR

nvc | ofc ufc | dzc | nxc

4 3 2 1 0

Figure 14—Current Exception Bits €exq Fields of FSR

5.1.7.10.1 FSR_invalid (nvc, nva)

An operands improperfor the operatiornto be performed For example,0.0+ 0.0ande —
o are irvalid. 1=invalid operand(s), & valid operand(s).

5.1.7.10.2 FSR_overflo w (ofc, ofa)

Theresult,roundedasif the exponentrangewere unboundedwould be largerin magni-
tude than the destination formmtagest finite numberl = overflow, 0= no overflow.
5.1.7.10.3 FSR_underflo w (ufc, ufa)

Theroundedresultis inexactandwould besmallerin magnitudehanthe smallesinormal-
ized number in the indicated format=Linderflav, 0= no underflav.

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

If UFM =0: Underflov occursif a nonzeroresultis tiny and a loss of accurag
occurs.Tininessmay be detectedbeforeor after rounding(impl. dep.
#55).Lossof accurag maybeeitheradenormalizatiodossor aninex-
act result.

If UFM =1. Underflov occursif a nonzeroresultis 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 subnormabr normalized Note that0.0+ 0.0 doesnot setthedzcor
dzabits. 1= division by zero, &= no dvision by zero.

5.1.7.10.5 FSR_inexact (nxc, nxa)

The roundedresult of an operationdiffers from the infinitely preciseunroundedresult.
1 = inexact result, G= exact result.
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5.1.7.11 FSR Conformance

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 calculateshe IEEE Std 754-
1985 \alue of the bit. Br ary bit implemented as a state bit:

[1] The IEEE exceptioncorrespondingo the statebit mustalways causean
exception (specifically an unfinished_FPop exception). During exception
processingn thetrap handlerthebit in the statefield canbe written to the
appropriate alue by an LDFSR or LDXFSR instruction.

[2] The statebit mustbe implementedn sucha way thatif it is written to a
particularvalueby anLDFSR or LDXFSR instruction,it will bereadback
as the samealue 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 userapplicationprogramalways seesan FSRthatis fully compliantwith IEEE Std
754-1985.

5.1.8 Address Space Identifier Register (ASI)

ASI

7 0
Figure 15—ASI Register

The ASI registerspecifieghe addresspacedentifierto be usedfor load andstorealter-
nateinstructionsthatusethe“rs1+ simm13 addressingorm. Nonpriileged(usermode)
softwaremaywrite ary valueinto the ASI register;however, valueswith bit 7 = 0 indicate
restrictedASIs. Whena nonprvilegedinstructionmakesan accesshat usesan ASI with

bit 7 = 0, aprivileged_action exceptionis generatedSee6.3.1.3,“AddressSpacddentifiers
(ASIs); for detalils.

5.1.9 TICK Register (TICK)

TICK [NPT| counter

63 62 0

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

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

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

After the TICK registeris written, readingthe TICK registerreturnsa valueincremented
(by oneor more)from the lastvaluewritten, ratherthanfrom someprevious valueof the
counter Thenumberof countsbetweera write anda subsequentadneednot accurately
reflectthe numberof processocyclesbetweerthe write andthe read.Softwaremay only
rely on read-to-reaadtountsof the TICK registerfor accurateiming, 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 accesdy usersoftwareto high-
accuray timing information. The operationof the timer might be emulatedby the trap handler
which could read TICKounterand “fuzz” the alue to laver accurag.

5.2 Privileg ed Register s

Theregistersdescribedn this subsectiorarevisible only to softwarerunningin privileged
mode;thatis, whenPSTATE.PRIV = 1. Privilegedregistersare written usingthe WRPR
instruction and read using the RDPR instruction.

5.2.1 Processor State Register (PST ATE)

PSTATE|PID1 | PIDO | CLE | TLE MM RED| PEF | AM [PRIV| IE AG

11 10 9 8 7 6 5 4 3 2 1 0
Figure 17—PSRATE Fields

ThePSTATE registerholdsthe currentstateof the processarThereis only oneinstanceof
the PSATE rayister See Chapter 7, faps, for more details.
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Writing PSTATE is nondelayedthatis, new machinestatewrittento PSTATE is visible to
the next instructionexecuted.The privileged RDPR and WRPR instructionsare usedto
read and write PSNTE, respectiely.

Implementation Note:
To ensurethe nondelayedemanticsa write to PSTATE may take multiple cyclesto completeon
some implementations.

5.2.1.2 through 5.2.1.10 describe the fields contained in th&TESEyister

5.2.1.1 PSTATE_impldep (PID1, PIDO)

IMPL. DEP. #127: The presence and semantics of PSTATE.PID1 and PSTATE.PIDO 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 THATE 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 are performedin big-
endianbyte orderwith an ASI of ASI_PRIMARY. Instructionaccessesre always big-
endian.

5.2.1.3 PSTATE_trap_little_endian (TLE)

Whena trap is taken, the currentPSTATE registeris pushedonto the trap stackandthe
PSTATE.TLE bit is copiedinto PSTATE.CLE in the new PSTATE register This allows
systemsoftwareto have adifferentimplicit byte orderingthanthe currentprocessThus,if
PSTATE.TLE is setto 1, dataaccesseasinganimplicit ASI in thetrap handlerarelittle-
endian.The original stateof PSTATE.CLE is restoredvhenthe original 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 procdiss@lues are:

Value Memory model
00 Total Store Order (TSO)
01 Partial Store Order (PSO)
10 Relaxed Memory Order (RMO)
11 —

An implementatiormustprovide amemorymodelthatallows programsconformingto the
TSO modelto run correctly;thatis, TSO or a strongermodel. Whetherthe Partial Store
Order(PSO)modelor the RelaxedMemory Ordering(RMO) modelis supporteds imple-
mentation-dependent (impl. dep. #113).
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The currentmemorymodelis determinedy the valueof PSTATE.MM. Theeffect of set-
ting PSTATE.MM to an unsupportedvalue is implementation-dependerftmpl. dep.
#119).

5.2.1.5 PSTATE_RED_state (RED)

When PSTATE.RED is setto 1, the processoris operatingin RED (Reset,Error, and
Dehug) state.See7.2.1,"RED _stat€’. ThelU setsPSTATE.REDwhenary hardwarereset
occurs.It alsosetsPSTATE.RED whena trap is taken while TL = (MAXTL - 1). Soft-
ware can gt RED_state by one of wvmethods:

(1) Execute a DONE or RETRY instruction, which restoresthe stacled copy of
PSTATE and clears PRITE.RED if it was 0 in the sta&d coyy.

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

Programming Note:

ChangingPSTATE.RED may causea changein addressmappingon somesystemslt is recom-
mendedhatwritesof PSTATE.REDbe placedin thedelayslot of a JMPL; thetargetof this IMPL
shouldbe in the new addresamapping.The JMPL setsthe nPC, which becomeghe PC for the
instruction that folars the WPR in its delay slot. Theedt of the WPR instruction is immediate.

5.2.1.6 PSTATE_enable_floating-point (PEF)

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

5.2.1.7 PSTATE_address_mask (AM)

WhenPSTATE.AM = 1, bothinstructionanddataaddresseareinterpretedasif the high-
order32 bitsweremasledto zerobeforebeingpresentedo the MMU or memorysystem.
Thirty-two-bit application softare must run with this bit set.

Branchtargetaddressegsentto thenPC)andaddressesentto registersby CALL, JMPL,
andRDPCinstructionsarealways64-bit values but the valueof thehigh-order32-bitsare
implementation-dependengimilarly, the value of the high-order32-bits of TPC and
TNPC after a trap tan while PSATE.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 PSATE.PRIV =1, the processor is in piieged mode.
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5.2.1.9 PSTATE_interrupt_enab le (IE)
When PSATE.IE = 1, the processor can accept interrupts.

5.2.1.10 PSTATE_alternate_globals (A G)

WhenPSTATE.AG = 0, the processointerpretsintegerregisternumbersn therange0..7
asreferringto the normalglobal registerset. WhenPSTATE.AG = 1, the processointer-
pretsintegerregisternumberdn therange0..7 asreferringto the alternateglobalregister
set.

5.2.2 Trap Level Register (TL)

TL TL

2 0
Figure 18—Trap Level Register

Thetraplevel registerspecifieghe currenttraplevel. TL = 0 is thenormal(nontrap)level
of operation.TL > 0 implies that one or moretrapsare being processedThe maximum
valid value that the TL register may containis “MAXTL. " This is always equal to the
numberof supportedrap levels beyond level 0. SeeChapter7, “Traps, for moredetails
aboutthe TL register An implementatiorshall supportat leastfour levels of trapsbeyond
level O; 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 founveksddgond level 0.
Programming Note:

Writing the TL registerwith awrpr  %tl instructiondoesnot alterary othermachinestate;that
is, it is not equialent to taking or returning from a trap.

5.2.3 Processor Interrupt Le vel (PIL)

PIL PIL

3 0

Figure 19—Piocessor Interrupt Level Register

The processointerruptlevel (PIL) is the interruptlevel abore which the processomill
acceptan interrupt.Interruptpriorities are mappedsuchthatinterruptlevel 2 hasgreater
priority thaninterruptlevel 1, andsoon. Seetable15 on pagel03for alist of exception
and interrupt priorities.

Compatibility Note:
On SFRARC-V8 processorghe level 15 interruptis consideredo be nonmaskablesoit hasdiffer-
entsemanticgrom otherinterruptlevels. SFARC-V9 processorslo not treatlevel 15 interruptsdif-



5.2 Privileged Registers 55

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

5.2.4 Trap Program Counter (TPC)

TPC, PC from trap while TL =0 00
TPC, PC from trap while TL =1 00
TPC3 PC from trap while TL =2 00
TPCy, PC from trap while TL =3 00

63 210

Figure 20—Trap Program Counter Register

The TPC register containsthe programcounter(PC) from the previous trap level. There
are MAXTL instancesof the TPC (impl. dep.#101), but only oneis accessibleat ary
time. Thecurrentvaluein the TL registerdeterminesvhichinstanceof the TPCregisteris
accessibleAn attemptto reador write the TPCregisterwhenTL = 0 shallcauseanillegal_
instruction exception.

5.2.5 Trap Next Program Counter (TNPC)

TNPC, nPC from trap while TL =0 00
TNPC, nPC from trap while TL =1 00
TNPC3 nPC from trap while TL =2 00
TNPC,4 nPC from trap while TL =3 00
63 210

Figure 21—Trap Next Program Counter Register

The TNPCrregisteris the next programcounter(nPC)from the previoustraplevel. There
are MAXTL instancesf the TNPC (impl. dep.#101),but only oneis accessiblet ary
time. Thecurrentvaluein the TL registerdeterminesvhich instanceof the TNPCregister
is accessibleAn attemptto reador write the TNPC registerwhenTL = 0 shall causean
illegal_instruction exception.
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5.2.6 Trap State (TSTATE)

TSTATE; | cCCRfromTL =0 | ASIfromTL =0 — PSTATE from TL =0 — | CWPfromTL =0
TSTATE, | CCRfromTL =1 | ASIfromTL =1 — PSTATE from TL =1 — | CWPfromTL =1
TSTATE3 | CCRfromTL =2 | ASIfrom TL =2 — PSTATE from TL =2 — | CWPfromTL =2
TSTATE,4 | CCRfromTL =3 | ASlfromTL =3 — PSTATE from TL =3 — | cwPfromTL =3
39 32 31 24 23 20 19 87 54 0

Figure 22—Trap State Register

TSTATE containsthe statefrom the previous trap level, comprisingthe contentsof the
CCR ASI, CWP, andPSTATE registersfrom the previous trap level. Thereare MAXTL

instance®f the TSTATE register but only oneis accessiblatatime. The currentvaluein
theTL registerdeterminesvhich instanceof TSTATE is accessibleAn attemptto reador
write the TSATE register when TL= 0 causes aiflegal_instruction exception.

TSTATE bits 19 and 18 areimplementation-dependentMPL.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)

TT, | Trap type from trap while TL =0

TT, | Trap type from trap while TL =1

TT3| Trap type from trap while TL =2

TT,4 | Trap type from trap while TL =3

8 0

Figure 23—Trap Type Register

TheTT registernormally containghetraptype of thetrapthatcausedentryto the current
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 processois in error_stateWhenthis occurs,the TT registerwill
contain the trap type of th&eeption that caused entry into error_state.

ThereareMAXTL instance®f theTT register(impl. dep.#101),but only oneis accessi-
bleatatime. Thecurrentvaluein the TL registerdeterminesvhichinstanceof the TT reg-
isteris accessibleAn attemptto reador write the TT registerwhenTL = O shallcausean
illegal_instruction exception.
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5.2.8 Trap Base Ad dress (TB A)

Trap Base Address 000000000000000

63 15 14 0

Figure 24—Trap Base Address Register

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

The full address for a trapeutor is specified by the PB TL, TT[TL], and five zeroes:

TBA<63:15> TL>0 TTr.  |00000

63 15 14 13 5 4 0

Figure 25—Trap Vector Address

Notethatthe“(TL >0)” bit is 0 if TL = 0 whenthetrapwastaken,andl if TL >0 when
the trap wastaken. This implies thattherearetwo trap tables:onefor trapsfrom TL =0
and one for traps from Tk 0. See Chapter 7, f&ps, for more details on trapectors.

5.2.9 Version Register (VER)

manuf impl mask — maxtl — |maxwin

63 48 47 32 31 24 23 16 15 87 5 4 0

Figure 26—\érsion Register

The versionregister specifiesthe fixed parameterpertainingto a particularCPU imple-
mentation and mask set. The VERister 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 FFFO,¢.. FFFF,g are reserved and are not available for
assignment.

Thevalueof VER.implis assignedsdescribedn C.3,“ImplementatiorDependeng Cat-
egories.

VER.maskspecifiesthe currentmasksetrevision, andis chosenby the implementor It
generallyincreasesnumericallywith successie releasesf the processqrbut doesnot
necessarily increase by one for conseeuteleases.

VER .maxtl containsthe maximumnumberof traplevels supportedoy animplementation
(impl. dep.#101),thatis, MAXTL, themaximumvalueof thecontentsf the TL register
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VER . maxwincontainghe maximumindex numberavailablefor useasavalid CWPvalue
in animplementationthatis, VER.maxwincontainsthe value“NWINDOWS - 1" (impl.
dep. #2).

5.2.10 Register -Windo w State Register s

The stateof the registerwindows is determinedoy a setof privilegedregisters.They can
be read/writtenby privileged software usingthe RDPR/WRPRinstructions.In addition,
theseregistersare modified by instructionsrelatedto register windows and are usedto
generate traps that alosupervisor softare to spill, fill, and clean gester windaevs.

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
dog,(NWINDOWS)Oand 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.

The detailsof how the window-managementegistersareusedby hardwarearepresented
in 6.3.6, “Rgister Wndow Management Instructioris.

5.2.10.1 Current Windo w Pointer (CWP)

CWP Current Window #

4 0

Figure 27—Current Window Pointer Register

The CWPregisteris acounterthatidentifiesthe currentwindow into the setof integerreg-
isters.See6.3.6, “Register Window Managementnstructions, and Chapter7, “Traps,
for information on hw hardware manipulates the CWRgister

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

Compatibility Note:

The following differencedhetweenSFARC-V8 and SFARC-V9 arevisible only to privilegedsoft-
ware; thg are irvisible to nonprileged softvare:

1) In SRARC-V9, SAVE incrementsCWP and RESTORE decrement€WRP In SFARC-V8, the
opposite is true: SAE decrements PSR.CWP and REXRE increments PSR.CWP

2) PSR.CWPRn SFARC-V8 is changedn eachtrap.In SFARC-V9, CWP is affectedonly by a
trap caused by a winddfill or spill exception.

3) In SRARC-V8, writing a valueinto PSR.CWPthatis greaterthanor equalto the numberof
implementedwindows causesan illegal_instruction exception. In SFARC-V9, the effect of
writing an out-of-rangealue to CWP is undefined.
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5.2.10.2 Savable Windo ws (CANSAVE) Register

CANSAVE

4 0

Figure 286—CANSA/E Register

The CANSAVE registercontainshe numberof registerwindows following CWPthatare
notin useandare,hence availableto be allocatedoy a SAVE instructionwithout generat-
ing a windav spill exceptin

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 (CANREST ORE) Register

CANRESTORE

4 0

Figure 29—CANRESTORE Register

The CANRESTORE register containsthe numberof register windows precedingCWP
thatarein useby the currentprogramandcanberestoredvia the RESTORE instruction)
without generating a winaofill 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

OTHERWIN

4 0

Figure 30—O'HERWIN Register

The OTHERWIN registercontainsthe countof registerwindows thatwill be spilled/filled
usinga separatesetof trap vectorsbasedon the contentsof WSTATE_OTHER. If OTH-
ERWIN is zero, registerwindows are spilled/filled using trap vectorsbasedon the con-
tents of WSATE_NORMAL.

The OTHERWIN register can be usedto split the register windows among different
address spaces and handle spill/fill trafisieftly by using separate spill/filleetors.

The effect of writing a value greaterthan NWINDOWS-1 to this registeris undefined
(impl. dep. #126).
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5.2.10.5 Window State (WSTATE) Register

WSTATE OTHER NORMAL

5 3 2 0
Figure 31—WSTATE Register

The WSTATE register specifieshits that areinsertedinto TTy <4:2>on trapscausedoy
window spill andfill exceptions.Thesebits areusedto selectone of eightdifferentwin-
dow spill andfill handlerslf OTHERWIN = 0 atthetime atrapis takendueto awindow
spill or window fill exception,thenthe WSTATE.NORMAL bits areinsertednto TT[TL].
Otherwise the WSTATE.OTHER bits areinsertedinto TT[TL]. See6.4, “Register Win-
dow Managemeritfor details of the semantics of[BIERWIN.

5.2.10.6 Clean Windo ws (CLEANWIN) Register

CLEANWIN

4 0
Figure 32—CLEANWIN Register

The CLEANWIN registercontainsthe numberof windows thatcanbe usedby the SAVE
instruction without causing @an_window exception.

The CLEANWIN register countsthe numberof register windows that are “clean” with
respectto the currentprogram;that is, register windows that containonly zeros,valid
addressesor valid data from that program. Registersin thesewindows need not be
cleanedbeforethey can be used.The countincludesthe register windows that can be
restored(the value in the CANRESTORE register) and the register windows following
CWPthatcanbe usedwithout cleaning.Whena cleanwindow is requestedvia a dASAVE
instruction)andnoneis available,a clean_window exceptionoccursto causethe next 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 (ASRSs)

SFARC-V9 provides for up to 25 ancillary stateregisters (ASRs) numberedfrom 7
through 31.

ASRsnumberedr..15 areresenred for future useby the architectureand shouldnot be
referenced by softare.

ASRsnumberedl6..31 areavailablefor implementation-dependenses(impl. dep.#8),
suchastimers,countersdiagnostiaegisters self-testregisters,andtrap-controlregisters.
An IU may chooseto implementfrom zeroto sixteenof theseASRs. The semanticsof
accessingury of theseASRsis implementation-depende/hetheraccesgo a particular
ancillary state rgister is pwileged is implementation-dependent (impl. dep. #9).
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An ASR is readandwritten with the RDASR andWRASR instructions respectrely. An
RDASR or WRASR instruction is prileged if the accessedgister is pwileged.

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

If presenin animplementationthe FQ containssufiicient 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.

The FQ canbereadwith thereadprivilegedregister(RDPR)floating-pointqueueinstruc-
tion. In a given implementationjt may also be readableor writable via privilegedload/
storedoublealternatanstructiong LDDA, STDA), or by read/writeancillary stateregister
instructions (RBSR, WRASR).

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

If anFQ is presenthowever, supervisorsoftware mustbe ableto deducethe exception-
causinginstructions opcode(opf), operandsand addressrom its FQ entry This also
mustbetrue of arny otherpendingfloating-pointoperationsn the queue Seelmplementa-
tion Characteristics of Current SFARC-V9-basedProducts, Revision 9.x, a document
available from SFARC International,for a discussionof the formats and operationof

implemented floating-point queues xisting SRARC-V9 implementations.

In implementationsvith a floating-pointqueue an attemptto readthe FQ with a RDPR
instructionwhenthe FQ is empty(FSRgne= 0) shallcauseanfp_exception_other trapwith
FSRItt setto 4 (sequence_error).In implementationsvithoutan FQ, thegnebit in the FSR
is aways 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 U Deferred-Trap Queue

An implementatiormay containzeroor morelU deferred-tragueuesSucha queuecon-
tains sufficient stateto implementresumabladeferredtrapscausedoy the IU. See7.3.2,
“Deferred Traps, for more information. Note that deferredfloating-pointtrapsare han-
dled by the floating-point deferred-trapqueue.See ImplementationCharacteristics of
Current SFARC-V9-basedProducts, Revision 9.x, a documentavailable from SFARC
International, for a discussion of such queuesistiag 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.



62

5 Registers




6 Instructions

Instructionsare accessedby the processofrom memoryand are executed,annulled,or
trappedInstructionsareencodedn four majorformatsandpartitionedinto elevengeneral
cateyories.

6.1 Instruction Ex ecution

The instructionat the memorylocation specifiedby the programcounteris fetchedand
thenexecuted.Instructionexecutionmay changeprogram-visibleprocessoand/ormem-
ory state As a side-efect of its execution,new valuesareassignedo the programcounter
(PC) and the ne program counter (nPC).

An instructionmay generatean exceptionif it encountersomeconditionthat makesit
impossibleto completenormalexecution.Suchan exceptionmay in turn generatea pre-
cisetrap.Othereventsmayalsocausdraps:anexceptioncausedy a previousinstruction
(adeferredtrap),aninterruptor asynchronousrror (a disruptingtrap), or a resetrequest
(aresettrap).If atrapoccurs,controlis vectorednto atraptable.SeeChapter7, “Traps,
for a detailed description okeeption and trap processing.

If a trap doesnot occur and the instructionis not a control transfer the next program
counter(nPC)is copiedinto the PCandthenPCis incrementedy 4 (ignoringoverflow, if
ary). If theinstructionis a control-transfeinstruction,the next programcounter(nPC)is
copiedinto the PC and the tamget addressis written to nPC. Thus, the two program
counters praide for a delayed-branchkxecution model.

For eachinstructionaccesandeachnormaldataaccessthe IlU appendsn 8-bit address
spaceidentifier, or ASI, to the 64-bit memoryaddressLoad/storealternateinstructions
(see6.3.1.3,"AddressSpaceldentifiers(ASIs);) canprovide anarbitrary ASI with their
data addresses, or use the A8lle currently contained in the AShister

Implementation Note:

Thetime requiredto executeaninstructionis implementation-dependerasis the degreeof execu-
tion concurreng. In the absencef traps,animplementatiorshouldcausethe sameprogram-visi-
ble registerand memorystatechangesasif a programhad executedaccordingto the sequential
modelimplied in this documentSeeChapter7, “Traps; for a definition of architecturalcompli-

ance in the presence of traps.

6.2 Instruction Formats

Instructionsareencodedn four major 32-bitformatsandseveralminor formats,asshavn
in figures 33 and 34.
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Format 1 (op=1): CALL

op

disp30

31 30 29

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

op rd op2 imm22
op |a cond op2 disp22
op |a cond op2 |ccliccO| p disp19
op [a|0]| rcond op2 dieéhi | p rsl d16lo
31 30 29 28 25 24 22 21 20 19 18 14 13 0

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

op rd op3 rsl i=0 — rs2
op rd op3 rsl i=1 simm13
op — op3 rsl i=0 — rs2
op — op3 rsi i=1 simm13
op rd op3 rsi i=0| rcond — rs2
op rd op3 rsl i=1| rcond simm10
op rd op3 rsl i=0 — rs2
op rd op3 rsl i=1 — cmask mmask
op rd op3 rsl i=0 imm_asi rs2
op impl-dep op3 impl-dep

31 30 29 27 26 25 24 19 18 14 13 12 10 9 7 6 5 4 3 0

Figure 33—Summary of Instruction Formats: Formats 1, 2, and 3




6.2 Instruction Formats 65

Format 3 (op= 2 or 3):Continued
op rd op3 rsl i=0 x — rs2
op rd op3 rsl i=1x=0 — shcnt32
op rd op3 rsl i=1{x=1 — shent64
op rd op3 — opf rs2
op 000 |ccl|ccO op3 rsi opf rs2
op rd op3 rsl opf rs2
op rd op3 rsi _
op fcn op3 —
op rd op3 _

31 30 29 25 24 19 18 14 13 12 11 6 5 4 0

Format 4 (op=2): MOVcc, FMOVr, FMOVcc, and Tcc
op rd op3 rsi i=0|cclccO — rs2
op rd op3 rsl i=1|{cclccO simm11
op rd op3 cc2 cond i=0[ccljccO — rs2
op rd op3 cc2) cond i=1|cclccO simm11l
op rd op3 rsl i=1{cclccOo — Ssw_trap#
op rd op3 rsl 0 rcond opf_low rs2
op rd op3 0 cond opf_cc opf_low rs2

31 30 29 25 24 19 18 17 14 13 12 11 10 9 7 6 5 4 0
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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 fafo

a
The a bit annulsthe executionof the following instructionif the branchis condi-
tional and untadn, or if it is unconditional and tak.

ccO, ccl, and cc2

cc2cclccOspecifythe conditioncodes(icc, xcg fccQ fecl, feez, feed) to be used
in the instruction.Individual bits of the samelogical field are presentin several
other instructions: Branch on Floating-PointCondition Codeswith Prediction
Instructiong(FBPfcc),Branchon Integer ConditionCodeswith Prediction(BPcc),
Floating-PointComparenstructions Move Integer Registerif Conditionis Satis-
fied (MOVcc), Move Floating-PointRegisterif Conditionis Satisfied(FMOVcc),
andTrapon Integer ConditionCodeg(Tcc). In instructionssuchasTcc thatdo not
containthe cc2 bit, the missingcc?2 bit takeson a default value. Seetable38 on
page 279 for a description of these fieldsues.

cmask

This 3-bit field specifiessequencingonstrainton the orderof memoryreferences
and the processing of instructions before and after a M&RMBstruction.

cond:

This 4-bit field selectshe conditiontestedby a branchinstruction.SeeAppendix
E, “Opcode Mapsfor descriptions of its &lues.

d16hi and d16lo
These2-bit and14-bitfieldstogethercompriseaword-aligned sign-exctended PC-
relatve displacementfor a branch-on-rgistercontentswith prediction (BPr)
instruction.

displ9
This 19-bitfield is aword-aligned sign-extended PC-relatve displacementor an
integer branch-with-predictiorfBPcc)instructionor a floating-pointbranch-with-
prediction (FBPfcc) instruction.

disp22 and disp30
These22-bit and 30-bit fields are word-aligned,sign-extended,PC-relatve dis-
placements for a branch or call, respesti

fcn:

This 5-bit field providesadditionalopcodebits to encodethe DONE andRETRY
instructions.

Thei bit selectsthe secondoperandfor integer arithmeticandload/storeinstruc-
tions. If i =0, the operandis r[rs2]. If i =1, the operandis sSimm10Q simm11 or
simm13 depending on the instruction, sigxtended to 64 bits.
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imm22:
This 22-bitfield is a constanthat SETHI placesn bits 31..100f a destinatiorreg-
ister.

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

impl-dep:
The meaning of these fields is completely implementation-dependentor
IMPDEP1 and IMPDEP?2 instructions.

mmask:
This 4-bit field imposesorderconstraintson memoryreferencesppearingoefore
and after a MEMBR instruction.

op and op2
These2- and3-bit fieldsencodethe threemajor formatsandthe Format2 instruc-
tions. See Appendix E, “Opcode Mdp®y descriptions of their alues.

op3:.
This 6-bit field (togethemwith onebit from op) encodeghe Format3 instructions.
See Appendix E, “Opcode Map&r descriptions of its @lues.

opf:
This 9-bit field encodedhe operationfor a floating-pointoperate(FPop)instruc-
tion. See Appendix E, “Opcode Mapmr possible walues and their meanings.

opf_cc
Specifiesthe condition codesto be usedin FMOVcc instructions.SeeccO, ccl,
and cc2abore for detalils.

opf_low:
This 6-bit field encodeghe specificoperationfor a Move Floating-PointRegister
if Conditionis satisfied(FMOVcc) or Move Floating-Pointregisterif contentsof
integer regyister match condition (FM@r) instruction.

p:
This 1-bit field encodestaticpredictionfor BPccandFBPfccinstructionsasfol-
lows:
p Branch prediction
Predict branch will not be tak
1 Predict branch will be ta
rcond:

This 3-bit field selectsthe registercontentsconditionto testfor a move basedon

register contents(MOVr or FMOVr) instructionor a branchon register contents
with prediction(BPr) instruction.SeeAppendix E, “OpcodeMaps; for descrip-
tions of its \alues.
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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.

rsi.
This 5-bit field is the address of the firsir f register(s) source operand.

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

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

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

simm10.
This 10-bitfield is animmediatevaluethatis sign-ectendedto 64 bits andusedas
the second ALU operand for a M®instruction when = 1.

simm1l
This 11-bitfield is animmediatevaluethatis sign-extendedto 64 bits andusedas
the second ALU operand for a MOc instruction whem = 1.

simml13
This 13-bitfield is animmediatevaluethatis sign-extendedto 64 bits andusedas
the secondALU operandfor an integer arithmeticinstructionor for a load/store
instruction when = 1.

SW_trap#
This 7-bit field is animmediatevaluethatis usedasthesecondALU operandor a
Trap on Condition Code instruction.

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

6.3 Instruction Categories
SFARC-V9 instructions can be grouped into the follog catgories:
— Memory access
— Memory synchronization
— Integer arithmetic
— Control transfer (CTI)
— Conditional mees
— Rajister windev management

— State rgister access
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— Privileged rgister access
— Floating-point operate

— Implementation-dependent
— Resered

Each of these cageries is further described in the fallimg subsections.

6.3.1 Memory Access Instructions

Load, Store,Prefetch,Load StoreUnsignedByte, Swap, and Compareand Swap arethe
only instructionsthat accessnemory All of the instructionsexcept Compareand Swap
useeithertwo r registersor anr registerand simm213to calculatea 64-bit byte memory
addressCompareand Swap usesa singler registerto specify a 64-bit byte memory
addressTo this 64-bit addressthe IlU appendsan ASI thatencodesaddresspaceinfor-

mation.

The destinatiorfield of a memoryreferencanstructionspecifiegher or f register(s)that
supplythedatafor astoreor receve thedatafrom aloador LDSTUB. For SWAP, thedes-
tination register identifiesthe r registerto be exchangedatomically with the calculated
memorylocation.For Compareand Swap, anr registeris specifiedwhosevalueis com-
paredwith thevaluein memoryatthe computedaddresslf thevaluesareequal,thedesti-
nationfield specifiesther registerthatis to be exchangedatomicallywith the addressed
memorylocation.If thevaluesareunequalthedestinatiorfield specifiegher registerthat
is to receve thevalueat the addressethemorylocation;in this case the addressethem-
ory location remains unchanged.

The destinationfield of a PREFETCHinstructionis usedto encodethe type of the
prefetch.

Integer load and storeinstructionssupportbyte (8-bit), halfword (16-bit), word (32-bit),
anddoublevord (64-bit) accessed:loating-poinioadandstoreinstructionssupportword,
doublevord, andquadword memoryaccessed.DSTUB accessebytes,SWAP accesses
words, and CAS accessesnds or doubleords. PREFETCH accesses at least 64 bytes.

Programming Note:

By settingi = 1 andrs1= 0, ary locationin thelowestor highest4K bytesof anaddresspacecan
be accessed without using gister to hold part of the address.

6.3.1.1 Memory Alignment Restrictions

Halfword accesseshall be aligned on 2-byte boundariesyord accessegwhich include
instructionfetches)shallbe alignedon 4-byteboundariesextendedword anddoublevord
accesseshallbealignedon 8-byteboundariesandquadword accesseshallbealignedon
16-byte boundaries, with the follang exceptions.

An improperly alignedaddressn a load, store,or load-storeinstructioncausesa mem_
address_not_aligned exception to occyrexcept:
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— An LDDF or LDDFA instructionaccessing@naddresghatis word-alignedout not
doublavord-alignedmay causean LDDF_mem_address_not_aligned exception, or
may complete the operation in ha@w (impl. dep. #109).

— An STDFor STDFA instructionaccessingn addresghatis word-alignedbut not
doublevord-alignedmay causean STDF_mem_address_not_aligned exception or
may complete the operation in hawe (impl. dep. #110).

— An LDQF or LDQFA instructionaccessin@naddresghatis word-alignedobut not
guadword-alignedmay causeanLDQF_mem_address_not_aligned exceptionor may
complete the operation in hardwe (impl. dep. #111).

— An STQFor STQFA instructionaccessingnaddresghatis word-alignedbut not
guadword alignedmay causean STQF_mem_address_not_aligned exceptionor may
complete the operation in hardwe (impl. dep. #112).

6.3.1.2 Addressing Con ventions

SFARC-V9 useshig-endiarbyte orderfor all instructionaccesseand,by default, for data
accessedt is possibleto accesglatain little-endianformat by usingselectedASls. It is
alsopossibleto changethe default byte orderfor implicit dataaccessesSee5.2.1,“Pro-
cessor State Rister (PSATE)” for more informationt

6.3.1.2.1 Big-Endian Ad dressing Con vention

Within a multiple-byteinteger, the byte with the smallestaddresss the mostsignificant;a
byte’s significancedecreaseasits addressncreasesThe big-endianaddressingonven-
tions are illustrated in figur& and defined as folls:

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

halfword:
For aload/storehalfword instruction,two bytesareaccessedl he mostsignificant
byte (bits 15..8) is accessedttheaddresspecifiedn theinstruction;theleastsig-
nificant byte (bits 7.0) is accessed at the addresk

word:
For a load/storeword instruction,four bytesare accessedT he most significant
byte (bits 31..24) is accesseat the addresspecifiedin the instruction;the least
significant byte (bits 70) is accessed at the addres®

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

1. See Cohen, D., “On Holy & and a Plea for Pedc€omputerl4:10 (October 1981), pp. 48-54.
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For the deprecatednteger load/storedouble instructions(LDD/STD), two big-
endianwordsareaccessedlheword attheaddresspecifiedn theinstructioncor-
respondgo the even register specifiedin the instruction;the word at address- 4

corresponds to the follang odd-numbered gester
quadword:

For aload/storequadwvord instruction sixteenbytesareaccessedl he mostsignif-
icantbyte (bits 127..120)is accessedttheaddresspecifiedn theinstruction;the

least significant byte (bits..D) is accessed at the addreskb.

Byte Address
7 0
Halfword Address<0> = 0 1
15 8|7 0
Word Address<1:0> = 00 01 10 11
31 2423 16|15 8|7 0
Doubleword / Address<2:0> = 000 001 010 011
Extended w ord 63 56 55 48|47 40|39 32
Address<2:0> = 100 101 110 111
31 2423 16(15 8|7 0
Quadword Address<3:0> = 0000 0001 0010 0011
127 120 119 112|111 104 (103 96
Address<3:0> = 0100 0101 0110 0111
95 88| 87 80|79 72|71 64
Address<3:0> = 1000 1001 1010 1011
63 56| 55 48|47 4039 32
Address<3:0> = 1100 1101 1110 1111
31 2423 16(15 8|7 0

Figure 35—Big-Endian Addressing Corentions

6.3.1.2.2 Little-Endian Ad dressing Con vention

Within amultiple-byteinteger, the bytewith the smallestaddresss theleastsignificant;a
byte’s significanceincreasessits addressncreasesThelittle-endianaddressingonven-

tions are illustrated in figur& and defined as folls:
byte:

A load/storebyte instructionaccesseshe addressedbyte in both big- and little-

endian modes.
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halfword:
For aload/storenhalfword instruction,two bytesareaccessedrl'he leastsignificant
byte (bits 7..0) is accessedt the addresspecifiedn theinstruction;the mostsig-
nificant byte (bits 158) is accessed at the addresk

word:
For a load/storeword instruction, four bytesare accessedT he leastsignificant
byte (bits 7..0) is accessedt the addresspecifiedn theinstruction;the mostsig-
nificant byte (bits 3124) is accessed at the address

doubleword or extended word:
For a load/storeextendedor floating-point load/storedouble instruction, eight
bytesareaccessedrlhe leastsignificantbyte (bits 7..0) is accesseat the address
specifiedn theinstruction;themostsignificantbyte (bits 63..56) is accessedtthe
address 7.
For the deprecatednteger load/storedoubleinstructions(LDD/STD), two little-
endianwordsareaccessedlheword attheaddresspecifiedn theinstruction+ 4
correspondso theevenregisterspecifiedn theinstruction;theword attheaddress
specified in the instruction corresponds to the wathy odd-numbered gister
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gquadword:
For aload/storequadword instruction,sixteenbytesareaccessedr he leastsignif-
icantbyte (bits 7..0) is accessedttheaddresspecifiedn theinstruction;themost
significant byte (bits 127120) is accessed at the addred$

Byte Address
7 0
Halfword Address<0> = 0 1
7 ol 15 8
Word Address<1:0> = 00 01 10 11
7 0|15 8| 23 16|31 24
Doubleword/ Address<2:0> = 000 001 010 011
Extended w ord 7 ol 15 8| 23 1631 24
Address<2:0> = 100 101 110 111
39 32| 47 40| 55 48|63 56
Quadword Address<3:0> = 0000 0001 0010 0011
7 ol 15 8| 23 1631 24
Address<3:0> = 0100 0101 0110 0111
39 32| 47 40| 55 48|63 56
Address<3:0> = 1000 1001 1010 1011
71 64| 79 72| 87 80| 95 88
Address<3:0> = 1100 1101 1110 1111
103 96| 111 104| 119 112|127 120

Figure 36—Little-Endian Addressing Corentions

6.3.1.3 Address Space Identifier s (ASIs)

Load and storeinstructionsprovide an implicit ASI value of ASI_PRIMARY or ASI_
PRIMARY_LITTLE. Loadandstorealternatanstructionsprovide anexplicit ASI, speci-
fied by theimm_asiinstructionfield wheni = 0, or the contentsof the ASI registerwhen
i=1.

ASIs 00,5 through7F,¢ arerestricted;only privilegedsoftwareis allowedto accesshem.
An attemptto accessa restrictedASI by nonprvileged software resultsin a privileged_
action exception.ASIs 80,5 throughFF,5 are unrestricted;software is allowed to access
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themwhetherthe processors operatingn privilegedor nonprvilegedmode.Thisis illus-
trated in tablel 1.

Table 11—Alloved Accesses to ASls

Processor state
Value Access Tpe (PSTATE.PRIV) Result of ASI access
Nonpriileged (0 rivileged_action exception
0046..7F46 Restricted p ged (0) P - 9C P
Privileged (1) Valid access
) Nonprvileged (0) Valid access
80y6.-FFig Unrestricted — -
Privileged (1) Valid access

The required ASI assignmentsare shovn in tablel2. In the table, “R” indicatesa
restricted ASI, and “U” indicates an unrestricted ASI.

IMPL. DEP. #29: These ASI assignments are implementation-dependent: restricted ASIs
0076..0316, 0516..0B15, OD1g..0F15, 1296..1716, AND 1A4..7F16; and unrestricted ASIs
C046 .. 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.
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Table 12—Address Space Identifiers (ASIs)

Value Name Access Address space
00;6..03,¢ — R  |Implementation-dependént
0dyg ASI_NUCLEUS R |Implementation-dependént
05;6..0B1¢ — R |Implementation-dependént
0Ci5 ASI_NUCLEUS_LITTLE R |Implementation-dependént
0D4g..0F 34 — R |Implementation-dependént
106 ASI_AS_IF_USER_PRIMAR R |Primary address space, usevjege’
116 ASI_AS_IF_USER_SECONBRY R | Secondary address space, useiilpge®
1245 .17 — R |Implementation-dependént
1844 ASI_AS_IF_USER_PRIMAR_LITTLE R |Primary address space, usevitege, little-endiard
194 ASI_AS_IF_USER_SECONBRY_LITTLE R Secondary address space, usem,p'ritle-endiar?f
1A15..7F 5 — R |Implementation-dependént
80;5 ASI_PRIMARY U Primary address space
8116 ASI_SECONDARY U Secondary address space
82 ASI_PRIMARY_NOFAULT U Primary address space, reft*
836 ASI_SECONDARY_NOFAULT U |Secondary address space, aoi*
84,6..8715 — U |Reserved
885 ASI_PRIMARY_LITTLE U Primary address space, little-endian
896 AS|_SECONDARY_LITTLE U Secondary address space, little-endian
8A15 AS|_PRIMARY_NOFAULT_LITTLE U Primary address space, rault, little-endiaft
8B1g ASI_SECONDARY_NOFAULT_LITTLE U Secondary address space, aoltf little-endiaft
8Cy5..BF5 — U |Reserved
COq6..FFg — U |Implementation-dependént

1 TheseASI assignmentsre implementation-dependeimpl. dep.#29) and available for useby
implementors. Code that referenceyg ahthese ASIs may not be portable.

2 ASI_NUCLEUS{_LITTLE} areimplementation-dependegimpl. dep.#124);they may not be sup-
ported in all implementations. Seg R, “Contats; for more information.

3 Useof theseASIs causesccesshecksto be performedasif the memoryaccessnstructionwere
issuedwhile PSTATE.PRIV=0 (thatis, in nonprivileged mode)and directedtowardsthe corre-
sponding address space.

4 ASI_PRIMARY_NOFAULT{ LITTLE} and ASI_SECONDARY NOFAULT{ LITTLE} refer to the
sameaddressspacesas ASI_PRIMARY{ LITTLE} andASI_SECONDARY{ LITTLE} , respectiely,
with additional semantics as described in 8.3, “Addressing and Alternate Address’Spaces.

6.3.1.4 Separate Instruction Memor y

A SFARC-V9 implementatiormaychooseo placeinstructionanddatain thesameshared
addresspaceandusehardwareto keepthe dataandinstructionmemoryconsistenat all
times.It mayalsochoosédo overloadindependenaddresspacedor dataandinstructions
and allow themto becomeinconsistentwhen datawrites are madeto addresseshared
with the instructionspace A programcontainingsuchself-modifyingcodemustissuea
FLUSH instructionor appropriatecallsto systemsoftwareto bring theaddresspacedo a
consistent state. See H.1.6, “Self-Modifying Cbéle, more information.
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6.3.2 Memory Sync hronization Instructions

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

Compatibility Note:
Thedeprecate@TBAR instructionis asubcasef the MEMBAR instruction;it is identicalin oper-
ation to the STBR instruction of SRRC-V8, and is included only for compatibility

6.3.3 Integ er Arithmetic Instructions

The integer arithmeticinstructionsare generallytriadic-registeraddressnstructionsthat
computea resultwhich is a function of two sourceoperandsThey eitherwrite the result
into thedestinatiorregisterr[rd] or discardit. Oneof the sourceoperandss alwaysr[rs1].

The othersourceoperanddependson thei bit in the instruction;if i =0, the operandis
rirsd; if i =1, the operands the constantsimm10 simm11 or simm13sign-extendedto
64 bits.

Note that the a&lue 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
codeg(icc andxcc) asasideeffect; theotherdoesnot affectthe conditioncodesA special
comparisonnstructionfor integervaluesis notneededsinceit is easilysynthesizedising
the “subtractand setcondition codes”(SUBcc) instruction.SeeG.3, “Synthetic Instruc-
tions; for details.

6.3.3.2 Shift Instructions

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

6.3.3.3 Set High 22 Bits of Lo w Word

The*“sethigh 22 bits of low word of anr register” instruction(SETHI) writesa 22-bitcon-
stantfrom the instructioninto bits 31 through10 of the destinatiorregister It clearsthe
low-order 10 bits and high-order32 bits, anddoesnot affect the conditioncodes.Its pri-
mary use is to construct constants igiseers.

6.3.3.4 Integer Multipl y/Divide

Theintegermultiply instructionperformsa 64 x 64 - 64-bitoperationtheintegerdivide
instructionsperform 64 + 64 — 64-bit operations.For compatibility with SFARC-V8,
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32x 32 - 64-bitmultiply instructions64 + 32 — 32-bitdivide instructionsandthe mul-
tiply step instruction are pvaded. Dvision by zero causesdaision_by_zero exception.

6.3.3.5 Tagged Ad d/Subtract

The taggedadd/subtractnstructionsassumeagged-formatiata,in which the tagis the
two low-orderbits of eachoperandlf eitherof the two operand$iasa nonzerotag, or if
32-bit arithmeticoverflow occurs,tagoverflow is detectedTADDcc and TSUBccsetthe
CCRIicc.V bit if tagoverflow occurs;they setthe CCRxccV bit if 64-bitarithmeticover-
flow occurs.Thetrappingversions(TADDccTV, TSUBccTV) of theseinstructionscause
atag_overflow trapif tagoverflow occursIf 64-bitarithmeticoverflow occursbut tagover-
flow does not, ADDccTV and TSUBccTV set the CCRecV bit but do not trap.

6.3.4 Control-Transfer Instructions (CTIs)
These are the basic control-transfer instruction types:
— Conditional branch (Bicc, BPcc, BRfBfcc, FBPfcc)
— Unconditional Branch
— Call and Link (CALL)
— Jump and Link (JMPL, RETURN)
— Return from trap (DONE, RETH
— Trap (Tcc)

A control-transfeinstructionfunctionsby changinghevalueof the next programcounter
(nPC)or by changingthe value of both the programcounter(PC) andthe next program
counter(nPC).Whenonly the next programcounter nPC, is changedthe effect of the
transferof controlis delayedby oneinstruction.Most controltransfersn SFARC-V9 are
of the delayedvariety The instructionfollowing a delayedcontrol transferinstructionis
said to be in the delay slot of the control transferinstruction. Some control transfer
instructions(branches)can optionally annul, that is, not execute,the instructionin the
delayslot, dependinguponwhetherthe transferis taken or not-talen. Annulled instruc-
tions hae no efect upon the program-visible state nor carytbeuse a trap.

Programming Note:

The annulbit increaseshe lik elihoodthata compilercanfind a usefulinstructionto fill the delay
slot aftera branch therebyreducingthe numberof instructionsexecutedby a program.For exam-
ple, theannulbit canbe usedto maove aninstructionfrom within aloopto fill the delayslot of the
branchthatclosesthe loop. Likewise, the annulbit canbe usedto move aninstructionfrom either
the “else” or “then” branchof an“if-then-else” programblock to the delayslot of the branchthat
selectsbetweernthem. Sincea full setof conditionsare provided, a compilercanarrangethe code
(possiblyreversingthe senseof the condition)sothataninstructionfrom eitherthe “else” branchor
the “then” branch can be med to the delay slot.

Table13 belov defineshevalueof the programcounterandthevalueof thenext program
counter after execution of each instruction. Conditional brancheshave two forms:
brancheghat testa condition, representedn the table by “Bcc,” and brancheghat are
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unconditionalthatis, alwaysor never taken,representeth thetableby “B.” Theeffect of
anannulledbranchis shavn in the tablethroughexplicit transfersof control, ratherthan
by fetching and annulling the instruction.

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

PC-relative Effective Address
A PC-relatve effective addresss computedby sign extendingthe instructions
immediatefield to 64-bits,left-shifting theword displacemeniy two bitsto create
a byte displacement, and adding the result to the contents of the PC.

RegisterIndir ect Effective Address
A registerindirect effective addresscomputesits target addressas either
rirs+rrs if i = 0,orr[rsi]+sign_et(simml13)fi = 1.

Trap Vector Effective Address
A trapvectoreffective addresgirst computeghe softwaretrapnumberastheleast
significantsevenbits of r[rsl]+r[rsZ if i = 0, or astheleastsignificantsevenbits
of r[rs1]+sw_trap#if i = 1. Thetraplevel, TL, is incrementedThehardwaretrap
typeis computedas256+ sw_tap#andstoredin TT[TL]. Theeffective addresss
generatedy concatenatinghe contentsof the TBA register the“TL>0" bit, and
the contents of TT[TL]. See 5.2.8,rdp Base Address (18,” for details.

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

Compatibility Note:
SFARC-V8 specifiedthat the delayinstructionwas always fetched,even if annulled,andthatan
annulledinstructioncould not causeary traps.SFARC-V9 doesnot requirethedelayinstructionto
be fetched if it is annulled.

Compatibility Note:
SFARC-V8 left asundefinedheresultof executinga delayedconditionalbranchthathada delayed
controltransferin its delayslot. For this reasonprogrammershouldavoid suchconstructsvhen
backwards compatibility is an issue.
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Table 13—Contmwol Transfer Characteristics

Instruction gr oup A?(;irrmess Delayed Taken A?)?[UI New PC New nPC
Non-CTls — — — — nPC nPC+4

Bcc PC-relatve Yes Yes 0 nPC EA

Bcc PC-relatve Yes No 0 nPC nPC+4

Bcc PC-relatve Yes Yes 1 nPC EA

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

B PC-relatve Yes Yes 0 nPC EA

B PC-relatve Yes No 0 nPC nPC+4

B PC-relatve Yes Yes 1 EA EA+4

B PC-relatve Yes No 1 nPC+4 nPC+8
CALL PC-relatve Yes — — nPC EA

JMPL, RETURN | Registerind. Yes — — nPC EA

DONE Trap state No — — TNPCI[TL] | TNPC[TL] + 4
RETRY Trap state No — — TPC[TL] TNPCJ[TL]
Tcc Trap \ector No Yes — EA EA+4

Tcc Trap \ector No No — nPC nPC + 4

6.3.4.1 Conditional Branc hes

A conditionalbranchtransferscontrolif the specifiedconditionis true. If theannulbit is
0, theinstructionin thedelayslotis alwaysexecutedIf theannulbit is 1, theinstructionin
the delayslot is not executedunlessthe conditionalbranchis taken. Note that the annul
behaior of a talen conditional branch is d#rent from bha of anunconditional brart.

6.3.4.2 Unconditional Branc hes

An unconditionalbranchtransferscontrol unconditionallyif its specifiedcondition is
“always”; it nevertransferscontrolif its specifiedconditionis “never.” If theannulbit is O,
theinstructionin the delayslot is alwaysexecuted.If theannulbit is 1, theinstructionin
thedelayslot is never executed Note thatthe annulbehaior of anunconditionalbranch
is different from that of a tan conditional kand.

6.3.4.3 CALL and JMPL instructions

The CALL instructionwritesthe contentf the PC,which pointsto the CALL instruction
itself, into r[15] (outregister7) andthencauses delayedransferof controlto aPC-rela-
tive effective addressThevaluewritteninto r[15] is visible to theinstructionin the delay
slot.

The JMPL instructionwritesthe contentof the PC,which pointsto the IMPL instruction
itself, into r[rd] andthen causesa delayedtransferof control to a PC-relatve effective
address. Thealue written inta[rd] is visible to the instruction in the delay slot.
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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 the IMPL instructionis implementation-dependergimpl.
dep #125).

6.3.4.4 RETURN Instruction

The RETURN: instructionis usedto returnfrom atrap handlerexecutingin nonprviliged
mode.RETURN combineghe control-transfecharacteristicef a JIMPL instructionwith
r[0] specified as the destination register and the registerwindow semanticsof a
RESTORE instruction.

6.3.4.5 DONE and RETRY Instructions

TheDONE andRETRY instructionsareusedby privilegedsoftwareto returnfrom atrap.
These instructions restore the machine statalieeg seed in the TSATE register

RETRY returnsto the instructionthat causedthe trap in orderto reexecuteit. DONE
returnsto the instructionpointedto by the value of nPC associatedvith the instruction
thatcausedhe trap, thatis, the next logical instructionin the program.DONE presumes
thatthetrap handlerdid whaterer wasrequestedby the programandthatexecutionshould
continue.

6.3.4.6 Trap Instruction (Tcc)

The Tccinstructioninitiatesatrapif the conditionspecifiedby its condfield matcheghe
currentstateof the conditioncoderegisterspecifiedby its ccfield, otherwiset executesas
a NORP If thetrapis taken, it incrementghe TL register computesa trap type which is
storedin TT[TL], andtransfergo acomputecaddressn thetraptablepointedto by TBA.
See 5.2.8, “Tap Base Address (18.”

A Tccinstructioncanspecifyone of 128 softwaretrap types.Whena Tcc is taken, 256
plusthe seren leastsignificantbits of the sumof the Tcc’s sourceoperandss written to
TT[TL]. Theonly visible differencebetweema softwaretrap generatedy a Tcc instruc-
tion anda hardwaretrapis thetrapnumberin the TT register SeeChapter7, “Traps, for
more information.

Programming Note:
Tcccanbeusedto implementbreakpointingtracing,andcallsto supervisosoftware. Tcc canalso
be used for run-time checks, such as out-of-range array amgeks or intger overflow checks.

6.3.5 Conditional Mo ve Instructions

6.3.5.1 MOVcc and FMO Vcc Instructions

The MOVcc andFMOVcc instructionscopy the contentsof ary integer or floating-point
registerto a destinationinteger or floating-pointregisterif a conditionis satisfied.The
conditionto testis specifiedn theinstructionandmaybeary of the conditionsallowedin
conditionaldelayedcontrol-transferinstructions.This conditionis testedagainstone of
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the six conditioncodeg(icc, xcg, fccQ, fccl, fcc2, andfccd) asspecifiedby theinstruction.
For example:

fmovdg %fcc2, %f20, %f22

movesthe contentsof the double-precisiorfloating-pointregister%f20 to register%f22
if floating-point condition code number 2 (fcc?) indicates a greaterthan relation
(FSRfcc2=2). If fcc2 doesnot indicatea greatesthanrelation (FSRfcc2 # 2), thenthe
move is not performed.

The MOVcc and FMOVcc instructionscan be usedto eliminate somebranchesn pro-
grams.In mostimplementationsprancheswill be more expensve thanthe MOVcc or
FMOVcc instructions. Br example, the follaving C statement:

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

can be coded as:

cmp %i0, %i2 1'(A>B)
or %g0, 0, %i3 I'set X =0
mov oxcc, %g0,1, %i I overwrite X with 1 if A >
g % %g0,1, %i3 ! ite Xwith 1ifA>B

which eliminates the need for a branch.

6.3.5.2 MOVr and FMO Vr Instructions

The MOVr and FMOVTr instructionsallow the contentsof ary integer or floating-point
registerto be movedto a destinatiorinteger or floating-pointregisterif a conditionspeci-
fied by the instruction is satisfied. The condition to test may pefahe folloving:

Condition Description

NZ Nonzero

Z Zero

GEzZ Greater than or equal to zero
Lz Less than zero

LEZ Less than or equal to zero
Gz Greater than zero

Any of theintegerregistersmay betestedfor oneof the conditions,andtheresultusedto
control the mue. For example,

movrnz %i2, %l4, %I6

movesintegerregister%l4 to integerregister%l6 if integerregister%i2 containsanon-
zero \alue.

MOVr and FMOVr canbe usedto eliminatesomebranchesn programs,or to emulate
multiple unsignedconditioncodesby usinganintegerregisterto hold theresultof acom-
parison.
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6.3.6 Register Windo w Management Instructions

This subsectiordescribeghe instructionsusedto manageregister windows in SFARC-
V9. Theprivilegedregistersaffectedby thesenstructionsaredescribedn 5.2.10,“Regis-
terWindow State Rgisters.

6.3.6.1 SAVE Instruction

The SAVE instructionallocatesa new registerwindow andsavesthe caller’s registerwin-
dow by incrementing the CWP gister

If CANSAVE = 0, execution of a SXE instruction causeswindow_spill exception.
If CANSAVE # 0, lut the number of clean winds is zero, that is:

(CLEANWIN — CANRESTORE)=0
then SA/E causes alean_window exception.

If SAVE doesnot causean exception,it performsan ADD operation,decrement&AN-
SAVE, andincrementsCANRESTORE. The sourceregistersfor the ADD are from the
old window (the oneto which CWP pointedbeforethe SAVE), while theresultis written
into a r@ister in the n& window (the one to which the incremented CWP points).

6.3.6.2 RESTORE Instruction

The RESTORE instruction restoresthe previous register window by decrementinghe
CWP raister

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

If RESTORE doesnot causean exception,it performsan ADD operation,decrements
CANRESTORE, andincrementsCANSAVE. The sourceregistersfor the ADD arefrom
the“old” window (the oneto which CWP pointedbeforethe RESTORE),while theresult
is written into a registerin the “new” window (the oneto which the decremente€C WP
points).

Programming Note:

The following describesa commoncorvention for use of register windows, SAVE, RESTORE,
CALL, and JMPL instructions.

A procedurds invoked by executinga CALL (or a JMPL) instruction.If the procedureequiresa
registerwindow, it executesa SAVE instruction.A routinethatdoesnot allocatea registerwindow
of its own (possiblya leaf procedureshouldnot modify any windowed registersexceptout regis-
ters O through 6. See H.1.2, “Leaf-Procedure Optimizétion.

A procedurethat usesa register window returnsby executing both a RESTORE and a JMPL
instruction.A procedurghathasnotallocatedaregisterwindow returnsby executinga JMPL only.
Thetamgetaddressor the IMPL instructionis normally eight plusthe addressaved by the calling
instruction, that is, to the instruction after the instruction in the delay slot of the calling instruction.
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The SAVE and RESTORE instructionscan be usedto atomically establisha new memorystack
pointerin anr registerandswitchto a new or previousregisterwindow. SeeH.1.4,“RegisterAllo-
cation within a Vihdow.”

6.3.6.3 SAVED Instruction

The SAVED instructionshouldbe usedby a spill trap handlerto indicatethata window
spill has completed successfullyincrements CANSYAE:

CANSAVE  (CANSAVE + 1)

If thesavedwindow belongso adifferentaddresspacg OTHERWIN # 0), it decrements
OTHERWIN:

OTHERWIN ~ (OTHERWIN — 1)

Otherwise the saved window belongsto the currentaddresspace OTHERWIN = 0), so
SAVED decrements CANRESORE:

CANRESTORE « (CANRESTORE — 1)

6.3.6.4 RESTORED Instruction

TheRESTORED instructionshouldbeusedby afill traphandlerto indicatethatawindow
has been filled successfullyincrements CANRESDRE:

CANRESTORE — (CANRESTORE+ 1)

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

OTHERWIN ~ (OTHERWIN — 1)

Otherwise the restoredwindow belongsto the currentaddresspace(OTHERWIN = 0),
so RESTDRED decrements CANSA::

CANSAVE — (CANSAVE — 1)

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

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

6.3.6.5 Flush Windo ws Instruction

The FLUSHW instructionflushesall of the registerwindows exceptthe currentwindow,

by performingrepetitive spill traps.The FLUSHW instructionis implementedy causing
aspill trapif any registerwindow (otherthanthe currentwindow) hasvalid contentsThe
number of windas with valid contents is computed as

NWINDOWS — 2 — CANSXE
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If this numberis 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 windo have been flushed.

6.3.7 State Register Access

The read/writestateregisterinstructionsaccesgrogram-visiblestateandstatusregisters.
Theseinstructionsread/writethe stateregistersinto/from r registers.A read/writeAncil-
lary State Register instruction is pvileged only if the accessedister is pwvileged.

6.3.8 Privileg ed Register Access

Theread/writeprivilegedregisterinstructionsaccesstateandstatusregistersthatarevis-
ible only to privileged software. Theseinstructionsread/write privileged registersinto/
from r registers. The read/write prieged r@ister instructions are pileged.

6.3.9 Floating-P oint Operate (FP op) Instructions

Floating-pointoperateinstructions(FPops)are generallytriadic-registeraddressnstruc-
tions. They computearesultthatis a functionof oneor two sourceoperandsndplacethe
result in one or more destinatibregisters. Theeeptions are:

— Floating-pointcorvert operationsyhich useonesourceandonedestinatioroper-
and

— Floating-pointcompareoperationsyhich do not write to anf register but update
one of thefcenfields of the FSR instead

Theterm “FPop” refersto thoseinstructionsencodedvy the FPopland FPop2opcodes
and doesnot include brancheshasedon the floating-pointcondition codes(FBfcc and
FBPfcc) or the load/store floating-point instructions.

The FMOVcc instructionsfunction for the floating-pointregistersasthe MOVcc instruc-
tions do for the intger r@isters. See 6.3.5.1, “M@c and FMcc Instructions.

The FMOVTr instructionsfunctionfor thefloating-pointregistersasthe MOVr instructions
do for the intger rayisters. See 6.3.5.2, “MO and FMQVr Instructions.

If thereis no floating-pointunit presentor if PSTATE.PEF=0 or FPRS.FEE 0, ary
instructionthat attemptsto accessan FPU register including an FPopinstruction,gener-
ates arip_disabled exception.

All FPopinstructionsclear the ftt field and set the cexc field, unlessthey generatean
exception.Floating-pointcomparenstructionsalsowrite oneof the fccnfields. All FPop
instructionsthat can generatd EEE exceptionssetthe cexc and aexc 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 generatelEEE exceptions, so they clear cexc and leave aexc
unchangedFMOVcc 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

SFARC-V9 provides two instructions that are entirely implementation-dependent,
IMPDEP1 and IMPDEP?2 (impl. dep. #106).

Compatibility Note:
The IMPDER instructions replace the CRomstructions in SRRC-V8.

See A.23, “Implementation-Dependent Instructiofs, more information.

6.3.11 Reserved Opcodes and Instruction Fields

An attemptto executean opcodeto which no instructionis assignedshall causea trap.

Specifically attemptingto executearesered FPopcausesanfp_exception_other trap (with

FSRIftt = unimplemented_FPop); attemptingto executeary other resered opcodeshall

causeanillegal_instruction trap. SeeAppendixE, “OpcodeMaps;, for acompleteenumera-
tion of the resemd opcodes.

6.4 Register Windo w Management

Thestateof theregisterwindows is determinedy the contentof the setof privilegedreg-

istersdescribedn 5.2.10,“RegisterWindow StateRegisters. Thoseregistersareaffected
by theinstructionsdescribedn 6.3.6,“RegisterWindow Managemeninstructions. 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 the stateof the registerwindows to be consistentthe following mustalways
be true:

CANSAVE + CANRESTORE + OTHERWIN = NWINDOWS -2

Figure 3 on page34 shavs how the registerwindows are partitionedto obtainthe above
equation. In figur&, the partitions are as folls:

— Thecurrentwindow andthewindow thatoverlapstwo othervalid windowvs andso
mustnot be used(in thefigure,windows 0 and4, respecitrely) arealwayspresent
andaccountfor the 2 subtractedrom NWINDOWS in the right-handside of the
equation.

— Windows thatdo not have valid contentsandcanbe used(via a SAVE instruction)
without causinga spill trap. Thesewindows (windows 1, 2 and3 in thefigure) are
counted in CANSXE.
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— Windows that have valid contentsfor the currentaddressspaceand can be used
(via the RESTORE instruction)without causinga fill trap. Thesewindows (win-
dow 7 in the figure) are counted in CANRESRE.

— Windows that have valid contentsfor an addressspaceother than the current
addresspace An attemptto usethesewindows via a SAVE (RESTORE)instruc-
tion resultsin a spill (fill) trapto a separatesetof trap vectors,asdiscussedn the
following subsectionThesewindows (windows 5 and6 in thefigure) arecounted
in OTHERWIN.

In addition,
CLEANWIN > CANRESTORE

sinceCLEANWIN is the sumof CANRESTORE andthe numberof cleanwindows fol-
lowing CWPR

In orderto usethewindow-managemerfeaturesof the architectureasdescribedere the
stateof the registerwindows mustbe kept consistentat all times, exceptin trap handlers
for window spilling, filling, andcleaning.While handlingwindow trapsthe statemay be
inconsistentWindow spill/fill straphandlershouldbewritten suchthata nestedrapcan
be talen without destrging state.

6.4.2 Register Windo w Traps

Window trapsareusedto manageoverflov andunderflav conditionsin the registerwin-
dows, to support clean winde, and to implement the FLUSHW instruction.

6.4.2.1 Window Spill and Fill T raps

A window overflow occurswhena SAVE instructionis executedandthe next registerwin-
dow is occupied(CANSAVE = 0). An overflow causesa spill trap thatallows privileged
softwareto sase the occupiedregisterwindow in memory therebymakingit availablefor
use.

A window underflav occurswhena RESTORE instructionis executedandthe previous
registerwindow is not valid (CANRESTORE= 0). An underflav causesa fill trap that
allows prvileged softvare to load the ggsters from memory

6.4.2.2 Clean-Windo w Trap

SFARC-V9 providesthe clean_window trap so that software can createa secureerviron-
mentin which it is guaranteedhat register windows containonly datafrom the same
address space.

A cleanregisterwindow is onein which all of the registers,including uninitializedregis-

ters, containeither zero or dataassignedy software executingin the addressspaceto

which the window belongs. A cleanwindow cannotcontainregistervaluesfrom another
process, that is, softwe operating in a dérent address space.
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Supervisorsoftware specifiesthe numberof windows that are cleanwith respectto the
currentaddresspacen the CLEANWIN register Thisincludesregisterwindows thatcan
berestoredthe valuein the CANRESTORE register)andthe registerwindows following
CWP thatcanbe usedwithout cleaning.Therefore the numberof cleanwindows thatare
available to be used by the BB instruction is

CLEANWIN — CANRESTORE

The SAVE instructioncauses clean_window trapif thisvalueis zero.This allows supervi-
sor softvare to clean a gister windav before it is accessed by a user

6.4.2.3 Vectoring of Fill/Spill T raps

In orderto make handlingof fill and spill trapsefficient, SFARC-V9 provides multiple
trap \ectors for the fill and spill traps. These tragetors are determined as folls:

— Supervisosoftwarecanmarka setof contiguougegisterwindows asbelongingto
an addresspacedifferentfrom the currentone. The countof theseregisterwin-
dowsis keptin the OTHERWIN register A separateetof trap vectors(fill_n_other
andspill_n_other) is provided for spill andfill trapsfor theseregisterwindows (as
opposed to master windevs that belong to the current address space).

— Supervisosoftwarecanspecifythetrapvectorsfor fill andspill trapsby presetting
thefieldsin the WSTATE register This registercontainstwo subfieldseachthree
bits wide. The WSTATE.NORMAL field is usedto determineone of eight spill
(fill) vectorsto be usedwhenthe registerwindow to be spilled (filled) belongsto
the currentaddresspace(OTHERWIN = 0). If the OTHERWIN registeris non-
zero,the WSTATE.OTHER field selectsoneof eightfill_n_other (spill_n_other) trap
vectors.

See Chapter 7, ‘faps, for more details on he the trap address is determined.

6.4.2.4 CWP on Windo w Traps

Onawindow trapthe CWPis setto pointto thewindow thatmustbeaccessetly thetrap
handler as follavs (note that all arithmetic on CWP is done modulo NWINIZ®):

— If the spill trapoccursdueto a SAVE instruction(whenCANSAVE = 0), thereis
an overlap windeov between the CWP and thexhesgister windev to be spilled

CWP « (CWP+ 2) mod NWINDOWS

If thespill trapoccursdueto a FLUSHW instruction,therecanbeunusedvindows
(CANSAVE) in additionto the overlapwindow, betweerthe CWP andthewindow
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 CANSAE is zero wheneer a trap occurs due to a\@Ainstruction.

— On afill trap, the winde preceding CWP must be filled
CWP — (CWP — 1)mod NWINDOWS

— On a clean_windas trap, the windw following CWP must be cleaned. Then
CWP — (CWP+ 1) mod NWINDOWS

6.4.2.5 Window Trap Handler s

Thetrap handlerdor fill, spill andclean_window trapsmusthandlethe trap appropriately
andreturnusingthe RETRY instruction,to reexecutethe trappedinstruction.The stateof
the register windows must be updatedby the trap handler and the relationshipamong
CLEANWIN, CANSAVE, CANRESTORE, and OTHERWIN must remain consistent.
The folloving recommendations should be felied:
— A spill traphandlershouldexecutethe SAVED instructionfor eachwindow thatit
spills.
— A fill trap handlershouldexecutethe RESTORED instructionfor eachwindow
that it fills.
— A clean_window trap handlershouldincrementCLEANWIN for eachwindow that
it cleans:

CLEANWIN ~ (CLEANWIN + 1)

Window trap handleran SFARC-V9 canbevery efficient. SeeH.2.2,“Example Codefor
Spill Handler; for details and sample code.
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7.1 Overview

A trapis avectoredransferof controlto supervisoisoftwarethroughatraptablethatcon-
tainsthe first eight (thirty-two for fill/spill traps)instructionsof eachtrap handler The
baseaddressf the tableis establishedy supervisorsoftware, by writing the Trap Base
Address(TBA) register The displacementvithin the tableis determinedy the trap type
andthe currenttraplevel (TL). One-halfof the tableis reseredfor hardwaretraps;one-
guarteris resenedfor softwaretrapsgeneratedby Tcc instructionsithe remainingquarter
is resered for future use.

A trap behaes like an ungpected procedure call. It causes the harévwo

(1) Save certainprocessoistate(programcounters,CWP, ASI, CCR, PSTATE, and
the trap type) on a hardwe rgister stack

(2) Enter prvileged &ecution mode with a predefined FSE
(3) Begin executing trap handler code in the tragcior
Whenthetraphandlerhasfinished,it useseitheraDONE or RETRY instructionto return.

A trap may be causedby a Tcc instruction,an SIR instruction, an instruction-induced
exception,a reset,an asynchronougxception,or aninterruptrequesmnot directly related
to a particularinstruction.The processomustappeato behae asthough,beforeexecut-

ing each instruction, it determinesif there are ary pending exceptionsor interrupt

requestslf thereare pendingexceptionsor interruptrequeststhe processoiselectsthe

highest-priority &ception or interrupt request and causes a trap.

Thus,an exceptionis a conditionthat makesit impossiblefor the processoto continue
executingthe currentinstructionstreamwithout softwareintervention.A trapis theaction
takenby the processowhenit changegheinstructionflow in responséo the presencef
an ception, interrupt, or Tcc instruction.

A catastrophicerror exceptionis due to the detectionof a hardware malfunctionfrom
which, dueto the natureof the error, the stateof the machineat the time of the exception
cannotbe restored.Sincethe machinestatecannotbe restored,executionafter suchan
exceptionmaynotberesumable An exampleof suchanerroris anuncorrectabldéuspar-
ity error.

89
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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 isw&hys in one of three discrete states:
— execute_state, which is the normakeution state of the processor
— RED_state(Reset,Error, and Debug state),which is a restrictedexecutionstate
reseredfor processindgrapsthatoccurwhenTL = MAXTL -1, andfor process-

ing hardvare- and softare-initiated resets

— error_statewhich is a halted statethat is enteredas a result of a trap when
TL = MAXTL, or due to an unreceerable error

Trapsprocessedh execute_statarecallednormal traps. Trapsprocessednh RED _state
are called special traps. Exceptionsthat causethe processorto enter error_stateare

recordedby the hardware and are madeavailablein the TT field after the processoiis
reset.

Figure 37 shars the processor state diagram.

Trap @
TL = MAXTL

Trap @
TL = MAXTL-1,

Trap or SIR @
TL = MAXTL
Trap or SIR @
TL< MAXTL,
RED =1

execute_state RED_state error_state

Trap or SIR @

WDR, TL < MAXTL
Trap @ XIR
TL < MAXTL-1
Any State

Including P ower Off

Figure 37—Piocessor State Diagram

7.2.1 RED_state

RED_statds an acrorym for Reset,Error, and Debug state.The processoentersRED _
state under gnone of the follaving conditions:

— Atrap is talen when TL EMAXTL -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 softare sets PSNTE.RED= 1.
RED_state sems two mutually eclusive purposes:

— Duringtrapprocessingit indicateshatthereareno moreavailabletraplevels;that
is, if anothernestedtrap is taken, the processowill entererror_stateand halt.
RED _state prades system softare with a restrictedxecution emironment.

— It provides the recution emironment for all reset processing.

RED_statds indicatedby PSTATE.RED. Whenthis bit is set,the processois in RED _
state;whenthis bit is clear the processors notin RED_stateindependentf the valueof
TL. Executinga DONE or RETRY instructionin RED_stateestoreghe stacled copy of
the PSTATE register, which clearsthe PSTATE.RED flag if the stacled copy had it
cleared.Systemsoftware can also set or clear the PSTATE.RED flag with a WRPR
instruction,which alsoforcestheprocessoto enteror exit RED _staterespecitiely. In this
casethe WRPRIinstructionshouldbe placedin thedelayslot of ajump, sothatthePCcan
be changed in concert with the state change.

Programming Note:

SettingTL = MAXTL with a WRPRinstructiondoesnot alsosetPSTATE.RED= 1; nor doesit
alter aly other machine state. Thalues of PSATE.RED and TL are independent.

7.2.1.1 RED_state Trap Table

Trapsoccurringin RED _stateor trapsthat causethe processoto enterRED _statausean
abbreviatedtrapvector TheRED _statdrapvectoris constructegothatit canoverlaythe
normal trap ector if necessaryigure 38 illustrates the RED _state tragtor

Offset TT Reason

0046 0 ReservedSFARC-V8 reset)

2046 1 Power-on reset (POR)

40,4 2" | watchdog reset (WDR)

60,6 3% | Externally initiated reset (XIR)
806 4 Software-initiated reset (SIR)
AO04g * All other exceptions in RED_state

TTT = 2 if awatchdogresetoccurswhile the processois notin error_stateTT = trap type of the
exception that caused entry into error_state ifadcivdog reset (WDR) occurs in error_state.

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

TT= trap type of thexeeption. See tabl&4 on page 102.
Figure 38—RED_state Tap Vector Layout
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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_statdraphandlershouldbelocatedin trustedmemory for example,in ROM. Thevalue
of RSTVaddrmaybehard-wiredin animplementationbut it is suggestethatit beexternallysetta-
ble, for instance by scan, or read from pins atgyamn reset.

7.2.1.2 RED_state Ex ecution En vironment

In RED_statehe processors forcedto executein arestrictedervironmentby overriding
the \alues of some processor controls and stafistess.
Programming Note:

The walues are eerridden, not set. This is to alldhem 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 addresdranslationis handlednormally; that is, the MMU is usedif it is
enabledHowever, any eventthatcauseshe processoto enterRED _statealsodis-
ables the MMU. The handlekecuting in RED_state can reenable the MMU.

(3) All references are uncached.

(4) Cachecoherencen RED _statas the problemof the systemdesignerand system
programmerNormally, cacheenablesareleft unchangedy RED_statethus,if a
cacheis enabledjt will continueto participatein cachecoherencauntil explicitly

disabledby recorery code.A cachemay be disabledautomaticallyif an erroris
detected in the cache.

(5) Unessentiafunctionalunits (for example,the floating-pointunit) andcapabilities
(for example, superscalakecution) should be disabled.

(6) If astorebuffer is presentjt shouldbe emptied,if possible beforeenteringRED _
state.

(7) PSTATE.MM is set to TSO.

Programming Note:

WhenRED _statds entereddueto componenfailures,the handlershouldattemptto recover from
potentially catastrophi@rror conditionsor to disablethe failing componentsWhenRED _statds

enteredhfteraresetthesoftwareshouldcreatetheervironmentnecessaryo restorethesystento 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 (Paowver-on reset)
— WDR (Watchdog reset)
— XIR (Externally initiated reset)

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

— SIR (Software-initiated Reset)

An implementationalso may electto set PSTATE.RED= 1 after an internal_processor_
error trap (impl. dep.#31),or ary of theimplementation-dependetraps (impl. dep.#35).

Implementation-dependemitaps may force additional state changessuch as disabling
failing components.

TrapsthatoccurwhenTL = MAXTL -1 alsosetPSTATE.RED= 1, thatis, ary 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 tegpoy at RST¥ddr+ AO.

In systemsn which it is desiredthat trapsnot enterRED_statethe RED_statehandler
may transfer to the normal trapator by &ecuting the follaing code:

I 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 I Get the normal trap vector
rdpr %tba,%g2 ! address in %g2.

add %g1,%92,%g2

rdpr %pstate,%g1l ! Read PSTATE into %g1.
jmpl %g2 ! Jump to normal trap vector,
wrpr %g1l,PSTATE_RED,%pstate I'toggling PSTATE.RED to 0.

7.2.1.4 RED_state Software Considerations

In effect, RED_stateeseresonelevel of thetrap stackfor recovery andresetprocessing.
Software shouldbe designedo requireonly MAXTL — 1 traplevelsfor normalprocess-
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ing. Thatis, ary trap that causesI'L = MAXTL is an exceptionalconditionthat should
cause entry to RED_state.

Since the minimumalue for MAXTL is 4, typical usage of the trawéds is as follavs:

TL Usage
0 Normal &ecution
1 System calls; interrupt handlers; instruction emulatfon
2 Window spill / fill
3 Page-tawult handler
4 RED_state handler

Programming Note:

In orderto log the stateof the processqrRED _state-handlesoftware needseithera spareregister
or a preloadedpointerto a save area.To supportrecovery, the operatingsystemmight resene one
of the alternate global gésters, (for gample,%a7) for use in REDstate.

7.2.2 Error_state

The processoenterserror_statevhena trap occurswhile the processois alreadyat its
maximum supported trapJel, 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 atemal indication that it has entered error_state.
(2) The processor should halt, that is, malo further changes to system state.

(3) The processoishould be restartedby a watchdogreset(WDR). Alternatively, it
may be restarted by amternally initiated reset (XIR) or a p@r-on reset (POR).

After a resetthat bringsthe processoout of error_statethe processoentersRED _state
with TL setasdefinedin table18 on pagel06;thetrapstatedescribeshe stateatthetime
of entryinto error_stateln particulay for WDR andXIR, TT is setto thevalueof theorig-
inal trap that caused entry to error_state, not the normahllE Yor the WDR or XIR.

7.3 Trap Categories
An exception or interrupt request can causeg @fithe folloving trap types:

— A precise trap
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— A deferred trap
— A disrupting trap

— Avreset trap

7.3.1 Precise Traps

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

— ThePCsaredin TPC[TL] pointsto the instructionthatinducedthe trap, andthe
nPC saed in NTPC[TL] points to the instruction thatw/to be xecuted ngt.

— All instructionsissuedbeforethe onethatinducedthe trap have completedexecu-
tion.

— Any instructions issued after the one that induced the trap remadaauted.

Programming Note:
Among the actions the trap handler saftesmight tak after a precise trap are:

— Returnto the instructionthat causedhe trap andreexecuteit, by executinga RETRY instruc-
tion (PC < old PC, nPC« old nPC)

— Emulatetheinstructionthatcausedhe trapandreturnto the succeedingnstructionby execut-
ing a DONE instruction (PG- old nPC, nPC~ old nPC + 4)

— Terminate the program or process associated with the trap

7.3.2 Deferred Traps

A deferred trap is alsoinducedby a particularinstruction,but unlike a precisetrap, a
deferredtrap may occur after program-visiblestate has beenchanged.Such statemay
have beenchangedy the executionof eitherthetrap-inducingnstructionitself or by one
or more other instructions.

If an instructioninducesa deferredtrap and a precisetrap occurssimultaneouslythe
deferredtrap may not be deferredpastthe precisetrap, exceptthata floating-pointexcep-
tion may be deferred past a precise trap.

Associated with a particular deferred-trap implementation, there xigtt e

— An instructionthat causesa potentially outstandingdeferred-trapexceptionto be
taken as a trap.

— Privileged instructionsthat accesghe deferred-trapqueues.This queuecontains
the stateinformationneededoy supervisorsoftwareto emulatethe deferred-trap-
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inducing instruction,and to resumeexecutionof the trappedinstruction stream.
See 5.2.13, “IU Deferredrap Queué)

Note thatresumingexecutionmay requirethe emulationof instructionsthathadnot com-
pletedexecutionat thetime of the deferredrap,thatis, thoseinstructionsin the deferred-
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 implementatiorwould needto executeall
implementedfloating-point instructions synchronouslywith the execution of integer
instructions,causingall generatedxceptionsto be precise.A deferred-trapgueue(e.g.,
FQ) would be superfluous in such an implementation.

Programming Note:

Among the actions softave can tad after a deferred trap are:

— Emulatetheinstructionthatcausedhe exception,emulateor causeo executeary otherexecu-
tion-deferrednstructionsthatwerein anassociatedeferred-trastatequeue anduseRETRY
to return control to the instruction at which the deferred trap iwoked, or

— Terminate the program or process associated with the trap.

7.3.3 Disrupting T raps

A disrupting trap is neitheraprecisetrapnoradeferredtrap.A disruptingtrapis caused
by a condition (e.g.,aninterrupt),ratherthandirectly by a particularinstruction;this dis-

tinguishesit from preciseand deferredtraps.When a disruptingtrap hasbeenserviced,
programexecutionresumesvhereit left off. This differentiategdisruptingtrapsfrom reset
traps, which resumexecution at the unique reset address.

Disrupting trapsare controlledby a combinationof the ProcessointerruptLevel (PIL)
register and the Interrupt Enable(IE) field of PSTATE. A disruptingtrap condition is
ignoredwheninterruptsare disabled(PSTATE.IE = 0) or whenthe condition’s interrupt
level is lowver than that specified in PIL.

A disruptingtrap may be dueto eitheraninterruptrequesiot directly relatedto a previ-
ously executednstruction,or to anexceptionrelatedto a previously executedinstruction.
Interruptrequestsnay be eitherinternalor external. An interruptrequestcanbeinduced
by theassertiorof asignalnotdirectly relatedto ary particularprocessoor memorystate.
Examplesof this are the assertionof an “I/O done” signal or settingexternalinterrupt
request lines.

A disruptingtrap relatedto an earlier instruction causingan exceptionis similar to a
deferredtrap in that it occursafter instructionsfollowing the trap-inducinginstruction
have modifiedthe processoir memorystate.The differenceis that the conditionwhich
causedheinstructionto inducethetrapmayleadto unrecawerableerrors,sincetheimple-
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mentationmay not presere the necessargtate An exampleof thisis anECCdata-access
error reported after the corresponding load instruction has completed.

Disrupting trap conditions should persist until the corresponding trapeis.tak

Programming Note:
Among the actions that trap-handler saftes might tak after a disrupting trap are:

— Use RETR to return to the instruction at which the trapsairvoked
(PC ~ old PC, nPC- old nPC), or

— Terminate the program or process associated with the trap.

7.3.4 Reset Traps

A resettrap occurswhen supervisorsoftware or the implementatiors hardware deter-
minesthatthe machinemustberesetto a known state. Resettrapsdiffer from disrupting
traps,sincethey do not resumeexecutionof the programthatwasrunningwhenthereset
trap occurred.

IMPL. DEP. #37. Some of a processor’s behavior during a reset trap is implementation-dependent.
See 7.6.2, “Specialr@p Processingfor details.

The following reset traps are defined forARC-V9:

Software-initiated reset (SIR)
Initiated by softvare by &ecuting the SIR instruction.

Power-on reset (POR)
Initiated when pwer is applied (or reapplied) to the processor

Watchdog reset (WDR)
Initiated in response to error_state rgpieation of a vatchdog timer

Externally initiated r eset (XIR).
Initiatedin responséo anexternalsignal.Thisresettrapis normally usedfor criti-
cal systements, such as peer failure.

7.3.5 Uses of the T rap Categories
The SRRC-V9 trap model stipulates that:

(1) Resettraps,exceptsoftware_initiated_reset traps,occurasynchronouslyo program
execution.

(2) When recovery from an exception can affect the interpretationof subsequent
instructions, suchxeeptions shall be precise. Theseaptions are:

— software_initiated_reset
— instruction_access_exception
— privileged_action

— privileged_opcode



98 7 Traps

— 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-accesdoad or store
instruction (load-storedoublavord, LDSTUB, CASA, CASXA, or SWAP) that
causesa catastrophiaxceptionmay be precise,deferred,or disrupting. Thus, a
trap dueto the secondmemoryaccessan occur after the processolor memory
state has been modified by the first access.

(5) Implementation-dependecatastrophiexceptionsmay causeprecisedeferredor
disrupting traps (impl. dep. #31).

(6) Exceptionscausedvy externaleventsunrelatedto the instructionstream,suchas
interrupts, are disrupting.

For the purposesof this subsectionwe must distinguish betweenthe dispatchof an
instructionandits executionby somefunctional unit. An instructionis deemedo have
beendispatched when the software-visible PC advancesbeyond that instructionin the
instructionstream.An instructionis deemedo have beenexecutedwhenthe resultsof
that instruction arevailable to subsequent instructions.

For mostinstructions,dispatchand executionappearto occur simultaneouslywhenthe
PC hasadwancedbeyond the instruction,its resultsare immediatelyavailable to subse-
guentinstructions.For floating-pointinstructions however, the PC may advancebeyond
the instructionas soonasthe IU placesthe instructioninto a floating-pointqueue;the
instructionitself may not have completed(or even begun) execution,andresultsmay not
beavailableto subsequennstructionsfor sometime. In particulay thefactthata floating-
pointinstructionwill generat@nexceptionmaynotbenoticedby the hardwareuntil addi-
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tional floating-pointinstructionshave beenplacedinto the queueby the IU. This creates
the condition for a deferred trap.

A deferredtrap may occurone or moreinstructionsafter the trap-inducinginstructionis
dispatchedHowever, a deferredirap mustoccurbeforethe execution(but not necessarily
the dispatch)of ary instructionthat depend=on the trap-inducinginstruction.Thatis, a
deferredtrap may not be deferredpastthe executionof aninstructionthatspecifiessource
registers,destinatiorregisters,conditioncodesor ary software-visiblemachinestatethat
could be modified by the trap-inducing instruction.

In the caseof floating-pointinstructionsjf afloating-pointexceptionis currentlydeferred,
anattemptto dispatcha floating-pointinstruction(FPop,FBfcc, FBPfcc,or floating-point
load/store) imokes or causes the outstandipgxception_ieee_754 trap.

Implementation Note:

To provide the capabilityto terminatea userproceson the occurrenceof a catastrophiexception
thatcancausea deferredor disruptingtrap,animplementatiorshouldprovide oneor moreinstruc-
tionsthatprovoke anoutstandingexceptionto betakenasatrap.For example,anoutstandindloat-
ing-pointexceptionmight causeanfp_exception_ieee_754 trapwhenary of anFPop,loador store
floating-point rgister (including the FSR), FBfcc, or FBPfcc instructiondsoaited.

7.4 Trap Contr ol
Several r@isters control he ary given trap is processed:

— Theinterruptenable(IE) field in PSTATE andthe processointerruptlevel (PIL)
register control interrupt processing.

— The enablefloating-pointunit (FEF) field in FPRS, the floating-pointunit enable
(PEF)field in PSTATE, andthe trap enablemask(TEM) in the FSRcontrolfloat-
ing-point traps.

— TheTL register which containsthe currentlevel of trap nesting,controlswhether
a trap causes entry tgexute state, RED_state, or error_state.

— PSTATE.TLE determinesvhethenimplicit dataaccesses 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
interruptrequestaccordingo table15. At ary giventime, only the highestpriority excep-
tion or interruptrequests taken asa trap.1 Whenthereare multiple outstandingexcep-
tions or interruptrequestsSFARC-V9 assumeshat lower-priority interruptrequestwill

1. Thehighestpriority exceptionor interruptis the onewith the lowestpriority valuein table15. For
example, a priority 2xception is processed before a priorityxg@eption.
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persistandlower-priority exceptionswill recurif anexception-causingnstructionis reex-
ecuted.

For interruptrequeststhe IU compareghe interruptrequestievel againstthe processor
interruptlevel (PIL) register If theinterruptrequestevel is greatetthanPIL, theprocessor
takestheinterruptrequestrap,assuminghereareno higherpriority 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

The occurrenceof floating-pointtrapsof type IEEE_754_exception canbe controlledwith
theuseraccessiblerap enablemask(TEM) field of the FSR.If a particularbit of TEM is
1, the associatedEE_754 exception can cause afp_exception_ieee_754 trap.

If a particularbit of TEM is 0, the associatedeEEE_754_exception doesnot causean fp_
exception_ieee_754 trap. Insteadthe occurrenceof the exceptionis recordedn the FSR's
accrued eception field &exc).

If an IEEE_754_exception resultsin an fp_exception_ieee_754 trap, then the destinationf
register fccn andaexcfieldsremainunchangedHowever, if anlEEE_754_exception does
notresultin atrap,thenthef register fccn andaexc fieldsareupdatedo their new values.

7.5 Trap-Table Entry Addresses

Privilegedsoftwareinitializesthe trap baseaddresg{ TBA) registerto the upper49 bits of
thetrap-tablebaseaddressBit 14 of thevectoraddresgthe“TL >0 field) is setbasedn
thevalueof TL atthetime thetrapis taken;thatis,to O if TL =0 andto 1if TL > 0. Bits
13..5 of thetrapvectoraddressrethe contentof the TT register Thelowestfive bits of
the trap addresshits 4..0, are always 0 (henceeachtrap-tableentry is at least2® or 32
bytes long). Figure 39 illustrates this.

TBA<63:15> TL>0| TTy [00000

63 15 14 13 5 4 0

Figure 39—Trap Vector Address
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7.5.1 Trap Table Organization

The trap table layout is as illustrated in figdte

Trap Table Contents Trap Type
Value of TL

Before the Trap Hardware traps 00044..07F ¢
B Spillffill traps 0804¢..0FF ¢
=0 Software traps 10044..17F
Reserved 1804¢..1FF 4
Hardware traps 20044..27F ¢
L0 Spill/fill traps 28046..2FF 44
Software traps 30044..37F1¢
Reserved 38045..3FF 4

Figure 40—Trap Table Layout

Thetrap tablefor TL = 0 comprisess12 32-byteentries;the trap tablefor TL >0 com-
prises 512 more 32-byte entries. Therefore, the total size of a full trap table is
512x 32x 2, or 32K bytes.However, if privileged software doesnot usesoftware traps
(Tcc instructions) at TE> 0, the table can be made 24K bytes long.

7.5.2 Trap Type (TT)

Whena normaltrapoccurs,avaluethatuniquelyidentifiesthetrapis written into the cur-
rent9-bit TT register(TT[TL]) by hardware.Controlis thentransferrednto thetraptable

to an addresformedby the TBA register (“TL >0") and TT[TL] (see5.2.8,“Trap Base
Address(TBA)"). Sincethe lowestfive bits of the addressarealwayszero,eachentryin

the trap table may contain the first eight instructions of the corresponding trap .handler

Programming Note:

The spill/fill andclean_window traptypesarespaceduchthattheir traptableentriesare128 bytes
(32instructions)long. This allows the completecodefor onespill/fill or clean_window routineto
reside in one trap table entry

Whena specialtrapoccurstheTT registeris setasdescribedn 7.2.1,"RED _state’. Con-
trol is thentransferrednto the RED _statetrap table to an addressformed by the RST-
Vaddr and an éfet depending on the condition.

TT values0005..0FF4 are resened for hardware traps. TT values100..17F¢ are
resened for software traps (trapscausedoy executionof a Tcc instruction). TT values
180;s..1FF g arereseredfor futureusesTheassignmenof TT valuesto trapsis shovn in

table14;table15 lists thetrapsin priority order Trapsmarkedwith anopenbullet ‘0’ are
optionaland possiblyimplementation-dependerifrapsmarked with a closedbullet ‘e’

aremandatorythatis, hardware mustdetectandtrap theseexceptionsandinterruptsand
must set the defined TRhes.

The trap type for the clean_window exceptionis 024, Three subsequentrap vectors
(0255..027,¢) arereseredto allow for aninline (branchlessjrap handler Window spill/
fill trapsaredescribedn 7.5.2.1.Threesubsequerttapvectorsareresenedfor eachspill/
fill vector to allon for an inline (branchless) trap handler
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Table 14—Exception and Interrupt Requests, Sorted by TT &ue
M/O Exception or interrupt r equest TT Priority

° Reserved 0004 n/a
° power_on_reset 00%¢ 0
O | watchdog_reset 0024 1
O | externally_initiated_reset 0034 1
° software_initiated_reset 0044 1
° RED_state_exception 0054 1
° Reserved 006,6..007,4 n/a
° instruction_access_exception 0084 5
O instruction_access_MMU_miss 0094 2
d instruction_access_error 00A6 3
° Reserved 00B;¢..00F4 n/a
° illegal_instruction 0105 7
° privileged_opcode 014 6
O unimplemented_LDD 012 6
O | unimplemented_STD 01354 6
° Reserved 014,5..01F¢ n/a
° fp_disabled 0204 8
O fp_exception_ieee_754 0214 11
O | fp_exception_other 0224 11
° tag_overflow 0234 14
O | clean_window 024,6..027,¢ 10
° division_by_zero 0284 15
a internal_processor_error 029 4
° Reserved 02A5..02F4 n/a
° data_access_exception 030 12
O data_access_MMU_miss 036 12
0 |data_access_error 0324 12
O | data_access_protection 0336 12
° mem_address_not_aligned 0345 10
O LDDF_mem_address_not_aligned (impl. dep. #109) 03554 10
O STDF_mem_address_not_aligned (impl. dep. #110) 0364 10
° privileged_action 0376 11
O LDQF_mem_address_not_aligned (impl. dep. #111) 0385 10
0 | STQF_mem_address_not_aligned (impl. dep. #112) 0395 10
° Reserved 03Aq5.-03F¢ n/a
a async_data_error 0404 2
° interrupt_level_n (n=1..15) 04146..04F¢ 32-n
° Reserved 050;6..05F¢ n/a
O implementation_dependent_exception_n (impl. dep. #35) 060;5..07F¢ impl.-dep.
° spill_n_normal (n=0..7) 080,6..09F¢ 9
° spill_n_other (n=0..7) 0AOq¢..0BF¢ 9
e [ fil_n_normal (n=0..7) 0CO06..0DF4 9
° fil_n_other (n=0..7) OEQs..0FFg 9
e | trap_instruction 1006..17F4 16
° Reserved 1805¢..1FFg n/a
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Table 15—Exception and Interrupt Requests, Sorted by Priority (O = Highest; 31 = lveest)

M/O Exception or Interrupt Request TT Priority
° power_on_reset 00%4 0
O watchdog_reset 0026 1
O externally_initiated_reset 0034 1
° software_initiated_reset 0044 1
° RED_state_exception 0054 1
O instruction_access_MMU_miss 0094 2
O |async_data_error 0405 2
O instruction_access_error 00A 3
0 internal_processor_error 0294 4
° instruction_access_exception 0084 5
° privileged_opcode 014 6
O unimplemented_LDD 0124 6
0 unimplemented_STD 0134 6
° illegal_instruction 0106 7
° fp_disabled 0205 8
° spill_n_normal (n=0..7) 080;5..09F¢ 9
° spill_n_other (n=10..7) 0AO;¢..0BF¢ 9
° fill_n_normal (n=0..7) 0CO0y6..0DFy¢ 9
° fil_n_other (n=0..7) OEQ6..0FF4 9
O clean_window 024,..027,¢ 10
° mem_address_not_aligned 0346 10
O LDDF_mem_address_not_aligned (impl. dep. #109) 0354 10
O STDF_mem_address_not_aligned (impl. dep. #110) 0366 10
O LDQF_mem_address_not_aligned (impl. dep. #111) 0386 10
O STQF_mem_address_not_aligned (impl. dep. #112) 0396 10
O fp_exception_ieee_754 0244 11
O fp_exception_other 022 11
° privileged_action 0376 11
° data_access_exception 0304 12
O data_access_MMU_miss 0344 12
O data_access_error 0326 12
0 data_access_protection 0335 12
° tag_overflow 0234 14
° division_by_zero 0284 15
° trap_instruction 1006..17F 4 16
° interrupt_level_n (n=1..15) 041;5..04F¢ 32-n
O implementation_dependent_exception_n (impl. dep. #35) 060,¢..07F5 impl.-dep.
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Compatibility Note:

Supportfor sometrap typesis optional becausehey are associatedvith specificinstruction(s),
which, in a givenimplementationmight be implementedourelyin software.In sucha case hard-
warewould never generatehattype of trap; therefore supportfor it would be superfluousExam-
ples of trap types to which this applies faireexception_ieee_754 andfp_exception_other.

Since the assignmentof exceptionsand interrupt requeststo particular trap vector
addresseandthe priority levels arenot visible to a userprogram,an implementations
allowed to define additional hardwe traps.

IMPL. DEP. #35: TT values 060, TO 07F;4 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 Dependenciés.

Trap Type valuesmarked “Reserved in table14 are resened for future versionsof the
architecture.

7.5.2.1 Trap Type for Spill/Fill T raps

Thetrap type for window spill/fill trapsis determinedbasedon the contentsof the OTH-
ERWIN and WSRATE registers as follas:

Trap Type SPILL_OR_FILL |OTHER WTYPE 0 0

8 6 5 4 2 1 0

The fields hae the follaving values:

SPILL_OR_FILL :
010, for spill traps; 011 for fill traps

OTHER:
(OTHERWIN #0)

WTYPE:
If (OTHER) then WSATE.OTHER else WSATE.NORMAL

7.5.3 Trap Priorities

Table 14 shows the assignmenof trapsto TT valuesandthe relative priority of trapsand
interruptrequestsPriority O is highest,priority 31 is lowest;thatis, if X <Y, a pending
exceptionor interruptrequestwith priority X is takeninsteadof a pendingexceptionor
interrupt request with priority.

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.
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However, the TT valuesfor the exceptionsandinterruptrequestshavn in table14 must
remain the same fowery implementation.

7.6 Trap Processing

Theprocessos actionduringtrapprocessinglepend®nthetraptype,thecurrentlevel of
trap nesting(givenin the TL register),andthe processostate.All trapsusenormaltrap
processing,except those due to resetrequests,catastrophicerrors, traps taken when
TL = MAXTL -1, andtrapstaken whenthe processois in RED_stateThesetrapsuse
special RED_state trap processing.

During normaloperation the processors in execute_statet processesrapsin execute_
state and continues.

Whena normaltrap or software-initiatedreset(SIR) occurswith TL = MAXTL, thereare
no morelevelson the trap stack,sothe processoenterserror_stateandhalts.In orderto

avoid this catastrophidailure, SFARC-V9 providesthe RED _statgrocessostate.Traps
processedn RED_stateusea specialtrap vectorand a specialtrap-vectoringalgorithm.
RED_statevectoringandthe settingof the TT valuefor RED _statdrapsaredescribedn

7.2.1, "RED_staté.

Trapsthat occurwith TL = MAXTL -1 are processedn RED_stateln addition, reset
trapsarealsoprocesseth RED_stateResetrapprocessings describedn 7.6.2,“Special
Trap Processing.Finally, supervisorsoftware canforce the processointo RED _stateby
setting the PSATE.RED flag to one.

OncetheprocessohasenteredRED _stateno matterhow it gotthere all subsequerttaps
areprocesseth RED _stateuntil softwarereturnsthe processoto execute_stater a nor-
mal or SIR trap is taken when TL = MAXTL, which putsthe processoiin error_state.
Tables16, 17, and 18 describethe processomodeandtrap level transitionsinvolved in
handling traps:

Table 16—Tap Received While in execute_state

New State, after eceving trap type

Original state l(\)lro irr?::rlrttzgtp POR \1\r/r|13pFle I;(g; SIR

execute_state execute_state RED_state RED_state RED_state
TL < MAXTL -1 TL+1 MAXTL TL+1 TL+1

execute_state RED_state RED_state RED_state RED_state
TL =MAXTL -1 MAXTL MAXTL MAXTL MAXTL

execute_stafb error_state RED_state RED_state error_state

TL = MAXTL MAXTL MAXTL MAXTL MAXTL

™This stateoccurswhen software changeslL to MAXTL anddoesnot setPSTATE.RED,or if it
clears PSATE.RED while at MAXTL.
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Table 17—Trap Receved While in RED_state

New State, after eceving trap type
Normal trap WDR, XIR,
Original state or interrupt POR Impl. Dep. SIR
RED_state RED_state RED_state RED_state RED_state
TL < MAXTL -1 TL+1 MAXTL TL+1 TL+1
RED_state RED_state RED_state RED_state RED_state
TL =MAXTL -1 MAXTL MAXTL MAXTL MAXTL
RED_state error_state RED_state RED_state error_state
TL =MAXTL MAXTL MAXTL MAXTL MAXTL

Table 18—Reset Receed While in error_state

New State, after eceving trap type

Normal trap WDR, XIR,

Original state or interrupt POR Impl. Dep. SIR
error_state RED_state RED_state

TL < MAXTL -1 B MAXTL TL+1 B
error_state RED_state RED_state

TL = MAXTL -1 B MAXTL MAXTL B
error_state RED_state RED_state

TL = MAXTL - MAXTL MAXTL B

Implementation Note:
The processor shall not recognize interrupts while it is in error_state.

7.6.1 Normal Trap Processing
A normal trap causes the foling state changes to occur:

— If the processois alreadyin RED _statethe new trapis processedn RED state
unlessTL = MAXTL. See7.6.2.6,"Normal TrapsWhentheProcessors in RED_
state’

— If theprocessors in execute_statandthetraplevel is onelessthanits maximum
value,thatis, TL = MAXTL -1, theprocessoentersRED _state.See7.2.1,"RED _
state’, and 7.6.2.1, “Normal faps with TL= MAXTL —1”

— If the processoris in either execute_stateor RED_state,and the trap level is
alreadyat its maximumvalue,thatis, TL = MAXTL, the processoenterserror_
state. See 7.2.2, “Error_stéte.

Otherwise, the trap uses normal trap processing, and theifalletate changes occur:

— Thetraplevelis set. This providesaccesso afreshsetof privilegedtrap-stateeg-
isters used to sa the current state, infe€t, pushing a frame on the trap stack.
TL « TL+1
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— Existing state is presezd

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 presesd.
TT[TL] « the trap type

— The PSATE rayister is updated to a predefined state
PSTATE.MM is unchanged
PSTATE.RED ~ 0
PSTATE.PEF ~ 1if FPU is present, 0 otherwise
PSTATE.AM ~ 0 (address masking is turned)of
PSTATE.PRIV ~ 1 (the processor enters\pkeged mode)
PSTATE.IE — O (interrupts are disabled)
PSTATE.AG ~ 1 (global rgs are replaced with alternate globals)
PSTATE.CLE ~ PSTATE.TLE (set endian mode for traps)

— For aregisterwindow trap only, CWP is setto point to the registerwindow that
must be accessed by the trap-handler soBwthat is:

o If TT[TL] = 0245 (aclean_window trap), then CWR- CWP+ 1.

e If (080,5< TT[TL] < 0BF,4) (window spill trap), then CWR-
CWP+ CANSAVE + 2.

* If (0CO;5< TT[TL] < OFFg) (window fill trap), then CWP—- CWP-1.
For non-rgisterwindow traps, CWP is not changed.
— Control is transferred into the trap table:
PC ~ TBA<63:15>[] (TL>0) [] TT[TL] [] 00000
nPC « TBA<63:15>[] (TL>0) [] TT[TL] [] 00100
where “(TL>0)"is 0 if TL=0, and 1 if TL> 0.

Interrupts are ignored as long as RTE.IE=0.

Programming Note:

Statein TPC[n], TNPCJn], TSTATE[n], andTT[n] is only changecautonomouslpy the processor
whena trap is taken while TL = n—1, however, software can changeary of thesevalueswith a
WRPR instruction when TE n.
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7.6.2 Special Trap Processing
The following conditions imoke 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 takn 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 Traps with TL = MAXTL -1

NormaltrapsthatoccurwhenTL = MAXTL — 1 areprocesseth RED_stateThefollow-
ing state changes occur:

— The trap lgel is adanced.

TL « MAXTL

— Existing state is presezd
TSTATE[TL].CCR ~ CCR
TSTATE[TL].ASI ~ ASI
TSTATE[TL].PSTATE ~ PSTATE
TSTATE[TL].CWP — CWP
TPC[TL] ~ PC
TNPCI[TL] — nPC

— The trap type is presesd.
TT[TL] « the trap type

— The PSATE rayister is set as folles:
PSTATE.MM — 00, (TSO)
PSTATE.RED ~ 1 (enter RED_state)
PSTATE.PEF ~ 1if FPU is present, 0 otherwise

PSTATE.AM — 0 (address masking is turned)of

PSTATE.PRIV ~ 1 (the processor enters\pleged mode)
PSTATE.IE « 0 (interrupts are disabled)

PSTATE.AG ~ 1 (global rgs are replaced with alternate globals)

PSTATE.CLE ~ PSTATE.TLE (set endian mode for traps)

— For aregisterwindow trap only, CWP is setto point to the registerwindow that
must be accessed by the trap-handler soBwthat is:

o If TT[TL] = 0244 (aclean_window trap), then CWR- CWP+ 1.
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» If (080,5< TT[TL] < OBF,¢) (window spill trap), then CWR-
CWP+ CANSAVE + 2.

e If (0CO;5< TT[TL] < OFFg)(window fill trap), then CWP- CWP-1.
For non-rgjisterwindow traps, CWP is not changed.
— Implementation-specific state changes; famaple, disabling an MMU

— Control is transferred into the RED _state trap table
PC ~ RST\addr<63:8>] 10100000,
nPC — RST\addr<63:8>] 10100100,

7.6.2.2 Power-On Reset (POR) Traps

Initiatedwhenpower is appliedto the processaiif theprocessois in error_statea power-
onreset(POR)bringsthe processoput of error_stateandplacest in RED_stateProces-
sor state is undefined after POR¢ept for the follaving:

— The trap leel is set.
TL « MAXTL

— The trap type is set.
TT[TL] < 00L¢

— The PSATE raister is set as folles:
PSTATE.MM ~ 00, (TSO)
PSTATE.RED ~ 1 (enter RED_state)
PSTATE.PEF ~ 1if FPU is present, O otherwise

PSTATE.AM ~ 0 (address masking is turned)of

PSTATE.PRIV ~ 1 (the processor enters\akeged mode)
PSTATE.IE ~ 0 (interrupts are disabled)

PSTATE.AG ~ 1 (global rgs are replaced with alternate globals)

PSTATE.TLE ~ 0 (big-endian mode for traps)
PSTATE.CLE « 0 (big-endian mode for non-traps)

— The TICK ragister is protected.
TICK.NPT ~ 1 (TICK unreadable by nonpiieged softvare)

— Implementation-specific state changes; famaple, disabling an MMU

— Control is transferred into the RED_state trap table
PC ~ RST\addr<63:8>] 00100000,
nPC ~ RST\addr<63:8>] 00100100,

For ary resetwhenTL = MAXTL, for all n<MAXTL, the valuesin TPC|n], TNPC|n],
and TSATE[n] are undefined.

7.6.2.3 Watchdog Reset (WDR) T raps

WDR trapsareinitiated by an externalsignal. Typically, this is generatedn responsdo
error_stater expirationof awatchdogimer. WDR clearserror_statendhungstatesand



110 7 Traps

performsa systenreset;pendingandin-progresshardwareoperationgfor example,loads
andstores)may be cancelledor aborted Architecturally definedregisters(e. g., floating-
point registers,integerregisters,etc.) andstateareunchangedrom beforethe WDR, but
they maybein aninconsistenstateif operationsaareaborted.f the processors in error_
state,a watchdogreset(WDR) brings the processomut of error_stateand placesit in
RED_state.

The following state changes occur:

— The trap lgel is set.
TL « MIN(TL +1, MAXTL)

— Existing state is presezd.

TSTATE[TL].CCR — CCR
TSTATE[TL].ASI — ASI
TSTATE[TL].PSTATE = PSTRATE
TSTATE[TL].CWP — CWP
TPC[TL] - PC
TNPC[TL] - nPC

— TT[TL] is set as described belo

— The PSRATE rayister is set as folles:
PSTATE.MM ~ 00, (TSO)
PSTATE.RED ~ 1 (enter RED_state)
PSTATE.PEF ~ 1if FPU is present, 0 otherwise

PSTATE.AM ~ 0 (address masking is turned)of

PSTATE.PRIV ~ 1 (the processor enters\pleged mode)
PSTATE.IE ~ 0O (interrupts are disabled)

PSTATE.AG — 1 (global rgs are replaced with alternate globals)

PSTATE.CLE —~ PSTATE.TLE (set endian mode for traps)
— Implementation-specific state changes; faraple, disabling an MMU.

— Control is transferred into the RED_state trap table
PC ~ RST\addr<63:8>] 01000000,
nPC ~ RST\addr<63:8>] 01000100,

If awatchdogresetoccurswhenthe processors in error_statethe TT field givesthetype
of thetrapthatcausecentryinto error_statelf awatchdogresetoccurswith the processor
in execute_state, TT is set to 2 (WDR).

For ary resetwhenTL = MAXTL, for all n<MAXTL, thevaluesin TPC|[n], TNPC|n],
and TSATE[n] are undefined.

7.6.2.4 Externall y Initiated Reset (XIR) T raps

XIR trapsareinitiated by an externalsignal. They behae like aninterruptthatcannotbe
masled by IE = 0 or PIL. Typically, XIR is usedfor critical systemeventssuchaspower
failure, resetbutton pressedfailure of externalcomponentshatdoesnot requirea WDR
(which abortsoperations)pr system-wideaesetin a multiprocessarlf the processois in
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error_statean externally initiated reset(XIR) bringsthe processopout of error_stateand
places it in RED_state.

The following state changes occur:

— The trap leel is set.
TL « MIN(TL +1, MAXTL)

— Existing state is presesd.

TSTATE[TL].CCR ~ CCR
TSTATE[TL].ASI « ASI
TSTATE[TL].PSTATE .~ PSTATE
TSTATE[TL].CWP — CWP
TPC[TL] -« PC
TNPC[TL] - nPC

— TTJ[TL] is set as described be&lo

— The PSRATE rayister is set as folles:
PSTATE.MM ~ 00, (TSO)
PSTATE.RED ~ 1 (enter RED_state)
PSTATE.PEF ~ 1if FPU is present, 0 otherwise

PSTATE.AM ~ 0 (address masking is turned)of

PSTATE.PRIV ~ 1 (the processor enters\pleged mode)
PSTATE.IE « 0 (interrupts are disabled)

PSTATE.AG ~ 1 (global rgs are replaced with alternate globals)

PSTATE.CLE ~ PSTATE.TLE (set endian mode for traps)
— Implementation-specific state changes; famaple, disabling an MMU.

— Control is transferred into the RED_state trap table.
PC « RST\addr<63:8>] 01100000,
nPC ~ RST\addr<63:8>] 01100100,

TT is setin the samemannerasfor watchdogreset.If the processois in execute_state
whenthe externally initiated reset(XIR) occurs,TT = 3. If the processois in error_state
when the XIR occurs, TT identifies theception that caused entry into error_state.

For ary resetwhenTL = MAXTL, for all n<MAXTL, the valuesin TPC|[n], TNPC|n],
and TSATE[n] are undefined.

7.6.2.5 Software-Initiated Reset (SIR) T raps

SIR trapsareinitiatedby executingan SIR instruction.Thisis usedby supervisosoftware
as a panic operation, or a meta-supervisor trap.

The following state changes occur:
— If TL = MAXTL, then enter error_state. Otherwise, do the felia:

— The trap leel is set.
TL -« TL+1
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— Existing state is presezd

TSTATE[TL].CCR - CCR
TSTATE[TL].ASI — ASI
TSTATE[TL].PSTATE .~ PSTRATE
TSTATE[TL].CWP ~ CWP
TPC[TL] - PC
TNPC[TL] ~ nPC

— The trap type is set.
TT[TL] « 04

— The PSRATE rayister is set as folles:
PSTATE.MM ~ 00, (TSO)
PSTATE.RED ~ 1 (enter RED_state)
PSTATE.PEF ~ 1if FPU is present, O otherwise

PSTATE.AM ~ 0 (address masking is turned)of

PSTATE.PRIV ~ 1 (the processor enters\pkeged mode)
PSTATE.IE — 0O (interrupts are disabled)

PSTATE.AG ~ 1 (global rgs are replaced with alternate globals)

PSTATE.CLE ~ PSTATE.TLE (set endian mode for traps)
— Implementation-specific state changes; faraple, disabling an MMU.

— Control is transferred into the RED _state trap table
PC ~ RST\addr<63:8>] 10000000,
nPC ~ RST\addr<63:8>] 10000100,

For ary resetwhenTL = MAXTL, for all n<MAXTL, thevaluesin TPCn], TNPC|n],
and TSATE[n] are undefined.

7.6.2.6 Normal Traps When the Pr ocessor is in RED_state

Normal traps taken when the processolis alreadyin RED_stateare also processedn
RED_state, unless T£ MAXTL, in which case the processor enters error_state.

The processor state shall be set asvidlo

— The trap lgel is set.

TL « TL+1

— Existing state is presezd.
TSTATE[TL].CCR ~ CCR
TSTATE[TL].ASI ~ ASI
TSTATE[TL].PSTATE ~ PSTATE
TSTATE[TL].CWP ~ CWP
TPC[TL] - PC
TNPCI[TL] — nPC

— The trap type is presesd.
TT[TL] ~ trap type
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— The PSRATE rayister is set as folles:
PSTATE.MM « 00, (TSO)
PSTATE.RED — 1 (enter RED_state)
PSTATE.PEF ~ 1if FPU is present, 0 otherwise

PSTATE.AM ~ 0 (address masking is turned)of

PSTATE.PRIV ~ 1 (the processor enters\pkeged mode)
PSTATE.IE « 0 (interrupts are disabled)

PSTATE.AG — 1 (global rgs are replaced with alternate globals)

PSTATE.CLE ~ PSTATE.TLE (set endian mode for traps)

— For aregisterwindow trap only, CWP is setto point to the registerwindow that
must be accessed by the trap-handler sofwthat is:

o If TT[TL] = 0245 (aclean_window trap), then CWR- CWP+ 1.

« 1f (080,5< TT[TL] < OBF,q) (windaw spill trap), then
CWP -~ CWP+ CANSAVE + 2.

* If (0CO5< TT[TL] < OFF;) (window fill trap), then CWP— CWP-1.

For non-rgjisterwindow traps, CWP is not changed.

— Implementation-specific state changes; famaple, disabling an MMU

— Control is transferred into the RED _state trap table
PC ~ RST\addr<63:8>] 10100000,
nPC ~ RST\addr<63:8>] 10100100,

7.6.2.7 Implementation-Dependent T raps

The operationof the processoifor implementation_dependent_exception_n trapsis imple-
mentation-dependent (impl. dep. #35).

7.7 Exception and Interrupt Descriptions

The following paragraphslescribethe variousexceptionsandinterruptrequestsandthe

conditionsthatcauseéhem.Eachexceptionandinterruptrequestiescribeshe correspond-
ing traptype asdefinedby thetrapmodel.An openbullet ‘' [1’ identifiesoptionalandpos-

sibly implementation-dependertraps; traps marked with a closed bullet ‘e’ are

mandatoryEachtrapis marked asprecise deferred disrupting,or reset.Exampleexcep-

tion conditionsare includedfor eachexceptiontype. Appendix A, “Instruction Defini-

tions] enumerates which traps can be generated by each instruction.

[0 async_data_eror [tt = 040,¢ (Disrupting)
An asynchronouslataerror occurredon a dataaccessExamples:an ECC error
occurredwhile writing datafrom a cachestorebuffer to memory or anECCerror
occurredon an MMU hardwaretablewalk. Whenan async_data_error occurs,the
TPCandTNPCstacled by thetraparenot necessarilyelatedto theinstructionor
data access that caused the error; thatysg_data_error causes a disrupting trap.
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Compatibility Note:
The SFARC-V9 async_data_error exceptionsupersedethe lessgeneralSFARC-V8 data_store_
error exception.

[0 clean_windaw [tt = 024,5..027,¢] (Precise)
A SAVE instructiondiscoveredthat the window aboutto be usedcontainsdata
from another address space; the wimaoust 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 animplementationchooseghe latter
option, then support for this trap type is mandatory

[0 data_access_ewor [tt = 0324 (Precise, Deferred, or Disrupting)

A catastrophicerror exception occurredon a data accessfrom/to memory (for
example,a parity error on a datacacheaccesspr an uncorrectabl&aCC memory
error) (impl. dep. #31).

e data access_exceptiofit = 030,4] (Precise or Deferred)

An exceptionoccurredon a dataaccessFor example,an MMU indicatedthat a
page vas irvalid or protected (impl. dep. #33).

[0 data_access_MMU_mis$tt = 031;4] (Precise or Deferred)

A missin an MMU occurredon a dataaccessrom/to memory For example,a
pagedescriptorcacheor translationlookasidebuffer did not containa translation
for the virtual address. (impl. dep. #33)

[0 data_access_potection[tt = 0334 (Precise or Deferred)

A protectionfault occurredon a dataaccessfor example,anMMU indicatedthat
the page s write-protected (impl. dep. #33).

e division_by zeo [tt = 028,¢ (Precise or Deferred)
An integer dvide instruction attempted towidle by zero (impl. dep. #33)

[0 extemally_initiated_reset[tt = 003, (Reset)

An externalsignalwasassertedThis trap is usedfor catastrophieventssuchas
power failure, resetbutton pressedand system-wideresetin multiprocessosys-
tems.

e fill_n_normal [tt = 0CO,5..0DF,4] (Precise)

e fill_n_other [tt = OEQ,5..0FF¢] (Precise)

A RESTORE or RETURNInstructionhasdeterminedhatthe contentsof aregis-
ter windav must be restored from memory

Compatibility Note:
The SRRC-Vfill_n_* exceptions supersede theARC-V8 window_underflow exception.

e fp_disabled[tt = 0204 (Precise)
An attemptwas madeto executean FPop,a floating-pointbranch,or a floating-

point load/storeinstructionwhile an FPU was not presentPSTATE.PEF=0, or
FPRS.FEF 0.
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[0 fp_exception_ieee_ 754t =021;4 (Precise or Deferred (impl. dep. #23))

An FPopinstructiongenerate@&n |EEE_754_&ceptionandits correspondingrap
enablemask(TEM) bit was1. Thefloating-pointexceptiontype, IEEE_754_excep-
tion, is encodedin the FSRftt, and specific IEEE_754_exception information is
encoded in FSRexc.

0 fp_exception_other[tt = 022, (Precise or Deferredimpl. dep. #23))

An FPopinstructiongeneratecn exceptionotherthanan|EEE_754_exception. For
example the FPopis unimplementedor the FPopdid not complete or therewasa
sequenceor hardware error in the FPU. The floating-point exception type is
encoded in the FSRHtt field.

e illegal_instruction [tt = 010,4] (Precise or Deferred)

An attemptwasmadeto executeaninstructionwith anunimplemente@pcode an
ILLTRAP instruction,aninstructionwith invalid field usagepr aninstructionthat
would resultin illegal processostate .Note thatunimplemented-Popinstructions
generatép_exception_other traps.

[0 implementation_dependent_exceptiom [tt = 060,5..07F,¢] (Pre, Def, or Dis)
These gceptions are implementation-dependent (impl. dep. #35).

[0 instruction_access_eror [tt = 00A,4 (Precise, Deferred, or Disrupting)

A catastrophicerror exceptionoccurredon an instructionaccessFor example,a
parity error on an instruction cache access (impl. dep. #31).

e instruction_access_exceptiofit = 008,¢] (Precise)

An exceptionoccurredon aninstructionaccessFor example,an MMU indicated
that the page &s irvalid or not @ecutable.

[0 instruction_access_MMU_misdtt = 009,¢] (Precise, Deferred, or Disrupting)

A missin anMMU occurredon aninstructionaccessrom memory For example,
aPDCor TLB did notcontainatranslatiorfor thevirtual address(impl. dep.#33)

[0 internal_processor_eror [tt = 0294 (Precise, Deferred, or Disrupting)

A catastrophi@rrorexceptionoccurredn the mainprocessaor~or example,a par-
ity or uncorrectable ECC error on an interngliseer or lns (impl. dep. #31).

Compatibility Note:
The SFARC-V9 internal_processor_error exception supersedeshe less general SFARC-V8 r_
register_access_error exception.

e interrupt_level_n [tt = 041,5..04F,¢ (Disrupting)

An interruptrequestevel of n waspresentedo the lU, while PSTATE.IE= 1 and
(interrupt request iel > PIL).

[0 LDDF_mem_address_not_alignedtt = 0354 (Precise)

An attemptwas madeto executean LDDF instructionand the effective address
wasword-alignedbut not doublevord-aligned Useof this exceptionis implemen-
tation-dependentimpl. dep.#109). A separatdrap entry for this exceptionsup-
portsfastsoftwareemulationof the LDDF instructionwhenthe effective addresss
word-aligned bt not doublevord-aligned. See A.25, “Load Floating-Pdint.
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[0 LDQF_mem_address_not_alignedtt = 038,¢] (Precise)

An attemptwas madeto executean LDQF instructionand the effective address
wasword-alignedbut not quadword-aligned Useof this exceptionis implementa-
tion-dependentimpl. dep.#111).A separaterapentryfor this exceptionsupports
fast software emulationof the LDQF instructionwhen the effective addressis
word-aligned bt not quadwrd-aligned. See A.25, “Load Floating-Pdint.

mem_address_not_alignedtt = 0344 (Precise or Deferred)

A load/storenstructiongenerated memoryaddresshatwasnot properlyaligned
accordingto theinstruction,or a JMPL or RETURN instructiongenerated non-
word-aligned address (impl. dep. #33).

e power_on_reset[tt = 001 4] (Reset)

An externalsignalwasassertedThis trap isusedto bring a systemreliably from
the paver-off to the paver-on state.

privileged_action[tt = 0374 (Precise)
An actiondefinedto be privileged hasbeenattemptedwhile PSTATE.PRIV = 0.
Examples:a dataaccesshy nonprvileged software using an ASI value with its
mostsignificantbit = O (a restrictedASI), or an attemptto readthe TICK register
by nonprvileged softvare when TICK.NPE 1.

privileged_opcoddtt = 011 (Precise)
An attempt vas made tox@cute a priileged instruction while PNTE.PRIV=0.
Compatibility Note:

This traptypeis identicalto the SFARC-V8 privileged_instruction trap. The namewaschangedo
distinguish it from the ne privileged_action trap type.

e software_initiated_reset[tt = 004,¢] (Reset)

Causedy theexecutionof the SIR, Software-InitiatedResetjnstruction.It allows
system software to reset the processor

e spill_n_normal [tt = 080,5..09F,¢] (Precise)
e spill_n_other [tt = 0A0,(..0BF,4] (Precise)

A SAVE or FLUSHW instructionhasdeterminedhat the contentsof a register
window must be sa&d to memory

Compatibility Note:
The SRRC-V9 spill_n_* exceptions supersede the/ RC-V8 window_overflow exception.

00 STDF_mem_addess_not_alignedtt = 036;¢] (Precise)
An attemptwasmadeto executean STDFinstructionandthe effective addressvas
word-alignedbut not doublevord-aligned.Use of this exceptionis implementa-
tion-dependentimpl. dep.#110).A separaterapentryfor this exceptionsupports
fast software emulation of the STDF instruction when the effective addressis
word-aligned bt not doublevord-aligned. See A.52, “Store Floating-Pdint.

0 STQF_mem_addess_not_alignedtt = 039,¢] (Precise)
An attemptwasmadeto executean STQFinstructionandthe effective addressvas
word-alignedbut not quadword-aligned.Useof this exceptionis implementation-



7.7 Exception and Interrupt Descriptions 117

dependen(impl. dep.#112).A separatérap entryfor this exceptionsupportsast
software emulationof the STQF instructionwhenthe effective addresds word-
aligned lut not quadwrd-aligned. See A.52, “Store Floating-Pdint.

e tag_overflow [tt = 0234 (Precise)

A TADDccTV or TSUBccTV instructionwas executed,and either 32-bit arith-
meticoverflow occurredor atleastoneof thetagbits of the operandsvasnonzero.

e trap_instruction [tt = 100,5..17F 4 (Precise)
A Tcc instruction vas ecuted and the trap conditiovaduated to TRIE.

0 unimplemented_LDD [tt =012 4] (Precise)

An attemptwasmadeto executeanLDD instruction,whichis notimplementedn
hardware on this implementation (impl. dep. #107).

0 unimplemented_STDJtt = 0134 (Precise)

An attemptwasmadeto executean STD instructionwhich is notimplementedn
hardware on this implementation (impl. dep. #108).

e watchdog_reset[tt = 002¢] (Precise)
An externalsignalwas assertedThis trap exists to breaka systemdeadlockcre-
atedwhenanexpectedexternaleventdoesnot happerwithin the expectedime. In
simplesystemst is alsousedto bring a systemout of error_statethroughRED _
state, and ultimately back taecute state.

All other trap types are resed.
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8 Memory Models

8.1 Introduction

The SFARC-V9 memory models define the semanticsof memory operations.The
instructionsetsemanticsequirethatloadsandstoresseento be performedn theorderin
which they appeaiin the dynamiccontrolflow of the program.The actualorderin which
they areprocessety the memorymaybedifferent. The purposeof the memorymodelsis
to specify what constraints, if grare placed on the order of memory operations.

The memorymodelsapply both to uniprocessoandto shared-memorynultiprocessors.
Formalmemorymodelsarenecessarin orderto preciselydefinetheinteractiondbetween
multiple processorandinput/outputdevicesin a shared-memorgonfiguration Program-
ming shared-memorynultiprocessorsequiresa detailedunderstandingf the operatve
memory model and the ability to specify memoryoperationsat a low level in orderto
build programsthat can safely and reliably coordinatetheir actvities. See Appendix J,
“ProgrammingWith the Memory Models; for additionalinformation on the use of the
models in programming real systems.

The SFARC-V9 architecturas amodel thatspecifieghe behaior obsenableby software
on SFARC-V9 systemsTherefore accesso memorycanbeimplementedn any manney
aslong asthe behaior obsened by software conformsto that of the modelsdescribed
here and formally defined in Appendix D,diffnal Specification of the Memory Modéls.

The SFARC-V9 architecturedefinesthreedifferentmemorymodels:Total Store Order
(TSO), Partial Store Order (PSO), andRelaxedMemory Order (RMO). All SFARC-
V9 processorsnust provide Total Store Order (or a more strongly orderedmodel, for
example, Sequential Consistgndo ensure SARC-V8 compatibility

IMPL. DEP. 113: Whether the PSO or RMO models are supported is implementation-dependent.

Figure 41 shaws the relationshipof the various SFARC-V9 memory models,from the
leastrestrictve to the mostrestrictve. Programswritten assumingonemodelwill function
correctly on ap included model.

RMO PSO

Figure 41—Memory Models flom Least Restrictve (RMO) to Most Restrictive (TSO)

119



120 8 Memory Models

SFARC-V9 provides multiple memory models so that:
— Implementations can schedule memory operations for high performance.
— Programmers can create synchronization prmstiusing shared memory

Thesemodelsare describedinformally in this subsectiorand formally in Appendix D,

“Formal Specificationof the Memory Models” If thereis a conflict in interpretation
betweertheinformal descriptionprovided hereandthe formal models the formal models
supersede the informal description.

Thereis no preferredmemorymodelfor SFARC-V9. Programswritten for RelaxedMem-

ory Orderwill work in Partial StoreOrderandTotal StoreOrderaswell. Programswritten

for Partial StoreOrderwill work in Total StoreOrder Programswritten for aweakmodel,
such as RMO, may execute more quickly, since the model exposesmore scheduling
opportunitiesput mayalsorequireextrainstructionsto ensuresynchronizationMultipro-

cessomprogramsaritten for a strongemodelwill behae unpredictablyif runin awealer
model.

Machinesthat implementsequential consistency(also called strongorderingor strong
consisteng) automaticallysupportprogramswritten for TSO,PSO,andRMO. Sequential
consisteng is not a SFARC-V9 memory model. In sequentialconsisteny, the loads,
stores andatomicload-store®f all processorareperformedoy memoryin a serialorder
thatconformsto the orderin which theseinstructionsareissuedby individual processors.
A machinethatimplementssequentiatonsisteng maydeliver lower performancehanan
eqguialent machinethat implementsa wealker model. Although particular SFARC-V9
implementationsnay supportsequentiatonsisteng, portablesoftware mustnot rely on
having this model gailable.

8.2 Memory, Real Memory, and I/O Locations

Memory is the collection of locations accessedby the load and store instructions
(describedin Appendix A, “Instruction Definitions”). Eachlocationis identified by an
addresgonsistingof two elementsanaddressspaceidentifier (ASI), whichidentifiesan
addresspaceanda 64-bit address,which is a byte offsetinto thataddresspace Mem-
ory addressemaybeinterpretedoy thememorysubsystento beeitherphysicaladdresses
or virtual addressesaddressemay be remappedndvaluescached provided that mem-
ory properties are preseny transparently and cohergns maintained.

When two or more data addressesefer to the samedatum, the addressis said to be
aliased In this casethe processoandmemorysystemmustcooperatéo maintainconsis-
teng; that is, a store to an aliased address must changdwsb\aliased to that address.

Memory addresses identify either real memory or I/O locations.

Real memory storesinformationwithout side effects.A load operationreturnsthe value
most recently stored.Operationsare side-efect-freein the sensethat a load, store, or
atomicload-storeto a locationin real memoryhasno program-obsemable effect, except
upon that location.

I/O locations may not behae like memoryand may have side effects. Load, store,and
atomicload-storeoperationgerformedon I/O locationsmay have obsenablesideeffects
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andloadsmaynotreturnthevaluemostrecentlystored.Thevaluesemantic®f operations
on /O locationsarenot definedby the memorymodels but the constraintson the orderin
which operationsare performedis the sameasit would beif the I/O locationswerereal
memory The storagepropertiescontents semanticsASI assignmentsand addressesf
I/O registersare implementation-dependeffimpl. dep.#6) (impl. dep.#7) (impl. dep.
#123).

IMPL. DEP. #118: The manner in which I/O locations are identified is implementation-dependent.
See B.2, “Attributes the MMU Associates with Each Mappirfigr example.

IMPL. DEP #120: The coherence and atomicity of memory operations between processors and
I/O DMA memory accesses are implementation-dependent.

Compatibility Note:
Operationgo I/O locationsarenot guaranteedb be sequentiallyconsistenbetweerthemseles,as
they are in SRRC-V8.

SFARC-V9 doesnot distinguishreal memoryfrom I/O locationsin termsof ordering.All refer-
encespothto I/O locationsandreal memory conformto the memorymodels order constraints.
Referenceso I/O locationsmay needto be intersperseavith MEMBAR instructionsto guarantee
the desiredordering.Loadsfollowing storesto locationswith side effects may return unexpected
resultsdueto lookasideinto the processos storebuffer, which may subsumehe memorytransac-
tion. This can bewwided by using a MEMBR #LookAside .

SystemssupportingSFARC-V8 applicationsthat usememorymapped!/O locationsmustensure
thatSFARC-V8 sequentiatonsisteng of I/O locationscanbe maintainedvhenthoselocationsare
referencedy a SFARC-V8 application.TheMMU eithermustenforcesuchconsisteng or cooper-
ate with system softare and/or the processor to yide 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,animplementatiomrmight chooseto processaddressetaggedwith a flag bit

in thememorymanagementinit (seeAppendixF, “SPARC-V9 MMU Requirements”)or

to treatthosethat utilize a particularASI (see8.3, “Addressingand Alternate Address
Space$,below) as using a sequentially consistent model.

8.3 Addressing and Alternate Ad dress Spaces

An addressn SFARC-V9 is a tuple consistingof an 8-bit addressspaceidentifier (ASI)
anda 64-bit byte-addressffsetin the specifiedaddresspace Memoryis byte-addressed,
with halfword accessesligned on 2-byte boundariesword accessegwhich include
instruction fetches) aligned on 4-byte boundaries, extended-vord and doublevord
accessesligned on 8-byte boundaries,and quadword quantitiesaligned on 16-byte
boundariesWith thepossibleaxceptionof the casesiescribedn 6.3.1.1,“Memory Align-
mentRestrictions, animproperlyalignedaddressn aload,store,or load-storanstruction
alwayscausestrapto occur Thelargestdatumthatis guaranteetb be atomicallyreador
written is analigneddoublevord. Also, memoryreferenceso differentbytes,halfwords,
andwordsin a given doublevord are treatedfor orderingpurposesas referenceso the
same location. Thus, the unit of ordering for memory is a doalote
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Programming Note:

While the doublavord is the cohereng unit for update programmershouldnot assumehatdou-
bleword floating-pointvaluesareupdatedasa unit unlessthey aredoublevord-alignedandalways
updatedusingdouble-precisiotoadsandstores Someprogramsausepairsof single-precisioroper-
ationsto loadandstoredouble-precisiotiloating-pointvalueswhenthe compilercannotdetermine
thatthey aredoublevord-aligned Also, while quad-precisiomperationsaredefinedin the SFARC-

V9 architecturethe granularityof loadsandstoresfor quad-precisioffloating-pointvaluesmaybe

word or doublevord.

Theprocessoprovidesanaddresspaceadentifierwith every addressThis ASI maysene
several purposes:

— To identify which of severaldistinguishedaddresspaceghe 64-bit addresoffset
is to be interpreted as addressing

— To provide additionalaccesscontrol and attribute information, for example,the
processingvhich is to betakenif anaccesgault occursor to specifythe endian-
ness of the reference

— To specify the addressof an internal control register in the processqrcache,or
memory management hardve

The memory managementhardware can associatean independent26*-byte memory
addresspacewith eachASl. If thisis done,it becomegpossibleto allow systemsoftware
easyaccesso theaddresspaceof thefaultingprogramwhenprocessingxceptionsor to
implement access to a client programiemory space by a senprogram.

ThearchitecturallyspecifiedASIs arelistedin table12 on page75. ASIs neednot befully
decodedby the hardware (impl. dep.#30). In particular specifying an architecturally
undefinedASI valuein amemoryreferenceanstructionor in the ASI registermayproduce
unexpected implementation-dependent results.

WhenTL =0, normal accessedy the processoito memorywhen fetching instructions
and performingloadsandstoresimplicitly specifyASI_PRIMARY or ASI_PRIMARY _
LITTLE, depending on the setting of the PSE.CLE bit.

IMPL. DEP. #124: When TL > 0, the implicit ASI for instruction fetches, loads, and stores is imple-
mentation-dependent.

Implementation Note:

Implementationghat supportthe nucleuscontext shoulduse ASI_NUCLEUS{ LITTLE}; those
thatdo not shoulduse ASI_PRIMARY{ LITTLE}. SeeF.4.4,“Contexts; for moreinformation
about the nucleus conxte

Accessesto other addressspacesuse the load/storealternateinstructions. For these
accessesheASl is eithercontainedn theinstruction(for the registerregisteraddressing
mode) or takn from the ASI rgister (for rgisterimmediate addressing).

ASls are either unrestrictedor restricted.An unrestrictedASI is one that may be used
independenbf the privilege level (PSTATE.PRIV) at which the processoris running.
RestrictedASIs require that the processome in privileged mode for a legal accessto
occur RestrictedASIs have their high-orderbit equalto zero. The relationshipbetween
processor state and ASI restriction iswhaon tablell on page 74.
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Several restricted ASIs must be provided: ASI_AS _IF_USER_PRIMAR{ LITTLE}
andASI_AS_IF_USER_SECONBRY{ LITTLE}. Theintentof theseASls is to give
system softwre eficient access to the memory space of a program.

Thenormaladdresspaces primary addresspacewhich is accessetby the unrestricted
ASI_PRIMARY{ LITTLE}. Thesecondaraddresspacewhichis accessebty theunre-

strictedASI_SECONDARY{_LITTLE}, is providedto allow asenerprogramto access

client progranms address space.

ASI_PRIMARY_NOFAULT{ LITTLE} and ASI_SECONIARY_NOFAULT{ LIT-
TLE} supportnonfaulting loads. TheseASlIs arealiasedto ASI_PRIMARY{ LITTLE}
andASI_SECONMARY{ LITTLE}, respectrely, andhave exactlythesameaction.They
may be usedto color (thatis, distinguishinto classes)oadsin the instructionstreamso
that,in combinationwith ajudiciousmappingof low memoryanda specializedrap han-
dler, an optimizing compiler can nae loads outside of conditional control structures.

Programming Note:

Nonfaulting loads allow optimizationsthat move loads aheadof conditional control structures
which guardtheir use;thus,they canminimizethe effectsof loadlateng by improving instruction
schedulingThesemantic®f nonfaultingloadarethe sameasfor ary otherload, exceptwhennon-
recoverablecatastrophidaultsoccur(for example,address-out-of-rangerrors).Whensucha fault
occurs,it is ignoredandthe hardware and systemsoftware cooperatdo malke the load appearto
completenormally, returning a zero result. The compilers optimizer generatedoad-alternate
instructionswith the ASI field or registersetto ASI_ PRIMARY_NOFAULT{ LITTLE} or ASI_
SECONDARY_NOFAULT{ LITTLE} for thoseloadsit determinesshould be nonfaulting. To
minimize unnecessarprocessingf a fault doesoccur it is desirableto maplow addressegespe-
cially addreszero)to a pageof all zeros,sothatreferenceshrougha NULL pointerdo not cause
unnecessary traps.

Implementation Note:

An implementationthrougha combinationof hardware and systemsoftware, must prevent non-
faultingloadson memorylocationsthat have side effects; otherwise suchaccesseproduceunde-
fined results.

8.4 The SPARC-V9 Memory Model

The SFARC-V9 processorarchitecturespecifiesthe organization and structure of a
SFARC-V9 centralprocessingunit, but doesnot specifya memorysystemarchitecture.
AppendixF, “SPARC-V9 MMU Requirement,summarizeshe MMU supportrequired
by a SRRC-V9 central processing unit.

The memorymodelsspecify the possibleorderrelationshipsbetweenmemory-reference
instructionsssuedby a processoandthe orderandyvisibility of thoseinstructionsasseen
by otherprocessorsThememorymodelis intimatelyintertwinedwith the programexecu-
tion model for instructions.

8.4.1 The SPARC-V9 Program Ex ecution Model

The SFARC-V9 processomodelconsistsof threeunits: anissueunit, a reorderunit, and
an ecute unit, as sk in figure42.
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Theissueunit readsnstructionsover theinstructionpathfrom memoryandissueghemin
program order. Programorderis preciselythe orderdeterminedby the control flow of
the programandthe instructionsemanticsunderthe assumptiorthat eachinstructionis
performed independently and sequentially

Issuedinstructionsare collected, reordered,and then dispatchedto the execute unit.
Instructionreorderingallows an implementationto perform someoperationsn parallel
andto betterallocateresourcesThereorderingof instructionss constrainedo ensurehat
the resultsof programexecutionare the sameasthey would be if the instructionswere
performed in program order. This property is capjedcessor self-consistency

Processor

Data Path

Issue [ Reorder —| Execute Memory

Instruction P ath

Figure 42—Pocessor Model: Unipocessor System

Processorself-consisteng requiresthat the result of execution,in the absenceof ary
sharednemoryinteractionwith anothemprocessqgrbeidenticalto the resultthatwould be
obsenredif the instructionswere performedin programorder.In the modelin figure42,
instructionsareissuedn programorderandplacedin the reorderbuffer. The processors
allowed to reorderinstructions,provided it doesnot violate arny of the data-flav con-
straints for rgisters or for memory

The data-flav order constraints for gister reference instructions are:

— An instructioncannotbe performeduntil all earlierinstructionghatsetaregisterit
uses hee been performed (read-afterite hazard; write-aftewrite hazard).

— An instructioncannotbe performeduntil all earlierinstructionsthatusea register
it sets hae been performed (write-afteead hazard).

An implementatiorcanavoid blockinginstructionexecutionin the secondcaseby usinga
renamingmechanisnwhich providesthe old value of the registerto earlierinstructions
and the ne value to later uses.

The data-flav order constraintsfor memory-referencénstructionsare thosefor register
reference instructions, plus the follmg additional constraints:

(1) A memory-referencenstruction that sets (storesto) a location cannotbe per-
formeduntil all previous instructionsthat use (load from) the locationhave been
performed (write-afteread hazard).

(2) A memory-referencenstructionthatuses(loads)the valueat alocationcannotbe
performeduntil all earlier memory-referencenstructionsthat set (storeto) the
location hae been performed (read-aHarite hazard).
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As with the casefor registers,jmplementationganavoid blockinginstructionsn case(2)
by providing an additionalmechanismin this case,a write buffer which guaranteeshat
thevaluereturnedby aloadis thatwhich would bereturnedoy the mostrecentstore,even
thoughthe storehasnot completed As aresult,the valueassociateavith anaddressnay
appeatto bedifferentwhenobsenedfrom a processothathaswritten the locationandis
holdingthevaluein its write buffer thanit would bewhenobsenedfrom a processothat
referencesnemory(or its own write buffer). Moreover, the load thatwassatisfiedby the
write buffer never appears at the memory

Memory-barrierinstructions(MEMBAR and STBAR) and the actve memory model
specifiedoy PSTATE.MM alsoconstrainthe issueof memory-referencenstructions.See
8.4.3,“The MEMBAR Instruction; and8.4.4,“Memory Models for a detaileddescrip-
tion.

The constrainton instructionexecutionassert partial orderingon theinstructionsin the
reorderbuffer. Every oneof the severalpossibleorderingss alegal executionorderingfor
the program.SeeAppendixD, “Formal Specificationof the Memory Models] for more
information.

8.4.2 The Processor/Memor y Interface Model

Eachprocessoim a multiprocessosystemis modelledasshaovn in figure43; thatis, hav-
ing two independenpathsto memory:onefor instructionsandonefor data.Cachesand
mappingsare consideredo be part of the memory Datacachesare maintainedby hard-
wareto be consisten{coherent)Instructioncacheseednot be kept consistentvith data
cachesand,therefore requireexplicit programactionto ensureconsisteng whena pro-
gram modifies an executing instruction stream.Memory is sharedin terms of address
space,but may be inhomogeneousnd distributed in an implementation Mapping and
cache?are ignoredin the model, since their functions are transparento the memory
model:

In real systemsaddressemay have attributesthatthe processomustrespectThe proces-
sor executesloads, stores,and atomic load-storesn whatever orderit choosesas con-
strainedby programorder and the currentmemory model. The ASI address-couples
generatesare translatedby a memory managementunit (MMU), which associates
attributeswith the addressandmay, in someinstancesabortthe memorytransactiorand
signalanexceptionto the CPU. For example,aregion of memorymaybe markedasnon-
prefetchablenon-cacheableead-onlyor restrictedlt is theMMU’ s responsibility work-
ing in conjunctionwith systemsoftware,to ensurethat memoryattribute constraintsare
not violated. See Appendix F, “BRC-V9 MMU Requirement8for more information.

Instructionsare performedin an order constrainedby local dependenciesUsing this
dependeng ordering,an executionunit submitsone or more pendingmemorytransac-
tionsto the memory The memoryperformstransactionsn memory order. The memory

1. Themodeldescribedereis only amodel.Implementation®f SFARC-V9 systemsreunsonstrained
so long as their obseable beheiors match those of the model.
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unit may performtransactionsubmittedto it out of order;hence the executionunit must
not submit tve or more transactions concurrently that are required to be ordered.

Memory Transactions

Processor s In Memory Order

Instructions

Data

| u Memory

Figure 43—Data Memory Raths: Multipr ocessor System

The memoryacceptdransactionsperformsthem, andthen acknavledgestheir comple-
tion. Multiple memoryoperationsnaybein progressatary time andmaybeinitiatedin a
nondeterministi¢ashionin ary ordet providedthatall transactionsgo alocationpresere
the perprocessompartial orders.Memory transactiongnay completein ary order Once
initiated, all memoryoperationsare performedatomically:loadsfrom onelocationall see
the samevalue,andthe resultof storesarevisible to all potentialrequestorsat the same
instant.

The order of memoryoperationsobsened at a singlelocationis a total order that pre-
senesthe partial orderingsof eachprocessos transactiongo this addressTheremay be
mary legal total orders for a gen prograns execution.

8.4.3 The MEMBAR Instruction

MEMBAR senestwo distinctfunctionsin SFARC-V9. Onevariantof the MEMBAR, the
orderingMEMBAR, providesa way for the programmeto controlthe orderof loadsand
storesissuedby a processarThe othervariantof MEMBAR, the sequencindEMBAR,
allows the programmeto explicitly controlorderandcompletionfor memoryoperations.
SequencingMEMBARSs are neededonly whena programrequiresthat the effect of an
operatiorbecomeylobally visible, ratherthansimply beingschedule&’.As bothformsare
bit-encodedinto the instruction, a single MEMBAR can function both as an ordering
MEMBAR and as a sequencing MEMRB.

2. SequencindEMBARSs areneededor someinput/outputoperationsforcing storesinto specialized
stablestoragecontet switching,andoccasionabthersystemdgunctions.Usinga SequencingdMEM-
BAR whenoneis not neededmay causea degradationof performanceSeeAppendixJ, “Program-
ming With the Memory Model5for examples of their use.
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8.4.3.1 Ordering MEMB AR Instructions

OrderingMEMBAR instructionsinducean orderingin the instructionstreamof a single
processaorSetsof loadsandstoresthatappeabeforethe MEMBAR in programorderare
orderedwith respectto setsof loadsand storesthat follow the MEMBAR in program
order Atomic operationdLDSTUB(A), SWAP(A), CASA, andCASXA) areorderedby

MEMBAR asif they werebothaloadanda store,sincethey sharethe semantic®f both.

An STBAR instruction,with semanticghat are a subsetof MEMBAR, is provided for

SFARC-V8 compatibility MEMBAR andSTBAR operateon all pendingmemoryopera-
tionsin thereorderbuffer, independensf theiraddressr ASI, orderingthemwith respect
to all future memoryoperationsThis orderingappliesonly to memory-referencenstruc-
tions issuedby the processorissuing the MEMBAR. Memory-referencenstructions
issued by other processors are tewéd.

Theorderingrelationshipsarebit-encodedasshavn in table19. For example, MEMBAR
01, written as“membar #LoadLoad ” in assemblylanguageequiresthat all load
operationsappearingoeforethe MEMBAR in programordercompletebeforeary of the
load operationdollowing the MEMBAR in programordercomplete Storeoperationsare
unconstrainedh this case MEMBAR 08, (#StoreStor  e) is equialentto the STBAR
instruction;it requiresthat the valuesstoredby storeinstructionsappearingn program
order prior to the STBAR instructionbe visible to other processorgrior to issuingary
store operations that appear in program ordenfatig the STRR.

In table19 theseorderingrelationshipsare specifiedby the ‘<m’ symbol,which signifies
memoryorder SeeAppendixD, “Formal Specificatiorof the MemoryModels; for afor-
mal description of therarelationship.

Table 19—Ordering Relationships Selected by Mask

Ordering r elation, Suggested Mask nmask
earlier < later assembler tag value bit #
Load <m Load #lLoadLoad 016 0
Store ¢m Load #StoreLoad 0244 1
Load <m Store #LoadStore 0446 2
Store €n Store #StoreStore 086 3

Selectiongnay be combinedto form more powerful barriers.For example,a MEMBAR
instruction with a mask of 09,4 (#LoadLoad | #StoreStore ) ordersloads with

respecto loadsandstoreswith respecto storesbut doesnot orderloadswith respecto
stores or vice ersa.

An orderingMEMBAR instructiondoesnot guaranteeary completionproperty;it only
introducesan orderingconstraintFor example,a programshouldnot assumehata store
preceding a MEMBR instruction has completed follang execution of the MEMBR.

8.4.3.2 Sequencing MEMB AR Instructions

A sequencindEMBAR exertsexplicit control over the completionof operationsThere
arethreesequencingEMBAR options,eachwith a differentdegreeof controlanda dif-
ferent application.
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Lookaside Batrrier:
Ensuresthat loads following this MEMBAR are from memory and not from a
lookasideinto a write buffer. Lookaside Barrier requiresthat pending stores
issuedprior to the MEMBAR be completedbeforeary loadfrom thataddresgol-
lowing the MEMBAR may be issued.A Lookaside Barrier MEMBAR may be
neededo provide lock fairnessandto supportsomeplausiblel/O locationseman-
tics. See thexample in J.14.1, “I/O Rgsters Wth Side Efects’

Memory Issue Batrrier:

Ensuresthat all memory operationsappearingin program order before the
sequencingMEMBAR completebeforeary arny new memoryoperationmay be
initiated. See thexample in J.14.2, “The Control and StatugReer (CSR}.

Synchronization Barrier:

Ensureghatall instructions(memoryreferenceand others)precedingthe MEM-
BAR completeandthe effectsof ary fault or errorhave becomevisible beforeary
instructionfollowing the MEMBAR in programorderis initiated.A Synchroniza-
tion Barrier MEMBAR fully synchronizes the processor that issues it.

Table 20 shas the encoding of these functions in the MEMBInstruction.

Table 20—Sequencing Barrier Selected by Mask

Sequencing Assembler tag Mask cmaskbit
function value #
Lookaside Barrier #Lookaside 10:6 0
Memory Issue Barrier #Memlssue 2046 1
Synchronization Barrier #Sync 40,6 2

8.4.4 Memory Models

The SFARC-V9 memorymodelsare definedbelown in termsof order constraintsplaced
uponmemory-referencenstructionexecution,in additionto the minimal setrequiredfor

self-consisteng Theseorderconstraintgake theform of MEMBAR operationsmplicitly

performed folleving some memory-reference instructions.

8.4.4.1 Relaxed Memory Order (RMO)

Relaxed Memory Order placesno orderingconstraintson memoryreferenceseyond
thoserequiredfor processoself-consisteng Whenorderingis required,it mustbe pro-
vided eplicitly in the programs using MEMABR instructions.

8.4.4.2 Partial Store Or der (PSO)

Partial Store Order may be provided for compatibility with existing SFARC-V8 pro-
grams.Programghatexecutecorrectlyin the RMO memorymodelwill executecorrectly
in the PSO model.



8.4 The SPARC-V9 Memory Model 129

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-storeinstructionbehaes asif it were followed by a
MEMBAR with a mask alue of 05

— 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 SFARC-V8 pro-
grams Programgshatexecutecorrectlyin 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:

— Eachloadinstructionbehaesasif it werefollowed by a MEMBAR with a mask
value of 05

— Eachstoreinstructionbehaesasif it werefollowed by a MEMBAR with a mask
of 08

— Eachatomicload-storébehaesasif it werefollowedby aMEMBAR with amask
of 0Dy,

8.4.5 Mode Contr ol

Thememorymodelis specifiedby thetwo-bit statein PSTATE.MM, describedn 5.2.1.4,
“PSTATE_mem_model (MM].

Writing a new valueinto PSTATE.MM causesubsequentinemoryreferencanstructions
to be performed with the order constraints of the specified memory model.

SFARC-V9 processorsieednot provide all three memory models;undefinedvaluesof
PSTATE.MM have implementation-dependenfesdts.

IMPL. DEP. #119:. The effect of writing an unimplemented memory mode designation into
PSTATE.MM is implementation-dependent.
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Implementation Note:

All SFARC-V9 implementationsnust provide TSO or a strongermodelto maintain SFARC-V8
compatibility An implementation may pwide PSO, RMO, or neither

Exceptwhen a trap entersRED_state PSTATE.MM is left unchangedvhen a trap is
enteredandtheold valueis stacled. WhenenteringRED _statethevalueof PSTATE.MM
is setto TSO.

8.4.6 Hardware Primitives f or Mutual Exc lusion

In additionto providing memory-orderingprimitivesthatallow programmerso construct
mutual-exclusionmechanism# software, SFARC-V9 providesthreehardwareprimitives
for mutual eclusion:

— Compare and Sap (CASA, CASXA)
— Load Store Unsigned Byte (LDSTUB, LDSTBB
— Swap (SVAP, SWAPA)

Eachof theseinstructionshasthe semantic®f bothaloadanda storein all threememory
models.They areall atomic, in thesensdéhatno otherstorecanbe performedbetweerthe

loadandstoreelementof theinstruction.All of thehardwaremutualexclusionoperations
conformto the memorymodelsandmay requirebarrierinstructionsto ensureproperdata
visibility.

When the hardware mutual-exclusion primitives addressl/O locations, the resultsare
implementation-dependerftmpl. dep. #123). In addition, the atomicity of hardware
mutual-eclusionprimitivesis guaranteeanly for processomemoryreferencegandnot
whenthe memorylocationis simultaneoushbeingaddressetby anl/O device suchasa
channel or DMA (impl. dep. #120).

8.4.6.1 Compare and Swap (CASA, CASXA)

Compare-and-sapis anatomicoperationwhich compares valuein a processoregister
to avaluein memory and,if andonly if they areequal,swapsthe valuein memorywith

thevaluein a secondorocessoregister Both 32-bit (CASA) and64-bit (CASXA) opera-
tions are provided. The compare-and-sap operationis atomic in the sensethat once
begun,no otherprocessocanaccesshe memorylocationspecifieduntil the comparehas
completedandthe swap (if any) hasalsocompletedandis potentiallyvisible to all other
processors in the system.

Compare-and-sap is substantiallymore powerful thanthe other hardware synchroniza-
tion primitives. It hasaninfinite consensusiumber;thatis, it canresole, in a wait-free
fashion,aninfinite numberof contendingprocessesBecauseof this property compare-
and-svap can be usedto constructwait-free algorithmsthat do not require the use of

locks. See Appendix J, “Programmingtithe Memory Models for examples.
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8.4.6.2 Swap (SWAP)

SWAP atomicallyexchangeshelower 32 bitsin aprocessoregisterwith awordin mem-
ory. Swap hasa consensusiumberof two; thatis, it cannotresole morethantwo con-
tending processes in a+free fashion.

8.4.6.3 Load Store Unsigned Byte (LDSTUB)

LDSTUB loadsa byte valuefrom memoryto a registerandwritesthe value FF;¢ into the
addressethyte atomically LDSTUB is the classictest-and-seinstruction.Like SWAP, it
hasa consensusumberof two andsocannotresole morethantwo contendingprocesses
in a wait-free fashion.

8.4.7 Synchronizing Instruction and Data Memor vy

The SFARC-V9 memorymodelsdo not requirethatinstructionanddatamemoryimages
be consistenat all times.Theinstructionanddatamemoryimagesmay becomeanconsis-
tentif a programwritesinto the instructionstream As a result,wheneer instructionsare
modifiedby a programin a context wherethedata(thatis, theinstructions)n thememory
andthedatacachehierarcly maybeinconsistentvith instructionsn theinstructioncache
hierarcly, some special programmatic action must benak

The FLUSH instructionwill ensureconsisteng betweenthe instruction streamand the
datareferencesicrossary local cachedor a particulardoublevord valuein the processor
executingthe FLUSH. It will ensuresventualconsisteng acrossall cachesn a multipro-
cessorisystem.The programmemustbe carefulto ensurethatthe modificationsequence
is robust under multiple updatesand concurrentexecution. Since, in the generalcase,
loads and storesmay be performedout of order appropriateMEMBAR and FLUSH
instructionsmustbe intersperseds neededo control the orderin which the instruction
data is mutated.

The FLUSH instructionensureghat subsequeninstructionfetchesfrom the doublevord
target of the FLUSH by the processoexecutingthe FLUSH appearto executeafter ary
loads,stores,and atomicload-storesssuedby the processoto that addresgprior to the
FLUSH. FLUSH actsasa barrierfor instructionfetchesin the processothat executest
and has the properties of a store with respect to MERIBperations.

FLUSH hasno lateny ontheissuingprocessorthe modifiedinstructionstreamis imme-
diately available3

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 cachesn asystem(uniprocessoor multiprocessorhave a unifiedcacheconsisteng
protocol, FLUSH does nothing.

3. SFARC-V8 specifiedafive-instructionateng. Invalidationof instructionsin executionin theinstruc-
tion cache is likly to force an instruction-cachaut.
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Useof FLUSH in a multiprocessoervironmentmay causeunexpectedperformanceleg-
radationin somesystemspecausevery processothatmay have a copy of the modified
datain its instructioncachemustinvalidatethat data.Iln the worst casenawe system all
processorsustinvalidatethe data.The performanceroblemis compoundedby the dou-
bleword granularityof the FLUSH, which mustbe obsened evenwhenthe actualinvali-
dation unit is lager, for exkample, a cache line.

Programming Note:
BecauseFLUSH is designedto act on a doublevord, and becausepn someimplementations,
FLUSH maytrapto systemsoftware, it is recommendethat systemsoftware provide a usercall-
able serviceroutine for flushingarbitrarily sizedregions of memory On someimplementations,
this routinewould issuea seriesof FLUSH instructions;on others,it might issuea singletrap to
system software that wuld then flush the entiregen.



A Instruction Definitions

A.1 Overview

This appendixdescribeseachSFARC-V9 instruction. Relatedinstructionsare grouped
into subsections. Each subsection consists of these parts:

(1) A tableof the opcodeglefinedin the subsectiorwith the valuesof thefield(s) that
uniquely identify the instruction(s).

(2) An illustration of the applicableinstructionformat(s).In theselllustrations,a dash
‘—’ indicatesthatthefield is resewed for future versionsof the architectureand
shallbezeroin ary instanceof theinstruction.If aconformingSRARC-V9 imple-
mentationencountersionzerovaluesin thesefields, its behaior is undefinedSee
Appendix |, “Extending the SFARC-V9 Architecturé; for information about
extending the SRRC-V9 instruction set.

(3) A list of the suggeste@dssemblyfanguagesyntax;the syntaxnotationis described
in Appendix G, “Suggested Assembly Language Syhtax.

(4) A description of the features, restrictions, ardeption-causing conditions.

(5) A list of the exceptionsthat canoccurasa consequencef attemptingto execute
theinstruction(s) Exceptionsdueto aninstruction_access_error, instruction_access_
exception, instruction_access MMU_miss, async_data_error, Or internal_processor
error, andinterruptrequestsarenot listed, sincethey canoccuron ary instruction.
Also, ary instructionthatis notimplementedn hardwareshallgenerateanillegal_
instruction exception(or fp_exception_other exceptionwith ftt = unimplemented_FPop
for floating-point instructions) when it ixecuted.

This appendixdoesnot include ary timing information (in either cyclesor clock time),
since timing is implementation-dependent.

Table 22 summarizesthe instruction set; the instruction definitions follow the table.
Within table22, throughoutthis appendix,andin Appendix E, “Opcode Maps, certain
opcodesaremarkedwith mnemonicsuperscriptsThe superscriptendtheir meaningsare
defined in tabl1.:

Table 21—Opcode Superscripts

Superscrip

t Meaning
D Deprecated instruction
P Privileged opcode
P.si Privileged action if bit 7 of the referenced ASI is zero
Pasr Privileged opcode if the referenced ASRjister is pwileged
Pupr Privileged action if PSATE.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 (ANDNCcc) And not (and modify condition codes) 184
BPcc Branch on intger condition codes with prediction 148
BiccP Branch on intger condition codes 146
BPr Branch on contents of irder ragister with prediction 138
CALL Call and link 151
CASAPs Compare and sap word in alternate space 152
CASXAPs! Compare and sap doublevord in alternate space 152
DONEP Return from trap 157
FABS(s,d,q) Floating-point absolutealue 164
FADD(s,d,q) Floating-point add 158
FBfcc® 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 xeeption if unordered) 159
FDIV(s,d,q) Floating-point d¥ide 165
FdMULq Floating-point multiply double to quad 165
FiTO(s,d,q) Corvert intgger to floating-point 163
FLUSH Flush instruction memory 167
FLUSHW Flush reister windavs 169
FMOV(s,d,q) Floating-point mge 164
FMOV(s,d,qg)cc Move floating-point rgister if condition is satisfied 188
FMOV(s,d,q) Move f-p ray. if integer re. contents satisfy condition 192
FMUL(s,d,q) Floating-point multiply 165
FNEG(s,d,q) Floating-point ngate 164
FsMULd Floating-point multiply single to double 165
FSQR(s,d,q) Floating-point square root 166
F(s,d,q)Oi Corvert floating point to intger 161
F(s,d,q)(s,d,q) Corvert between floating-point formats 162
F(s,d,q)Ox Corvert floating point to 64-bit ingger 161
FSUB(s,d,q) Floating-point subtract 158
FxTO(s,d,q) Corvert 64-bit intger to floating-point 163
ILLTRAP lllegal instruction 170
IMPDEP1 Implementation-dependent instruction 171
IMPDEP2 Implementation-dependent instruction 171
JMPL Jump and link 172
LDDP Load doublevord 178
LDDADP: Pasi Load doublevord from alternate space 180
LDDF Load double floating-point 173
LDDFAPssi Load double floating-point from alternate space 176
LDF Load floating-point 173
LDFAPas! Load floating-point from alternate space 176
LDFSR Load floating-point state géster laver 173
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Table 22—Instruction Set Continued

Opcode Name Page
LDQF Load quad floating-point 173
LDQFAPss! Load quad floating-point from alternate space 176
LDSB Load signed byte 178
LDSBAPss! Load signed byte from alternate space 180
LDSH Load signed halfard 178
LDSHAPs! Load signed halfard from alternate space 180
LDSTUB Load-store unsigned byte 182
LDSTUBAPs! Load-store unsigned byte in alternate space 183
LDSW Load signed wrd 178
LDSWAPss! Load signed wrd from alternate space 180
LDUB Load unsigned byte 178
LDUBAPss! Load unsigned byte from alternate space 180
LDUH Load unsigned halfard 178
LDUHAPasi Load unsigned halfard from alternate space 180
LDUW Load unsigned ard 178
LDUWAPssi Load unsigned wrd from alternate space 180
LDX Load etended 178
LDXA Pasi Load etended from alternate space 180
LDXFSR Load floating-point state géster 173
MEMBAR Memory barrier 186
MOVcc Move integer raister if condition is satisfied 194
MOVr Move integer reister on contents of inger register 198
MULScc® 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 (ORNCcc) Inclusive-or not (and modify condition codes) 184
POPC Population count 205
PREFETCH Prefetch data 206
PREFETCHA®s! Prefetch data from alternate space 206
RDASI Read ASI rgister 214
RDASR™sR Read ancillary state gester 214
RDCCR Read condition codesgmster 214
RDFPRS Read floating-point gisters state ggster 214
RDPC Read program counter 214
RDPR’ Read pnileged rejister 211
RDTICKPNeT Read TICK rgister 214
RDYP Read Y register 214
RESTORE Restore calles windav 217
RESTORED’ Window has been restored 219
RETRyYP Return from trap and retry 157
RETURN Return 216
SAVE Save callers windav 217
SAVEDP Window has been sad 219
SDIVP (SDIVed) 32-bit signed intger divide (and modify condition codes) 154
SDIVX 64-bit signed intger divide 199
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Table 22—Instruction Set Continued

Opcode Name Page
SETHI Set high 22 bits of lo word of integer reyister 220
SIR Software-initiated reset 223
SLL Shift left logical 221
SLLX Shift left logical, etended 221
SMULP (SMULc®) Signed intger multiply (and modify condition codes) 200
SRA Shift right arithmetic 221
SRAX Shift right arithmetic, gtended 221
SRL Shift right logical 221
SRLX Shift right logical, etended 221
STB Store byte 229
STBAPs! Store byte into alternate space 231
STBARP Store barrier 224
STDP Store doubleord 229
STDAD: sl Store doubleord into alternate space 229
STDF Store double floating-point 225
STDFAPss! Store double floating-point into alternate space 227
STF Store floating-point 225
STRAPss! Store floating-point into alternate space 227
STFSR Store floating-point stategister 225
STH Store halfvord 229
STHAPs! Store halfverd into alternate space 231
STQF Store quad floating-point 225
STQRAPss! Store quad floating-point into alternate space 227
STW Store vord 229
STWAPssI Store vord into alternate space 231
STX Store etended 229
STXAPss! Store atended into alternate space 231
STXFSR Store atended floating-point stategister 225
SUB (SUBcc) Subtract (and modify condition codes) 233
SUBC (SUBCcc) Subtract with carry (and modify condition codes) 233
SWAPP Swap inteyer reister with memory 234
SWAPAD: Pasi Swap intgyer rayister with memory in alternate space 235
TADDcc (TADDccTVP) | Tagged add and modify condition codes (trap werftow) 237
Tcc Trap on intger condition codes 240
TSUBcc (TSUBccTVY) Tagged subtract and modify condition codes (trapvemflmw) 238
UDIVP (UDIVcceP) Unsigned intger divide (and modify condition codes) 154
UDIVX 64-bit unsigned inger dvide 199
UMULP (UMULccP) Unsigned intger multiply (and modify condition codes) 200
WRASI Write ASI register 244
WRASR™ SR Write ancillary state igister 244
WRCCR Write condition codes ggster 244
WRFPRS Write floating-point rgisters state mgster 244
WRPR’ Write privileged rgister 242
WRYP Write Y register 244
XNOR (XNORcc) Exclusive-nor (and modify condition codes) 184
XOR (XORcc) Exclusive-or (and modify condition codes) 184
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A.2 Add
Opcode Op3 Operation
ADD 000000 Add
ADDcc 010000 Add and modify cc
ADDC 001000 Add with Carry
ADDCcc 011000 Add with Carry and modify ce’
Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Suggested Assembly Language Syntax
add regrsy, F€J_Or_imm regyy
addcc régrs1, €J_Or_imm reg,q
addc regrsy, F€J_Or_imm regyy
addccc régrs1, €J_Or_imm reg,q
Description:

ADD and ADDcc compute“r[rs]] +r[rs2” if i =0, or “r[rs]] + sign_et(simml13” if
i =1, and write the sum intgrd].

ADDC andADDCcc (“ADD with carry”) alsoaddthe CCR register’s 32-bit carry(icc.c)
bit; thatis, they compute“r[rs]] + r[rsg + icc.c’ or “r[rs]] + sign_e&t(simml13 +icc.c’
and write the sum intdrd].

ADDcc andADDCcc modify theinteger conditioncodes(CCRicc andCCRxcq). Over-
flow occurson additionif bothoperand$iave the samesignandthe signof thesumis dif-
ferent.

Programming Note:
ADDC andADDCcc readthe 32-bit conditioncodes’carry bit (CCRicc.c), not the 64-bit condi-
tion codes’ carry bit (CCRcc.c).

Compatibility Note:
ADDC and ADDCcc were named ADDX and ADDXcc, respelti, in SARC-V8.

Exceptions:
(none)5
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A.3 Branc h on Integ er Register with Prediction (BPr)

Register
Opcode rcond Operation contents test
— 000 Reserved —
BRZ 001 Branch on Reister Zero rirs]] =0
BRLEZ 010 Branch on Reister Less Than or Equal to Zero rirs] <0
BRLZ 011 Branch on Register Less Than Zero rirs] <0
— 100 Reserved —
BRNZ 101 Branch on Reister Not Zero rirs]]1 #0
BRGZz 110 Branch on Register Greater Than Zero rirs >0
BRGEZ 111 Branch on Register Greater Than or Equal to Zero rirs]1=0
Format (2):
00 |a|0O]| rcond 011 dieéhi | p rsl d16lo
3130 29 28 27 25 24 22 21 20 19 18 14 13 0

Suggested Assembly Language Syntax
brz {,a {.,pt |,pn} reg;sy, label
briez {,a ¥{ ,pt |,pn} reg;sy, label
briz {,a {.,pt |pn} reg;sy, label
brnz {,a { ,pt |,pn } reg;sy, label
brgz {,a { .pt |pn } regrsy, label
brgez {,a ¥{ .pt |,pn} reg;sy, label

Programming Note:
To settheannulbit for BPrinstructions append*,a " to the opcodemnemonic.For example,use
“brz,a  %i3 label” The precedingtableindicatesthatthe “;a ” is optional by enclosingit in
braces.To setthe branchpredictionbit “p,” appendeither”,pt " for predicttakenor “,pn " for
predictnot takento the opcodemnemoniclf neither“,pt " nor“,pn " is specifiedthe assembler
shall deéult to “p t".

Description:

Theseinstructionsbranchbasedon the contentsof r[rs1]. They treatthe registercontents
as a signed intger \alue.

A BPrinstructionexaminesall 64 bits of r[rs1] accordingo thercondfield of theinstruc-
tion, producingeithera TRUE or FALSE result.If TRUE, the branchis taken;thatis, the
instructioncauses PC-relatve, delayedcontrol transferto the addressPC + (4 * sign_
ext(d16hi[] d16lo).” If FALSE, the branch is not tak.

If the branchis taken, the delayinstructionis alwaysexecuted regardlessof the value of
theannulbit. If the branchis not taken andthe annulbit (a) is 1, the delayinstructionis
annulled (not gecuted).
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Thepredictbit (p) is usedto give the hardwarea hint aboutwhetherthe branchis expected
to betaken.A 1 in thep bit indicatesthatthe branchis expectedto betaken; a0 indicates
that the branch isxpected not to be tak.

Annulment,delayinstructions prediction,anddelayedcontroltransfersaredescribedur-
ther in Chapter 6, “Instructioris.

Implementation Note:
If this instructionis implementedby taggingeachregister value with an N (negative) bit and Z
(zero) bit, the follaving table can be used to determinecifindis TRUE:

Branch Test
BRNZ not Z
BRZ Z
BRGEZ not N
BRLZ N
BRLEZ Nor Z
BRGZ not (N or 2)

Exceptions:
illegal_instruction (if rcond= 000, or 10Q)
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A.4 Branc h on Floating-P oint Condition Codes (FBfcc)

The FBfcc instructionsare deprecatedthey are provided only for compatibility
with previousversionsof thearchitectureThey shouldnotbeusedin new SFARC-
V9 software. It is recommended that the FBPfcc instructions be used in their pl

Opcode cond Operation fcc test
FBAP 1000 Branch Alvays 1
FBNP 0000 Branch Neer 0
FBUP 0111 Branch on Unordered u
FBGP 0110 Branch on Greater G
FBUGP 0101 Branch on Unordered or Greater GorU
FBLP 0100 Branch on Less L
FBULP 0011 Branch on Unordered or Less LoruU
FBLGP 0010 Branch on Less or Greater LorG
FBNEP 0001 Branch on Not Equal LorGorU
FBEP 1001 Branch on Equal E
FBUEP 1010 Branch on Unordered or Equal Eor U
FBGEP 1011 Branch on Greater or Equal Eor G
FBUGE® 1100 Branch on Unordered or Greater or Equal Eor Gor U
FBLEP 1101 Branch on Less or Equal EorL
FBULEP 1110 Branch on Unordered or Less or Equal EorLoruU
FBOP 1111 Branch on Ordered EorLorG

Format (2):
00 |a cond 110 disp22

3130 29 28 25 24 22 21
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Suggested Assembly Language Syntax

fba {,a} label

fon {,a} label

fou {,a} label

fbg {,a} label

foug {,a} label

fol {,a} label

foul {,a} label

fblg {.,a} label

fone {,a} label (synonymfbnz )
fbe {,a} label (synonymfbz )
foue {,a} label

fbge {,a} label

fouge {,a} label

fble {,a} label

foule {,a} label

fbo {,a} label

Programming Note:
To settheannulbit for FBfccinstructionsappend',a ” to theopcodemnemonicFor example,use
“fbl,a  label” The preceding table indicates that tha " is optional by enclosing it in braces .

Description:
Unconditional Branches (FBA, FBN):
If its annulfield is 0, an FBN (BranchNever) instructionactslike a NOR If its
annulfield is 1, the following (delay)instructionis annulled(not executed)when
the FBN is &ecuted. In neither case does a transfer of contreltdce.

FBA (BranchAlways)causes PC-relatve, delayedcontroltransferto theaddress
“PC + (4 x sign_et(disp29),” regardlessof the value of the floating-pointcondi-
tion codebits. If theannulfield of the branchinstructionis 1, thedelayinstruction
is annulled (notxeecuted). If the annul field is O, the delay instructiorxecated.

Fcc-Conditional Branches
ConditionalFBfccinstructiongexceptFBA andFBN) evaluatefloating-pointcon-
dition codezero(fccO) accordingto the condfield of theinstruction.Suchevalua-
tion producesithera TRUE or FALSE result.If TRUE, the branchis taken, that
is, the instruction causesa PC-relatve, delayedcontrol transferto the address
“PC + (4 x sign_et(disp29).” If FALSE, the branch is not tak.

If a conditionalbranchis taken, the delayinstructionis always executed regard-
lessof the value of the annulfield. If a conditionalbranchis not takenandthe a
(annul)field is 1, the delay instructionis annulled(not executed).Note that the
annulbit hasa differ ent effect on conditionalbrancheghanit doeson uncondi-
tional branches.
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Annulment,delayinstructions,anddelayedcontrol transfersaredescribedurther
in Chapter 6, “Instructions.

Compatibility Note:
Unlike SFARC-V8, SFARC-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 not presentthe FBfccinstructionis
not executed and instead, generatespadisabled exception.

Exceptions:
fp_disabled
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A.5 Branc h on Floating-P oint Condition Codes with Prediction
(FBPfcc)
Opcode cond Operation fcc test

FBRA 1000 Branch Alvays 1
FBPN 0000 Branch Neer 0
FBPU 0111 Branch on Unordered U
FBPG 0110 Branch on Greater G
FBPUG 0101 Branch on Unordered or Greater GorU
FBPL 0100 Branch on Less L
FBPUL 0011 Branch on Unordered or Less LoruU
FBPLG 0010 Branch on Less or Greater LorG
FBPNE 0001 Branch on Not Equal Lor Gor U
FBPE 1001 Branch on Equal E
FBPUE 1010 Branch on Unordered or Equal Eor U
FBPGE 1011 Branch on Greater or Equal Eor G
FBPUGE 1100 Branch on Unordered or Greater or Equal Eor Gor U
FBPLE 1101 Branch on Less or Equal EorL
FBPULE 1110 Branch on Unordered or Less or Equal EorLorU
FBPO 1111 Branch on Ordered EorLorG

Format (2):

00 |a cond 101 |cclccO| p disp19
3130 29 28 25 24 22 21 20 19 18 0

Condition
ccl|] cco code
00 fccO
01 fccl
10 fcc2
11 fcc3
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Suggested Assembly Language Syntax

fba {,a {.,pt |pn} %fcc n, label

fon {,a }{.pt |pn} %fcc n, label

fou {,a {,pt |pn} %fcc n, label

fbg {,a }{ .pt |pn} %fcc n, label

foug {,a { ,pt |,pn } %fcc n, label

fbl {,a }{.pt |pn} %fcc n, label

foul {,a {,pt |,pn} %fcc n, label

fblg {,a {.pt |.pn} %fcc n, label

fone {,a { ,pt |,pn } %fcc n, label (synonymfbnz )
fbe {,a }{.pt |pn} %fcc n, label (synonymfbz )
foue {,a { ,pt |,pn } %fcc n, label

fbge {,a { .,pt |.pn } %fcc n, label

fouge {,a { .pt |,pn } %fcc n, label

fble {,a { .pt |.pn} %fcc n, label

foule {,a H{.pt |,pn} %fcc n, label

fbo {,a }{.pt |pn} %fcc n, label

Programming Note:

To setthe annulbit for FBPfccinstructions,append‘,a ” to the opcodemnemonic.For example,
use“fbla  %fcc3,label " Theprecedingableindicatesthatthe“,a " is optionalby enclos-
ing it in braces.To setthe branchpredictionbit, appendeither”,pt " (for predicttaken)or “pn”
(for predict not taken) to the opcodemnemonic.If neither*,pt " nor “,pn " is specified,the
assembleshall default to “,p t". To selectthe appropriatefloating-pointcondition code,include
"%fccO ", "%fccl ", "%fcc2" , or "%fcc3 " before the label.

Description:

Unconditional Branches (FBMR, FBPN):

If its annulfield is 0, an FBPN (Floating-PointBranch Never 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-PointBranch Always with Prediction)causesan unconditional
PC-relatve, delayedcontrol transferto the addressSPC + (4 x sign_et(disp19).”
If the annulfield of the branchinstructionis 1, the delayinstructionis annulled
(not executed). If the annul field is 0, the delay instructiorkecated.

Fcc-Conditional Branches

ConditionalFBPfccinstructiongexceptFBPA andFBPN)evaluateoneof thefour
floating-pointcondition codes(fccQ, fccl, fcc2, fccd asselectedoy ccOandccl,
accordingto the condfield of theinstruction,producingeithera TRUE or FALSE
result.If TRUE, the branchis taken, thatis, the instructioncausesa PC-relatve,
delayedcontrol transferto the address'PC + (4 x sign_et(displ9).” If FALSE,
the branch is not tak.
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If a conditionalbranchis taken, the delayinstructionis always executed regard-
lessof the value of the annulfield. If a conditionalbranchis not taken andthe a
(annul) field is 1, the delayinstructionis annulled(not executed).Note that the
annulbit hasa differ ent effect on conditionalbrancheghanit doeson uncondi-
tional branches.

The predictbit (p) is usedto give the hardwarea hint aboutwhetherthe branchis
expectedto be taken. A 1 in the p bit indicatesthat the branchis expectedto be
taken. A 0 indicates that the branch xpected not to be tak.

Annulment,delayinstructions, anddelayedcontrol transfersaredescribedurther
in Chapter 6, “Instructions.

If FPRS.FEFE 0 or PSTATE.PEF= 0, or if anFPUis not presentan FBPfccinstructionis
not executed and instead, generatespatisabled exception.

Compatibility Note:
Unlike SFARC-V8, SFARC-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)

TheBicc instructionsaredeprecatedthey areprovidedonly for compatibility with
previous versionsof the architectureThey shouldnot be usedin new SFARC-V9

software. It is recommended that the BPcc instructions be used in their place.

Opcode | cond Operation icc test
BAP 1000 | Branch Alvays 1
BNP 0000 | Branch Neer 0
BNEP 1001 | Branch on Not Equal not Z
BEP 0001 | Branch on Equal z
BGP 1010 | Branch on Greater not (Z or (N xor V))
BLEP 0010 | Branch on Less or Equal Zor (N xor V)
BGEP 1011 | Branch on Greater or Equal not (N xor V)
BLP 0011 | Branch on Less N xor V
BGUP 1100 | Branch on Greater Unsigned not (Cor 2)
BLEUP 0100 | Branch on Less or Equal Unsigned CorZz
BCCP 1101 | Branchon CarryClear(Greatetthanor Equal,Unsigned not C
BCS 0101 | Branch on Carry Set (Less than, Unsigned) C
BPOS 1110 | Branch on Positie not N
BNEGP | 0110 | Branch on Ngative N
BvCP 1111 | Branch on Oerflow Clear not vV
BvSP 0111 | Branch on Oerflow Set \%
Format (2):
00 |a cond 010 disp22
3130 29 28 25 24 22 21 0
Suggested Assembly Language Syntax

ba{,a} label

bn{,a} label

bne{,a} label (synonymbnz)

be{,a} label (synonymbz)

bg{,a} label

ble{,a} label

bge{,a} label

bl{,a} label

bgu{,a} label

bleu{,a} label

bccf,a} label (synonymbgeu)

bcs{,a} label (synonymblu)

bpos{,a} label

bneg{,a} label

bvc{,a} label

bvs{,a} label
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Programming Note:
To setthe annulbit for Bicc instructionsappend‘,a ” to the opcodemnemonicFor example,use
“bgu,a label” The preceding table indicates that the " is optional by enclosing it in braces.

Description:
Unconditional Branches (BA, BN):
If its annulfield is 0, aBN (BranchNever) instructionactslike a NOR If its annul

field is 1, the following (delay)instructionis annulled(not executed).In neither
case does a transfer of controldgiace.

BA (BranchAlways)causesnunconditionalPC-relatve, delayedcontroltransfer
to the address‘PC + (4 x sign_et(disp22).” If the annul field of the branch
instructionis 1, thedelayinstructionis annulled(notexecuted)lIf theannulfield is
0, the delay instruction isxecuted.

Icc-Conditional Branches
ConditionalBicc instructions(all exceptBA and BN) evaluatethe 32-bit integer
condition codes(icc), accordingto the cond field of the instruction, producing
eithera TRUE or FALSE result.If TRUE, the branchis taken,thatis, theinstruc-
tion causes PC-relatve, delayedcontroltransferto the addressPC + (4 x sign_
ext(disp29).” If FALSE, the branch is not tak.

If aconditionalbranchis taken,thedelayinstructionis alwaysexecutedregardless
of thevalueof theannulfield. If aconditionalbranchis nottakenandthea (annul)
field is 1, the delayinstructionis annulled(not executed).Note that the annul bit

has a different effect on conditional branchesthan it does on unconditional
branches.

Annulment,delayinstructions,anddelayedcontrol transfersaredescribedurther
in Chapter 6, “Instructions.

Exceptions:
(none)
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A.7 Branc h on Integ er Condition Codes with Prediction (BPcc)

Opcode | cond Operation icc test

BPA 1000 | Branch Alvays 1
BPN 0000 | Branch Neer 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 (Cor 2)
BPLEU | 0100 | Branch on Less or Equal Unsigned Corz
BPCC 1101 | Branchon CarryClear(GreatefThanor Equal,Unsigneq not C
BPCS 0101 | Branch on Carry Set (Less than, Unsigned) C
BPPOS | 1110 | Branch on Positie not N
BPNEG | 0110 | Branch on Ngative N
BPVC 1111 | Branch on Oerflow Clear not VvV
BPVS 0111 | Branch on Oerflonv Set \%

Format (2):
00 |a cond 001  [cclccO| p disp19
3130 29 28 25 24 22 21 20 19 18

Condition
ccl|] cco code
00 icc
01 —
10 Xcc
11 —
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Suggested Assembly Language Syntax
ba{,a { .pt |.pn} i_or_x_cG label
bn{,a { .pt |,pn} i_or_x_c¢ label (or: iprefetch label)
bne{,a { .pt |.pn} i_or_x_cg label (synonymbnz)
be{,a { .pt |pn} i_or_x_c¢ label (synonymbz)
bg{.a { .pt |.pn} i_or_x_cg label
ble {,a { .,pt |.pn} i_or_x_c¢ label
bge{,a { .pt |.pn} i_or_x_cg label
bl {,a {.pt |pn} i_or_x_c¢ label
bgu{,a  .pt |.pn} i_or_x_cg label
bleu {,a { ,pt |,pn} i_or_x_c¢ label
bce {,a { .pt |.pn} i_or_x_cG label (synonymbgeu)
bes{,a { .pt |.pn} i_or_x_c¢ label (synonymblu )
bpos{,a { .pt |.pn} i_or_x_cG label
bneg{,a { ,pt |,pn} i_or_x_c¢ label
bvc {,a { .pt |.pn} i_or_x_cg label
bvs{,a { ,pt |.pn} i_or_x_c¢ label

Programming Note:

To settheannulbit for BPccinstructionsappend',a ” to theopcodemnemonicFor example,use
“bgu,a %icc,label " Theprecedingableindicatesghatthe“,a " is optionalby enclosingt in
braces.To setthe branchpredictionbit, appendto an opcodemnemoniceither“,pt " for predict
takenor “,pn " for predictnottaken.If neither“,pt " nor“,pn ” is specified the assembleshall
default to “,p t”. To selectthe appropriateinteger condition code, include “%icc " or “%xcc”
before the label.

Description:
Unconditional Branches (BMRA, BPN):

A BPN (BranchNeverwith Prediction)instructionfor thisbranchtype(op2=1) is
usedin SFARC-V9 as an instruction prefetch; that is, the effective address
(PC+ (4 x sign_e&t(displ9)) specifiesanaddres®f aninstructionthatis expected
to be executedsoon.The processomay usethis informationto begin prefetching
instructionsfrom that addressLike the PREFETCHinstruction, this instruction
may betreatedasa NOP by animplementationlf the BranchNever’s annulfield
is 1, thefollowing (delay)instructionis annulled(not executed)If the annulfield
is 0, thefollowing instructionis executedln no casedoesa BranchNever causea
transfer of control to takplace.

BPA (Branch Always with Prediction) causesan unconditional PC-relatve,
delayedcontroltransferto the addressPC + (4 x sign_et(disp19)).” If theannul
field of the branchinstructionis 1, the delayinstructionis annulled(not executed).
If the annul field is 0, the delay instruction keeuted.

Conditional Branches

ConditionalBPccinstructiongexceptBPA andBPN) evaluateoneof thetwo inte-
gerconditioncodes(icc or xcc), asselectedy ccOandccl, accordingto the cond
field of the instruction,producingeithera TRUE or FALSE result.If TRUE, the
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branchis taken;thatis, theinstructioncauses PC-relatve, delayedcontroltrans-
fer to the address'PC + (4 x sign_&t(disp19).” If FALSE, the branchis not
taken.

If aconditionalbranchis taken,thedelayinstructionis alwaysexecutedregardless
of thevalueof theannulfield. If aconditionalbranchis nottakenandthea (annul)
field is 1, the delayinstructionis annulled(not executed).Note that the annul bit

has a different effect for conditional branchesthan it doesfor unconditional
branches.

The predictbit (p) is usedto give the hardwarea hint aboutwhetherthe branchis
expectedto be taken. A 1 in the p bit indicatesthat the branchis expectedto be
taken; a 0 indicates that the branchxpected not to be tak.

Annulment, delay instructions, prediction, and delayed control transfers are
described further in Chapter 6, “Instructidns.

Exceptions:

illegal_instruction (ccl [] ccO=01, or 11,
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A.8 Call and Link

Opcode op Operation

CALL 01 Call and Link

Format (1):

01 disp30
3130 29 0
Suggested Assembly Language Syntax

call label

Description:

The CALL instructioncausesan unconditional,delayed,PC-relatve control transferto
addres$C+ (4 x sign_et(disp30). Sincetheword displacemenfdisp3( field is 30 bits
wide, thetargetaddresdies within a rangeof —23! to +2%! — 4 bytes.The PC-relatve dis-
placemenis formedby sign-etendingthe 30-bit word displacementield to 62 bits and
appending tw low-order zeros to obtain a 64-bit byte displacement.

The CALL instruction also writes the value of PC, which containsthe addressof the
CALL, into r[15] (out register7). The high-order32-bitsof the PC value storedin r[15]
areimplementation-dependenthenPSTATE.AM = 1 (impl. dep.#125).The value writ-
ten intor[15] is visible to the instruction in the delay slot.

Exceptions:
(none)
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A.9 Compare and Swap

Opcode op3 Operation
CASAPss! 111100 | Compare and Sap Word from Alternate space
CASXA™s! | 111110 | Compare and Sap Extended from Alternate space

Format (3):
11 rd op3 rsi i=0 imm_asi rs2
11 rd op3 rsi i=1 — rs2
3130 29 25 24 19 18 14 13 12 5 4 0
Suggested Assembly Language Syntax
casa [regrsy] Imm_asj reg,qo, regyq
casa [regrsi] %asi, regrsy regrg
casxa [regrsy] Imm_asjreg, s, regyq
casxa [regrs %0asi, regrso egrg
Description:

Theseinstructionsare usedfor synchronizatiorand memoryupdateshy concurrentpro-
cesses.Uses of compare-and-sap include spin-lock operations,updatesof shared
countersandupdatef linked-listpointers.Thelattertwo canusewait-free(nonlocking)
protocols.

The CASXA instruction comparesthe value in register r[rsZ with the doublevord in
memorypointedto by the doublevord addressn r[rs1]. If thevaluesareequal,thevalue
in r[rd] is swappedwith thedoublevord pointedto by the doublevord addressn r[rs1]. If
the valuesarenot equal,the contentsof the doublevord pointedto by r[rs1] replaceghe
value inr[rd], but the memory location remains unchanged.

The CASA instructioncompareghe low-order 32 bits of registerr[rs2 with a word in

memorypointedto by theword addressn r[rs]]. If thevaluesareequal,thelow-order32
bits of registerr[rd] areswappedwith the contentsof the memoryword pointedto by the
addressn r[rs1] andthehigh-order32 bits of registerr[rd] aresetto zero.If thevaluesare
not equal,the memorylocationremainsunchangedbut the zero-extendedcontentsof the
memoryword pointedto by r[rs]] replacethelow-order32 bits of r[rd] andthe high-order
32 bits of rgisterr[rd] are set to zero.

A compare-and-sap instruction comprisesthree operations:a load, a compare,and a
swap. The overall instructionis atomic;thatis, no interveninginterruptsor deferredtraps
arerecognizedy the processqrandno interveningupdateresultingfrom a compare-and-
swap,swap,load,load-storeunsignedoyte, or storeinstructionto the doublevord contain-
ing the addressed location, oygrortion of it, is performed by the memory system.

A compare-and-sap operationdoesnot imply any memory barrier semanticsWhen
compare-and-sapis usedfor synchronizationthe sameconsideratiorshouldbe givento
memory barriers as if a load, store, oapwinstruction were used.
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A compare-and-sap operationbehaesasif it performsa store,eitherof a new value
from r[rd] or of the previous valuein memory The addressedbcationmustbe writable,
even if the \alues in memory andrsZ are not equal.

If i =0, theaddresspaceof thememorylocationis specifiedn theimm_asifield; if i = 1,
the address space is specified in the Agister

A mem_address_not_aligned exceptionis generatedf the addressn r[rs]] is not properly
aligned.CASXA andCASA causea privileged_action exceptionif PSTATE.PRIV =0 and
bit 7 of the ASlI is zero.

The coherenceand atomicity of memory operationsbetweenprocessorand I/O DMA
memory accesses are implementation-dependent (impl. dep #120).

Implementation Note:
An implementatiormight causean exceptiondueto anerrorduringthe storememoryaccesseven
though there as no error during the load memory access.

Programming Note:
Compareand Swap (CAS) and Compareand Swap Extended(CASX) syntheticinstructionsare
availablefor “big endian”memoryaccessesCompareand Swap Little (CASL) andCompareand
Swap ExtendedLittle (CASXL) syntheticinstructionsare available for “little endian” memory
accessesSee G.3, “Synthetic Instructioh$or these synthetic instructiongyrstax.

The compare-and-ayp instructions do notfakct 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)

The UDIV, UDIVcc, SDIV, andSDIVcc instructionsaredeprecatedthey arepro-
videdonly for compatibilitywith previousversionsof thearchitectureThey should
not be usedin new SFARC-V9 software. It is recommendedhat the UDIVX and
SDIVX instructions be used in their place.

Opcode op3 Operation
uDIVP 001110 | Unsigned Intger Divide
SDIVP 001111 | Signed Intger Dvide
uUDIVccP 011110 | Unsigned Intger Dvide and modify cs
SDived® 011111 | Signed Intger Dvide and modify cs
Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12
Suggested Assembly Language Syntax
udiv redesy, '€J_Or_imm, gy
sdiv redrsy, F€J_Or_imm, €g,q
udivcce redrsy, '€J_Or_imm, g,y
sdivce redrsy, F€J_Or_imm, g4
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[rsZ.” Otherwise
(i.e.,if i =1), thedivide instructionscompute“(Y [] lower 32 bits of r[rs1]) + lower 32
bits of sign_ext(simm13.” In eithercasejf overflow doesnotoccur thelesssignificant32
bits of the intger quotient are sign-or zeratended to 64 bits and are written imfod].

Thecontentsf theY registerareundefinedafterary 64-bit by 32-bitintegerdivide oper-

ation.

Unsigned Dvide:

Unsigneddivide (UDIV, UDIVcc) assumesan unsignedinteger doublevord dividend
(Y [] lower 32 bits of r[rs1]) andanunsignedntegerword divisor (lower 32 bits of r[rs2]
or lower 32 bits of sign_ext(simm13) and computesan unsignedinteger word quotient
(r[rd]). Immediatevaluesin simml13arein the ranges0..22—1 and 232—2%2,,2%2—1 for

unsigned diide instructions.
Unsigned drision rounds an inect rational quotient ward zero .
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Programming Note:
Therational quotient is the infinitely preciseresultquotient.It includesboththeinteger partand
thefractionalpartof theresult.For example therationalquotientof 11/4 = 2.75(Integerpart = 2,
fractional part=.75).

Theresultof anunsignedlivide instructioncanoverflow the low-order32 bits of the des-
tinationregisterr[rd] undercertainconditions Whenoverflov occursthelargestappropri-
ate unsignedinteger is returnedas the quotientin r[rd]. The condition under which
overflow occursandthevaluereturnedn r[rd] underthis conditionis specifiedn thefol-

lowing table.

Table 23—UDIV / UDIVcc Owerflow Detection and \Alue Retumed

Condition under which overflow occurs Value returned inr[rd]
32
. . 32 2%2-1
Rational quotient 2 (O0000000FFFFFFFRg)

Whenno overflow occurs the 32-bitresultis zero-extendedo 64 bits andwritten into reg-
isterr[rd].

UDIV doesnot affect the condition codebits. UDIVcc writes the integer conditioncode
bits asshawn in the following table.Note that negative (N) andzero(Z) aresetaccording
to the \alue ofr[rd] after it has been set to reflesteoflow, if any.

Bit UDIVce
icc.N | Setifr[rd]<31>=1
icc.Zz | Setifr[rd]<31:0> =0
icc.V | Set if overflow (per table23)
icc.C | Zero
xccN | Setifr[rd]<63>=1
xceZ | Setifr[rd]<63:0>=0
xccV | Zero
xccC | Zero

Signed Dvide:
Signeddivide (SDIV, SDIVcc) assumesa signedintegerdoublavord dividend(Y [] lower

32bitsof r[rs]1]) andasignedintegerword divisor (lower 32 bits of r[rs2 or lower 32 bits
of sign_e&t(simm13) and computes a signed igex word quotient ([rd]).

Signeddivision roundsan inexact quotienttoward zero. For example,—7 + 4 equalsthe
rational quotient of —1.75, which rounds to —1 (not —2) when roundivey tiozero.

Theresultof a signeddivide canoverflow the low-order32 bits of the destinatiorregister
r[rd] undercertainconditions.Whenoverflon occursthe largestappropriatesignedinte-
geris returnedasthe quotientin r[rd]. The conditionsunderwhich overflov occursand
the \alue returned im[rd] under those conditions are specified in the Yoihg table.
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Table 24—SDIV / SDIVcc Oerflow Detection and \alue Retumed

Condition under which overflow occurs Value returned inr[rd]
31
. . 31 2°-1
Rational quotient 2 (000000007FFFFFFR,)
31
. . _ 31_ _2
Rational quotienk -2°--1 (FFFFFFFF800000000)

Whenno overflov occurs the 32-bitresultis sign-extendedo 64 bits andwritten into reg-
isterr[rd].
SDIV doesnot affect the condition codebits. SDIVcc writes the integer condition code

bits asshawn in the following table.Note thatnegative (N) andzero(Z) aresetaccording
to the \alue ofr[rd] after it has been set to reflesteoflow, if any.

Bit SDIVce
iccN | Setifr[rd]<31>=1
icc.Z | Setifr[rd]<31:0>=0
icc.V | Setif orerflow (per table24)
icc.C | Zero
xccN | Setifr[rd]<63]>=1
xccZ | Setifr[rd]<63:0>=0
xccV | Zero
xccC | Zero

Exceptions:
division_by_zero
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A.11 DONE and RETRY

Opcode op3 fcn Operation
DONEP 111110 0 Return from Tap (skip trapped instruction)
RETRYP 111110 1 Return from Tap (retry trapped instruction)
— 1112110 | 2..31 | Reserved
Format (3):
10 fcn op3 —
3130 29 25 24 19 18 0
Suggested Assembly Language Syntax
done
retry
Description:

The DONE and RETRY instructionsrestorethe saved statefrom TSTATE (CWP, ASl,
CCR, and PSATE), set PC and nPC, and decrement TL.

The RETRY instruction resumesexecution with the trapped instruction by setting
PC~ TPCJTL] (thesaredvalueof PContrap)andnPC—~ TNPCJ[TL] (the saredvalueof
nPC on trap).

The DONE instruction skips the trappedinstruction by setting PC— TNPC[TL] and
NPC— TNPC[TL]+4.

Executionof aDONE or RETRY instructionin the delayslot of a control-transfeinstruc-
tion produces undefined results.

Programming Note:
The DONE and RETR instructions should be used to return fronvieged trap handlers.

Exceptions:
privileged_opcode
illegal_instruction (if TL =0 orfcn=2..31)
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A.12 Floating-P oint Ad d and Subtract

Opcode op3 opf Operation
FADDs 110100 | 001000001 | Add Single
FADDd 110100 | 001000010 | Add Double
FADDq 110100 | 001000011 | Add Quad
FSUBs 110100 | 001000101 | Subtract Single
FSUBd 110100 | 001000110 | Subtract Double
FSUBq 110100 | 001000111 | Subtract Quad

Format (3):
10 rd op3 rsl opf rs2
3130 29 25 24 19 18 14 13 5 4 0
Suggested Assembly Language Syntax
fadds fregrsy, fregrso fregeg
faddd fregrsy, fregrso fregrg
faddq fregrsy fregrso fredeg
fsubs fregrsy, fregrso fregrg
fsubd fregrsy, fregrso fregrg
fsubq fregrsy, fregrso fregrg
Description:

The floating-pointadd instructionsadd the floating-pointregister(s)specifiedby the rs1
field andthefloating-pointregister(s)specifiedby thers2field, andwrite the suminto the
floating-point rgister(s) specified by thel field.

The floating-pointsubtractinstructionssubtractthe floating-pointregister(s)specifiedby
thers2field from thefloating-pointregister(s)specifiedby thers1field, andwrite thedif-
ference into the floating-pointgister(s) specified by thel 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))
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A.13 Floating-P oint Compare

Opcode op3 opf Operation
FCMPs 110101 | 001010001 | Compare Single

FCMPd 110101 | 001010010 | Compare Double

FCMPq 110101 | 001010011 | Compare Quad

FCMPEs | 110101 | 001010101 | Compare Single and Exception if Unorderef
FCMPEd | 110101 | 001010110 | Compare Double and Exception if Unordered
FCMPEq | 110101 | 001010111 | Compare Quad and Exception if Unordered

Format (3):
10 000 |cclfccO op3 rsl opf rs2
31 30 29 27 26 25 24 19 18 14 13 5 4 0
Suggested Assembly Language Syntax
fcmps %fcc n, fregesy, fregiso
fcmpd %fcc n, fregesy, fregrso
fcmpq %fcc n, fregysy, fregiso
fcmpes %fcc n, fregesy, fregrso
fcmped %fcc n, fregysy, fregiso
fcmpeq %fcc n, fregesy, fregrso
Condition
ccl[] cco code
00 fccO
01 fccl
10 fcc2
11 fcc3
Description:

Thesenstructionscomparehefloating-pointregister(s)specifiedby thers1field with the
floating-pointregister(s)specifiedby thers2field, andsetthe selectedloating-pointcon-
dition code f{cc n) according to the folling table:

fcc value Relation

0 fregrsy = fregrso
1 fregrs: < fregrso
2 fregrsy > fregrso
3 freg g1 ? fregyso (Unordered)

The“?” in theabove tableindicateshatthe comparisoris unorderedThe unordered:on-
dition occurswhenoneor bothof theoperandso the compareas a signalingor quietNaN.
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The “compareand causeexceptionif unordered”(FCMPEs,FCMPEd,and FCMPEQ)
instructions cause anvalid (NV) exception if either operand is a NaN.

FCMP causes anvalid (NV) exception if either operand is a signaling NaN.

Compatibility Note:
Unlike SFARC-V8, SFARC-V9 doesnot requirean instructionbetweena floating-pointcompare
operation and a floating-point branch (FBfcc, FBPfcc).

Compatibility Note:
SFARC-V8 floating-pointcompareinstructionsare requiredto have a zeroin the r[rd] field. In
SFARC-V9, bits 26 and25 of ther[rd] field areusedto specifythe floating-pointconditioncodeto
be set.Legal SFARC-V8 codewill work on SFARC-V9 becausehe zeroesin the r[rd] field are
interpreted ag ccO, and the FBfcc instruction branches baseé or0.

Exceptions:
fp_disabled
fp_exception_ieee_754 (NV)
fp_exception_other (invalid_fp_register (FCMPq, FCMPEQq only))
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A.14 Convert Floating-P oint to Integ er

Opcode op3 opf Operation
FsTOx 110100 | 010000001 | Corvert Single to 64-bit Iniger
FATOx 110100 | 010000010 | Corvert Double to 64-bit Inger
FgTOX 110100 | 010000011 | Corvert Quad to 64-bit Intger
FsTOI 110100 | 011010001 | Corwvert Single to 32-bit Intger
FdTOI 110100 | 011010010 | Corvert Double to 32-bit Inger
FqTOiI 110100 | 011010011 | Corvert Quad to 32-bit Intger
Format (3):
10 rd op3 — opf rs2
31 30 29 25 24 19 18 14 13 5 0
Suggested Assembly Language Syntax
fstox fregrso, fregg
fdtox fregrso fregg
fqtox fregrsa fregrg
fstoi fregrso fregg
fdtoi fregrso, fregg
fqtoi fregrsp fregg
Description:

FsTOx, FdTOx, andFqQTOx corvert the floating-pointoperandn the floating-pointregis-
ter(s) specified bys2to a 64-bit intger in the floating-point gaster(s) specified byd.

FsTOIi, FdTOI, and FgTOi corvert the floating-pointoperandin the floating-pointregis-

ter(s) specified bys2to a 32-bit intger in the floating-point ggster specified byd.

Theresultis alwaysroundedtoward zero;thatis, the roundingdirection(RD) field of the
FSR register is ignored.

If thefloating-pointoperands valueis too largeto be convertedto aninteger of the speci-
fied size,or is a NaN or infinity, aninvalid (NV) exceptionoccurs.The valuewritten into
thefloating-pointregister(s)specifiedby rd in thesecasess definedin B.5, “IntegerOver-
flow Definition”

Exceptions:
fp_disabled
fp_exception_ieee_754 (NV, NX)
fp_exception_other (invalid_fp_register (FQTOI, FqTOXx only))
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A.15 Convert Between Floating-P oint Formats

Opcode op3 opf Operation
FsTOd | 110100 | 011001001 | Corvert Single to Double
FsTOq 110100 | 011001101 | Corvert Single to Quad
FdTOs | 110100 | 011000110 | Corvert Double to Single
FdTOq | 110100 | 011001110 | Corwvert Double to Quad
FgTOs | 110100 | 011000111 | Corvert Quad to Single
FgTOd | 110100 | 011001011 | Corvert Quad to Double
Format (3):
10 rd op3 — opf rs2
31 30 29 25 24 19 18 14 13
Suggested Assembly Language Syntax
fstod fregrso, fregg
fstoq fregrsa fregrg
fdtos fregrso, fregg
fdtog fregrsa fregrg
fgtos fregrsa fregrg
fqtod fregrsp fregrg
Description:

Thesenstructionscorvertthefloating-pointoperandn the floating-pointregister(s)spec-
ified by rs2to afloating-pointnumberin the destinatiorformat. They write theresultinto

the floating-point rgister(s) specified bxd.

Rounding is performed as specified by the FSR.RD field.

FQTOd, FqTOs, and FdTOs (the “narrowing” cornversioninstructions)canraise OF, UF,
andNX exceptions FdTOq, FsTOq, andFsTOd (the “widening” corversioninstructions)

cannot.

Any of thesesix instructionscantriggeranNV exceptionif the sourceoperands asignal-

ing NaN.

B.2.1,“UntrappedResultin DifferentFormatfrom Operand$, 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, FqQTOs, FqTOd)



A.16 Convert Integer to Floating-Point

163

A.16 Convert Integ er to Floating-P oint

Opcode op3 opf Operation
FxTOs 110100 | 010000100 | Corwvert 64-bit Intger to Single
FxTOd 110100 | 010001000 | Corvert 64-bit Intger to Double
FXTOq 110100 | 010001100 | Corwvert 64-bit Intger to Quad
FiTOs 110100 | 011000100 | Corvert 32-bit Intger to Single
FiTOd 110100 | 011001000 | Corwvert 32-bit Intger to Double
FiTOq 110100 | 011001100 | Corvert 32-bit Intger to Quad
Format (3):
10 rd op3 — opf rs2
31 30 29 25 24 19 18 14 13 5 0
Suggested Assembly Language Syntax
fxtos fregrso fregg
fxtod fregrso fregg
fxtoq fregrsa fregrg
fitos fregrso fregg
fitod fregrso fregg
fitoq fregrsp fregg
Description:

FxTOs, FxTOd, andFxTO(q cornvert the 64-bit signedintegeroperandn thefloating-point
register(s)specifiedby rs2 into a floating-pointnumberin the destinationformat. The
sourceregister floating-pointregister(s)specifiedoy rs2, mustbe aneven-numberedthat
is, double-precision) floating-pointgister

FiTOs,FiTOd, andFiTOq corvert the 32-bit signedintegeroperandn floating-pointreg-
ister(s)specifiedby rs2 into a floating-pointnumberin the destinationformat. All write
their result into the floating-pointgester(s) specified byd.

FiTOs, FxTOs, and FxDd 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))
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A.17 Floating-P oint Mo ve

Opcode op3 opf Operation
FMOVs | 110100 | 000000001 | Move Single

FMOvVd | 110100 | 000000010 | Move Double

FMOvVqg | 110100 | 000000011 | Move Quad

FNEGs | 110100 | 000000101 | Negate Single

FNEGd | 110100 | 000000110 | Negate Double
FNEGq | 110100 K 000000111 | Negate Quad

FABSs 110100 | 000001001 | Absolute \alue Single
FABSd 110100 | 000001010 | Absolute \Alue Double
FABSq 110100 | 000001011 | Absolute \alue Quad

Format (3):
10 rd op3 — opf rs2
31 30 29 25 24 19 18 14 13 5 4 0
Suggested Assembly Language Syntax
fmovs fregrss, fregg
fmovd fregrsy fregeg
fmovq fregrsa fregrg
fnegs fregrsa fregrg
fnegd fregrsa fregrg
fnegq fregrso fregrg
fabss fregrss, fregg
fabsd fregrsy fregeg
fabsq fregrsa fregrg
Description:

Thesingle-precisiorversionsof theseinstructionscopy the contentsof a single-precision
floating-pointregisterto the destination.The double-precisioriorms copy the contentsof
a double-precisiorfloating-pointregisterto the destination.The quad-precisiorversions
copy a quad-precisionalue in floating-point igisters 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(FMOV(q, FNEGq, RBSq only))
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A.18 Floating-P oint Multipl y and Divide

Opcode op3 opf Operation
FMULs 110100 | 001001001 | Multiply Single
FMULd 110100 | 001001010 | Multiply Double
FMULq 110100 | 001001011 | Multiply Quad
FsMULd 110100 | 001101001 | Multiply Single to Double
FdMUL(q 110100 | 001101110 | Multiply Double to Quad

FDIVs 110100 | 001001101 | Divide Single
FDIvd 110100 | 001001110 | Divide Double
FDIVq 110100 | 001001111 | Divide Quad
Format (3):
10 rd op3 rsl opf rs2
31 30 29 25 24 19 18 14 13 5 4 0
Suggested Assembly Language Syntax
fmuls fregrsy, fregrsp fregyg
fmuld fregrsy, fregrso fregrg
fmulg fregrsy, fregrsn fregyg
fsmuld fregrsy, fregrso e
fdmulq fregrsy, fregrsp fregyg
fdivs fregrsy, fregrso fregrg
fdivd fregrsy, fregrsp fregyg
fdivg fregrsy, fregrso fregrg
Description:

The floating-pointmultiply instructionsmultiply the contentsof the floating-pointregis-
ter(s)specifiedby therslfield by the contentsof the floating-pointregister(s)specifiedby
the rs2 field, and write the productinto the floating-pointregister(s)specifiedby the rd
field.

The FsMULd instructionprovidesthe exactdouble-precisiomproductof two single-preci-
sion operandswithout underflav, overflow, or roundingerror. Similarly, FAMUL(q pro-
vides the ract quad-precision product of avdouble-precision operands.

The floating-pointdivide instructionsdivide the contentsof the floating-pointregister(s)
specifiedby thers1lfield by the contentsof the floating-pointregister(s)specifiedby the
rs2field, and write the quotient into the floating-poirdgister(s) specified by thel 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, FdAMUL(q, and FDIVq only))
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A.19 Floating-P oint Square Root

Opcode op3 opf Operation
FSQR's 110100 | 000101001 | Square Root Single
FSQRd 110100 | 000101010 | Square Root Double
FSQRq 110100 | 000101011 | Square Root Quad

Format (3):
10 rd op3 — opf rs2
31 30 29 25 24 19 18 14 13 5 4 0
Suggested Assembly Language Syntax

fsgrts fregrsy fregg
fsqrtd fregrso fregrg
fsqrtq fregrsa fregrg

Description:

Theseinstructionsgeneratehe squareroot of the floating-pointoperandn the floating-
point register(s)specifiedby thers2field, andplacethe resultin the destinatiorfloating-
point ragister(s) specified by the field.

Rounding is performed as specified by the FSR.RD field.

Implementation Note:
SeelmplementatiorCharacteristicsof Current SFARC-V9-basedProducts,Revision 9.x, a docu-
mentavailablefrom SFARC International for informationon whetherthe FSQR instructionsare
implemented in hardare or softvare in the arious SRRC-V9 implementations.

Exceptions:
fp_disabled
fp_exception_ieee_754 (IEEE_754_exception (NV, NX))
fp_exception_other (invalid_fp_register (FSQRQ))
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A.20 Flush Instruction Memor vy

Opcode op3 Operation
FLUSH 111011 | Flush Instruction Memory

Format (3):

10 — op3 rsl i=0 — rs2

10 — op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0

Suggested Assembly Language Syntax
flush address

Description:

FLUSH ensureghatthe doublevord specifiedasthe effective addresss consistenaicross
ary local cachesand,in amultiprocessosystemwill eventuallybecomeconsistenevery-
where.

In the following discussionP sy refersto the processorthat executedthe FLUSH

instruction.FLUSH ensureghatinstructionfetchesrom the specifiedeffective addresdy

PrLusy appearto executeafter ary loads, stores,and atomic load-storego that address
issuedby Pg sy prior to the FLUSH. In a multiprocessosystem,FLUSH also ensures
thatthesevalueswill eventuallybecomevisible to theinstructionfetchesof all otherpro-

cessorsFLUSH behaesasif it werea storewith respectto MEMBAR-inducedorder-

ings. See A.32, “Memory Barriér.

FLUSH operates on at least the dowaed containing the addressed location.

The effective addresoperandfor the FLUSH instructionis “r[rs]] +r[rs2” if i =0, or
“r[rs]] + sign_et(simml13” if i = 1. Theleastsignificanttwo addresits of the effective
addressare unusedand shouldbe suppliedas zerosby software.Bit 2 of the addresss
ignored, because FLUSH operates on at least a dooitale

Programming Notes:

(1) Typically, FLUSH s usedin self-modifyingcode.SeeH.1.6,“Self-Modifying Code] for informa-
tion aboutuseof the FLUSH instructionin portableself-modifyingcode.Theuseof self-modifying
code is discouraged.

(2) Theorderin which memoryis modifiedcanbe controlledby usingFLUSHandMEMBAR instruc-
tions interspersedappropriatelybetweenstoresand atomic load-storesFLUSH is neededonly
betweenra storeanda subsequenstructionfetch from the modifiedlocation.Whenmultiple pro-
cessesnay concurrentlymodify live (thatis, potentially executing) code,care must be taken to
ensure that the order of update maintains the program in a semantically correct form at all times.

(3) The memorymodelguaranteedn a uniprocessothat data loadsobsere the resultsof the most
recent store,\&n if there is no inteening FLUSH.
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(4) FLUSH may betime-consumingSomeimplementationgnay trap ratherthanimplementFLUSH
in hardware.In a multiprocessorconfiguration,FLUSH requiresall processorshat may be refer-
encing the addressed doubted to flush their instruction caches, a potentially disvepdictvity.

(5) In amultiprocessosystemthetime it takesfor a FLUSH to take effectis implementation-depen-
dent (impl. dep. #122). No mechanism isyided to ensure or test completion.

(6) BecauseFLUSH is designedto act on a doublevord, and becausepn someimplementations,
FLUSH maytrapto systemsoftware, it is recommendethat systemsoftwareprovide a usercall-
able serviceroutine for flushingarbitrarily sizedregions of memory On someimplementations,
this routinewould issuea seriesof FLUSH instructions;on others,it might issuea singletrap to
system softare that wuld then flush the entiregien.

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 instructionasobsered from P sy is immediate.Other processorsn a
multiprocessosystemeventuallywill seethe effect of the FLUSH, but the lateng is implementa-
tion-dependent (impl. dep. #122).

Exceptions:
(none)
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A.21 Flush Register Windo ws

Opcode op3 Operation
FLUSHW 101011 | Flush Register Windows

Format (3):
10 — op3 — i=0 —
31 30 29 25 24 19 18 14 13 12 0
Suggested Assembly Language Syntax
flushw
Description:

FLUSHW causesall active registerwindows exceptthe currentwindow to be flushedto
memoryat locationsdeterminedoy privileged software. FLUSHW behaesasa NOP if
there are no active windows other than the currentwindow. At the completionof the
FLUSHW instruction, the only aet ragister windav is the current one.

Programming Note:
The FLUSHW nstructioncanbe usedby applicationsoftwareto switchmemorystacksor examine
register contents for pvious stack frames.

FLUSHW actsasaNOPif CANSAVE = NWINDOWS — 2. Otherwisethereis morethan
one active window, so FLUSHW causesa spill exception.The trap vector for the spill
exceptionis basedn the contentsof OTHERWIN andWSTATE. The spill traphandleris
invoked with the CWP setto the window to be spilled (thatis, (CWP+ CANSAVE + 2)
mod NWINDOWS). See 6.3.6, “Rpster Wndow Management Instructioris.

Programming Note:
Typically, the spill handlerwill save a window on a memory stackand return to reexecutethe
FLUSHW instruction.Thus,FLUSHW will trapandreexecuteuntil all active windows otherthan
the current winde have been spilled.

Exceptions:
spill_n_normal
spill_n_other
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A.22 lllegal Instruction T rap

Opcode op op2 Operation
ILLTRAP 00 000 illegal_instruction trap
Format (2):
00 — 000 const22
3130 29 25 24 22 21 0
Suggested Assembly Language Syntax
illtrap const22

Description:

The ILLTRAP instruction causesan illegal_instruction exception. The const22value is
ignoredby the hardware;specifically this field is not resened by the architecturgor ary

future use.

Compatibility Note:
Except for its name, this instruction is identical to thARBE-V8 UNIMP instruction.

Exceptions:

illegal_instruction
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A.23 Implementation-Dependent Instructions

Opcode op3 Operation
IMPDEP1 110110 | Implementation-Dependent Instruction 1
IMPDEP2 110111 | Implementation-Dependent Instruction 2

Format (3):

10 impl-dep op3 impl-dep

31 30 29 25 24 19 18 0

Description:

IMPL. DEP. #106: The IMPDEP1 and IMPDEP?2 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.

Seel.1.2, “Implementation-Dependerdnd Resered Opcodes, for information about
extendingthe SFARC-V9 instructionsetusingtheimplementation-dependeimistructions.

Compatibility Note:
These instructions replace the CRapstructions in SRRC-V8.

Exceptions:
illegal_instruction (if the implementation does not define the instructions)
implementation-dependent (if the implementation defines the instructions)
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A.24 Jump and Link

Opcode op3 Operation
JMPL 111000 | Jump and Link
Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Suggested Assembly Language Syntax
jmpl address, reg ¢
Description:

The JMPL instruction causesa registerindirect delayedcontrol transferto the address
given by ‘f[rs1] +r[rs2” if i field =0, or “r[rs]] + sign_ext(simm13’ if i = 1.

The JMPL instructioncopiesthe PC,which containsthe addres®f the IMPL instruction,
into registerr[rd]. The high-order32-bitsof the PCvaluestoredin r[rd] areimplementa-
tion-dependentvhen PSTATE.AM =1 (impl. dep.#125). The value written into r[rd] is
visible to the instruction in the delay slot.

If eitherof the low-ordertwo bits of the jump addresss nonzero,a mem_address_not_
aligned exception occurs.

Programming Note:
A JMPL instructionwith rd = 15 functionsasa registerindirectcall usingthe standardink regis-
ter.

JMPL with rd =0 can be usedto return from a subroutine.The typical return addressis
“r[31] + 8," if anonleafroutine(onethatusesthe SAVE instruction)is enterecby a CALL instruc-
tion, or “r[15] + 8” if aleaf routine (onethatdoesnot usethe SAVE instruction)is enteredby a
CALL instruction or by a JMPL instruction wittd = 15.

Exceptions:
mem_address_not_aligned
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A.25 Load Floating-P oint

The LDFSR instructionis deprecatedit is provided only for compatibility with
previousversionsof thearchitecturelt shouldnot be usedin new SFARC-V9 soft-
ware. It is recommended that the LDXFSR instruction be used in its place.

Opcode op3 rd Operation
LDF 10000 | 0..31 | Load Floating-Point Rgster
0
LDDF 10001 T Load Double Floating-Point Rester
1
LDQF 10001 T | Load Quad Floating-Point Rister
0
LDFSR 10000 0 Load Floating-Point State Bister Laver
1
LDXFSR 10000 1 Load Floating-Point State Bister
1
— 10000 | 2..31 | Reserved
1
T Encoded floating-point géster \alue, as described in 5.1.4.1
Format (3):
11 rd op3 rsl i=0 — rs2
11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Suggested Assembly Language Syntax
Id [addresy, freg,qy
ldd [addresd, freg,qy
Idg [addresy, freg,qy
Id [addres$, %fsr
ldx [addres$, %fsr
Description:

The load single floating-point instruction (LDF) copies@avirom memory intd[rd].

The load doublevord floating-pointinstruction (LDDF) copiesa word-aligneddouble-
word from memory into a double-precision floating-poimfiseer

The load quadfloating-pointinstruction (LDQF) copiesa word-alignedquadword from
memory into a quad-precision floating-poingister
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Theloadfloating-pointstateregisterlower instruction(LDFSR)waitsfor all FPopinstruc-
tions that have not finishedexecutionto complete, andthenloadsa word from memory
into the laver 32 bits of the AS. The upper 32 bits of FSR are ueafed by LDFSR.

Theloadfloating-pointstateregisterinstruction(LDXFSR) waitsfor all FPopinstructions
that have not finishedexecutionto complete,andthenloadsa doublevord from memory
into the FSR.

Compatibility Note:
SFARC-V9 supportdwo differentinstructionsto loadthe FSR;the SFARC-V8 LDFSRinstruction
is definedto load only the lower 32 bits into the FSR,wheread . DXFSR allows SFARC-V9 pro-
grams to load all 64 bits of the FSR.

Loadfloating-pointinstructionsaccesshe primaryaddresspacgASI = 80,¢). Theeffec-
tive addressfor these instructionsis “r[rsl +r[rs” if i=0, or “r[rs]] + sign_
ext(simml13y’if i = 1.

LDF, LDFSR,LDDF, andLDQF causea mem_address_not_aligned exceptionif the effec-

tive memory addressis not word-aligned;LDXFSR causesa mem_address_not_aligned

exceptionif theaddresss notdoublevord-alignedlf thefloating-pointunitis notenabled
(per FPRS.FEFaNdPSTATE.PEF),or if no FPUis presenta load floating-pointinstruc-
tion causes afp_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 SFARC-V8, somecompilersissuedsequencesf single-precisioloadswhenthey could not
determinghatdouble-or quadword operandsvereproperlyaligned.For SFARC-V9, sinceemula-
tion of misalignedoadsis expectedto befast,it is recommendethat compilersissuesetsof sin-
gle-precisionloads only when they can determinethat double- or quadvord 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 (0p3=21;5 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

Opcode op3 rd Operation
LDFAPss! 11000 | 0..31 | Load Floating-Point Rgister from Alternate space
0
LDDFAPss! 11001 T Load Double Floating-Point Rester from Alternate space
1
LDQFAP:s! 11001 T Load QuadFloating-Point Rester from Alternate space
0
T Encoded floating-point géster \alue, as described in 5.1.4.1
Format (3):
11 rd op3 rsl i=0 imm_asi rs2
11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0

Suggested Assembly Language Syntax
Ida [regadd imm_asi, feg,q
Ida [reg_plus_imrh %asi , freg,q
ldda [regaddd imm_asi, feg,q
ldda [reg_plus_imrh %asi , freg,qy
ldga [regaddd imm_asi, feg,q
ldga [reg_plus_imrh %asi , freg,qy

Description:

Theloadsinglefloating-pointfrom alternatespacanstruction(LDFA) copiesaword from
memory intof[rd].

The load doublevord floating-pointfrom alternatespaceinstruction (LDDFA) copiesa
word-aligned doublgord from memory into a double-precision floating-poimnfister

The load quadfloating-pointfrom alternatespaceinstruction (LDQFA) copiesa word-
aligned quadwrd from memory into a quad-precision floating-poimfiseer

Load floating-pointfrom alternatespaceinstructionscontainthe addresspaceidentifier
(ASI) to beusedfor theloadin theimm_asffield if i = 0, orin the ASI registerif i = 1. The
accesgds privilegedif bit seven of the ASI is zero; otherwise,it is not privileged. The
effective addressfor theseinstructionsis “r[rs1] +r[rsZ” if i =0, or “r[rs] + sign_
ext(simml13y’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.FEFRandPSTATE.PEF),or if no FPU s present)oad floating-pointfrom alternate
spaceinstructionscausean fp_disabled exception.LDFA, LDDFA and LDQFA causea
privileged_action exception if PSATE.PRIV =0 and bit 7 of the ASlI is zero.
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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 Idgf_mem_address_not_aligned
exception. In this case the trap handler software shall emulate the LDQF instruction and return.

Programming Note:
In SFARC-V8, somecompilersissuedsequence®f single-precisioloadswhenthey could not
determinghatdouble-or quadword operandsvereproperlyaligned.For SFARC-V9, sinceemula-
tion of mis-alignedoadsis expectecdto befast,it is recommendethatcompilersissuesetsof sin-
gle-precisionloads only when they can determinethat double- or quadvord operandsare not
properly aligned.

Implementation Note:
If aloadfloating-pointinstructiontrapswith ary type of acces®rror, the destinatiorfloating-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

TheLDD instructionis deprecatedit is providedonly for compatibility with previ-
ousversionsof the architecturelt shouldnot be usedin nev SFARC-V9 software.
It is recommended that the LDX instruction be used in its place.

Opcode op3 Operation
LDSB 001001 | Load Signed Byte
LDSH 001010 | Load Signed Halfwrd
LDSW 001000 | Load Signed \Wfrd
LDUB 000001 | Load Unsigned Byte
LDUH 000010 | Load Unsigned Halfard
LDUW 000000 | Load Unsigned \td
LDX 001011 | Load Extended \Wwd
LDDP 000011 | Load Doublgvord
Format (3):
11 rd op3 rsi i=0 — rs2
11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Suggested Assembly Language Syntax
Idsb [addresd, reg,qy
Idsh [addresd, regq
Idsw [addresd, reg,qy
Idub [addresd, regq
Iduh [addresd, reg,qy
l[duw [addresd, regq (synonymld )
ldx [addresd, reg,qy
ldd [addresd, regq
Description:

Theloadintegerinstructionscopy abyte,ahalfword, aword, anextendedword, or adou-
bleword from memory All exceptLDD copy thefetchedvalueinto rrd]. A fetchedbyte,
halfword, or word is right-justified in the destinationregister rrd]; it is either sign-
extendedor zero-filledon theleft, dependingon whetherthe opcodespecifiesa signedor
unsigned operation, respeaiy.

Theloaddoublevord integerinstructions(LDD) copy a doublevord from memoryinto an
r-registerpair. Theword atthe effective memoryaddresss copiedinto theevenr register
Theword atthe effective memoryaddress- 4 is copiedinto thefollowing odd-numbered



A.27 Load Integer 179

register The upper32 bits of both the even-numberednd odd-numbered registersare
zero-filled.Note thata load doublevord with rd = 0 modifiesonly r[1]. The leastsignifi-
cantbit of therd field in anLDD instructionis unusedandshouldbe setto zeroby soft-
ware. An attemptto executea load doublevord instructionthat refersto a misaligned
(odd-numbered) destinationgister causes dltegal_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_Idd exception.

Load integer instructionsaccessthe primary addressspace(ASI| = 80,¢). The effective
address isr{rs]] +r[rs2]” if i =0, or ‘r[rs]] + sign_et(simml13” if i =1.

A successfulload (notably load extendedand load doublevord) instruction operates
atomically

LDUH andLDSH causea mem_address_not_aligned exceptionif the addresss not half-
word-aligned LDUW andLDSW causea mem_address_not_aligned exceptionif the effec-
tive addressis not word-aligned.LDX and LDD causea mem_address_not_aligned
exception if the address is not doulted-aligned.

Programming Note:
LDD is provided for compatibility with SFARC-V8. It may execute slowly on SFARC-V9
machinedbecausef datapathandregisteraccesdlifficulties.In somesystemst maytrapto emu-
lation code. It is suggested that programmers and compileic @ésing these instructions.

If LDD is emulatedn software,anLDX instructionshouldbe usedfor the memoryaccessn order
to presere atomicity

Compatibility Note:
TheSFARC-V8 LD instructionhasbeenrenamed.DUW in SFARC-V9. The LDSW instructionis
new in SARC-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



180 A Instruction Definitions

A.28 Load Integ er from Alternate Space

The LDDA instructionis deprecatedit is provided only for compatibility with pre-
vious versionsof the architecturelt shouldnot be usedin nev SFARC-V9 soft-
ware. It is recommended that the LDXA instruction be used in its place.

Opcode op3 Operation
LDSBAPss! 011001 | Load Signed Byte from Alternate space
LDSHAPs! 011010 | Load Signed Halfwrd from Alternate space
LDSWAPs! 011000 | Load Signed Wrd from Alternate space
LDUBAPss! 010001 | Load Unsigned Byte from Alternate space
LDUHA Past 010010 | Load Unsigned Halfard from Alternate space
LDUWAPssi 010000 | Load Unsigned \Wtd from Alternate space
LDXA Pasi 011011 | Load Extended \&td from Alternate space
LDDADP: Psi 010011 | Load Doublgvord from Alternate space
Format (3):
11 rd op3 rsi i=0 imm_asi rs2
11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Suggested Assembly Language Syntax
Idsba [regaddd imm_asjreg
Idsha [regaddd] imm_asjreg 4
[dswa  [regaddi imm_asjreg g4
Iduba [regaddd] imm_asjreg 4
[duha [regaddd imm_asjreg
[duwa [regaddf imm_asjreg g (synonymida )
ldxa [regaddd imm_asjreg
ldda [regaddd] imm_asjreg
Idsba [reg_plus_imrh %easi, reg 4
Idsha [reg_plus_imrh %asi, reg 4
[dswa  [reg_plus_imrh %asi, reg 4
I[duba [reg_plus_imrh %asi, reg 4
[duha [reg_plus_imrh %asi, reg 4
[duwa  [reg_plus_imrh %asi, reg 4 (synonymida )
ldxa [reg_plus_imrh %asi, reg 4
ldda [reg_plus_imrh %asi, reg 4
Description:

The load integer from alternatespaceinstructionscopy a byte, a halfword, a word, an
extendedword, or a doublevord from memory All exceptLDDA copy the fetchedvalue
into r[rd]. A fetchedbyte, halfword, or word is right-justifiedin the destinationregister
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r[rd]; it is eithersign-exctendedor zero-filledon theleft, dependingon whetherthe opcode
specifies a signed or unsigned operation, resgdgti

The load doublevord integer from alternatespaceinstruction(LDDA) copiesa double-
word from memoryinto an r-register pair. The word at the effective memoryaddresss
copiedinto theevenr register Theword attheeffective memoryaddress- 4 is copiedinto
the following odd-numbered register The upper32 bits of boththe even-numbereénd
odd-numbered registersarezero-filled.Notethataloaddoublevord with rd = 0 modifies
only r[1]. The leastsignificantbit of the rd field in an LDDA instructionis unusedand
shouldbesetto zeroby software.An attemptto executealoaddoublevord instructionthat
refersto 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 alternatespaceinstructionscontainthe addressspaceidentifier
(ASI) to beusedfor theloadin theimm_asifield if i = 0, orin the ASI registerif i = 1. The
accesgs privilegedif bit seven of the ASI is zero; otherwise,it is not privileged. The
effective addressfor theseinstructionsis “r[rs1] +r[rsZ” if i =0, or “r[rs]] + sign_
ext(simml13’if i = 1.

A successfulload (notably load extendedand load doublevord) instruction operates
atomically

LDUHA, and LDSHA causea mem_address_not_aligned exceptionif the addresss not
halfword-aligned.LDUWA and LDSWA causea mem_address_not_aligned exceptionif
the effective addresds not word-aligned;LDXA and LDDA causea mem_address_not_
aligned exception if the address is not doulted-aligned.

Thesenstructionscausea privileged_action exceptionif PSTATE.PRIV = 0 andbit 7 of the
ASl is zero.

Programming Note:
LDDA is provided for compatibility with SFARC-V8. It may execute slovly on SFARC-V9
machinedecausef datapathandregisteraccesdlifficulties.In somesystemst maytrapto emu-
lation code. It is suggested that programmers and compifeic @sing this instruction.

If LDDA is emulatedin software,an LDXA instructionshouldbe usedfor the memoryaccessn
order to preser atomicity

Compatibility Note:
The SFARC-V8 instructionLDA hasbeenrenamed.DUWA in SFARC-V9. The LDSWA instruc-
tion is nev in SAARC-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

Opcode op3 Operation
LDSTUB 001101 | Load-Store Unsigned Byte

Format (3):

11 rd op3 rsl i=0 — rs2

11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0

Suggested Assembly Language Syntax
Idstub [addresd, regq

Description:

The load-storeunsignedbyte instructioncopiesa byte from memoryinto r[rd], andthen
rewritestheaddressetlytein memoryto all ones.Thefetchedbyteis right-justifiedin the
destination rgisterr[rd] and zero-filled on the left.

The operationis performedatomically thatis, without allowing interveninginterruptsor
deferredtraps.In a multiprocessosystem,two or more processorgxecutingLDSTUB,
LDSTUBA, CASA, CASXA, SWAP, or SWAPA instructionsaddressingll or partsof the
samedoublevord simultaneouslyare guaranteedo executethem in an undefinedbut
serial order

The effective addresdor theseinstructionsis “r[rs1] + r[rs2” if i =0, or “r[rs]] + sign_
ext(simml13y’if i = 1.

The coherenceand atomicity of memory operationsbetweenprocessorand /0O 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
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A.30 Load-Store Unsigned Byte to Alternate Space

Opcode op3 Operation
LDSTUBAPssI 011101 | Load-Store Unsigned Byte into Alternate spacq
Format (3):
11 rd op3 rsl i=0 imm_asi rs2
11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 0
Suggested Assembly Language Syntax
Idstuba [regadd] imm_asj regq
Idstuba [reg_plus_imrh %asi, regyq
Description:

Theload-storeunsignedbyte into alternatespaceinstructioncopiesa byte from memory
into r[rd], thenrewrites the addressedbyte in memoryto all ones.The fetchedbyte is
right-justified in the destinationgesterr[rd] and zero-filled on the left.

The operationis performedatomically thatis, without allowing interveninginterruptsor
deferredtraps.In a multiprocessosystem,two or more processorgxecutingLDSTUB,
LDSTUBA, CASA, CASXA, SWAP, or SWAPA instructionsaddressingll or partsof the
samedoublaevord simultaneouslyare guaranteedo executethemin an undefined,but
serial order

LDSTUBA containghe addresspacddentifier (ASI) to be usedfor theloadin theimm_
asifield if i =0, or in the ASI registerif i = 1. Theaccesss privilegedif bit seven of the
ASI is zero; otherwise,it is not privileged. The effective addresss “r[rs]] + r[rs2” if

i =0, or r[rs]] + sign_e&t(simm13”if i =1.

LDSTUBA causes privileged_action exceptionif PSTATE.PRIV =0 andbit 7 of the ASI
is zero.

The coherenceand atomicity of memory operationsbetweenprocessorand /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
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A.31 Logical Operations

Opcode op3 Operation
AND 000001 And
ANDcc 010001 And and modify c
ANDN 000101 And Not
ANDNcc 010101 And Not and modify cs
OR 000010 Inclusive Or
ORcc 010010 Inclusive Or and modify cg
ORN 000110 Inclusive Or Not
ORNCcc 010110 Inclusive Or Not and modify ce’
XOR 000011 Exclusive Or
XORcc 010011 Exclusve Or and modify cg
XNOR 000111 Exclusive Nor
XNORcc 010111 Exclusve Nor and modify cg
Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4
Suggested Assembly Language Syntax
and r€grsy, €Y_Or_imm regq
andcc regsy, FE€Y_Or_imm regeqy
andn r€Qrsy, €Y_Or_imm regy
andncc regsy, FE€Y_Or_imm regeqy
or r€Qrsy, €Y_Or_imm regy
orcc regsy, FE€Y_Or_imm regeqy
orn reQysy, €Y_Or_imm regq
orncc regrsy, F€Y_Or_imm regeqy
xor reQysy, €Y_Or_imm regq
xorcc régrs1, M€Y_Or_imm regyy
xnor reQysy, €Y_Or_imm regq
xnorcc regrsy, F€Y_Or_imm regeqy
Description:

Theseinstructionamplementbitwiselogical operationsThey compute‘r[rs1] op r[rsZ”
if i =0, or “r[rs]] op sign_&t(simm13’ if i =1, and write the result intgrd].

ANDcc, ANDNcc, ORcc, ORNcc, XORcc, and XNORcc modify the integer condition
codes(icc and xcg. They seticc.y, icc.c, xcc.y andxcc.cto zero,icc.n to bit 31 of the
result,xcc.nto bit 63 of theresult,icc.zto 1 if bits 31:00f theresultarezero(otherwiseto

0), andxcc.zto 1 if all 64 bits of the result are zero (otherwise to 0).
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ANDN, ANDNCcc, ORN, andORNcclogically negatetheir secondoperandoeforeapply-
ing the main (AND or OR) operation.

Programming Note:

XNOR and XNORcc areidentical to the XOR-Not and XOR-Not-cc logical operationsyespec-
tively.

Exceptions:
(none)
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A.32 Memory Barrier

Opcode op3 Operation
MEMBAR 101000 Memory Barrier
Format (3):
10 0 op3 01111 i=1 — cmask mmask
31 30 29 25 24 19 18 14 13 12 76 4 3 0
Suggested Assembly Language Syntax
membar membar_mask
Description:

Thememorybarrierinstruction MEMBAR, hastwo complementaryunctions:to express
orderconstraintdbbetweermemoryreferencesandto provide explicit control of memory-
referencecompletion.The membar_maskeld in the suggeste@ssemblylanguages the
bitwise OR of themaskandmmasknstruction fields.

MEMBAR introducesan orderconstraintbetweenclassef memoryreferencesppear-
ing beforethe MEMBAR andmemoryreferencesollowing it in aprogram.Theparticular
classeof 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). The mmaskfield specifieshe classef memoryreferencesub-
ject to ordering,as describedbelon. MEMBAR appliesto all memoryoperationsn all

addressspacegeferencedy the issuingprocessqrbut hasno effect on memoryrefer-

encesby otherprocessorsWhenthe cmaskfield is nonzero,completionaswell asorder
constraintareimposedandthe orderimposedcanbe morestringentthanthatspecifiable
by themmaskield alone.

A loadhasbeenperformedwhenthe valueloadedhasbeentransmittedrom memoryand
cannotbe modified by anotherprocessarA store hasbeenperformedwhen the value
storedhasbecomevisible, thatis, whenthe previous value canno longerbe readby ary
processarin specifyingthe effect of MEMBAR, instructionsare consideredo be exe-
cutedasif they wereprocessedh a strictly sequentiafashion,with eachinstructioncom-
pleted before the méhas bgun.

The mmaskfield is encodedn bits 3 throughO of the instruction. Table 25 specifiesthe
orderconstrainthateachbit of mmaskselectedvhensetto 1) imposeson memoryrefer-
encesappearingbefore and after the MEMBAR. From zero to four maskbits may be
selected in thenmaskield.
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Table 25—MEMBAR mmaskEncodings

Mask bit Name Description

mmask3> | #StoreStore The effects of all storesappearingprior to the MEMBAR instruction
mustbevisibleto all processorbeforethe effect of ary storesfollowing
the MEMBAR. Equivalent to the deprecated SAR instruction

mmask2> | #LoadStore All loadsappearingprior to the MEMBAR instructionmusthave been
performedbeforetheeffectof ary storedollowing the MEMBAR is vis-
ible to ary other processor

mmaskl1> |#StoreLoad The effects of all storesappearingprior to the MEMBAR instruction
mustbe visible to all processordeforeloadsfollowing the MEMBAR
may be performed.

mmask0> |#LoadLoad All loadsappearingprior to the MEMBAR instructionmusthave been
performedbeforeary loadsfollowing the MEMBAR maybe performed

The cmaskfield is encodedn bits 6 through4 of the instruction.Bits in the cmaskfield,
illustratedin table26, specify additionalconstraintson the order of memoryreferences
andthe processingof instructions.If cmaskis zero,thenMEMBAR enforcesthe partial
orderingspecifiedoy the mmasKield; if cmaskis nonzerothencompletionaswell aspar-
tial order constraints are applied.

Table 26—MEMBAR cmaskEncodings

Mask bit Function Name Description
cmask2>| Synchronization#Sync All operationgincluding nonmemaoryreferenceoperations
barrier appearingrior to the MEMBAR musthave beenperformeq

andthe effectsof ary exceptionsbecomevisible beforeary
instruction after the MEMEBR may be initiated.

cmask1>| Memory issue |#Memlssue |All memory referenceoperationsappearingprior to the
barrier MEMBAR musthave beenperformedbeforeary memory
operation after the MEMBR may be initiated.

cmask0>| Lookaside |#Lookaside |A storeappearingprior to the MEMBAR must complete
barrier before ary load following the MEMBAR referencingthe|
same address can be initiated.

For information on the use of 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 themseb:

The encodingof MEMBAR is identical to that of the RDASR instruction, except that
rsl1=15,rd=0, andi = 1.

The coherenceand atomicity of memory operationsbetweenprocessorand I/O DMA
memory accesses are implementation-dependent (impl. dep #120).
Compatibility Note:
MEMBAR with mmask= 8,5 andcmask= 0;¢ (“membar #StoreStore ") is identicalin func-
tion to the SRRC-V8 STBAR instruction, which is deprecated.

Exceptions:
(none)
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A.33 Move Floating-P oint Register on Condit

For Integer Condition Codes

ion (FMOVcc)

Opcode op3 | cond Operation icc/xcctest
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 4
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 (Cor 2)
FMOVCC | 110101 1101 | Moveif CarryClear(Greaterr Equal,Unsigned not C
FMOVCS | 110101 0101 |Move if Carry Set (Less than, Unsigned) C
FMOVPOS | 110101 1110 Move if Positve 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 \Y,

For Floating-Point Condition Codes
Opcode op3 cond Operation fcc test
FMOVFA 110101 | 1000 | Move Always 1
FMOVFEN 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 GorU
FMOVFL 110101 | 0100 | Move if Less L
FMOVFUL 110101 | 0011 | Move if Unordered or Less Loru
FMOVFLG 110101 | 0010 | Move if Less or Greater LorG
FMOVFNE 110101 | 0001 | Move if Not Equal Lor GorU
FMOVFE 110101 | 1001 | Move if Equal E
FMOVFUE 110101 | 1010 | Move if Unordered or Equal Eor U
FMOVFGE 110101 | 1011 | Move if Greater or Equal Eor G
FMOVFUGE | 110101 | 1100 | Moveif Unorderedor Greateror Equal Eor Gor U
FMOVFLE 110101 | 1101 | Move if Less or Equal EorL
FMOVFULE | 110101 | 1110 | Move if Unordered or Less or Equal EorLorU
FMOVFO 110101 | 1111 | Move if Ordered EorLorG
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Format (4):

10 rd op3 0 cond opf_cc opf_low rs2
31 30 29 25 24 19 18 17 14 13 11 10 5
Encoding of theopf_ccfield (also see tabl@8 on page 273):

opf_cc Condition code
000 fccO
001 fccl
010 fcc2
011 fcc3
100 icc
101 —
110 Xcc
111 —
Encoding of opffield (opf_cc [] opf_low):

Instruction v ariation opf_cc opf_low opf
FMOVScc | %fccn,rs2rd Onn 000001 0nn000001
FMOVDcc | %fcc n,rs2rd Onn 000010 0nn000010
FMOVQcc | %fccn,rs2rd Onn 000011 0nn000011
FMOVScc | %icc, rs2rd 100 000001 100000001
FMOVDcc | %icc, rs2rd 100 000010 100000010
FMOVQcc | %icc, rs2rd 100 000011 100000011
FMOVScc | %xcc, rs2rd 110 000001 110000001
FMOVDcc | %xcc, rs2rd 110 000010 110000010
FMOVQcc | %xcc, rs2rd 110 000011 110000011
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For Integer Condition Codes

Suggested Assembly Language Syntax

fmov{s,d,q}a i_or_x_cc fregysy fregyg

fmov{s,d,q}n i_or_x_cG fregysy fregyg

fmov{s,d,q}ne i_or_x_cc fregysy fregyg (synonymsfmov {s,d,q }nz)
fmov{s,d,q}e i_or_x_cG fregysy fregyqg (synonymsfmov {s,d,q }z)
fmov{s,d,q}g i_or_x_cc fregysy fregyg

fmov{s,d,q}le i_or_x_cG fregysy fregyqg

fmov{s,d,q}ge i_or_x_cc fregysy fregyg

fmov{s,d,q}l i_or_x_cG fregysy fregyg

fmov{s,d,q}gu i_or_x_cc fregysy fregyg

fmov{s,d,q}leu i_or_x_c¢ fregysy fregyg

fmov{s,d,q}cc i_or_x_cc fregysy fregyg (synonymsfmov {s,d,q }geu)
fmov{s,d,q}cs i_or_x_c¢ fregysy fregyqg (synonymsfmov {s,d,q }lu)

fmov{s,d,q}pos

i_or_x_cc fregsy,

fregyq

fmov{s,d,q}neg

i_or_x_c¢ fregsy,

fregrq

fmov{s,d,q}vc

i_or_x_cc fregsy,

fregyq

fmov{s,d,q}vs

i_or_x_c¢ fregsy,

fregyg

Programming Note:
To select the appropriate condition code, incluidéct ” or “%xcc” before the rgisters.

For Floating-Point Condition Codes:

Suggested Assembly Language Syntax

fmov{s,d,q}a %fce n, freg gy fregg

fmov{s,d,qg}n %fce n, freggp, fregg

fmov{s,d,q}u %fce n, freg gy fregg

fmov{s,d,q}g %fcc n, freg,gso fregyg

fmov{s,d,q}ug %fce n, freg gy fregyg

fmov{s,d,q}l %fce n, freggp, fregyg

fmov{s,d,q}ul %fce n, freg gy fregg

fmov{s,d,q}lg %fcc n, freg,sy fregyg

fmov{s,d,q}ne %fce n, freg gy fregg (synonymsfmov {s,d,q }nz)
fmov{s,d,q}e %fcc n, freg,gy fregyg (synonymsfmov {s,d,q }z)
fmov{s,d,q}ue %fce n, freg gy fregg

fmov{s,d,q}ge %fcc n, freg,go fregyg

fmov{s,d,q}uge %fce n, freg gy fregg

fmov{s,d,q}le %fcc n, freg,gy fregyg

fmov{s,d,q}ule %fce n, freg gy fregg

fmov{s,d,q}o %fcc n, freg gy fregyg
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Description:

Theseinstructionscopy the floating-pointregister(s)specifiedby rs2to the floating-point
register(s)specifiedby rd if the conditionindicatedby the condfield is satisfiedby the
selectedcondition code. The condition codeusedis specifiedby the opf_ccfield of the
instruction. If the condition iSALSE, then the destinationgister(s) are not changed.

These instructions do not modifyyaoondition codes.

Programming Note:
Branchescausemost implementations’performanceto degrade significantly Frrequently the
MOVcc and FMOVcc instructionscan be usedto avoid branchesFor example,the following C
language sgment:

double A, B, X;
if (A > B) then X = 1.03; else X = 0.0;

can be coded as

I'assume A is in %f0; B is in %f2; %xx points to constant area
ldd [oxx+C_1.03],%f4 IX = 1.083
fcmpd %fcc3,%f0,%f2 'A>B
fble ,a %fcc3,label
! following only executed if the branch is taken
fsubd %f4,%f4,%f4 IX =00

label....

This tales four instructions including a branch.

Using FMOV/cc, this could be coded as

ldd [Yoxx+C_1.03],%f4 IX = 1.03
fsubd %f4,%f4,%f6 X = 0.0
fcmpd %fcc3,%f0,%f2 'A>B
fmovdle %fcc3,%f6,%f4 I'X = 0.0

This alsotakesfour instructions put requiresno branchegsindmay boostperformancesignificantly
It is suggestedhat MOVcc and FMOVcc be usedinsteadof brancheswhererer they would
improve performance.

Exceptions:
fp_disabled
fp_exception_other (invalid_fp_register (Qquad forms only))
fp_exception_other (ftt = unimplemented_FPop (opf_cc= 101, or 111)
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A.34 Move F-P Register on Integ er Register Condition (FMOVr)

Opcode op3 rcond Operation Test

— 110101 | 000 | Reserved —
FMOVRZ 110101, o001 Move if Register Zero rirs]] =0
FMOVRLEZ | 110101| 010 Move if Register Less Than or Equal to Zero rirs] <0
FMOVRLZ 110101, o011 Move if Register Less Than Zero rirs]<0

— 110101 | 100 | Reserved —
FMOVRNZ 110101, 101 Move if Register Not Zero rirs] #0
FMOVRGZ 110101, 110 Move if Register Greater Than Zero rirs1>0
FMOVRGEZ | 110101| 111 Move if Register Greater Than or Equal to Zerg r[rs1] =0

Format (4):
10 rd op3 rsl 0| rcond opf_low rs2
31 30 29 25 24 19 18 14 13 12 10 9 5 4 0

Encoding ofopf_low field:

Instruction v ariation opf_low
FMOVSrcond rsl, rs2 rd 00101
FMOVDrcond rs1,rs2rd 00110
FMOVQrcond rs1,rs2rd 00111

Suggested Assembly Language Syntax

fmovr{s,d,q}e redrst, fregrso fregrg (synonymfmovr{s,d,q}z )
fmovr{s,d,q}lez regrsy, fregrso fregg

fmovr{s,d,q}iz regrsa, fregrso fregrg

fmovr{s,d,q}ne regrsy, fregrso fregyg (synonymfmovr{s,d,q}nz )
fmovr{s,d,q}gz regrsy, fregrso fregrg

fmovr{s,d,q}gez regrs1 fregrso fregrg

Description:

If the contentsof integerregisterr[rs]] 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-pointregister(s)specifiedby the rd field are not
modified.

Theseinstructionstreatthe integer registercontentsasa signedintegervalue;they do not
modify ary condition codes.
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Implementation Note:
If thisinstructionis implementedy taggingeachregistervaluewith anN (negative) anda Z (zero)
bit, use the follwing table to determine whetherondis TRUE:

Branch Test
FMOVRNZ not Z
FMOVRZ Z
FMOVGEZ not N
FMOVRLZ N
FMOVRLEZ Nor Z
FMOVRGZ N nor Z
Exceptions:
fp_disabled

fp_exception_other (invalid_fp_register (Qquad forms only))
fp_exception_other (unimplemented_FPop (rcond= 000, or 100))
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A.35 Move Integ er Register on Condition (MO Vcc)

For Integer Condition Codes

Opcode op3 cond Operation icc/xcctest
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 4
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 (Corz)
MOVCC |101100| 1101 |Moveif CarryClear(Greateror Equal,Unsigned not C
MOVCS |101100| 0101 |Move if Carry Set (Less than, Unsigned) C
MOVPOS | 101100 1110 | Move if Positve 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 \Y,

For Floating-Point Condition Codes
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 GorU

MOVFL 101100 0100 | Move if Less L

MOVFUL 101100 0011 | Move if Unordered or Less LorU

MOVFLG 101100 | 0010 | Move if Less or Greater Lor G

MOVENE 101100 | 0001 | Move if Not Equal Lor Gor U

MOVFE 101100 1001 | Move if Equal E

MOVFUE 101100 1010 | Move if Unordered or Equal Eor U

MOVFGE 101100 1011 | Move if Greater or Equal Eor G

MOVFUGE | 101100 1100 | Move if Unordered or Greater or Equal Eor Gor U

MOVFLE 101100 1101 | Move if Less or Equal EorL

MOVFULE 101100 1110 | Move if Unordered or Less or Equal EorLorU

MOVFO 101100 1111 | Move if Ordered EorLorG
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Format (4):
10 rd op3 cc2 cond i=0|ccjccO — rs2
10 rd op3 cc2 cond i=1|ccliccO simm1l
31 30 29 25 24 19 18 17 14 13 12 11 10 5 4 0

cc2 [] ccl [] ccO Condition code

000 fccO

001 fccl

010 fcc2

011 fcc3

100 icc

101 Reserved

110 Xcc

111 Reserved

For Integer Condition Codes

Suggested Assembly Language Syntax
mova i_or_x_cc, eg_or_imm11, &g,q
movn i_or_x_cc, eg_or_imm11, &g,q
movne i_or_x_cc, eg_or_immll,eg,y  (Synonymmovnz)
move i_or_x_cc, eg_or_immll,egy (Synonymmovz)
movg i_or_x_cc, eg_or_imm11, &g,q
movle i_or_x_cc, eg_or_imm11, &g,q
movge i_or_x_cc, eg_or_imm11, &g,q
movl i_or_x_cc, eg_or_imm11, &g,q
movgu i_or_x_cc, eg_or_imm11, &g,q
movleu i_or_x_cc, eg_or_imm11, &g,q
movcce i_or_x_cc, eg_or_immll,egy,4 (Synonymmovgeu)
movcs i_or_x_cc, eg_or_immll,eg,y  (Synonymmoviu )
MOovVpPos  i_Or_x_cc, eg_or_imm11, &g,y
movneg  i_Or_x_cc, eg_or_imm11, &g,q
movvc i_or_x_cc, eg_or_imm11, &g,q
movvs i_or_x_cc, eg_or_imm11, &g,q

Programming Note:
To selecttheappropriateconditioncode,include” %icc " or “%xcc” beforetheregisterorimmedi-
ate field.
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For Floating-Point Condition Codes

Suggested Assembly Language Syntax

mova %fce n, reg_or_immllreg,qy

movn %fce n, reg_or_immllreg,y

movu %fce n, reg_or_immllreg,qy

movg %fcec n, reg_or_immllreg,y

movug %fce n, reg_or_immllreg,qy

movl %fce n, reg_or_immllreg,y

movul %fce n, reg_or_immllreg,qy

movlg %fcec n, reg_or_immllreg,y

movne %fce n, reg_or_immilreg,qy (synonymmovnz)
move %fce n, reg_or_immllreg,y (synonymmovz)
movue %fce n, reg_or_immllreg,qy

movge %fce n, reg_or_immllreg,y

movuge  %fcc n, reg_or_immllreg,y

movle %fce n, reg_or_immllreg,y

movule  %fcc n, reg_or_immllregy

movo %fce n, reg_or_immllreg,y

Programming Note:

To selectthe appropriatecondition code, include “%fcc0 ;" “%fccl " “%fcc2 ” or “%fcc3 ”

before the rgister or immediate field.

Description:

Theseinstructionstestto seeif condis TRUE for the selectecconditioncodes|f so,they
copy thevaluein r[rsZ if i field = 0, or “sign_ext(simm1)” if i = 1 into r[rd]. The condi-
tion codeusedis specifiedby the cc2 ccl, andccOfields of theinstruction.If the condi-

tion is FALSE, thenr[rd] is not changed.

Theseinstructionscopy an integer registerto anotherinteger registerif the conditionis
TRUE. The conditioncodethatis usedto determinewhetherthe move will occurcanbe
eitherinteger conditioncode(icc or xcg or ary floating-pointconditioncode(fccO, fccl,

fcc2 orfccd.

These instructions do not modifyyacondition codes.

Programming Note:

Branchescausemary implementations’performanceto degrade significantly Frequently the
MOVcc andFMOVcc instructionscanbe usedto avoid branchesFor example,the C languagef-

then-else statement

if (A > B) then X

can be coded as
cmp
bg,a
or
or
label....

= 1;else X =

%i0,%i2

%xcc,label
%g0,1,%i3
%g0,0,%i3

I'X
I'X
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This tales four instructions including a branch. Using W& this could be coded as

cmp %i0,%i2
or %g0,1,%i3 lassume X =1
movle %xcc,0,%i3 I overwrite with X =0

This takesonly threeinstructionsand no branchesand may boostperformancssignificantly It is
suggestedhat MOVcc and FMOVcc be usedinsteadof brancheswvherever they would increase
performance.

Exceptions:
illegal_instruction (cc2 [] ccl [] ccO= 101, or 111)
fp_disabled (cc2 [] ccl [] ccO=000,, 001, 010,, or 011, andthe FPU is dis-
abled)
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A.36 Move Integ er Register on Register Condition (MO VR)

Opcode op3 rcond Operation Test
— 101111 | 000 | Reserved —
MOVRZ 101111 | 001 | Move if Register Zero rirs] =0
MOVRLEZ | 101111 | 010 | Move if Register Less Than or Equal to Zero | r[rs]] <0
MOVRLZ 101111 | 011 | Move if Register Less Than Zero rirs] <0
— 101111 | 100 | Reserved —
MOVRNZ 101111 | 101 | Move if Register Not Zero rirsi] #0
MOVRGZ 101111 | 110 | Move if Register Greater Than Zero rirs] >0
MOVRGEZ | 101111 | 111 | Moveif RegisterGreatefThanor Equalto Zero | r[rs] =0

Format (3):
10 rd op3 rsl i=0| rcond — rs2
10 rd op3 rsl i=1| rcond simm10
31 30 29 25 24 19 18 14 1312 10 9 5 4 0
Suggested Assembly Language Syntax
movr z regesy, reg_or_immiQreg,y (synonymmovr e)
movrlez regdesy, reg_or_immioreg,y
movrlz regrsy, reg_or_immiQreg,y
movrn z regdesy, reg_or_immioreg,y (synonymmovrn e)
movrgz regrsy, reg_or_immioreg,y
movrgez regdesy, reg_or_immioreg,y

Description:

If the contentsof integerregisterr[rs]] satisfieghe conditionspecifiedn thercondfield,
theseinstructionscopy r[rs? (if i = 0) or sign_et(simm10 (if i = 1) into r[rd]. If thecon-
tentsof r[rs1] doesnot satisfythe conditionthenr[rd] is not modified. Theseinstructions
treat the register contentsas a signedinteger value; they do not modify any condition
codes.

Implementation Note:

If thisinstructionis implementedy taggingeachregistervaluewith anN (negative) anda Z (zero)
bit, use the follwing table to determine condis TRUE:

Branch Test
MOVRNZ not Z
MOVRZ Z
MOVRGEZ not N
MOVRLZ N
MOVRLEZ NorZ
MOVRGZ N nor Z

Exceptions:
illegal_instruction (rcond= 000, or 10Q)
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A.37 Multipl y and Divide (64-bit)

Opcode op3 Operation
MULX 001001 Multiply (signed or unsigned)
SDIVX 101101 Signed Dvide
UDIVX 001101 Unsigned Diide
Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 0
Suggested Assembly Language Syntax
mulx regrsy, €J_Or_imm, g,y
sdivx regysy, M'€g_Or_imm, €Jq
udivx regrsy, €J_Or_imm, g,y
Description:

MULX computes‘r[rs] x r[rsZ” if i =0 or “r[rs]] x sign_et(simm13}" if i =1, and
writesthe 64-bit productinto r[rd]. MULX canbeusedto calculatethe 64-bit productfor
signed or unsigned operands (the product is the same).

SDIVX andUDIVX compute“r[rs]] = r[rsZ” if i =0 or “r[rs]] + sign_et(simm13” if
i =1, andwrite the 64-bit resultinto r[rd]. SDIVX operateson the operandsas signed
integersandproducesa correspondingignedresult. UDIVX operate®n the operandss
unsigned intgers and produces a corresponding unsigned result.

For SDIVX, if thelargestnegative numberis dividedby —1, theresultshouldbethelargest
negative numberThat is:

8000000000000000¢ + FFFFFFFFFFFFFFFFg = 8000000000000000.

These instructions do not modifyyacondition codes.

Exceptions:

division_by_zero
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A.38 Multipl y (32-bit)

The UMUL, UMULcc, SMUL, andSMULcc instructionsaredeprecatedthey are
provided only for compatibility with previous versionsof the architecture.They
shouldnotbeusedin new SFARC-V9 software.lt is recommendethatthe MULX

instruction be used in their place.

Opcode op3 Operation
UMULP 001010 | Unsigned Intger Multiply
SMuLP 001011 | Signed Intger Multiply

UMULccP 011010 | Unsigned Intger Multiply and modify cs
SMULccP 011011 | Signed Intger Multiply and modify cs

Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Suggested Assembly Language Syntax
umul regrsy, €J_Or_imm regy
smul regrsy, F€9_Or_imm regqy
umulcc regrsy, €J_Or_imm regy
smulcc regrsy, F€9_Or_imm regqy
Description:

The multiply instructions perform 32-bit by 32-bit multiplications, producing 64-bit
results.They compute“r[rs]<31:0> x r[rsZ<31:0>" if i =0, or “r[rs1]<31:0> x sign_
ext(simm13<31:0>"if i = 1. They write the 32 mostsignificantbits of the productinto the
Y register and all 64 bits of the product infod].

Unsignedmultiply (UMUL, UMULcc) operateon unsignedinteger word operandsand
computesan unsignedinteger doublevord product. Signedmultiply (SMUL, SMULcc)
operateson signedinteger word operandsand computesa signedinteger doublevord
product.

UMUL andSMUL do not affect the conditioncodebits. UMULcc andSMULcc write the
integer conditioncodebits, icc andxcc asfollows. Note that 32-bit negative (icc.N) and
zero(icc.Z) conditioncodesare setaccordingto the lesssignificantword of the product,
and not according to the full 64-bit result.
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Bit

UMULcc / SMULcc

icc.N

Set if product[31F 1

icc.Z

Set if product[31:0F 0

icc.V

Zero

icc.C

Zero

xccN

Set if product[63F 1

xcec”Z

Set if product[63:0F 0

xceV

Zero

xccC

Zero

Programming Note:

32-bit overflow after UMUL / UMULcc is indicated by ¥ 0.

32-bitoverflow afterSMUL / SMULccis indicatedby Y # (r[rd] >> 31),where “>>" indicates32-

bit arithmetic right shift.

Implementation Note:

An implementation may assume that the smaller operand typically wilt $# or simm13

Implementation Note:

SeelmplementatiorCharacteristicsof Current SFARC-V9-basedProducts,Revision 9.x, a docu-
mentavailablefrom SFARC International for informationon whethertheseinstructionsareimple-

mented by hardare or softwre in the arious SRRC-V9 implementations.

Exceptions:
(none)
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A.39 Multipl y Step

The MULScc instructionis deprecatedit is provided only for compatibility with
previousversionsof thearchitecturelt shouldnotbeusedin nev SFARC-V9 soft-
ware. It is recommended that the MULX instruction be used in its place.

Opcode op3 Operation
MULScc® 100100 Multiply Step and modify c€

Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Suggested Assembly Language Syntax
mulscc regsy, M€J_Or_imm regq
Description:

MULScc treatsthelower 32 bits of bothr[rs1] andtheY registerasa single64-bit, right-
shiftabledoublevordregister Theleastsignificantbit of r[rs]] is treatedasif it wereadja-
centto bit 31 of the Y register The MULScc instructionadds,basedon the leastsignifi-
cant bit of Y

Multiplication assumeshattheY registerinitially containsthe multiplier, r[rs1] contains
the mostsignificantbits of the product,andr[rsZ containsthe multiplicand.Uponcom-
pletion of the multiplication,the Y registercontainsthe leastsignificantbits of the prod-
uct.

Note that a standard MULScc instruction hs&= rd.
MULScc operates as foligs:
(1) The multiplicand ig[rs2 if i =0, or sign_gt(simm13ifi=1.

(2) A 32-bit value is computed by shifting r[rsl] right by one bit with
“CCR.icc.nxor CCRicc.V' replacingbit 31 of r[rs1]. (Thisis the propersign for
the previous partial product.)

(3) If theleastsignificantbit of Y = 1, the shiftedvaluefrom step(2) andthe multipli-
candare added.If the leastsignificantbit of the Y =0, then 0 is addedto the
shifted \alue from step (2).
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(4) The sumfrom step(3) is written into r[rd]. The upper32-bitsof r[rd] areunde-
fined. Theintegerconditioncodesareupdatedaccordingo theadditionperformed
in step (3). Thealues of thex@ended 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

Opcode op op2 Operation

NOP 00 100 No Operation
Format (2):

00 op op2 0000000000000000000000
31 30 29 2524 2221
Suggested Assembly Language Syntax
nop

Description:

The NOP instruction changes no program-visible stxiee(® the PC and nPC).

Note that NOP is a special case of the SETHI instruction,imith22= 0 andrd = 0.

Exceptions:

(none)
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A.41 Population Count

Opcode op3 Operation
POPC 101110 Population Count
Format (3):
10 rd op3 0 0000 i=0 — rs2
10 rd op3 0 0000 i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Suggested Assembly Language Syntax
popc reg_or_imm regyq
Description:

POPCcountsthe numberof onebitsin r[rsZ if i =0, or the numberof onebitsin sign_
ext(simm13 if i =1, andstoresthe countin r[rd]. This instructiondoesnot modify the
condition codes.

Implementation Note:
Instructionbits 18 through14 mustbe zerofor POPC.Otherencodingof this field (rs1) may be
used in future @rsions of the SMRC architecture for other instructions.

Programming Note:
POPCcanbe usedto “find first bit set” in a register A C programillustrating honv POPCcanbe
used for this purpose folls:

int ffs(zz) [* finds first 1 bit, counting from the LSB */
unsigned zz;
{
return popc ( zz A ( O(-z2)); /* for nonzero zz */
}
Inline assembly language code fts{ ) is
neg %IN, %M _IN I —zz( 2's complement)
xnor %IN, %M_IN, % TEMP I~ [O-zz (exclusive nor)
popc %TEMP,%RESULT ! result = popc(zz " O-zz)
movrz %IN,%g0,%RESULT ! %RESULT should be 0 for %IN=0

wherelN , M_IN, TEMPandRESULTare intger rajisters.

Example:
IN = ...00101000 ! 1st 1 bit from rt is 4th bit
—IN = ...11011000
0 —IN = ...00100111
IN ~ O-IN = ...00001111
popc(IN~ O -IN) = 4

Exceptions:
illegal_instruction (instruction<18:14* 0)
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A.42 Prefetch Data

Opcode op3 Operation
PREFETCH 101101 Prefetch Data
PREFETCHA®S! 111101 | Prefetch Data from Alternate Space
Format (3) PREFETCH:
11 fcn op3 rsl i=0 — rs2
11 fcn op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4
Format (3) PREFETCHA:
11 fcn op3 rsi i=0 imm_asi rs2
11 fcn op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4
fcn Prefetch function
0 Prefetch for seeral reads
1 Prefetch for one read
2 Prefetch for seeral writes
3 Prefetch for one write
4 Prefetch page
5-15 Reserved
16-31 | Implementation-dependent
Suggested Assembly Language Syntax
prefetch [addres§, prefetd_fcn
prefetcha [regaddi] imm_asj prefetd_fcn
prefetcha [reg_plus_imrh %asi, prefetd_fcn
Description:

In nonprvilegedcode,a prefetchinstructionhasthe sameobsenableeffectasa NOP; its
executionis nonblockingand cannotcausean obsenable trap. In particular a prefetch

instruction shall not trap if it is applied to an gé or nongistent 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.
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Whetherprefetchalways succeedsvhenthe Mmu is disabledis implementation-depen-
dent (impl. dep. # 117).

Implementation Note:
Any effectsof prefetchin privilegedcodeshouldbereasonablée.g.,handlingeCCerrors,no page
prefetchingallowed within codethat handlespagefaults). The benefitsof prefetchingshouldbe
available to most prileged code.

Executionof a prefetchinstructioninitiatesdatamovement(or preparatiorfor future data
movementor addressnapping)to reducethe lateng of subsequeribadsandstoresto the
specified address range.

A successfuprefetchinitiatesmovementof a block of datacontainingthe addressethyte
from memory tward 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:
Software may prefetch64 bytesbeginning at an arbitrary addressaddressby issuingthe instruc-

tions
prefetch [ address, prefetd_fcn
prefetch [ address + 63], prefetdh_fcn

Implementation Note:
Prefetchingmay be usedto help managememory cache(s)A prefetchfrom a nonprefetchable
locationhasno effect. It is up to memorymanagemenhardwareto determinehow locationsare
identified as not prefetchable.

Prefetchinstructionsthatdo not load from an alternateaddresspaceaccesghe primary
addressspace(ASI_PRIMARY{ LITTLE}). Prefetchinstructionsthatdo load from an
alternateaddresspacecontaintheaddresspacdadentifier (ASI) to be usedfor theloadin
theimm_asffield if i = 0, orin the ASI registerif i = 1. Theaccesss privilegedif bit seven
of the ASI is zero;otherwise,it is not privileged. The effective addresdor theseinstruc-
tions is ‘r[rsy + r[rs”if i =0, or “r[rs1 + sign_et(simm13"if i = 1.

Variantsof the prefetchinstructioncanbeusedto preparehe memorysystenfor 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 Prefetch Variants

The prefetchvariantis selectedby the fcn field of the instruction.fcn values5..15 are
resened for future gtensions of the architecture.

IMPL. DEP. #103(5): PREFETCH fcn values of 16..31 are implementation-dependent.

Eachprefetchvariantreflectsanintenton the partof the compileror programmerThisis
differentfrom otherinstructionan SFARC-V9 (exceptBPN), all of which specifyspecific
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actions An implementatiormayimplementa prefetchvariantby any techniqueaslongas
the intent of the ariant is achieed.

The prefetchinstructionis designedto treatthe commoncaseswell. The variantsare
intendedo provide scalabilityfor futureimprovementsn bothhardwareandcompilers If
avariantis implementedthenit shouldhave the effectsdescribedelon. In casesomeof
thevariantslistedbelon areimplementecandsomearenot, thereis arecommendedver-
loading of the unimplementedvariants(seethe ImplementationNote labeled“Recom-
mended Ogrloadings” in A.42.2).

A.42.1.1 Prefetch for Several Reads ( fcn =0)

Theintentof this variantis to causemovementof datainto the datacachenearesthe pro-
cessorwith “reasonable” ébrts made to obtain the data.

Implementation Note:
If, for example,someTLB missesare handledin 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 addressedlatais alreadypresentandowned,if necessaryjn the cache thenthis
variant has no &ct.

A.42.1.2 Prefetch for One Read (fcn = 1)

Thisvariantindicateghat,if possiblethedatacacheshouldbeminimally disturbedby the
datareadfrom the given addresspecausehat datais expectedto be readonceand not
reused (read or written) soon after that.

If the data is already present in the cache, then #niant has no é&ct.

Programming Note:
The intendeduseof this variantis in streamingarge amountsof datainto the processomwithout
overwriting data in cache memory

A.42.1.3 Prefetch for Several Writes (and P ossib ly Reads) (fcn = 2)
The intent of this ariant is to cause mement of data in preparation for writing.

If the addressed data is already present in the data cache, themiinshas no &ct.

Programming Note:
An exampleuseof this variantis to write a dirty cacheline backto memory or to initialize a cache
line in preparation for a partial write.

Implementation Note:
Onamultiprocessorthis variantindicateshatexclusive ownershipof theaddressedatais needed,
so it may hae the additional éct of obtaining eclusive avnership of the addressed cache line.

Implementation Note:
On a uniprocesspthere is no distinction between Prefetch foré8al Reads and thisxant.
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A.42.1.4 Prefetch for One Write ( fcn = 3)

Thisvariantindicateghat,if possiblethedatacacheshouldbeminimally disturbedby the
datawrittento this addresshecaus¢hatdatais not expectedo bereusedreador written)
soon after it has been written once.

If the data is already present in the cache, then #niant has no é&ct.

A.42.1.5 Prefetch Page (fcn =4)

In a virtual-memorysystem the intendedactionof this variantis for the supervisorsoft-
ware or hardware to initiate asynchronousnappingof the referencedvirtual address,
assuming that it is @l to do so.

Programming Note:
Thedesireis to avoid a later pagefault for the givenaddressor at leastto shortenthe lateng of a
page &ult

In a norvirtual-memorysystem,or if the addressegbageis alreadymapped this variant
has no dect.

The referencedpage neednot be mappedwhen the instruction completes.Loads and
storesssuedbeforethe pageis mappedshouldblockjustasthey wouldif the prefetchhad
never beenissued.When the actvity associatedvith the mappinghas completed,the
loads and stores may proceed.

Implementation Note:
An example of mapping adatity is DMA from secondary storage.

Implementation Note:
Use of this variantmay be disabledor restrictedin privileged codethatis not permittedto cause
page &ults.

A.42.1.6 Implementation-Dependent Pref etch (fcn =16..31)

Thesevaluesareavailablefor implementationgo use.An implementatiorshall treatany
unimplemented prefetdien values as NOPs (impl. dep. #103).

A.42.2 General Comments

Thereis no variant of PREFETCHfor instruction prefetching.Instruction prefetching
shouldbe encodedusingthe BranchNever (BPN) form of the BPccinstruction(seeA.7,
“Branch on Intger Condition Codes with Prediction (BPcc)”).

Oneerrorto avoid in thinking aboutprefetchinstructionss thatthey shouldhave “no cost
to execute. As long asthe costof executinga prefetchinstructionis well lessthanone-
third the cost of a cachemiss, use of prefetchingis a net win. It doesnot appearthat
prefetchingcausesa significantnumberof uselesdetchesfrom memory thoughit may
increasethe rate of useful fetches(andhencethe bandwidth),becausét moreefficiently
overlaps computing with fetching.
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Implementation Note:
RecommendedOverloadings. Therearefour recommendedetsof overloadingsfor the prefetch
variants,basedon a simplistic classificationof SFARC-V9 systemsinto cost (low-costvs. high-
cost) and processomultiplicity (uniprocessors multiprocessorxategories. Theseoverloadings
are chosen to help ensuréi@ént portability of softvare across a range of implementations.

In a uniprocessarthereis no needto supportmultiprocessorcacheprotocols;hence Prefetchfor

Several Readsand Prefetchfor Several Writes may behave identically. In a low-costimplementa-
tion, Prefetchfor One Readand Prefetchfor One Write may be identicalto Prefetchfor Several

Reads and Prefetch forvgsal Writes, respectely.

Could be overloaded
to mean the same as
Multiplicity Cost Prefetch for .. Prefetch for ..
One read Several writes
. Several reads Several writes
Uniprocessor Low - -
One write Several writes
Several writes —
One read —
. . Several reads Several writes
Uniprocessor High -
One write —
Several writes —
One read Several reads
. Several reads —
Multiprocessor Low - -
One write Several writes
Several writes —
One read —
. . Several reads —
Multiprocessor High -
One write —
Several writes —

Programming Note:
A SFARC-V9 compilerthat generate$?REFETCHinstructionsshouldgeneratesachof the four
variantswhereit is mostappropriate The overloadingssuggestedh the previous Implementation
Note ensurethat suchcodewill be portableand reasonablyefficient acrossa rangeof hardware
configurations.

Implementation Note:
The Prefetchfor One Readand Prefetchfor OneWrite variantsassumehe existenceof a “bypass
caché, sothatthe bulk of the “real cache”remainsundisturbed!f sucha bypasscacheis used,it
shouldbelargeenoughto properlyshieldthe processofrom memorylateng. Sucha cacheshould
probably be small, highly associagj and use a FIFO replacement pplic

Exceptions:
data_access_MMU_miss (implementation-dependent (impl. dep. #103))
illegal_instruction (fcn=5..15)
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A.43 Read Privileg ed Register

Opcode op3 Operation
RDPR’ 101010 | Read Prileged Reister
Format (3):

10 rd op3 rsl

31 30 29 25 24 19 18 14 13 0
rsl 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
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Suggested Assembly Language Syntax]
rdpr %tpc, regyg

rdpr %tnpc, regyq

rdpr Y%tstate,  regqg
rdpr %tt, regyg

rdpr %tick,  regyq

rdpr %tba, regyy

rdpr Y%pstate, regq
rdpr %tl,  regyg

rdpr %pil,  regyg

rdpr %cwp, regyq

rdpr %cansave, regg
rdpr %canrestore, redrq
rdpr %cleanwin,  reg
rdpr %otherwin,  regyy
rdpr %wstate, regq
rdpr %fq, regy

rdpr d%ver, regyq

Description:

Therslfield in the instructiondetermineghe privilegedregisterthatis read.Thereare
MAXTL copiesof the TPC, TNPC, TT, andTSTATE registers.A readfrom oneof these
registersreturnsthevaluein theregisterindexed by the currentvaluein thetraplevel reg-
ister (TL). A readof TPC, TNPC, TT, or TSTATE whenthe trap level is zero(TL = 0)
causes aifflegal_instruction exception.

RDPRinstructionswith rslin therangel6..30 areresered; executinga RDPRinstruc-
tion withrslin that range causes #lagal_instruction exception.

A readfrom the FQ (Floating-PointDeferred-Tap Queue)register copiesthe front dou-
bleword of thequeuento r[rd]. Thesemantic®f readingthe FQ andthedatareturnedare
implementation-depende(itnpl. dep.#24). However, the addresf a trappingfloating-
point instructionmustbe availableto the privilegedtrap handler On an implementation
with afloating-pointqueue an attemptto executeRDPRof FQ whenthe queueis empty
(FSRgne= 0) shallcauseanfp_exception exceptionwith FSRftt setto 4 (sequence_error).
In animplementatiorwithout a floating-pointqueue an attemptto executeRDPR of FQ
shall causeeither an illegal_instruction exceptionor an fp_exception_other exceptionwith
FSRftt set to 3 ¢nimplemented_FPop) (impl. dep. #25).

Programming Note:
Onanimplementatiorwith precisefloating-pointtraps,theaddres®f atrappinginstructionwill be
in the TPCI[TL] registerwhenthe trap codebegins execution.On animplementatiorwith deferred
floating-point traps, the address of the trapping instruction might alia ebtained from the FQ.

Exceptions:
privileged_opcode
illegal_instruction ((rs1=16..30) or ((rsk3) and (TL=0)))
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fp_exception_other (sequence_error) (RDPR of FQ whenFSRgne=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

TheRDY instructionis deprecatedit is providedonly for compatibility with previ-
ousversionsof the architecturelt shouldnot be usedin nev SFARC-V9 software.
It is recommended that all instructions which reference theyiétes be woided.

Opcode op3 rsl Operation

RDYP 101000 0 Read Y Rgister
— 101000 1 reserved

RDCCR 101000 2 Read Condition Codes Bister
RDASI 101000 3 Read ASI Rgister
RDTICKPNPT 101000 4 Read Tck Register
RDPC 101000 5 Read Program Counter
RDFPRS 101000 6 Read Floating-Point Rgsters Status Rygster
RDASR™SR 101000 7-14 | Read Ancillary State Rpster teserved
See trt 101000 15 See trt
RDASR™SR 101000 16-31 | Implementation-depende(impl. dep. #47)

Format (3):
10 rd op3 rsl i=0 —
31 30 29 25 24 19 18 14 13 12 0
Suggested Assembly Language SyntaL(
rd %%y, régrq
rd %ccr, regry
rd %asi , regeq
rd %tick , regeq
rd %pG regrg
rd %fprs , regeq
rd asr_rrsy, 'grg
Description:

These instructions read the specified stajester intor[rd].

Note that RDY, RDCCR, RDASI, RDPC,RDTICK, RDFPRS,and RDASR are distin-
guished only by thealue in thers1field.

If rs1> 7, anancillary stateregisteris read.Valuesof rslin therange7..14 areresered
for future versionsof the architectureyaluesin the range16..31 areavailablefor imple-
mentationgo use(impl. dep.#8). A RDASR instructionwith rs1=15,rd=0,andi =0is
definedto be an STBAR instruction(seeA.51). An RDASR instructionwith rs1=15,
rd=0, andi=1 is definedto be a MEMBAR instruction (see A.32). RDASR with
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rs1=15andrd#0 is resered for future versionsof the architecturejt causesanillegal_
instruction exception.

RDTICK causes arivileged_action exception if PSATE.PRIV=0 and TICK.NPT= 1.

For RDPC, the high-order32-bits of the PC value storedin r[rd] are implementation-
dependent when PSTE.AM =1 (impl. dep. #125).

RDFPRSwaits for all pendingFPopsand loadsof floating-pointregistersto complete
before reading the FPRSgister

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.

Seel.1.1, “Read/Write Ancillary StateRegisters(ASRs); for a discussionof extending
the SRRC-V9 instruction set using read/write ASR instructions

Implementation Note:
Ancillary stateregistersmay include (for example)timer, counter diagnostic,self-test,and trap-
control registers.SeelmplementatiorCharacteristicsof Current SFARC-V9-baseéroducts,Revi-
sion 9.x, a documentavailablefrom SFARC International for informationon implementedancil-
lary state rgisters.

Compatibility Note:
The SFARC-V8 RDPSR,RDWIM, andRDTBR instructionsdo not exist in SFARC-V9 since the
PSR, WIM, and TBR misters do notxdst in SARC-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 andtheimplementatiordoesnot definethe instruc-
tion as an dension; implementation-dependent (impl. dep. #47))
privileged_action (RDTICK only)
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A.45 RETURN

Opcode op3 Operation
RETURN 111001 | RETURN

Format (3):
10 — op3 rsl i=0 — rs2
10 — op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Suggested Assembly Language Syntax
return address
Description:

TheRETURNInstructioncauses delayedransferof controlto thetargetaddresandhas
the window semanticof a RESTORE instruction;thatis, it restoreghe registerwindow
prior to the last SAVE instruction. The target addressis “r[rs1] +r[rsZ” if i =0, or
“r[rs]] + sign_et(simml13” if i = 1. Registersr[rs1] andr[rs2 comefrom the old win-
dow.

The RETURNI nstructionmay causean exception.lt may causea window_fill exceptionas
part of its RESTORE semanticor it may causea mem_address_not_aligned exceptionif
either of the tw low-order bits of the tgiet address are nonzero.

Programming Note:
To reexecutethe trappedinstructionwhen returningfrom a usertrap handley usethe RETURN
instruction in the delay slot of a JMPL instruction, frample:

jmpl %I16,%9g0 ! Trapped PC supplied to user trap handler
return %I7 I Trapped nPC supplied to user trap handler

Programming Note:
A routine that uses agester windev may be structured either as

save %sp,- framesize%sp

ret I Same as jmpl %i7 + 8, %g0

restore I Something useful like “restore %02,%I2,%00"
or as

save %sp,- framesize%sp

return %i7 + 8

nop I Could do some useful work in the caller's

' window e.g. “or %01, %02,%00"

Exceptions:
mem_address_not_aligned
fill_n_normal (n =0..7)
fill_n_other (N =0..7)
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A.46 SAVE and RESTORE

Opcode op3 Operation
SAVE 111100 Save callers windav
RESTORE 111101 Restore calles windav
Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0

Suggested Assembly Language Syntax
save regysy, €Y_Or_imm regy
restore regdesy, r€g_or_imm regyy

Description (Effect on Nonprivileged State):

The SAVE instructionprovidesthe routine executingit with a new registerwindow. The
out registersfrom the old window becomethe in registersof the nev window. The con-
tentsof the out andthelocal registersin the new window arezeroor containvaluesfrom
the executing process; that is, the process sees a cleanwindo

The RESTORE instructionrestoreshe registerwindow saved by the last SAVE instruc-
tion executedby the currentprocessThe in registersof the old window becomethe out
registersof thenew window. Thein andlocal registersin thenew window containthe pre-
vious \alues.

Furthermore,f andonly if a spill or fill trap is not generatedSAVE and RESTORE
behae like normalADD instructions gxceptthatthe sourceoperands|[rs1] and/orr[rs2]
arereadfrom theold window (thatis, thewindow addressedy the original CWP)andthe
sumis written into r[rd] of the new window (thatis, the window addressedby the nen
CWP).

Note that CWP arithmeticis performedmodulo the numberof implementedwindows,
NWINDOWS.

Programming Note:
Typically, if aSAVE (RESTORE)instructiontraps,thespill (fill) traphandlermreturnsto thetrapped
instructionto reexecuteit. So, althoughthe ADD operationis not performedthe first time (when
theinstructiontraps),it is performedthe secondime theinstructionexecutesThe sameappliesto
changing the CWP

Programming Note:
The SAVE instructioncanbe usedto atomically allocatea nev window in the registerfile anda
new software stack frame in memor$ee H.1.2, “Leaf-Procedure Optimizatidioy details.

Programming Note:
Thereis aperformancdradeof to considebetweerusingSAVE/RESTORE andsaving andrestor-
ing selected gisters a&plicitly.
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Description (effect on prvileged state):

If the SAVE instructiondoesnottrap, it incrementghe CWP (mod NWINDOWS)to pro-
vide anew registerwindow andupdateghe stateof theregisterwindows by decrementing
CANSAVE and incrementing CANRESIRE.

If the new registerwindow is occupied(thatis, CANSAVE = 0), a spill trapis generated.
Thetrapvectorfor the spill trapis basedon thevalueof OTHERWIN andWSTATE. The
spill traphandleris invokedwith the CWP setto pointto thewindow to be spilled (thatis,
old CWP+ 2).

If CANSAVE # 0, the SAVE instruction checkswhetherthe nev windowv needsto be
cleanedlt causes clean_window trapif thenumberof unusedcleanwindows s zero,that
is, (CLEANWIN — CANRESTORE)= 0. The clean_window trap handleris invoked with
the CWP set to point to the wingdo be cleaned (that is, old CWHL).

If theRESTORE instructiondoesnottrap,it decrementthe CWP (mod NWINDOWS)to
restorethe registerwindow thatwasin useprior to thelast SAVE instructionexecutedby
the currentprocess.t also updatesthe stateof the register windows by decrementing
CANRESTORE and incrementing CANS/A.

If the registerwindow to be restoredhasbeenspilled (CANRESTORE= 0), afill trapis
generatedThe trap vector for the fill trap is basedon the valuesof OTHERWIN and
WSTATE, asdescribedn 7.5.2.1,“Trap Typefor Spill/Fill Traps’ Thefill traphandleris
invoked with CWP set to point to the winsldo be filled, that is, old CWPR 1.

Programming Note:
The vectoringof spill andfill trapscanbe controlledby settingthe value of the OTHERWIN and
WSTATE registersappropriately For details,seethe unnumberedsubsectiortitled “Splitting the
Register Wndows” in H.2.3, “Client-Serer 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 onlyn=20..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

Opcode op3 fcn Operation
SAVEDP 110001 0 Window has been Sad
RESTORED® 110001 1 Window has been Restored

— 110001 2..31 | Reserved

Format (3):
10 fcn op3 —
31 30 29 25 24 19 18 0
Suggested Assembly Language Syntax
saved
restored
Description:

SAVED and RESORED adjust the state of thegisterwindows control rgisters.

SAVED increments CANSYE. If OTHERWIN =0, it decrements CANRESIRE.
If OTHERWIN 20, it decrements THERWIN.

RESTORED increments CANRESTORE If CLEANWIN <(NWINDOWS-1),
RESTORED increments CLEANWINIf OTHERWIN =0, it decrements CANS/AE.
If OTHERWIN # 0, it decrements THERWIN.

Programming Note:
The spill (fill) handlersusethe SAVED (RESTORED) instructionto indicatethat a window has
been spilled (filled) successfullgee H.2.2, “Example Code for Spill Handléoy details.

Programming Note:
Normal privilegedsoftwarewould probablynot do a SAVED or RESTORED from traplevel zero
(TL =0). However, it is not illegal to do so, and does not cause a trap.

Programming Note:
Executinga SAVED (RESTORED)instructionoutsideof awindow spill (fill) traphandlers likely
to createaninconsistentvindow state Hardwarewill notsignalanexception,however, sincemain-
taining a consistent winaostate is the responsibility of pileged softvare.

Exceptions:
privileged_opcode
illegal_instruction (fcn=2..31)
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A.48 SETHI
Opcode op op2 Operation
SETHI 00 100 Set High 22 Bits of Lev Word
Format (2):
00 rd 100 imm22
31 30 29 2524 2221 0
Suggested Assembly Language Syntax
sethi const22 regq
sethi %hi (value), regq
Description:

SETHI zeroesthe leastsignificant 10 bits and the most significant32 bits of r[rd], and
replaces bits 31 through 10gfd] with the \alue from itasmmz22field.

SETHI does not &ct the condition codes.

A SETHI instructionwith rd = 0 andimm22= 0 is definedto bea NOP instruction,which
is defined in A.40.

Programming Note:
The mostcommonform of 64-bit constangeneratioris creatingstackoffsetswhosemagnitudds
less than 2. The code belw can be used to create the constant @D ABCD 1234

sethi %hi(Oxabcd1234),%00
or %00, 0x234, %00

Thefollowing codeshavs how to createa negative constantNote thatthe immediatefield of the
Xor instructionis signextendedandcanbe usedto get1sin all of the upper32 bits. For example,
to set the ngative constant FFFFFFFABCD 12344

sethi %hi(0x5432edcb),%00 ! note 0x5432EDCB, not OXABCD1234
xor %00, 0x1e34, %00 I part of imm. overlaps upper bits
Exceptions:

(none)
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A.49 Shift
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
Format (3):
10 rd op3 rsl i=0| x — rs2
10 rd op3 rsl i=1|x=0 — shcnt32
10 rd op3 rsl i=1|x=1 — shent64
31 30 29 25 24 19 18 14 13 12 6 5 0
Suggested Assembly Language Syntax
sli regysy, reg_or_shent regey
srl regrsy, reg_or_shent regy
sra regrsy, reg_or_shent regg
slix regrsy, reg_or_shent regy
srlx regysy, reg_or_shent regey
srax regys1, reg_or_shent regyy
Description:

Wheni = 0 andx = 0, the shift countis the leastsignificantfive bits of r[rs2. Wheni =0
andx = 1, theshift countis theleastsignificantsix bits of r[rs2. Wheni = 1 andx = 0, the
shift countis the immediatevalue specifiedin bits O through4 of the instruction.When
i =1 andx = 1, the shift countis the immediatevalue specifiedin bits 0 through5 of the

instruction.

Shift count

bits 4..0 of r[rsZ

bits 5..0 of r[rs2

bits 4..0 of instruction

Rlr|lolo]|-
Rlolkr|lo]|x

bits 5..0 of instruction

SLL andSLLX shift all 64 bits of thevaluein r[rs]] left by thenumberof bits specifiedoy
the shift count,replacingthe vacatedpositionswith zeroesandwrite the shiftedresultto

r[rd].
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SRL shiftsthelow 32 bits of thevaluein r[rs]] right by thenumberof bits specifiedby the
shift count.Zeroesareshiftedinto bit 31. Theupper32 bits aresetto zero,andtheresultis
written tor[rd].

SRLX shiftsall 64 bits of the valuein r[rs]] right by the numberof bits specifiedby the
shift count. Zeroesare shifted into the vacatedhigh-orderbit positions,and the shifted
result is written ta[rd].

SRA shiftsthe low 32 bits of the valuein r[rs]] right by the numberof bits specifiedby
the shift count,andreplaceghe vacatedpositionswith bit 31 of r[rs1]. The high order32
bits of the result are all set with bit 31rpfs1], and the result is written grd].

SRAX shiftsall 64 bits of the valuein r[rs]] right by the numberof bits specifiedby the
shift count,andreplaceghe vacatedpositionswith bit 63 of r[rs]]. The shiftedresultis
written tor[rd].

No shift occurswhenthe shift countis zero,but the high-orderbits areaffectedby the 32-
bit shifts as noted abe.

These instructions do not modify the condition codes.

Programming Note:
“Arithmetic left shift by 1 (and calculatererflow)” can be efected with the ADDcc instruction.

Programming Note:
Theinstruction“sra rs1,0, rd” canbeusedto corverta 32-bitvalueto 64 bits, with signexten-
sion into the upper ard. “srl  rs1,0, rd” can be used to clear the upper 32 bits[i)].

Exceptions:
(none)
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A.50 Software-Initiated Reset

Opcode op3 rd Operation
SIR 110000 15 Software-initiated reset

Format (3):

10 01111 op3 0 0000 i=1 simm13
31 30 29 25 24 19 18 14 13 12 0
Suggested Assembly Language Syntax
Sir simm13
Description:

SIRis usedto generate software-initiatedreset(SIR). It may be executedn eitherprivi-
legedor nonprvilegedmode,with slightly differenteffect. As with othertraps,a software-
initiated reset performs different actions when TL = MAXTL than it does when
TL < MAXTL.

Whenexecutedin usermode,the actionof SIR is conditionalon the SIR_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_enableés 0, SIR executeswithout effect (asaNOP)in usermode.WhenSIR s
executedn privilegedmodeor in usermodewith SIR_enable= 1, the processoperforms
a software-initiatedreset.See7.6.2.5,“Software-InitiatedReset(SIR) Traps, for more
information about softare-initiated resets.

Programming Note:
Thisinstructionis neverillegal. It is notaprivilegedinstruction,eventhoughits actionin privileged
mode is diferent than in user mode.

Exceptions:
software_initiated_reset
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A.51 Store Barrier

The STBAR instructionis deprecatedit is provided only for compatibility with
previousversionsof thearchitecturelt shouldnotbeusedin nev SFARC-V9 soft-
ware. It is recommended that the MEKIB instruction be used in its place.

Opcode op3 Operation
STBRARP 101000 | Store Barrier

Format (3):
10 0 op3 01111 0 —
31 30 29 25 24 19 18 14 13 12 0
Suggested Assembly Language Syntax
stbar
Description:

The storebarrierinstruction (STBAR) forcesall storeand atomicload-storeoperations
issuedby aprocessoprior to the STBAR to completetheir effectson memorybeforeany
storeor atomicload-storeoperationsssuedby that processosubsequento the STBAR
are ecuted by memory

Notethattheencodingof STBAR is identicalto thatof the RDASR instructionexceptthat
rsl=15andrd = 0, andis identicalto thatof the MEMBAR instructionexceptthatbit 13

(i)=0.
The coherenceand atomicity of memory operationsbetweenprocessorand /O DMA
memory accesses are implementation-dependent (impl. dep #120).

Compatibility Note:
STBAR is identicalin functionto a MEMBAR instructionwith mmask= 8,5 STBAR s retained
for compatibility with SRRC-V8.

Implementation Note:
For correctnessdt is sufiicientfor a processoto stopissuingnew storeandatomicload-storeoper-
ationswhenanSTBAR is encountereéndresumeafterall storeshave completedandareobsenred
in memoryby all processorsMore efficient implementationgnay take advantageof the factthat
the processois allowedto issuestoreandload-storeoperationsafterthe STBAR, aslong asthose
operationsaareguaranteedot to becomevisible beforeall the earlierstoresandatomicload-stores
have become visible to all processors.

Exceptions:
(none)
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A.52 Store Floating-P oint

The STFSRinstructionis deprecatedit is providedonly for compatibilitywith pre-
vious versionsof the architecturelt shouldnot be usedin nev SFARC-V9 soft-
ware. It is recommended that the STXFSR instruction be used in its place.

Opcode op3 rd Operation
STF 100100 0..31 Store Floating-Point Rester
STDF 100111 T Store Double Floating-Point Bister
STQF 100110 T Store Quad Floating-Point Bister
STFSR 100101 0 Store Floating-Point State Bister Laver
STXFSR 100101 1 Store Floating-Point State gster
— 100101 2.31 Reserved

T Encoded floating-point géster \alue, as described in 5.1.4.1

Format (3):
11 rd op3 rsl i=0 — rs2
11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Suggested Assembly Language Syntax
st freg,q, [addres$
std freg,q, [addres$
stq freg,q, [addres$
st %fsr, [addres$
stx %fsr, [addres$
Description:

The store single floating-point instruction (STF) copied] into memory

The storedoublefloating-pointinstruction (STDF) copiesa doublevord from a double
floating-point rgister into a wrd-aligned doubleord in memory

The storequadfloating-pointinstruction (STQF) copiesthe contentsof a quadfloating-
point register into a wrd-aligned quadard in memory

The storefloating-pointstateregister lower instruction (STFSR)waits for any currently
executing FPop instructions to complete, and then writes tiner 182 bits of the FSR into
memory

The storefloating-pointstateregisterinstruction(STXFSR)waits for ary currently exe-
cuting FPop instructions to complete, and then writes all 64 bits of the FSR into memory
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Compatibility Note:
SFARC-V9 needgwo store-FSRnstructions sincethe SFARC-V8 STFSRinstructionis definedto
storeonly 32 bits of the FSRinto memory STXFSRallows SFARC-V9 programsto storeall 64
bits of the FSR.

STFSR and STXFSR zero F3tRafter writing the FSR to memary

Implementation Note:
FSRftt should not be zeroed until it is kmo that the store will not cause a precise trap.

The effective addresdor theseinstructionsis “r[rs] +r[rsZ” if i =0, or “r[rs]] + sign_
ext(simml13y’if i = 1.

STF, STFSR,STDF, andSTQFcauseamem_address_not_aligned exceptionif theeffective
memoryaddresss not word-aligned;STXFSRcauses mem_address_not_aligned excep-
tion if the addresss not doublevord-aligned.If the floating-pointunit is not enabledfor
the sourceregisterrd (per FPRS.FEFand PSTATE.PEF),or if the FPU is not presenta
store floating-point instruction causesfanlisabled 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 SFARC-V8, somecompilersissuedsetsof single-precisiorstoreswhenthey could not deter-
minethatdouble-or quadvword operandsvereproperlyaligned.For SFARC-V9, sinceemulationof
misalignedstoress expectedo befast,it is recommendethatcompilersissuesetsof single-preci-
sion storesonly whenthey 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 (0p3= 25,5 andrd = 2..31)
fp_exception_other (invalid_fp_register (STQF only))
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A.53 Store Floating-P oint into Alternate Space

Opcode op3 rd Operation
STRAPAS! 110100 0..31 Store Floating-Point Rester to Alternate Space
STDFAPAS! 110111 T Store Double Floating-Point Bister to Alternate Space
STQRAPs! 110110 T Store Quad Floating-Point Bister to Alternate Space
T Encoded floating-point géster \alue, as described in 5.1.4.1
Format (3):
11 rd op3 rsl i=0 imm_asi rs2
11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0

Suggested Assembly Language Syntax
sta freg,q. [regadd] imm_asi
sta freg,q, [reg_plus_imm %asi
stda freg,q, [regadd] imm_asi
stda freg,q, [reg_plus_imm %asi
stqa freg,q. [regaddi imm_asi
stqa freg,q, [reg_plus_imm %asi

Description:

The store single floating-pointinto alternatespaceinstruction(STFA) copiesf[rd] into
memory

The storedoublefloating-pointinto alternatespacenstruction(STDFA) copiesa double-
word from a double floating-pointgester into a wrd-aligned doubl&ord in memory

The storequadfloating-pointinto alternatespaceanstruction(STQFA) copiesthe contents
of a quad floating-point gester into a wrd-aligned quadard in memory

Storefloating-pointinto alternatespaceinstructionscontainthe addressspaceidentifier
(ASI) to beusedfor theloadin theimm_asffield if i = 0, orin the ASI registerif i = 1. The
accesss privilegedif 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[rs]] + sign_
ext(simml13”if i = 1.

STFA, STDFA, and STQFA causea mem_address_not_aligned exceptionif the effective
memoryaddresss notword-alignedIf thefloating-pointunitis notenabledor thesource
registerrd (perFPRS.FERandPSTATE.PEF),or if the FPU s not presentstorefloating-
point into alternate space instructions causp atisabled exception.

STFA, STDFA, andSTQFA causea privileged_action exceptionif PSTATE.PRIV=0 and
bit 7 of the ASI is zero.
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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 SFARC-V8, somecompilersissuedsetsof single-precisiorstoreswhenthey could not deter-
minethatdouble-or quadvword operandsvereproperlyaligned.For SFARC-V9, sinceemulationof
misalignedstoreds expectedo befast,it is recommendethatcompilersissuesetsof single-preci-
sion storesonly whenthey 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

The STD instructionisdeprecatedt is provided only for compatibility with previ-
ousversionsof thearchitecturelt shouldnot be usedin nev SFARC-V9 software.
It is recommended that the STX instruction be used in its place.

Opcode op3 Operation
STB 000101 | Store Byte
STH 000110 | Store Halfword
STW 000100 | Store Wird
STX 001110 | Store Extended rd
STDP 000111 | Store Doubleord
Format (3):
11 rd op3 rsl i=0 — rs2
11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Suggested Assembly Language Syntax
stb regg, [address (synonymsstub , stsb )
sth regdg, [addres$ (synonymsstuh |, stsh )
stw regg, [address (synonymsst , stuw , stsw )
stx regdg, [addres$
std regq, [address
Description:

The storeintegerinstructions(exceptstoredoublavord) copy the whole extended(64-bit)
integer, the less-significanwword, the leastsignificanthalfword, or the leastsignificant
byte ofr[rd] into memory

The storedoublevord integer instruction(STD) copiestwo wordsfrom anr registerpair
into memory Theleastsignificant32 bits of the even-numbered registerarewritten into
memory at the effective addressand the leastsignificant32 bits of the following odd-
numbered registerarewritten into memoryat the “effective address 4 The leastsig-
nificantbit of therd field of a storedoublavord instructionis unusedcandshouldalwaysbe
setto zeroby software.An attemptto executea storedoublaevord instructionthatrefersto
a misaligned (odd-numberent) causes affiegal_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.

The effective addresdor theseinstructionsis “r[rs1] +r[rsZ” if i =0, or “r[rs]] + sign_
ext(simml13’if i = 1.
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A successfuktore (notably store extendedand store doublavord) instruction operates
atomically

STH causes mem_address_not_aligned exceptionif the effective addresss not halfword-
aligned.STW causesa mem_address_not_aligned exceptionif the effective addresss not
word-aligned.STX and STD causes mem_address_not_aligned exceptionif the effective
address is not doul®rd-aligned.

Programming Note:
STDis providedfor compatibilitywith SFARC-V8. It mayexecuteslonly on SFARC-V9 machines
becausef datapathandregisteraccesdifficulties. In someSPARC-V9 systemst may causea
trap to emulation code; therefore, STD should\maded.

If STD is emulated in softare, STX should be used in order to presatomicity

Compatibility Note:
The SRRRC-V8 ST instruction has been renamed STW iARBE-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

The STDA instructionis deprecatedit is provided only for compatibility with pre-
vious versionsof the architecturelt shouldnot be usedin nev SFARC-V9 soft-
ware. It is recommended that the STXA instruction be used in its place.

Opcode op3 Operation
STRAMAS! 010101 | Store Byte into Alternate space
STHAPAS! 010110 | Store Halfvord into Alternate space
STWAPASI 010100 | Store Wird into Alternate space
STXAPss! 011110 | Store Extended Wfd into Alternate space
STDAP-Psi | 010111 | Store Doubleord into Alternate space
Format (3):
11 rd op3 rsl i=0 imm_asi rs2
11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Suggested Assembly Language Syntax
stba regrg. [regaddi imm_asi (synonymsstuba , stsha )
stha regyg. [regaddi imm_asi (synonymsstuha , stsha )
stwa regyg. [regaddi imm_asi (synonymssta , stuwa , stswa )
stxa regyg. [regaddi imm_asi
stda regrg. [regaddi imm_asi
stba regrg. [reg_plus_imrh %asi (synonymsstuba , stsha )
stha regrg: [reg_plus_imrh %asi (synonymsstuha , stsha )
stwa regrg. [reg_plus_imrh %asi (synonymssta , stuwa , stswa )
stxa regrg: [reg_plus_imrh %asi
stda regrg. [reg_plus_imrh %asi
Description:

The store integer into alternatespaceinstructions(except store doublevord) copy the
whole extended(64-bit) integer, the less-significantvord, the least-significantalfword,
or the least-significant byte dfrd] into memory

The storedoublevord integerinstruction(STDA) copiestwo wordsfrom anr registerpair
into memory Theleast-significanB2 bits of the even-numbered registerarewritteninto
memory at the effective addressand the least-significanB2 bits of the following odd-
numbered registerarewritten into memoryat the “effective address 4 The leastsig-
nificantbit of therd field of a storedoublavord instructionis unusedandshouldalwaysbe
setto zeroby software.An attemptto executea storedoublaevord instructionthatrefersto
a misaligned (odd-numbered) causes atfiegal_instruction exception.
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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 alternatespacdnstructionscontaintheaddresspacddentifier (ASI) to be
usedfor the storein theimm_asifield if i = 0, or in the ASI registerif i = 1. Theaccesss
privileged if bit seven of the ASI is zero; otherwise,it is not privileged. The effective
addresdor theseinstructionss “r[rs1] + r[rs2” if i =0, or “r[rs]] +sign_et(simm13’ if
i=1.

A successfuktore (notably store extendedand store doublevord) instruction operates
atomically

STHA causesa mem_address_not_aligned exceptionif the effective addresss not half-
word-aligned STWA causes mem_address_not_aligned exceptionif the effective address
is not word-aligned.STXA and STDA causea mem_address_not_aligned exceptionif the
effective address is not doulterd-aligned.

A store integer into alternatespaceinstruction causesa privileged_action exception if
PSTATE.PRIV=0 and bit 7 of the ASl is zero.

Programming Note:
STDA is provided for compatibility with SFARC-V8. It may execute slowly on SFARC-V9
machinedbecaus®f datapathandregisteraccesdgifficulties.In someSFARC-V9 systemst may
cause a trap to emulation code; therefore, S$Bould be @oided.

If STDA is emulated in softare, STXA should be used in order to presextomicity

Compatibility Note:
The SRRC-V8 STA instruction is renamed STAMn SFARC-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 STR\)
data_access_exception
data_access_error

data_access_protection
data_access MMU_miss
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A.56 Subtract

Opcode op3 Operation

SUB 000100 | Subtract

SUBcc 010100 | Subtract and modify cs’

SUBC 001100 | Subtract with Carry

SUBCcc 011100 | Subtract with Carry and modify &’

Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Suggested Assembly Language Syntax
sub regsy, M€J_Or_imm regq
subcc r€Qys1, F€J_Or_imm regy
subc regsy, M€J_Or_imm regq
subccc r€Qys1, F€J_Or_imm regy
Description:

Theseinstructionscompute“r[rs1] —r[rsZ” if i =0, or “r[rs]1] —sign_et(simm13y’ if
i =1, and write the diérence inta[rd].

SUBCandSUBCcc(“SUBtractwith carry”) alsosubtractthe CCRregister’s 32-bit carry
(icc.0) bit; thatis, they compute“r[rs]] —r[rsZ —icc.c’ or “r[rs]] —sign_et(simm13 —
icc.c” and write the diference inta[rd].

SUBccand SUBCccmodify the integer conditioncodes(CCRicc and CCRxcq). 32-bit
overflow (CCRicc.v) occurson subtractionf bit 31 (the sign) of the operandgiffer and
bit 31 (the sign) of the differencediffers from r[rs1<31>. 64-bit overflov (CCRxccv)
occurson subtractionf bit 63 (the sign) of the operandgliffer andbit 63 (the sign) of the
difference difers fromr[rs1]<63>.

Programming Note:

A SUBccwith rd = 0 canbe usedto effect a signedor unsignednteger comparisonSeethe CMP
synthetic instruction in Appendix G.

Programming Note:
SUBCandSUBCccreadthe 32-bit conditioncodes’carrybit (CCRicc.c), notthe 64-bit condition
codes’ carry bit (CCRcc.c).

Compatibility Note:
SUBC and SUBCcc were named SUBX and SUBXcc, resgtytin SARC-V8.

Exceptions:
(none)
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A.57 Swap Register with Memor vy

The SWAP instructionis deprecatedit is providedonly for compatibility with pre-
vious versionsof the architecturelt shouldnot be usedin nev SFARC-V9 soft-
ware. It is recommendedhat the CASA (or CASXA) instructionbe usedin its
place.

Opcode op3 Operation
swapP 001111 | SWAP register with memory

Format (3):

11 rd op3 rsl i=0 — rs2

11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0

Suggested Assembly Language Syntax
swap [addresd, regyq

Description:

SWAP exchangeghelower 32 bits of r[rd] with the contentsof theword atthe addressed
memorylocation. The upper32 bits of r[rd] aresetto zero.The operationis performed
atomically thatis, without allowing interveninginterruptsor deferredraps.In a multipro-
cessorsystem,two or more processorsexecuting CASA, CASXA, SWAP, SWAPA,
LDSTUB, or LDSTUBA instructionsaddressingry or all of thesamedoublevord simul-
taneously are guaranteed t@eute them in an undefinedttserial order

The effective addresdor theseinstructionsis “r[rs1] + r[rsZ” if i =0, or “r[rs]] + sign_
ext(simm13’ if i = 1. This instructioncausesa mem_address_not_aligned exceptionif the
effective address is notavd-aligned.

The coherenceand atomicity of memory operationsbetweenprocessorand /O DMA
memory accesses are implementation-dependent (impl. dep #120).

Implementation Note:
SeelmplementatiorCharacteristicsof Current SFARC-V9-basedProducts,Revision 9.x, a docu-
mentavailablefrom SFARC Internationalfor informationon the presencef hardwaresupportfor
these instructions in thekious SRRC-V9 implementations.

Exceptions:
mem_address_not_aligned
data_access_exception
data_access_error
data_access_protection
data_access_ MMU_miss
async_data_error
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A.58 Swap Register with Alternate Space Memor vy

The SWAPA instructionis deprecatedit is provided only for compatibility with
previousversionsof thearchitecturelt shouldnotbeusedin nev SFARC-V9 soft-
ware. It is recommended that the CASXA instruction be used in its place.

Opcode op3 Operation
SWAPAD:-PAsl | 011111 | SWAP register with Alternate space memory

Format (3):

11 rd op3 rsl i=0 imm_asi rs2
11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0

Suggested Assembly Language Syntax
swapa [regaddd] imm_asj regqy
swapa [reg_plus_imrh %asi, reg.q

Description:

SWAPA exchangesthe lower 32 bits of r[rd] with the contentsof the word at the
addresseanemorylocation. The upper32 bits of r[rd] aresetto zero.The operationis
performedatomically thatis, without allowing interveninginterruptsor deferredtraps.In
a multiprocessorsystem,two or more processorexecuting CASA, CASXA, SWAP,
SWAPA, LDSTUB, or LDSTUBA instructionsaddressingry or all of the samedouble-
word simultaneously are guaranteedeaite them in an undefinedjttserial order

The SWAPA instructioncontainsthe addresspaceadentifier (ASI) to be usedfor theload
in theimm_asifield if i = 0, or in the ASI registerif i = 1. The accesss privilegedif bit
seven of the ASI is zero; otherwise,it is not privileged. The effective addresdor this
instruction is f[rs1] + r[rsZ” if i =0, or r[rs]] + sign_e&t(simm13"if i = 1.

This instructioncauses mem_address_not_aligned exceptionif the effective addresss not
word-alignedIt causes privileged_action exceptionif PSTATE.PRIV =0 andbit 7 of the
ASl is zero.

The coherenceand atomicity of memory operationsbetweenprocessorsand /0O DMA
memory accesses are implementation-dependent (impl. dep #120).

Implementation Note:
SeelmplementatiorCharacteristicsof Current SFARC-V9-basedProducts,Revision 9.x, a docu-
mentavailablefrom SFARC Internationalfor informationon the presencef hardwaresupportfor
this instruction in thearious SRRC-V9 implementations.
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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 Add

The TADDccTV instructionis deprecatedit is provided only for compatibility
with previousversionsof the architecturelt shouldnot be usedin nev SFARC-V9
software. It is recommendethat TADDcc followed by BPVS be usedin its place
(with instructions to s& the pre-ADDcc integer condition codes, if necessary).

Opcode op3 Operation
TADDcc 100000 Tagged Add and modify &’
TADDccTVP 100010 Tagged Add and modify c&’ or Tfap on Oerflow

Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Suggested Assembly Language Syntax
taddcc régrsy, F€Y_Or_imm regq
taddcctv regesy, r€g_or_imm regq
Description:

Theseinstructionscomputea sum that is “r[rs1] +r[rsZ” if i =0, or “r[rs]] + sign_
ext(simml13if i = 1.

TADDcc modifiestheintegerconditioncodeg(icc andxccg, andTADDccTV doessoalso,
if it does not trap.

A tag_overflow exceptionoccursif bit 1 or bit O of eitheroperands nonzeroor if theaddi-
tion generate82-bitarithmeticoverflow (i.e.,bothoperand$iave thesamevaluein bit 31,
and bit 31 of the sum is d&rent).

If TADDccTV causesa tag overflow, atag_overflow exceptionis generatedandr[rd] and
theintegerconditioncodesremainunchangedif a TADDccTV doesnot causeatagover-
flow, the sumis writteninto r[rd], andtheintegerconditioncodesareupdated CCRicc.v
is setto O to indicateno 32-bit overflow. If a TADDcc causes tag overflow, the 32-bit
overflow bit (CCRicc.V) is setto 1; if it doesnot causea tag overflow, CCRicc.v is
cleared.

In eithercase the remaininginteger conditioncodes(both the other CCRicc bits andall
the CCRxccbits) arealsoupdatedasthey would befor anormalADD instruction.In par-
ticular, the settingof the CCRxcc.vbit is not determinedby the tag overflow condition
(tag overflow is usedonly to setthe 32-bit overflow bit). CCRxccv is setonly basedon
the normal 64-bit arithemetioserflon condition, like a normal 64-bit add.
Compatibility Note:

TADDccTV traps basedon the 32-bit overflov condition, just asin SFARC-V8. Although the

tagged-addnstructionssetthe 64-bit conditioncodesCCRxcg, thereis no form of theinstruction
that traps the 64-bitverflov condition.

Exceptions:
tag_overflow (TADDccTV only)
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A.60 Tagged Subtract

TheTSUBccTVinstructionis deprecatedit is providedonly for compatibilitywith
previousversionsof thearchitecturelt shouldnotbe usedin nev SFARC-V9 soft-
ware.lt is recommendethat TSUBccfollowedby BPVSbeusedin its place(with
instructions to s& the pre-TSUBcc inger condition codes, if necessary).

Opcode op3 Operation
TSUBcc 100001 | Tagged Subtract and modify sc’
TSUBccTWP 100011 | Tagged Subtract and modify scor Tap on Oerflov

Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Suggested Assembly Language Syntax
tsubcc regrsy, F€9_Or_imm regyqy
tsubcctv regrsy, €J_Or_imm regyy
Description:

Theseinstructionscompute“r[rs1] —r[rsZ” if i =0, or “r[rs]] — sign_et(simm13” if
i=1.

TSUBccmodifiestheinteger conditioncodes(icc andxcc); TSUBccTV alsomodifiesthe
integer condition codes, if it does not trap.

A tagoverflow occursif bit 1 or bit O of eitheroperands nonzero,or if the subtraction
generate82-bit arithmeticoverflow; thatis, the operandsave differentvaluesin bit 31
(the 32-bit sign bit) andthe sign of the 32-bit differencein bit 31 differs from bit 31 of

r[rsi].

If TSUBCcCTV causesa tag overflow, a tag_overflow exceptionis generatecandr[rd] and
theintegerconditioncodesremainunchangedlf a TSUBccTV doesnot causea tagover-
flow condition, the differenceis written into r[rd], and the integer condition codesare
updated.CCRicc.vis setto 0 to indicateno 32-bit overflow. If a TSUBcc causesa tag
overflow, the 32-bit overflow bit (CCRicc.V) is setto 1; if it doesnot causeatagoverflow,
CCRIicc.vis cleared.

In eithercase the remaininginteger conditioncodes(both the other CCRicc bits andall
the CCRxcc bits) arealsoupdatedasthey would be for a normalsubtractinstruction.In
particular the settingof the CCR xcc.vbit is not determinedy thetagoverflow condition
(tagoverflow is usedonly to setthe 32-bit overflow bit). CCRxccv is setonly basedon
the normal 64-bit arithemetioserflonv condition, like a normal 64-bit subtract.



A.60 Tagged Subtract 239

Compatibility Note:
TSUBccTV trapsare basedon the 32-bit overflowv condition,just asin SFARC-V8. Althoughthe
tagged-subtradhstructionssetthe 64-bit conditioncodesCCR xcg, thereis no form of theinstruc-
tion that traps on 64-bitverflow.

Exceptions:
tag_overflow (TSUBcCTV only)
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A.61 Trap on Integ er Condition Codes (Tcc)

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 4
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 (Cor 2
TCC 111010| 1101 | TraponCarryClear(Greatetthanor Equal,Unsigned not C
TCS 111010| 0101 | Trap on Carry Set (Less Than, Unsigned) C
TPOS |111010| 1110 | Trap on Positie or zero not N
TNEG |111010| 0110 | Trap on Neative N
TVC 111010| 1111 | Trap on Oerflow Clear not vV
TVS 111010| 0111 | Trap on Oerflow Set \%
Format (4):
10 |— cond op3 rsl i=0|cclicco — rs2
10 |— cond op3 rsl i=1|cclicco — sw_trap_#
3130 29 28 25 24 19 18 1413 12 11 10 7 65 4 0
ccl [] ccO | Condition codes
00 icc
01 —
10 Xcc
11 —
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Suggested Assembly Language Syntax
ta i_or_x_cc, softwag_trap_number
tn i_or_x_cc, softwag_trap_number
tne i_or_x_cc, softwag_trap_number (synonymtnz )
te i_or_x_cc, softwag_trap_number (synonymtz )
tg i_or_x_cc, softwag_trap_number
tle i_or_x_cc, softwag_trap_number
tge i_or_x_cc, softwag_trap_number
tl i_or_x_cc, softwag_trap_number
tgu i_or_x_cc, softwag_trap_number
tleu i_or_x_cc, softwag_trap_number
tcc i_or_x_cc, softwag_trap_number (synonymtgeu )
tcs i_or_x_cc, softwag_trap_number (synonymtlu )
tpos i_or_x_cc, softwag_trap_number
tneg i_or_x_cc, softwag_trap_number
tvc i_or_x_cc, softwag_trap_number
tvs i_or_x_cc, softwag_trap_number

Description:

TheTccinstructionevaluategheselectedntegerconditioncodeg(icc or xcc) accordingo
the condfield of theinstruction,producingeithera TRUE or FALSE result.If TRUE and
no higherpriority exceptionsor interrupt requestsare pending,then a trap_instruction
exceptionis generatedIf FALSE, a trap_instruction exception doesnot occur and the
instruction behees like a NOP

The software trap number is specified by the least significant seven bits of
“r[rs1] +r[rs2” if i =0, or theleastsignificantsevenbits of “r[rs1] + sw_tap_# if i = 1.

Wheni =1, bits 7 through10 areresered andshouldbe suppliedas zerosby software.
When i =0, bits 5 through 10 are reserned, and the most significant 57 bits of
“r[rs]] + r[rs2” are unused, and both should be supplied as zeros byaseftw

Description (Effect on Privileged State):

If atrap_instruction traps,256 plusthe softwaretrap numberis writteninto TT[TL]. Then
thetrapis taken,andthe processoperformsthe normaltrapentry procedureasdescribed
in Chapter 7, “Taps.

Programming Note:
Tcc canbe usedto implementbreakpointingtracing,andcalls to supervisorsoftware.It canalso
be used for run-time checks, such as out-of-range arrayesgdatger overflow, etc.

Compatibility Note:
Tccis upward compatiblewith the SFARC-V8 Ticc instruction,with onequalification:a Ticc with
i =1 andsimm13< 0 may executedifferently on a SFARC-V9 processarUseof thei = 1 form of
Ticc is believedto berarein SFARC-V8 software,andsimm13< 0 is probablynot usedat all, soit
is believed that, in practice, full softave compatibillity will be achieed.

Exceptions:
trap_instruction
illegal_instruction (ccl [] ccO= 01, or 1L)
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A.62 Write Privileg ed Register

Opcode op3 Operation
WRPR’ 110010 | Write Privileged Reister
Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4
rd Privileged register
0 TPC
1 TNPC
2 TSTATE
3 TT
4 TICK
5 TBA
6 PSTATE
7 TL
8 PIL
9 CwWP
10 CANSAVE
11 CANRESTORE
12 CLEANWIN
13 OTHERWIN
14 WSTATE
15..31 | Reserved
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Suggested Assembly Language Syntax
wrpr regesy, eg_or_imm %tpc
wrpr regrsy, F€9_or_imm %tnpc
wrpr regesy, eg_or_imm Y%itstate
wrpr regrsy, F€g_or_imm 9%ott
wrpr regrsy, reg_or_imm %tick
wrpr regrsy, F€g_or_imm %tba
wrpr regesy, eg_or_imm %pstate
wrpr regrsy, Feg_or_imm %itl
wrpr regrsy, reg_or_imm %pil
wrpr regrsy, F€g_Or_imm %cwp
wrpr regsy, €g_or_imm %cansave
wrpr regrs1, F€J_Or_imm %canrestore
wrpr regrsy, reg_or_imm %cleanwin
wrpr regrsy, F€g_or_imm %otherwin
wrpr regesy, eg_or_imm %wstate

Description:

This instruction storesthe value “r[rs1] xor r[rsZ” if i =0, or “r[rs] xor sign_
ext(simm13’ if i =1 to the writable fields of the specifiedprivileged stateregister Note
the eclusive-or operation.

Therdfield in theinstructiondetermineshe privilegedregisterthatis written. Thereareat
leastfour copiesof the TPC, TNPC, TT, andTSTATE registers,onefor eachtraplevel. A
write to oneof theseregisterssetstheregisterindexed by the currentvaluein thetraplevel
register(TL). A write to TPC, TNPC, TT, or TSTATE whenthetraplevel is zero(TL = 0)
causes aifflegal_instruction exception.

A WRPRof TL doesnot causea trap or returnfrom trap; it doesnot alter ary other
machine state.
Programming Note:

A WRPRof TL can be usedto readthe valuesof TPC, TNPC, and TSTATE for ary trap level,
however, care must be tak that traps do not occur while the Thister is modified.

The WRPRinstructionis a nondelayed-writanstruction.Theinstructionimmediatelyfol-
lowing the WRPR obsees aly changes made to processor state made by the WRPR.

WRPR instructionswith rd in the range15..31 are resered for future versionsof the
architecturepxecutinga WRPRinstructionwith rd in thatrangecausesanillegal_instruc-
tion exception.
Programming Note:
On animplementatiorthat providesa floating-pointqueue supervisosoftwareshouldbe aware of
the stateof the FQ beforedisablingthefloating-pointunit (changingPSTATE.PEFfrom 1 to O with
aWRPRIinstruction)(impl. dep.#24). Typically, supervisosoftwareensureshatthe FQ is empty
(FSRgne= 0) before disabling the floating-point unit.

Exceptions:
privileged_opcode
illegal_instruction ((rd = 15..31) or (¢d < 3) and (TL=0)))
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TheWRY instructionis deprecatedt is providedonly for compatibilitywith previ-
ousversionsof thearchitecturelt shouldnot be usedin nev SFARC-V9 software.
It is recommended that all instructions which reference theyigter be woided.

Opcode op3 rd Operation
WRYP 110000 0 Write Y register
— 110000 1 Reserved
WRCCR 110000 2 Write Condition Codes Ryster
WRASI 110000 3 Write ASI register
WRASR™ SR | 110000 4,5 Write Ancillary State Rgister ¢eservedl
WRFPRS 110000 6 Write Floating-Point Rgisters Status gister
WRASR™ SR | 110000 7.14 Write Ancillary State Rgister ¢eservedl
See trt 110000 15 See trt
WRASR™ SR | 110000 16..31 Implementation-depende(impl. dep. #48)
Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0

Suggested Assembly Language Syntax
wr regrsy, reg_or_imm %y
wr régys1, reg_or_imm Yoccr
wr regrsy, eg_or_imm %asi
Wr  reggy, reg_or_imm %fprs
wr regesy, €g_or_imm asr_reg,y t
T Syntax for WRASR with rd=16..31 magny (impl. dep. #48)

Description:

WRY, WRCCR,WRFPRS,and WRASI storesthe value“r[rs1] xor r[rs2” if i =0, or
“r[rs]] xor sign_et(simm13” if i = 1, to thewritablefields of the specifiedstateregister
Note the &clusive-or operation.

NotethatWRY, WRCCR,WRASI, WRFPRS andWRASR aredistinguishednly by the
rd field.

WRASRwritesavalueto theancillary stateregister(ASR) indicatedby rd. Theoperation
performedto generatehe value written may be rd-dependentr implementation-depen-
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dent(seebelow). A WRASR instructionis indicatedby op= 2,4, rd=4, 5, or 2 7 and
op3= 306

An instructionwith op = 2,5 0p3=30,, rd=15,rs1=0, andi =1 is definedasa SIR
instruction.SeeA.50, “Software-InitiatedReset. Whenop = 2,5 0p3= 30,4 andrd = 15,
if eitherrs1#0 ori#1, then arilegal_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.

Seel.1.1, “Read/Write Ancillary StateRegisters(ASRs); for a discussionof extending
the SRRC-V9 instruction set using read/write ASR instructions

The WRY, WRCCR,WRFPRS,and WRASI instructionsare not delayed-writeinstruc-
tions. The instructionimmediatelyfollowing a WRY, WRCCR, WRFPRS,or WRASI
obseres the n& value of the Y, CCR, FPRS, or ASkister

WRFPRSwaits for ary pendingfloating-pointoperationgo completebeforewriting the
FPRS rgister

Implementation Note:
Ancillary stateregistersmay include (for example)timer, counter diagnostic,self-test,andtrap-
control registers.SeelmplementatiorCharacteristicsof Current SFARC-V9-baseéroducts,Revi-
sion 9.x, adocumentavailablefrom SRARC International for informationon ancillary stateregis-
ters provided by specific implementations.

Compatibility Note:
The SFARC-V8 WRIER, WRPSR WRWIM, andWRTBR instructionsdo not existin SFARC-V9,
since the IER, PSR, TBR, and WIMgisters do notxast in SARC-V9.

Exceptions:
privileged_opcode (WRASR only; implementation-dependent (impl. dep. #48))
illegal_instruction (WRASR with rd=16..31 and the implementationdoes not
definethe instructionas an extension;implementation-dependeimpl. dep.
#48),or WRASRwith rd equalto 1, 4, 5, or in therange7..14), WRASRwith
rd equal to 15 ands1#0 ori#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-dependencieshis appendixspecifieschoicesfor theseimplementation-dependen-
cies, to ensure that BRC-V9 implementations are as consistent as possible.

B.1 Traps Inhibit Results

As describedn 5.1.7,“Floating-PointStateRegister(FSR); andelsavhere ,whenafloat-
ing-point trap occurs:

— The destination floating-pointgester(s) (thd registers) are unchanged.
— The floating-point condition codefe€0, fccl, fcc2, andfccd) are unchanged.
— The FSRaexc (accrued xceptions) field is unchanged.

— The FSRcexc (current exceptions) field is unchanged except for
IEEE_754_exceptions; in that case,cexc containsa bit setto “1” correspondingo
the exception that caused the trap. Only one bit shall be sekm

Instructionscausinganfp_exception_other trap dueto unfinishedor unimplemented~Pops
executeasif by hardware;thatis, atrapis undetectabléy usersoftware,exceptthattim-
ing may be affected. A usermode trap handler invoked for an IEEE_754_exception,
whetherasa directresultof a hardwarefp_exception_ieee_754 trap or asanindirectresult
of supervisomandlingof an unfinished_FPop or unimplemented_FPop, canrely on the fol-
lowing:

— The address of the instruction that caused xcemion will be gailable to it.

— The destinationfloating-pointregister(s)are unchangedrom their stateprior to
that instructiors execution.

— The floating-point condition code&¢O, fccl, fcc2, andfcc3) are unchanged.
— The FSRaexcfield is unchanged.

— TheFSRcexcfield containsexactly onebit setto 1, correspondingo theexception
that caused the trap.

— The FSRItt, gne andreservedields are zero.

Supervisorsoftwareis responsibldgor enforcingtheserequirementsf the hardwaretrap
mechanism does not.

247



248 B IEEE Std 754-1985 Requirements for SPARC-V9

B.2 NaN Operand and Result Definitions

An untrappedloating-pointresultcanbein aformatthatis eitherthe sameas,or different
from, the format of the source operands. Thesedases are described separatelyvaelo

B.2.1 Untrapped Result in Diff erent Format fr om Operands

F[sdq]TO[sdq] with a quiet NaN operand
No exceptioncausedresultis aquietNaN. The operands transformedasfollows:

NaN transformation: The mostsignificantbits of the operandractionarecopied
to the mostsignificantbits of the resultfraction. When corverting to a narraver
format,excesdow-orderbits of the operandractionarediscardedWhencorvert-
ing to a wider format, excesslow-orderbits of the resultfractionaresetto 0. The
quietbit (the mostsignificantbit of the resultfraction)is alwayssetto 1, sothe
NaN transformatioralwaysproducesa quietNaN. The signbit is copiedfrom the
operand to the result without modification.

F[sdq]TO[sdq] with a signaling NaN operand
Invalid exception;resultis the signaling NaN operandprocessedoy 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 hut 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 the quietNaN
with sign= zero,exponent= all ones,andfraction= all ones.The signis 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 the signalingNaN with its quietbit (mostsignificantbit

of fraction field) set to 1.

Two operands, both quiet NaNs
No exception; result is thes2 (second source) operand.

Two operands, both signaling NaNs
Invalid exception; result is thes2 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 NaNh means that the NaN is imgQ means quiet, S signaling.

Table 27—Untrapped Floating-Rint Results

rs2 operand
Number QNaN2 SNaN2
None IEEE 754 QNaN2 QSNaN2
rsi Number IEEE 754 QNaN2 QSNaN2
operand QNaN1 QNaN1 QNaN2 QSNaN2
SNaN1 QSNaN1 QSNaN1 QSNaN2

QSNaMN meansa quiet NaN producedby the NaN transformation on a signalingNaN
from rsn; theinvalid exceptionis alwaysindicated.The QNaNn 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)

Underflav occursif theexactunroundedesulthasmagnitudebetweerzeroandthesmall-
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 trappedunderflavs
andoverflovs in IEEE 754 areirrelevantto SFARC-V9 at the hardware and supervisor
softwarelevels;if they arecreatedatall, it would be by usersoftwarein a usermodetrap
handler

B.4 Untrapped Underflo w Definition (UFM = 0)

Underflov occursif theexactunroundedesulthasmagnitudebetweerzeroandthesmall-
estnormalizednumberin the destinationformat, and the correctlyroundedresultin the
destination format is in@ct.

Table 28 summarizes what happens whenxantenrounded valueu satisfying
0 < |u| < smallest normalized number

would round,if notrapintervened o aroundedvaluer which mightbezero,subnormal,
or thesmallesinormalizedvalue.“UF” meansaunderflav trap (with ufc setin cexc), “NX”
meangnexacttrap (with nxc setin cexc), “uf” meanauntrappedinderflav exception(with
ufc setin cexcandufain aexc), and“nx” meansuntrappednexactexception(with nxc set
in cexc and nxa imexc).
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B.5

Table 28—Untrapped Floating-Rint Underflow

Underflow trap: UFM =1 UFM =0 UFM =0
Inexact trap: NXM =72 NXM =1 NXM =0

r is minimum normal None None None
u=r r is subnormal UF None None
ris zero None None None

r is minimum normal urt NX uf nx
u#zr | rissubnormal UF NX uf nx
r is zero UF NX uf nx

TIf tininessis detectedafter roundingandNXM =1, thenNX, otherwise”Noné€
(impl. dep. #55).

Integ er Overflo w Definition

F[sdq]TOi:

Whena NaN, infinity, large positve agument> 2147483648.0¢r large negative
arguments —2147483649.06s corvertedto aninteger, theinvalid_currentnvc) bit
of FSRcexc shouldbe setandfp_exception _IEEE_754 shouldberaised.If thefloat-
ing-point invalid trap is disabled(FSR.TEM.NVM = 0), no trap occursand a
numericalresult is generatedif the sign bit of the operandis O, the resultis
2147483647; if the sign bit of the operand is 1, the result is —2147483648.

F[sdq]TOx:

Whena NaN, infinity, large positive argument= 283, or large negative argument<
—(23+ 1), is convertedto an extendedinteger, the invalid_current(nvc) bit of
FSRcexc shouldbe setandfp_exception IEEE_754 shouldbe raised.If the float-
ing-point invalid trap is disabled(FSR.TEM.NVM = 0), no trap occursand a
numericalresultis generatedif thesignbit of theoperands 0, theresultis 263 —1;
if the sign bit of the operand is 1, the result i$-2

B.6 Floating-P oint Nonstandar d Mode

SFARC-V9 implementationsare permittedbut not encouragedo deviate from IEEE Std
754-1985requirementsvhenthe nonstandardnode(NS) bit of the FSRis set(impl. dep.

#18).
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This appendixprovidesa summaryof all implementatiordependencies the SFARC-V9
standardThenotation“IMPL. DEP. #nn:” is usedto identify thedefinitionof animplemen-
tation dependeng the notation“(impl. dep.#nn)” is usedto identify a referenceto an
implementation dependeycl'he numbenn provides an inde into table29 on page 253.

SFARC Internationalmaintainsa document,mplementationCharacteristicsof Current
SFARC-V9-basedProducts,Revision 9.x, which describeghe implementation-dependent
designfeaturesof SFARC-V9-compliantimplementationsContactSFARC International
for this document at

SRARC International
535 Middlefield Rd, Suite 210
Menlo Rark, CA 94025
(415) 321-8692

C.1 Definition of an Implementation Dependenc vy

The SFARC-V9 architectureis a model that specifiesunambiguouslythe behaior
obsenedby software on SFARC-V9 systemsThereforejt doesnot necessarilydescribe
the operation of theardware of ary actual implementation.

An implementations not requiredto executeevery instructionin hardware.An attemptto
executea SFARC-V9 instructionthat is not implementedn hardware generates trap.
Whetheran instructionis implementeddirectly by hardware, simulatedby software, or
emulated by firmare is implementation-dependent (impl. dep. #1).

The two levels of SFARC-V9 complianceare describedin 1.2.6,“SPARC-V9 Compli-
ance.

Someelementf thearchitecturearedefinedto beimplementation-dependeritheseele-
mentsinclude certain registers and operationsthat may vary from implementationto
implementation, and areglicitly identified as such in thisppendix

Implementatiorelementgsuchasinstructionsor registers)thatappeain animplementa-
tion but arenot definedin this documen{or its updateshrenot consideredo be SFARC-
V9 elements of that implementation.

C.2 Hardware Characteristics

Hardwarecharacteristicshatdo not affect the behaior obseredby softwareon SFARC-
V9 systemsare not consideredarchitecturalimplementationdependenciesA hardware
characteristieanay be relevantto the usersystemdesign(for example,the speedof execu-
tion of aninstruction)or may betransparento the user(for example,the methodusedfor
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achieving cacheconsisteng). The SFARC Internationaldocument)mplementatiorChar-
acteristicsof Current SFARC-V9-basedProducts,Revision 9.x, provides a usefullist of
thesehardware characteristicsalong with the list of implementation-dependelesign
features of SRRC-V9-compliant implementations.

In general, hardare characteristics deal with
— Instruction &ecution speed
— Whether instructions are implemented in haadsw

— Thenatureanddegreeof concurreng of the varioushardware units comprisinga
SFARC-V9 implementation.

C.3 Implementation Dependenc Yy Categories

Many of the implementatiordependenciesanbe groupedinto four cateyories,abbrevi-
ated by their first letters throughout thispendix

Value (v).
Thesemantic®f anarchitecturafeaturearewell-defined exceptthatavalueasso-
ciatedwith it maydiffer acrossmplementationsA typical exampleis the number
of implemented rgister windavs (Implementation dependsgng?2).

Assigned \alue (a)
Thesemantic®f anarchitecturafeaturearewell-defined exceptthatavalueasso-
ciatedwith it may differ acrossmplementationsandthe actualvalueis assigned
by SFARC International.Typical examplesare the impl field of Versionregister
(VER) (Implemententatiodependeng #13) andthe FSRver field (Implementa-
tion dependenc#19).

Functional Choice (f}
The SFARC-V9 architectureallows implementordo chooseamongseveral possi-
ble semanticgelatedto an architecturaffunction. A typical exampleis the treat-
ment of a catastrophicerror exception,which may causeeither a deferredor a
disrupting trap (Implementation dependg#81).

Total Unit (t):
Theexistenceof thearchitecturalnit or functionis recognizedbut detailsareleft
to eachimplementation Examplesinclude the handlingof 1/0O registers(Imple-
mentationdependeng #7) and some alternateaddressspaces(lImplementation
dependenc#29).

C.4 List of Implementation Dependencies

Table29 providesa completelist of theimplementatiordependenciem the architecture,
the definition of each,andreferencedo the pagenumbersn the standardvhereeachis
definedor referencedMost implementationdependenciesccur becauseof the address
spaces|/O registers,registers(including ASRs), the type of trappingusedfor an excep-
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tion, the handlingof errors,or miscellaneousion-SRARC-V9-architecturaunits suchas
the MMU or caches (which fafct the FLUSH instruction).

Table 29—Implementation Dependencies

Def/ Ref I
Number| Category page # Description
1 f 8, 251 Software emulation of instructions
Whetheraninstructionis implementedirectly by hardware,sim-
ulated by software, or emulatedby firmware is implementation}
dependent.
2 v 15, 30, 32,58 |Number of IU registers
An implementatiorof thelU may containfrom 64 to 528 general
purpose64-bit r registers.This corresponddo 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-dependerihe total numberof
registers is also implementation-dependent.
3 f 85 Incorr ect IEEE Std 754-1985 esults
An implementationmay indicatethat a floating-pointinstructior
did not producea correctlEEE Std 754-1985resultby generating
a specialfloating-pointunfinishedor unimplementeaxception.In
this case privilegedmodesoftwareshallemulateary functionality|
not present in the hardwe.
4-5 — — Resered
6 f 18, 121 I/O registers privileged status
Whetherl/O registerscan be accessedby nonpriileged codeis
implementation-dependent.
7 t 18 121 I/O r egister definitions
The contentsand addresse®f 1/O registersare implementation
dependent.
8 t 20, 30, 35, 60,|RDASR/WRASR target registers
214, 215, 245,| Software can useread/writeancillary stateregisterinstructionsto
256, 256  |read/write implementation-dependemirocessorregisters (ASRS
16-31).
9 f 20, 36, 60, 245,RDASR/WRASR privileged status
256, 256 |Whethereachof the implementation-dependen¢ad/writeancil-
lary stateregisterinstructions(for ASRs 16-31) is privileged is
implementation-dependent.
10-12 — — Resered
13 a 57 VER.impl
VER.impl uniquelyidentifiesan implementationor classof soft-
ware-compatibleimplementationsof the architecture. Valueg
FFFO .. FFFF g arereseredandarenot availablefor assignment.
14-15 — — Resered
16 t 30 IU deferred-trap queue
The existence, contents,and operationof an IU deferred-trap
queueareimplementation-dependetit;is not visible to userappli-
cation programs under normal operating conditions.
17 — — Resered




254

C SPARC-V9 Implementation Dependencies

Table 29—Implementation DependenciesContinued

Number

Category

Def/Ref
page #

Description

18

f

44, 250

Nonstandard IEEE 754-1985 esults

Bit 22 of the FSR, FSR_nonstandard_ffNS), when setto 1,
causesthe FPU to produceimplementation-definedesults that
may not correspond to IEEE Standard 754-1985.

19

45

FPU version, FSR.\er
Bits 19:170of the FSR,FSRver, identify oneor moreimplementat
tions of the FPU architecture.

20-21

Resered

22

50

FPU TEM, cexc, and aexc

An implementatiormay chooseto implementthe TEM, cexc, and
aexc fields in hardware in either of two ways (see5.1.7.11for
details).

23

61, 115, 115

Floating-point traps
Floating-pointtraps may be preciseor deferred.If deferred,a
floating-point deferred-trap queue (FQ) must be present.

24

30, 212

FPU deferred-trap queue (FQ)
The presencecontentsof, and operationson the floating-point
deferred-trap queue (FQ) are implementation-dependent.

25

47,212, 213,
213

RDPR of FQ with nonexistent FQ

On implementationsvithout a floating-pointqueue an attemptto
readthe FQ with anRDPRinstructionshallcauseeitheranillegal _
instruction exception or an fp_exception_other exception with
FSRftt set to 4 fequence_error).

26-28

Resered

29

18,74, 75

Address space identifier (ASI) definitions

The following ASI assignmentsare implementation-depende
restricted ASIs 0016"0316’ 0516"0816' ODlG"OFlG’ 1216"1716’
and 1A..7F g and unrestricted ASIs Gf.. FF6.

30

74

ASI address decoding

An implementatiormay 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_PRIMAR, ASI_AS_IF_USER_PRIMAR_LITTLE,
ASI_PRIMARY_NOFAULT, ASI_PRIMARY_NOFAULT_LITTLE,
ASI_SECONIARY, ASI_SECONDARY_LITTLE, ASI_AS_IF_USER|
SECONDARY, ASI_AS_IF_USER_SECONBRY_LITTLE, ASI_
SECONDARY_NOFAULT, and ASI_SECONDARY_NOFAULT_LIT-
TLE. If ASI_NUCLEUSandASI_NUCLEUS_LITTLE are supported
(impl. dep.#124),they mustbe decodedalso. Finally, animple-
mentation must always decode ASI bit<7> while
PSTATE.PRIV =0, sothat an attemptby nonpriileged software]
to accessa restrictedASI will always causea privileged_action
exception.

31

90, 93,114,115,
115

Catastrophic error exceptions

The causesandeffectsof catastrophierror exceptionsareimple-
mentation-dependent.hey may causeprecise,deferred,or dis-
rupting traps.
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Table 29—Implementation DependenciesContinued

Number

Category

Def/Ref
page #

Description

32

t

96

Deferred traps
Whetherary deferredtraps(andassociatedieferred-trapueues
are present is implementation-dependent.

33

98, 114, 114,
114, 114, 115,
116

Trap precision

Exceptionsthat occurasthe resultof programexecutionmay be
preciseor deferred,althoughit is recommendedhat suchexcep-
tionsbe precise Examplesncludemem_address_not_aligned and
division_by_zero.

34

100

Interrupt clearing
How quickly a processorespondgo aninterruptrequestandthe

methodby which aninterruptrequesis removed areimplementat

tion-dependent.

35

93, 102, 103,
104 113, 115

Implementation-dependent traps

Traptype (TT) values060,g..07F; g areresened for implementaf

tion-dependentexceptions. The existence of implementation_
dependent_n traps and whetherary that do exist are precise
deferred, or disrupting is implementation-dependent.

36

104

Trap priorities

The priorities of particulartrapsarerelatve andareimplementat

tion-dependentbecausea future versionof the architecturemay

define new traps, and implementationamay define implementat

tion-dependent traps that establiskwmelative priorities.

37

97

Reset trap

Someof a processos behaior duringaresettrapis implementat

tion-dependent.

38

108

Effect of reset trap on implementation-dependenteqgisters
Implementation-dependemggistersmay or may not be affected
by the \arious reset traps.

39

94

Entering error_state on implementation-dependent ewrs
The processormay enter error_statewhen an implementation
dependent error condition occurs.

40

94

Err or_state processor state

What occursafter error_statas entereds implementation-depe
dent,but it is recommendethatasmuchprocessostateaspossi-
ble be preserd upon entry to error_state.

41

Resered

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

Resered

44

174 177

Data access FPU trap

If aload floating-pointinstructiontrapswith ary type of acces
errorexception,the contentf thedestinatiorfloating-pointregis-
ter(s) either remain unchanged or are undefined.

45 - 46

Resered

U7
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47

t

214,215 215,
215

RDASR

RDASR instructionswith rd in the rangel6..31 are available for
implementation-dependenses(impl. dep.#8). ForanRDASR
instructionwith rslin the rangel6..31, the following areimple-
mentation-dependenthe interpretationof bits 13:0 and 29:25in
the instruction, whetherthe instructionis privileged (impl. dep
#9), and whether it causesifi¢gal_instruction trap.

48

244, 244, 245,
245, 245

WRASR

WRASR instructionswith rd in therangel6..31 areavailablefor
implementation-dependenises(impl. dep. #8). For a WRASR
instruction with rd in the range16..31, the following are imple-
mentation-dependentheinterpretatiorof bits 18:0in theinstrucH
tion, the operation(sperformed(for example,xor) to generatehe
value written to the ASR, whetherthe instructionis privileged
(impl. dep. #9), and whether it causesliagal_instruction trap.

49-54

Resered

55

49, 49,249 250

Floating-point underflow detection

Whether'tininess"(in IEEE 754 terms)is detectedoeforeor after
rounding is implementation-dependentt is recommendedhat|
tininess be detected before rounding.

56-100

Resered

101

21,54, 55, 55,
56, 57

Maximum trap level
It isimplementation-dependehtw mary additionallevels,if ary,
past leel 4 are supported.

102

114

Clean windows trap

An implementationmay chooseeither to implementautomatiq
“cleaning” of registerwindows in hardware,or generatea clean_
window trap, whenneededfor window(s) to be cleanedby soft-
ware.

103

206, 206, 207,
207, 207, 209,
210

Prefetch instructions

The following aspectsof the PREFETCH and PREFETCHA
instructionsareimplementation-depender(tt) whetherthey have
anobsenableeffectin privilegedcode;(2) whetherthey cancausé
a data_access_MMU_miss exception; (3) the attributes of the
block of memoryprefetchedits size(minimum= 64 bytes)andits
alignment(minimum = 64-bytealignment);(4) whethereachvari-
antis implementedasa NOR with its full semanticsor with com-
mon-caseprefetchingsemantics;(5) whetherand how variantg
16..31 are implemented.

104

57

VER.manuf

VER.manufcontainsa 16-bit semiconductomanufcturercode
Thisfield is optional,andif not presenreadsaszero.VER.manulf
may indicate the original supplier of a second-sourceahip in
casesnvolving mask-level second-sourcingt is intendedthatthe
contentof VER.manuftrackthe JEDECsemiconductomanugc-
turercodeascloselyaspossiblelf themanufcturerdoesnothave
a JEDECsemiconductomanufcturercode, SFARC Internationa
will assign a VERmanufvalue.
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105

f

51

TICK r egister

The differencebetweernthe valuesreadfrom the TICK registeron
two readsshouldreflectthe numberof processorycles executed
betweerthereadslf anaccuratecountcannotalwaysbereturned
ary inaccurag should be small, bounded,and documentedAn
implementation may implement fewer than 63 bits in
TICK.counter however, the counterasimplementedmustbe able
to countfor atleast10 yearswithout overfloving. Any upperbits
not implemented must read as zero.

106

85,171

IMPDEP n instructions

The IMPDEP1and IMPDEP2instructionsare completelyimple-
mentation-dependentmplementation-dependemtspectsinclude
their operation,the interpretationof bits 29:25and 18:0 in their
encodings, and which (if ghexceptions thg may cause.

107

179 179,181,
181

Unimplemented LDD trap
It is implementation-dependemwhether LDD and LDDA are
implementedn hardware.If not, anattemptto executeeitherwill
cause amnimplemented_LDD trap.

108

117,229, 230,
232 232

Unimplemented STD trap
It is implementation-dependenwhether STD and STDA are
implementedn hardware.If not, anattemptto executeeitherwill
cause amnimplemented_STD trap.

109

115,174 174,
177

LDDF_mem_address_not_aligned

LDDF andLDDFA requireonly word alignment.However, if the
effective addressis word-aligned but not doublevord-aligned
either may causean LDDF_mem_address_not_aligned trap, in
which casethe trap handlersoftware shall emulatethe LDDF (or
LDDFA) instruction and return.

110

116,226, 226,
228 228

STDF_mem_addess_not_aligned

STDFandSTDFA requireonly word alignmentin memory How-
ever, if the effective addresss word-alignedbut not doublevord-
aligned, either may caug an STDF_mem_address_not_aligned
trap, in which casethe trap handlersoftware shall emulatethe
STDF or STDR instruction and return.

111

116,174 174,
177

LDQF_mem_address_not_aligned

LDQF andLDQFA requireonly word alignment.However, if the
effective addresss 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

117,226, 226,
228 228

STQF_mem_addess_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 STQAR instruction and return.

113

52,119

Implemented memory models
Whetherthe Partial StoreOrder(PSO)or Relaxed Memory Order
(RMO) models are supported is implementation-dependent.




258 C SPARC-V9 Implementation Dependencies
Table 29—Implementation DependenciesContinued
Def/ Ref I
Number| Category page # Description
114 f 92 RED_state trap \ector address (RST\Addr)
The RED _statdrap vectoris locatedat animplementation-depe
dent address referred to as R&dur
115 f 92 RED_state processor state
What occursafterthe processoentersRED _statds implementat
tion-dependent.
116 f 223 SIR_enable contol flag
The location of the SIR_enablecontrol flag and the meansof
accessinghe SIR_enablecontrol flag are implementation-depe
dent. In some implementations, it may be permanently zero.
117 f 207,282 MMU disabled prefetch behaior
WhetherPrefetchandNon-faulting Load alwayssucceedvhenthe
MMU is disabled is implementation-dependent.
118 f 121 Identifying 1/O locations
The mannerin which I/O locationsare identified is implementat
tion-dependent.
119 f 53129 Unimplemented \alues br PSTATE.MM
The effect of writing an unimplementednemory-modedesignat
tion into PSATE.MM is implementation-dependent.
120 f 121, 130, 153, |Coherence and atomicity of memory operations
182, 187, 224,/ The coherenceand atomicity of memoryoperationdbetweenpro-
234,235 |cessorsand I/O DMA memory accessesare implementation
dependent.
121 f 121 Implementation-dependent memory model
An implementatiormay chooseto identify certainaddresseand
useanimplementation-dependentemorymodelfor referenceso
them.
122 f 131, 168, 168 |FLUSH latency
The lateny betweenthe executionof FLUSH on one processo
andthepoint atwhich the modifiedinstructionshave replacedut-
datedinstructionsin a multiprocessoris implementation-depe
dent.
123 f 18,121, 130 |Input/output (I/O) semantics
The semanticeffect of accessingnput/output(I/O) registersis
implementation-dependent.
124 % 75, 74,122 254|Implicit ASI when TL >0
WhenTL >0, theimplicit ASI for instructionfetchesoads,and
storesis implementation-dependenSee F.4.4, “Contexts; for
more information.
125 f 53,80,151,172,|Addr ess masking
215 WhenPSTATE.AM = 1, the value of the high-order32-bitsof the
PC transmittedto the specifieddestinationregister(s)by CALL,
JMPL, RDPC, and on a trap is implementation-dependent.
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126

\Y

58, 58, 59, 59,
59, 60

Register Windows State Registers With
PrivilegedregistersCWP, CANSAVE, CANRESTORE, OTHER-
WIN, and CLEANWIN contain values in the rangg
0.NWINDOWS-1. The effect of writing a value greaterthan
NWINDOWS-1to ary of theseregistersis undefined.Althouglhe
width of eachof thesefive registersis nominally 5 bits, the width
is implementation-dependent and shall be betweer
Hog,(NWINDOWS)and5 bits, inclusive. If fewer than5 bits aref
implementedthe unimplementedupper bits shall readas 0 and
writesto themshallhave no effect. All five registersshouldhave
the same width.

127

52,56

PSTATE PID bits
The presenceand semanticof PSTATE.PID1and PSTATE.PIDQ
areimplementation-dependeniThe presenceof TSTATE bits 19
and 18 is implementation-dependentlf PSTATE bit 11 (10) is
implemented,TSTATE bit 19 (18) shallbe implementedandcon-|
tain the stateof PSTATE bit 11 (10) from the previoustraplevel..
If PSTATE bit 11 (10) is not implemented,TSTATE bit 19 (18)
shallreadaszero.Softwareintendedo run on multipleimplemen
tationsshouldonly write thesebits to valuespreviously readfrom
PSTATE, or to zeroes.
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D Formal Specification of the Memor y Models

This appendixprovides a formal descriptionof the SFARC-V9 processos interaction
with memory Theformal descriptionis morecompleteandmoreprecisethanthe descrip-
tion of Chapter8, “Memory Models] andthereforerepresentshe definitive specification.
Implementationgnustconformto this model,andprogrammersnustusethis description
to resole ary ambiguity

This formal specifications not intendedto be a descriptionof an actualimplementation,
only to describén a preciseandrigorousfashionthe behaior thatary conformingimple-
mentation must prade.

D.1 Processor s and Memor y

Thesystemmodelconsistof a collectionof processors, Py,..P,,.1. Eachprocessoexe-
cutesits own instructionstream® Processorsnay shareaddresspaceandaccesgo real
memory and I/O locations.

To improve performanceprocessorsnay interposea cacheor cachesn the pathbetween
the processoandmemory For dataandl/O referencesgachesrerequiredto betranspar-
ent. Thememorymodelspecifieghefunctionalbehaior of theentirememorysubsystem,
which includesary form of caching.Implementationsnustuseappropriatecachecoher-

eng/ mechanisms to achie this transparegc

The SFARC-V9 memorymodelrequireshatall datareference$®e consistenbut doesnot
require that instructionreferencesor input/output referencese maintainedconsistent.
TheFLUSH instructionor anappropriateoperatingsystencall maybeusedto ensurehat
instructionanddataspacesareconsistentLik ewise, systemsoftwareis neededo manage
the consistencof I1/0 operations.

The memorymodelis alocal propertyof a processothatdetermineshe orderproperties
of memoryreferencesThe orderingpropertieshave globalimplicationswhenmemoryis
shared sincethe memorymodeldeterminesvhat datais visible to observingprocessors
and in what order Moreover, the operatve memory model of the observingprocessor
affects the apparent order of shared data reads and writes that itegbserv

1. Processorare equivalentto their software abstraction processesprovided that context switching is
properlyperformed.SeeAppendixJ, “ProgrammingWith the Memory Models; for anexampleof con-
text switch code.

2. Philip Bitar andAlvin M. Despain,‘MultiprocessorCacheSynchronizationtssues)nnovations,Evolu-
tion, Proc. 13th Annual International Symposiunon ComputerArchitectule, ComputerArchitecture
News 14:2, June 1986, pp.424-433.
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D.2 An Over view of the Memor y Model Specification

The underlyinggoal of the memorymodelis to placethe wealestpossibleconstraintson
the processommplementationgndto provide a precisespecificatiorof the possibleorder-
ings of memory operations so that shared-memory multiprocessors can be constructed.

An executiontrace is a sequencef instructionswith a specifiedinitial instruction.An
executiontraceconstituteonepossibleexecutionof a programandmay involve arbitrary
reorderingsandparallelexecutionof instructions A self-consisteniexecutiontraceis one
thatgeneratepreciselythe sameresultsasthoseproducedby a programorderexecution
trace.

A program order executiontrace is anexecutiontracethatbeginswith a specifiednitial
instructionand executesoneinstructionat a time in sucha fashionthat all the semantic
effectsof eachinstructiontake effect beforethe next instructionis begun. The execution
trace this process generates is defined tarbgram order.

A program is defined by the collection of all possible program ordecetion traces.

Dependenceorder is a partial orderon the instructionsin an executiontracethatis ade-
guateto ensurethat the executiontraceis self-consistentDependencerdercanbe con-
structedusingcorventionaldatadependencanalysigechniquesDependencerderholds
only betweeninstructionsin the instructiontraceof a single processorjnstructionsthat
are part of gecution traces on dérent processors arevez dependence-ordered.

Memory order is atotal orderon the memoryreferencenstructions(loads,stores,and
atomic load/storeswhich satisfiesthe dependencerderand, possibly otherordercon-
straintssuchasthoseintroducedimplicitly by the choiceof memorymodelor explicitly

by theappearancef memorybarrier(MEMBAR) instructionsin the executiontrace.The
existenceof a globalmemoryorderon the performanceof all storesimpliesthatmemory
access is write-atomft.

A memory model is a setof rulesthat constrainthe order of memoryreferencesThe
SFARC-V9 architecturesupportsthree memorymodels:total storeorder (TSO), partial
storeorder (PSO),andrelaxed memoryorder (RMO). The memorymodelsare defined
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 SFARC-V8 specificatioft remainsvalid for the defini-
tion of PSO and TSO, except for the FLUSH instruction, which has been modified
slightly.5 The SFARC-V9 architecturentroducesa nev memorymodel,RMO, which dif-
fersfrom TSOandPSOin thatit allows load operationdo bereorderedaslong assingle
thread programs remain self-consistent.

3. W.W. Collier, “ReasoningAbout Parallel Architectures” ,Prentice-Hall 1992 includesan excellentdis-
cussion of write-atomicity and related memory model topics.

4. PradeepSindhu,Jean-Mard-railong,and Michel Ceklov. “Formal Specificationof Memory Models]
Xerox Ralo Alto Research Center Report CSL-91-11, December.1991

5. In SFARC-V8, a FLUSH instructionneedsat leastfive instructionexecutioncyclesbeforeit is guaran-
teed to hee local efects; in SRRC-V9 this five-g/cle requirement has been rerad.
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D.3 Memory Transactions
D.3.1 Memory Transactions

A memory transaction is one of the follmg:

Store:
A requesby a processoto replacethe value of a specifiedmemorylocation.The
addressand new value areboundto the storetransactionvhenthe processoini-
tiatesthe storetransactionA storeis completewhenthenew valueis visible to all
processors in the system.

Load:
A requestby a processoto retrieve the value of the specifiedmemorylocation.
The addresss boundto the load transactiorwhenthe processoinitiatesthe load
transactionA loadis completewhenthe valuebeingreturnedcannotbe modified
by a store made by another processor

Atomic:
A load/stoe pairwith theguarante¢hatno othermemorytransactiorwill alterthe
stateof thememorybetweertheloadandthe store. The SFARC-V9 instructionset
includesthreeatomicinstructions:. DSTUB, SWAP and CAS® An atomictrans-
action is considered to be both a load and a $tore.

Flush:
A requestby a processoto force changesn the dataspacealiasedto the instruc-
tion spaceo becomeconsistentFlushtransactiongareconsideredo be storeoper-
ations for memory model purposes.

Memorytransactiongrereferredto by capitalletters:X,,a, which denotesa specificmem-
ory transactionX by processom to memory addressa. The processorindex and the
addressare specifiedonly if neededThe predicateS(X)is trueif andonly if X hasstore
semantics. The predicat€X) is true if and only iX has load semantics.

MEMBAR instructionsarenot memorytransactionstatherthey corvey orderinformation
above andbeyondthe implicit orderingimplied by the memorymodelin use. MEMBAR
instructions are applied in program order

D.3.2 Program Or der

Theprogram order is a perprocessototal orderthatdenoteghe sequencén which pro-
cessomn logically executesgnstructions.The programorderrelationis denotedoy <p such

6. Therearethreegenericforms.CASA andCASXA reference32-bitand64-bit objectsrespectiely. Both
normalandalternateASI forms exist for LDSTUB and SWAP. CASA and CASXA only have alternate
forms, however, a CASA (CASXA) with ASI=ASI_PRIMARY{ LITTLE} is equvalentto CAS
(CASX). Synthetic instructions for CAS and CASX are suggested in G.3, “Synthetic Instrictions.

7. Eventhoughthe storepartof a CASA is conditional,it is assumedhatthe storewill alwaystake place
whetherit doesor notin a particularimplementationSincethe value storedwhenthe conditionfails is
the value alreadypresentand sincethe CASA operationis atomic, no observingprocessorcandeter-
mine whether the store occurred or not.



264 D Formal Specification of the Memory Models

thatX,, <p Y, is trueif andonly if the memorytransactionX, is causedy aninstruction
that is &ecuted before the instruction that caused memory transagtion

Programorderspecifiesa uniquetotal orderfor all memorytransactionsnitiated by one
processar

Memory barrier (MEMBAR) instructionsexecutedby the processorare orderedwith
respecto <p. ThepredicateM(X,Y)is trueif andonly if X <p Y andthereexistsa MEM-
BAR instructionthatordersX andY (thatis, it appearsn programorderbetweenX andY).
MEMBAR instructionscanbe eitherorderingor sequencingandmay be combinedinto a
single instruction using a bit-encoded m&sk.

OrderingMEMBAR instructionsmposeconstraintn the orderin which memorytrans-
actions are performed.

SequencindEMBARSs introduceadditionalconstraintghat arerequiredin casesvhere
thememorytransactiorhasside-efectsbeyond storingdata.Suchside-efectsarebeyond
the gcopeof the memorymodel,which is limited to orderandvalue semantic§or mem-
ory.

This definition of programorderis equvalentto the definition givenin the SFARC-V8
memory model specification.

D.3.3 Dependence Or der

Dependencerderis a partialorderthatcaptureghe constraintshathold betweerninstruc-
tionsthataccesshe sameprocessoregisteror memorylocation.In orderto allow maxi-
mum concurreng in processormplementationsgependencerderassumeshatregisters
are dynamically renamed toad false dependences arising frorgister reuse.

Two memorytransactionX andY aredependencerdereddenotedby X <d Y, if andonly
if they are program orderei, <p Y, and at least one of the foldng conditions is true:

(1) The &ecution ofY is @wnditional an X, and SY) is true.
(2) Y reads a mgister that is written by.
(3) XandY access the same memory location &(d)andL(Y)are both true.

The dependencerder also holds betweenthe memorytransactionsassociatedvith the
instructions. It is important to remember that partial ordering is tremsiti

Rule (1) includesall control dependencethat arisefrom the dynamicexecutionof pro-
grams.In particular a storeor atomicmemorytransactiorthatis executedafter a condi-

8. TheOrderingMEMBAR instructionuses4 bits of its argumentto specifythe existenceof anorderrela-
tion dependingon whetherX andY have load or storesemanticsThe Sequencind EMBAR usesthree
bits to specify completion conditions. The MEKMR encoding is specified in A.32.

9. Sequencingonstraintshave other effects, suchas controlling when a memoryerror is recognizedor
whenan /O accesgeachegylobal visibility. The needfor sequencingonstraintss alwaysassociated
with I/O and kernellevel programmingand not usually with normal, userlevel applicationprogram-
ming.
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tional branchwill dependon the outcomeof that branchinstruction,which in turn will
dependon one or more memorytransactionghat precedethe branchinstruction.Loads
afteranunresoled conditionalbranchmay proceedthatis, a conditionalbranchdoesnot
dependencerder subsequentoads. Control dependencealways order the initiation of
subsequent instructions to the performance of the preceding instrdions.

Rule (2) capturesdependencearisingfrom registeruse.It is not necessaryo includean
orderingwhen X readsa registerthatis laterwritten by Y, becauseegisterrenamingwill
allow out-of-orderexecutionin this case.Register renamingis equvalentto having an
infinite pool of registersandrequiringall registersto be write-once.Obsere thatthe con-
dition coderegisteris setby somearithmeticandlogical instructionsandusedby condi-
tional branch instructions thus introducing a dependence. order

Rule (3) capturesorderingconstraintgesultingfrom memoryaccesse$o the sameloca-
tion andrequirethatthe dependencerderreflectthe programorderfor store-loadpairs,
but not for load-storeor store-storepairs. A load may be executedspeculatrely, since
loads are side-fdct free, pruided that Rule (3) isventually satisfied.

An actualprocessotimplementatiorwill maintaindependencerder by score-boarding,
hardware interlocks, data flow techniques,compiler directed code scheduling,and so
forth, or, simply, by sequentiaprogramexecution.The meansby which the dependence
orderis derivedfrom a programis irrelevantto the memorymodel,which hasto specify
which possiblememorytransactionsequencesre legal for a given set of datadepen-
dencesPracticalimplementationsvill not necessarilyusethe minimal setof constraints:
addingunnecessargrderrelationsfrom the programorderto the dependencerderonly
reduces thewailable concurreng but does not impair correctness.

D.3.4 Memory Order

Thesequencén which memorytransactiongareperformedoy thememoryis calledmem-
ory order, which is a total order on all memory transactions.

In general,the memoryorder cannotbe known a priori. Instead,the memoryorderis
specifiedasa setof constraintghatareimposedon the memorytransactionsTherequire-
ment that memory transactionX must be performedbefore memory transactionY is
denotedby X <m Y. Any memoryorderthat satisfiegheseconstraintgs legal. The mem-
ory subsystenmay choosearbitrarily amonglegal memoryorders,hencemultiple execu-
tions of the same programs may result ifiedént memory orders.

D.4 Specification of Relax ed Memory Order (RMO)
D.4.1 Value Atomicity

Memorytransactionsvill atomicallysetor retrieve thevalueof amemorylocationaslong
as the size of thealue is less than or equal to eight bytes, the unit of cohgrenc

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 memory order that
totally orders all transactions including all store operations.

This doesnot imply that the memoryorderis obserable.Nor doesit imply that RMO
requires ay central serialization mechanism.

D.4.3 Atomic Memor y Transactions

The atomicmemorytransactionSWAP, LDSTUB, andCAS areperformedasonemem-
ory transactiorthatis bothaloadanda storewith respecto memoryorderconstraintsNo
othermemorytransactioncan separatehe load and storeactionsof an atomic memory
transactionThe semantic®f atomicinstructionsaredefinedin AppendixA, “Instruction
Definitions’

D.4.4 Memory Order Constraints

A memory order is lgal in RMO if and only if:
(1) X<dY&LX)O X<mY
(2) M(X,Y)O X<mY
(3) Xa<p ¥ &S(Y)d X<mY

Rule (1) stateghattheRMO modelwill maintaindependencerhenthe precedingransac-
tion is aload. Precedingstoresmay be delayedin the implementationsotheir ordermay
not be preseed globally

Rule(2) stateshatMEMBAR instructionsorderthe performancef memorytransactions.

Rule (3) stateghatstoresto the sameaddressreperformedn programorder Thisis nec-
essary for processor self-consistenc

D.4.5 Value of Memor y Transactions

Thevalueof aload Ya is thevalueof the mostrecentstorethatwasperformedwith respect
to memoryorderor the value of the mostrecentlyinitiated storeby the sameprocessar
AssumingyY is a load to memory locatian

Valuela) = Value( Max,,{S|Sa <mLaorSa<p La})

whereMax.{..} selectsthe mostrecentelementwith respecto the memoryorderand
where Value() yields the value of a particularmemorytransaction.This statesthat the
valuereturnedby aloadis eitherthe resultof the mostrecentstoreto thataddressvhich
hasbeenperformedby ary processoor which hasbeeninitiated by the processorssuing
the load. The distinction betweenlocal and remote storespermits use of store-huffers,
which are gplicitly supported in all SRRC-V9 memory models.
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D.4.6 Termination of Memor Yy Transactions

Any memorytransactiorwill eventuallybe performed.Thisis formalizedby therequire-
mentthatonly a finite numberof memoryorderedoadscanbe performedoeforea pend-
ing store is completed.

D.4.7 Flush Memor y Transaction

Flushinstructionsaretreatedas storememorytransactiongsfar asthe memoryorderis
concerned.Their semanticsare definedin A.20, “Flush Instruction Memory” Flush
instructionsintroducea control dependencéo ary subsequeniin programorder) execu-
tion of the instruction that as 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 the additionalrequirementhatall memorytransactionsvith load semanticsarefol-
lowed by an implied MEMBR #LoadLoad |#LoadStore

D.6 Specification of T otal Store Or der (TSO)

The specificatiorof Total StoreOrder(TSO)is thatof Partial StoreOrder(PSO)with the
additionalrequirementhatall memorytransactionsvith storesemanticarefollowed by
an implied MEMBAR #StoreStore

D.7 Examples Of Pr ogram Ex ecutions

This subsectiorists several codesequenceandan exhaustve list of all possibleexecu-
tion sequenceanderRMO, PSOandTSO. For eachexample,the codeis followedby the
list of orderrelationsbetweerthe correspondingnemorytransactionsThe memorytrans-
actionsarereferredto by numbersln eachcase,the programis executedoncefor each
memory model.

D.7.1 Observation of Store Atomicity

The codeexamplebelov demonstratebow storeatomicity preventsmultiple processors
from observinginconsistensequencesf events.In this case processorg and3 obsene
changedo thesharedrariablesA andB, which arebeingmodifiedby processod.. Initially
both variablesare 0. The storesby processorl do not useary form of synchronization,
and thg may in fact be issued by twindependent processors.

Shouldprocesso® find A to have thenew value(1) andB to have theold value(0), it can
infer thatA wasupdatedbeforeB. Likewise,processoB mayfind B= 1 andA = 0, which
impliesthat B waschangedeforeA. It is impossiblefor bothto occurin all SFARC-V9
memorymodelssincetherecannotexist a total orderon all stores.This propertyof the
memory models has been encoded in the assertion Al.
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However, in RMO, the observingprocessomustseparate¢he load operationsvith mem-
bar instructions.Otherwise the loadsmay be reorderedand no inferenceon the update
order can be made.

Figure 44 is taken from the output of the SFARC-V9 memory model simulator which
enumerateall possibleoutcomesf shortcodesequenceandwhich canbeusedto prove
assertions about such programs.

Processor 1 Processor 2 Processor 3
ST#1, A LD A, %rl LD B, %rl
T T,P T,P
ST#1,B LD B, %r2 LD A, %r2
T:TSO P:PSO R:RMO —— <m <
/*
* Store atomicity
* Note: will fail in RMO due to lack of membars between loads
*
Processor 1:
0) st #1,[A]
Q) st #1,[B]
Processor 2:
) Id  [A],%r1
3) Id [B],%r2
Processor 3:
4 Id [B],%r1
(5) Id  [A],%r2
Assertions:
Al: |(P2:%rl = = 1&&P2:%r2 = = 0) | /(P3:%r1 = = 1&&P3:%r2 = =0

Possible values under all memory models:
2rl 22 3irl 32 A B example sequence of performance in <m

0 0 0 0O 1 1 452031
0 0 0 1 1 1 420531
0 0 1 1 1 1230145
0 1 0 0 1 1 452013
0 1 0 1 1 1 420513
0 1 1 1 1 1201345
1 0 0 0 1 1 450231
1 0 0 1 1 1405231
1 0 1 1 1 1 023145
1 1 0 0 1 1 450213
1 1 0 1 1 14051283
1 1 1 1 1 1 014253

Possible values under PSO & RMO, but not under TSO:

2rl 22 3irl 32 A B example sequence of performance in <m
0 0 1 0 1 1 231450
0 1 1 0 1 1 214350
1 1 1 0 1 1 1450283

Possible values under RMO, but not under PSO & TSO:
2rl 22 3irl 32 A B example sequence of performance in <m
1 0 1 0 1 1530214

Figure 44—Stoe Atomicity Example
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D.7.2 Dekker's Algorithm

The essencef Dekker's algorithmis shavn in figure 45 on page2691* To assuremutual
exclusion,eachprocessosignalsits intentto entera critical region by assertinga dedi-
catedvariable(A for processofl andB for processoP). It thenchecksthatthe otherpro-
cessodoesnotwantto enterand,if it findsthe othersignalvariableis deassertedt enters
thecritical region. This codedoesnot guarante¢hatarny processocanenter(thatrequires
aretry mechanisnwhich is omittedhere),but it doesguaranteenutualexclusion,which

meansthatit is impossiblethat eachprocessoffinds the others lock idle ( = 0) whenit

enters cthe ritical section.

Processor 1 Processor 2

ST #1, A ST#1,B
T,P R( T,P,R(
LD A, %rl

<m <

LD B, %rl

T:TSO P:PSO R:RMO

/*

* Dekker's Algorithm
*/

Processor 1:

0) st #1,[A]
membar #StoreLoad
(2) Id  [B],%rl
Processor 2:
2 st #1,[B]
membar #StoreLoad
?3) Id  [A],%rl
Assertions:
Al: P1:%rl = = 1| P2:%rl = =1

Possible values under all memory models:

1irl 2r1 A B example sequence of performance in <m
0 1 1 10123
1 0 1 1 2301
1 1 1 12031

Possible values under PSO & RMO, but not under TSO:
--- none ---

Possible values under RMO, but not under PSO & TSO:
--- none ---

Figure 45—Dekler’s Algorithm

D.7.3 Indirection Thr ough Pr ocessor s

Another property of the SFARC-V9 memory modelsis that causalupdaterelationsare
presered,whichis a side-efect of the existenceof a total memoryorder In the example

11.SeealsoDEC Litmus Test8 describedn the AlphaArchitectue Handbook Digital EquipmeniCorpora-
tion, 1992, p. 5-14.
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below, processoB obseresupdatesnadeby processofd. ProcessoR simply copiesB to

C, which does not impact the causal chainveings.

Again, this exampleintentionallyexposegwo potentialerrorsourcesin PSO(andRMO),
the storesby processof arenot orderedautomaticallyandmay be performedout of pro-

gramordet The correctcodewould needto inserta MEMBAR #StoreStore

between

thesestoresin RMO (but notin PSO),the obsenationprocess3 needdo separatéhetwo

load instructions by a MEMBR #LoadLoad .

Processor 1 Processor 2 Processor 3

ST#1,A = LD B, %r1 LD C, %rl
LN

T TPR
ST #1, B ST %r1, C LD A, %r2
T:TSO P:PSO R:RMO — <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:
) Id [B],%rl
3) st %rl,[C]
Processor 3:
(4) Id [C],%r1
(5) Id [A],%r2
Assertions:
Al: 1(P3:%rl = = 1&&P3:%r2 = =0

Possible values under all memory models:
21 3rx1 312 A B C example sequence of performance in <m

0 0 0 1 1 0 450213
0 0 1 1 1 0 420513
1 0 0 1 1 1 450123
1 0 1 1 1 1 405123
1 1 1 1 1 1012345

Possible values under PSO & RMO, but not under TSO:
21 3irxl 312 A B C example sequence of performance in <m
1 1 0 1 1 1123450

Possible values under RMO, but not under PSO & TSO:
--- none ---

Figure 46—Indirection Through Processors

D.7.4 PSO Behavior

The codein figure47 on page271shavs how differentresultscanbe obtainedby allow-
ing out of order performanceof two storesin PSOand RMO models.A storeto B is
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allowed to be performedbeforea storeto A. If two loadsof processoR are performed
betweerthetwo storesthentheassertiorbelaw is satisfiedor thePSOandRMO models.

Processor 1 Processor 2

- LD B, %rl
: Cr
LD A, %r )4
T! - ’ A w

P
LD A, %r2
ST %r, B .
T:TSO P:PSO R:RMO

<m - <

/*
* PSO behavior
*/

Processor 1:
(0) st #1, [A]
(2) Id [A], Yr
(2) st %r, [B]

Processor 2:
(3) Id [B], %r1
(4) Id [A], %r2

Assertions:
E: P2:%rl = = 1&&P2:%r2 = =0

Possible values under all memory models:

Lir2rl 2r2 A B example sequence of performance in <m
1 0 0 1 1 34012

1 0 1 1 1 03412

1 1 1 1 1 01234

Possible values under PSO & RMO, but not under TSO:
Lir2rl 2r2 A B example sequence of performance in <m
1 1 0 1 1 12340

Possible values under RMO, but not under PSO & TSO:
--- none ---

Figure 47—PSO Behwaior

D.7.5 Application to Compiler s

A significantproblemin a multiprocessorernvironmentarisesfrom the fact that normal
compileroptimizationswhich reordercodecan subvert programmeiintent. The SFARC-
V9 memorymodel canbe appliedto the program,ratherthan an execution,in orderto
identify transformationshatcanbe applied,providedthatthe programhasa propersetof
MEMBARSs in place.In this case the dependencerderis a programdependencerdes

ratherthana tracedependencerdetr andmustincludethe dependencesom all possible
executions.
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D.7.6 Verifying Memor y Models

While definingthe SFARC-V9 memorymodels,softwaretools weredevelopedthat auto-
matically analyzeand formally verify assembly-codsequencesunningin the models.
The coreof this collectionof tools is the Murphi finite-stateverifier developedby David
Dill and his students at Stanford Warsity.

For example,thesetools can be usedto confirm that synchronizatiorroutinesoperate
properlyin variousmemorymodelsandto generateounterexampletracesvhenthey fail.

The tools work by exhaustvely enumeratingsystemstatesin a versionof the memory
model,sothey canonly be appliedto fairly smallassemblycodeexamples We foundthe
tools to be helpful in understanding the memory models and checkingamplest?

Contact SRRC International to obtain theexification tools and a set ok@mples.

12.For a discussiorof an earlierapplicationof similar toolsto TSO and PSO,seeDavid Dill, Seungjoon
Park, and AndreasG. Nowatzyk, “Formal Specificationof AbstractMemory Models” in Reseath on
Integrated SystemsProceedingof the 1993 SymposiumEd. Gaetandorriello andCarl Ebeling, MIT
Press, 1993.



E Opcode Maps

E.1 Overview
This appendix contains the ARC-V9 instruction opcode maps.

Opcodesmarked with a dash'—' areresened; an attemptto executea resened opcode
shall causea trap, unlessit is animplementation-specifiextensionto the instructionset.
See 6.3.11, “Reseed Opcodes and Instruction Fieldsy more information.

In thisappendixandin AppendixA, “InstructionDefinitions; certainopcodesaremarked
with mnemonicsuperscriptsThesesuperscriptaindtheir meaningsaredefinedin table21
on pagel33. For deprecatedpcodesseethe appropriatanstructionpagesin Appendix
A, “Instruction Definitions) for preferred substitute instructions.

E.2 Tables
Table 30—op[1:0]
op [1:0]
0 1 2 3
Branches & SETHI CALL Arithmetic & Misc. Loads/Stores
See tabl31 See table32 See tabl33
Table 31—op22:0] (op=0)
op2 [2:0]
0 1 2 3 4 5 6 7
ILLTRAP BPcc BiccP BPr SETHI FBPfcc FBfccP .
See tabl86 | See tabl86 | See tabl®7 | NOP' | See tabl86 | See tabl86

Trd=0,imm22=0
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Table 32—op35:0] (op=2)
op3 [5:4]
0 1 2 3
WRYP (rd=0)
— (rd=1)
WRCCR (rd=2)
0 ADD ADDcc TADDcc WRASI (rd=3)
WRASR™®sR (seeA.63)
WRFPRS (rd=6)
SIR (rd=15,rs1=0,i=1)
SAVEDP (fcn =0),
1 AND ANDcc TSUBcc RESTORELDP (fcn = 1)
2 OR ORcc TADDccTVP WRPFR’
3 XOR XORcc TSUBccTW —
FPopl
4 SUB SUBcc MULScc® See tabl®4
5| ANDN ANDNcc SLL (x=0), SLLX (x=1) FPop2
e - See tabl&5
6 ORN ORNcc SRL x=0), SRLX k=1) IMPDEP1
7 | XNOR | XNORcc SRA (x=0), SRAX = 1) IMPDEP2
op3 RDYP (rs1=0)
[3:0] — (rs1=1)
RDCCR (rs1=2)
RDASI (rs1=3)
RDTICK™*T (rs1=4)
8 | ADDC ADDCcc RDPC (rs1=5) JMPL
RDFPRS (rs1=6)
RDASR™sR (seeA.44)
MEMBAR (rs1=15,rd=0,i = 1)
STBARP (rs1=15,d=0,i = 0)
9 MULX — — RETURN
Tcc
D D
A | UMUL UMULcc RDPR’ See tabl86
B | SMULP SMULc® FLUSHW FLUSH
C SUBC SUBCcc MOVcc SAVE
D | UDIVX —_ SDIVX RESTORE
POPC (s1=0) DONEP (fcn =0)
D D
E | UDIVE T UbIVee — (151>0) RETRYP (fcn = 1)
F| sSDIV® | sDIVe® MOvr —

See tabl&7




E.2 Tables

275

Table 33—op35:0] (op=3)

op3 [5:4]
0 1 2 3

0 LDUW LDUWAPss! LDF LDFAPss!

1 LDUB LDUBAPss! LDFSR®, LDXFSR —

2 LDUH LDUHAFPssi LDQF LDQFAPs!

3 LDDP LDDAPD: Ps LDDF LDDFAPs!

4 STW STWAPss! STF STRAPss

5 STB STBAP:s STFSF, STXFSR —

6 STH STHAPs! STQF STQRAPs!
op3 7 STDP STDAPss! STDF STDFRAPs!
[3:0] | 8 LDSW LDSWAPss! — _

9 LDSB LDSBAPss! — _

A LDSH LDSHAPs! — _

B LDX LDXA Past — _

C — — — CASAPs!

D LDSTUB LDSTUBAPs! PREFETCH PREFETCHA®s!

E STX STXAPss — CASXAPs!

F SWAPP SWAPAD: Psi — _
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Table 36—eond3:0]

BPcc BiccP FBPfcc FBfccP Tce
op=0 op=0 op=0 op=0 op=2
op2=1 op2=2 op2=5 op2=16 op3=3A

0 BPN BNP FBPN FBNP TN
1 BPE BEP FBPNE FBNEP TE
2 BPLE BLEP FBPLG FBLGP TLE
3 BPL BLP FBPUL FBULP TL
4 BPLEU BLEUP FBPL FBLP TLEU
5 BPCS BCS FBPUG FBUGP TCS
6 BPNEG BNEGP FBPG FBGP TNEG
cond | 7 BPVS BVSP FBPU FBUP TVS
[30] | 8 BPA BAD FBM FBAP TA
9 BPNE BNEP FBPE FBEP TNE
A BPG BGP FBPUE FBUEP TG
B BPGE BGEP FBPGE FBGE® TGE
C BPGU BGUP FBPUGE FBUGEP TGU
D BPCC BCCP FBPLE FBLEP TCC
E BPPOS BPOS FBPULE FBULEP TPOS
F BPVC BvCP FBPO FBOP TVC
Table 37—Encoding ofrcond[2:0] Instruction Field
BPr MOVr FMOVr
op=0 op=2 op=2
op2=3 op3=2F4 op3 =35
0 — — —
1 BRZ MOVRZ FMOvVZ
2 BRLEZ MOVRLEZ FMOVLEZ
r[;?g]d 3 BRLZ MOVRLZ FMOVLZ
4 _ — —
5 BRNZ MOVRNZ FMOVNZ
6 BRGZ MOVRGZ FMOVGZ
7 BRGEZ MOVRGEZ FMOVGEZ
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Table 38—ecd/opf_ccFields (MOVcc and FMOVcc)

opf_cc Condition
cc2 | ccl | cco | code selected
fccO
fccl
fcc2
fcc3
icc

XcC

PP RPIPO OO O

PR, OO, OO
POl RO, O, O

Table 39—¢c Fields (FBPfcc, FCMP and FCMPE)

Condition
code selected

fccO
fccl
fcc2
fcc3

ccl | ccO

RlIRL O O
R IOl O

Table 40—ec Fields (BPcc and Tcc)

cel | cco Condition
code selected
0 0 icc
0 1 —
1 0 Xcc
1 1 —
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This appendix is inbrmative only.
It is not part of the SRRC-V9 specification.

F SPARC-V9 MMU Requirements

F.1 Introduction

This appendixdescribeshe boundaryconditionsthatall SFARC-V9 MMUs mustsatisfy
Theappendixdoesnot definethearchitectureof any specificmemorymanagementnit. It
is possible to bild a SRRC-V9-compliant system without an MMU.

F.1.1 Definitions

address space
A rangeof locationsaccessiblewith a 64-bit virtual addressDifferent address
spaces may use the same virtual address to refefeaoedif plysical locations.

aliases
Two virtual addressesare aliasesof eachotherif they referto the samephysical
address.

context
A set of translations used to support a particular address space.

page:
Therangeof virtual addressetranslatedy a singletranslationelement.The size
of apageis the sizeof therangetranslatedy a singletranslationelementDiffer-
ent pagesmay have differentsizes.Associatedwith a pageor with a translation
elementare attributes(e.g., restricted,permission.etc.) and statistics(e.g., refer-

enced, modified, etc.)

translation element
Used to translate a range of virtual addresses to a ranggsiéghaddresses.

F.2 Overview
All SPARC-V9 MMUs must praide the follaving basic functions:

— Translate64-bit virtual addresses$o physical addressesThis translationmay be
implemented with one or more page sizes.

281
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— Provide the RED_state operation, as defined in 7.2.1, “RED state.

— Provide amethodfor disablingthe MMU. Whenthe MMU is disabledno transla-
tion occurs:Physical Address:0> = Virtual Address:0>, whereN is imple-
mentation-dependent-urthermore,the disabled MMU will not perform ary
memoryprotection(seeF.4.2,“Memory Protection”)or prefetchandnon-faulting
load violation (see.B.3, “Prefetch and Nonakilting Load Volation”) checks.

IMPL. DEP. #117: Whether PREFETCH and non-faulting load always succeed when the
MMU is disabled is implementation-dependent.

— Provide page-l@el protections.Conventional protections(Read,Write, Execute)
for both prvileged and nonpvileged accesses may be yided.

— Provide page-leel enablinganddisablingof prefetchandnon-faultingload opera-
tion. The MMU, however, neednot provide separatgrotectionmechanismgor
prefetch and nonalilting load.

— Supportmultiple addressspaces(ASIs). The MMU must supportthe address
spaces as defined irBFL, “Information the MMU Expects from the Processor.

— Provide page-leel statistics such as referenced and modified.

Theabove requirementspply only to thosesystemghatincludeSFARC-V9 MMUs. See
F.8, “SFARC-V9 Systems without an MMU.

F.3 The Processor -MMU Interface
A SPFARC-V9 MMU must support at least ontypes of addresses:

(1) Virtual Addresses which map all system-wide,program-visiblememory A
SFARC-V9 MMU may choosenot to supporttranslationfor the entire 64-bit vir-
tualaddresspaceaslong asaddressesutsidethe supportedsirtual addressange
aretreatedeitherasNo_translatioror Translation_not_alid (seeF.3.3,“Informa-
tion the MMU Sends to the Processor”).

(2) Physical Addresseswhich map real physical memory and I/O device space.
Thereis no minimum requiremenfor how mary physical addressits a SFARC-
V9 MMU must support.
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A SFARC-V9 MMU translatesvirtual addressesrom the processorinto physical
addresses, as illustrated in figd&

Data

= > Physical

Address

Space
Processor
Virtual Physical "-——————: _________
> T
Address MMU Address Real i 110
Memory | Locations
|

Figure 48—Logical Diagram of a SRRC-V9 System with anMMU

Figure 48 shaws only the addressand datapathsbetweenthe processoiand the MMU.
Thecontrolinterfacebetweerthe processoandthe MMU is discussedh F.3.1,“Informa-
tion the MMU Expectsfrom the Processof,andF.3.3, “Information the MMU Sendsto
the Processadr.

F.3.1 Information the MMU Expects fr om the Pr ocessor

A SFARC-V9 MMU expectsthefollowing informationto accompawy 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
Indicateswhetherthe data(Data/ Instruction= Data) accesswasinitiated by one
of the SRRC-V9 prefetch instructions.

Privileged
Indicates whether this access is/peged.

Read / Write:
Indicateswhetherthis accesss a read(instructionfetch or dataload) or a write

(data store) operation.

Atomic:
Indicateswhether this is an atomic load-storeoperation. When&er atomic is
asserted, thealue of “Read/Write” is treated by the MMU as “dboare’.

ASI:
An 8-bit addresspacedentifier. See6.3.1.3,“AddressSpaceldentifiers(ASIs);
for the list of ASIs that the MMU must support.
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F.3.2 Attrib utes the MMU Associates with Eac  h Mapping

In additionto translatingvirtual addresset physicaladdresseg SFARC-V9 MMU also
storesassociateaittributes,eitherwith eachmappingor with eachpage,dependingupon
theimplementationSomeof theseattributesmay be associatedmplicitly, asopposedo
explicitly, with the mapping. This information includes

Restricted:
Only privilegedaccessesare allowed (seeF.3.1, “Information the MMU Expects
from the Processor”); nonprieged accesses are disalkxl.

Read, Write, and Execute Brmissions

An MMU may allow zeroor more of read,write, and executepermissionspn a
permappingbasis.Readpermissions necessarjor datareadaccesseandatomic
accessesWrite permissionis necessaryfor data write accessesand atomic
accessedxecutepermissions necessaryor instructionaccessedAt aminimum,
an MMU mustallow for “all permission$,“no permission$,and“no write per-
mission”;optionally, it canprovide “executeonly” and“write only,” or any combi-
nation of “read/writefeecute” permissions.

Prefetchable
The presencef this attribute indicatesthat accessemadewith the prefetchindi-
cationfrom the processoire allowed; otherwise they are disalloved. SeeF.3.1,
“Information the MMU Expects from the Proces$or.

Non-faultable:
The presence of this attribute indicates that accesses made with
AS|_PRIMARY_NOFAULT{ LITTLE} and ASI_SECONIARY_NOFAULT{ LITTLE} are
allowed; otherwise they aredisalloved. An implementatiormay chooseto com-
bine the prefetchableand non-faultableattributesinto a single“No Side Effects”
attribute;thatis, “readsfrom this addresslo not causesideeffects,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 ary
SFARC-V9 MMU for each translation requested:

Translation_error:
The MMU hasdetectedan error (for example,parity error)in the translationpro-
cess. Can causealata_access_error OF instruction_access_error exception.

No_translation:
The MMU is unableto translatethe virtual addresssinceno translationexists for
it. Someimplementationsmay not provide this information and provide only
Translation_not alid. @ Can cause either a data_access_exception Or an
instruction_access_exception exception.

Translation_not_valid:
The MMU is unableto translatethe virtual addresssinceit cannotfind a valid
translation.Someimplementationgnay not provide this informationand provide
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only No_translation. Can cause either a data_access_MMU_miss Or an
instruction_access_MMU_miss exception.

Privilege_violatiorn
The MMU hasdetecteda privilege violation, i.e., an accesdo a restrictedpage
whenthe accessloesnot have the requiredprivilege (seeF.3.1, “Information the
MMU Expectsfrom the Processor”)Cancauseeithera data_access_protection Or
aninstruction_access_protection exception.

Protection_violation:
TheMMU hasdetected protectionviolation, whichis definedto bearead,write,
or instructionfetchattemptto a pagethatdoesnot have read,write, or executeper-
mission, respectrely. = Can cause either a data_access_protection Or an
instruction_access_protection exception.

Prefetch_violation
TheMMU hasdetectedanattemptto prefetchfrom a pagefor which prefetchings
disabled.

NF-Load_violation:
The MMU hasdetectedan attemptto performa non-faultingload from a pagefor
which non-aulting loads are disabled.

Translation_successful
The MMU hassuccessfullytranslatedthe virtual addresgo a physical address;
none of the conditions described abdas been detected.

F.4 Components of the SP ARC-V9 MMU Ar chitecture
A SFARC-V9 MMU should contain the folleing:
— Logic that implements virtual-to-pical address translation
— Logic that preides memory protection
— Logic that supports prefetching as noted in A.42, “Prefetch Data”

— Logic that supportsnon-faulting loading,asnotedin 8.3, “Addressingand Alter-
nate Address Spaces”

— A methodfor specifyingthe primary, secondaryand, optionally, nucleusaddress
spaces

— A method for supplying information related &iléd translations

— A method for collecting “referenced” and “modified” statistics

F.4.1 Virtual-to-Ph ysical Ad dress Translation

A SFARC-V9 MMU tries to translateevery virtual addresst receves into a physical
address as long as:

— The MMU is enabled.
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— The processorindicatesthat this is a non-RED _statenstruction fetch (seethe
Data/Instructiondescriptionin F.3.1, “Information the MMU Expectsfrom the
Processor’pr adataaccessvith anASlI thatindicatesatranslatableddresspace.

Althoughthe MMU will attemptto translateevery virtual addresghat meetsthe above
two conditions,jit neednotguarante¢hatit canprovide atranslationevery time. Whenthe
MMU encountersa virtual address that it cannot translate, it asserts either
Translation_errgmMNo_translationpr Translation_not_alid, asdiscussedn F.3.3, “Infor-
mation the MMU Sends to the Processor.

F.4.2 Memory Protection

For eachvirtual addressfor which a SFARC-V9 MMU can provide a translation,the
MMU checkswhethermemoryprotectionwould beviolated.More specifically the MMU

— IndicatesPrivilege_violation(seeF.3.3) if the translationinformationindicatesa
restricted pageui the access as not prileged (see B.1)

— IndicatesProtection_violatior(seeF.3.3)if aread,write, or instructionfetchuses
a translation that does not grant read, write xecete permission, respaaly

— IndicatesProtection_violatior{(seeF.3.3)if anatomicload-storeusesatranslation
that does not grant both read and write permission

F.4.3 Prefetch and Non-F aulting Load Violation

For eachvirtual addressthe MMU checksfor prefetchor non-faulting load violation as
long as

— The MMU can preide a translation, and

— TheMMU doesnot detectary memoryprotectionviolation, asdiscussedn F.4.2,
“Memory Protectior.

More specifically the MMU performsthe following beforesendingthe physical address
to the rest of the memory system:

— AssertsPrefetch_violatior{seeF.3.3)if anaccessvith the prefetchindication(see
F.3.1) uses a translation that lacks the prefetchableidaér{bee B.2)

— AssertaNF-Load_violation(seeF.3.3)if the ASI (seeF.3.1)indicateghis accesss
anon-faultingload, but thetranslationit usesacksthe non-faultableattribute (see
F.3.2)

F.4.4 Contexts

The MMU must support to contexts:
(1) Primary Contgt
(2) Secondary Conx
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In addition, it is also recommended that the MMU support a third xonte
(3) Nucleus Contet

Ondataaccessshe MMU decideswhich of thesethreecontexts to usebasedon the ASI

field, as illustrated in table41. Becausethe SFARC-V9 MMU cannotdeterminethe
instructionopcode,it treatsall dataaccessewith ASI_PRIMARY{ LITTLE} asnormal
loads or stores,even though the processormay issue them with load/storealternate
instructions.

Table 41—Context Useddr Data Access

MMU Inputs Output

ASI Mode Context
ASI_PRIMARY Either Primary
ASI_PRIMARY_LITTLE Either Primary
ASI_PRIMARY_NOFAULT Either Primary
ASI|_PRIMARY_NOFAULT_LITTLE Either Primary
ASI_AS IF_USER_PRIMAR Privileged Primary
ASI_AS_IF_USER_PRIMAR_LITTLE Privileged Primary
ASI_SECONRRY Either Secondary
AS|_SECONDARY_LITTLE Either Secondary
ASI_SECONRRY_NOFAULT Either Secondary
ASI_SECONDARY_NOFAULT_LITTLE Either Secondary
ASI_AS IF_USER_SECONBRY Privileged Secondary
ASI_AS IF_USER_SECONBRY_LITTLE Privileged Secondary
ASI_NUCLEUS' Privileged Nucleus
ASI_NUCLEUS_LITTLEJr Privileged Nucleus

T Supportfor thenucleuscontext is only arecommendatiorif animplementatiordoesnot sup-
port the nucleus conteit may ignore this na.

On instructionfetch, the MMU decideswhich context to usebasedon the ASI field, as
illustrated in tablel2. Note that the secondary coxités never used for instruction fetch.

Table 42—Context Useddr Instruction Access

ASI Mode Context
ASI_PRIMARY Either Primary
ASI_NUCLEUST Privileged* Nucleus

T Supportfor the NucleusContext is only a recommendationif animplementationdoesnot
support the Nucleus Contet may ignore this na.

itis implementation-dependenthetherinstructionfetchusingASI_NUCLEUSIn nonprii-
leged mode is allwed.

F.4.5 Fault Status and F ault Ad dress
A SFARC-V9 MMU must praide the follaving:
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— Faultstatusnformationthatspecifiesvhich conditionlistedin F.3.3,“Information
the MMU Sendsto the Processot, hasresultedin a translation-relateghrocessor
trap,andary otherinformationnecessaryor privilegedsoftwareto determinethe
cause of the trap; foxample, ASI, Read/Write, Data/Instruction, etc.

— TheFaultaddresassociateavith the failedtranslation Sincethe addressrom an
instructiontranslatiorfailureis availablein the processoasthetrap PC,the MMU
is not required to s@ the address of an instruction translataitufe.

F.4.6 Referenced and Modified Statistics

A SFARC-V9 MMU shallallow, eitherthroughhardware,software,or somecombination
thereof,for the collectionof “referenced’and“modified” statisticsassociateavith trans-
lationsand/orphysical pages.Thatis, theremustbe a methodto determinef a pagehas
beenreferenceda methodto determineif a pagehasbeenmodified,and a methodfor

clearingthe indicationsthat a pagehasbeenreferencedand/ormodified. Thesestatistics
may be lept on either a pdranslation basis or a pphysical-page basis.

It is implementation-dependenthether the referencedand/or modified statisticsare
updated when an access is performed or when the translation for that access is performed.

F.5 RED_state Processing
It is recommended that the MMU perform as felowhen 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 addresdranslationis handlednormally; that is, the MMU is usedif it is
enabled Note thatany eventwhich causeghe processoto enterRED _statealso
disableshe MMU, however, thehandlerexecutingin RED_statenayreenabldhe
MMU.

F.6 Virtual Ad dress Aliasing

Hardware and privileged software must cooperateso that multiple virtual addresses
aliasedto the samephysical addressappearto be consistentas definedby the memory
modelsdescribedn Chapter8, “Memory Models” Dependingupontheimplementation,
this may requireallowing multiple translationgo coexist only if they meetsomeimple-
mentation-dependeatignmentconstraintor it mayrequirethatsoftwareensurehatonly
one translation is in &dct at ay given time.

F.7 MMU Demap Operation

The SFARC-V9 MMU must provide a mechanisnfor privileged software to invalidate
some or all of the virtual-to-pisical address translations.
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F.8 SPARC-V9 Systems without an MMU

It is possibleto build a SFARC-V9 systemthat doesnot have an MMU. Sucha system
should behee as if contains an MMU that is disabled.
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This appendix is inbrmative only.
It is not part of the SRRC-V9 specification.

G Suggested Assemb |y Langua ge Syntax

This appendixsupportsAppendix A, “Instruction Definitions” Eachinstructiondescrip-
tion in AppendixA includesa tablethat describeghe suggestecssemblylanguageor-
mat for that instruction. This appendixdescribesthe notation usedin thoseassembly
languagesyntaxdescriptionsandlists somesyntheticinstructionghatmaybe provided by
a SRARC-V9 assembler for the ceanience 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 areliteralsto be written exactly asthey appearltemsin
italic fontaremetasymbolshatareto bereplacedyy numericor symbolicvaluesin actual
SFARC-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

Subscriptoon metasymbolg$urtheridentify the placemenbf the operandn the generated
binaryinstruction.For example,reg,,, is a reg (registername)whosebinary valuewill be
placed in thes2field of the resulting instruction.

G.1.1 Register Names
reg.
A reg is an intger ra@ister name. It may ka ary of the folloving values?
%r0..%r31
%g0..%g7 (global registers; same &r0..%r7)
%00..%07 (out reisters; same &r8..%r15)
%I0 ..%I7 (local registers; same &@4r16..%r23)
%i0 ..%Ii7 (in rgisters; same &%r24 ..%r31)
%fp (frame pointer; corentionally same a%i6)

1. In actual usage, tBésp, %fp, %q, %o, %In, and%in forms are preferredver %rn.

2901
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%sp (stack pointer; corentionally same a%o06)
Subscriptsdentify the placemenbdf the operandn thebinaryinstructionasoneof
the followving:

régrs1 (rslfield)

redrso (rs2field)

redeq (rd field)

freg:
An freg is a floating-point rgister name. It may a the follaving values:

%f0, %f1, %f2 .. %f63 See 5.1.4, “Floating-Point Bisters”

Subscriptdurtheridentify the placemenbf theoperandn thebinaryinstructionas
one of the follaving:

fregrs: (rsifield)
fregrs, (rs2field)
fregrg (rd field)
asr_reg
An asr_reg is an Ancillary StateRegistername.lt may have one of the following
values:

%asrl6 ..%asr31

Subscriptdurtheridentify the placemenbf theoperandn thebinaryinstructionas
one of the follaving:
asr_reg,s1 (rslfield)
asr_regeq (rd field)
i_or_x_cc
An i_or_x_ccspecifiesa setof integer conditioncodes thosebasedon eitherthe

32-bitresultof anoperation(icc ) or onthefull 64-bitresult(xcc ). It may have
either of the follaving values:

%icc
%%Xxcc

fcen:
An fcenspecifiesa setof floating-pointconditioncodeslt mayhave ary of thefol-
lowing values:
%fccO
%fccl
%fcc2
%fcc3

G.1.2 Special Symbol Names

Certainspecialsymbolsappeaiin the syntaxtablein typewriter font . They mustbe
written exactly as thg are shwn, including the leading percent sigr.(

The symbol names and thaigters or operators to which theefer are as follos:
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%asi Address Space ldentifiergister
%canrestore Restorable Whdows ragister
%cansave Savable Wndows register
%cleanwin Clean Wndows ragister
%cwp Current Wndow Pointer rgister
%fq Floating-Point Queue
%fsr Floating-Point State Rygster
%otherwin Other Wndows ragister
%pc Program Counter ggster
%pil Processor Interrupt el register
%pstate Processor Stategister
%tba Trap Base Addressgster
%tick Tick (cycle count) rgister
%itl Trap Level rggister
%tnpc Trap Net Program Counter gister
%tpc Trap Program Counterggster
Y%tstate Trap State rgister
%tt Trap Type raister
%ccr Condition Codes Rgster
%fprs Floating-Point Rgisters State ggster
Y%ver Version rgister
Y%wstate Window State rgister
%y Y register
The following special symbol namesare unary operatorsthat perform the functions
described:
%uhi Extracts bits 6342 (high 22 bits of upperavd) 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 90 (low-order 10 bits) of its operand

Certainpredefinedraluenamesappeaiin the syntaxtablein typewriter font . They
must be writtenactly as thg are shwn, including the leading sharp sigh) (

The \alue names and thalaes to which therefer are as folles:

#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 40,6 (for MEMBAR instructioncmaskfield)

#Memlssue 2056 (for MEMBAR instructioncmaskfield)
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#Lookaside 106 (for MEMBAR instructioncmaskfield)

#StoreStore 086 (for MEMBAR instructionmmaskield)
#LoadStore 0446 (for MEMBAR instructionmmaskield)
#StoreLoad 025 (for MEMBAR instructionmmaskfield)
#LoadLoad 0146 (for MEMBAR instructionmmaskield)

#ASI_AIUP 10,4 ASI_AS_IF_USER_PRIMAR

#ASI_AIUS 114 ASI_AS IF_USER_SECONBRY
#ASI_AIUP_L 18 ASI_AS_IF_USER_PRIMAR_LITTLE
#ASI_AIUS_L 19 AS|_AS_IF_USER_SECONBRY_LITTLE

#AS|_P 80, ASI_PRIMARY

#AS|_S 81, AS|_SECONDARY
#AS|_PNF 82 AS|_PRIMARY_NOFAULT
#AS|_SNF 83, AS|_SECONDARY_NOFAULT
#AS|_P_L 88, AS|_PRIMARY_LITTLE
#ASI_S_L 89 AS|_SECONDARY_LITTLE

#AS| PNF_ L 8A AS|_PRIMARY_NOFAULT LITTLE
#AS|_ SNF_L 8By AS|_SECONDARY _NOFAULT LITTLE

The full names of the ASIs may also be defined:

G.1.3

#AS|_AS_IF_USER_PRIMARY 104
#AS|_AS_IF_USER_SECONDARY 114
#AS|_AS_IF_USER_PRIMARY LITTLE 18
#AS|_AS_IF_USER_SECONDARY_LITTLE19;

#AS|_PRIMARY 80,
#AS|_SECONDARY 81,
#AS|_PRIMARY_NOFAULT 82
#AS|_SECONDARY_NOFAULT 83,
#AS|_PRIMARY_LITTLE 88,
#AS|_SECONDARY_LITTLE 89
#AS|_PRIMARY_NOFAULT_LITTLE 8A

#AS|_SECONDARY_ NOFAULT_LITTLE 8By

Values

Some instructions use operaralues as follars:
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 identifierZB5)
simm?7 A signed immediate constant that can be represented in 7 bits
simm10 A signed immediate constant that can be represented in 10 bits
simm11l 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 asequencef charactershatcomprisesalphabetidetters(a—z,A—Z [with upper
andlower casedistinct]), underscore$ ), dollar signs($), periods(.), anddecimaldigits
(0-9). A labelmay containdecimaldigits, but may not begin with one.A local labelcon-
tains digits only

G.1.5 Other Operand Syntax
Some instructions alw several operand syntas, as follas:

reg_plus_immmay be an of the folloving:
rédrs1 (equialent toreg,qq + %90
regrgr + SImm13
regrgp— Simmi3
simm13 (equivalent to%g0+ simm13
simm13+ reg,g; (equialent toreg,g + SImm13

addressmay be an of the folloving:
rédrs1 (equialent toreg,qq + %90
regrgy + SImm13
regrgy— Simmi3
simm13 (equivalent to%g0+ simm13
simm13+ reg,g; (equialent toreg,g + SImmM13
rers1t rrs2

membar_masks the follaving:

const7 A constanthatcanberepresentech 7 bits. Typically, thisis an
expressioninvolving the logical or of some combinationof
#Lookaside , #Memissue, #Sync, #StoreStore
#LoadStore ,#StoreLoad , and#LoadlLoad .

prefetch_fcn (prefetch function) may be nof the folloving:
#n_reads
#one_read
#n_writes
#one_write
#page
0..31

regaddr(registeronly address) may be yaof the follaving:

rédrs1 (equwalent toreg,qq + %90
r€Qrs1+ reYys2



296 G Suggested Assembly Language Syntax

reg_or_imm(register or immediateatlue) may be either of:

r€rs2
simm13

reg_or_imml0(register or immediatealue) may be either of:

r€rs2
simm10

reg_or_imm1ll(register or immediatealue) may be either of:

r€rs2
simml1l

reg_or_shcnt(register or shift countalue) may be anof:
regrs2
shcnt32
shcnt64

software_trap_numbemay be ay of the folloving:
rédrs1 (equialent toreg,qq + %90
regegy + Simm7
regrsy — Simm?
simm7 (equivalent to%g0+ simm7
simm7+reg,s;  (equivalent toreg,gq + Simm7
rers1t rrs2

The resultingoperandvalue (softwaretrap number)mustbe in the range0..127,
inclusive.

G.1.6 Comments

It is suggestedhattwo typesof commentdeacceptedy SFARC-V9 assemblerL-style
“IELH " commentswhich may spanmultiple lines,and“!... ” commentswhich
extend from the '” to the end of the line.

G.2 Syntax Design
The suggested 8IRC-V9 assembly language syntax is designed so that

— The destinationoperand(if ary) 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
braclets([]); areferenceo theaddressof amemorylocation(suchasin a JMPL,
CALL, or SETHI) is specified directlyithout square braeks.
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G.3 Synthetic Instructions

Table 43 describeghe mappingof a setof synthetic(or “pseudo”)instructionsto actual
instructions. Theseand other syntheticinstructionsmay be provided in a SFARC-V9
assembler for the ceanience of assembly language programmers.

Note that syntheticinstructionsshould not be confusedwith “pseudo-op$, which typi-
cally provide information to the assembletbut do not generateinstructions.Synthetic
instructionsalways generatdanstructions;they provide more mnemonicsyntaxfor stan-
dard SRRC-V9 instructions.

Table 43—Mapping Synthetic to SRRC-V9 Instructions

Synthetic instruction SPARC-V9 instruction(s) Comment
cmp regesy, reg_or_imm |subcc regesy, reg_or_imm %go compare
jmp address jmpl address %g0
call address jmpl address %07
iprefetch label bn,a,pt %xcc, label instruction prefetch
tst rérs1 orcc %090, reg,g;, %90 test
ret jmpl %i7+8, %g0 return from subroutine
retl jmpl %07+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 ireknel

code)
set uw valug regyqy sethi %hi(val ue), regy (when ((\alue&3FFRg) = =0))
— or—
or %g0, valug regyy (when Osvalue<4095)
—or—
sethi %hi(valug), regq; (otherwise)
or regeg, %lo(value, regyqy Warning: do not useetuw in
the delay slot of a DCTI.
set value reg,qy synorym for setuw
set sw valug regyqy sethi %hi(val ue), regy (when (alue> = 0) and

((value & 3FFg) = =0))

or %90, valug regq (when -409&value<4095)
— or—
sethi %hi(val ue), regy (otherwise, if (alue < 0) and
((value & 3FRg) = =0))
sra reGrg. %90, regg
— or—
sethi %hi(valug, regq; (otherwise, if alue> = 0)
or regeg, %lo(value), regyy
— or—
sethi %hi(valug), regq; (otherwise, if alue<0)
or regyq, %lo(valug, regyq
sra regrg, %90, regyy Warning: do not useetsw in
the delay slot of a CTI.
setx value reg, reg sethi %uhi( val ue), reg create 64-bit constant
or reg, %ulo( valug, reg (“reg” is used as a temporary

slix reg,32, reg register)
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Table 43—Mapping Synthetic to SRRC-V9 Instructions (Continued

Synthetic instruction

sethi
or
or

SPARC-V9 instruction(s)
%hi( value), regyq
l€0rq, r€Y, Qg
regeq, %lo( value), regq

Comment

Note:set x optimizations a&
possible but not enumer-
ated hee. The wost-case is
shown.Vérning: do not use
set x in the delay slot of a
CTI.
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Table 43—Mapping Synthetic to SRRC-V9 Instructions (Continued

Synthetic instruction

SPARC-V9 instruction(s)

Comment

signx rers1, rd sra reges;, %490, regyg sign-extend 32-bit alue to

signx redrg sra regrg, %90, regy 64 bits

not rédrsy g xnor regrsy %090, regyy ones complement

not régrg xnor regrg: %90, regeq one’s complement

neg redrsn» g sub %90, regrsn regyq two’s complement

neg redq sub %g0, regyq, regyq two’s complement

cas [regrsy, regrso regqq |casa [regis]#ASI_P, reg.sy regy |compare and sap

casl [regrst, regrsy regqq |casa [regrs]#ASI_P_L, reg.sy regyq|compare and sap, little-endian

casx [regrs1, r€Orsy regrq |Casxa [regrsJ#ASI_P, reg.s, regy |compare and sap extended

casxl [regrsy, r€Orsy regrq |Casxa [regrsJ#ASI_P_L, reg.s, regyq|compare and sap extended,
little-endian

inc regq add redrg, 1, regyg increment by 1

inc constl13 regy add regdrq, COnstl3 regyqy increment by const13

inccc redq addcc redrg, 1. regyq incr by 1; seticc & xcc

inccc constl3 reg,y addcc rerg, CONStl3 regqy incr by constl13; seticc & xcc

dec redq sub redrgy 1, régq decrement by 1

dec constl3 regq sub regeg, CONstl3 regy decrement by const13

deccc regq subcc redrg, 1, regyg decr by 1; set icc & xcc

deccc constl3 regq subcc regdey, Constl3 regqy decr by const13; set icc & xcc

btst reg_or_imm reg,g; |andcc regrsy, reg_or_imm %go bit test

bset reg_or_imm regy |Of r€rg, r€g_Or_imm regey bit set

bclr reg_or_imm reg,y |andn rerg, r€g_Or_imm regy bit clear

btog reg_or_imm regy |Xor r€rg, r€Y_Or_imm regy bit toggle

clr regq or %90, %g0, regyy clear (zero) rgister

clrb [addres$ stb %g0, [addres$ clear byte

clrh [addres$ sth %g0, [addres$ clear halfvord

clr [addres$ stw %g0, [addres$ clear word

clrx [addres$ stx %g0, [addres$ clear etended vord

clruw rers1, g srl reges,, %90, regyg copy and clear upper ovd

clruw regq srl regrg, %90, regyqy clear upper wrd

mov reg_or_imm reg,y |Of %g0, reg_or_imm regq

mov %y, regyy rd %y, regyg

mov %asrn, reggy rd %asrn, reggq

mov reg_or_imm %y wr %g0, reg_or_imm %y

mov reg_or_imm %asrn |wr %g0, reg_or_imm %asrn
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This appendix is inbrmative only.
It is not part of the SRRC-V9 specification.

H Software Considerations

This appendixdescribeshown software can usethe SFARC-V9 architectureeffectively.
Examples do not necessarily conform ty apecific Application Binary Inteatce (ABI).

H.1 Nonprivileg ed Software

This subsectiondescribessoftware corventionsthat have proven or may prove useful,
assumptionshat compilersmay make aboutthe resourcesvailable,andhow compilers
canusethoseresourceslt doesnotdiscusshow supervisosoftware(anoperatingsystem)
may usethe architectureAlthough a setof softwarecorventionsis describedsoftwareis
free to use other cgantions more appropriate for specific applications.

Thefollowing arethe primarygoalsfor mary of the softwarecornventionsdescribedn this
subsection:

— Minimizing average procedure-calerhead
— Minimizing lateny due to branches

— Minimizing lateny due to memory access

H.1.1 Reqisters

Ragisterusages a critical resourceallocationissuefor compilers.The SFARC-V9 archi-
tectureprovides windowed integer registers(in, out, local), global integer registers,and
floating-point rgisters.

H.1.1.1 In and Out Register s

Thein andoutregistersareusedprimarily for passingparameterso andreceving results
from subroutinesandfor keepingtrack of the memorystack.Whena procedures called
and eecutes a SY¥E instruction, the calles’'outs become the callesihs.

Oneof a procedures out registers(%06) is usedasits stackpointer %sp. It pointsto an
areain which the systemcan store%r16..%r31 (%I0 ..%I7 and %i0 ..%i7) whenthe
registerfile overflows (spill trap),andis usedto addressnostvalueslocatedon the stack.

301
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A trap canoccurat ary time!, which may precipitatea subsequenspill trap. During this
spill trap, the contentsof the users registerwindow at the time of the original trap are
spilled to the memory to which i#$sp points.

A proceduranay storetemporaryvaluesin its out registers(except%sp) with theunder-
standingthatthosevaluesarevolatile acrosgrocedurecalls.%sp cannotbe usedfor tem-
porary \alues for the reasons described in H.1.1.3gi&er Wndows and %sp.

Up to six parametel% may be passedoy placingthemin out registers%00..%05 addi-
tional parameterarepassedn thememorystack.The stackpointeris implicitly passedn
%06 anda CALL instructionplacesits own addressn %072 Floating-pointparameters
may also be passed in floating-poirgisters.

After a calleeis enteredandits SAVE instructionhasbeenexecutedthe caller’s out regis-
ters are accessible as the calieeregisters.

The caller’s stack pointer %sp (%06 automaticallybecomesthe current procedures
frame pointefbofp (%i6) when the SXE instruction is gecuted.

Thecalleefindsits first six integerparameters %i0 ..%i5, andtheremaindei(if any) on
the stack.

A function returnsa scalarinteger value by writing it into its ins (which arethe caller’s
outs), startingwith %i0. A scalarfloating-pointvalueis returnedn thefloating-pointreg-
isters, starting witl§of0.

A proceduresreturnaddressnormallythe addres®f theinstructionjust afterthe CALL’s
delay-slot instruction, is @i7 +8.4

H.1.1.2 Local Registers

The locals are usedfor automatic variablesand for mosttemporaryvalues.For access
efficiengy, a compiler may also copy parametergthatis, thosepastthe sixth) from the
memory stack into thiecals and use them from there.

SeeH.1.4, “Register Allocation within a Window,” for methodsof allocatingmore or
fewer than eight mgisters for local alues.

1. For example,dueto an error in executingan instruction (for example,a mem_address_not_aligned
trap), or due to antype of eternal interrupt.

2. Six is morethanadequatesincethe overwhelmingmajority of proceduresn systemcodetake fewer
thansix parametersAccordingto studiescited by Weicker (Weicker, R. P, “Dhrystone:A Synthetic
SystemsProgrammingBenchmark, CACM 27:10,October1984), at least97% (measuredstatically)
take fewer thansix parametersThe averagenumberof parameterslid not exceed2.1, measurecither
statically or dynamicallyin ary of these studies.

3. Ifa JMPL instruction is used in place of a CALL, it should place its addréésTrior consisteng

For corvenience SFARC-V9 assemblermayprovidea“ret ” (return)syntheticinstructionthatgener-
ates a jmpl %i7+8 , %90 hardware instruction. See G.3, “Synthetic Instructidns.

5. In the C languagean automaticvariableis a local variablewhoselifetime is no longerthanthat of its
containing procedure.
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H.1.1.3 Register Windo ws and %sp

Somecaveatsaboutthe useof %sp andthe SAVE andRESTORE instructionsareappro-
priate. If the operating system and user code ugstee windevs, it is essential that

— %spalwayscontainsa correctvalue,sothatwhen(andif) aregisterwindow spill/
fill trap occurs,the registerwindow can be correctly storedto or reloadedfrom
memor

— NonprvilegedcodeusesSAVE andRESTOREi nstructionscarefully In particular
“walking” the call chainthroughthe registerwindows using RESTORES,expect-
ing to be ableto returnto whereone startedusing SAVES, doesnot work asone
might suppose Since user code cannotdisabletraps, a trap (e.g., an interrupt)
couldwrite overthe contentsof auserregisterwindow thathas“temporarily” been
RESTOREd . The safemethodis to flush the register windows to usermemory
(the stack)by usingthe FLUSHW instruction.Then,usercodecansafely“walk”
the call chain through user memgirystead of through thegister windevs.

To avoid suchproblems,considerall datamemoryat addressegust lessthan%sp to be
volatile, and the contents of allgister windavs “belon” the current one to beolatile.

H.1.1.4 Global Registers

Unlike theins, locals, andouts, the globals are not part of ary registerwindow. The glo-
bals area setof eightregisterswith globalscopeJik e the registersetsof moretraditional
processomarchitecturesAn ABI may define corventionsthat the globals (except %g0
mustobey. For example,if the corventionassumeshatglobalsarevolatile acrossproce-
durecalls, eitherthe caller or the calleemusttake responsibilityfor saving andrestoring
their contents.

Globalregister%g0Ohasa hardwiredvalueof zero;it alwaysreadsaszero,andwritesto it
have no program-visible &fct.

Typically, theglobal registersotherthan%gOareusedfor temporariesglobalvariablespr
globalpointers— eitheruservariablesor valuesmaintainedaspartof the programs exe-
cution ervironment.For example,one could useglobals in the executionervironmentby
establishinga corventionthat global scalarsare addressedia offsetsfrom a global base

6. Typically, the SAVE instructionis usedto generatea new %sp valuewhile shifting to a new register
window, all in oneatomicoperation WhenSAVE is usedthis way, synchronizatiorof the two opera-
tions should not be a problem.

7. Anotherreasorthis mightfail is thatusercodehasno way to determinehow mary registerwindows are
implemented by the hardwe.
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register In the mostgeneralcase,memoryaccesseat an arbitrary addresgequiressix
instructions; for gample,

sethi %uhi(address), tnp

or t np, %ulo(address), tnp
slix tmp, 32, tnp

sethi %hi(address), reg

or reg, %lo(address), reg
Id [reg+tnp], reg

Use of a global baseregisterfor frequentlyaccessedjlobal valueswould provide faster
(single-instruction) access té>dytes of thosealues; for gample,

Id [vogn+offset], reg

Additional global registerscould be usedto provide single-instructionaccesso corre-
spondingly more globalatues.

H.1.1.5 Floating-P oint Register s

There are sixteen quad-precisionfloating-point registers. The registers can also be
accessedsthirty-two double-precisiomegisters.In addition,thefirst eightquadregisters
canalsobe accessea@sthirty-two single-precisiorregisters.Floating-pointregistersare
accessewvith differentinstructionsthanthe integerregisters;their contentscanbe moved
amongthemseles, and to or from memory Seeb5.1.4, “Floating-Point Registers;, for
more information about floating-pointgister aliasing.

Like the globalregisters the floating-pointregistersmustbe managedy software.Com-
pilers usethe floating-pointregistersfor uservariablesand compiler temporariespass
floating-point parameters, and return floating-point results in them.

H.1.1.6 The Memory Stack

A stackis maintainedto hold automaticvariablestemporaryvariables,andreturninfor-
mationfor eachinvocationof a procedureWhena proceduras called,a stack frame is
allocated;it is releasedvhenthe procedurereturns.The useof a stackfor this purpose
allows simple and étient implementation of recuka procedures.

Undercertainconditions,optimizationcanallow a leaf procedureo useits caller’s stack
frameinsteadof oneof its own. In that case the procedureallocatesno spaceof its own
for a stack frame. See H.1.2, “Leaf-Procedure Optimiz&tionmore information.

The stackpointer%sp mustalwaysmaintainthe alignmentrequiredby the operatingsys-
tem’s ABI. This is at leastdoublavord alignment, possibly with a constantoffset to
increase stack addressability using constdsebaddressing.

H.1.2 Leaf-Procedure Optimization

A leaf procedure is onethatis a“leaf” in the programs call graph;thatis, onethatdoes
not call (e.g., via CALL or JMPL) another procedures.
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Eachprocedureincludingleaf procedurespormallyusesa SAVE 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 registerwindow spill/fill trapsat runtime. This only hap-
pensoccasionall)? but wheneithera spill or fill trap doesoccurt it costsseveral
machine gcles to process.

— The gcles pended by the SA and RESORE instructions themseds.

Therearealsospacecostsassociatedvith this corvention,the cumulatve cacheeffectsof
which may be nonmgigible. The space costs include

— The space occupied on the stack by the procedstatk frame
— The two words occupied by the /& and RESORE instructions
Of the abee costs, the trap-processingles typically are the most significant.

Someleaf procedureganbe madeto operatewithout their own registerwindow or stack
frame, usingtheir caller’s instead.This can be donewhenthe candidateeaf procedure
meets all of the follwing conditions’

— It contains no references %osp, except in its SXE instruction.
— It contains no references %fp.

— It refersto (or canbe madeto referto) no morethaneightof thethirty-two integer
registers, includingb6o7 (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. The optimizedprocedurenay safely
use only rgisters that its caller already assumes toddatNe across a procedure call.

The optimization can be performedat the assemblylanguageevel using the following
steps:

(1) Changeall referencesto registersin the procedureto registersthat the caller
assumesalatile across the call.

(a) Leave references t#o7unchanged.
(b) Leave ary references t&o0g0..%9g7unchanged.

(c) Changei0 ..%i5 to %00..%05 respectrely. If anin registeris changedo an
out registerthatwasalreadyreferencedn the original unoptimizedversionof
the procedureall original referencego that out register must be changedo
refer to an unuseolut or global register

8. Thefrequeng of overflon andunderflav trapsdepend®ntheapplicationandon thenumberof register
windows (N\WINDOWS) implemented in hardavre.

9. Althoughslightly lessrestrictive conditionscould be used the optimizationwould becomemorecom-
plex to perform and the incrementadig would usually be small.
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(d) Changereferenceso eachlocal registerinto referenceso ary unusedegister
that is assumed to belatile across a procedure call.

(2) Delete the SAVE instruction. If it wasin a delay slot, replaceit with a NOP
instruction.If its destinatiorregisterwasnot %g0or %sp, convert the SAVE into
the corresponding ADD instruction instead of deleting it.

(3) If the RESTORE’s implicit addition operationis usedfor a productve purpose
(suchassettingthe procedures returnvalue),corvert the RESTORE to the corre-
spondingADD instruction.Otherwise the RESTORE is only usedfor stackand
registerwindow deallocationyeplaceit with a NOP instruction(it is probablyin
the delay slot of the RE'&nd so cannot be deleted).

(4) Changethe RET (return) syntheticinstructionto RETL (return-from-leaf-proce-
dure synthetic instruction).

(5) Performary optimizationsnewly madepossible suchascombininginstructionsor
filling thedelayslot of the RETL (or the delayslot occupiedby the SAVE) with a
productve instruction.

After theabove changesthereshouldbe no SAVE or RESTORE instructionsandno ref-
erenceso in or local registersin the procedureébody All original referenceso insarenow
to outs. All otherregisterreferencesireto registersthatareassumedo bevolatile acrossa
procedure call.

Costs of optimizing leaf procedures in thiaynclude

— Additional intelligencein a peepholeoptimizerto recognizeand optimize candi-
date leaf procedures

— Additionalintelligencein deluggersto properlyreportthe call chainandthe stack
traceback for optimized leaf procedut®s

H.1.3 Example Code f or a Procedure Call

This subsectionillustrates common parametepassingcorventionsand gives a simple
example of leaf-procedure optimization.

Thecodefragmentin examplel shavs a simpleprocedurecall with avaluereturnedand
the procedure itself.

Sincesum3 doesnot call any otherproceduregi.e., it is aleaf procedure)jt canbe opti-
mized to become:

sum3:
add %00, %01, %00
retl ! (must use RETL, not RET,
add %00, %02, %00 I to return from leaf procedure)

10. A deluggercanrecognizean optimizedleaf procedureby scanningit, noting the absenceof a SAVE
instruction.Compilersoftenconstrainthe SAVE, if presentfo appeawithin thefirst few instructionsof
a procedure; in such a case, only those instruction positions neranhiaed.
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| CALLER:
! inti; /* compiler assigns "i" to register %I7 */
! i = sum3(1,2,3)
mov 1, %00 I first arg to sum3is 1
mov 2, %01 I second arg to sum3 is 2
call suma3 ! the call to sum3
mov 3, %02 ! last parameter to sum3 in delay slot
mov %00, %I7 ! copy return value to %I7 (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.
*/
I CALLEE:
! intsum3(a, b, ¢)
! inta, b, c; [* args received in %i0, %il, and %i2 */
! {
! return a+b+c;
! }
suma3:
save %sp,-SA(MINFRAME),%sp ! set up new %sp; alloc min. stack frame
add %i0, %il, %I7 ! compute sum in local %I7
add %I7, %i2, %I7 I (or %i0 could have been used directly)
ret ! return from sum3, and...
restore %I7, 0, %00 I move result into output reg & restore

Example 1—Simple Pocedure Call with Value Retumed

H.1.4 Register Allocation within a Windo w

The usual SFARC-V9 software corventionis to allocateeight registers(%l0 .. %I7) for
local values.A compiler could allocatemoreregistersfor local valuesat the expenseof
having fewer outs and ins available for agumentpassing.For example, if insteadof
assumingthat the boundarybetweenlocal valuesand input algumentsis betweenr[23]
andr[24] (%l7 and %i0), software could, by corvention, assumethat the boundaryis
between[25] andr[26] (%il and%:i2). This would provide tenregistersfor local values
and sixin andout registers. This is shvan in table44.
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Table 44—Register Allocation within a Whdow

Standard 10 local Arbitrary
register register register
model model model
Ragisters for local &lues 8 10 n
In / outregisters
Resenred for%sp/ %fp 1 1 1
Resenred for return address 1 1 1
Available for agument passing 6 4 14-n
Totalins/ outs 8 6 16—-n

H.1.5 Other Register -Windo w-Usage Models

Sofar, this appendixhasdescribedSFARC-V9 software corventionsthatareappropriate
for usein a general-purposeultitaskingcomputersystem However, SFARC-V9 is used
in mary otherapplicationsnotablyembeddednd/orreal-timesystemsin suchapplica-
tions,otherschemesor allocationof SFARC-V9'sregisterwindows mightbemorenearly
optimal than the one described abo

One possibility is to avoid using the normal registerwindon mechanismby not using
SAVE and RESTORE instructions. Software would see 32 general-purposeegisters
insteadof SFARC-V9’s usualwindowed register file. In this mode, SFARC-V9 would
operatelike processorsvith more traditional (flat) register architecturesProcedurecall
timeswould be moredeterminatédueto lack of spill/fill traps),but for mosttypesof soft-
ware,averageprocedurecall time would significantlyincreasedueto increasednemory
traffic for parameter passing and/sey/restoring local ariables.

Effective useof this software corvention would require compilersto generatedifferent
code(directregisterspills/fills to memoryandno SAVE/RESTORE instructions)thanfor
the softvare conentions described ate.

It would be awkward, atbest,to attemptto mix (link) codethatuseshe SAVE/RESTORE
cornventionwith codethatdoesnot useit. If both corventionswere usedin the samesys-
tem, two versions of each libraryauld be required.

It would be possibleto run usercodewith oneregisterusagecorventionandsupervisor
codewith anotherWith suficientintelligencein supervisoisoftware,userprocessewith
different rejister comentions could be run simultaneously

H.1.6 Self-Modifying Code

If a programincludesself-modifying code,it mustissuea FLUSH instructionfor each
modifieddoublevord of instructiong(or a call to supervisoisoftwarehaving anequivalent
effect).

11. Althoughtechnicallypossiblethisis notto suggesthattherewould be significantutility in mixing user
processes with diring registerusage coventions.
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Notethatself-modifyingcodeintendedto be portablemust useFLUSH instruction(s)or
a call to supervisorsoftware having equvalent effect) after storing into the instruction
stream.

All SFARC-V9 instructionaccessearebig-endianlf aprogramis runningin little-endian
mode and wishes to modify instructions, it must do one of thexfimitp

— Use an gplicit big-endian ASI to write the modified instruction to memany

— Reverse the byte ordering shavn 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

SFARC-V9 providessupportfor the efficient managemendf userlevel threads.The cost
of thread switching can be reduced by using theviatig features:

User Management of FPU:

The FEF bit in the FPRSregisterallows nonprvileged codeto managethe FPU.
Thisis in additionto the managemerdoneby the supervisorcodevia the PEFbit
in the PSTATE register. A thread-managemeiibrary can implementefficient
switchingof the FPUamongthreadsy manipulatinghe FEF bit in the FPRSreg-
isterandby 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 :
The FLUSHW instructionis anefficientway for athreadlibrary to flushtheregis-
terwindows duringathreadswitch. Theinstructionexecutesasa NOPf thereare
no windaws to flush.

H.1.8 Minimizing Branc h Latency

The SFARC-V9 architecturecontainssereral instructionsthat can be usedto minimize
branch lateng These are described b&lo

Conditional Moves
The conditionalmove instructionsfor both integer andfloating-pointregisterscan
be usedto eliminatebranchedrom the codegeneratedor simpleexpressionand/
or assignments. The folldong example illustrates this.

The C code sgnent

double X,Y;
int i;

i = (x>y)?1:2
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can be compiled to use a conditionaiv@@s follavs:

fcmp %fccl, X, y I x and y are double regs
mov 1, i liisint; assume x >y
movfle %fccl, 2, i I fix i if wrong

Branch or Move Based on Register Contents
Theuseof registercontentsasconditionsfor branchandmove instructionsallows
ary integerregister(otherthanr0) to hold a booleanvalueor theresultsof acom-
parison. This allows conditionsto be usedmore efficiently in nestedcases.It
allows the generatiorof a conditionto be movedfurtherfrom its use therebymin-
imizing lateng. In addition, it can eliminate the needfor additional arithmetic
instructiongto setthe conditioncodesThisis illustratedin thefollowing example.

The test for finding the maximum of an array of gaes,

if (A[i] > max)
max = A[i];

canbecompiledasfollows, allowing the conditionfor theloop to be setbeforethe
sequence and cheaik after it:

ldx [ addr_of_A], Ai
sub Ai, max, tmp
movrgz tmp, Ai, max

H.1.9 Prefetch

The SFARC-V9 architectureincludesa prefetchinstruction intendedto help hide the
lateng of accessing memary

As agenerarule, givenaloop of thefollowing form (usingC for assemblyanguageand
assuming a cache line size of 64 bytes and that A and B are arrays of 8lbgt v
for (i = 0;i<N;i++) {
load A[i]
load BJ[i]

}

which takesC cyclesperiteration(assumingall loadshit in cache)andgivenL cyclesof

lateny to memory prefetchinstructionsmay be insertedfor datathat will be needed
ceiling(L/C") iterationsin the future, whereC' is numberof cycles per iteration of the

modified loop. Thus, the loopomld be transformed into

12. Two papersdescribingthe useof prefetchinstructionsare Callahan,D., K. Kennedy A. Porterfield,
“Software Prefetching, Proceeding®of the Fourth International Confeenceon Architectural Support
for ProgrammingLanguaesand Opeiating SystemsApril 1991, pp. 40-52,andMowry, T., M. Lam,
andA. Gupta,“Design and Evaluationof a Compiler Algorithm for Prefetching, Proceedingsf the
Fifth International Confeenceon Architectual Supportfor ProgrammingLanguayes and Operating
SystemsOctober 1992, pp. 62-73.
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K = ceiling(L/C";

for (i = 0;i<N;i++){
load Ali]
load BI[i]
prefetch Afi+K]
prefetch B[i+K]

}

This ensureghatthe loadswill find their datain the cache,andwill thuscompletemore
quickly. Thefirst K iterationswill notgetary benefitfrom prefetchingsoif thenumberof
iterations is small (see be&lp, then prefetching will not help.

Note thatin casesof contiguousaccesglik e this one),mary of the prefetchinstructions
will in factbe unnecessargndmay slow the programdown. To avoid this, notethatthe
prefetch instruction alays 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 Ali]
load BJi]
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-lajtes)

/* Be sure that we access the next cache line. */

K" = ceiling(L/C") + 7;
for (i = 0;i<N;i++){
load A[i]
load BJi]

prefetch Afi+K"]
prefetch B[i+K"]

load A[i+1]
load BJi+2]
... (no prefetching)

load A[i+7]
load BJi+7]
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In thefirst case the prefetchingis performedexactly whenneededandthusthe distance
neednot be adjusted However, the prefetchingmay not starton the first iteration, result-
ing in as may as K'+ 7 iterations without prefetching.

In the secondcase the prefetchingoccurssomevherewithin a cacheline, andthus,it is
not known exactly how long it will be until the next cacheline is neededHowever, by
prefetchingsevenfurtheraheadye ensureahatthe next cachdine will be prefetchedsoon
enough.In the worstcase,asmary asK" (< K' + 7) iterationswill executewithout any
benefit from prefetching.

Table45illustratesthe costtradeofs betweemo prefetching naive prefetchingandsmart
prefetching(the secondchoice) for a small loop (two cycles) with varying uncovered
latencieso memory Someof the lateny may be overlappedwith executionof surround-
ing instructions; that which is not is unesed.

Table 45—Pefetch Cost Tadeoffs

Limit cycles/iteration Smart startup costs
No pf Naive Smart Worst Worst
C c L K K" C+L/8 c (7C+ChH/8 Misses | Breakeven
2 4 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

Here,we treatthe arraysaccessedsif onewerenotin the cache.Thus,every eightitera-
tions, a cacheline mustbe fetchedfrom memoryin the no-prefetchcase;andthus,the
amortizedcostof aniterationis C + L /8. The costestimatefor the smartcaseignoresary
benefitsfrom unrolling, sinceit is reasonabléo expectthatthe loop would be unrolledor
pipelinedin this fashion,evenif prefetchingwerenot used.The startupcostsassumean
alignmentwithin the cachethat maximizesthe initial misses.The break-@en costwas
chosen by solving the folldng equation for N.

N O(C+L/8)=WMOL+NDO(7C+C")/8{e.g., 3N=16+2.25N0 N =21}
Of course, this is a simplified model.

Another possibility to consideris the worst-casecost of prefetching.If, in the example
provided, everything accesseds always cached,then the smart-prefetchindoop takes
12.5%longer For eachmemorylateng, thereis abreak-@enpoint (in termsof how often
one of the array operandds cached)at which the prefetchingloop begins to run faster
Table 46 illustrates this.

Table 46—Cache Beak-Even Roints

Break-even Break-even
% cached loop cachemiss
L C-cached C-missed C-smart operands 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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Notethatoneuncacheperandcorrespond$o oneloadout of sixteenmissingthe cache;
the operandmissrateis sixteentimeshigherthanthe load missrate.Note thatthis is the
miss rate for this loop alonexteapolation from whole-program miss rates is not advised.

Binariesthat run efficiently acrossdifferent SFARC-V9 implementationsan be created
for casedik e this (wherememoryaccesseareregular, thoughnot necessarilgontiguous)
by parameterizinghe prefetchdistanceby machinetype. In privilegedcodethe machine
typeis availablein the VER register;nonprvilegedcodeshouldbeableto obtainthis from
the operatingsystemor ABI. Basedon informationaboutknowvn machinesandestimated
loop execution times, a compiler could precalculatevalues for K" (assumingsmart
prefetchingandstorethemin atable.At executiontime, the propervaluefor K" would be
fetched from the table before entering the loop.

For regular but noncontiguousaccessesa prefetchwould be issuedfor every load. If
cacheblockingis used,the prefetchingstratgly mustbe adjustedaccordingly sincethere
is no point in prefetching data that igpected to be in the cache already

The prefetchvariantshouldbe choserbasedon whatis known aboutthe local andglobal
useof the dataprefetchedlf the datais not beingwritten locally, thenvariantO (several
reads)houldbeused.f it is beingwritten (andpossiblyalsoread),thenvariant2 (several
writes)shouldbeused|f, in addition,it is known thatthisis likely to bethelastuseof the
datafor sometime (for example,if theloop iterationcountis onemillion anddependence
analysigevealsno reuseof data),thenit is appropriatdo useeithervariantl (oneread)or
3 (onewrite). If reuseof datais expectedto occursoon,thenuseof variantsl or 3 is not
appropriate, because of the risk of increasesiand memory tr&€ on a multiprocessor

If the hardwaredoesnotimplementall variants,it is expectedto provide a sensibleover-
loadingof the unimplemented/ariants.Thus,correctuseof a specificvariantneednot be
tied to a particular SFRC-V9 implementation or multi/uniprocessor configuration.

H.1.10 Nonfaulting Load

The SFARC-V9 architecturancludesa way to specifyloadinstructionsthatdo not gener-
ate visible faults, so that compilerscan have more freedomin schedulinginstructions.
Note that theseare not speculatre loads,which may fault if their resultsare later used;
theseare normalload instructions,but taggedto indicateto the kerneland/orhardware
that a &ult should not be dekred to the codexecuting the instruction.

Five important rules gern the use of noatilting loads:

(1) Volatile memoryreferences the sourcdanguageshouldnot usenonfaultingload
instructions.

(2) Code compiled for delugging should not use nonfaulting loads, becausethey
remove the ability to detect common errors.

(3) If nonfaulting loadsare used,pagezeroshouldbe a pageof zerovalues,mapped
read-only Compilersthatroutinely usenegative offsetsto registerpointersshould
map page “—1" similarlyif the operating softare permits it.
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(4) Any useof nonfaulting loadsin privileged code must be aware of how they are
treated by the host BRC-V9 implementation.

(5) Nonfaultingloadsfrom unalignedaddressemay be substantiallymoreexpensve
than nondulting loads from other addresses.

Nonfaulting loads can be used to sothiree scheduling problems.

— On superscalarmachinesit is often desirableto obtainthe right mix of instruc-
tions to avoid conflictsfor ary given executionunit. A nonfaulting load can be
moved (backwards) past a basic block boundaryyereout the instruction mix.

— On pipelinedmachinestheremay be lateny betweenoadsanduses A nonfault-
ing load canbe moved pasta block boundaryto placemoreinstructionsbetweera
load into a rgister and the n& use of that rgister

— Softwarepipeliningimprovestheschedulingpf loops,but if aloopiterationbegins
with aloadinstructionandcontainsanearlyexit, it maynotbeeligible for pipelin-
ing. If the load is replaced with a nawidting load, then the loop can be pipelined.

In the branch-laderrodeshavn in example2, nonfaultingloadscouldbe usedto separate
loadsfrom uses.The resultalsohasa somevhat 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 I (pre)loadl (key)
loop:
cmp t1,goal lusel
bpe %xcc,out
nop I no filling from loop.
ldx [x+8],x I'load2 (next)
brnz,a x,loop l use2
ldx [x],t1 I'loadl

out:

With Nonfaulting Loads:

entry:

mov X,t2

mov #ASI|_PNF, %asi

ldxa [t2]%asi,t1 ! (pre)loadl (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 lusel

bpne %xcc,loop

ldxa [t2],%asi,t1 luse2, loadl ! nf-load for x

out:
Example 2—Branch-Laden Code with Nonfaulting Loads
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In the loop shavn in example3, nonfaulting loadsallow pipelining. This loop might be

Source Code
d_ne_index (double * d1, double * d2) {

inti = 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 al,a2 luse
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:
fecmpd al,a2 I use, fcc def
lddfa [d1+t],%asi,al
lddfa [d2+t],%asi,a2 !'load
add t,8,t
fbe,a loop I fcc use
add i,1,i

Example 3—Loop with Nonfaulting Loads

improved further usingunrolling, prefetching,and multiple FCCs,but thatis beyond the
scope of this discussion.

H.2 Supervisor Software

This subsectiondiscusseshow supervisorsoftware can use the SFARC-V9 privileged
architecturelt is intendedto illustrate how the architecturecan be usedin an efficient
mannerAn implementatiormay chooseo utilize differentstratgiesbasednits require-
ments and implementation-specific aspects of the architecture.

H.2.1 Trap Handling

The SFARC-V9 privilegedarchitecturgrovidessupportfor efficient trap handling,espe-
cially for window traps.The following featuresof the SFARC-V9 privilegedarchitecture
can be used to writefefient trap handlers:

Multiple T rap Levels
The trap handlersfor trap levels lessthan MAXTL —1 can be written to ignore
exceptionalconditionsand executethe commoncaseefficiently (without checks
and branches)For example, the fill/spill handlerscan accesspageablememory
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withoutfirst checkingif it is residentlf thememoryis notresidenttheacceswill
cause a trap that will be handled at thet iap level.

Vectoring of Fill/Spill Traps:

Supervisorsoftware can set up the vectoringof fill/spill trapsprior to executing
codethatusesregisterwindows andmay causespill/fill traps.This featurecanbe
usedto supportSFARC-V8 and SFARC-V7 binaries.Thesebinariescreatestack
frameswith save areador 32-bitregisters SFARC-V9 binariescreatestackframes
with save areador 64-bit registers.By settingup the spill/fill trapvectorbasedon
the type of binary being executed,the trap handlerscan avoid checkingand
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 trap handlerscan
load ASI_AS IF_USER_PRIMAR{_LITTLE} into the ASI registerin orderto
accesshe users addresspacewithout the overheadof having to save andrestore
the ASI rejister

SAVED and RESTORED Instructions:
The SAVED (RESTORED) instruction provides an efficient way to updatethe
stateof theregisterwindows after successfullyspilling (filling) aregisterwindow.
They implementadefault policy of spilling (filling) oneregisterwindow atatime.
If desired,the supervisorsoftware canimplementa different policy by directly
updating the state gesters.

Alter nate Globals
Thealternateglobalregisterscanbe usedto avoid sarzing andrestoringthe normal
global registers.They canbe usedlike the local registersof the trap window in
SFARC-VS.

Large Trap Vectors for Spill/Fill :
The definition of the spill andfill trap vectorswith resened spacebetweeneach
pair of vectorsallows spill andfill traphandlergo be up to thirty-two instructions
long, thus woiding a branch in the handler

H.2.2 Example Code f or Spill Handler

The codein example4 shawvs a spill handlerfor a SFARC-V9 userbinary The handleris
locatedat the vectorfor traptype spill_0_normal (080¢). It is assumedhatsupervisosoft-
ware hassetthe WSTATE registerto 0 beforeexecutingthe userbinary. The handleris
invoked when user codexecutes a SYEE instruction that results in a windaoverflow.

H.2.3 Client-Ser ver Model

SFARC-V9 provides mechanismgo supportclient-sener computingefficiently. A call
from aclientto a sener (wherethe clientandsener have separateddresspacesganbe
implementecefficiently usinga softwaretrapthatswitchesheaddresspaceThisis often
referredto asacross-domaincall. A systemcall in mostoperatingsystemsanbeviewed
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T_NORMAL_SPILL_O:
I1Set ASI to access user addr space

wr #ASI_AIUP, %asi

stxa %I0, [%sp+(8* 0)]%asi IStore window in memory stack
stxa %I1, [%bsp+(8* 1)]%asi

stxa %I2, [Yosp+(8* 2)]%asi

stxa %I3, [Yosp+(8* 3)]%asi

stxa %l4, [Yosp+(8* 4)]%asi

stxa %I5, [Yosp+(8* 5)]%asi

stxa %I6, [Yosp+(8* 6)]%asi

stxa %I7, [Yosp+(8* 7)]%asi

stxa %i0, [Yosp+(8* 8)]%asi

stxa %il, [Yosp+(8* 9)]%asi

stxa %i2, [Ysp+(8*10)]%asi

stxa %i3, [Yosp+(8*11)]%asi

stxa %i4, [Yosp+(8*12)]%asi

stxa %i5, [%sp+(8*13)]%asi

stxa %i6, [Yosp+(8*14)]%asi

stxa %i7, [Yosp+(8*15)]%asi

saved I Update state

retry I Retry trapped instruction

! Restores old %asi

Example 4—Spill Handler

asaspecialcaseof across-domairall. Thefollowing featuresareusefulin implementing
a cross-domain call:

Splitting the Register Windo ws

Theregisterwindows canbe sharedefficiently betweemmultiple addresspacedy using

the OTHERWIN register and providing additionaltrap handlersto handlespill/fill traps

for the other(notthe current)addresspacesOn a cross-domaircall (a softwaretrap),the

supervisorcansetthe OTHERWIN registerto the numberof registerwindows usedby the

client (equalto CANRESTORE) and CANRESTORE to zero. At the sametime the

WSTATE bit vectorscanbe setto vectorthe spill/fill trapsappropriatelyfor eachaddress
space.

The sequencen example5 shaws a cross-domaircall andreturn. The exampleassumes
the simple case whereonly a single client-serer pair canoccupy the registerwindows.
More general schemes can bealeped along the same lines.

ASI_SECONDARY{_LITTLE}

SupervisosoftwarecanusetheseunrestrictedASIs to supportcross-address-spaaecess
betweerclientsand nonprvilegedseners.For example,someservicesthatare currently
provided as part of a large monolithic supervisorcan be separatedut as nonprvileged
seners (potentially occupying a separateaddressspace).This is often referredto asthe
microkernel approach.

H.2.4 User Trap Handler s

Supervisosoftwarecanprovide efficient supportfor user(nonprvileged)traphandlerson
SFARC-V9. The RETURN instructionallows nonprvileged codeto retry an instruction
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cross_domain_call:

save

I create a new register window for the server
! Switch to the execution environment for the server;

| Save trap state as necessary.

1 Set CWP for caller in TSTATE

rdpr
rdpr
belr

wrpr
rdpr
wrpr
wrpr
rdpr
sli

or
wrpr

done

%tstate, %g1l

%cwp, %g2
TSTATE_CWP, %g1l
%491, %g2, %tstate
%canrestore, %g1l
%490, 0, %canrestore
%g0, %g1, %otherwin
%wstate, %g1

%01, 3, %gl

%91, WSTATE_SERVER, %g1

%490, %gl, %wstate

cross_domain_return:

rdpr
wrpr
wrpr
rdpr
srl

wrpr

restore

%otherwin, %g1

%490, %gl, %canrestore
%g0, 0, %otherwin
%wstate, %91

%01, 3, %g1

%40, %g1, %wstate

I Move WSTATE_NORMAL (client’s
I vector)to WSTATE_OTHER

! Set WSTATE_NORMAL to the

! vector for the server

I Load trap state for server
I Execute server code

I Reset WSTATE_NORMAL to
I client’s vector

! Restore saved trap state as necessary; this includes

! the return PC for the caller.

! Go back to the caller’s register window.

| Set CWP for caller in TSTATE

rdpr
rdpr
bclr

wrpr

done

pointedto by the previous stackframe.This providesthe semanticsequiredfor returning

Ytstate, %gl

%cwp, %g2
TSTATE_CWP, %gl
%491, %g2, %tstate

! return to the caller

Example 5—Cross-Domain Call and Retun

from a usertrap handlerwithout any changein processosstate.Supervisorsoftware can
invoke the usertrap handlerby first creatinga new registerwindow (andstackframe)on

its behalfandpassinghe necessarargumentgincludingthe PCandnPCfor thetrapped
instruction)in the local registers.The codein example6 shavs how a usertrap handler

may be ivoked and hw it returns:
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T_EXAMPLE_TRAP: I Supervisor trap handler for T_EXAMPLE_TRAP trap
save I Create a window for the user trap handler

1ISet CWP for new window in TSTATE

rdpr Y%tstate, %l6

rdpr %cwp, %I5

belr TSTATE_CWP, %6

wrpr %I6, %I5, Yotstate

rdpr %tpc,%l6 IPut PC for trapped instruction in local register
rdpr %tnpc,%I7  'Put nPC for trapped instruction in local register

1Get the address of the user trap handler in %l5;
! for example, from a supervisor data structure.

wrpr %I5, %tnpc I Put PC for user trap handler in %tnpc.
done I Execute user trap handler.
USER_EXAMPLE_TRAP: User trap handler for T_EXAMPLE_TRAP trap

IExecute trap handler logic. Local registers
! can be used as scratch.

jmpl %I6 IReturn to retry the trapped instruction.
return %I7

Example 6—User Tap Handler
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This appendix is inbrmative only.
It is not part of the SRRC-V9 specification.

| Extending the SP ARC-V9 Architecture

This appendixdescribediow extensionscanbe effectively addedio the SFARC-V9 archi-

tecture.lt describedow new instructionscanbe addedthroughthe useof readandwrite

ancillary state register (ASR) and implementation-dependeriMPDEP1/IMPDEP2)
instructions.

— WARNING —
Programs that make use of SPARC-V9 architectural extensions

may not be portable and likely will not conform to any current or
future SPARC-V9 binary standards.

.1 Addition of SP ARC-V9 Extensions

There are two approed methodsof adding extensionsto an implementationof the
SFARC-V9 architecture An implementorwho wishesto define and implementa newv
SFARC-V9 instruction should, if possible, use one of the foillg methods.

[.1.1 Read/Write Ancillar y State Register s (ASRS)

Thefirst methodof addinginstructionsto SFARC-V9 is throughthe useof theimplemen-
tation-dependentVrite Ancillary StateRegister(WRASR)andReadAncillary StateReg-
ister (RDASR) instructionsoperatingon ASRs 16..31. Througha read/writeinstruction
pair, ary instructionthatrequiresanrsl, reg_or_imm andrd field canbeimplementedA
WRASRInstructioncanalsoperformanarbitraryoperationon two registersourcespr on
oneregistersourceandasignedimmediatevalue,andplacetheresultin anASR. A subse-
guentRDASR instructioncanreadtheresultASR andplaceits valuein anintegerdestina-
tion register

1.1.2 Implementation-Dependent and Reser ved Opcodes

The meaningof “resened” for SFARC-V9 opcodediffers from its meaningin SFARC-
V8. The SFARC-V9 definition of “resened” allows implementationsto use resered
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322 | Extending the SPARC-V9 Architecture

opcodesfor implementation-specifipurposesWhile a hardware implementationthat
usesresered opcodeswill be SFARC-V9-compliant, SFARC-V9 ABI-compliant pro-
gramscannotusetheseresened opcodesandremaincompliant. A SFARC-V9 platform
thatimplementsinstructionsusingresened opcodesnustprovide softwarelibrariesthat
provide theinterfacebetweerSFARC-V9 ABI-compliantprogramsandthesenstructions.
Graphicdibrariesprovide agoodexampleof this. Hardware platformshave mary diverse
implementation®f graphicsacceleratiorhardware,but graphicsapplicationprogramsare
insulated from this dersity through libraries.

Thereis no guarante¢hataresenedopcodewill notbeusedfor additionalinstructionsin
a future version of the SFARC architecture.lImplementorswho use resered opcodes
should keep this in mind.

In somecasedorward compatibility may not be an issue;for example,in an embedded
application binary compatibility may not be anissue.Theseimplementationganuseary
resened opcodes forgensions.

Evenwhenforward compatibilityis anissue future SFARC revisionsarelik ely to contain
few changego opcodeassignmentgiventhatbackward compatibility with previousver-
sionsmustbe maintainedlt is recommendethatimplementationsvishingto remainfor-
ward-compatible use the nev IMPDEP1 and IMPDEP2 resered opcodes with
0p3[5:0]=110110 and 110111,
Compatibility Note:
IMPDEPlandIMPDEP2replacethe SFARC-V8 CPoplandCPop2opcodesSFARC-V9 includes
neitherthe SFARC-V8 coprocessoppcodesnor ary other SFARC-V8 architecturalsupportfor

coprocessorsThe coprocessoopcodeswere eliminated becausethey have not beenusedin
SFARC-V7 and SRRC-V8, as witnessed by the lack of coprocessor implementations.

It is furtherrecommendethat SFARC Internationalbe notified of ary useof IMPDEP1,
IMPDEP2,0r otherreseredopcodesWhenandif futurerevisionsto SFARC arecontem-
plated, and if arny SFARC-V9 implementationshave made use of resened opcodes,
SFARC Internationalwill make every effort not to usethoseopcodesBYy going through
SFARC International,there can be feedbackand coordinationin the choiceof opcodes
thatmaximizeshe probability of forward compatibility Giventhe historicallysmallnum-
ber of implementation-specificchanges,coordinating through SFARC International
should be sticient to ensure future compatibility



This appendix is inbrmative only.
It is not part of the SRRC-V9 specification.

J Programming With the Memor y Models

This appendixdescribesow to programwith the SFARC-V9 memorymodels.An intui-

tive descriptionof the modelsis provided in Chapter8, “Memory Models” A complete
formal specificationappearsn AppendixD, “Formal Specificationof the Memory Mod-

els” In this subsectiongeneralprogrammingguidelinesare givenfirst, followed by spe-
cific examplesshaving how low-level synchronizatiortanbeimplementedn TSO,PSO,
and RMO.

Note that codewritten for a wealker memorymodelwill executecorrectlyin ary of the
strongermemorymodels.Furthermorethe only possibledifferencebetweencodewritten
for a wealer memorymodelandthe correspondingodefor a strongermemorymodelis
the presenceof memoryorderinginstructions(MEMBARS) that are not neededfor the
strongermemorymodel.Hence transformingcodefrom/to a strongemmemorymodelto/
from a wealer memorymodelmeansadding/remwing certainmemoryorderinginstruc-
tions?! Therequiredmemoryorderingdirectivesaremonotonicallyorderedwith respecto
the strengthof the memorymodel,with the wealestmemorymodelrequiringthe stron-
gest memory ordering instructions.

The code examplesgiven belon are written to run correctly using the RMO memory
model. The commentson the MEMBAR instructionsindicatewhich orderingconstraints
(if any) are required for the PSO and TSO memory models.

J.1 Memory Operations

Programsaccessmemory via five types of operations,namely load, store, LDSTUB,
SWAP, andcompare-and-sap. Load copiesa valuefrom memoryor anl/O locationto a
register Storecopiesa value from a registerinto memoryor an1/O location.LDSTUB,
SWAP, and compare-and-sap are atomic load-storeinstructionsthat storea value into

1. MEMBAR instructionsspecify sevenindependenbrderingconstraintsthus,thereare casesvherethe
transitionto a strongememorymodelallows the useof a lessrestrictve MEMBAR instruction,but still
requiresa MEMBAR instruction.To demonstratehis property the codeexamplesgivenin this subsec-
tion usemultiple MEMBAR instructionsif someof the orderingconstraintsareneededn somebut not
all memory models.Multiple, adjacentMEMBAR instructionscan always be replacedwith a single
MEMBAR instruction byORing the aguments.
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memoryor anl/O locationandreturnthe old valuein aregister The valuewritten by the
atomicinstructionsdependn the instruction.LDSTUB storesall onesin the accessed
byte, SWAP storesthe suppliedvalue,and compare-and-sap storesthe suppliedvalue
only if the old \alue equals the second suppliadue.

Memory orderandconsisteng are controlledby MEMBAR instructions.For example,a
MEMBAR #StoreStore  (equialentto aSTBAR in SFARC-V8) ensureshatall previ-

ousstoreshave beenperformedbeforesubsequenstoresandatomicload-storesare exe-
cutedby memory This particularmemoryorderis guaranteednplicitly in TSO,but PSO
andRMO requirethis instructionif the correctnes®f a programdependsn the orderin

which two store instructions can be obsehby another processor

FLUSH is not a memoryoperationbut it is relevantherein the contet of synchronizing
storeswith instructionexecution.Whena processomodifiesaninstructionataddress, it
doesa storeto A followed by a FLUSH A. The FLUSH ensureghatthe changemadeby

the store will become visible to the instruction fetch units of all processors in the system.

J.2 Memory Model Selection

Giventhatall SFARC-V9 systemsarerequiredto supportT SO, programswritten for any
memorymodelwill beableto runonany SFARC-V9 systemHowever, a systemrunning
with the TSO modelgenerallywill offer lower performanceahanPSOor RMO, because
lessconcurreng is exposedo the CPUandthe memorysystem.The motivationfor weak-
eningthe memorymodelis to allow the CPUto issuemultiple, concurrentnemoryrefer-
encesn orderto hide memorylateny andincreaseaccessandwidth.For example,PSO
andRMO allow the CPUto initiate new storeoperationdeforean outstandingstorehas
completed.

Usingawealer memorymodelfor anMP (multiprocessorapplicationthatexhibits a high
degreeof read-writememorysharingwith fine granularityanda high frequeng of syn-
chronization operations may result in frequent MEARBInstructions.

In general,it is expectedthatthe wealer memorymodelsoffer a performanceadvantage
for multiprocessor SFRC-V9 implementations.

J.3 Processor s and Pr ocesses

In the SFARC-V9 memorymodels,the term “processor’may be replacedsystematically
by theterm“process’or “thread; aslong asthe codefor switchingprocessesr threadss
written properly The correctprocess-switctsequencas given in J.8, “ProcessSwitch
Sequencé.If anoperatingsystemimplementsthis process-switctsequenceapplication
programmersnay completelyignorethe differencebetweena process/threadnda pro-
cessor

2. Memory orderis of concernonly to programscontainingmultiple threadsthat sharewritable memory
andthatmay run on multiple processorsandto thoseprogramswhich referencd/O locations Note that
from the processa’point of viev, I/O devices behee like other processors.
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J.4 Higher -Level Programming Langua ges and Memor y Models

The SFARC-V9 memory modelsare definedat the machineinstruction level. Special
attentionis requiredto write the critical partsof MP/MT (multi-threadedppplicationsn a
higherlevel language Currenthigherlevel languagesdo not supportmemory ordering
instructionsandatomicoperationsAs aresult, MP/MT applicationghatarewrittenin a
higherlevel languagegenerallywill rely on a library of MP/MT supportfunctions,for
example, the parmacslibrary from ArgonneNational Laboratory3 The details of con-
structing and using such libraries argdoed the scope of this document.

Compileroptimizationssuchascodemotion andinstructionschedulinggenerallydo not
presere the orderin which memoryis accessedbut they do presere the datadependen-
ciesof a singlethread.Compilersdo not, in generaldealwith the additionaldependeng
requirementsto support sharing read-write data among multiple concurrentthreads.
Hence,the memory semanticof a SFARC-V9 systemin generalare not presered by
optimizing compilers.For this reason,and becausenemory orderingdirectives are not
available from higherlevel languagesthe examplespresentedn this subsectionuse
assembly language.

Futurecompilersmay have the ability to presenthe programmemwvith a sequentiallycon-
sistent4memory model despitethe underlying hardware’s providing a wealker memory
model

J.5 Portability And Recommended Pr ogramming Style

Whethera programis portableacrossrariousmemorymodelsdepend®nhow it synchro-
nizesaccesdo sharedread-writedata. Two aspectf a programs style are relevant to
portability:

— Good semanticsrefersto whetherthe synchronizatiorprimitiveschosenandthe
way in which they are usedare suchthat changingthe memorymodel doesnot
involve making ay changes to the code that uses the presti

— Good structur e refersto whetherthe code for synchronizations encapsulated
through the use of primitives such that when the memory model is changed,
required changes to the code are confined to the prawiti

Goodsemanticarea prerequisiteor portability, while goodstructuremakesporting eas-
ier.

Programghat usesingle-writer/multiple-readdocksto protectall accesso sharedread-
write dataare portableacrossall memory models. The code that implementsthe lock
primitivesthemselesis portableacrossall modelsonly if it is written to run correctlyon
RMO. If thelock primitivesarecollectedinto alibrary, then,atworst,only thelibrary rou-

3. Lusk,E.L., R.A. Overbeek,'Use of Monitorsin Fortran:A Tutorial on the Barrier, Self-scheduling>o-
Loop, and Askfor Monitors,TR# ANL-84-51, Aigonne National Laboratoryune 1987.

4. SeeGharachorlooK., S.V. Adve, A. Gupta,J.L. HennessyandM.D. Hill, “Programmingfor Different
Memory ConsistencModels; Journal of Rirallel and Distributed Systemd45:4, August 1992.
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tinesmustbe changedNote that mutualexclusion(mutex) locks area degenerateype of
single-writer/multiple-readers lock.

Programgshatusewrite locksto protectwrite accessebut readwithout locking areporta-
ble acrossall memorymodelsonly if writesto shareddataare separatedby MEMBAR
#StoreStore  instructionsandif readingthelock is followedby aMEMBAR #Load-
Load instruction.If the MEMBAR instructionsare omitted, the codeis portableonly
acrossTSO and StrongConsisteng, but generallyit will notwork with PSOandRMO.
The codethat implementsthe lock primitivesis portableacrossall modelsonly if it is
written to run correctlyon RMO. If thelock routinesarecollectedinto a library, the only
possible changes not confined to the library routines are the MiEMiBstructions.

Programghatdo synchronizatiorwithout usingsingle-writer/multiple-readdocks, write

locks, or their equialentare, in general,not portableacrossdifferent memory models.
More precisely the memorymodelsare orderedfrom RMO (which is the wealest, least
constrainedand most concurrent),PSO, TSO, to sequentiallyconsistent(which is the
strongestmostconstrainedandleastconcurrent) A programwritten to run correctlyfor

ary particularmemorymodelwill alsorun correctlyin ary of the strongermemorymod-
els,but notvice versa.Thus,programswritten for RMO arethe mostportable thosewrit-

ten for TSO arelessso, andthosewritten for strongconsisteng are the leastportable.
This general relationship between the memory models @rsoaphically in figurel9.

Strong Consistenc y

TSO

PSO

Figure 49—Pportability Relations among Memory Models

The style recommendationsay be summarizedasfollows: Programshouldusesingle-
writer/multiple-readetocks, or their equivalent,when possible.Otherlowerlevel forms
of synchronizatior{suchasDekker’s algorithmfor locking) shouldbe avoidedwhenpos-
sible. Whenuseof suchlow-level primitivesis unavoidable,it is recommendedhat the

5. Programsthat assumea sequentiallyconsistentmemory are not guaranteedo run correctly on ary
SFARC-V9-compliantsystemsinceTSOis the strongesmemorymodelrequiredto be supportedHow-
ever, sequentialkconsisteng is the most naturaland intuitive programmingmodel. This motivatesthe
developmentof compilertechniqueghatallow programswritten for sequentiatonsisteng to be trans-
lated into code that runs correctly (anficéntly) on systems with weak memory models.
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codebewritten to work onthe RMO modelto ensureportability. Additionally, lock prim-
itivesshouldbecollectedtogethelinto alibrary andwritten for RMO to ensureportability.

AppendixD, “Formal Specificatiorof the Memory Models; describes tool andmethod
that allavs short code sequences to be formadigified for correctness.

J.6 Spin Loc ks

A spinlock is alock for which the“lock held” conditionis handledby busywaiting. The
codein example7 shavs how spinlocks canbeimplementedusingLDSTUB. A nonzero
valuefor the lock representshe locked condition,while a zerovaluemeanghatthe lock

is free. Note thatthe codebusywaits by doingloadsto avoid generatingexpensve stores
to a potentially sharedlocation. The MEMBAR #StoreStore  in UnLockWithLD-
STUBensures that pending stores are completed before the store that frees the lock.

LockW t hLDSTUB( | ock)

retry:
Idstub [1 ock],%l0
tst %I0
be out
nop
loop:
Idub [ I ock],%l0
tst %I0
bne loop
nop
ba,a retry
out:

membar  #LoadlLoad | #LoadStore

UnLockW t hLDSTUB( | ock)

membar  #StoreStore IRMO and PSO only
membar  #lLoadStore IRMO only
stub %g0,[ | ock]

Example 7—Lock and Unlock Using LDSTUB

The codein example8 shavs how spinlocks canbe implementedusingCASA. Again, a
nonzerovaluefor the lock representshe locked condition,while a zerovalue meanshe
lockis free. Thenonzerdock value(ID) is suppliedby the callerandmaybeusedto iden-
tify thecurrentownerof thelock. Thisvalueis availablewhile spinningandcouldbeused
to maintaina time-outor to verify thatthe threadholding the lock is still running.As in
the preious case, the codeidy-waits by doing loads, not stores.

J.7 Producer -Consumer Relationship

In aproducerconsumerelationship,thg@roducermprocesgienerateslataandputsit into a
buffer, while the consumemprocesgakesdatafrom the buffer andusesit. If the buffer is
full, the producerprocessstallswhentrying to put datainto the buffer. If the buffer is
empty the consumer process stalls when trying to renuata.
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LockW t hCAS( | ock, ID)

retry:
mov [1D],%I0
cas [ 1 ock],%g0,%I0
tst %I0
be out
nop
loop:
Id [ I ock],%l0
tst %I0
bne loop
nop
ba,a retry
out:
membar  #LoadlLoad | #LoadStore ISee example 7
UnLockW t hCAS( | ock)
membar  #StoreStore IRMO and PSO only
membar  #LoadStore IRMO only
st %g0,[ | ock]

Example 8—Lock and Unlock Using CAS

Figure 50 shaws the buffer datastructureand register usage Example9 shaws the pro-
ducerandconsumercode.The codeassumeshe existenceof two proceduresincrHead
andincrTail , whichincrementheheadandtail pointersof the buffer in awraparound
manner and return the incrementedire, lut do not modify the pointers in thefter.

Buff er Data Structure:

Buffer Empty Condition:

buffer —» bufhead )
( = %i0) bufhead == buftail
. Buffer Full Condition:
buffer+4 —» buftail IncrT ail (buffer) == bufhead
bufdata

Register Usa ge:

%i0 and%il parameters

%I0 and%l1 local values

%00 result

Figure 50—Data Structutes br ProducerConsumer Code
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Produce(buffer, data)

call IncrTail
full:
Id [%i0],%I0
cmp %I0,%00
be full
Id [%i0+4],%I0
st %i1,[%I0]
membar  #StoreStore 'RMO and PSO only
st %00,[%i0+4]
Consume( buf fer)
Id [%6i0],%I0
empty:
Id [%i0+4],%I1
cmp %I10,%I1
be empty
call IncrHead
Id [%610],%I10
membar  #LoadStore 'RMO only
st %00,[%i0]
mov %I0,%00

Example 9—Producer and Consumer Code

J.8 Process Switc h Sequence

This subsectiorprovides codethat must be usedduring processor threadswitching to

ensurethatthe memorymodelseenby a processor threadis the oneseenby a processar
The HeadSequence mustbe insertedat the beginning of a processor threadwhenit

startsexecutingonaprocessarTheTailSequence mustbeinsertedattheendof apro-

cess or thread when it relinquishes a processor

Examplel0 shavs the headandtail sequenceslhe two sequenceseferto a perprocess
variabletailDone The valueO for tailDone meansthatthe processs running, while the

value -1 (all ones)meansthat the processhascompletedits tail sequenceand may be

migratedto anotherprocessoif the processs runnable Whena new processs created,
tailDoneis initialized to —1.

The MEMBAR in HeadSequence is requiredto be able to provide a switching
sequencehatensureghatthe stateobseredby a processn its sourceprocessowill also
be seenby the processn its destinationprocessarSinceFLUSHesandstoresaretotally
ordered,the headsequenceneednot do anything specialto ensurethat FLUSHesper-
formed prior to the switch are visible by thewngrocessor

Programming Note:
A consenrative implementation may simply use a MEKB with all barriers set.
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HeadSequence(t ai | Done)

nrdy:
Id [tail Done],%I0
cmp %I0,-1
bne nrdy
st %g0, [ tail Done]

membar #StoreLoad

Tai | Sequence(tail Done)

mov -1,%I0

membar  #StoreStore IRMO and PSO only

membar  #LoadStore IRMO only (combine with above)
st %I0,[ tail Done]

Example 10—Piocess or Thead Switch Sequence

J.9 Dekker’s Algorithm

Dekker’s algorithmis the classicalsequencéor synchronizingentryinto a critical section
usingloadsandstoresonly. The reasorfor shaving this examplehereis to illustrate how
onemay ensurethat a storefollowed by a load in issuingorderwill be executedby the
memorysystemin thatorder Dekker’s algorithmis not a valid synchronizatiorprimitive
for SFARC-V9, becausdt requiresa sequentiallyconsisten{SC) memorymodelin order
to work. Dekker’s algorithm (and similar synchronizationrsequencesgan be codedon
RMO, PSO,and TSO by addingappropriateMEMBAR instructions.This examplealso
illustrateshow future compilerscan provide the equivalent of sequentiakonsisteng on
systems with wead memory models.

Examplell shaovs the entry andexit sequencefor Dekker’s algorithm. The locationsA
andB areusedfor synchronizationA = 0 meanghatproces$1is outsideits critical sec-
tion, while ary othervaluemeanghatP1is insideit; similarly, B = 0 meanghatP2is out-
side its critical section, and yaother \alue means that P2 is inside it.

Dekker’s algorithmguaranteesutual exclusion,but it doesnot guarantedreedomfrom

deadlockln this case|t is possiblethatboth processorgndup trying to enterthe critical

region without successThe codeabove triesto addresghis problemby briefly releasing
the lock in eachretry loop. However, both storesare likely to be combinedin a store
buffer, sothereleaséhasno chanceof successA morerealisticimplementatiorwould use
a probabilisticback-of stratgy that increaseghe releasedperiod exponentially while

waiting. If any randomizations used,suchan algorithmwill avoid deadlockwith arbi-

trarily high probability

J.10 Code Patching

The codepatchingexampleillustrateshow to modify codethatis potentially being exe-
cutedat the time of modification.Two commonusesof codepatchingarein deluggers
and dynamic linking.
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P1Entry( )
mov -1,%I0
busy:
st %I0,[A]
membar  #StoreLoad
Id [ B],%l1
tst %I1
bne,a busy
st %g0,[ A]
P1Exit( )
membar  #StoreStore IRMO and PSO only
membar  #LoadStore IRMO only
st %g0,[ A]
P2Entry( )
mov -1,%I0
busy:
st %I0,[B]
membar  #StoreLoad
Id [ Al,%I1
tst %I1
bne,a busy
st %g0,[ B]
P2Exi t ( )
membar  #StoreStore IRMO and PSO only
membar  #LoadStore IRMO only
st %g0,[ B]

Example 11—Dekler’s Algorithm

Codepatchinginvolvesa modifying processPm andoneor moretargetprocesseft. For

simplicity, assumethat the sequenceao be modified is four instructionslong: the old

sequencas (Old1, Old2, Old3, Old4), and the newv sequenceas (Newl, Nen2, New3,

Newd). Therearetwo examples:noncooperatve modification,in which the changesare
madewithout cooperatiorfrom Pt; and cooperative modification,in which the changes
require eplicit cooperation fronPt.

In noncooperatie modification,illustratedin examplel2, changesare madein reverse
executionorder Thethreepartially modifiedsequencefOldl, Old2, Old3, New4), (Old1,

Old2, New3, New4), and (Old1, Nen2, Nen3, Newd) mustbe legal sequences$or Pt, in

that Pt mustdo theright thing if it executesary of them.Additionally, noneof the loca-
tionsto be modified,exceptthefirst, maybethetargetof abranch.Thecodeassumeshat
%i0 containsthe startingaddres®f the areato be patchedand%il, %i2, %i3, and%i4

containNewl, Nenv2, Nen3, andNen4.

Theconstrainthatall partially modifiedsequencesustbelegal is quiterestrictve. When
this constraintcannotbe satisfied,noncooperatie code patchingmay requirethe target
processorto execute FLUSH instructions.One methodof triggering such a non-local
FLUSH would be to send an interrupt to thegetrprocessor
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NonCoopPat ch(addr, instructions..)

st %i4,[%i0+12]

flush %i0+12

membar  #StoreStore IRMO and PSO only
st %:i3,[%i0+8]

flush %i0+8

membar  #StoreStore IRMO and PSO only
st %:i2,[%i0+4]

flush %i0+4

membar  #StoreStore IRMO and PSO only
st %i1,[%:i0]

flush %i0

Example 12—Nonxooperatve Code Rtching

In cooperatre code patching,illustratedin examplel3, changedo instructionscan be

madein ary order WhenPmis finishedwith thechangesit writesinto thesharedvariable
doneto notify Pt. Pt waitsfor doneto changefrom 0 to someothervalueasa signalthat
the changeshave beencompleted.The code assumeghat %i0 containsthe starting
addresf the areato be patched%il, %i2, %i3, and%i4 containNewl, Nen2, New3,

andNew4, and%g1 containsthe addresof done The FLUSH instructionsin Pt ensure
thatthe instructionbuffer of Pt's processois flushedso thatthe old instructionsare not

executed.

CoopPat ch(addr, instructions..) 19%i0 = addr, %il..%i4 = instructions
st %i1,[%i0]
st %:i2,[%i0+4]
st %:i3,[%i0+8]
st %i4,[%i0+12]
mov -1,%I0
membar  #StoreStore IRMO and PSO only
st %I0,[%g1]
Tar get Code( )
wait:
Id [%6g1],%I0
cmp %I0,0
be wait
flush A
flush A+4
flush A+8
flush A+12
A:
Old1
Old2
Old3
Old4

Example 13—Cooperatve Code Ritching
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J.11 Fetch_and Add

Fetdh_and_Addperforms the sequencea=a + b atomically with respectto other
Fetdh_and_Add to location a. Two versionsof Fetch_and_Addare shovn. The first
(examplel4) usesthe routine LodckWIthLDSTUB describedabore. This approachusesa
lock to guardthe value. Sincethe memorymodel dependeng is embodiedin the lock
access routines, the code does not depend on the memory®model.

[*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

Fetdh_and_Addoriginally wasinventedto avoid lock contentionandto provide an effi-
cient meansto maintainqueuesand buffers without cumbersomeéocks. Hence,usinga
lock is inefficientandcontraryto theintentionsof the Fetch_and_AddThe CAS synthetic
instruction allevs a more dicient version, as shan in examplelb.

FetchAndAddCAS( address, increment) %0 = address,%il = increnent
retry:

Id [%6i0],%I0

add %I10,%i1,%I1

cas [%6i0],%010,%I1

cmp %I10,%I1

bne retry

mov %I1,%00 Ireturn old value

Example 15—Fetch and Add Using CAS

J.12 Barrier Sync hronization

Barriersynchronizatiorensureshateachof N processess blockeduntil all of themreach
a given state.The point in the flow of control at which this stateis reacheds calledthe
barrier;hencehename ThecodeuseghevariableCountinitializedto N. As eachprocess
reachests desiredstate it decrement€ountandwaitsfor Countto reachzerobeforepro-
ceeding further

6. Inlining of the lock-access functions with subsequent optimization may break this code.
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Similar to the fetch and add operation,barrier synchronizationis easily implemented
using a lock to guard the counteariable, as shwn in examplel6.

[*Barrier Synchronization using LDSTUB*/
Barrier(Count,Lock)

int *Count;
int *Lock;
{
LockWithLdstUB(Lock);
*Count = *Count- 1,
UnlockWithLdstUB(Lock);
while(*Count > 0) {; I*busy-wait*/ }
}

Example 16—Barrier Synchronization Using LDSTUB

The CAS implementationof barrier synchronizationshavn in examplel7, avoids the
extra lock access.

Bar ri er CAS(Count) 1%i0 = address of counter variable
retry:
Id [%6i0],%I0
add %I0,-1,%I1
cas [%6i0],%010,%I1
cmp %I0,%I1
bne retry
nop
wait:
Id [%6i0],%I0
tst %I0
bne wait
nop

Example 17—Barrier Synchrmonization Using CAS

A practicalbarriersynchronizatiormustbe reusablebecausaét is typically usedonceper
iterationin applicationsthat requiremary iterations.Barriersthat are basedon counters
musthave meando resetthe counter Onesolutionto this problemis to alternatebetween
two complementaryersionsof the barrier: onethat countsdown to 0 andthe otherthat
countsupto N. In this case passingonebarrieralsoinitializesthe counterfor thenext bar-
rier.

Passinga barriercanalsosignalthattheresultsof oneiterationarereadyfor processingy
thenext iteration.In thiscase RMO andPSOrequirea MEMBARStoreStore  instruc-
tion prior to the barriercodeto ensurehatall local resultsbecomeglobally visible prior to
passing the barrier

Barriersynchronizatiormamongalarge numberof processorsvill leadto accessontention
on the countervariable,which may degradeperformanceThis problemcanbe solved by
using multiple counters.The butterfly barrier usesa divide-and-conquetechnigueto
avoid ary contention and can be implemented without atomic opera?tions.
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J.13 Linked List Inser tion and Deletion

Linked lists are dynamicdatastructureghat might be usedby a multi-threadedapplica-
tion. As in the previous examples,a lock canbe usedto guardaccesgo the entire data
structure However, singlelocks guardinglarge andfrequentlyshareddatastructurescan
be ineficient.

In examplel8, the CAS syntheticinstructionis usedto operateon a linked list without
explicit locking. Eachlist elementstartswith an addresdfield that containseither the
addres®f thenext list elementor zero. The headof thelist is theaddres®f avariablethat
holds the address of the first list element. The head is zero for empty lists.

Li stlnsert(Head, Elenent) %0 = Head addr, %il = El enent addr
retry:
Id [ 940],%I0
st %I0, [%il]
mov %il, %I1
cas [96i0],%010,%I1
cmp %I0,%I1
bne retry
nop
Li st Renove( Head) 1%i0 = Head addr
retry:
Id [%6i0],%00
tst %00
be empty
nop
Id [%600],%I0
cas [96i0],%000,%I10
cmp %00,%I0
bne retry
empty:
nop

Example 18—List Insertion and Remeal

In the example, there is little differencein performancebetweenthe CAS and lock
approacheshowever, more complex data structurescan allow more concurreng. For
example,a binary tree allows the concurrentnsertionandremoval of nodesin different
branches.

J.14 Communicating With 1/O De vices

I/O accessemay be reorderedust asothermemoryreferencearereorderedBecauseof
this, the programmemusttake specialcareto meetthe constraintrequirement®f physi-
cal devices, in both the uniprocessor and multiprocessor cases.

7. Brooks,E. D., “The Butterfly Barrier” International Journal of Parallel Programming15(4), pp. 295-
307, 1986.
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Accessedo I/O locationsrequiresequencindEMBARS undercertaincircumstance$o
properly managethe order of accessesrriving at the device, and the order of device
accessewith respecto memoryaccesseslhefollowing rulesdescribehe useof MEM-
BARs in thesesituations.Maintaining the order of accesseso multiple devices will
require highetevel software constructs, which areymad the scope of this discussion.

(1) Accesses to the same I/O location address:
— A store follaved by a store is ordered in all memory models.

— A load followed by a load requires a MEM®R #LoadLoad in RMO only.

Compatibility Note:
This MEMBAR is not neededn implementationghat provide SFARC-V8 compati-
bility for I/O accesses in RMO.

— A load followed by a store is ordered in all memory models.

— A storefollowed by a load requiresMEMBAR #Lookaside betweenthe
accesses for athemory models; however, implementationsthat provide
SFARC-V8 compatiblity for 1/O accessem ary of TSO,PSO,andRMO do
not need the MEMEBR in ary model that preides this compatibility

(2) Accesses to dérent 1/O location addresses:

— The appropriateordering MEMBAR is requiredto guaranteeorder within a
range of addresses assigned to\acge

— Device-specificsynchronizatiorof completion,suchasreadingbackfrom an
addressafter a store, may be requiredto coordinateaccessedo multiple
devices. This is bgond the scope of this discussion.

(3) Accesses to an I/O location address and a memory address.

— A MEMBAR #Memlssue is requiredbetweenan I/O accessanda memory
accesdf it is requiredthatthe I/O accesgeacheglobal visibility beforethe
memoryaccesseacheglobal visibility. For example,if the memorylocation
is alock thatcontrolsaccesgo an /O addressthenMEMBAR #Memlssue
is requiredbetweerthe lastaccesso the I/O locationandthe storethatclears
the lock.

(4) Accessedo differentl/O locationaddressewithin animplementation-dependent
rangeof addresseare strongly orderedoncethey reachglobal visiblity. Beyond
the point of globalvisibility thereis no guarante®f globalorderof accessearriv-
ing at differentdevices having disjoint implementation-dependeatidresganges
defining the deice. Programmers can rely on this babafrom implementations.

(5) Accessedo /O locationsprotectedby a lock in sharedmemorythat is subse-
guently releasedwith attentionto the above barrier rules, are strongly ordered
with respect to ansubsequent accesses to those locations that respect the lock.
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J.14.1 1/0O Register s With Side Eff ects

I/O registerswith side effects are commonlyusedin hardware devices suchas UARTS.
Oneregisteris usedto addresaninternalregisterof thel/O device,anda secondegister
is used to transfer data to or from the selected intergestee

In examplesl9 and 20, let X bethe addresof a device with two suchregisters;X.Pis a
port register and X.D is a dataregister The addresof aninternalregisteris storedinto
X.P; that internal igister can then be read or written by loading into or storing frdin X

st %il1, [X+P]
membar  #StoreStore I PSO and RMO only
st %i2, [X+D]

Example 19—I/O Registers Vith Side-Effects: Store Followed by Stoe

st %i1, [X+P]
membar  #StoreLoad |#Memissue I RMO only
Id [X+D], %i2

Example 20—I/O Registers Vith Side-Effects: Store Followed by Load

Accessto theseregisters,of course,must be protectedby a mutual-eclusion lock to
ensurethat multiple threadsaccessingthe registersdo not interfere. The sequencing
MEMBAR is requiredto ensurehatthe storeactuallycompletesdeforetheloadis issued.

J.14.2 The Contr ol and Status Register (CSR)

A controlandstatusregisteris anl/O locationwhichis updatedoy anl/O device indepen-
dentof accesdy the processarFor example, sucharegistermight containthe currentsec-
tor under the head of a disk i

In example2l, let Y bethe addresof a control and statusregisterthatis readto obtain
statusand written to assertcontrol. Bits readdiffer from the last datathat was storedto
them.

Id [Y], %il ! obtain status

st %i2, [Y] ! write a command

membar  #Lookaside ! make sure we really read the register
Id [Y1, %i3 I obtain new status

Example 21—Accessing a Contl/Status Register

Accessto theseregisters,of course,must be protectedby a mutual-eclusion lock to
ensurethat multiple threadsaccessingthe registersdo not interfere. The sequencing
MEMBAR is neededo ensureghevalueproducedy theloadcomesrom theregisterand
not from the write buffer since the write has side-efects. No MEMBAR is needed
between the load and the store, because of the anti-depgutetie memory address.
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J.14.3 The Descriptor

In example22, let A be the addressof a descriptorin memory After initializing the
descriptowith information,theaddres®f thedescriptoiis storedinto device registerD or
madeavailableto someotherportion of the programthatwill make decisionshasedupon
thevalue(s)in thedescriptorlt is importantto ensurehatthe storesof the datahave com-
pleted before making the address(and hencethe datain the descriptor)visible to the
device or program component.

st %il, [A]

st %i2, [A+4]

! more stores
membar  #StoreStore I PSO and RMO only
st A, [D]

Example 22—Accessing a Memory Descriptor

Accessmust be protectedby a mutual-exclusion lock to ensurethat multiple threads
accessingheregistersdo notinterfere.In addition,the agentreadingthe descriptormust
usea load-barrierMEMBAR after readingD to ensurethat the mostrecentvaluesare
read.

J.14.4 Lock-Contr olled Access to a De vice Register

Let A bealock in memorythatis usedto controlaccesso a device registerD. The code
that accesses theuiee might look lite that she in example23.

set A, %l1 I address of lock
set D, %I2 ! address of device register
call lock !'lock(A);
mov %l1, %00
Id [%12], %il ! read the register
! do some computation
st %i2, [%I12] I write the register
membar #Memlissue ! all memory models
call unlock !'unlock(A);

mov %Il1, %00

Example 23—Accessing a Déce Register

ThesequencindlEMBAR is neededo ensurghatanotheilCPUwhich grabsthelock and
loadsfrom the device registerwill actuallyseeary changesn the device inducedby the

store.TheorderingMEMBARsin thelock andunlockcode(seel.6,“Spin Locks”), while

ensuringcorrectnessvhen protectingordinary memory are insufficient for this purpose
when accessing diee ragisters. Compare with J.14.1, “I/O §isters Wth Side Efects”
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K Changes From SPARC-V8 to SPARC-V9

SFARC-V9 is complimentaryto the SFARC-V8 architecture;it does not replaceit.
SFARC-V9 was designed to be a highgrformance peer to 8RC-V8.

Application software for the 32-bit SFARC-V8 (Version8) microprocessoarchitecture
canexecute,unchangedpn SFARC-V9 systems SFARC-V8 software executesnatively
on SARC-V9-conformant processors; no special compatibility mode is required.

Changedo the SFARC-V9 architecturesince SFARC-V8 arein six main areasthe trap
model,dataformats,the registers,alternateaddresspaceaccessthe instructionset,and
the memory model.

K.1 Trap Model

The trap model, visible only to piileged softvare, has changed substantially

— Insteadof onelevel of traps,four or morelevels are now supportedThis allows
first-level trap handlers,notably register window spill and fill (formerly called
overflow and underflav) traps,to executemuchfaster This is becausesuchtrap
handlerscannow executewithout costly run-timechecksfor lower-level trap con-
ditions,suchaspagefaultsor a misalignedstackpointer Also, multiple traplevels
support more ralst fault-tolerance mechanisms.

— Mosttrapsno longerchangethe CWR Instead the trap state(including the CWP
register) is seed in r@ister stacks called T&TE, TT, TPC, and TNPC.

— New instructions(DONE and RETRY) are usedto return from a trap handley
instead of RETT

— A new instruction(RETURN) is provided for returningfrom a trap handlerrun-
ning in nonpwileged mode, prnading support for user trap handlers.

— Terminology about privileged-modeexecution has changed,from “supervisof
user” to “prvileged nonprvileged’

— A new processosstate,RED _state hasbeenaddedto facilitate processingesets
and nested traps thabwld exceed MAXTL.

339
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K.2 Data Formats
Data formats forx@ended (64-bit) intgers hae been added.

K.3 Little-Endian Suppor t

Dataaccessesanbeeitherbig-endiaror little-endian.Bits in the PSTATE registercontrol
theimplicit endiannessf dataaccessesSpecialASI valuesareprovidedto allow specific
data accesses to be in a specific endianness.

K.4 Register s

These prileged SRRC-V8 rajisters hge been deleted:
— PSR: Processor State gi&ter
— TBR: Trap Base Rgister
— WIM: Window Invalid Mask

These rgisters hae been widened from 32 to 64 bits:
— All integer rajisters
— All state rgisters: FSR, PC, nPC, Y

The contents of the foNaing register has changed:

— FSR:Floating-PointStateRagister:fccl, fcc2 andfcc3 (additionalfloating-point
condition code) bits h& been added and theiger widened to 64-bits..

These SRRC-V9 rgjisters are fields within agester in SRRC-V8:
— PIL: Processor Interrupt kel register
— CWP: Current Whdow Pointer register
— TT[MAXTL]: T rap Type ragister
— TBA: Trap Base Addressgester
— VER: Version rgister
— CCR: Condition Codes Rester
These rgisters hge been added:

— Sixteenadditionaldouble-precisiofiloating-pointregisters f[32]..f[62], which are
aliasedwith and overlap eight additional quad-precisiorfloating-pointregisters,
f[32]..f[60]

— FPRS: Floating-Point Rggster State igister
— ASI: ASI register
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— PSTATE: Processor Stategister

— TL: Trap Level register

— TPC[MAXTL]: Trap Program Countergester
— TNPC[MAXTL]: Trap Net Program Counter gester
— TSTATE[MAXTL]: T rap State rgister

— TICK: Hardware clock-tick counter

— CANSAVE: Savable windavs register

— CANRESTORE: Restorable windves ragister
— OTHERWIN: Other windavs register

— CLEANWIN: Clean windavs ragister

— WSTATE: Window State rgister

The SFARC-V9 CWPregisteris incrementediuringa SAVE instructionanddecremented
duringa RESTORE instruction.Although this is the oppositeof PSR.CWPs behaior in
SFARC-VS8, the only softwareit shouldaffectis afew trap handlershatoperaten privi-
legedmode,andthatmustbe rewritten for SFARC-V9 aryway. This changewill have no
effect on nonpwileged softvare.

K.5 Alternate Space Access

In SFARC-V8, accesdo all alternateaddressspacess privileged.In SFARC-V9, loads
and storesto ASIs 00;4..7f,¢ are privileged; thoseto ASls 80,4..FF;¢ are nonpriileged.
Thatis, load- andstore-alternaténstructionsto one-halfof the alternatespacesannow
be used in user code.

K.6 Little-Endian Byte Or der

In SFARC-VS, all instructionanddataaccessewereperformedn big-endianbyte order
SFARC-V9 supportdothbig- andlittle-endianbyte ordersfor dataaccesseenly; instruc-
tion accesses in 8RC-V9 are alvays performed using big-endian order

K.7 Instruction Set

All changedo the instructionset were madesuchthat applicationsoftware written for
SFARC-V8 canrun unchangewmn a SFARC-V9 processarApplication software written
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for SFARC-V8 shouldnot even be ableto detectthatits instructionsnow process64 bit
values.

The definitionsof the following instructionswere extendedor modifiedto work with the
64-bit model:

— FCMR FCMPE: Floating-PointCompare—carsetary of the four floating-point
condition codes

— LDUW, LDUWA(same as “LD, LIA” in SPARC-V8)

— LDFSR, STFSR: Load/Store FSR: onlyeat low-order 32 bits of FSR
— RDASR/WRASR: Read/Write State Bisters: access additionabisters
— SAVE/RESTORE

— SETHI

— SRA, SRL, SLL: Shifts: split into 32-bit and 64-b&ngions

— Tcc: (wasTicc) operatesvith eitherthe 32-bitinteger conditioncodeg(icc), or the
64-bit integer condition codex¢o

— All otherarithmeticoperationshow operateon 64-bit operandandproduce64-bit
results.Application software written for SFARC-V8 cannotdetectthat arithmetic
operationsarenow 64 bits wide. This is dueto retentionof the 32-bitinteger con-
dition codes(icc), additionof 64-bit integer conditioncodes(xcc), andthe carry-
propagtion rules of Z-complement arithmetic.

Thefollowing instructionshave beenaddedto provide supportfor 64-bit operationsand/
or addressing:

— F[sdq]TOx: Corvert floating point to 64-bit ard

— FxTOJ[sdq]: Conwert 64-bit word to floating point

— FMOVI[dq]: Floating-point Mae, double and quad

— FNEG]Idq]: Floating-point Ngate, double and quad

— FABS[dq]: Floating-point Absolute alue, double and quad

— LDDFA, STDFA, LDFA, STFA: Alternateaddresspaceforms of LDDF, STDF,
LDF, and STF

— LDSW: Load a signed ard

— LDSWA: Load a signed wrd from an alternate space
— LDX: Load an atended vord

— LDXA: Load an etended wrd from an alternate space
— LDXFSR: Load all 64 bits of the FSRgister

— STX: Store anxended wrd
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STXA: Store anxtended word into an alternate space
STXFSR: Store all 64 bits of the FSRyjister

The following instructions hee been added to support thewrteap model:

DONE: Return from trap and skip instruction that trapped
RDPR and WRPR: Read and Writevilaged rgjisters
RESTORED: Adjust state of ggster windavs after RESDRE
RETRY: Return from trap and rgecute instruction that trapped
RETURN: Return

SAVED: Adjust state of rgister windavs after SNXE

SIR: Signal Monitor (generate Sotiwe Initiated Reset)

The following instructionshave beenaddedto supportimplementatiorof higherperfor-
mance systems:

BPcc: Branch on inggeer condition code with prediction

BPr: Branch on intger ragister contents with prediction

CASA, CASXA: Compare and Sap from an alternate space

FBPfcc: Branch on floating-point condition code with prediction

FLUSHW: Flush windavs

FMOVcc: Move floating-point rgister if condition code is satisfied

FMOVr: Move floating-point rgister if integer re@ister contents satisfy condition
LDQF(A), STQF(A): Load/Store Quad Floating-point (in an alternate space)
MOVcc: Move integer reister if condition code is satisfied

MOVr: Move integer r@ister if register contents satisfy condition

MULX: Generic 64-bit multiply

POPC: Population Count

PREFETCH, PREFETCHA: Prefetch Data

SDIVX, UDIVX: Signed and Unsigned 64-bituiile

The definitions of the follwing instructions hee changed:

IMPDEPN: Implementation-Dependenhstructions (replace SFARC-V8 CPop
instructions)

The following instruction vas added to support memory synchronization:

MEMBAR: Memory barrier
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The following instructions heae been deleted:

Coprocessor loads and stores

RDTBR andWRTBR: TBR no longerexists. It hasbeenreplacedoy TBA, which
can be read/written with RDPR/WRPR instructions.

RDWIM andWRWIM: WIM no longerexists. WIM hasbeensubsumedy sev-
eral rggisterwindow state rgisters.

RDPSRandWRPSR:PSRno longerexists. It hasbeenreplacedy sereral sepa-
rate rgisters which are read/written with other instructions.

RETT: Return from trap (replaced by DONE/REYR

STDFQ: Store Double from Floating-pointQueue(replacedby the RDPR FQ
instruction).

K.8 Memory Model

SFARC-V9 definesa new memory model called Relaxed Memory Order (RMO). This
very weak modelallows the CPU hardwareto schedulememoryaccessesuchasloads
andstoresn nearlyary order aslong astheprogramcomputeghe correctanswerHence,
the hardware caninstantaneousladjustto resourcecontentionsandscheduleaccessem

the most efficient order leadingto much fastermemory operationsand better perfor-
mance.
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FMOVFUE instructior 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

FMOVWN instruction 188

FMOVNE instructionp 188

FMOVNEG instructior 188

FMOVPOS instruction188

FMOV(q 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

FMULA instruction 165, 275

FMULq instruction 165, 275

FMULSs instruction 165, 275

FNEGd instruction 164, 275, 276, 277

FNEGq instruction 164, 275, 276, 277

FNEGs instruction164, 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

FPopinstructionsseefloating-pointoperatg(FPop)
instructions

FPop_unimplemented floating-point trap type85

FPopl instructions10

FPop2 instructions10

FPRS, se#loating-point register state (FPRS) reg-

ister
FPU, sedloating-point unit
FQ, sedloating-point deferred-trap queue (FQ)
FgTOd instruction 162, 248, 275
FgTOi instruction 161, 250, 275
FgTOs instruction162, 248 275
FgTOx instruction 161, 275, 276, 277
frame pointer register302
freg, 292
FsMULd instruction 165, 275
FSQRTd instruction166, 275
FSQRT(q instruction166, 275
FSQRTSs instruction166, 275
FsTOd instruction162, 248, 275
FsTOi instruction 161, 250, 275
FsTOq instruction162, 248 275
FsTOxX instruction 161, 275, 276, 277
FSUB instruction 158, 275
FSUBq instruction 158, 275
FSUBs instruction158, 275
ftt, seefloating-pointtrap type(ftt) field of FSRreg-
ister
function return valug302
functional choice
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implementation-dependgn252
FxTOd instruction 163, 275, 276, 277
FxTOq instruction 163, 275, 276, 277
FxTOs instruction 163, 275, 276, 277

G

generating constant220
global registers 4, 15, 30, 30, 30, 303

H

halfword, 10, 17, 69, 121
addressing70, 72
data format 23
halt, 105
hardware
dependency251
traps 101
hardware_error floating-point trap typel0, 45, 47
has 7
hexlet 10

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_cg 292

icc field of CCR reqisterdl, 42, 137, 147, 149,
155, 156, 184, 196, 200, 202, 203, 233, 237,
241

icc-conditional branchesl47

IE, seenterrupt enable (IE) field of PSTATE regis-

ter

IEEE Std 754-198510, 15, 44, 46, 48, 50, 85,
247, 249, 250, 253, 254

IEEE_754_exception floating-point trap typel0,
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_asifield of instructions 67, 73, 152, 173,
176, 178 180, 182, 183, 206

imm22field of instructions 67

IMPDEP instructions, seanplementation-depen-
dent (IMPDEPN) instructions

IMPL, 171

impl field of VER registey 45

impl_dep (PID) fields of PSTATE registeb2

implementation 10
implementation dependency, 251
implementation note4
implementation numbeiripl) field of VER regis-
ter, 57
implementation_dependent_n exception 91, 104,
115, 255
implementation-dependent0
assigned value (ap52
functional choice (g)252
total unit (t) 252
trap, 108
value (v) 252
implementation-dependent (IMPDBFnstruc-
tions, 85, 171, 257, 321
implicit
ASI, 73
byte ordey 52
in registers 15, 30, 33, 217, 301
INC synthetic instruction299
INCcc synthetic instructign299
inexactaccruednxa) bit of aexcfield of FSRregis-
ter, 49, 250
inexact currentr{xc bit of cexcfield of FSR regis-
ter, 48, 49, 249, 250
inexactmask(NXM) bit of TEM field of FSRregis-
ter, 48, 48
inexact quotient154, 155
infinity, 250
initiated, 11
input/output (1/O) 6, 18
input/output (1/0) locations120, 121, 130, 253,
258
order, 121
value semantigsl21
instruction
access in RED_stat®2
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
ccO, 66, 144, 148, 159, 195
ccl, 66, 144, 148, 159, 195
cc2, 66, 195
cond 66, 141, 144, 147, 148, 189, 195
const22 170
d16hi, 66, 138
dl16lo, 66, 138
displ9 66, 144, 148
disp22 66, 141, 147
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disp3Q 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_asj 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_cg 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
rsl, 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
simm1Q 68, 198
simm1] 68, 195
simml13 68, 137, 154, 167, 172, 173, 176,
178, 180, 182, 183, 184, 199, 200, 202,
205, 206, 216
Sw_trap# 68
undefineqg 171
instruction set architectur®, 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
atomig 152
atomicload-store 69, 98, 152, 182, 183, 234,
235
branchif contentsf integemregistematchcon-
dition, 138
branch on floating-point condition codek40
branch on floating-point condition codes with
prediction 143
branch on integer condition cogeisi6
branch on integer condition codes with predic-
tion, 148

compare and swa®8, 152

comparison 76, 233

conditional move 20

control-transfer (CTIs)19, 157

convert between floating-point formats62,
248

convert floating-point to integed 61, 250

convert integer to floating-pointi.63

divide, 19, 154, 199

floating-point add and subtract58

floating-point comparg43, 159, 159, 248

floating-point move 164

floating-point multiply and divide165

floating-pointoperatg FPop) 20, 45, 48, 99,
174

floating-point square roptl66

flush instruction memoryl67, 324

flush register windows169

implementation-dependent (IMPDRER 85,
171

jump and link 19, 172

load, 323

load floating-point 69, 173

load floating-point from alternate spackr6

load integey 69, 178

load integer from alternate spade30

load-store unsigned byt®8, 152, 182, 234,
235

load-storaunsignedyteto alternatespace 183

logical, 184

movefloating-pointregisteiif conditionistrue,
188

move floating-point register if contents of inte-
ger register satisfy conditiori92

move integer register if condition is satisfjed
194

moveintegerregistenf contentof integerreg-
ister satisfies conditign1 98

move on condition5

multiply, 19, 199, 200, 200

multiply step 19, 202

prefetch data206

read privileged registe211

read state registe0, 214

register window managemertO

reserved 85

reserved fields133

shift, 19, 221

software-initiated rese®23

store 323

store floating point69

store floating-point 225

store floating-point into alternate spa@&27

store integer69, 229, 231

subtract 233
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swapr register with alternate space memory
235
swapr register with memory234
synthetig 297
tagged add237
tagged arithmetic19
test-and-set131
timing, 133
trap on integer condition code240
write privileged register242
write state register244
integerconditioncodesseeicc field of CCRregister
integer divide instructions, sekvide instructions
integer multiply instructions, sewaultiply instruc-
tions
integer unit (IU) 11, 11, 15
integer unit deferred-trap queugl
internal_processor_error exception 91, 115 133
and RED_state93
interruptenabl&(IE) field of PSTATEregister 54,
96, 99, 115
interrupt leve] 54
interrupt requestll, 21, 89, 133
interrupts 54
invalid accruedrfva) bit of aexcfield of FSR regis-
ter, 49
invalid current (v bit of cexcfield 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 instructior297
ISA, seenstruction set architecture
issue unif 123, 124
issued 11
italic font
in assembly language synta291
IU, seeinteger unit

J

JMP synthetic instructigni297

JMPLinstruction 19, 33, 35, 116, 172, 216, 297,
304

jump and link instruction19, 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 procedurgll, 82, 304, 304
optimization 305, 306
Level | compliance7
Level Il compliance 8
little-endian byte orderll, 17, 52
load floating-point from alternate space instruc-
tions, 176
load floating-point instructionsl73
load instructions69, 323
load integer from alternate space instructja0
load integer instructionsl78
LoadLoad MEMBAR relationshipl127, 187
loads
non-faulting 123, 123
loads from alternate spac#8, 50, 73, 341
load-store alignmentl?, 69, 121
load-store instructionsl7, 98
compare and swa®8, 152
load-store unsigned bytd52, 182 234, 235
load-storaunsigneddyteto alternatespace 183
swapr register with alternate space memory
235
swapr register with memory152, 234
LoadStore MEMBAR relationshjpl27, 128, 187
local registers 15, 30, 33, 217, 302, 307
logical instructions 184
Lookaside MEMBAR relationshipl87
lowerregisterdirty (DL) field of FPRSregister 42
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M Primary Context 286
Privilege inpuf 283
manual_ Privilege_violation outpyt285, 286
audience 1 Protection_violation outpyut285, 286
fonts, 3

where to startl
manufacturerrhanuj field of VER register 57,
256
mask numbermfash field of VER register 57
maximumtraplevels(maxt) field of VER registey
57
MAXTL , 54, 90, 106, 223
maxtl seemaximuntrap 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_mask295
Memlssue MEMBAR relationshjpl87
memory
alignment 121
atomicity, 258
coherencel20, 121, 258
coherency unjt122
datg 131
instruction 131
ordering unit 121
page 281
real, 120, 121
stack layout 304
memory access instructigns7
memory management unit (MMUB, 114, 115
253 291
address translatiQr286
ASl input, 283
atomic input 283
context 281
Data / Instr input 283
diagram 283
disabled 207
disabling 282
fault address288
fault status 288
in RED_state 92
memory protection286
modified statistics 282, 288
NF-Load_violation outpyt285
No_translation output284
Non-faultable attribute284
Nucleus Context287
Prefetch input 283
Prefetch_violation outpu285
Prefetchable attribuie284

Read / Write inpyt283
Read, Write, and Execute attribut@84
RED_state 92, 288
RED_state inpyt283
referenced statistic282, 288
Restricted attribute284
Secondary Contex286
Translation_error outpuf84
Translation_not_valid outpu284
Translation_successful outpu85
memory model 119-132
barrier synchronizatign333, 334
Dekker's algorithm326
issuing order 330
mode contrgl 129
mutex (mutual exclusion) lock$826
operations 323
overview, 119
partialstoreorder(PSO) 119, 128, 130, 257,
323
portability and recommended programming
style, 324
processors and process824
programming with 323-335
relaxedmemoryorder(RMO), 119, 128, 130,
257, 323
sequential consistency 20
SPARC-V9 128
spin lock 327
strong 120
strong consistengyl20, 325, 330
totalstoreorder(TSO), 92, 119, 129, 130, 323
weak 120
memory operations
atomig 130
memory order 125
program order124
memory reference instructions
data flow order constraintd24
memory_model (MM) field of PSTATE register
52, 92, 125, 129, 130, 258
microkerne) 317
MM, seememory_model (MM) field of PSTATE
register
mmaskield 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 instruction299
MOVA instruction, 194
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MOVCC instruction 194 multiprocessor synchronization instructiomis
MOVcc instructions 41, 42, 43, 66, 68, 80, 191, 152, 234, 235

194, 196, 197, 278 multiprocessor systen®d, 125 167, 208, 210,
MOVCS instruction 194 234, 235, 258

movefloating-pointregisterif conditionis true, 188 MULX instruction, 199
move floating-point register if contents of integer must 11

register satisfy conditignl92 mutex (mutual exclusion) lock$26
MOVE instruction 194
move integer register if condition is satisfied in-

structions 194

N

move integer register if contents of integer register N condition code bit, sesegative (N) bit of condi-

satisfies condition instructiond 98
move on condition instruction®

MOVFA instruction 194
MOVFE instruction 194
MOVFG instruction 194
MOVFGE instruction 194
MOVFL instruction 194
MOVFLE instruction 194
MOVFLG instruction 194
MOVEN instruction 194
MOVENE 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
MOVNERG instruction 194
MOVPOS instruction 194
MOVTr instruction 67

MOVr instructions 68, 81, 198

MOVRGEZ instructior 198
MOVRG?Z instruction 198
MOVRLEZ instruction 198
MOVRLZ instruction 198
MOVRNZ instruction 198
MOVRZ instruction 198
MOVVC instruction 194
MOVVS instruction 194

MULScc (multiply step) instruction19, 202
multiple unsigned condition codes

emulating 81

multiply instructions 19, 199, 200, 200
multiply step instruction, sedULScc (multiply

step) instruction

multiply/divide register, Se¥ register

tion fields of CCR

NaN (not-a-number)161, 248 250
quiet 159, 160, 248
signaling 43, 159, 160, 162, 248

NEG synthetic instructign299

negative ) bit of condition fields of CCR41

negative infinity 250

nested traps5

next program counter (nPC) 1, 21, 35, 35, 55,
63, 95, 97, 157, 204, 318

non-faulting loa¢l 11, 123 123 123

non-leaf routing 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 instruction299

note
compatibility, 4
implementation 4
programming 4

nPC, seaext program counter (nPC)

NPT, seenonprivileged trap (NPT) field of TICK
register)

NS, seamonstandard floating-point (NS) field of
FSR register

Nucleus Context122, 287

numberof windows(maxwin field of VER registey
58, 87

nva seeinvalid accrued (nva) bit of aexc field of
FSR register

nvg seenvalid current(nvc)bit of cexcfield of FSR
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, seenexact accrued (nxa) bit of aexc field of
FSR register

nxg seenexactcurrent(nxc)bit of cexcfield of FSR
register

NXM, seeinexact mask (NXM) bit of TEM field of
FSR register

O

object-oriented programming

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

op3field 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

opffield of instructions 67, 158, 159, 161, 162,
163, 164, 165, 166

opf_ccfield of instructions 67, 189

opf_lowfield of instructions 67, 189, 192

optimized leaf procedure, skmf procedure (opti-
mized)

OR instruction 184, 299

ORcc instruction 184, 297

ordering unit
memory, 121

ORN instruction 184

ORNCcc instruction 184

otherwindows(OTHERWIN)register 58, 59, 60,
83, 86, 87, 169, 211, 218 242, 259, 317

outregister #7 34, 151, 172, 215

outregisters 15, 30, 33, 217, 301

overflow, 86
window, 316

overflow (V) bit of condition fields of CCR41, 77

overflow accrueddfa) bit of aexcfield of FSR reg-
ister, 49

overflow current(ofc) bit of cexcfield of FSRregis-
ter, 48, 49

overflow mask(OFM) bit of TEM field of FSRreg-
ister, 48, 48

P

p field of instructions 67, 138, 139, 144, 148
page attributes281

page descriptor cache (PQQ)14, 115

page fault 209

page-level protection282
parameters to a subroutjng02
parity errof 115
partial store order (PSO) memory made?, 119,
120, 128, 130, 257, 323
PC, seerogram counter (PC)
PDC, segage descriptor cache (PDC)
PEF, seenable floating-point (PEF) field of
PSTATE register
physical addressl20, 281, 282
PIDO, PID1 fields of PSTATE registeb2
PIL, seeprocessor interrupt level (PIL) register
POPC instruction205
positive infinity, 250
power failure 97, 110
power-on reset51, 92, 93, 97, 109
power-on reset (POR) trap08
power-on_reset91
precise floating-point trap12
precise trap94, 95, 95, 96, 254
predict bit 139
prefetch
for one read 208
for one write 209
for several read208
for several writes208
implementation dependeri209
instruction 209
page 209
prefetch data instructigr206
PREFETCH instruction69, 149, 206, 256
prefetch_fcn 295
PREFETCHA instruction206, 256
prefetchable 12
PRIV, seeprivileged(PRIV)field of PSTATEegis-
ter
privileged 11, 12
modeg 12, 15, 51, 85, 122, 223
registers 51
software 6, 33, 45, 53, 73, 101, 169, 256,
288
privileged (PRIV) field of PSTATE registei4,
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
processqrl2, 15
execute unjt123
halt, 94, 105
issue unif 123, 124
model 123
reorder unit 123
self-consistencyl124
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state diagram90
processomterruptlevel (PIL) register 54, 96, 99,
100, 115, 211, 242
processostate(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_statel05, 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 order124, 124
programming note4
protection
execute 282
read 282
write, 282
PSO seepartial storeordering(PSO)memorymod-
el
PSR register (SPARC-V8p45
PTD, seegage table descriptor (PTD)
PTE, segage table entry (PTE)

Q

gne seequeuenotempty(gne)field of FSRregister
quadlet 12
quadword 12, 17, 69, 121
addressing71, 73
data format 23
gueuenotempty(gné field of FSRregister 47, 47,
61, 212, 213 243 247
quiet NaN (not-a-numberj3, 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

rcondfield 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 instruction214

RDPC instruction 35, 214
RDPR instruction47, 51, 52, 58, 61, 85, 211,
215
RDTICK instruction 214, 215
RDY instruction 36, 214, 299
read privileged register instructip@11
read protection282
read state register instructiqrizd, 214
read-after-write memory hazard24
real memory 120, 121
real-time softwarg308
RED,seeenableRED_stat¢dRED)field of PSTATE
register
RED_state 13, 90, 91, 94, 101, 105, 106, 108,
109, 110, 111, 112, 117, 282
andinternal_processor_error exception 93
cache behavigro2
cache coherence,i®2
data acces92
instruction acces<9?2
memory management unit (MMU),i®2
restricted environmen®2
RED_state (RED) field of PSTATE registes3,
91, 93
RED_state processor stati30, 258
RED_state trap tablel01
RED_state trap vectpf1, 92, 258
RED_state trap vector address (RSTVadabg
reference MMU 6, 291
references345
reg, 291
reg_or_imm 296
reg_or_immfield of instructions 296, 321
reg_plus_imm295
regaddr, 295
register
allocation within a window307
destination 13
renaming mechanispi24
sets 29, 33
window usage model|308
register reference instructions
data flow order constraintd24
register window management instructip@¢
register windows4, 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 (ASB9, 122, 157,
176, 181, 183, 207, 227, 232, 235, 245,
316
alternate global 15, 30, 30, 316
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ancillary state registers (ASR<)8, 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)6, 89, 137,
157, 202, 245

control and statys29, 35

current window pointer (CWRL5, 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 (F@12

floating-pointregistersstate(FPRS) 42, 215
245

floating-point state (FSR®¥3, 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 (1/0) 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 (P1Lb4, 211, 242

processostate(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

restorablevindows(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 pointer301, 303

TBR (SPARC-V8) 245

TICK, 51, 211, 242

trapbaseaddres¢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 (TNPG5, 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 modg|
52, 119, 128, 130, 257, 323
renaming mechanism
registey 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
processing91
request 91, 116
reset
trap, 51, 56, 96, 97
software_initiated (SIR), 91
software_initiated_reset (SIR), 97, 111, 116
software-initiateg 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 sta8
restorablevindows(CANRESTOREY)egister 16,
33, 58, 59, 60, 82, 83, 86, 87, 211, 218, 219,
242 259 317
RESTORERNstruction 6, 20, 33, 35, 58, 59, 82,
86, 114, 217, 303, 305, 306, 308
RESTORE synthetic instructior297
RESTOREDNstruction 20, 83, 88, 218, 219, 316
restricted 13
restricted address space identifiéB, 74, 254
RET synthetic instruction297, 306
RETL synthetic instruction297, 306
RETRY instruction 20, 41, 42, 88, 89, 91, 95,
96, 97, 157, 218
return address302, 305
returnfrom trap (DONE) instruction,seeDONE in-
struction
return from trap (RETRY) instruction, SBETRY
instruction
RETURN instruction 19, 35, 114, 116, 216, 317
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RMO, seeaelaxed memory ordering (RMO) memo- simml13field of instructions 68, 137, 154, 167,

ry model

rounding
in signed division 155

rounding direction (RD) field of FSR registet4,
158, 161, 162, 163 165, 166

routine
non-leaf 172

rsl 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

RSTVaddy 92, 101, 258

S

savablevindows(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 instruction297

SAVED instruction 20, 83, 88, 218, 219, 316

SDIV instruction 36, 154

SDIVcc instruction 36, 154

SDIVX instruction 199

self-consistency
processagr124

self-modifying code 167, 308

sequence_error floating-point trap typg10, 45,
46, 47, 61, 115, 212, 213

sequential consistency memory mqde20

SET synthetic instructigr297

SETHI instruction 19, 67, 76, 204, 220, 273,
297, 304

shall (special term)13

shared memory119, 325, 326, 327, 332

shift instructions 19, 76, 221

should (special term13

side effects 13, 120, 121, 123

signal handler, seteap handler

signal monitor instruction223

signalingNaN (not-a-number)43, 159, 160, 162,
248

signed integer data typ@3

sign-extended 64-bit constar@8

sign-extension299

SIGNX synthetic instruction299

simm10field of instructions 68, 198

simm11field of instructions 68, 195

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 flagR23, 258

SLL instruction 221

SLLX instruction 221, 297

SMUL instruction 36, 200

SMULcc instruction 36, 200

software conventions301

software trap 101, 101, 241

software_initiated_reset (SIR), 91, 97, 105, 108,
111, 116, 223

software_trap_number296

software-initiated_reseg®3, 97

SPARC Architecture Committed

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-V9ApplicationBinary Interface(ABI), 6,
7,75

SPARC-V9 features4

SPARC-V9 memory models 28

SPARC-V9-NR 7

special terms
shall, 13
should 13

special traps90, 101

speculative load13

spill registerwindow, 33, 58, 59, 82, 83, 85, 86,
87, 88, 116, 218, 219, 316

spill windows 217

spill_n_normal exception98, 116, 169, 218

spill_n_other exception116, 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 alignmenB804

stack pointer registe301, 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 instruction43, 45, 48, 50, 225
STH instruction 229, 231, 299
STHA instruction 229, 231
store floating-point instruction®225
storefloating-pointinto alternatespacenstructions
227
store instructions69, 323
store integer instruction®29, 231
StoreLoad MEMBAR relationshjpl27, 187
stores to alternate spachks, 50, 73, 341
StoreStore MEMBAR relationshjil27, 187
STQF instruction 70, 116, 225
STQF_mem_address_not_aligned exception 70,
116, 226, 228, 257
STQFA instruction 70, 227
strong consistency memory modé&R0, 325, 330
strong ordering, sestrong consistency memory
model
STW instruction 229, 231
STWA instruction 229, 231
STX instruction 98, 229, 231
STXA instruction 98, 229, 231
STXFSR instruction43, 45, 48, 50, 225
SUB instruction 233, 299
SUBC instruction 233
SUBcc instruction 76, 233, 297
SUBCcc instruction233
subtract instructions233
SUBX instruction (SPARC-V8)233
SUBXcc instruction (SPARC-V8)233
supervisor softwarel3, 18, 30, 31, 46, 47, 48,
61, 89, 95, 105, 111, 243, 249, 253, 301,
315, 316, 317
supervisor-mode trap hand|er01
sw_trap#field of instructions 68
SWAP instruction 69, 127, 131, 182, 183, 234,
327
swapr registetwith alternatespacenemoryinstruc-
tions, 235
swapr registerwith memoryinstructions 152, 234
SWAPA instruction 182, 183, 235
Sync MEMBAR relationship187
synthetic instructions2
BCLR, 299
BSET, 299
BTOG, 299
BTST, 299
CALL, 297
CAS, 299
CASX, 299
CLR, 299
CMP, 233, 297
DEC, 299
DECcq 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 assemhl&; 297
system call 316
system softwarell6, 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 instruction237

tagged arithmetic77

tagged arithmetic instructiond9

tagged word data formaR3

task switching, seeontext switching

TBR register (SPARC-V§)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 instructiori31

TG instruction 278

TGE instruction 278

TGU instruction 278

threads, semultithreaded software

Ticc instruction (SPARC-V§)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 mogdéR, 92,
119, 129, 130, 323
total unit
implementation-dependgn252
TPOS instruction278
Translation Lookaside Buffer (TLB), seage de-
scriptor cache (PDC)
trap, 14, 21, 21, 89, 302
trapbaseaddresgTBA) 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 registé4,
48, 99, 100, 115, 254
trap handler 157
supervisor-model01
uset 46, 249, 317
trap leve] 54
traplevel(TL) register 54, 54, 55, 56, 57, 60, 89,
94, 157, 211, 212, 219, 223, 242, 243
trap mode| 97
trapnextprogramcounter(TNPC)register 55, 95,
113, 211, 242
trap on integer condition codes instructip@40
trap priorities 104
trap processing91, 105
trap program counter (TPC) regist®5, 95, 113
211, 212, 242
trap stack 5, 106
trap state (TSTATE) registeb2, 56, 157, 211,
242
trap type (TT) registers6, 57, 60, 90, 101, 105,
110, 111, 211, 241, 242, 255
trap types, also seeceptions
trap vector
RED_state 91
trap_instruction exception 98, 117, 241
trap_little_endiar{TLE) field of PSTATEregister
52, 52
traps
also seexceptions
causes?21
deferred 95, 254
disrupting 95, 254
hardware 101
implementation-dependegnt08
nesteqd 5
normal 90, 101, 106, 106, 108
precise 94, 95, 254
reset 56, 95, 96, 97, 105, 255
software 101, 241
software-initiated reset (SIR108

specia) 90, 101

window fill, 101

window spill, 101
TSO, sedotal store ordering (TSO) memory model
TST synthetic instruction297
TSUBcc instruction 77
TSUBccTV instruction 77, 117
TVC instruction 278
TVS instruction 278
typewriter font

in assembly language synta291

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

unassigned14

unconditional branched41, 144, 147, 149

undefined 14

underflow; 86

underflowaccruedufa) bit of aexcfield of FSRreg-
ister, 49, 249

underflowcurrent(ufc) bit of cexcfield of FSRreg-
ister, 48, 49, 249

underflow maskFM) bit of TEM field of FSR
register 48, 48, 49, 249

unfinished_FPop floating-point trap type10, 46,
46, 50, 85, 247, 253

UNIMP instruction (SPARC-V8)170

unimplemented_FPop floating-point trap typg10,
46, 46, 50, 85, 191, 212, 247, 253

unimplemented_LDD exception 98, 117, 179, 181,
257

unimplemented_STD exception 98, 117, 230, 232,
257

unrestrictegl 14

unrestricted address space identjfie4, 254, 317

unsigned integer data typ23

upperregisterglirty (DU) field of FPRSregister 42

user
modeg 30, 48, 50, 223, 303
program 253
software 308
trap handler 46, 249, 317

user application program, sapplication program
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V

V condition code bit, seeverflow (V) bit of condi-
tion fields of CCR
value
implementation-dependgn252
valuesemantic®f input/output(l/O) locations 121
variables
automatic 302
ver, seeversion (ver) field of FSR register
version yer) field of FSR register45, 254
version register (VER)57, 211
virtual address120, 281, 282
virtual address aliasin@88
virtual memory 209

W

walking the call chain303
watchdogeset 56, 91, 93, 94, 97, 109, 110, 111
watchdog timer 109
watchdog_reset91
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 handler20
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, seeegister windows
word, 14, 17, 69, 121
word data format23
WRASI instruction 244
WRASR instruction 18, 61, 244, 256, 299, 321
WRCCR instruction 41, 42, 244
WRFPRS instruction243, 244
WRIER instruction (SPARC-V8)245
write privileged register instructiqr242
write protection 282
write state register instruction244
write-after-read memory hazarti24
write-after-write memory hazayd 24
WRPR instruction 51, 52, 58, 85, 91, 242
WRPSR instruction (SPARC-V8p45
WRTBR instruction (SPARC-V§)245

WRWIM instruction (SPARC-V8) 245
WRY instruction 36, 244, 299
WTYPE subfield field of trap type fie|d104

X

xccfield of CCRregister 41, 137, 149, 155, 156,
184, 196, 200, 203, 233, 237

XIR, seeexternally_initiated_reset (XIR)

XNOR instruction 184, 299

XNORCcc instruction 184

XOR instruction 184, 299

XORcc instruction 184

Y

Y register 35, 36, 154, 200, 202, 245

Z

Z condition code bit, sezero (Z) bit of condition
fields of CCR
zero ) bit of condition fields of CCR41
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