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1 Overview
The SPARC64-III User’s GuidedescribesRevision 3 of HAL ComputerSystems’64-bit
SPARC-V9 compliantprocessormodule.It documentstheinstructionset,registermodel,
data types, instruction opcodes, trap model, and virtual address translation algorithms.

HAL Computer Systems currently supports three CPU architectures:

1. Thefirst-generationCPU-1 (alsocalledSPARC64) is usedin theHALstationmodels
330 and 350.

2. The second generation CPU-2 is used in the HALstation models 375 and 385.

3. Thethird generationCPU-3,intendedfor useby FujitsuandHAL. This Guidedocu-
ments the architecture of CPU-3, or SPARC64-III.

In this book, any referencesto “the CPU” refers to the third generationCPU-3, or
SPARC64-III.

For the purposesof this documentthe word “architecture”refersto the machinedetails
thatarevisible to anassemblylanguageprogrammeror to thecompilercodegenerator. It
doesnot includedetailsof theimplementationthatarenot visible or easilyobservableby
software.

1.1 Notes About This Book

1.1.1 Audience

Theaudiencefor thisguideincludesdevelopersof SPARC64-III systemsoftware(simula-
tors,compilers,debuggers,andoperatingsystems,for example)andSPARC64-III assem-
bly language programmers.

1.1.2 Where to Star t

1.1.2.1 Backgr ound

The SPARC64-III User’s Guidewasderived directly from the sourcetext of TheSPARC
ArchitectureManual-Version9, which is abbreviatedthroughoutthisguideasV9. Wehave
deletedsomeof the moretheoreticalmaterialcontainedin V9, but our goal hasbeento
createabookthatcanstandalone.For someimplementors,however, this theoreticalinfor-
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mationis very important.In particular, operatingsystemprogrammerswho write memory
managementsoftware,compilerwriterswho write machine-specificoptimizers,andany-
onewhowritescodeto runonall SPARC-V9-compatiblemachinesshouldobtainanduse
V9. Any reader of this guide could profit from usingV9 as a companion text.

Whenever a chapter, subsection,or appendixin this guidematchestheparallelnumberor
letter in V9, the informationcontainedhereinis directly related.In someinstances,these
parallelsectionscontainHAL-specific information;in otherinstances,theoriginal infor-
mationfrom V9 hasbeenduplicatedso that this guidecanstandalone.Becausewe have
addedanddeleteda significantnumberof tablesandfigures,thetableandfigurenumbers
in thisguidearenotparallelwith thenumbersin V9. Wherethisguide’s tablesandfigures
areidenticalto or basedon thosein V9, we have includedtheV9 numberwithin thetable
and/orfiguretitle. We alsohave includeda list of tablesanda list of figuresin this guide;
theselists alsocontainthe V9 crossreferences,which helpsto relatethe materialin this
guide back to the original.

One new chapterhasbeenadded:Chapter9, “Guidelines for InstructionScheduling”.
Finally, someentireappendixesfound in V9 have beeneliminatedfrom theSPARC64-III
User’s Guide. In thesecases,andwhenever we referto informationcontainedonly in V9,
we place an icon in the margin, as at left.

1.1.2.2 Navigating the SPARC64-III User’s Guide

If you arenew to SPARC, readChapter3 for an overview of the architecture,studythe
definitionsin Chapter2, thenlook into thesubsequentchaptersandappendixesfor more
details in areas of interest to you.

If you are familiar with SPARC-V8 but not SPARC-V9, you shouldreview the list of
changesin AppendixK, “ChangesFromSPARC-V8 to SPARC-V9,” in V9. For additional
details of architectural changes, review the following chapters:

■ Chapter 4, “Data Formats,” for a description of the supported data formats

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

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

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

■ Chapter8, “Memory Models,” both hereandin V9, for a descriptionof the memory
models

■ Appendix A, “Instruction Definitions,” for descriptions of the instructions

Finally, if you arefamiliar with theSPARC-V9 architectureandwish to familiarizeyour-
self with the SPARC64-III-specific implementation, study the following:

■ Chapter2, “Definitions,” the unnumberedsubsectionentitled “SPARC64-III Imple-
mentation-Specific Terms” beginning on page26

■ Chapter9, “Guidelinesfor Instruction Scheduling,” for detailedinformation about
low-level instruction scheduling for compiler optimizer writers

���

� �

���
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■ AppendixA, “ InstructionDefinitions,” for descriptionsof the SPARC64-III-specific
instruction extensions

■ Appendix C, “SPARC-V9 Implementation Dependencies,” for descriptions of
SPARC64_III’s resolution of all SPARC-V9 implementation dependencies

■ AppendixE, “OpcodeMaps,” to seehow theSPARC64-III-specificopcodeextensions
fit into the SPARC-V9 opcode maps

■ AppendixF, “MMU Architecture,” to seethe requirementsthat SPARC-V9 systems
impose upon an MMU, and how SPARC64-III fulfills those requirements

■ AppendixG, “AssemblyLanguageSyntax,” to seehow SPARC64-III hasextendedthe
SPARC-V9 assemblylanguagesyntax;in particular, SPARC64-III-specific synthetic
instructions are documented in this appendix

1.1.3 Contents Compared with V9

Table1 on page15 describesthecontentsof every chapterandappendix,comparingThe
SPARC Architecture Manual-Version 9 with SPARC64-III User’s Guide.

1.1.4 Editorial Con ventions

1.1.4.1 Fonts and Notational Con ventions

Fonts are used as follows:

■ Italic font is usedfor registernames,instructionfields,andread-onlyregisterfields.
For example: “Thers1 field contains....”

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

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

■ UPPER-CASEitems are acronyms, instruction names,or writable register fields.
Somecommonacronyms appearin the glossaryin Chapter2. Note: Namesof some
instructions contain both upper- and lower-case letters.

■ Italic sans serif font is usedfor exceptionandtrapnames.For example,“The privileged_
action exception....”

■ Underbarcharactersjoin words in register, registerfield, exception,andtrap names.
Note: Suchwords can be split acrosslines at the underbarwithout an intervening
hyphen. For example: “This is true whenever the integer_condition_code field....”

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

■ The marginal icon at left indicatesthat more information is available in TheSPARC
ArchitectureManual-Version9 (V9), which is availablefrom SPARC Internationaland
at many technical bookstores.

� �
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The following notational conventions are used:

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

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

■ Curly braces‘{ }’ are usedto indicatetextual substitution.For example,the string
“ASI_PRIMARY{_LITTLE}” expandsto “ASI_PRIMARY” and “ASI_PRIMARY_
LITTLE”.

■ The symboldesignatesconcatenationof bit vectors.A comma‘ ,’ on theleft sideof
an assignmentseparatesquantitiesthat are concatenatedfor the purposeof assign-
ment.For example,if X, Y, andZ are1-bit vectors,andthe2-bit vectorT equals112,
then

(X, Y, Z) ← 0  T

results in X= 0, Y = 1, and Z= 1.
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1.1.4.2 Implementation Dependencies

The implementorsof SPARC-V9-compliant processorsare allowed to resolve some
aspectsof the architecturein machine-dependentways. Each possibleimplementation
dependency is indicatedin V9 by thenotation“ IMPL. DEP. #nn : Some descriptive text.” The
numbernn is usedto enumeratethedependenciesin AppendixC, “SPARC-V9 Implemen-
tation Dependencies.” Referencesto SPARC-V9 implementationdependenciesare indi-
catedin V9 by the notation“(impl. dep.#nn).” In SPARC64-III User’s Guide, we have
replacedall definitions of and referencesto SPARC-V9 implementationdependencies
with descriptionsof the SPARC64-III implementation.Appendix C in this document
describestheHAL-specificimplementationdecisionsin detail.Referto V9 for moreinfor-
mation about implementation dependencies.

1.1.4.3 Notation f or Number s

Numbersthroughoutthis guidearedecimal(base-10)unlessotherwiseindicated.Num-
bersin otherbasesarefollowedby a numericsubscriptindicatingtheir base(for example,
10012, FFFF000016). Long binary andhex numberswithin the text have spacesinserted
every four charactersto improve readability. Within C or assemblylanguageexamples,
numbersmaybeprecededby “0x” to indicatebase-16(hexadecimal)notation(for exam-
ple,0xffff0000 ).

1.1.4.4 Informational Notes

This guide provides several different types of information in notes; the information
appears in areduced-size font. The following examples illustrate the various note types:

Programming Note:
ProgrammingnotescontainincidentalinformationaboutprogrammingHAL’sSPARC64-III imple-
mentation.

Implementation Note:
Implementationnotescontaininformationthat is specificto HAL’s SPARC64-III implementation.
Such information may not pertain to other SPARC-V9 implementations.

1.2 SPARC64-III Architecture

1.2.1 Features

HAL’s SPARC64-III includes the following principal features:

■ A linear 64-bit address space with 64-bit addressing.

■ 32-bitwide instructions,whicharealignedon32-bitboundariesin memory. Only load
and store instructions access memory and perform I/O.

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

���



18 1 Overview

■ Triadic register addresses:Most computationalinstructionsoperateon two register
operands or one register and a constant, and place the result in a third register.

■ A largewindowedregisterfile: At any oneinstant,aprogramsees8 globalintegerreg-
istersplusa24-registerwindow of a largerregisterfile. Thewindowedregisterscanbe
used as a cache of procedure arguments, local values, and return addresses.

■ Floating-point: The architectureprovides an IEEE 754-compatiblefloating-point
instructionset,operatingon a separateregisterfile that provides32 single-precision
(32-bit), 32 double-precision(64-bit), 16 quad-precision(128-bit) registers,or a mix-
ture thereof.

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

■ Multiprocessorsynchronizationinstructions:Oneinstructionperformsanatomicread-
then-set-memoryoperation;anotherperformsanatomicexchange-register-with-mem-
ory operation;anothercomparesthecontentsof a registerwith a valuein memoryand
exchangesmemorywith thecontentsof anotherregisterif thecomparisonwasequal
(compareandswap); two othersareusedto synchronizetheorderof sharedmemory
operations as observed by processors.

■ Predictedbranches:The branchwith prediction instructionsallow the compiler or
assemblylanguageprogrammerto give the hardwarea hint aboutwhethera branch
will be taken.

■ Brancheliminationinstructions:Severalinstructionscanbeusedto eliminatebranches
altogether(for example,Move on Condition).Eliminating branchesincreasesperfor-
mance in superscalar and superpipelined implementations.

■ Hardwaretrap stack:A hardwaretrap stackis provided to allow nestedtraps.It con-
tainsall of the machinestatenecessaryto returnto the previous trap level. The trap
stack makes the handling of faults and error conditions simpler, faster, and safer.

■ Relaxedmemoryorder(RMO) model:This weakmemorymodelallows thehardware
to schedulememoryaccessesin almostany order, aslongastheprogramcomputesthe
correct result.

1.2.2 Attrib utes

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

1.2.2.1 Design Goals

TheCPUis designedto bea target for optimizingcompilersandhigh-performancehard-
ware implementations.The CPU provides exceptionallyhigh executionratesand short
time-to-market development schedules.
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1.2.2.2 Register Windo ws

The CPU is derived from SPARC, which wasformulatedat SunMicrosystemsin 1985.
SPARC is basedon theRISCI andII designsengineeredat theUniversityof Californiaat
Berkeley from 1980through1982.SPARC’s “registerwindow” architecture,pioneeredin
the UC Berkeley designs,allows for straightforward, high-performancecompilersanda
reduction in memory load/store instructions.

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

One major differencebetweenSPARC64-III and the Berkeley RISC I and II is that
SPARC64-III provides greaterflexibility to a compiler in its assignmentof registersto
programvariables.SPARC64-III is moreflexible becauseregisterwindow managementis
not tied to procedurecall and return instructions,as it is on the Berkeley machines.
Instead,separateinstructions(SAVE andRESTORE) provide registerwindow manage-
ment.Themanagementof registerwindowsby privilegedsoftwareis verydifferenttoo,as
discussed inAppendix H, “Software Considerations” inV9.

1.2.3 System Components

The SPARC-V9 architectureallows for a spectrumof I/O, memory-managementunit
(MMU), and cache system subarchitectures.

1.2.3.1 SPARC64-III  MMU

TheSPARC-V9 ISA doesnot mandatea singleMMU designfor all systemimplementa-
tions.Rather, designersarefreeto usetheMMU thatis mostappropriatefor theirapplica-
tion, or no MMU at all, if they wish.TheSPARC64-III MMU implementationandvirtual
address translation are described inAppendixF, “MMU Architecture”.

1.2.3.2 Privileg ed Software

SPARC-V9 doesnot assumethat all implementationsmust executeidentical privileged
software.Thus,certaintraits of the SPARC64-III that arevisible to privilegedsoftware
have been tailored to the requirements of the system.

1.2.4 Binar y Compatibility

ThemostimportantSPARC-V9 architecturalmandateis binarycompatibilityof nonprivi-
legedprogramsacrossimplementations.Binariesexecutedin nonprivilegedmodeshould
behave identicallyon all SPARC-V9 systemswhenthosesystemsarerunninganoperat-
ing systemknown to provide a standardexecutionenvironment.Oneexampleof sucha
standard environment is the SPARC-V9 Application Binary Interface (ABI).

Although differentSPARC-V9 systemsmay executenonprivilegedprogramsat different
rates,they will generatethesameresults,aslong asthey arerun underthesamememory
model. SeeChapter 8, “Memory Models,” for more information.

���



20 1 Overview

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

1.2.5 Architectural Definition

TheSPARC-V9 architectureis definedby thechaptersandnormative appendixesof The
SPARCArchitectureManual-Version9. A correctimplementationof thearchitectureinter-
pretsaprogramstrictly accordingto therulesandalgorithmsspecifiedin thechaptersand
normative appendixes.

Thisguidedefinesaconformingimplementationof theSPARC-V9 architecturenamedthe
SPARC64-III.

1.2.6 SPARC-V9 Compliance

SPARC Internationalis responsiblefor certifying that implementationscomply with the
SPARC-V9 Architecture.Two levels of compliancearedistinguished:Level 1 andLevel
2. TheSPARC64-III is Level-2-compliant.SeeV9 for adefinitionof theSPARC-V9 com-
pliance levels.

AppendixC, “SPARC-V9 ImplementationDependencies,” describesthemannerin which
the SPARC64-III has resolved all implementation dependencies.

���
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2 Definitions
Thefollowing subsectionsdefinesomeof themostimportantwordsandacronymsusedin
this guide.

SPARC-V9 Terms

2.1 address space identifier (ASI): An 8-bit value that identifiesan addressspace.
For eachinstructionor dataaccess,theinteger unit appendsanASI to theaddress.
See also: implicit ASI .

2.2 application pr ogram: A programexecutedwith the processorin nonprivileged
mode. Note: Statementsmadein this guideregardingapplicationprogramsmay
not beapplicableto programs(for example,debuggers)thathave accessto pri vi-
leged processor state (for example, as stored in a memory-image dump).

2.3 ASI: Abbreviation foraddress space identifier.

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

2.5 byte: Eight consecutive bits of data.

2.6 clean windo w: A registerwindow in whichall of theregisterscontaineitherzero,
a valid addressfrom the current addressspace,or valid data from the current
address space.

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

2.8 current windo w: Theblock of 24 r registersthatis currentlyin use.TheCurrent
Window Pointer (CWP) register points to the current window.

2.9 dispatc h: Issuea fetchedinstructionto oneor more functionalunits for execu-
tion.
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2.10 doub let : Two bytes (16 bits) of data.

2.11 doub leword: An alignedoctlet. Note: Thedefinitionof this termis architecture-
dependent and may differ from that used in other processor architectures.

2.12 exception: A condition that makes it impossiblefor the processorto continue
executing the current instruction stream without software intervention.

2.13 extended w ord: An alignedoctlet, nominallycontainingintegerdata.Note: The
definition of this term is architecture-dependentandmay differ from that usedin
other processor architectures.

2.14 f register: A floating-point register. SPARC-V9 includessingle-, double-, and
quad-precisionf registers.

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

2.16 floating-point e xception: An exception that occursduring the execution of a
floating-point operate (FPop) instruction . The exceptionsare:unfinished_FPop,
unimplemented_FPop, sequence_error, hardware_error, invalid_fp_register, and IEEE_
754_exception.

2.17 floating-point IEEE-754 e xception: A floating-pointexception,as specifiedby
IEEE Std 754-1985. Listed within this guide asIEEE_754_exception.

2.18 floating-point operate (FP op) instructions: Instructionsthat perform floating-
point calculations,asdefinedby theFPop1andFPop2opcodes.FPopinstructions
do not include FBfcc instructionsor loadsand storesbetweenmemoryand the
floating-point unit .

2.19 floating-point trap type: The specifictype of floating-pointexception,encoded
in the FSR.ftt field.

2.20 floating-point unit: A processingunit that containsthe floating-point registers
and performs floating-point operations, as defined by this guide.

2.21 FPU: Abbreviation forfloating-point unit .

2.22 halfw ord: An aligneddoublet. Note: The definition of this term is architecture-
dependent and may differ from that used in other processor architectures.

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

2.24 implementation: Hardwareand/orsoftwarethatconformsto all of thespecifica-
tions of aninstruction set architecture (ISA).

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



2  Definitions 23

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

2.27 inf ormative appendix: An appendixcontaininginformationthatis usefulbut not
requiredto createan implementationthat conformsto the SPARC-V9 specifica-
tion. See also: normative appendix.

2.28 initiated: Synonym: issued.

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

2.30 instruction set ar chitecture (ISA): An ISA defines instructions, registers,
instructionand datamemory, the effect of executedinstructionson the registers
andmemory, andanalgorithmfor controlling instructionexecution.An ISA does
not defineclock cycle times,cyclesper instruction,datapaths,andother imple-
mentation-dependentcharacteristics.This guidedefinesthe SPARC-V9 ISA and
also contains details about HAL’s implementation of the ISA.

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

2.32 interrupt request: A requestfor servicepresentedto theprocessorby anexternal
device.

2.33 ISA: Abbreviation for instruction set architecture.

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

2.35 IU: Abbreviation for integer unit.

2.36 leaf pr ocedure: A procedurethatis a leaf in theprogram’scall graph;thatis, one
that does not call (using CALL or JMPL) any other procedures.

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

2.38 may: A keyword indicatingflexibility of choicewith no impliedpreference.Note:
“May” indicatesthat an actionor operationis allowed; “can” indicatesthat it is
possible.

2.39 must: Synonym: shall.

2.40 next pr ogram counter (nPC): A registerthatcontainstheaddressof the instruc-
tion to be executed next, if a trap does not occur.
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2.41 nonfaulting load: A load operation that either completes correctly (in the
absenceof any faults) or returnsa value (nominally zero) if a fault occurs.See
speculative load.

2.42 nonprivileg ed: An adjective that describes(1) the stateof the processorwhen
PSTATE.PRIV= 0, that is, nonprivileged mode; (2) processorstateinformation
that is accessibleto softwarewhile the processoris in eitherpri vileged mode or
nonprivileged mode, for example,nonprivileged registers,nonprivilegedASRs,
or, in general,nonprivilegedstate;(3) aninstructionthatcanbeexecutedwhenthe
processor is in eitherpri vileged mode or nonprivileged mode.

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

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

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

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

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

2.48 pref etchable: An attribute of a memorylocationthat indicatesto an MMU that
PREFETCH operationsto that location may be applied. Normal memory is
prefetchable.Nonprefetchablelocations include those that, when read, change
state or cause external events to occur. See also: side effect.

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

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

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

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

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

2.54 quad word: Aligned hexlet. Note: The definition of this term is architecture-
dependent and may be different from that used in other processor architectures.
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2.55 r register: An integer register. Also calleda generalpurposeregisteror working
register.

2.56 RED_state: Reset, Error, and Debug state. The processor state when
PSTATE.RED= 1. A restrictedexecutionenvironmentusedto processresetsand
traps that occur when TL= MAXTL – 1.

2.57 reser ved: Usedto describeaninstructionfield, certainbit combinationswithin an
instructionfield, or a registerfield that is reservedfor definitionby futureversions
of the architecture.Reserved instruction fields shall read as zero, unlessthe
implementationsupportsextendedinstructionswithin the field. The behavior of
SPARC-V9-compliantprocessorswhenthey encounternonzerovaluesin reserved
instruction fields is undefined.Reserved bit combinations within instruction
fields are defined in AppendixA, “Instruction Definitions”; in all cases,
SPARC-V9-compliantprocessorsshall decodeandtrap on thesereserved combi-
nations.Reserved registerfields shouldbewritten only to zeroby software;they
shouldreadaszero in hardware.Software intendedto run on future versionsof
SPARC-V9 shouldnotassumethatthesefield will readaszeroor any otherpartic-
ular value. Throughoutthis guide, figures and tables illustrating registers and
instructionencodingsindicatereserved fields andcombinationswith an em dash
‘—’.

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

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

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

2.61 shall: A key word indicating a mandatoryrequirement.Designersshall imple-
ment all such mandatory requirementsto ensure interoperability with other
SPARC-V9-compliant products.Synonym: must.

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

2.63 side eff ect: A secondaryeffect inducedby anoperationin additionto its primary
effect.For example,accessto anI/O locationmaycausea registervaluein anI/O
device to changestateor initiateanI/O operation.A memorylocationis deemedto
have sideeffects if additionalactionsbeyond the readingor writing of datamay
occurwhena memoryoperationon that locationis allowed to succeed.Seealso:
prefetchable.

2.64 speculative load: A loadoperationthat is issuedby theprocessorspeculatively,
that is, beforeit is known whethertheloadwill beexecutedin theflow of thepro-
gram.Speculative accessesareusedby hardwareto speedprogramexecutionand
aretransparentto code.Contrastwith nonfaulting load, which is anexplicit load
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thatalwayscompletes,evenin thepresenceof faults.Note: Someauthorsconfuse
speculative loads with nonfaulting loads.

2.65 super visor software: Softwarethatexecuteswhentheprocessoris in pri vileged
mode.

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

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

2.68 undefined: An aspectof the architecturethat hasdeliberatelybeenleft unspeci-
fied.Softwareshouldhave no expectationof, nor make any assumptionsabout,an
undefinedfeatureor behavior. Useof sucha featuremay deliver randomresults,
mayor maynotcauseatrap,mayvaryamongimplementations,andmayvarywith
time on a given implementation.Notwithstandingany of the above, undefined
aspectsof the architectureshall not causesecurityholes(suchas allowing user
softwareto accessprivilegedstate),put theprocessorinto supervisormode,or put
the processor into an unrecoverable state.

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

2.70 user application pr ogram: Synonym: application program.

2.71 word: An aligned quadlet. Note: The definition of this term is architecture-
dependent and may differ from that used in other processor architectures.

SPARC64-III Implementation-Specific T erms

The following terms define concepts unique to HAL’s implementation.

2.72 checkpoint: SPARC64-III checkpointstheCPUat certainintervalsto ensurethat
it canrecover from mispredictedbranches,exceptions,interrupts,andso on. The
checkpoint can be used to return the machine to a known correct state.

2.73 committed: An instructioncanbecommittedonly whenit hascompletedwithout
errorandall prior instructionshave completedwithout errorandhavebeencom-
mitted. Whenan instructionis committedthestateof themachineis permanently
changedto reflect the resultof the instruction;the previously existing stateis no
longer needed and can be discarded.

2.74 completed: After aninstructionhasfinished andhassenta nonerrorstatusto the
IssueUnit, it is consideredcompleted.Note: Althoughthestateof themachinehas
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beentemporarilyalteredby completionof aninstruction,thestatehasnotyetbeen
permanentlychangedandthe old statecanbe recovereduntil the instructionhas
beencommitted.

2.75 executed: An instruction is executedby an executionunit suchas a Floating-
point Multiply Adder (FMA). An instructionis in executionas long as it is still
being processed by an execution unit.

2.76 fetched: Instructionsarefetchedfrom theexternalU2 instructioncache,theinter-
nal I0 instructioncache,the internal I1 instructioncache,or from the instruction
prefetch buffers and sent to the Issue Unit.

2.77 finished: An instructionis finishedwhen it hascompletedexecutionin a func-
tional unit andhaswritten its resultsontoa resultbus.Resultson theresultbusses
go the register files and to waiting instructions in the instruction queues.

2.78 initiated: An instructionis initiated whenit hasall of the resourcesthat it needs
(for example,sourceoperands)andit hasbeenselectedfor execution(for example,
it enters an FMADD unit).

2.79 Instruction Dispatc h: The act of issuing an instruction to a reservation station.

2.80 Instruction Issued: An instructionis issuedwhen it hasbeenassigneda serial
numberin theactive instructionring. For example,anaddinstructionis considered
“issued”whenit hasbeenassigneda serialnumberanddecidedwhich reservation
station to be sent.

2.81 Instruction Retired: An instructionis retiredwhenall machineresources(serial
numbers,renamedregisters)have beenreclaimedand are available for use by
other instructions. An instruction can only be retired after it has been committed.

2.82 Instruction Stall: Not every instructioncanbe issuedin a givencycle. TheCPU
imposescertain issue constraintsbasedon resourceavailability and program
requirements.Instructionswhich may not be issuedin this cycle aresaidto have
stalled.

2.83 issue-stalling instruction: An instruction that prevents new instructionsfrom
being issued until it has committed.

2.84 issue windo w: This window holds the instructionsto be issuedin one clock
cycle. SPARC64-III can issuea maximumof four instructionsper clock cycle;
thus, the issue window holds up to four instructions.

2.85 machine sync: Themachineis syncedwhenall previouslyexecutinginstructions
have committed;that is, thereareno issuedbut uncommittedinstructionsin the
machine.

2.86 Memor y Management Unit (MMU): This term is used to refer to the address
translationhardware in SPARC64-III that translates64-bit Virtual Addressinto
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Physical Addresses.The MMU is composedof the µITLB, µDTLB, MTLB, and
the ASR and ASI registers used to manage address translation.

2.87 MTLB: Main TLB. Containsaddresstranslationsfor the µITLB and µDTLB.
Whenthe µITLB or µDTLB do not containa translationthey askthe MTLB for
thetranslation.If theMTLB containsthetranslation,it sendsthetranslationto the
respective micro TLB. If it doesnot containthe translationit causesa fastaccess
exception to a software translationtrap handlerwhich will load the translation
information (PTE) into the MTLB and retry the access.See also: TLB.

2.88 PTE: PageTableEntry. An entryin theµITLB, µDTLB, or MTLB. ThePTEcon-
tains all the information necessaryto translatea virtual addressinto a physical
address.If noneof theTLB’s containa translationfor a virtual addressthena trap
is taken to kernelsoftwarewhich will load the correctPTE into the MTLB. See
also: TLB.

2.89 reclaimed: All instruction-relatedresourcesthat were held until commit have
beenreleasedandareavailablefor subsequentinstructions.Instructionresources
are usually reclaimed a few cycles after they are committed.

2.90 register renaming: The CPU implementsa large set of hardware registersthat
areinvisible to theprogrammer. Beforeinstructionsareissued, sourceanddestina-
tion registersaremappedontothissetof renameregisters.Thisallows instructions
thatnormallywould beblocked,waiting for anarchitectedregister, to proceedin
parallel.Wheninstructionsarecommitted, resultsin renameregistersareposted
to thearchitectedregistersin thepropersequenceto producethecorrectprogram
results.

2.91 scan: A methodusedto initialize all of themachinestatewithin a chip. In a chip
thathasbeendesignedto bescannable,all of themachinestateis connectedin one
or severalloopscalled“scanrings.” Initializationdatacanbescannedinto thechip
usingthescanrings.Thestateof themachinealsocanbescannedout via thescan
rings. The SPARC64-III chip is initialized by scanningin the initialization data
before execution begins.

2.92 serializing instruction: Synonym: syncing instruction.

2.93 super scalar: An implementationthat allows several instructionsto be issued,
executed,andcommittedin oneclock cycle. The CPU issuesup to four instruc-
tionsperclockcycle.Up to eightcanbecommitted,andup to 64canbeactiveper
clock cycle.

2.94 sync: Synonym: machine sync.

2.95 syncing instruction: An instructionthat causesa machinesync. Thus,beforea
syncing instruction is issued,all previous instructions(in programorder) must
have beencommitted.At that point, the syncinginstructionis issued,executed,
completed, and committed by itself.
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2.96 Reservation Station: TheCPUimplementsdataflow executionbasedonoperand
availability. Dispatchedinstructionsaresentto reservationstationswherethey are
buffereduntil all input operandsbecomeavailable.Whenoperandsareavailable,
theinstructionis scheduledfor execution.Reservationstationsalsocontainspecial
tagmatchinglogic which is usedto capturetheappropriateoperanddata.Theres-
ervation stationsare sometimesreferredto as queues(for example, the integer
queue).

2.97 Serial Number: Every issuedinstructionis assigneda serialnumber(alsosome-
timescalleda sequencenumber)which providesa uniquetag for identifying the
instruction.Theserialnumberaccompaniestheinstructionthroughouttheproces-
sor until eventual retirement.

2.98 TLB: TranslationLookasideBuffer. A cachewithin theMMU thatcontainsrecent
partial translations.Thesespeedup closely following translationsby eliminating
the need to reread the Page Table Entry from memory.

2.99 µDTLB: Micro DataTLB. A small fully associative buffer that containsaddress
translationsfor dataaccesses.Missesin theµDTLB arehandledby theMTLB. See
also: TLB.

2.100 µITLB: Micro Instruction TLB. A small fully associative buffer that contains
addresstranslationsfor instructionaccesses.Missesin the µITLB arehandledby
the MTLB.See also: TLB.
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3 Architectural Over view

SPARC64-III architecturesupports32-and64-bit integerand32-and64-bitfloating-point
as its principal datatypes.It alsosupports128-bit floating-pointoperationsby software
emulation.The 32- and64-bit floating-pointtypesconformto IEEE Std 754-1985.The
128-bitfloating-pointtypeconformsto IEEE Std1596.5-1992.TheCPUdefinesgeneral-
purposeinteger, floating-point,andspecialstate/statusregisterinstructions,all encodedin
32-bit-wideinstructionformats.The load/storeinstructionsaddressa linear, 264-bytevir-
tual address space.

3.1 SPARC-V9 Processor Ar chitecture

Note:

This sectionand its subsectionsare repeatedfrom V9. Even thoughthe SPARC64-III processor
architectureis beginning to differ moresignificantly from this earlier, moresimplemodel, these
sectionsstill provide someuseful backgroundfor the implementation-specificdiscussionof the
SPARC64-III processor architecture in 3.4.

A SPARC-V9 processorlogically consistsof anintegerunit (IU ) anda floating-pointunit
(FPU), eachwith its own registers.This organizationallows for implementationswith
concurrentinteger and floating-point instructionexecution.Integer registersare 64-bits
wide;floating-pointregistersare32-,64-,or 128-bitswide.Instructionoperandsaresingle
registers, register pairs, register quadruples, or immediate constants.

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

3.1.1 Integ er Unit (IU)

The integerunit containsthegeneral-purposeregistersandcontrolstheoverall operation
of theprocessor. The IU executesthe integerarithmeticinstructionsandcomputesmem-
ory addressesfor loadsand stores.It also maintainsthe programcountersand controls
instruction execution for the FPU.
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An implementationof theSPARC-V9 IU maycontainfrom 64to 528general-purpose64-
bit r registers.This correspondsto a groupingof the registersinto 8 global r registers,8
alternateglobal r registers,plusa circularstackof from 3 to 32 setsof 16 registerseach,
known asregisterwindows. The numberof registerwindows present(NWINDOWS) is
implementation-dependent; on SPARC64-III, NWINDOWS = 5.

At a giventime, an instructioncanaccessthe8 globals (or the8 alternateglobals) anda
registerwindow into the r registers.The 24-registerwindow consistsof a 16-registerset
— dividedinto 8 in and8 local registers— togetherwith the8 in registersof anadjacent
register set,addressablefrom the currentwindow as its out registers.SeeFigure22 on
page64.

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

Whenever the IU accessesan instructionor datum in memory, it appendsan address
spaceidentifier (ASI), to the address.All instructionaccessesand most dataaccesses
appendan implicit ASI, but someinstructionsallow the inclusion of an explicit ASI,
either as an immediatefield within the instruction,or from the ASI register. The ASI
determinesthe byte orderof the access.All instructionsareaccessedin big-endianbyte
order; datacan be referencedin either big- or little-endianorder. See5.2.1, “Processor
State Register (PSTATE)”, for information about changing the default byte order.

3.1.2 Floating-point Unit (FPU)

TheFPUhasthirty-two 32-bit (single-precision)floating-pointregisters,thirty-two 64-bit
(double-precision)floating-pointregisters,andsixteen128-bit (quad-precision)floating-
point registers,someof which overlap.Double-precisionvaluesoccupy aneven-oddpair
of single-precisionregisters,andquad-precisionvaluesoccupy a quad-alignedgroupof
four single-precisionregisters.The32single-precisionregisters,thelowerhalf of thedou-
ble-precisionregisters,and the lower half of the quad-precisionregistersoverlay each
other. Theupperhalf of thedouble-precisionregistersandtheupperhalf of thequad-pre-
cisionregistersoverlayeachotherbut do not overlayany of thesingle-precisionregisters.
Thus,thefloating-pointregisterscanhold a maximumof 32 single-precision,32 double-
precision,or 16 quad-precisionvalues.Thefloating-pointregistersaredescribedin more
detail in5.1.4, “Floating-point Registers”.

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

The floating-pointinstructionset and 32- and 64-bit dataformatsconform to the IEEE
Standardfor Binary Floating-pointArithmetic, IEEE Std754-1985.The128-bitfloating-
point data type conforms to the IEEE Standardfor SharedData Formats, IEEE Std
1596.5-1992.
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If anFPUis notenabled,anattemptto executeafloating-pointinstructiongeneratesanfp_
disabled trap. In either case, privileged-mode software must:

■ Enable the FPU and reexecute the trapping instruction, or

■ Emulate the trapping instruction.

3.2 Instructions

Instructions fall into the following basic categories:

■ Memory access

■ Integer arithmetic / logical / shift

■ Control transfer

■ State register access

■ Floating-point operate

■ Conditional move

■ Register window management

These classes are discussed in the following subsections.

3.2.1 Memor y Access

Loadandstoreinstructions,PREFETCHes,andtheatomicoperations,CASX, SWAP, and
LDSTUB, arethe only instructionsthat accessmemory. They usetwo r registersor an r
registeranda signed13-bit immediatevalueto calculatea 64-bit, byte-alignedmemory
address. The IU appends an ASI to this address.

Thedestinationfield of theload/storeinstructionspecifieseitheroneor two r registers,or
one or two f registers, that supply the data for a store or receive the data from a load.

Integerloadandstoreinstructionssupportbyte,halfword (16-bit),word (32-bit),anddou-
bleword (64-bit) accesses.Someversionsof integer load instructionsperformsignexten-
sion on 8-, 16-, and 32-bit valuesas they are loadedinto a 64-bit destinationregister.
Floating-point load and store instructions support word, and doubleword memory
accesses.

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

3.2.1.1 Memor y Alignment Restrictions

Halfword accessesare aligned on 2-byte boundaries;word accesses(which include
instruction fetches)are aligned on 4-byte boundaries;extended-word and doubleword
accessesarealignedon8-byteboundaries.An improperlyalignedaddressin a load,store,
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or load-storeinstruction causesa trap to occur, with the possibleexception of cases
described in6.3.1.1, “Memory Alignment Restrictions”.

3.2.1.2 Addressing Con ventions

TheCPUusesbig-endianbyteorderby default: theaddressof a quadword, doubleword,
word,or halfword is theaddressof its mostsignificantbyte.Increasingtheaddressmeans
decreasingthe significanceof the unit being accessed.All instructionaccessesare per-
formedusingbig-endianbyteorder. TheCPUalsocansupportlittle-endianbyteorderfor
data accessesonly: the addressof a quadword, doubleword, word, or halfword is the
addressof its leastsignificantbyte. Increasingthe addressmeansincreasingthe signifi-
canceof the unit being accessed.See5.2.1, “ProcessorStateRegister (PSTATE)”, for
information about changing the implicit byte order to little-endian.

Addressingconventionsare illustratedin Figure65 on page119 on Figure66 on page
121.

3.2.1.3 Load/Store Alternate

Versionsof load/storeinstructions,the load/store alternate instructions,canspecifyan
arbitrary8-bit addressspaceidentifier for the load/storedataaccess.Accessto alternate
spaces0016..7F16 is restricted,and accessto alternatespaces8016..FF16 is unrestricted.
Someof the ASIs areavailablefor implementation-dependentuses.Supervisorsoftware
canusethe implementation-dependentASIs to accessspecialprotectedregisters,suchas
MMU, cachecontrol,andprocessorstateregisters,andotherprocessor- or system-depen-
dent values. See6.3.1.3, “Address Space Identifiers (ASIs)”, for more information.

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

3.2.1.4 Separate I and D Memories

TheCPUhasseparatelevel-1 instructionanddatacaches.For this reason,programsthat
modify their own code(self-modifyingcode)mustissueFLUSH instructions,or a system
call with a similar effect, to bring the instruction and data caches into a consistent state.

3.2.1.5 Input/Output (I/O)

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

This documentdoesnot containinformationaboutSPARC64-III-specific I/O registers.In
particular, it does not discuss:

■ The semantic effect of accessing I/O locations

■ Nonprivileged access to I/O registers

■ The addresses and contents of I/O registers
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3.2.1.6 Memor y Sync hronization

Two instructionsareusedfor synchronizationof memoryoperations:FLUSH andMEM-
BAR. Their operationis explained in A.20, “Flush Instruction Memory”, and A.32,
“Memory Barrier”, respectively. Note: STBAR is alsoavailable,but it is deprecatedand
should not be used in newly developed software.

3.2.2 Arithmetic / Logical / Shift Instructions

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

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

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

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

3.2.3 Contr ol Transf er

Control-transferinstructions(CTI s) includePC-relative branchesandcalls,register-indi-
rect jumps,and conditionaltraps.Most of the control-transferinstructionsare delayed;
that is, the instruction immediately following a control-transferinstruction in logical
sequenceis dispatchedbefore the control transfer to the target addressis completed.
Note: The next instructionin logical sequencemay not be the instructionfollowing the
control-transfer instruction in memory.

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

Compatibility Note:
SPARC-V8 specifiedthat the delay instructionwasalwaysfetched,even if annulled,andthat an
annulledinstructioncouldnot causeany traps.SPARC-V9 doesnot requirethedelayinstructionto
be fetched if it is annulled.
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BranchandCALL instructionsusePC-relative displacements.Thejump andlink (JMPL)
and return (RETURN) instructionsusea register-indirect target address.They compute
their targetaddressesaseitherthesumof two r registers,or thesumof anr registeranda
13-bit signedimmediatevalue.Thebranchon conditioncodeswithout predictioninstruc-
tion providesa displacementof ±8 Mbytes;thebranchon conditioncodeswith prediction
instructionprovidesa displacementof ±1 Mbyte; thebranchon registercontentsinstruc-
tion providesadisplacementof ±128Kbytes,andtheCALL instruction’s30-bitworddis-
placementallows a control transfer to any addresswithin ±2 gigabytes(±231 bytes).
Note: When 32-bit addressmasking is enabled(see 5.2.1.6, “PSTATE_address_mask
(AM)” ), the CALL instructionmay transfercontrol to an arbitrary 32-bit address.The
returnfrom privilegedtrapinstructions(DONE andRETRY) gettheir targetaddressfrom
the appropriate TPC or TNPC register.

3.2.4 State Register Access

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

Software can use read/write ancillary state register instructions to read/write the
SPARC64-III-specific processorregisters.Seethe subsectionin 5.2.11,“Ancillary State
Registers(ASRs)”, for informationabouttheimplementation-dependentASRs,including
which of them are privileged.

3.2.5 Floating-point Operate

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

In additionthe CPU hasextendedthe SPARC-V9 architecturewith floating-pointmulti-
ply-addandmultiply-subtractinstructions.SeeA.23.1,“IMPDEP2 (Floating-pointMulti-
ply-Add/Subtract)”, for more information.

3.2.6 Conditional Mo ve

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

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

3.3 Traps

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

A trapcausesthecurrentPCandnPCto besavedin theTPCandTNPCregisters.It also
causestheCCR,ASI, PSTATE, andCWPregistersto besavedin TSTATE. TPC,TNPC,
andTSTATE areentriesin a hardwaretrapstack,wherethenumberof entriesin the trap
stackis equalto thenumberof trap levelssupported(which is 4 in theCPU).A trapalso
setsbits in thePSTATE register, oneof which canenableanalternatesetof global regis-
tersfor useby thetraphandler. Normally, theCWPis not changedby a trap;onawindow
spill or fill trap,however, theCWPis changedto point to theregisterwindow to besaved
or restored.

A trap may be causedby a Tcc instruction,an asynchronousexception,an instruction-
inducedexception,or an interrupt requestnot directly relatedto a particularinstruction.
Before executing each instruction, the processordeterminesif there are any pending
exceptionsor interruptrequests.If any arepending,theprocessorselectsthehighest-prior-
ity exception or interrupt request and causes a trap.

SeeChapter 7, “Traps” for a complete description of traps.
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3.4 SPARC64-III Processor Ar chitecture

This section describesthe internal architectureof the CPU. Figure 1 contains the
SPARC64-III Block Diagram.

Figure 1: SPARC64-III CPU Block Diagram
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3.4.1 Lif e Cycle of an Instruction

All instructions pass through the following states within the CPU:

Fetched:
Instructionsarefetchedfrom theexternalinstructioncache,theinternalI0 instruc-
tion cache,or the instructionprefetchbuffers (describedin 3.4.3, “BranchUnit
(BRU)”); they are then sent to the Issue Unit.

Issued:
A serialnumberis assignedto eachinstructionwhenit is issued. After aninstruc-
tion is issued, it is immediatelydispatched.

Dispatc hed:
Instructionsare dispatched when they are sent to a functional unit queue.For
example,an addinstructionis considereddispatchedwhenit is sentto the queue
for oneof theintegeraddersin theFixed-pointIntegerFunctionalUnit (described
in 3.4.6.1.3).

Initiated:
An instructionis initiated whenit hasall of theresourcesit needsandit hasbeen
selected for execution by an execution unit.

Executed:
An instructionis executedby anexecutionunit in theDataFlow Unit; for example,
an integer multiply is executedby a the integer multiplier (IMUL) in the Fixed-
point FunctionalUnit (describedin 3.4.6.1.3).An instruction is in executionas
long as it is still being processed by an execution unit.

Finished:
An instructionis finishedwhenit hascompletedexecutionin a functionalunit and
haswritten its resultsinto a registerfile. Whenan instructionfinishes,the execu-
tion unit informs the Issue Unit (ISU) and reports its status.

Completed:
An instructionis completedwhenit hasfinishedandhassenta nonerror statusto
the ISU. Note: Although the stateof the machineis alteredtemporarilywhenan
instructionis completed, the statechangeis not yet permanent;the old machine
state can be recovered until the instruction has beencommitted.

Committed:
An instructionis committedwhen it hascompletedwithout error and all prior
instructions(in programorder)have completedwithout error. Whenan instruc-
tion is committed,the stateof the machineis permanentlychangedto reflect the
result of the instruction.

Reclaimed:
All instruction-relatedresourcesare usually reclaimeda few cycles after the
instructionis committed. After the resourcesare reclaimed, they areagain avail-
able for subsequent instructions.
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The following sequence clarifies the ordering within these states. Instructions are:

1. Fetched in order.

2. Issued in order.

3. Dispatched in order.

4. Initiated out of order.

5. Executed out of order.

6. Completed out of order.

7. Committed in order.

During an instruction’s lifetime within the CPU it undergoesa seriesof transformations
that allow it to be processed more efficiently. These transformations include:

Recoding:
The instruction opcode is converted into a more efficient internal format.

Register Renaming:
The sourceand destinationregistersencodedin the instructionare renamedby
mappingthemontoa muchlarger internalregisterset.A morecompletedescrip-
tion of this process is given in 3.4.1.1.

Numbering:
A serial numberis assignedto an instructionwhen it is issued. This numberis
uniquein thesystemaslong astheinstructionis active; however, thenumbersare
reclaimed and reused after the instruction iscommitted.

Packetizing:
An instructionpacket (IP) is created.It containsthe recodedopcode,the serial
number, the renamedregister numbers,and some information that allows the
effectsof theinstructionto beundoneif it wasexecutedin error(for example,after
a mispredictedbranch).The functionalunits thatactuallyexecutethe instructions
deal only with IPs.

3.4.1.1 Register Renaming

Sometimesincreasingthe numberof available registerscan allow for more parallelism
within a CPU. For example, consider the following code fragment:

1. ld [%r5+%r6], %r2 ! Load something into %r2
2. add %r2,%r8,%r30 ! Use the loaded data
3. beq %xcc,d12 ! Branch if equal
4. add %r9,%r10,%r2 ! Not equal-store a result into %r2

Clearly, instruction#1mustcompletebeforeinstruction#2begins,because%r2 is anout-
put of #1 and an input to #2. Nothing that can be done in hardware will allow these
instructionsto executein parallel.The only reasonthat instruction#4 cannotexecutein
parallel with #1 or #2, however, is that it needs toreuse%r2.
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If thedestinationin instruction#4 is changedto %r9, theinstructioncouldrun in parallel
with #1 or #2. But the hardware can’t always useanotherarchitectedregister, because
there isn’t always one available.

SPARC64-III solves this problem by:

1. Providing more physical registers than architected registers, and

2. Providing a mapping between architected and physical registers.

This strategy is called register renaming; it changes the example as follows:

1. ld [%pr15+%pr22],%pr7 ! Load into physical register %pr7
2. add %pr7,%pr8,%pr45 ! Use the loaded data
3. beq %xcc,dog ! Branch if equal
4. add %pr9,%pr21,%pr37 ! Store a result into physical %pr37

Now #4canbeexecutedin parallelwith #1or #2,sinceit is no longerdependentononeof
their registers.Note: #1 and#2 arestill dependent(asthey shouldbe)andcannotbeexe-
cuted in parallel.

For a morecompletediscussionof datadependencies,see9.6.1,“Data Dependencies”on
page198.
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3.4.2 SPARC64-III Conceptual Ar chitecture

Figure 2 shows a high-level view of the internal architecture of the CPU.

Figure 2: CPU High-Level Internal Architecture
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Data Flo w Unit (DFU):
Executesinstructionsusing the integer andfloating-pointhardwareregisters,the
registerrenamemaps,thefixed-integerandfloating-pointexecutionunits,andthe
load/ store unit.

Level-1 Instruction Cac he (I1-Cache):
Receivesoneinstructionfetchrequest(16 bytesperrequest)percycle from BRU,
accessesthe level-1 instruction cache(4-way set-associative, 64 Kbytes), and
returns4 instructionsin a cycle. Whena cachemisshappens,sendsa requestto
UC to get the line data (64 bytes).

Level-1 Data Cac he (D1-Cache):
Receivesup to two loador storerequests(eachrequestis up to 8 byteaccess)per
cycle from LSU, accessesthe level-1 data cache (4-way set-associative, 64
Kbytes),and returnsup to 2 load datain a cycle. When a cachemiss happens,
sends a request to UC to get the cache line data (64 bytes).

Translation Unit (TR):
HastheMain TLB whichhas256entriesandis fully-associative,accessesit when
the translationrequestcomesfrom I1-Cacheor D1-Cache,and returnsthe page
table entry to I1-Cache or D1-Cache.

U2-Cache & UPA Contr ol Unit (UC):
Controlstheexternalunified level-2 cache(U2-Cache,direct-map,1~16MBytes)
andUPA bus interface.Receives level-1 cachemissrequestsfrom I1-Cacheand
D1-Cache,accessesU2-Cache,andreturnsthe cacheline data(64 Bytes) to I1-
CacheandD1-Cache.Whena cachemisshappens,sendsa requestto UPA busto
get the cache line data.

3.4.3 Branc h Unit (BR U)

The BranchUnit is responsiblefor sendingup to four instructionsper clock to the Issue
Unit. The BRU gets these instructions from one of these locations:

■ The on-chip Level-0 Instruction (I0) Cache

■ The on-chip Prefetch Buffers

■ The external Level-1 Instruction Caches (through the Instruction Recode Unit)

The BRU contains the following components:

Instruction Recode Unit:
Recodesinstructionsinto a moreefficient internal format. Instructionsremainin
recoded form throughout their lifetime in the CPU.

Instruction Pref etch Buff ers:
Prefetchesinstructionsfrom theLevel-1 InstructionCachesthroughtheInstruction
Recode Unit.

Instruction Le vel-0 Cac he (I0 Cache):
Holds up to 4,096 prefetched and recoded instructions.
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Branc h Prediction:
Attemptsto determinetheaddressof thenext four instructionsto fetch,usingfeed-
back from the Issue Unit.

Fetch Unit:
Suppliestheaddressesof theinstructionsto befetched.This unit usesBranchPre-
diction to attemptto determinethe correct fetch address.It then transmitsthis
address to the I0 Cache, the Prefetch Buffers, and the external I1 Cache.

If theinitial fetchaddressprovesto beincorrect,theFetchUnit discardstheincor-
rectly fetchedinstructions,recalculatesthe correctfetch address,andretransmits
thecorrectaddressto theI0 Cache,thePrefetchBuffers,andtheexternalI1 Cache.

The Fetch Unit also handles mispredicted branches and processes traps.

3.4.4 Issue Unit (ISU)

The IssueUnit issuesup to four instructionsper clock and keepstrack of all currently
active instructions. It contains the following components:

Precise State Unit (PSU):
Tracks the stateof all instructionsfrom the time they are issueduntil they are
reclaimed. It:

● Assigns serial numbers to newly issued instructions

● Waits for the DFU to reportfinished status onissued instructions

● Completes instructions that arefinished andcommits them in order

● Reclaims resources used bycommitted instructions

ThePSUcanbackup theCPUto any previousuncommittedstatein theeventof
an error or mispredictedbranch.The PSU also handlesexceptions,errors,and
interrupts.

Register Rename / Freelist Unit:
Managesthelist of freephysicalregistersthatareavailableto renametheregisters
in the instructionsthat will be issuedin this clock. For performancereasons,the
physicalregistersandthemapsof physicalto architectedregisternumbersarekept
in the DFU, but they are logically part of the ISU.

I-Matrix:
Determineshow many instructions(from 0 to 4) canbe issuedin eachclock. It
gathersresourceusageinformation(for example,how many queueslotsareavail-
able) from many parts of the CPU.

Dispatc h:
Sendsinstructionpacketsto beenqueuedat theDFU’s functionalunits,described
in 3.4.6 on page46.
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3.4.5 Instruction Fetc h, Issue , and Dispatc h

Figure 3 shows a detailed view of the instruction fetch and issue process.

Figure 3: Instruction Fetch, Issue, and Dispatch

Using feedbackfrom the IssueUnit, BranchPredictionattemptsto predict the next PC
value.Thepredictedaddressis calledtheFetchPC(FPC).Next, theBranchUnit sendsthe
four instructions at the FPC address to the Issue Unit. These instructions will come from:

■ The I0 cache, if present there

■ The Prefetch Buffers, if present there

■ The I1 cache, if the instruction is not already present in the CPU

The Prefetch Buffers are constantly prefetching instructions through the Instruction
RecodeUnit, which recodestheminto an internalformat.Theserecodedinstructionsare
then cachedin the PrefetchBuffers; eventually they may be senton to the I0 cacheor
directly to the Issue Unit.

Using informationgatheredby thePreciseStateUnit, the IssueUnit determineswhether
the instructionsit hasreceivedarefrom thecorrectaddress.If they are,theIU dispatches
upto four of theinstructionsto theDFU. If thePCwasmis-predicted,theIssueUnit feeds
this information back to the BRU and discards the instructions.

Predict
Next PC

I1 Instruction Caches

4

Prefetch and Recode

4

4

Feedback

4

I0 Cache
4K Instructions

(Recoded)
4 To Execution Units

To Rename Maps

2

2

2

Issue
Unit

Branch
Prediction

N = Number of Instructions

and Registers

Branch Unit

Instruction Buffer
(12 instructions)



46 3 Architectural Overview

3.4.6 Data Flo w Unit (DFU)

TheDataFlow Unit (shown in Figure4) executesinstructionsusingtheintegerandfloat-
ing-pointhardwareregistersandregisterrenamemaps,andthefixed-pointinteger, address
generation, floating-point, and load/ store functional units.

Figure 4: Data Flow Unit (DFU)
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Physical Floating-point Register File:
Physical registers to which the architectedregisterswithin eachfloating-point
instruction are remapped.

Floating-point Register Rename Map:
Associationsneededto remap each floating-point register referencewithin an
instruction onto the appropriate physical floating-point register.

3.4.6.1 DFU Functional Units

The DFU containsthe four functional units that are responsiblefor executing CPU
instructions. They are:

Floating-point Functional Unit (FPU):
Performsfloating-pointarithmetic,comparisons,multiplies, divides,andsquare-
roots (including floating-point multiply-add and multiply-subtract).

Fixed-point Integ er Functional Unit (FXU):
Performs fixed-point arithmetic, logical operations, shifts, multiplies, and divides.

Fixed-point Integ er / Ad dress Generation Functional Unit (FX/A GEN):
Performsfixed-pointarithmeticand logical operationsand calculatesload/store
addresses.

Load / Store Functional Unit (LSU):
Processes all load and store instructions.

Each functional unit contains:

Reservation Station:
Storesthe instructionpacket (IP) andsourceregister(s)for eachinstructionthat
has beenissued and is waiting to beinitiated in the functional unit.

Execution Units:
Performtheprocessingnecessaryto executeeachinstruction.Note: Theexecution
units for the LSU areactually the externaldatacaches,which executethe loads
and stores.

Subsection3.4.6.1.1describesthe reservation stations.Subsections3.4.6.1.3 through
3.4.6.1.5 describe the functional units.

3.4.6.1.1 Reservation Stations

Each reservation station containsan Instruction Packet Queue(IPQ), which holds the
instructionpackets(IPs)waiting to begin executionin thefunctionalunit. Associatedwith
eachqueueentryis oneor moreRegisterCaches,whichhold thesourceoperand(s)for the
instruction.Whena sourceoperandof anenqueuedinstructionis generatedby a previous
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instruction,that queueentry must wait until its sourceoperandsareavailable.Figure 5
shows the general form of a reservation station.

Figure 5: Reservation Station Detail

Eachreservationstationis anN × (S+ 1) matrix,whereN is thenumberof entries,S is the
numberof sourceregisters,and1 is theIPQentry. Table2 givesthevaluesfor N andSfor
each functional unit in the DFU.

3.4.6.1.2 Floating-point Functional Unit (FPU)

The Floating-pointFunctionalUnit (seeFigure 4 on page46) executesfloating-point
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onemultiply-additionor onedivision resultper clock. Oncethe operationsareinitiated,
however, the FMA and FDIV/FSQRT units execute in parallel.

The FMA is pipelinedandhasa latency of 4 cycles.The FMA alsoperformsfloating-
point moves, which take one clock. The FA is pipelined and has a latency of 3 cycles.
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The FDIV/FSQRT hasa latency of approximately12 cycles (single) and 22-23 cycles
(double).TheFDIV/FSQRT unit blockstheFMA for oneclock in orderto startthedivi-
sionandfor anotherclockwhenit placestheresulton theresultbus.While thedivide is in
progress, however, the FMA and FDIV/FSQRT execute in parallel.

3.4.6.1.3 Fixed-point Integ er Functional Unit (FXU)

The Fixed-point Integer Functional Unit (see Figure 4 on page 46) executesinteger
instructionsusingtwo independentArithmetic/Logical/ShiftUnits (ALSs), oneof which
contains an integer multiplier/divider.

Oneof the ALSs sharesits operandandresultbusseswith the integer multiplier/divider.
This combinedunit caninitiate eitheroneMULDIV or oneALS operationperclock,and
cangenerateoneMULDIV or oneALS resultperclock.Oncetheoperationsareinitiated,
however, the ALS and multiplier/divider units execute in parallel.

Each ALS contains:

■ An integer adder

■ A logic unit (computes AND, OR, and so forth)

■ A 64-bit barrel shifter

ALS operations take only one clock each, so there is no need to pipeline them.

An integermultiply operationtakesbetween4 (32-bits)and6 (64-bits)clocks.An integer
dividetakesbetween2 and37clocks,dependingonthearguments;theaverageis about13
clocks. The multiplier/divider “steals” one ALS cycle to place its results on the result bus.

3.4.6.1.4 Fixed-point/Ad dress Generation Functional Unit (FX / AGEN)

TheFixed-point/ AddressGenerationFunctionalUnit (seeFigure4 on page46) executes
integerinstructionsandcalculatesload/storeaddressesusingtwo independentArithmetic/
Logical Units.Note: Unlike theFXU, theFX/AGEN doesnot containa shifteror aninte-
ger multiplier/divider.

The FX/AGEN is used to calculate:

■ Effective addresses for loads and stores

■ Integer arithmetic operations that do not require a shift, multiply, or divide

Calculationsarerequiredfor someCPUaddressingmodes;for example,in theinstruction

ld [%o6 + 64], %i5

theFX/AGEN adds64 to thecontentsof %o6to obtaintheeffective addressfor theload.
TheFX/AGEN sendsthecalculatedaddressandtheinstructionserialnumberto theLoad
Store Unit.

The FX/AGEN canperformup to two calculationsper clock, in the following combina-
tions:

■ Two effective address calculations
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■ One address calculation and one integer calculation

■ Two integer calculations

3.4.6.1.5 Load / Store Functional Unit (LSU)

The Load/ Store FunctionalUnit (seeFigure 4 on page46) executesload and store
instructions accessing the level-1 even and odd data caches.

TheLSU is responsiblefor guaranteeingthatloadsandstoresexecutecorrectly. Someout-
of-order execution is allowed, but some operations must execute in order.

The LSU can perform two simultaneousloadsor storesto the level-1 datacachesper
clock,oneto theevencacheandoneto theoddcache.It canacceptup to two new loador
storerequestsperclock. The level-1 cacheshave a three-clocklatency, but they arepipe-
lined, so two new accessescan be startedand two old accessescompletedduring each
clock.



4 Data Formats

The CPU architecture recognizes these fundamental data types:

■ Signed Integer: 8, 16, 32, and 64 bits.

■ Unsigned Integer: 8, 16, 32, and 64 bits.

■ FloatingPoint:32 and64 bits. Operationson 128-bitfloating-pointdataareemulated
by system software.

The widths of the data types are:

■ Byte: 8 bits

■ Halfword: 16 bits

■ Word: 32 bits

■ Extended Word: 64 bits

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

■ Doubleword: 64 bits

■ Quadword: 128 bits (emulated)

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

Subsections4.1 through4.11 illustrate the signedinteger, unsignedinteger, and tagged
formats.Subsections4.12 through4.14 illustrate the floating-pointformats.In 4.4, 4.9,
4.13,and4.14,theindividualsubwordsof themultiworddataformatsareassignednames.
The arrangementof the subformatsin memoryand processorregistersbasedon these
namesis shown in Table3 on page56. Tables4 through7 on pages57 through58 define
the integer and floating-point formats.
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4.1 Signed Integ er Byte

Figure 6 illustrates the signed integer byte data format.

Figure 6: Signed Integer Byte Data Format

4.2 Signed Integ er Halfw ord

Figure 7 illustrates the signed integer halfword data format.

Figure 7: Signed Integer Halfword Data Format

4.3 Signed Integ er Word

Figure 8 illustrates the signed integer word data format.

Figure 8: Signed Integer Word Data Format

4.4 Signed Integ er Doub le

Figure9 illustratesboth components(SD-0 andSD-1) of the signedinteger doubledata
format.

Figure 9: Signed Integer Double Data Format
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4.5 Signed Extended Integ er

Figure 10 illustrates the signed extended integer (SX) data format.

SX

Figure 10: Signed Extended Integer Data Format

4.6 Unsigned Integ er Byte

Figure 11 illustrates the unsigned integer byte data format.

Figure 11: Unsigned Integer Byte Data Format

4.7 Unsigned Integ er Halfw ord

Figure 12 illustrates the unsigned integer halfword data format.

Figure 12: Unsigned Integer Halfword Data Format

4.8 Unsigned Integ er Word

Figure 13 illustrates the unsigned integer word data format.

Figure 13: Unsigned Integer Word Data Format
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4.9 Unsigned Integ er Doub le

Figure14 illustratesboth components(UD-0 andUD-1) of the unsignedinteger double
data format.

Figure 14: Unsigned Integer Double Data Format

4.10 Unsigned Extended Integ er

Figure 15 illustrates the unsigned extended integer (UX) data format.

UX

Figure 15: Unsigned Extended Integer Data Format

4.11 Tagged Word

Figure 16 illustrates the tagged word data format.

Figure 16: Tagged Word Data Format

4.12 Floating-point Single Precision

Figure 17 illustrates the floating-point single-precision data format.

Figure 17: Floating-point Single-precision Data Format

31 0

unsigned_db l_integ er[63:32]UD–0

UD–1
31 0

unsigned_db l_integ er[31:0]

63 0

unsigned_e xt_integ er

31 0

tag

2 1

31 30 0

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

2223
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4.13 Floating-point Doub le Precision

Figure18 illustratesbothcomponents(FD-0andFD-1)of thefloating-pointdouble-preci-
sion data format.

Figure 18: Floating-point Double-precision Data Format

4.14 Floating-point Quad-precision

The CPU doesnot implementany quad-precisionfloating-pointoperationsin hardware.
Theseoperationscauseanfp_exception_other trapwith FSR.ftt = unimplemented_FPop). See
5.1.7,“Floating-pointStateRegister (FSR)”, for more information.The OS kernel then
emulatesthequadoperationandstorestheresultinto a quad-alignedsetof floating-point
registers,which aredefinedin Table3, “Double-andQuadwordsin Memory andRegis-
ters (V9=1).”

Implementation Note:
TheOSkerneldoesnotcontainemulationroutinesfor thequad-precisionmultiply-addor multiply-
subtract instructions.

TheLDQF, LDQFA, STQF, andSTQFA instructionscausean illegal_instruction exception;
they are emulated by system software.

31 30 0

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

1920

FD–0

FD–1
31 0

fraction[31:0]
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Figure19 illustratesall four components(FQ-0throughFQ-3)of thefloating-pointquad-
precision data format.

Figure 19: Floating-point Quad-precision Data Format

Table 3 describes the memory and register alignment for double- and quadword.

† Although a floating-point doubleword is required only to be word-aligned in memory, it is rec-
ommendedthatit bedoubleword-aligned(thatis, theaddressof its FD-0wordshouldbe0 mod
8).

‡ Although a floating-point quadword is required only to be word-aligned in memory, it is recom-
mended that it be quadword-aligned (that is, the address of its FQ-0 word should be 0mod 16).

Implementation Note:
Floating-pointquadis not implementedin the CPU. Quad-precisionoperations,except floating-
point multiply-add and multiply-subtract, are emulated in the OS kernel.

Table 3: Double- and Quadwords in Memory and Registers (V9=1)

Subf ormat
Name Subf ormat Field

Required
Address

Alignment

Memor y
Address

Register
Number

Alignment

Register
Number

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

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

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

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

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

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

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

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

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

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

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

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

31 30 0

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

1516

FQ–0

FQ–1

FQ–2

FQ–3

31 0

fraction[95:64]

31 0

fraction[63:32]

31 0

fraction[31:0]
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Table4 describesthe width andrangesof the signed,unsigned,andtaggedinteger data
formats.

Table 5 describes the floating-point single-precision data formats.

Table 4: Signed Integer, Unsigned Integer, and Tagged Format Ranges (V9=2)

Data Type Width (bits) Range

Signed integer byte 8 −27 to 27 − 1

Signed integer halfword 16 −215 to 215 − 1

Signed integer word 32 −231 to 231 − 1

Signed integer tagged word 32 −229 to 229 − 1

Signed integer double 64 −263 to 263− 1

Signed extended integer 64 −263 to 263 − 1

Unsigned integer byte 8 0 to 28 − 1

Unsigned integer halfword 16 0 to 216 − 1

Unsigned integer word 32 0 to 232 − 1

Unsigned integer tagged word 32 0 to 230 − 1

Unsigned integer double 64 0 to 264 − 1

Unsigned extended integer 64 0 to 264 − 1

Table 5: Floating-point Single-precision Format Definition (V9=3)

s = sign (1 bit)

e = biased exponent (8 bits)

f = fraction (23 bits)

u = undefined

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

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

Zero (e = 0) (−1)s × 0

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

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

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

+ ∞ (positive infinity) s = 0; e = 255 (max); f = .000--00
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Table 6 describes the floating-point double-precision data formats.

Table 7 describes the floating-point quad-precision data formats.

Table 6: Floating-point Double-precision Format Definition (V9=4)

s = sign (1 bit)

e = biased exponent (11 bits)

f = fraction (52 bits)

u = undefined

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

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

Zero (e = 0) (−1)s × 0

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

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

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

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

Table 7: Floating-point Quad-precision Format Definition (V9=5)

s = sign (1 bit)

e = biased exponent (15 bits)

f = fraction (112 bits)

u = undefined

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

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

Zero (e = 0) (-1)s × 0

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

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

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

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



5 Register s
TheCPUprocessorincludestwo typesof registers:general-purpose,or working datareg-
isters, control/status registers, and ASI registers.

Working data registers include:

■ Integer working registers (r registers)

■ Floating-point working registers (f registers)

Control/status registers include:

■ Program Counter register (PC)

■ Next Program Counter register (nPC)

■ Processor State register (PSTATE)

■ Trap Base Address register (TBA)

■ Y register (Y)

■ Processor Interrupt Level register (PIL)

■ Current Window Pointer register (CWP)

■ Trap Type register (TT)

■ Condition Codes Register (CCR)

■ Address Space Identifier register (ASI)

■ Trap Level register (TL)

■ Trap Program Counter register (TPC)

■ Trap Next Program Counter register (TNPC)

■ Trap State register (TSTATE)

■ Hardware clock-tick counter register (TICK)

■ Savable windows register (CANSAVE)

■ Restorable windows register (CANRESTORE)

■ Other windows register (OTHERWIN)
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■ Clean windows register (CLEANWIN)

■ Window State register (WSTATE)

■ Version register (VER)

■ Implementation-dependent Ancillary State Registers (ASRs)

■ Floating-point State Register (FSR)

■ Floating-point Registers State register (FPRS)

The ASI registers are defined inAppendixL, “ASI Assignments”.

TheSPARC-V9 architecturealsodefinestwo implementation-dependentregisters:theIU
Deferred-trapQueueandtheFloating-pointDeferred-trapQueue(FQ); theCPUdoesnot
needor containeitherqueue.All CPUtrapsareprecise,exceptfor thedata_breakpoint trap.
SeeV9 for more information about these registers.

For convenience,someregistersin this chapterareillustratedasfewer than64 bits wide.
Any bits not shown arereserved for future extensionsto the architecture.Suchreserved
bits read as zeroes and, when written by software, should always be written as zeroes.

5.1 Nonprivileg ed Register s

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

5.1.1 General Purpose r Register s

At any moment,general-purposeregistersappearto nonprivilegedsoftwareasshown in
Figure 20 on page61.

The CPU contains96 general-purpose64-bit r registers.They arepartitionedinto eight
global registers,eightalternateglobal registers,plusfive 16-registersets.A registerwin-
dow consistsof thecurrenteight in registers,eight local registers,andeightout registers.
SeeTable 8 on page63.

5.1.1.1 Global r Register s

Registersr[0] ..r[7] refer to a setof eight registerscalledtheglobal registers(g0..g7). At
any time, oneof two setsof eight registersis enabledandcanbe accessedasthe global
registers.Thecurrentlyenabledsetof global registersis selectedby theAlternateGlobal
(AG) field in thePSTATE register. See5.2.1,“ProcessorStateRegister(PSTATE),” for a
description of the AG field.

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

Compatibility Note:
Since the PSTATE register is writable only by privileged software, existing nonprivileged
SPARC-V8 softwareoperatescorrectlyon a SPARC64-III implementationif supervisorsoftware
ensures that nonprivileged software sees a consistent set of global registers.

a�b
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Figure 20: General-purpose Registers (Nonprivileged View) (V9=1)

Programming Note:

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

5.1.1.2 Windo wed r Register s

At any time,aninstructioncanaccesstheeightglobal registers anda 24-registerwindow
into ther registers.A registerwindow comprisestheeight in andeight local registersof a
particularregisterset,togetherwith theeight in registersof anadjacentregisterset,which
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areaddressablefrom the currentwindow asout registers.SeeFigure21 on page62 and
Table8 on page 63.

Figure 21: Thr ee Overlapping Windows and the Eight Global Registers (V9=2)

Thenumberof windows or registersets,NWINDOWS, is five for theCPU.Thetotal num-
ber of r registersin a given implementationis eight (for the global registers), plus eight
(for thealternateglobal registers), plusthenumberof setstimes16registers/set.Thus,the
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total numberof r registersis 96 (five setsof 16 plusthe8 global registers and8 alternate
global registers).

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

5.1.1.3 Overlapping Windo ws

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

An outs registerwith addresso, where8 ≤ o ≤ 15, refersto exactly the sameregisteras
(o+16) doesafter theCWPis incrementedby 1 (moduloNWINDOWS).Likewise,an, in
registerwith addressi, where24≤ i ≤ 31,refersto exactly thesameregisterasaddress(i −
16) doesafter the CWP is decrementedby 1 (moduloNWINDOWS). SeeFigure21 on
page 62 andFigure22 on page 64.

SinceCWP arithmeticis performedmoduloNWINDOWS, thehighestnumberedimple-
mentedwindow (window 4 in the CPU) overlapswith window 0. The outs of window
NWINDOWS−1 arethe ins of window 0. Implementedwindows arenumberedcontigu-
ously from 0 through NWINDOWS−1 (4 in the CPU).

Programming Note:
Sincetheprocedurecall instructions(CALL andJMPL) do not changetheCWP, a procedurecan
be called without changing the window. See H.1.2, “Leaf-Procedure Optimization,” in V9.

Becausethe windows overlap,the numberof windows available to software is one lessthan the
numberof implementedwindows; that is, NWINDOWS – 1 or 4 in SPARC64-III. Whentheregis-
ter file is full, theouts of thenewestwindow arethe ins of theoldestwindow, which still contains
valid data.

The local andout registersof a registerwindow areguaranteedto containeitherzeroesor an old
valuethatbelongsto thecurrentcontext uponreenteringthewindow throughaSAVE instruction.If
a programexecutesa RESTOREfollowedby a SAVE, theresultingwindow’s locals andouts may
notbevalid aftertheSAVE, sincea trapmayhaveoccurredbetweentheRESTOREandtheSAVE.
However, if theclean_window protocolis beingused,systemsoftwaremustguaranteethatregisters

Table 8: Window Addressing (V9=6)

Windo wed Register Ad dress r Register Ad dress

in[0] – in[7] r[24] – r[31]

local[0] – local[7] r[16] – r[23]

out[0] – out[7] r[ 8] – r[15]

global[0] – global[7] r[ 0] – r[ 7]

a�b
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in thecurrentwindow afteraSAVE alwayscontainsonly zeroesor valid datafrom thatcontext. See
5.2.10.6, “Clean Windows (CLEANWIN) Register”.

Section6.3.6,“RegisterWindow ManagementInstructions”, describeshow thewindowed
integer registers are managed.

Figure 22: Windowed r Registers for NWINDO WS = 5 (V9=3)

w1 outs

w2 outs

w3 outs

w0 outs

w4 locals

w0 ins

w1 locals

w1 ins

w3 locals w3 ins

w2 locals

OTHERWIN = 1

CANRESTORE = 1

CANSAVE + CANRESTORE + OTHERWIN = NWINDOWS – 2

Thecurrentwindow (window 0) andtheoverlapwindow (window 2) accountfor thetwo windows
in the right sideof the equation.The “overlapwindow” is the window that must remainunused
because itsins andouts overlap two other valid windows.

SAVE RESTORE w2 ins

CANSAVE = 1

(Overlap)

w0 locals

w4 outs

w4 ins

CWP = 0
(Current Window Pointer)
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5.1.2 Special r Register s

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

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

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

5.1.2.1 Register -Pair Operands

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

Whenthe r[0] – r[1] registerpair is usedasa destinationin LDD or LDDA, only r[1] is
modified.Whenther[0] – r[1] registerpair is usedasa sourcein STD or STDA, a zerois
written to the32-bitwordat thelowestaddress,andtheleastsignificant32bitsof r[1] are
written to the 32-bit word at the highest address (in big-endian mode).

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

5.1.2.2 Register Usa ge

SeeH.1.1,“Registers”in V9 for informationabouttheconventionalusageof the r regis-
ters.

In Figure22 on page64, NWINDOWS = 5. Theeightglobal registers arenot illustrated.
CWP= 0, CANSAVE = 1, OTHERWIN = 1, and CANRESTORE= 1. If the procedure
usingwindow w0 executesa RESTORE,window w4 becomesthecurrentwindow. If the
procedure using window w0 executes a SAVE, window w1 becomes the current window.

5.1.3 IU Contr ol/Status Register s

ThenonprivilegedIU control/statusregistersincludetheprogramcounters(PCandnPC),
the 32-bit multiply/divide (Y) register, and seven implementation-dependentAncillary
State Registers (ASRs), which are defined in 5.2.11, “Ancillary State Registers (ASRs).”

5.1.3.1 Program Counter s (PC, nPC)

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

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

a b
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The PC is usedimplicitly as a destinationregister by CALL, Bicc, BPcc,BPr, FBfcc,
FBPfcc,JMPL, andRETURN instructions.It canbe readdirectly by an RDPCinstruc-
tion.

5.1.3.2 32-bit Multipl y/Divide Register (Y)

Figure 23: Y Register (V9=4)

The low-order32 bits of theY register, illustratedin Figure23, containthemoresignifi-
cantword of the 64-bit productof an integer multiplication,asa resultof eithera 32-bit
integermultiply (SMUL, SMULcc, UMUL, UMULcc) instructionor an integermultiply
step(MULScc) instruction.TheY registeralsoholdsthemoresignificantword of the64-
bit dividend for a 32-bit integer divide (SDIV, SDIVcc, UDIV, UDIVcc) instruction.

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

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

5.1.3.3 Ancillar y State Register s (ASRs)

SPARC-V9 providesfor optionalancillary stateregisters(ASRs). Accessto a particular
ASR maybeprivilegedor nonprivileged;see5.2.11,“Ancillary StateRegisters(ASRs),”
for a more completedescriptionof ASRs, including SPARC64-III’ s implementation-
dependent ASRs.

5.1.4 Floating-point Register s

The FPU contains:

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

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

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

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

63 032 31

— product<63:32> or dividend<63:32>
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Thefloating-pointregistersarearrangedsothatsomeof themoverlap,that is, arealiased.
The layoutandnumberingof thefloating-pointregistersareshown in figures24, 25, and
26.Unlike thewindowedr registers,all of thefloating-pointregistersareaccessibleatany
time.Thefloating-pointregisterscanbereadandwritten by FPop(FPop1/FPop2format)
instructions, and by load/store single/double/quad floating-point instructions.

Figure 24: Single-precision Floating-point Registers, with Aliasing (V9=5)

Operand
 Register

ID

From
Register

f31 f31<31:0>

f30 f30<31:0>

f29 f29<31:0>

f28 f28<31:0>

f27 f27<31:0>

f26 f26<31:0>

f25 f25<31:0>

f24 f24<31:0>

f23 f23<31:0>

f22 f22<31:0>

f21 f21<31:0>

f20 f20<31:0>

f19 f19<31:0>

f18 f18<31:0>

f17 f17<31:0>

f16 f16<31:0>

f15 f15<31:0>

f14 f14<31:0>

f13 f13<31:0>

f12 f12<31:0>

f11 f11<31:0>

f10 f10<31:0>

f9 f9<31:0>

f8 f8<31:0>

f7 f7<31:0>

f6 f6<31:0>

f5 f5<31:0>

f4 f4<31:0>

f3 f3<31:0>

f2 f2<31:0>

f1 f1<31:0>

f0 f0<31:0>
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Figure 25: Double-precision Floating-point Registers, with Aliasing (V9=6)

Operand
Register ID

Operan
d

Field

From
Register

f62 <63:0> f62<63:0>

f60 <63:0> f60<63:0>

f58 <63:0> f58<63:0>

f56 <63:0> f56<63:0>

f54 <63:0> f54<63:0>

f52 <63:0> f52<63:0>

f50 <63:0> f50<63:0>

f48 <63:0> f48<63:0>

f46 <63:0> f46<63:0>

f44 <63:0> f44<63:0>

f42 <63:0> f42<63:0>

f40 <63:0> f40<63:0>

f38 <63:0> f38<63:0>

f36 <63:0> f36<63:0>

f34 <63:0> f34<63:0>

f32 <63:0> f32<63:0>

f30
<31:0> f31<31:0>

<63:32> f30<31:0>

f28
<31:0> f29<31:0>

<63:32> f28<31:0>

f26
<31:0> f27<31:0>

<63:32> f26<31:0>

f24
<31:0> f25<31:0>

<63:32> f24<31:0>

f22
<31:0> f23<31:0>

<63:32> f22<31:0>

f20
<31:0> f21<31:0>

<63:32> f20<31:0>

f18
<31:0> f19<31:0>

<63:32> f18<31:0>

f16
<31:0> f17<31:0>

<63:32> f16<31:0>

f14
<31:0> f15<31:0>

<63:32> f14<31:0>

f12
<31:0> f13<31:0>

<63:32> f12<31:0>

f10
<31:0> f11<31:0>

<63:32> f10<31:0>

f8
<31:0> f9<31:0>

<63:32> f8<31:0>

f6
<31:0> f7<31:0>

<63:32> f6<31:0>
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f4
<31:0> f5<31:0>

<63:32> f4<31:0>

f2
<31:0> f3<31:0>

<63:32> f2<31:0>

f0
<31:0> f1<31:0>

<63:32> f0<31:0>

Figure 25: Double-precision Floating-point Registers, with Aliasing (V9=6)

Operand
Register ID

Operan
d

Field

From
Register
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Figure 26: Quad-precision Floating-point Registers, with Aliasing (V9=7)

Operand
 Register

ID

Operan
d

Field

From
Register

f60
<63:0> f62<63:0>

<127:64> f60<63:0>

f56
<63:0> f58<63:0>

<127:64> f56<63:0>

f52
<63:0> f54<63:0>

<127:64> f52<63:0>

f48
<63:0> f50<63:0>

<127:64> f48<63:0>

f44
<63:0> f46<63:0>

<127:64> f44<63:0>

f40
<63:0> f42<63:0>

<127:64> f40<63:0>

f36
<63:0> f38<63:0>

<127:64> f36<63:0>

f32
<63:0> f34<63:0>

<127:64> f32<63:0>

f28

<31:0> f31<31:0>

<63:32> f30<31:0>

<95:64> f29<31:0>

<127:96> f28<31:0>

f24

<31:0> f27<31:0>

<63:32> f26<31:0>

<95:64> f25<31:0>

<127:96> f24<31:0>

f20

<31:0> f23<31:0>

<63:32> f22<31:0>

<95:64> f21<31:0>

<127:96> f20<31:0>

f16

<31:0> f19<31:0>

<63:32> f18<31:0>

<95:64> f17<31:0>

<127:96> f16<31:0>

f12

<31:0> f15<31:0>

<63:32> f14<31:0>

<95:64> f13<31:0>

<127:96> f12<31:0>

f8

<31:0> f11<31:0>

<63:32> f10<31:0>

<95:64> f9<31:0>

<127:96> f8<31:0>
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5.1.4.1 Floating-point Register Number Encoding

Registernumbersfor single,double,andquadregistersareencodeddifferentlyin the5-bit
registernumberfield of a floating-pointinstruction.If the bits in a registernumberfield
are labeledb<4>..b<0> (whereb<4> is the most-significantbit of the registernumber),
the encodingof floating-pointregisternumbersinto 5-bit instructionfields is asgiven in
Table 9.

Compatibility Note:
In SPARC-V8, bit 0 of doubleandquadregisternumbersencodedin instructionfieldswasrequired
to be zero. Therefore,all SPARC-V8 floating-point instructions can run unchangedon the
SPARC64-III using the encoding inTable 9.

5.1.4.2 Doub le and Quad Floating-point Operands

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

Programming Note:
Data to be loadedinto a floating-pointdoubleor quadregister that is not doubleword-alignedin
memorymustbeloadedinto thelower 16 doubleregisters(8 quadregisters)usingsingle-precision

f4

<31:0> f7<31:0>

<63:32> f6<31:0>

<95:64> f5<31:0>

<127:96> f4<31:0>

f0

<31:0> f3<31:0>

<63:32> f2<31:0>

<95:64> f1<31:0>

<127:96> f0<31:0>

Table 9: Floating-point Register Number Encoding (V9=7)

Register
Operand

Type
6-bit Register Number

Encoding in a
5-bit Register Field

in an Instruction

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

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

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

Figure 26: Quad-precision Floating-point Registers, with Aliasing (V9=7)

Operand
 Register

ID

Operan
d

Field

From
Register
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LDF instructions.If desired,it canthenbecopiedinto theupper16 doubleregisters(8 quadregis-
ters).

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

Programming Note:

Given the encoding inTable 9, it is impossible to specify a misaligned double-precision register.

TheCPUdoesnothandlequad-precisionoperandsin hardware.All SPARC-V9 FPopera-
tions trap to theOSkernelandareemulated.Quad-precisionmultiply-addandmultiply-
subtract are not emulated.

5.1.5 Condition Codes Register (CCR)

Figure 27: Condition Codes Register (V9=8)

The Condition CodesRegister (CCR), shown in Figure 27, holds the integer condition
codes.

5.1.5.1 CCR Condition Code Fields ( xcc  and icc )

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

Eachof the 4-bit condition-codefields is composedof four 1-bit subfields,asshown in
Figure 28.

Figure 28: Integer Condition Codes (CCR_icc and CCR_xcc) (V9=9)

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

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

7 4 03

xcc iccCCR

7 5 4

0

6

13 2

xcc:
icc:

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

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

5.1.5.1.1 CCR_extended_integ er_cond_codes ( xcc )

Bits 7 through4 aretheIU conditioncodes,which indicatetheresultsof anintegeropera-
tion, with bothof theoperandsconsideredto be64 bits long. Thesebits aremodifiedby
the arithmeticandlogical instructionsthe namesof which endwith the letters“cc” (for
example,ANDcc) andby theWRCCRinstruction.They canbemodifiedby a DONE or
RETRY instruction,which replacesthesebits with theCCRfield of theTSTATE register.
TheBPccandTcc instructionsmaycauseatransferof controlbasedonthevaluesof these
bits. The MOVcc instructioncan conditionallymove the contentsof an integer register
basedon thestateof thesebits.TheFMOVcc instructioncanconditionallymove thecon-
tents of a floating-point register based on the state of these bits.

5.1.5.1.2 CCR_integ er_cond_codes ( icc )

Bits 3 through0 aretheIU conditioncodes,which indicatetheresultsof anintegeropera-
tion, with both of the operandsconsideredto be 32 bits. Thesebits aremodifiedby the
arithmeticandlogical instructionsthenamesof whichendwith theletters“cc” (for exam-
ple, ANDcc) and by the WRCCR instruction. They can be modified by a DONE or
RETRY instruction,which replacesthesebits with theCCRfield of theTSTATE register.
TheBPcc,Bicc, andTcc instructionsmaycausea transferof controlbasedon thevalues
of thesebits. The MOVcc instructioncanconditionallymove the contentsof an integer
registerbasedon thestateof thesebits. TheFMOVcc instructioncanconditionallymove
the contents of a floating-point register based on the state of these bits.

5.1.6 Floating-point Register s State (FPRS) Register

Figure 29: Floating-point Registers State Register (V9=10)

The Floating-pointRegistersState(FPRS)register, shown in Figure 29, holds control
informationfor thefloating-pointregisterfile; this informationis readableandwritableby
nonprivileged software.

5.1.6.1 FPRS_enable_fp (FEF)

Bit 2, FEF, determineswhethertheFPUis enabled.If it is disabled,executinga floating-
point instructioncausesan fp_disabled trap.If this bit is setbut thePSTATE.PEFbit is not

012

DLFEF DUFPRS
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set, then executing a floating-point instruction causesan fp_disabled trap; that is, both
FPRS.FEF and PSTATE.PEF must be set to enable floating-point operations.

5.1.6.2 FPRS_dir ty_upper (DU)

Bit 1 is the“dirty” bit for theupperhalf of thefloating-pointregisters;that is, f32..f62. It
is setwheneverany of theupperfloating-pointregistersis modified.Its settingin theCPU
is pessimistic;it is setwheneverafloating-pointinstructionis issued,but if thatinstruction
never completes, no output register is modified. The DU bit is cleared only by software.

5.1.6.3 FPRS_dir ty_lo wer (DL)

Bit 0 is the “dirty” bit for the lower 32 floating-pointregisters;that is, f0..f31. It is set
whenever any of the lower floating-pointregistersis modified.Its settingin the CPU is
pessimistic;it is setwhenever a floating-pointinstructionis issued,but if that instruction
never completes, no output register is modified. The DL bit is cleared only by software.

Implementation Note:
SPARC64-III setsFPRS.DLandFPRS.DUpessimistically. Specifically, they aresetwhenever an
instructionthatmight changeoneof thefloating-pointregistersis issued. In somecases,theissued
instruction is never committed, and the destination register is not actually changed.

5.1.7 Floating-point State Register (FSR)

TheFSRregisterfields,illustratedin Figure30, containFPUmodeandstatusinformation.
Thelower 32 bits of theFSRarereadandwrittenby theSTFSRandLDFSRinstructions;
all 64 bits of the FSR are readandwritten by the STXFSRandLDXFSR instructions,
respectively. Thever, ftt, andreserved fields are not modified by LDFSR or LDXFSR.

Figure 30: FSR Fields (V9=11)

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

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

5.1.7.1 FSR_fp_condition_codes ( fcc0 , fcc1 , fcc2 , fcc3 )

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

63 3235 34 3338 37

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

36

fcc3 fcc2 fcc1—

RD — TEM NS — ver ftt qne — fcc0 aexc cexc
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Compatibility Note:

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

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

In Table10, frs1 and frs2 correspondto the single,double,or quadvaluesin the floating-
point registersspecifiedby a floating-pointcompareinstruction’s rs1 andrs2 fields.The
questionmark (‘?’) indicatesanunorderedrelation,which is true if eitherfrs1 or frs2 is a
signalling NaN or quiet NaN. If FCMP or FCMPE generatesan fp_exception_ieee_754
exception, thenfccn is unchanged.

5.1.7.2 FSR_rounding_direction (RD)

Bits 31 and30 selectthe roundingdirectionfor floating-pointresultsaccordingto IEEE
Std 754-1985. Table 11 shows the encodings.

5.1.7.3 FSR_trap_enab le_mask (TEM)

Bits 27 through23 areenablebits for eachof thefive IEEE-754floating-pointexceptions
thatcanbe indicatedin thecurrent_exceptionfield (cexc). SeeFigure31 on page80. If a
floating-pointoperateinstructiongeneratesoneor moreexceptionsandtheTEM bit corre-
spondingto any of theexceptionsis 1, an fp_exception_ieee_754 trapis caused.A TEM bit
value of 0 prevents the corresponding exception type from generating a trap.

Table 10: Floating-point Condition Codes (fccn) Fields of FSR (V9=8)

Content of
fccn Indicated Relation

0 frs1 = frs2

1 frs1 < frs2

2 frs1 > frs2

3 frs1 ? frs2 (unordered)

Table 11: Rounding Direction (RD) Field of FSR (V9=9)

RD Round T oward

0 Nearest (even, if tie)

1 0

2 + ∞
3 − ∞
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5.1.7.4 FSR_nonstandar d_fp (NS)

SPARC-V9 definesthe FSR.NSbit which, when set to 1, causesthe FPU to produce
implementation-definedresults that may not correspond to IEEE Std 754-1985.
SPARC64-III doesnot needandthereforedoesnot implementany nonstandardfloating-
point functionality. Writesto FSR.NSareignored;readsfrom FSR.NSalwaysreturnzero.
SeeV9 for moreinformationaboutFSR.NSandnonstandardfloating-pointoperationin
SPARC-V9.

Implementation Note:
The multiply-add and multiply-subtract instructions are consideredto be extensions to the
SPARC-V9 architecture and not nonstandard floating-point behavior.

5.1.7.5 FSR_version ( ver )

For eachSPARC-V9 IU implementation(asidentifiedby its VER.impl field), theremay
be one or more FPU implementations,or none.This field identifiesthe particularFPU
implementationpresent.For thefirst SPARC64-III, FSR.ver = 0; however, futureversions
of thearchitecturemaysetFSR.ver to othervalues.ConsulttheSPARC64-III DataSheet,
which is described in theBibliography, for the setting of FSR.ver for your chipset.

Theverfield is read-only;it cannotbemodifiedby theLDFSRandLDXFSRinstructions.

5.1.7.6 FSR_floating-point_trap_type ( ftt )

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

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

Privilegedsoftwarethathandlesfloating-pointtrapsmustexecuteanSTFSR(or STXFSR)
to determinethefloating-pointtraptype.STFSRandSTXFSRshallzeroftt afterthestore
completeswithout error. If thestoregeneratesanerroranddoesnot complete,ftt remains
unchanged.

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

a�b
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The ftt field encodesthe floating-pointtrap type accordingto Table12. Note: The value
“7” is reserved for future expansion.

The sequence_error, hardware_error, and invalid_fp_register never occurin SPARC64-III. In
contrast,IEEE_754_exception, unfinished_FPop, and unimplemented_FPop will likely arise
occasionallyin thenormalcourseof computationandmustberecoverableby systemsoft-
ware.

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

1. The value ofaexc is unchanged.

2. The value of cexc is unchanged,except that for an IEEE_754_exception a bit corre-
spondingto the trappingexceptionis set.The unfinished_FPop, unimplemented_FPop,
sequence_error, andinvalid_fp_register floating-point trap types do not affectcexc.

3. The sourceregistersareunchanged(usually implementedby leaving the destination
registers unchanged).

4. The value offccn is unchanged.

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

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

5.1.7.6.1 ftt = IEEE_754_exception

The IEEE_754_exception floating-pointtrap type indicatesthat a floating-pointexception
conformingto IEEEStd754-1985hasoccurred.Theexceptiontypeis encodedin thecexc
field. Note: The aexc and fccs fields andthe destinationf registerarenot affectedby an
IEEE_754_exception trap.

Table 12: Floating-point Trap Type (ftt) Field of FSR (V9=10)

ftt Trap Type Trap Vector SPARC64-III Action

0 None No trap taken No trap taken

1 IEEE_754_exception fp_exception_ieee_
754

As described inV9

2 unfinished_FPop fp_exception_other See5.1.7.6.2

3 unimplemented_FPop fp_exception_other See5.1.7.6.3

4 sequence_error — Does not occur in SPARC64-III

5 hardware_error — Does not occur in SPARC64-III

6 invalid_fp_register — Does not occur in SPARC64-III

7 reseved — Does not occur in SPARC64-III
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5.1.7.6.2 ftt = unfinished_FP op

Theunfinished_FPop floating-pointtraptypeindicatesthattheCPUwasunableto generate
correctresults,or thatexceptionsasdefinedby IEEE Std754-1985have occurred.Where
exceptionshave occurred,the cexc field is unchanged.The following paragraphsdiscuss
when theunfinished_FPop trap type can occur.

DIVIDE:

■ Either or both source operands are denormalized numbers in certain cases,

■ The result would have been a denormalized number

In thesecases,the result register(s)will not be written by hardware.Also the FSR.cexc
field will not be updatedby hardware.The kernel trap routinewill calculatethe divide
resultandstoreit in the destinationregisterandcorrectlysetthe FSR.cexc bits. If either
operandhasaspecialvalue(zero,infinity, NaN)or theresultcanbecalculatedbasedonly
on the exponent value, the CPU will return the correct special result.

SQUARE ROOT:

■ The source operand is a positive denormalized number.

In this case,theresultregister(s)will not bewritten by hardware.Also theFSR.cexc field
will not be updatedby hardware.The kernel trap routine will calculatethe squareroot
result and store it in the destination register and correctly set the FSR.cexc bits.

5.1.7.6.3 ftt = unimplemented_FP op

Theunimplemented_FPop floating-pointtraptypeindicatesthat theCPUdecodedanFPop
that it does not implement. In this case, thecexc field is unchanged.

All quad FPops variations setftt = unimplemented_FPop.

5.1.7.6.4 ftt = sequence_err or

Thesequence_error floating-pointtraptypecannever occuron theCPUprocessor. SeeV9
for more information about this trap.

5.1.7.6.5 ftt = hardware_err or

Thehardware_error floating-pointtraptypecannever occuron theCPUprocessor. SeeV9
for more information about this trap.

5.1.7.6.6 ftt = invalid_fp_register

SincetheCPUdoesnot implementany quad-precisionoperationsin hardware,this error
cannever occur. Quadoperationsset ftt = unimplemented_FPop. Systemsoftwarechecks
for a valid quad register specifier during its emulation of the instruction.

a b
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5.1.7.7 FSR_FQ_not_empty ( qne )

All floating-pointtrapson theCPUareprecise;therefore,theCPUdoesnot needor con-
tain a Floating-pointDeferred-trapQueue.Thus,writesto qneareignoredandreadsfrom
it always return zero.

5.1.7.8 FSR_accrued_e xception ( aexc )

Bits 9 through5 accumulateIEEE_754floating-pointexceptionsaslong asfloating-point
exceptiontrapsaredisabledthroughthe TEM field. SeeFigure32 on page80. After an
FPopis reclaimedwith ftt = 0, theTEM andcexc fieldsarelogically ANDed together. If
the result is nonzero,aexc is left unchangedandan fp_exception_ieee_754 trap is gener-
ated;otherwise,the new cexc field is ORedinto the aexc field andno trap is generated.
Thus,while (andonly while) trapsaremasked, exceptionsareaccumulatedin the aexc
field.

This field is alsowritten with theappropriatevaluewhenanLDFSRor LDXFSR instruc-
tion is executed.

5.1.7.9 FSR_current_e xception ( cexc )

Bits 4 through0 indicatethatoneor moreIEEE_754floating-pointexceptionsweregen-
eratedby themostrecentlyexecutedFPopinstruction.Theabsenceof anexceptioncauses
the corresponding bit to be cleared. SeeFigure33 on page 80.

On the CPU thecexc bits are set according the following pseudo-code:

if (<LDFSR or LDXFSR commits>)

<update using data from LDFSR or LDXFSR>;

else if (<FPop commits with ftt == 0>)

<update using value from FPU>

else if (<FPop commits with IEEE_754_exception>)

<set one bit in the CEXC field as supplied by FPU>;

else if (<FPop commits with unfinished_FPop error>)

<see 5.1.7.6.2  for details>;

else if (<FPop commits with unimplemented_FPop error>)

<see 5.1.7.6.3  for details>;

else

<no change>;

Note: If theFPoptrapsandsoftwareemulatesor finishestheinstruction,thesystemsoft-
warein thetraphandleris responsiblefor creatingacorrectFSR.cexcvaluebeforereturn-
ing to a nonprivileged program.

If theexecutionof anFPopcausesa trapotherthanfp_exception_ieee_754 dueto anIEEE
Std 754-1985 exception, FSR.cexc is left unchanged.
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5.1.7.10 Floating-point Exception Fields

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

Figure 31: Trap Enable Mask (TEM) Fields of FSR (V9=12)

Figure 32: Accrued Exception Bits (aexc) Fields of FSR (V9=13)

Figure 33: Curr ent Exception Bits (cexc) Fields of FSR (V9=14)

5.1.7.10.1 FSR_invalid ( nvc , nva)

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

5.1.7.10.2 FSR_overflo w (ofc , ofa )

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

5.1.7.10.3 FSR_underflo w (ufc , ufa )

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

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

If UFM = 0: Underflo w occur s if a nonz ero result is tin y and a loss of
accurac y occur s.

If UFM = 1: Underflo w occur s if a nonz ero result is tin y.

SPARC-V9 allows tininessto bedetectedeitherbeforeor after rounding.In all casesand
regardless of the setting of UFM, the CPU detects tininess before rounding.

24 2327 26 25

NVM OFM UFM DZM NXM

6 59 8 7

nva ofa ufa dza nxa

1 04 3 2

nvc ofc ufc dzc nxc
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5.1.7.10.4 FSR_division-b y-zero (dzc , dza)

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

5.1.7.10.5 FSR_inexact ( nxc , nxa )

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

5.1.7.11 FSR Conf ormance

SPARC-V9 allows theTEM, cexc, andaexcfieldsto beimplementedin hardwarein either
of two ways(bothof which complywith IEEE Std754-1985).TheCPUfollows case(1);
that is, it implementsall three fields in conformancewith IEEE Std 754-1985.See
5.1.7.11 inV9 for more information about other implementation methods.

Programming Note:
Softwaremustbe capableof simulatingthe operationof the FPU in orderto properlyhandlethe
unimplemented_FPop, unfinished_FPop, and IEEE_754_exception floating-pointtrap types.Thus,
a user application program always sees an FSR that is fully compliant with IEEE Std 754-1985.

5.1.8 Address Space Identifier (ASI) Register

Figure 34: ASI Register (V9=15)

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

5.1.9 Tick (TICK) Register

Figure 35: TICK Register (V9=16)

The counterfield of the TICK register is a 63-bit counterthat countsCPU clock cycles.
Bit 63 of theTICK registeris theNonprivilegedTrap(NPT) bit, which controlsaccessto
the TICK register by nonprivileged software. Privileged software can always read the

c�d
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TICK register with either the RDPR or RDTICK instruction.Privileged software can
alwayswrite theTICK registerwith theWRPRinstruction;thereis no WRTICK instruc-
tion.

Nonprivilegedsoftwarecanreadthe TICK registerusingthe RDTICK instructionwhen
TICK.NPT is 0. WhenTICK.NPT = 1, an attemptby nonprivilegedsoftwareto readthe
TICK register causesa privileged_action exception.Nonprivileged software cannotwrite
the TICK register.

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

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

Implementation Note:

On the SPARC64-III the value returned when the TICK register is read is the value of
TICK.counterwhen the RDTICK instruction is issued. The differencebetweenthe valuesread
from theTICK registeron two readsreflectsthenumberof processorcyclesexecutedbetweenthe
issuesof the RDTICK instructions,not their commits. In longer codesequences,the difference
between this value and the value obtained when the instructions are committed will be small.

Programming Note:

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

5.2 Privileg ed Register s

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

5.2.1 Processor State Register (PST ATE)

Figure 36: PSTATE Fields (V9=17)

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

4 0

PSTATE PEF AM PRIV IE AG

3 2 16 5

MM RED

7

TLECLE

9 8
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Writing PSTATE is nondelayed;thatis, new machinestatewritten to PSTATE is visible to
the next instructionexecuted.The privilegedRDPRandWRPRinstructionsareusedto
read and write PSTATE, respectively.

Subsections 5.2.1.1 through 5.2.1.10 describe the fields contained in the PSTATE register.

5.2.1.1 PSTATE_current_little_endian (CLE)

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

5.2.1.2 PSTATE_trap_little_endian (TLE)

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

5.2.1.3 PSTATE_mem_model (MM)

This 2-bit field determinesthememorymodelin useby theprocessor. TheSPARC64-III
values and the corresponding values defined in SPARC-V9 are shown in Table 13:

Thecurrentmemorymodelis determinedby thevalueof PSTATE.MM. For moreinfor-
mationabouthow theSPARC64-III determinesthememorymodel,seeChapter8, “Mem-
ory Models”. Softwareshouldalwaysrefrain from usingthecombination‘11’, sinceit is
reserved for future SPARC-V9 extensions.

Load/Store Or der (LSO):
Loadsandstoresareorderedwith loadsandstores.Thus,loadsandstores cannot
bypassearlierloadsandstores.LoadStoreOrderin SPARC64-III is strongerthan
Total Store Order in SPARC-V9.

Total Store Or der (TSO):
Loads are orderedwith loads.Storesare orderedwith loads and stores.Thus,
loadscan bypassearlier stores,but cannotbypassearlier loads;Stores cannot

Table 13: MM Encodings

MM Value SPARC64-III Memor y Model SPARC-V9

00 Load/Store Order (LSO) TSO

01 Total Store Order (TSO) PSO

10 Store Order (STO) RMO

11 reserved reserved
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bypassearlierloadsandstores.TotalStoreOrderin SPARC64-III is strongerthan
Total Store Order and Partial Store Order in SPARC-V9.

Store Or der (STO):
Storesareorderedwith loadsandstores.Thus,loadscanbypassearlier loadsand
stores;Storescannotbypassearlierloadsandstores.StoreOrder in SPARC64-III
is stronger than Relaxed Memory Order in SPARC-V9.

5.2.1.4 PSTATE_RED_state (RED)

PSTATE.RED(Reset,Error, andDebugstate)is setwhenever theSPARC64-III processor
takesa RED statedisruptive or nondisruptive trap.See7.2.1,“RED_state”. It canalsobe
setby softwareusinga WRPR%PSTATE or WRPR%TSTATE, followedby a DONE or
RETRY. Software can exit RED_state by one of two methods:

1. Executea DONE or RETRY instruction,which restoresthestackedcopy of PSTATE
and clears PSTATE.RED if it was 0 in the stacked copy.

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

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

Whenthe CPU entersRED_state,the I0 cacheandprefetchbuffers are invalidated.See
Chapter 7, “Traps”, for more details.

5.2.1.5 PSTATE_enable_floating-point (PEF)

Whensetto 1, this bit enablesthefloating-pointunit, which allows privilegedsoftwareto
managetheFPU.For theFPUto beusable,bothPSTATE.PEFandFPRS.FEFmustbeset.
Otherwise,any floating-point instruction(including the SPARC64-III-specific multiply-
add and multiply-subtractinstructions)that tries to referencethe FPU causesan fp_dis-
abled trap.

5.2.1.6 PSTATE_address_mask (AM)

WhenPSTATE.AM = 1, the high-order32 bits of any instructionanddataaddressesare
cleared to zero in the following cases:

■ Before data addresses are sent out of the CPU

■ For instruction accesses to internal or external caches

■ Before being used to detect a data breakpoint (ASR #26—see5.2.11.9)

The following cases disregard the setting of PSTATE.AM:

■ Whenan exceptionoccurs,all 64 bits arestoredin the DataFault AddressRegister
(ASR #28). See5.2.11.10.1, “Data Access Fault Address Register (ASR28)”.
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■ CALL, JMPL,andRDPCalwaystransmitthefull 64-bitaddressto thespecifieddesti-
nation registers.

■ Trapsalwaystransmitall 64 bits of thePCandNPCto TPC[n] andTNPC[n] respec-
tively.

Thirty-two-bit application software must run with this bit set.

5.2.1.7 PSTATE_privileg ed_mode (PRIV)

When PSTATE.PRIV= 1, the processor is in privileged mode.

5.2.1.8 PSTATE_interrupt_enab le (IE)

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

5.2.1.9 PSTATE_alternate_globals (A G)

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

5.2.1.10 PSTATE_interrupt_globals_enab le, PSTATE_MMU_globals_enab le

Thesebits, which aredefinedfor SunMicrosystems’UltraSPARC processor, arenot part
of the SPARC-V9 standard and are not defined for the SPARC64-III.

5.2.2 Trap Le vel Register (TL)

Figure 37: Trap Level Register (V9=18)

Thetraplevel registerspecifiesthecurrenttraplevel. TL = 0 is thenormal(nontrap)level
of operation.TL > 0 implies that oneor moretrapsarebeingprocessed.The maximum
valid valuethat the TL registermay containis “MAXTL, ” which is alwaysequalto the
numberof supportedtrap levelsbeyond level 0. SeeChapter7, “Traps”, for moredetails
abouttheTL register. TheSPARC64-III CPUsupportsfour traplevelsbeyondlevel 0; that
is, MAXTL = 4.

Programming Notes:
Writing the TL register with a value of 5, 6, or 7 causes the value 4 to be written.

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

2 0

TL TL



86 5 Registers

SPARC64-III renamestrap levels,allowing speculative entranceinto commonexceptions
suchaswindow spill/fill traps.Four extra traplevelsareavailablefor renaming,makinga
total of 8 trap levels.Due to pipeliningeffectsandin orderto reducecomplexity, the8th
trap level is only usable at certain times.

Whenonly 2 trap levels areavailable for renamingandback-to-backtrapsareencoun-
tered,thesecondtrapwill stalluntil theprocessorpipelineis ableto updateresourceinfor-
mation.

5.2.3 Processor Interrupt Le vel (PIL) Register

Figure 38: Processor Interrupt Level Register (V9=19)

The processorinterrupt level (PIL) is the interrupt level above which the processorwill
acceptaninterrupt.Interruptprioritiesaremappedsothatinterruptlevel 2 hasgreaterpri-
ority thaninterruptlevel 1, andsoon.SeeTable29onpage149for a list of exceptionand
interrupt priorities.

Compatibility Note:

On SPARC-V8 processors,the level 15 interruptis consideredto benonmaskable,so it hasdiffer-
entsemanticsfrom otherinterruptlevels.SPARC-V9 processorsdonot treatlevel 15 interruptsdif-
ferently from other interrupt levels. See7.6.2.4,“Externally Initiated Reset(XIR) Traps”, for a
facility in SPARC-V9 that is similar to a nonmaskable interrupt.

TheCPUexhibitssomespecialtiming associatedwith thePIL register, which is relatedto
thefactthatthePIL registerhasonly onelevel of registerrenaming.If aWRPRto thePIL
is issuedusinga registerotherthan%g0, a pendingwrite to the PIL is generated.When
such a pending write exists, the following instructions stall the machine:

■ rdpr %pil

■ wrpr %pil

In addition,while awrite to thePIL is pending,all interrupts(INTR requests)areignored.
Thispendingwrite existsuntil theCPUcalculatesanew valuefor thePIL. Theactualtime
that interrupts are ignored in practice is only a few cycles at most.

Thefollowing instructionwritesthe immed_valdirectly into thePIL anddoesnot causea
pendingwrite to thePIL; thus,RDPRsandWRPRsthatoccurlaterin thecodedonotstall
the machine.

■ wrpr %g0, immed_val, %pil

3 0

PIL PIL
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5.2.4 Trap Pr ogram Counter (TPC) Register

Figure 39: Trap Program Counter Register (V9=20)

The TPC registercontainsthe programcounter(PC) from the previous trap level. There
areMAXTL instances(four in SPARC64-III) of theTPC,but only oneis accessibleatany
time.Thecurrentvaluein theTL registerdetermineswhich instanceof theTPCregisteris
accessible.An attemptto reador write the TPC registerwhenTL = 0 causesan illegal_
instruction exception.

OnSPARC64-III all 64bitsof thePCarewritten into TPCona trap,regardlessof theset-
ting of PSTATE.AM.

After a power-on resetthecontentsof TPC[1..4]areundefined.During normaloperation
the value of TPC[n], whenn is greater than the current trap level (n > TL), is undefined.

5.2.5 Trap Next Pr ogram Counter (TNPC) Register

Figure 40: Trap Next Program Counter Register (V9=21)

TheTNPCregister,shown in Figure40, is thenext programcounter(nPC)from theprevi-
oustraplevel. ThereareMAXTL instances(four in SPARC64-III) of theTNPC,but only
one is accessibleat any time. The current value in the TL register determineswhich
instanceof theTNPCregisteris accessible.An attemptto reador write theTNPCregister
when TL= 0 causes anillegal_instruction exception.

On SPARC64-III all 64 bits of theNPCarewritten into TNPCon a trap,regardlessof the
setting of PSTATE.AM.

After apower-onresetthecontentsof TNPC[1..4]areundefined.Duringnormaloperation
the value of TNPC[n], whenn is greater than the current trap level (n > TL), is undefined.

TPC1 PC from trap while TL = 0

2

00

63 1 0

TPC2 PC from trap while TL = 1 00

TPC3 PC from trap while TL = 2 00

TPC4 PC from trap while TL = 3 00

TNPC1 nPC from trap while TL = 0

2

00

63 1 0

TNPC2 nPC from trap while TL = 1 00

TNPC3 nPC from trap while TL = 2 00

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

Figure 41: Trap State Register (V9=22)

TheTrapState(TSTATE) Register, shown in Figure41, containsthestatefrom theprevi-
oustraplevel, comprisingthecontentsof theCCR,ASI, CWP, andPSTATE registersfrom
the previous trap level. There are MAXTL instances(four in SPARC64-III) of the
TSTATE register, but only oneis accessibleat a time.Thecurrentvaluein theTL register
determineswhich instanceof TSTATE is accessible.An attemptto read or write the
TSTATE register when TL= 0 causes anillegal_instruction exception.

SincetheCCRis renamedon theCPU,a write to TSTATE dueto a trapmayneedto wait
for a few cyclesfor theappropriatecopy of CCRto beavailable.Becauseit is not desir-
ableto serializethemachinein this case,thewrite to TSTATE “completes”but theCCR
value is allowed to arrive late. If the issueunit encountersa DONE, RETRY, or rdpr
%tstate instruction before the CCR value has been stored in TSTATE.CCR, the
machinestallsuntil the valuearrives.Stalling is not expectedto be a problemin normal
code, since the CCR normally arrives within a few cycles.

TheCPUimplementsonly bits 2..0of theTSTATE.CWPfield. Writes to bits 4 and3 are
ignored and reads of these bits always return zeroes.

Note:

Sincea certainclassof exceptions(issuetraps)maybeenteredandcompletedspeculatively, modi-
ficationof certainfieldsin theTSTATE registerby privilegedsoftwarewill resultin speculativeres-
torationof control registers.For example,if the ASI field in TSTATE containedASI_POand it
werechangedto ASI_PRIMARY, upona DONE instruction,all succeedingLD %asi will not be
in program order. This may be dangerous if these load instructions are to I/O space.

Note:

Spurioussettingof thePSTATE.REDbit by privilegedsoftwareshouldnot beperformed,sinceit
will take the SPARC64-III into RED mode without the required sequencing.

After a power-on resetthecontentsof TSTATE[1..4] areundefined.During normalopera-
tion the valueof TSTATE[n], whenn is greaterthan the currenttrap level (n > TL), is
undefined.

39 0

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

432 31 24 23 18 8 7 517

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

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

TSTATE4 CCR from TL = 3 CWP from TL = 3ASI from TL = 3 PSTATE from TL = 3— —
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5.2.7 Trap Type (TT) Register

Figure 42: Trap Type Register (V9=23)

TheTT registernormallycontainsthetraptypeof thetrapthatcausedentryto thecurrent
trap level. On a resettrap the TT field containsthe trap type of the reset(see7.2.1.1,
“RED_state Trap Table”).

ThereareMAXTL instancesof the TT register (four in SPARC64-III), but only one is
accessibleat a time.Thecurrentvaluein theTL registerdetermineswhich instanceof the
TT registeris accessible.An attemptto reador write theTT registerwhenTL = 0 causes
an illegal_instruction exception.

After a power-on resetthecontentsof TT[1..3] areundefined;TT[4] = 1. During normal
operationthevalueof TT[n], whenn is greaterthanthecurrenttraplevel (n > TL) is unde-
fined.

5.2.8 Trap Base Ad dress (TB A) Register

Figure 43: Trap Base Address Register (V9=24)

The TBA register, shown in Figure43, providesthe upper49 bits of the addressusedto
selectthe trap vector for a trap. The lower 15 bits of the TBA alwaysreadaszero,and
writes to them are ignored.

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

Figure 44: Trap Vector Address Register (V9=25)

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

TT1 Trap type from trap while TL = 0

8 0

TT2 Trap type from trap while TL = 1

TT3 Trap type from trap while TL = 2

TT4 Trap type from trap while TL = 3

63 15 14 0

000000000000000Trap Base Address

63 15 14 0

TBA<63:15>

13 45

TL>0 TTTL 00000
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5.2.9 Version (VER) Register

Figure 45: Version Register (V9=26)

Theversionregister, shown in Figure45, specifiesthefixedparameterspertainingto apar-
ticular CPUimplementationandmaskset.TheVER registeris read-only. Table14 shows
the values for the VER register for SPARC64-III:

Themanuffield containsFujitsu’s 8-bit JEDECcodein thelower 8 bits andzeroesin the
upper8 bits.Themanuf, impl, andmaskfieldsareimplementedsothatthey maychangein
futureCPUversions.Themaskfield is incrementedby oneany timeaprogrammer-visible
revision is madeto theCPU.SeetheSPARC64-III DataSheet,describedin theBibliogra-
phy, to determine the current setting of themask field.

TheCPUalsocontainsan8-bit revision registerwhich is visible via scanduringbringup.
The revision register will be integratedinto the commandregister of eachchip’s Test
Access Port (TAP) unit.

5.2.10 Register -Windo w State Register s

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

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

Implementation Note:

BecauseNWINDOWS = 5 in SPARC64-III, only the lower 3 bits are implementedin the CWP,
CANSAVE, CANRESTORE, and OTHERWIN registersdescribedin the following subsections.
Whenany of theseregistersis moved into a 64-bit integer registerwith an RDPRinstruction,the
upper 61 bits are set to zero.

Table 14: VER Register Encodings

Field Value

manuf 000416

impl 3

mask n (a)

a. The value ofn depends on
the processor chip version.

maxtl 4

maxwin 4

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

maxwin—maxtl—maskimplmanuf
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Programming Note:

CANSAVE, CANRESTORE, andOTHERWIN mustnever be set to 4. Settingany of theseto 4
violatesthe registerwindow statedefinition in 6.4.1,“RegisterWindow StateDefinition”. Notice
thathardwaredoesnot enforcethis restriction;it is up to systemsoftwareto keepthewindow state
consistent.

5.2.10.1 Current Windo w Pointer (CWP) Register

Figure 46: Curr ent Window Pointer Register (V9=27)

TheCWPregister, shown in Figure46, is acounterthatidentifiesthecurrentwindow into
the setof integer registers.See6.3.6,“RegisterWindow ManagementInstructions”, and
Chapter 7, “Traps”, for information on how hardware manipulates the CWP register.

Compatibility Note:

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

1) In SPARC-V9, SAVE incrementsCWPandRESTOREdecrementsCWP. In SPARC-V8, theoppo-
site is true: SAVE decrements PSR.CWP and RESTORE increments PSR.CWP.

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

3) In SPARC-V8, writing a valueinto PSR.CWPthat is greaterthanor equalto thenumberof imple-
mentedwindowscausesan illegal_instruction exception.In SPARC-V9, theeffectof writing anout-
of-range value to CWP is undefined.

5.2.10.2 Savable Windo ws (CANSA VE) Register

Figure 47: CANSAVE Register (V9=28)

TheCANSAVE register, shown in Figure47, containsthenumberof registerwindowsfol-
lowing CWP that are not in useand are, hence,available to be allocatedby a SAVE
instruction without generating a window spill exception

5.2.10.3 Restorab le Windo ws (CANRESTORE) Register

Figure 48: CANRESTORE Register (V9=29)

4 0

CWP

3 2

CANSAVE

4 023

CANRESTORE

4 023
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The CANRESTORE, shown in Figure48, registercontainsthe numberof registerwin-
dows precedingCWPthatarein useby thecurrentprogramandcanberestored(via the
RESTORE instruction) without generating a window fill exception.

5.2.10.4 Other Windo ws (OTHERWIN) Register

Figure 49: OTHERWIN Register (V9=30)

TheOTHERWIN register, shown in Figure49, containsthecountof registerwindows that
will be spilled/filled using a separateset of trap vectors basedon the contentsof
WSTATE_OTHER. If OTHERWIN is zero,registerwindows arespilled/filledusingtrap
vectors based on the contents of WSTATE_NORMAL.

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

5.2.10.5 Windo w State (WSTATE) Register

Figure 50: WSTATE Register (V9=31)

TheWSTATE register, shown in Figure50, specifiesbits thatareinsertedinto TTTL<4:2>
on trapscausedby window spill andfill exceptions.Thesebits areusedto selectoneof
eightdifferentwindow spill andfill handlers.If OTHERWIN = 0 at thetimeatrapis taken
due to a window spill or window fill exception,then the WSTATE.NORMAL bits are
insertedinto TT[TL]. Otherwise,theWSTATE.OTHER bitsareinsertedinto TT[TL]. See
6.4, “Register Window Management”, for details of the semantics of OTHERWIN.

5.2.10.6 Clean Windo ws (CLEANWIN) Register

Figure 51: CLEANWIN Register (V9=32)

TheCLEANWIN register, shown in Figure51, containsthenumberof windows thatcan
be used by the SAVE instruction without causing aclean_window exception.

The CLEANWIN register countsthe numberof registerwindows that are “clean” with
respectto the currentprogram;that is, register windows that containonly zeros,valid
addresses,or valid data from that program.Registers in thesewindows neednot be
cleanedbefore they can be used.The count includesthe register windows that can be

OTHERWIN

4 023

WSTATE

05 3 2

OTHER NORMAL

CLEANWIN

4 03 2



5.2.11  Ancillary State Registers (ASRs) 93

restored(the value in the CANRESTORE register) and the register windows following
CWPthatcanbeusedwithout cleaning.Whena cleanwindow is requested(via a dSAVE
instruction)andnoneis available,a clean_window exceptionoccursto causethenext win-
dow to be cleaned.

Implementation Note:
Only thelower threebitsareimplementedin theCLEANWIN register. Whenthis registeris moved
into a 64-bit integer register with an RDPR instruction, the upper 61 bits are set to zero.

Programming Note:
CLEANWIN mustnever besetto 6 or 7. SettingCLEANWIN > 5 would violate theregisterwin-
dow statedefinitionin 6.4.1,“RegisterWindow StateDefinition”. Note: Hardwaredoesnotenforce
this restriction; it is up to system software to keep the window state consistent.

5.2.11 Ancillar y State Register s (ASRs)

TheSPARC-V9 architectureprovidesfor up to 25 ancillarystateregisters(ASRs), num-
bered from 7 through 31. SPARC64-III implements 13 ASRs.

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

TheSPARC-V9 architectureleavesASRsnumbered16..31 availablefor implementation-
dependentuses.TheSPARC64-III implementsASRs#18through#31;they aredefinedin
the subsections that follow.

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

5.2.11.1 Hardware Mode Register (ASR18)

Figure 52: Hardware Mode Register (ASR18)

DPE: Data Pref etch Enab le
When set, two consecutive D1 cachelines from within a 4Kb boundarywill be
fetched from the UC in case of a D1 cache miss.

0

0

63 1234567891011

—DPE BRM RMO PSO TSO
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BRM: Branc h Prediction Mode
See9.3, “Branches and Branch Prediction” for details.

Resv: Reser ved
Reads as zero, writes are ignored.

RMO: Relax ed Memor y Order Memor y Model
Selects the hardware memory model to use when PSTATE.MM = 2.

PSO: Partial Store Or der Memor y Model
Selects the hardware memory model to use when PSTATE.MM = 1.

TSO: Total Store Or der Memor y Model
Selects the hardware memory model to use when PSTATE.MM = 0.

See8.1.1, “SPARC64-III Hardware Memory Models” for details of the SPARC64-III
hardware memory models.

5.2.11.2 Graphic Status Register (GSR) (ASR19)

Figure 53: Graphic Status Register (GSR) (ASR19)

Non-privileged read/writeregister usedfor VIS (Sun Microsystems’Visual Instruction
Set) emulation.

Accessto this registercausesanfp_disabled exceptionif eitherPSTATE.PEFor FPRS.FEF
is 0.

Table 15: ASR18 Branch Prediction Mode Field Encodings

Encoding Meaning

00 2-level adaptive

01 Conventional 2-bit scheme

10 reserved

11 Conventional 2-bit scheme for Bicc/FBfcc:
Use instructionp bit for BRcc, BPr, and FBPfcc:

If p = 0, then predict not taken
If p = 1, then predict taken

Table 16: ASR18 RMO, PSO, and TSO Field Encodings

Encoding Hardware MM

00 HLSO

01 HTSO

10 HSTO

11 reserved

0

0

63 1234567

SF AO
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SF: scale_factor
SeeUltraSPARC Programmer’s Reference Manual for details.

AO: alignad dr_offset
SeeUltraSPARC Programmer’s Reference Manual for details.

5.2.11.3 Set SCHED_INT Register (ASR20)

Figure 54: Set SCHED_INT Register (ASR20)

A Write StateRegister instruction (WR) to ASR20 setsthe correspondingbits in the
SCHED_INTRegister (ASR22); that is, whenset,bits <15:1> in ASR20set the corre-
sponding bits in ASR22. Other bits in ASR20 are ignored.

ASR20 is a privileged, write-only register.

5.2.11.4 Clear SCHED_INT Register (ASR21)

Figure 55: Clear SCHED_INT Register (ASR21)

A Write StateRegister instruction(WR) to ASR21clearsthe correspondingbits in the
SCHED_INTRegister(ASR22);that is, whenset,bits <15:1>in ASR21clearthecorre-
sponding bits in ASR22. Other bits in ASR21 are ignored.

ASR21 is a privileged, write-only register.

5.2.11.5 Schedule Interrupt (SCHED_INT) Register (ASR22)

Figure 56: SCHED_INT Register (ASR22)

The OS kernel uses this privileged, read/write register to schedule interrupts.

INT_LEVEL:
Whena bit is setwithin this field (bits <15:1>),it causesaninterruptat thecorre-
sponding interrupt level.

0

0

63 11516

—ASR22 Bits to be set

0

0

63 11516

—ASR22 Bits to be cleared

0

0

63 11516

T
INT_LEVEL M
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TM = TICK_MATCH:
WhentheTICK_MATCH (ASR23)Register’s MATCH_DIS(matchdisable)field
is zero(that is, tick matchingis enabled) andits MATCH_VALUE field matches
thevaluein theTICK register, thentheTICK_MATCH field in ASR22is setanda
level 14 interruptis generated.See5.2.11.6,“TICK MatchRegister(ASR23)” for
details.

5.2.11.6 TICK Matc h Register (ASR23)

Figure 57: TICK Match Register (ASR23)

ASR23 is a privileged, read/write register.

MD = MATCH_DISABLE
If thisfield is 0 (thatis, tick matchingis enabled) a level 14 interruptwill begener-
ated and the TICK_MATCH field of ASR22 will be set whenever the TICK_
MATCH condition is met, as described in the next field.

TICK_MATCH
WhentheTICK_MATCH field matchesthecurrentvaluein theTICK register(bits
<62:0>), the TICK_MATCH condition is true.

5.2.11.7 Instruction Access F ault Type Register (ASR24)

Figure 58: Instruction Access Fault Type Register (ASR24)

This privileged,read-onlyregister is written by the hardwareon instruction_access_error
traps. Reading ASR24 clears the TYPE field to zero.

Programming Note:
If multipleerrorsoccuron thesamemachinecycle, theTYPEfield will containthehighestpriority
error, as determined byTable 17.

TYPE
The instruction access error, as encoded in the following table:

Table 17: Instruction Access Fault Type Encoding

<3:0> TYPE Priority

016 No Error —

116 uITLB Multiple Hit 01

216 MTLB Parity Error 02

0

M

63

TICK_MATCH
D

62

04 3

0 TYPE

63
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TheInstructionAccessFaultTypeRegisterfacilitatesthehandlingof trapsthatinvolvean
instructionaccess.The register is privileged and read-only. Systemsoftware must take
careto readthis registeronentryto thefaulthandlerbeforeany otherinstructionfaultscan
occur that would overwrite it.

SystemsoftwareshouldusetheTPCvaluein theTrapStackto identify theinstructionthat
causedan instruction_access_error trap. The TPC valueon instruction_access_error trap is
guaranteedto point to the cacheline address(64 byte block address)in which the error
conditionexists,but is not guaranteedto point to theexactaddressof the instructionthat
caused the error.

See7.7,“ExceptionandInterruptDescriptions”for detailedinformationonthe instruction_
access_error trap.

5.2.11.8 Software Scratc h Register s 0 thr ough 3 (ASR25)

Bits <9:8>of theopcodespecifiesoneof 4 SoftwareScratchRegisters.Theseregistersare
privileged,read/write.Writing thescratchregisterscausesa machinesync;readingthem
doesnot cause a machine sync.

Note:

Thefour registerscanbeusedin conjunctionwith theeightASI_MMU_SCRATCH registers.See
AppendixL, “ASI Assignments” for details of the ASI_MMU_SCRATCH registers

5.2.11.9 Data Breakpoint Register s (ASR26A and ASR26 B)

Theseprivilegedread/writeregistersareusedto trap any dataaccessesto a doubleword
alignedbreakpointaddress.Selectionof ASR26aor ASR26bis madeby bit 12 of the
opcode.

316 MTLB Multiple Hit 03

416 I1 Cache Tag Parity Error 04

516 I1 Cache Tag Multiple Hit 05

616 I1 Cache Data ECC Single Error 07

716 I1 Cache Data ECC Multiple Error 06

816 UPA Bus Error 08

916 UPA Time Out 09

A16 (unused) —

B16 (unused) —

C16 (unused) —

D16 (unused) —

E16 I0 Cache Tag Parity Error 10

F16 I0 Cache Data Parity Error. 11

Table 17: Instruction Access Fault Type Encoding

<3:0> TYPE Priority
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5.2.11.9.1 Data Breakpoint Ad dress Register (ASR26 A)

Figure 59: Data Breakpoint Address Register (ASR26A)

This privilegedread/writeregisterspecifiesthedouble-word alignedvirtual addressof the
data breakpoint.

Breakpoint Ad dress:
A doubleword-aligned breakpoint address

P:
Privileged / Nonprivileged access mode (Privileged= 1)

R:
Read breakpoint enable

W:
Write breakpoint enable

For eachread/write,the virtual addressis masked as specifiedby the Data Breakpoint
Mask Register (seebelow) andthencomparedwith the double-word alignedbreakpoint
addressfield in ASR26A. If thePSTATE.AM bit is set,theupper32-bitsof the61-bit vir-
tual addressaremaskedto zerobeforethecompare.If theaddressesmatchandthebreak-
point is enabledfor the typeof access,theCPUwill generatean implementationspecific
data_breakpoint trap (TT = 0x61, priority = 14).

If the P bit is set,the accessmodeusedfor the accessmustbe privilegedin order for a
matchto occur. Conversely, if the P bit is cleared,the accessmustbe non-privileged in
order for a match to occur.

The accessmodeusedfor the comparisonto the P bit is the accessmodeasseenby the
CachesandMMU. For example,if the accessis donein privilegedmodebut with ASI_
AS_IF_USER, then the access mode is non-privileged.

If theR bit is setandW is notset,thentheaccessmustbeareadandtheaccessmodemust
matchthe P bit for the trap to occur. If the W bit is setandR is not set,thenthe access
mustbea write andtheaccessmodemustmatchtheP bit for thetrapto occur. If bothR
andW aresetthenthebreakpointis enabledfor both readsandwrites thathave thepre-
scribed access mode.

If bits R and W are both set to zero then the data breakpoint feature is disabled.

Thedata_breakpoint trapis adeferredtrap;it is generatedafterthecompletionof thecorre-
spondingread/writeinstruction.The TPC points to the instructionthat causedthe data_
breakpoint.

A databreakpointcanbe installedby privilegedsoftwareusingthe WRASR instruction.
ASR 26A is readable in the SPARC64-III.

02 1

Breakpoint Address R

63

P W

3
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5.2.11.9.2 Data Breakpoint Mask Register (ASR26 B)

Figure 60: Data Breakpoint Mask Register (ASR26B)

Thisprivilegedread/writeregisterspecifiesamaskto beusedwhencomparingthecurrent
virtual address with the Data Breakpoint Address in ASR26A.

HI: Mask High
Bits setto 1 in MaskHigh specifywhich bits of VA<63:61>shouldbe ignored in
the comparison.

LO: Mask Lo w
Bits setto 1 in MaskLow specifywhichbitsof VA<12:3>shouldbeignoredin the
comparison.

VA<60:13>arealwaysusedin thecomparison;VA<2:0> arealwaysignored in thecom-
parison.

5.2.11.10 Data Access Fault Address and Data Access Fault Type Register s
(ASR28 and ASR29)

The DataAccessFault AddressandDataAccessFault Type registersfacilitate the han-
dling of trapsthat involve a datamemoryaccess.The registersareprivilegedandread-
only. Systemsoftwaremust readtheseregisterson entry to the fault handlerbeforeany
other fault can occur that would overwrite them.

The following trap types cause ASR 28 and ASR 29 to be set:

■ data_access_exception

■ data_access_error

■ mem_address_not_aligned

■ LDDF_mem_address_not_aligned

■ STDF_mem_address_not_aligned

■ data_breakpoint

■ privileged_action (memory access only)

■ 32i_data_access_MMU_miss

■ 32i_data_access_protection

5.2.11.10.1 Data Access F ault Ad dress Register (ASR28)

TheDataAccessFault AddressRegistercontainsthevirtual address(VA) of thelastdata
memoryaccessthat hascausedthe CPU to trap. The registercontainsall 64 bits of the
address, even if PSTATE.AM is set.

02

—

63 3

—

12131516

LOHI
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5.2.11.10.2 Data Access F ault Type Register (ASR29)

This registerrecordsinformationaboutthe lastdatamemoryaccessthatcausedtheCPU
to trap. The Data Access Fault Type Register has the following format:

Figure 61: Data Access Fault Type Register (ASR29)

egfihgjlknmoj
:

The identifierof thecontext thatcausedthe fault. This field is interpretedaccord-
ing to the value stored in the ASI field.poqsr

:
The8-bit ASI thatwasusedfor theaccess.For anormalload/storeaccessthisfield
shouldbe set to ASI_PRIMARY (8016) or ASI_PRIMARY_LITTLE (8816), the
default value.Note: ASI_PRIMARY_LITTLE is set if PSTATE.CLE= 1.

P: PRIV
Theaccessmodeasseenby theCachesandMMU. PRIV is setto oneif theaccess
wasprivilegedandto zeroif the accesswasnon-privileged.Note that the access
modemay be differentfrom the executionmodeof the CPU.For example,if the
accesswas done in privileged mode but with ASI_AS_IF_USER,then PRIV
would be zero.

R and W:
Thesebits aresetif theaccessinvolveda reador a write to memory, respectively.
Both bits are set for atomic load-store instructions (CAS, LDSTUB, SWAP).t j2u[vwkox
This field definesthe type of error or fault that causedthe trap.The encodingof
this field is given below. The priority of each type is also given below.

Table 18: Data Access Fault Type Encoding

FTYPE Description Priority Trap Generated

016 No error — —

116 µDTLB Multiple Hit 02 data_access_error

216 MTLB Parity Error 03 data_access_error

316 MTLB Multiple Hit 04 data_access_error

416 D1 Cache Tag Parity Error 10 data_access_error

516 D1 Cache Tag Multiple Hit 11 data_access_error

616 D1 Cache Data ECC Single Bit Error 13 data_access_error

716 D1 Cache Data ECC Multiple Bit Error 12 data_access_error

816 UPA Bus Error 14 data_access_error

916 UPA Time Out 15 data_access_error

A16 (unused) — —

B16 (unused) — —

0263 411

ASI

12 3 1

WR– P

1516

FTYPE

4748

—

5960

— CONTEXT
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Note that data_access_error, data_access_exception, 32i_data_access_MMU_miss, and 32i_

data_access_protection trapprioritiesareall assignedto thesamerankin 7.5.2,“TrapType
(TT)” . Theprioritiesof 32i_data_access_protection and32i_data_access_MMU_miss trapare
defined below in relation todata_access_execption anddata_access_error.

■ 32i_data_access_protection: priority=09

■ 32i_data_access_MMU_miss:  priority=05

See7.7, “ExceptionandInterruptDescriptions”for detaileddescriptionsof data_access_

error, data_access_exception, 32i_data_access_MMU_miss, and 32i_data_access_protection

traps.

5.2.11.11 Performance Monitor Register s (ASR30)

This privilegedread/writeregisterspecifies35 eventandlatency monitorswhich areused
to track processorperformance.The performancemonitors can be divided into four
groups:

1. Issue and commit counters that measure instruction execution rate.

2. Stall counters that indicate the mixture and number of various issue stall conditions.

3. Memoryaccesslatency monitorsthatmeasurethelatency of certaintypesof memory
accesses.

4. Memoryaccesseventmonitorsthatmeasurethefrequency of certaintypesof memory
accesses.

Detailsof theperformancemonitor registersaredescribedin AppendixQ, “Performance
Monitoring”. Performancemonitor registerscanbeenabledfor User, Supervisor, or User
& Supervisor mode via the PMEM_SEL bits in ASR31 (bits 15:14).

5.2.11.12 State Contr ol Register (ASR 31)

The privilegedStateControl Register (SCR) is a 64-bit implementation-specificregister
containingflagsthatcontrol thestateof theCPU.Theregistercanberead/writtenvia the
RDASR/WRASR instruction.

C16 Illegal Access to Strongly Ordered (SO) page 07 data_access_exception

D16 Illegal Access to Non Faulting Only (NFO) page 08 data_access_exception

E16 Illegal Access to Noncacheable Page 06 data_access_exception

F16 Invalid ASI 01 data_access_exception

Table 18: Data Access Fault Type Encoding

FTYPE Description Priority Trap Generated
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Table 19 describes the State Control Register fields and their meanings:

Table 19: State Control Register (ASR31) Field Definitions

Bits Abbre v Name Meaning

63:53 — (reserved)

52 D_
ASEET

DISABLE_ASYNC_
SECC_ERR_TRAP

When set, any AsynchronousSingle ECC Error (from U2
Cache or UPA) won’t cause a trap.

51 D_AET DISABLE_ASYNC_
ERROR_TRAP

When set, any Asynchronous Error won’t cause trap.

50 D_U2E DISABLE_U2_ECC_
CHECK

Whenset,ECCerrorcheckingof theU2 cachedatais disabled.

49 D_D1E DISABLE_D1_ECC_
CHECK

Whenset,ECCerrorcheckingof theD1 cachedatais disabled.

48 D_I1E DISABLE_I1_ECC_
CHECK

When set, ECC error checking of the I1 cache data is disabled.

47 D_UPA DISABLE_UPA_ECC_
CHECK

When set, ECC error checking of the UPA is disabled.

46 D_MTP DISABLE_MTLB_
PARITY_CHECK

When set, parity error checking of the MTLB is disabled.

45 D_UDTP DISABLE uDTLB_
MULTIPLE_HIT_
CHECK

Whenset,multiplehit errorcheckingof theµDTLB is disabled.

44 D_UITM DISABLE_uITLB_
MULTIPLE_HIT_
CHECK

When set, multiple hit error checking of theµITLB is disabled.

43 D_U2P DISABLE_U2_
PARITY_CHECK

When set, parity error checking of the U2 cache tag is disabled.

42 D_D1P DISABLE_D1_
PARITY_CHECK

When set, parity error checking of the D1 cache tag is disabled.

41 D_I1P DISABLE_I1_PARITY_
CHECK

When set, the parity checking of the I1 Cache is disabled

40 D_I0P DISABLE_I0_PARITY_
CHECK

When set, the parity checking of the I0 Cache is disabled

39 D_DCW3 DISABLE_D1_WAY3 When set, Way 3 of the D1 Cache is disabled

38 D_DCW2 DISABLE_D1_WAY2 When set, Way 2 of the D1 Cache is disabled

37 D_DCW1 DISABLE_D1_WAY1 When set, Way 1 of the D1 Cache is disabled

36 D_DCW0 DISABLE_D1_WAY0 When set, Way 0 of the D1 Cache is disabled

35 D_ICW3 DISABLE_I1_WAY3 When set, Way 3 of the I1 Cache is disabled

34 D_ICW2 DISABLE_I1_WAY2 When set, Way 2 of the I1 Cache is disabled

33 D_ICW1 DISABLE_I1_WAY1 When set, Way 1 of the I1 Cache is disabled

32 D_ICW0 DISABLE_I1_WAY0 When set, Way 0 of the I1 Cache is disabled

31 D_UAE DISABLE_UPA_
ADDR_ERR

When set, UPA Address parity checking is disabled

30 D_
MDTLB

DISABLE_MDTLB When set, the Main TLB is disabled for Data

29 D_
MITLB

DISABLE_MITLB When set, the Main TLB is disabled for Instructions

28 D_
UDTLB

DISABLE_UDTLB When set, theµDTLB is disabled

27 D_UITLB DISABLE_UITLB When set, theµITLB is disabled
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26:21 — unused —

20 E_CSE ENABLE_
CONSERVATIVE_
STORE_EXECUTION

When set, store won’t start its execution until all previous
instructions except load/store have been completed.

19:18 DB_
CSEL

DEBUG_BUS_CPU_
SELECTION[1:0]

Selects one of the four CPU views for debug signals.

00 Instruction Tracking Bus I
01 Instruction Tracking Bus II
10 Load Store Bus Control
11 Load Store Bus VA and Control

17:16 DB_
GSEL

DEBUG_BUS_MMU_
SELECTION[1:0]

Selects one of the four MMU views for debug signals.

00 MMU Global
01 IC Intensive + DC Misc.
10 DC Intensive
11 UC Intensive

15:14 PMEN_
SEL

PERFORMANCE_
ENABLE_SELEC-
TION[1:0]

Select when performance counters get updated.

00 User & Supervisor mode
01 User mode only
10 Supervisor mode only

13 PM_US PERFORMANCE_
MONITOR_USER_
ACCESS

When not set (PM_US=0),an attemptby nonprivileged soft-
wareto reador write theperformancemonitorregisterscausesa
privileged_opcode exception. When set (PM_US=1), non-
privilegedandprivilegedsoftwarecanreador write theperfor-
mance monitor registers.

12:11 W_EN
W_RED

WDT_EN
WDT_RED

00 Watchdog trap never occurs.
01 Undefined. Should not be specified
10 Watchdog trap is processed in Exec_state in case the

watchdog timer counts 2n, where n is dependent on
W_SEL

11 Watchdog trap is processed in RED_state in case the
watchdog timer counts 2n, wheren is dependent on
W_SEL

Table 19: State Control Register (ASR31) Field Definitions  (Continued)

Bits Abbre v Name Meaning
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WhentheCPUentersor exits from RED_state,theI0 cacheandprefetchbuffersareinval-
idated.

10:8 W_SEL WDT_SELECT[2:0] Selects the watchdog timer value that will cause a trap. If
watchdog_traps are disabled (WDT_ENABLE = 0), the value
of WDT_SELECT has no meaning. The encodings are:

000=212

001=216

010=218

011=220

100=222

101=224

110=228

111=230

If the watchdogtimer countsto 231, a RED_statetrap is taken
regardlessof the values of WDT_RED. This lets software
attempt to recover before entering error_state.

If thewatchdogtimer countsto 232, theCPUenterserror_state
unconditionally and assertsCPU_HALTED, preserving as
much stateas possible.The CPU must be rescannedwith the
reset state before execution can resume.

See7.2.2, “Error_state” for more information.

7 TR SOFTWARE_TRIGGER Whenthis bit is set, the software_triggerbit going out on the
debug bus is asserted.This allows softwareto determinewhen
to trigger equipment attached to the debug bus.

6:3 — unused —

2 PM PIPELINE_MODE When set, the processorwill executeall instructionssequen-
tially, one-at-a-time,in pipeline mode.Specifically, the CPU
attemptsto issueoneinstructioneverycycle.TheCPUwill still
speculateandpredictbranches.Instructionissueconstraintsand
processoroperationis identical to superscalaroperation,with
the additionalconstraintthat a maximumof one instructionis
issued per cycle.

1 II0 INVALIDATE_I0 A write-only bit; always reads as zero. When set, causes the
level-0 instruction cache (I0) and all prefetch buffers to be
invalidated.

0 SM SEQUENTIAL_MODE When set, the processorwill executeall instructionssequen-
tially, one-at-a-time.Specifically, before an instruction is
issued,thepreviousinstructionmusthavebeenretiredandhave
completedall modificationsto machinestate.The SM bit also
disables speculative instruction prefetching. Instruction
accessesoccur only when an instructioncan be issued.Note
that block prefetch around the instruction is still possible.
This modeof operationseverelycripplesCPUperformance,so
useit sparingly. Whenthe SM bit is reset,normalsuperscalar
execution is taking place (unless the PM bit is set).
The SM bit (SEQUENTIAL_MODE) takes precedenceover
the PM bit (PIPELINE_MODE).

Table 19: State Control Register (ASR31) Field Definitions  (Continued)

Bits Abbre v Name Meaning



5.2.12  Floating-point Deferred-trap Queue (FQ) 105

WhentheCPUentersRED_statedueto a trapor reset,bit 0 (SM), bit 27 (D_UITLB), bit
28(D_UDTLB), bit 29(D_MITLB), andbit 30(D_MDTLB) aresetby thehardware.It is
thesoftware’s responsibilityto resetthesebitswhenrequired(for example,whentheCPU
exits from RED_state).

WhentheCPUentersRED_statenot dueto a trapor reset(that is, whensoftwaresetsthe
PSTATE.REDbit usingWRPR),all of theSCRregisterbitsareunchangedunlike thecase
above.

WhentheCPUis in RED_state,it behavesasif bit 0 (SM), bit 27 (D_UITLB), andbit 29
(D_MITLB) are set, regardless of their actual values in the SCR register.

5.2.12 Floating-point Def erred-trap Queue (FQ)

TheCPUdoesnot containa Floating-PointDeferred-trapQueue.An attemptto readFQ
with an RDPR instruction causes anillegal_instruction exception.

5.2.13 IU Deferred-trap Queue

The CPU does not have or need an IU Deferred-trap Queue.

5.2.14 RSTV Register

The CPU implements RSTV, the RED_State Trap Vector as a constant address:

■ VA = FFFF FFFF F000 0000 16

■ PA = 0000 01FF F000 0000 16

5.2.15 Emulation T rap Register s

TheCPUprovidesamechanismfor thehardwareto trapor synccertaininstructionencod-
ings.This mechanismwasdesignedto provide a way aroundhardwareerrorsthatmaybe
found in silicon during bringup.For example,if an instructionis failing on a particular
mask set, it can be trapped and emulated in software.

The CPU implements the following registers to support emulation traps:

■ Four Emulation Trap Register Values (ETRVs)

■ Four Emulation Trap Register Masks (ETRMs)

■ Four sets of 2 control bits

All of theseregistersare“scan-only.” They canbescannedin by thedebugmonitorduring
bringup.TheETRV andETRM registersareeach27 bits wide.Thepurposeof thesereg-
isters is to identify a pattern of instructions.

A pairof registers,ETRV andETRM, form a“CAM” likepatternmatcher. Theassociated
Control bits determinewhat actionwill be taken on a match.Thereare4 pairsof ETRV
andETRM registersand4 pairsof control bits. Eachpair of registersappliesto instruc-
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tionsin all theissueslots.1 This requires16simultaneouscomparesfor eachsetof instruc-
tions fetched from the I0 Cache.

The ETRM and ETRV register bits correspondto the upper27 bits in an instruction2.
Whena bit in anETRM is setthatbit in aninstructionbeingissuedwill beignored(don’t
care). If it is reset, that bit of the ETRV specifies a value to match. For example:

ETRM: 0011 1111 1111 0000 0011 1111 111- ----
ETRV: 0000 0000 0000 1010 1000 0000 000- ----
matches: 00xx xxxx xxxx 1010 10xx xxxx xxxx xxxx

Whenaninstructionmatches,thevaluein theControlbits is checkedto seewhatactionto
take.

If morethanoneETR pair matchesin thesamecycle, theearliestinstructionthatmatches
(in program order) will cause the Action in the above table to be initiated.

Also, if morethanoneETRpairmatchesthesameinstructionthecontrolbitswill beor’ed
togetherandtheresultwill beusedto determinetheaction.Syncingissuetrapswill wait
for all previous instructionsto commit andretirebeforethe trap is taken.A non-syncing
issuetrapwill vectorto theappropriatetraptargetspeculatively. It maylaterbeundoneby
a backup. If a trap is taken it is theprogrammed_emulation_trap (tt = 6216, priority = 6).

1. Thisis differentfrom theSPARC64-III whereeachETRV:ETRM paironly appliedto oneparticular
issue slot.

2. Thers2 field was omitted from the comparison because of its low utility.

Table 20:

Contr ol Bits Action

00 No action. (ETR is disabled.)

01 Make the instruction a syncing instruction.

10 Generate a non-syncing issue trap.

11 Generate a syncing issue trap.
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Instructionsareaccessedby the processorfrom memoryandareexecuted,annulled,or
trapped.Instructionsareencodedin fivemajorformatsandpartitionedinto elevengeneral
categories.

6.1 Instruction Ex ecution

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

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

If a trap doesnot occur and the instruction is not a control transfer, the next program
counteris copiedinto thePC,andthenPCis incrementedby 4 (ignoringoverflow, if any).
If the instructionis a control-transferinstruction,thenext programcounteris copiedinto
the PC andthe target addressis written to nPC.Thus,the two programcountersprovide
for a delayed-branch execution model.

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

The CPU is a superscalarimplementationof SPARC-V9. Several instructionsmay be
issuedand executedin parallel. Although the CPU provides serial programexecution
semantics,someof the implementationcharacteristicsdescribedbelow are part of the
architecturevisible to softwarefor correctnessandefficiency considerations.Theaffected
software includes optimizing compilers and supervisor code.
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6.1.1 Speculative Ex ecution

TheCPU doesspeculative (out of programorder)executionof instructions;the effect of
theseinstructionscanbeundoneif thespeculationprovesto be incorrect.In general,this
mechanismis transparentto software,sincetheCPUmaintainsserialprogramexecution
semanticsfor all architecturallyvisiblestate.Theexceptionto this rule is theloadinstruc-
tion, which produces two types of side effects visible to software.

1. Speculative loadsmaybeissuedto any addressincludingamemory-mappedI/O regis-
ter thatcausessideeffectsin anI/O device. Thesupervisorsoftwaremustensurethat
all memory-mappedpagescontainingregistersandmemorythatcouldbeaffectedby
speculative loadsmusthave the“stronglyordered”bit setin thepagetableentry. If the
strongly ordered (SO) bit is not set for such pages, incorrect behavior may occur.

2. Speculative loadsoften are useful to prefetchdata.Sometimes,however, they may
causethe cache,MMU, and memorysubsystemto make spuriousaccesses;that is,
someof theseloadsmayreplace“useful” linesin thecache.Thissimplydegradessys-
tem throughput; it does not cause incorrect program behavior.

The CPU provides two mechanisms to avoid speculative execution of a load:

1. Avoid speculationby disallowing speculative accessesto certainmemorypagesor I/O
spaces.This canbe doneby settingthe SO (StronglyOrdered)bit in the PTE for all
memorypagesthatshouldnot allow speculation.All accessesmadeto memorypages
thathave theSObit setin their PTEwill bedelayeduntil they areno longerspecula-
tive or until they are cancelled. SeeAppendixF, “MMU Architecture” for details.

2. AlternatespaceloadinstructionsthatforceprogramordersuchasASI_PO_Pwill not
bespeculatively executed.SeeAppendixL, “ASI Assignments”for detailsof theCPU
ASIs.

Method one is preferredfor the SPARC64-III. Method two is supportedfor backward
compatibility with SPARC64-I and SPARC64-II systems.

6.1.2 Instruction Pref etch

TheCPUprefetchesinstructionsin orderto minimizecaseswheretheCPUmustwait for
instructionfetch.In combinationwith branchprediction,prefetchingmaycausetheCPU
to accessinstructionsthat arenot subsequentlyexecuted.In somecasesthe speculative
instructionaccesseswill referencedatapages.In order to avoid speculative instruction
accessesto theareawhich hasside-effectsby the references,thesoftwareshouldnot set
any executablepermissionbits (SX andUX) to thepage.Thenthedatain thosepagesare
never referencedor cachedin the I0- or I1-Cache.The CPU doesnot generatea trap for
any exceptionthatis causedby aninstructionfetchuntil all of theinstructionsbeforeit (in
program order) have been committed.1

1. Hardware errorsand other asynchronouserrorsmay generatea trap even if the instructionthat
caused the trap is never committed.
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Instructionsprefetchedby the CPU arecachedin an internalcache,calledthe I0 cache.
Theprefetchactionis independentof thedataaccesspathandis not directly affectedby
instructionsthatserializetheexecutionof instructionsor thedatapath.The I0 cachecan
beinvalidatedbut notdisabled.Seethedescriptionof theSCRregisterin 5.2.11.12,“State
Control Register (ASR 31)”, and the descriptionof the WRASR instruction in A.63,
“Write State Register”, for details.

Programming Note:
The I0 cachealsocachesinstructionsthat causefaults,becauseit cannotdeterminethat they will
fault whenexecutedlater. For example,an instructionwith only oneexecutablepermissionbit (SX or
UX) setmaybecachedin I0. If thekernelsoftwarechangesthepage’s PTEto setbothexecutablepermis-
sion bits, it must also invalidate the I0 cache to avoid getting stale information.

Instructioncachelinesarealsoprefetchedinto the level 1 instructioncache(I1) from the
Unified Cache.This prefetchingshould improve performanceof databaseapplications.
Prefetching into I1 is invisible to the application programmer.

6.1.3 Serializing Instructions

Serializing instructionsare issuedone at a time and only when the CPU hasno other
uncommittedinstructionpending.After an instruction in this classis issued,the CPU
waitsuntil theinstructionis committedbeforeissuingthenext instruction.In otherwords,
the following sequence is observed:

1. All outstandinginstructionsmustcommit beforethe serializinginstructionis issued
(this is equivalent to machine sync)

2. The serializing instruction is issued by itself

3. The serializing instruction is executed by itself

4. The serializing instruction is committed by itself

5. Instructions following the serializing instruction begin to be issued again

Table 21 lists the serializing RDASR and WRASR instructions:



110 6 Instructions

6.1.3.1 Other Serializing Instructions

The following instructions also serialize the CPU:

■ WRPRfor CWP, CANSAVE, CANRESTORE,CLEANWIN, WSTATE andOTHER-
WIN when the addressing mode is not “%g0+ simm13”.

■ WRPR for TPC, TNPC, TSTATE, TT, TICK, TBA, PSTATE and TL.

■ TCC1 (except for TA %g0+ simm13).

■ LD(X)FSR and ST(X)FSR.

■ CAS(X)A

Table 21: SPARC64-III Serializing RD ASR and WRASR Instructions

ASR
Number Name Priv? Serializ e on

Reading?
Serializ e on

Writing

0 Y Register No No Yes

2 Condition Code Register No No No

3 ASI Register No No Yes(a)

a. Does not sync if address mode is%g0+ imm.

4 Tick Register Yes/No(b)

b. Privileged if TICK.NPT = 1, otherwise it is not privileged.

No —

5 Program Counter No No —

6 Floating-Point Register Status No No Yes(a)

15 Store Barrier, Membar, SIR(c)

c. These are not really considered RD/WRASR instructions by SPARC-V9, but they share the
RD/WRASR opcode encoding so they are listed here for clarity.

Yes/No(d)

d. SIR is treated as NOP if executed while PSTATE.PRIV = 0.

Yes/No(e)

e. Sync only for MEMBAR#Sync  or MEMBAR#MemIssue .

Yes

18 Hardware Mode Register Yes No Yes

19 Graphic Status Register No No Yes

20 Set Bits in Sched_Int Register Yes — Yes

21 Clear Bits in Sched_Int Register Yes — Yes

22 Sched_Int Register Yes No Yes

23 Tick Match Register Yes No Yes

24 Instruction Fault Type Yes Yes —

25 Scratch Registers Yes No Yes

26 Data Breakpoint Registers Yes Yes Yes

28 Data Fault Address Yes Yes —

29 Data Fault Type Yes Yes —

30 Performance Monitor Registers Yes Yes Yes

31 System Control Register Yes No Yes

1. All Tcc instructionsexceptTA (with %g0or immediateaddressing)canbeusedto causetheCPU
to sync. TN is suggested for forcing a sync.
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■ MULScc, UMUL, UMULcc, SMUL, SMULcc (32-bit multiplies)

■ FLUSH

■ WRY

6.1.4 Issue Stalling Instructions

The following instructionsprevent new instructionsfrom issuinguntil they have com-
pleted:

■ RDPR%PIL andWRPR%PIL (if thereis a pendingwrite to thePIL register).There
is a pendingwrite to thePIL registerif therewasa previousWRPR%PIL instruction
with a source register (other than %g0) that has not completed.

■ DONE, RETRY andRDPRTSTATE stall until the TSTATE register is updatedwith
thecorrectvalueof theconditioncodes.Whenatrapoccurs,theTSTATE registermay
not beupdatedwith theconditioncodesif therearependinginstructionsthatmodify
the condition codes. See5.2.6, “Trap State (TSTATE) Register” for further details.

6.2 Instruction Formats

Instructionsareencodedin five major32-bit formatsandseveralminor formats,asshown
in Figure 62, Figure63 on page 112, andFigure64 on page 113.

Figure 62: Summary of Instruction Formats: Formats 1 and 2 (V9=33)

31 030 29

disp30op

Format 1 (op= 1): CALL

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

31 2224 21 02530 29

disp22op2condop a

disp19op2condop a

d16loop2rcondop a

20 19 1828

0

cc1cc0 p

pd16hi

14 13

rs1

imm22op2rdop
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Figure 63: Summary of Instruction Formats: Format 3 ((V9=33) and (V9=34))

op3rdop rs1 i=1 mmask

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

op3rdop —rs1 i=0 rs2

op3rdop rs1 i=1 simm13

op3rdop rcondrs1 i=0 rs2

op3rdop rs1 i=1 simm10rcond

—

—

op3rdop rs1 i=0 rs2—

op3—op —rs1 i=0 rs2

op3—op rs1 i=1 simm13

cmask

op rd op3 rs1 i=0 imm_asi rs2

op3impl-depop impl-dep

31 24 02530 29 19 18

rdop op3 —

14 13 12 5 4

rs1 rs2i=0 x

rdop op3 —rs1 shcnt32i=1 x=0

rdop op3 —rs1 shcnt64i=1 x=1

6

op fcn op3 —

11

op3rdop rs1 —

op3rdop —

op3rdop rs2opf—

op3rdop rs1 rs2opf

op op3 rs2000 rs1 opfcc1 cc0

10 9 8 7 3

op3fcnop —rs1 i=0 rs2

op3fcnop rs1 i=1 simm13
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Figure 64: Summary of Instruction Formats: Formats 4 and 5 (V9=34)

6.2.1 Instruction Fields

The instruction fields are interpreted as follows:

a:
Thea bit annulstheexecutionof the following instructionif thebranchis condi-
tional and not taken, or if it is unconditional and taken.

cc2, cc1, and cc0:
cc2:cc1:cc0specifytheconditioncodes(icc, xcc, fcc0, fcc1, fcc2, fcc3) to beused
in the instruction.Individual bits of the samelogical field arepresentin several
other instructions:Branch on Floating-point Condition Codeswith Prediction
Instructions(FBPfcc),Branchon IntegerConditionCodeswith Prediction(BPcc),
Floating-pointCompareInstructions,Move IntegerRegisterIf ConditionIs Satis-
fied (MOVcc), Move Floating-pointRegisterIf ConditionIs Satisfied(FMOVcc),
andTrapon IntegerConditionCodes(Tcc). In instructionssuchasTcc thatdo not
containthe cc2 bit, the missingcc2 bit takeson a default value.SeeTable77 on
page 365 for a description of these fields’ values.

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

op3rdop rs1 i=0 rs2

op3rdop rs1 i=1 sw_trap#

cc1cc0 —

cc1cc0

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

op3rdop rs1 i=1 simm11

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

cc1cc0

7 6

—

op rd op3 cond opf_cc opf_low rs2

op rd op3 0 rcond opf_low rs2rs1

0

17

rdop op3 —cond rs2i=0

rdop op3 cond simm11i=1

cc2

cc2

cc1

cc1

cc0

cc0

op3rdop rs1 rs3 rs2var

Format 5 (op= 2, op3= 0x37): FMADD and FMSUB (in place of IMPDEP2)

31 141924 18 13 12 5 4 02530 29 11 10 9 7 617 8

size
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cond:
This 4-bit field selects the condition tested by a branch instruction. See
AppendixE, “Opcode Maps”, for descriptions of its values.

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

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

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

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

i:
The i bit selectsthe secondoperandfor integer arithmeticandload/storeinstruc-
tions. If i = 0, the operandis r[rs2]. If i = 1, the operandis simm10, simm11, or
simm13, depending on the instruction, sign-extended to 64 bits.

imm22:
This 22-bit field is a constantthatSETHI placesin bits 31..10of a destinationreg-
ister.

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

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

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

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

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

opf:
This 9-bit field encodesthe operationfor a floating-pointoperate(FPop)instruc-
tion. SeeAppendixE, “Opcode Maps” for possible values and their meanings.
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opf_cc:
Specifiesthe condition codesto be usedin FMOVcc instructions.Seecc0, cc1,
and cc2 above for details.

opf_lo w:
This6-bit field encodesthespecificoperationfor aMoveFloating-pointRegisterif
Condition is satisfied(FMOVcc) or Move Floating-pointregister if contentsof
integer register match condition (FMOVr) instruction.

p:
This 1-bit field encodesstatic prediction for BPcc and FBPfcc instructions,as
show in Table 22:

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

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

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

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

rs3:
This 5-bit field is theaddressof thethird f registersourceoperandfor thefloating-
point multiply-add and multiply-subtract instruction.

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

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

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

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

Table 22: Branch Prediction Bit (p) Encodings

p Branc h Prediction

0 Predict that branch will not be taken

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

size:
Specifiesthesizeof theoperandsfor thefloating-pointmultiply-addandmultiply-
subtract instructions.

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

var:
Specifieswhich specific operation(variation) to perform for the floating-point
multiply-add and multiply-subtract instructions.

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

6.3 Instruction Categories

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

■ Memory access

■ Memory synchronization

■ Integer arithmetic

■ Control transfer (CTI)

■ Conditional moves

■ Register window management

■ State register access

■ Privileged register access

■ Floating-point operate

■ Implementation-dependent

■ Reserved

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

6.3.1 Memor y Access Instructions

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

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

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

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

Programming Note:

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

6.3.1.1 Memor y Alignment Restrictions

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

An improperlyalignedaddressin a load, store,or load-storeinstructioncausesa mem_
address_not_aligned exception to occur, except:

■ An LDDF or LDDFA instructionaccessingan addressthat is word-alignedbut not
doubleword-aligned causes anLDDF_mem_address_not_aligned exception.

■ An STDFor STDFA instructionaccessinganaddressthatis word-alignedbut notdou-
bleword-aligned causes anSTDF_mem_address_not_aligned exception.

■ An LDQF, LDQFA, STQF,or STQFA instructioncausesan illegal_instruction excep-
tion; all of these instructions are emulated in software.

6.3.1.2 Addressing Con ventions

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

6.3.1.2.1 Big-endian Ad dressing Con vention

Within amultiple-byteinteger, thebytewith thesmallestaddressis themostsignificant;a
byte’s significancedecreasesasits addressincreases.Thebig-endianaddressingconven-
tions are illustrated inFigure 65 and defined as follows:

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

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

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

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

For the deprecatedinteger load/storedouble instructions(LDD/STD), two big-
endianwordsareaccessed.Thewordat theaddressspecifiedin theinstructioncor-
respondsto the even registerspecifiedin the instruction;the word at address+ 4
corresponds to the following odd-numbered register.

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

1. See Cohen, D., “On Holy Wars and a Plea for Peace,” Computer 14:10 (October 1981), pp. 48-54.



6.3.1  Memory Access Instructions 119

Figure 65: Big-endian Addressing Conventions (V9=35)

6.3.1.2.2 Little-endian Ad dressing Con vention

Within a multiple-byteinteger, thebytewith thesmallestaddressis theleastsignificant;a
byte’s significanceincreasesasits addressincreases.Thelittle-endianaddressingconven-
tions are illustrated inFigure 66 and defined as follows:

byte:

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

halfw ord:

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

Byte
7 0

Halfw ord
15 0

Word
31 0

Doub leword /
63 32

31 0

78

15 78162324

47 3940485556

15 78162324

0 1

00 01 10 11

Address

Address<0> =

Address<1:0> =

Address<2:0> =

Address<2:0> =

000 001 010 011

100 101 110 111

Quadword
127 96

95 64

111 103104112119120

79 7172808788

Address<3:0> =

Address<3:0> =

0000 0001 0010 0011

0100 0101 0110 0111

63 32

31 0

47 3940485556

15 78162324

Address<3:0> =

Address<3:0> =

1000 1001 1010 1011

1100 1101 1110 1111

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

doub leword or e xtended w ord:
For a load/storeextendedor floating-point load/storedouble instruction, eight
bytesareaccessed.The leastsignificantbyte (bits 7..0) is accessedat theaddress
specifiedin theinstruction;themostsignificantbyte(bits63..56) is accessedat the
address+ 7.
For the deprecatedinteger load/storedoubleinstructions(LDD/STD), two little-
endianwordsareaccessed.Thewordat theaddressspecifiedin theinstruction+ 4
correspondsto theevenregisterin theinstruction;thewordat theaddressspecified
in the instruction corresponds to the following odd-numbered register.

quad word:
For a load/storequadword instruction,sixteenbytesareaccessed.Theleastsignif-
icantbyte(bits7..0) is accessedat theaddressspecifiedin theinstruction;themost
significant byte (bits 127..120) is accessed at the address+ 15.
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Figure 66: Little-endian Addr essing Conventions (V9=36)

6.3.1.3 Address Space Identifier s (ASIs)

Load and store instructionsprovide an implicit ASI value of ASI_PRIMARY, ASI_
PRIMARY_LITTLE, ASI_NUCLEUS, or ASI_NUCLEUS_LITTLE. Load and store
alternateinstructionsprovide an explicit ASI, specifiedby the imm_asiinstructionfield
wheni = 0, or the contents of the ASI register wheni = 1.

ASIs 0016 through7F16 arerestricted;only privilegedsoftwareis allowedto accessthem.
An attemptto accessa restrictedASI by nonprivileged software resultsin a privileged_
action exception.ASIs 8016 throughFF16 areunrestricted;software is allowed to access
themwhethertheprocessoris operatingin privilegedor nonprivilegedmode.This is illus-
trated inTable 23.

Byte
7 0

Halfw ord
7 8

Word
7 24

Doub leword /

150

23 31168150

0 1

00 01 10 11

Address

Address<0> =

Address<1:0> =

Address<2:0> =

Address<2:0> =

000 001 010 011

100 101 110 111

Quadword Address<3:0> =

Address<3:0> =

0000 0001 0010 0011

0100 0101 0110 0111

Address<3:0> =

Address<3:0> =

1000 1001 1010 1011

1100 1101 1110 1111

39 5655 6348404732

7 2423 31168150

39 5655 6348404732

7 2423 31168150

103 120119 12711210411196

71 8887 9580727964

Extended w ord
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The SPARC-V9 architecturedefinesthe following ASI assignmentsas implementation-
dependent:restrictedASIs 0016..0316, 0516..0B16, 0D16..0F16, 1216..1716, and1A16..7F16;
and unrestrictedASIs C016 ..FF16. SPARC64-III’s implementationof ASIs completely
conformsto theSPARC-V9 architecturespecification.See6.3.1.3,“AddressSpaceIdenti-
fiers (ASIs)” in V9 for moreinformationaboutthe implementation-dependentaspectsof
ASIs. SeeAppendixL, “ASI Assignments”for the completelist of ASI assignmentsfor
SPARC64-III.

6.3.1.4 Separate Instruction Memor y

The CPU usesseparatelevel-1 instructionanddatacachesreferredto as the I1 andD1
caches. These caches can be bypassed; see5.2.11.12, “State Control Register (ASR 31)”.

In additionto theI1 andD1 caches,theCPUcontainsaninternallevel 0 instructioncache,
calledtheI0 cache.TheI0 cachecanbeinvalidatedbut it cannotbedisabledor bypassed.
See5.2.11.12, “State Control Register (ASR 31)” for details.

A programcontainingself-modifyingcodemusthave theFLUSH instructionsbeforethe
programexecutesits self-modifyingcodeportionsto ensurethe consistency of the pro-
gram execution.

6.3.2 Memor y Sync hronization Instructions

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

TheCPUsyncsandalsowaitsfor all pendingcacheableandnon-cacheablestoresto reach
the global visibility before issuing MEMBAR#MemIssue and MEMBAR#Sync.

6.3.3 Integ er Arithmetic Instructions

The integer arithmeticinstructionsaregenerallytriadic-register-addressinstructionsthat
computearesultthatis a functionof two sourceoperands.They eitherwrite theresultinto
thedestinationregisterr[rd] or discardit. Oneof thesourceoperandsis alwaysr[rs1]. The
othersourceoperanddependson the i bit in theinstruction;if i = 0, theoperandis r[rs2];
if i = 1, the operand is the constantsimm10, simm11, orsimm13 sign-extended to 64 bits.

Table 23: Allowed Accesses to ASIs (V9=11)

Value Access T ype Processor State
(PSTATE.PRIV) Result of ASI Access

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

Privileged (1) Valid access

8016..FF16 Unrestricted
Nonprivileged (0) Valid access

Privileged (1) Valid access

y�z
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Note: The value ofr[0] always reads as zero, and writes to it are ignored.

6.3.3.1 Setting Condition Codes

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

6.3.3.2 Shift Instructions

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

6.3.3.3 Set High 22 Bits of Lo w Word

The“sethigh22bitsof low wordof anr register” instruction(SETHI)writesa22-bitcon-
stantfrom the instructioninto bits 31 through10 of the destinationregister. It clearsthe
low-order10bitsandhigh-order32bits,andit doesnotaffect theconditioncodes.Its pri-
mary use is to construct constants in registers.

6.3.3.4 Integ er Multipl y/Divide

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

6.3.3.5 Tagged Ad d/Subtract

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

6.3.4 Contr ol-transf er Instructions (CTIs)

These are the basic control-transfer instruction types:

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

■ Unconditional branch

■ Call and link (CALL)

■ Jump and link (JMPL, RETURN)
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■ Return from trap (DONE, RETRY)

■ Trap (Tcc)

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

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

Table24below definesthevalueof theprogramcounterandthevalueof thenext program
counter after execution of each instruction. Conditional brancheshave two forms:
branchesthat test a condition, representedin the table by “Bcc,” and branchesthat are
unconditional,thatis, alwaysor never taken,representedin thetableby “B.” Theeffectof
anannulledbranchis shown in the tablethroughexplicit transfersof control, ratherthan
by fetching and annulling the instruction.

Theeffective address,EA in Table24, specifiesthe targetof thecontrol transferinstruc-
tion. The effective addressis computedin different ways, dependingon the particular
instruction.

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

Register -indirect Eff ective Ad dress:
A register-indirect effective address computes its target address as either
r[rs1]+r [rs2] if i = 0, or r[rs1]+sign_ext(simm13) if i = 1.

Trap Vector Eff ective Ad dress:
A trapvectoreffectiveaddressfirst computesthesoftwaretrapnumberastheleast
significant 7 bits of r[rs1]+r [rs2] if i = 0, or as the least significant 7 bits of
r[rs1]+sw_trap# if i = 1. The trap level, TL, is incremented.The hardware trap
typeis computedas256+ sw_trap#andstoredin TT[TL]. Theeffectiveaddressis
generatedby concatenatingthecontentsof theTBA register, the“TL > 0” bit, and
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the contentsof TT[TL]. See 5.2.8, “Trap Base Address(TBA) Register”, for
details.

Trap State Eff ective Ad dress:

A trap stateeffective addressis not computedbut is taken directly from either
TPC[TL] or TNPC[TL].

Compatibility Note:

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

Compatibility Note:

SPARC-V8 left asundefinedtheresultof executingadelayedconditionalbranchthathadadelayed
control transferin its delayslot. For this reason,programmersshouldavoid suchconstructswhen
backwards compatibility is an issue.

6.3.4.1 Conditional Branc hes

A conditionalbranchtransferscontrol if thespecifiedconditionis true.If theannulbit is
0, theinstructionin thedelayslot is alwaysexecuted.If theannulbit is 1, theinstructionin
the delay slot is not executedunless the conditionalbranchis taken. Note: The annul
behavior of a taken conditional branch is different from that of an unconditional branch.

See9.3, “BranchesandBranchPrediction”for detailedinformationaboutbranchpredic-
tion in SPARC64-III.

Table 24: Control Transfer Characteristics (V9=13)

Instruction Gr oup Address
Form Delayed Taken Ann ul

Bit New PC New nPC

Non-CTIs — — — — nPC nPC+ 4

Bcc PC-relative Yes Yes 0 nPC EA

Bcc PC-relative Yes No 0 nPC nPC+ 4

Bcc PC-relative Yes Yes 1 nPC EA

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

B PC-relative Yes Yes 0 nPC EA

B PC-relative Yes No 0 nPC nPC+ 4

B PC-relative Yes Yes 1 EA EA + 4

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

CALL PC-relative Yes — — nPC EA

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

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

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

Tcc Trap vector No Yes — EA EA + 4

Tcc Trap vector No No — nPC nPC + 4
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6.3.4.2 Unconditional Branc hes

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

6.3.4.3 CALL and JMPL Instructions

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

TheJMPL instructionwritesthecontentsof thePC,which pointsto theJMPL instruction
itself, into r[rd] and then causesa register-indirect delayedtransferof control to the
addressgivenby “ r[rs1] + r[rs2]” or “ r[rs1] + a signedimmediatevalue”.Thevaluewrit-
ten intor[rd] is visible to the instruction in the delay slot.

TheCPUalwayswritesall 64bitsof thePCinto thedestinationregister. Theupper32bits
of r[15] (CALL) or to r[rd] (JMPL) arenot cleared when PSTATE.AM = 1.

TheCPUimplementsspecialJMPL andCALL predictionhardwarewhich is 4-entry, 64-
bit FILO to make function returnsfaster. This hardware is called the ReturnPrediction
Stack(RPS).WhenaCALL or JMPLthatwritesto %o7(r[15]) occurs,theCPUsavesthe
returnaddress(PC+8)into the RPSentry indexed by somehardwarepointer. Whenthe
syntheticinstructionsretl (JMPL [%o7+8]) and ret (JMPL [%i7+8]) are executed,the
return address is predicted to be the address stored in the RPS[CWP].

If thepredictionin theRPSis incorrect,theCPUbacksup andstartsissuinginstructions
from the correcttarget address.This backuptakesa few extra cyclesbut doesnot affect
correctness.

Programming Note:

For maximumperformance,softwareandcompilersmust take into accounthow the RPSworks.
For example,tricks thatdononstandardreturnsin hopesof boostingperformancemayrequiremore
cycles if they causethe wrong RPS value to be usedfor predicting the addressof the return.
Heavily nestedcalls will alsocauseearlierentriesin the RPSto be overwrittenby newer entries,
sincetheRPShasonly four entries.Eventually, somereturnaddresseswill bemispredictedbecause
of the overflow of the RPS.

6.3.4.4 RETURN Instruction

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

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

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

6.3.4.6 Trap Instruction (Tcc)

TheTcc instructioninitiatesa trapif theconditionspecifiedby its condfield matchesthe
currentstateof theconditioncoderegisterspecifiedby its ccfield; otherwiseit executesas
aNOP. If thetrapis taken,it incrementstheTL register, computesatraptypethatis stored
in TT[TL], andtransfersto a computedaddressin the trap tablepointedto by TBA. See
5.2.8, “Trap Base Address (TBA) Register”.

A Tcc instructioncanspecifyoneof 128 softwaretrap types.Whena Tcc is taken,256
plus the 7 least significant bits of the sum of the Tcc’s sourceoperandsis written to
TT[TL]. Theonly visible differencebetweena softwaretrapgeneratedby a Tcc instruc-
tion anda hardwaretrapis thetrapnumberin theTT register. SeeChapter7, “Traps”, for
more information.

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

6.3.5 Conditional Mo ve Instructions

6.3.5.1 MOVcc and FMO Vcc Instructions

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

fmovdg %fcc2, %f20, %f22

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

The MOVcc andFMOVcc instructionscanbe usedto eliminatesomebranchesin pro-
grams.In most implementations,brancheswill be more expensive than the MOVcc or
FMOVcc instructions. For example, the following C statement:
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if (A > B) X = 1; else X = 0;

can be coded as:

cmp %i0, %i2 ! (A > B)
or %g0, 0, %i3 ! set X = 0
movg %xcc, %g0,1, %i3 ! overwrite X with 1 if A > B

which eliminates the need for a branch.

6.3.5.2 MOVr and FMOVr Instructions

The MOVr and FMOVr instructionsallow the contentsof any integer or floating-point
registerto bemovedto a destinationintegeror floating-pointregisterif a conditionspeci-
fied by the instruction is satisfied. The conditions to test are enumerated inTable 25:

Any of the integerregistersmaybetestedfor oneof theconditionsandtheresultusedto
control the move. For example,

movrnz %i2, %l4, %l6

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

MOVr and FMOVr can be usedto eliminatesomebranchesin programsor to emulate
multiple unsignedconditioncodesby usinganintegerregisterto hold theresultof a com-
parison.

6.3.6 Register Windo w Management Instructions

This subsection describes the instructions used to manage register windows in
SPARC64-III. The privileged registersaffected by theseinstructionsare describedin
5.2.10, “Register-Window State Registers”.

6.3.6.1 SAVE Instruction

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

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

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

Table 25: MOVr and FMOVr Test Conditions

Condition Description

NZ Nonzero

Z Zero

GEZ Greater than or equal to zero

LZ Less than zero

LEZ Less than or equal to zero

GZ Greater than zero
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(CLEANWIN – CANRESTORE)= 0

then SAVE causes aclean_window exception.

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

6.3.6.2 RESTORE Instruction

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

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

If RESTORE doesnot causean exception,it performsan ADD operation,decrements
CANRESTORE,andincrementsCANSAVE. Thesourceregistersfor theADD arefrom
theold window (theoneto which CWPpointedbeforetheRESTORE),while theresultis
written into a registerin thenew window (theoneto which thedecrementedCWPpoints).

Programming Note:
This notedescribesa commonconventionfor useof registerwindows, SAVE, RESTORE,CALL,
and JMPL instructions.

A procedureis invokedby executinga CALL (or a JMPL) instruction.If theprocedurerequiresa
registerwindow, it executesa SAVE instruction.A routinethatdoesnot allocatea registerwindow
of its own (possiblya leaf procedure)shouldnot modify any windowedregistersexceptout regis-
ters 0 through 6. SeeH.1.2, “Leaf-Procedure Optimization” inV9.

A procedurethat usesa register window returnsby executing both a RESTORE and a JMPL
instruction.A procedurethathasnotallocatedaregisterwindow returnsby executingaJMPLonly.
Thetargetaddressfor theJMPL instructionis normallyeightplustheaddresssavedby thecalling
instruction, that is, the instruction after the instruction in the delay slot of the calling instruction.

The SAVE andRESTORE instructionscanbe usedto atomicallyestablisha new memorystack
pointerin anr registerandswitchto a new or previousregisterwindow. SeeH.1.4,“RegisterAllo-
cation within a Window” in V9.

6.3.6.3 SAVED Instruction

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

CANSAVE ← (CANSAVE + 1)

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

OTHERWIN ← (OTHERWIN – 1)

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

y�z

y�z
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CANRESTORE← (CANRESTORE – 1)

6.3.6.4 RESTORED Instruction

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

CANRESTORE← (CANRESTORE+ 1)

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

OTHERWIN ← (OTHERWIN – 1)

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

CANSAVE ← (CANSAVE – 1)

If CLEANWIN is lessthan NWINDOWS – 1, the RESTORED instructionincrements
CLEANWIN:

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

6.3.6.5 Flush Windo ws Instruction

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

NWINDOWS – 2 – CANSAVE

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

6.3.7 State Register Access

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

The supportedRDASR and WRASR instructionsare describedin Table 26; for more
information see5.2.11, “Ancillary State Registers (ASRs)”.

Table 26: Supported RDASR and WRASR Instructions

ASR
Number Name Priv?

0 Y Register No

2 Condition Code Register No
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6.3.8 Privileg ed Register Access

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

6.3.9 Floating-point Operate (FP op) Instructions

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

■ Floating-point convert operations, which use one source and one destination operand

■ Floating-pointcompareoperations,which do not write to an f registerbut updateone
of thefccn fields of the FSR instead

3 ASI Register No

4 Tick Register Yes/No(a)

5 Program Counter No

6 Floating-Point Register Status No

15 Store Barrier, Membar, SIR(b) Yes/No(c)

18 Hardware Mode Register Yes

19 Graphic Status Register No

20 Set Bits in Sched_Int Register Yes

21 Clear Bits in Sched_Int Register Yes

22 Sched_Int Register Yes

23 Tick Match Register Yes

24 Instruction Fault Type Yes

25 Scratch Registers Yes

26 Data Breakpoint Registers Yes

28 Data Fault Address Yes

29 Data Fault Type Yes

30 Performance Monitor Registers Yes

31 System Control Register Yes
a. Privileged if TICK.NPT = 1, otherwise it is not privi-

leged.
b. These are not really considered RD/WRASR instruc-

tions by SPARC-V9, but they share the RD/WRASR
opcode encoding so they are listed here for clarity.

c. SIR is treated as NOP if executed while PSTATE.PRIV
= 0.

Table 26: Supported RDASR and WRASR Instructions

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

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

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

If no floating-pointunit is presentor if PSTATE.PEF= 0 or FPRS.FEF= 0, any instruc-
tion that attemptsto accessan FPU register, including an FPopinstruction,generatesan
fp_disabled exception.

All FPop instructionsclear the ftt field and set the cexc field, unlessthey generatean
exception.Floating-pointcompareinstructionsalsowrite oneof the fccnfields.All FPop
instructionsthat cangenerateIEEE exceptionsset the cexc andaexc fields, unlessthey
generatean exception.FABS(s,d,q),FMOV(s,d,q),FMOVcc(s,d,q),FMOVr(s,d,q), and
FNEG(s,d,q) cannot generateIEEE exceptions, so they clear cexc and leave aexc
unchanged.

See 5.1.7.6.2, “ftt = unfinished_FPop”to see which instructions can produce an
unfinished_FPop exception. See 5.1.7.6.3, “ftt = unimplemented_FPop”to see which
instructions can produce anunimplemented_FPop exception.

TheCPU-specificFMADD andFMSUB instructions(describedin 6.3.10,“Implementa-
tion-dependentInstructions”) arealsofloating-pointoperations.They requirethefloating-
point unit to be enabled;otherwise,an fp_disabled trap is generated.They alsoaffect the
FSRlikeFPopinstructions.However, theseinstructionsarenot includedin theFPopcate-
gory and,hence,reservedencodingsin theseopcodesresultin an illegal_instruction trap,as
defined in section6.3.11, “Reserved Opcodes and Instruction Fields”.

6.3.10 Implementation-dependent Instructions

SPARC-V9 provides two instructions that are entirely implementation-dependent:
IMPDEP1 and IMPDEP2.

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

SPARC64-III hasusedthe IMPDEP2instructionto implementthe Floating-pointMulti-
ply-Add/Subtractand Negative Multiply-Add/Subtract instructions;thesehave an op3
field = 3716 (IMPDEP2). See A.23.1, “IMPDEP2 (Floating-point Multiply-Add/Sub-
tract)”, for more full definitions of these instructions.Opcode spaceis reserved in
IMPDEP2for thequad-precisionformsof theseinstructions.However, SPARC64-III does
not currentlyimplementthequad-precisionforms,andtheCPUtakesan illegal_instruction
exceptionif a quadprecisionform is specified.Sincetheseinstructionsarenot partof the
requiredSPARC-V9 architecture,theOSdoesnot supplysoftwareemulationroutinesfor
the quad versions of these instructions.
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6.3.11 Reserved Opcodes and Instruction Fields

An attemptto executeanopcodeto which no instructionis assignedcausesa trap.Specif-
ically, attemptingto execute a reserved FPop causesan fp_exception_other trap (with
FSR.ftt = unimplemented_FPop); attemptingto executeany other reserved opcodeshall
causean illegal_instruction trap.SeeAppendixE, “OpcodeMaps”, for acompleteenumera-
tion of the reserved opcodes.

6.3.12 Summar y of Unimplemented Instructions

CertainSPARC-V9 instructionsarenot implementedin hardwarein theCPU.Executing
any of theseinstructionsresultsin implementation-dependentbehavior, describedin Table
27.

Programming Note:

TheOSemulatesall of theseinstructionsexceptRDPRFQ(SPARC64-III doesnothaveor needan
FQ).

6.4 Register Windo w Management

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

6.4.1 Register Windo w State Definition

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

CANSAVE + CANRESTORE+ OTHERWIN = NWINDOWS – 2

Figure22 on page64 shows how theregisterwindows arepartitionedto obtaintheabove
equation. The partitions are as follows:

Table 27: SPARC64-III Actions on Unimplemented Instructions

Instructions Trap Taken SPARC64-III-specific Beha vior

Quad FPops:
(including FdMULq)

fp_exception_other FSR.ftt = unimplemented_FPop

POPC illegal_instruction None

RDPR FPQ illegal_instruction(a)

a. SPARC64-III causesan illegal_instruction exceptionratherthantheoptionalfp_exception_
other (with FSR.ftt set tosequence_error).

There is no FPQ

STQF(A)
LDQF(A)

illegal_instruction No hardware quad support
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■ The currentwindow and the window that overlapstwo other valid windows and so
mustnot beused(in Figure22, windows 0 and2, respectively) arealwayspresentand
account for the 2 subtracted from NWINDOWS in the right side of the equation.

■ Windows that do not have valid contentsand can be used(via a SAVE instruction)
without causinga spill trap.Thesewindows (window 1 in Figure22) arecountedin
CANSAVE.

■ Windows that have valid contentsfor the currentaddressspaceandcanbe used(via
the RESTORE instruction)without causinga fill trap.Thesewindows (window 4 in
Figure 22) are counted in CANRESTORE.

■ Windows thathave valid contentsfor anaddressspaceotherthanthecurrentaddress
space.An attemptto usethesewindowsvia aSAVE (RESTORE)instructionresultsin
a spill (fill) trapto a separatesetof trapvectors,asdiscussedin thefollowing subsec-
tion. These windows (window 3 inFigure 22) are counted in OTHERWIN.

In addition,

CLEANWIN ≥ CANRESTORE

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

In orderto usethewindow-managementfeaturesof thearchitecturedescribedin this sec-
tion, the stateof the registerwindows mustbe kept consistentat all times,exceptwithin
thetraphandlersfor window spilling, filling, andcleaning.While handlingwindow traps
thestatemaybe inconsistent.Window spill/fill straphandlersshouldbewritten so thata
nested trap can be taken without destroying state.

Programming Note:
Systemsoftwareis responsiblefor keepingthestateof theregisterwindows consistentat all times.
Failure to do so will causeundefinedbehavior. For example,CANSAVE, CANRESTORE, and
OTHERWIN must never be greater than or equal to 4 (NWINDOWS–1).

6.4.2 Register Windo w Traps

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

6.4.2.1 Windo w Spill and Fill T raps

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

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

TheCPUprovidestheclean_window trapsothatsoftwarecancreatea secureenvironment
in which it is guaranteedthat registerwindows containonly datafrom the sameaddress
space.

A cleanregisterwindow is onein which all of theregisters,includinguninitializedregis-
ters,containeither zero or dataassignedby software executingin the addressspaceto
which thewindow belongs.A cleanwindow cannotcontainregistervaluesfrom another
process, that is, software operating in a different address space.

Supervisorsoftwarespecifiesthe numberof windows that arecleanwith respectto the
currentaddressspacein theCLEANWIN register. Thisnumberincludesregisterwindows
that canbe restored(the valuein the CANRESTORE register)andthe registerwindows
following CWP that canbe usedwithout cleaning.Therefore,the numberof cleanwin-
dows that are available to be used by the SAVE instruction is

CLEANWIN – CANRESTORE

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

6.4.2.3 Vectoring of Fill/Spill T raps

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

■ Supervisorsoftwarecanmarka setof contiguousregisterwindows asbelongingto an
addressspacedifferent from the currentone.The countof theseregisterwindows is
keptin theOTHERWIN register. A separatesetof trapvectors(fill_n_other andspill_n_
other) is providedfor spill andfill trapsfor theseregisterwindows (asopposedto reg-
ister windows that belong to the current address space).

■ Supervisorsoftwarecanspecifythetrapvectorsfor fill andspill trapsby presettingthe
fields in the WSTATE register. This register containstwo subfields,eachthreebits
wide. TheWSTATE.NORMAL field is usedto determineoneof eightspill (fill) vec-
tors to be usedwhenthe registerwindow to be spilled (filled) belongsto the current
addressspace (OTHERWIN = 0). If the OTHERWIN register is nonzero, the
WSTATE.OTHER field selects one of eightfill_n_other (spill_n_other) trap vectors.

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

6.4.2.4 CWP on Windo w Traps

Onawindow traptheCWPis setto point to thewindow thatmustbeaccessedby thetrap
handler, as follows (Note: All arithmetic on CWP is donemodulo NWINDOWS).

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

CWP← (CWP+ 2) mod NWINDOWS
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If the spill trap occursdueto a FLUSHW instruction,therecanbe unusedwindows
(CANSAVE) in additionto theoverlapwindow, betweentheCWPandthewindow to
be spilled:

CWP← (CWP+ CANSAVE + 2) mod NWINDOWS

Implementation Note:
All spill traps can use

CWP← (CWP+ CANSAVE + 2) mod NWINDOWS

since CANSAVE is zero whenever a trap occurs due to a SAVE instruction.

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

CWP← (CWP – 1)mod NWINDOWS

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

CWP← (CWP+ 1) mod NWINDOWS

6.4.2.5 Windo w Trap Handler s

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

■ A spill trap handlershouldexecutethe SAVED instructionfor eachwindow that it
spills.

■ A fill traphandlershouldexecutetheRESTOREDinstructionfor eachwindow that it
fills.

■ A clean_window trap handlershouldincrementCLEANWIN for eachwindow that it
cleans:

CLEANWIN ← (CLEANWIN + 1)

Window trap handlersin SPARC64-III canbe very efficient. SeeH.2.2, “ExampleCode
for Spill Handler” inV9 for details and sample code.

y z



7 Traps

7.1 Overview

A trapis avectoredtransferof controlto supervisorsoftwarethroughatraptablethatcon-
tainsthefirst eight(thirty-two for cleanwindow, spill, fill, 32i_instruction_access_MMU_
miss,32i_data_access_MMU_miss,and32i_data_access_protectiontraps)instructionsof
eachtraphandler. Thebaseaddressof the tableis establishedby supervisorsoftware,by
writing theTrapBaseAddress(TBA) register. Thedisplacementwithin thetableis deter-
minedby thetraptypeandthecurrenttraplevel (TL). One-halfof thetableis reservedfor
hardwaretraps;one-quarteris reserved for softwaretrapsgeneratedby Tcc instructions;
the remaining quarter is reserved for future use.

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

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

2. Enter privileged execution mode with a predefined PSTATE

3. Begin executing trap handler code in the trap vector

Whenthetraphandlerhasfinished,it useseitheraDONEor RETRY instructionto return.

A trap may be causedby a Tcc instruction,an instruction-inducedexception,a reset,an
asynchronouserror, or an interruptrequestnot directly relatedto a particularinstruction.
The processormust appearto behave as though,before executing eachinstruction, it
determinesif thereareany pendingexceptionsor interruptrequests.If therearepending
exceptionsor interrupt requests,the processorselectsthe highest-priorityexceptionor
interrupt request and causes a trap.

Thus,an exception is a conditionthat makesit impossiblefor the processorto continue
executing the current instruction streamwithout software intervention. A trap is the
actiontakenby theprocessorwhenit changestheinstructionflow in responseto thepres-
ence of an exception, interrupt, or Tcc instruction.

7.2 Processor States, Normal and Special T raps

The processor is always in one of three discrete states:
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■ execute_state, which is the normal execution state of the processor

■ RED_state(Reset,Error, and Debug state),which is a restrictedexecution state
reserved for processingtrapsthat occurwhenTL = MAXTL – 1, andfor processing
hardware- and software-initiated resets

■ error_state,which is a halted state that is enteredas a result of a trap when
TL = MAXTL

Trapsprocessedin execute_statearecallednormal traps. Trapsprocessedin RED_state
are calledspecial traps.

Figure 67 shows the processor state diagram.

Figure 67: Processor State Diagram (V9=37)

7.2.1 RED_state

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

■ A trap is taken when TL =MAXTL –1.

■ Any of the four reset requests occurs (POR, XIR, SIR).

■ System software sets PSTATE.RED= 1.

RED_state serves two mutually exclusive purposes:

■ During trapprocessing,it indicatesthatthereareno moreavailabletraplevels;thatis,
if anothernestedtrapis taken,theprocessorwill entererror_stateandhalt.RED_state
provides system software with a restricted execution environment.

■ It provides the execution environment for all reset processing.

RED_stateexecute_state error_state

POR,

Including P ower Off

Trap or SIR @

Trap @
TL = MAXTL

Trap @
TL = MAXTL –1,

DONE,

TL = MAXTL

RED = 1

RED = 0
RETRY,

XIR

Any State

Trap or SIR @
TL < MAXTL

Trap @
TL < MAXTL –1

Trap or SIR @
TL< MAXTL,



7.2.1  RED_state 139

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

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

Setting PSTATE.RED via a WRPR instruction causesthe CPU to executein RED_state.This
resultsin the executionenvironment,asdefinedin 7.2.1.2,“RED_stateExecutionEnvironment”.
However, it is differentfrom a RED_statetrapin thesensethatthereareno traprelatedchangesin
the machine state (e.g., TL does not change).

7.2.1.1 RED_state Trap Table

Trapsoccurringin RED_stateor trapsthatcausetheprocessorto enterRED_stateusean
abbreviatedtrapvector. TheRED_statetrapvectoris constructedsothatit canoverlaythe
normal trap vector if necessary. Figure 68 illustrates the RED_state trap vector layout.

‡TT = 3 if an externally initiated reset (XIR) occurs while the processor is not in error_state;
TT = trap type of the exception that caused entry into error_state if the externally initiated reset
occurs in error_state.

* TT = trap type of the exception. SeeTable 29 on page149.

Figure 68: RED_state Trap Vector Layout (V9=38)

TheRED_statetrapvectoris locatedat an implementation-dependentaddressreferredto
asRSTVaddr. In SPARC64-III RSTVaddris implementedasa 49-bit wide registerin the
CPU. The value of RSTVaddr is a constant which, for SPARC64-III is
FFFFFFFFF000000016. This translatesto physical address000001FFF000000016 in
RED_state.

7.2.1.2 RED_state Ex ecution En vir onment

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

Programming Note:
The values are overridden, not set, allowing them to be switched atomically.

Offset TT Reason

0016 0 Reserved (SPARC-V8 reset)

2016 1 Power-on reset (POR)

6016 3‡ Externally initiated reset (XIR)

8016 4 Software-initiated reset (SIR)

A016 * All other exceptions in RED_state
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SPARC64-III has the following implementation-dependent behavior in RED_state.

■ The CPU executes in sequential mode. This overrides the setting in SCR.sm.

■ On entryto andexit from RED_state,theCPUinvalidatestheI0 cache,prefetchbuff-
ers, and the instruction buffer (IB).

■ On entry to RED_state,Main InstructionTLB, Micro InstructionTLB, Main Data
TLB, Micro DataTLB aredisabledandthe correspondingASR31bits <30:27>are
set. However, control functions like write to Main TLB are still available.

■ While Main TLBs andMicro TLBs aredisabled,all accessesareassumedto benon-
cacheableandstronglyorderedfor dataaccess.SeeF.7.2,“TranslationOff Mode” for
details.

■ The software can resetASR31 bits <30:27> during the RED_state.By doing this,
Main Data TLB and Micro Data TLB can be re-enabledin RED_state.But Main
InstructionTLB andMicro InstructionTLB cannotbe re-enabledalthoughthe soft-
wareresettheir disablebits in RED_state.RED_stateoverridesASR31bits <27,29>
andassumesthey arealwaysone.Thebits becomeeffective right afterexiting RED_
state.

■ XIR Errors are not masked and can cause a trap.

Programming Note:
WhenRED_stateis entereddueto componentfailures,thehandlershouldattemptto recover from
potentiallycatastrophicerrorconditionsor to disablethe failing components.WhenRED_stateis
enteredafterareset,thesoftwareshouldcreatetheenvironmentnecessaryto restorethesystemto a
running state.

7.2.1.3 RED_state Entr y Traps

The following traps are processed in RED_state in all cases.

■ POR (Power-on reset): Implemented by scan in SPARC64-III; not really a trap

■ WDR (Watchdog reset): Not implemented in SPARC64-III

In addition,thefollowing trapsareprocessedin RED_stateif TL < MAXTL whenthetrap
is taken. Otherwise it is processed in error_state.

■ SIR (Software-initiated Reset)

■ XIR  (Externally initiated reset)

The following SPARC64-III implementation-dependent traps cause entry into RED_state.

■ Somewatchdogtimer overflows causeentry to RED_statewith the trap type set to
watchdog (TT = 7F16). See5.2.11.12, “State Control Register (ASR 31)”, for details.

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

Any nonresettrap that setsPSTATE.RED= 1, or that occurswhen PSTATE.RED= 1,
branches to a special entry in the RED_state trap vector at RSTVaddr+ A016.
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In systemsin which it is desiredthat trapsnot enterRED_state,the RED_statehandler
may transfer to the normal trap vector by executing the following code:

! Assumptions:
! -- In RED_state handler, therefore we know that
! PSTATE.RED = 1, so a WRPR can directly toggle it to 0
! and, we don’t have to worry about intervening traps.
! -- Registers %g1 and %g2 are available as scratch registers.
...
#define PSTATE_RED 0x0020 ! PSTATE.RED is bit 5
...
rdpr %tt,%g1 ! Get the normal trap vector
rdpr %tba,%g2 ! address in %g2.
add %g1,%g2,%g2
rdpr %pstate,%g1 ! Read PSTATE into %g1.
jmpl %g2 ! Jump to normal trap vector,
wrpr %g1,PSTATE_RED,%pstate ! toggling PSTATE.RED to 0.

7.2.1.4 RED_state Software Considerations

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

Theminimumvaluefor MAXTL is 4; typicalusageof thetraplevelsis shown in Table28:

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

7.2.2 Error_state

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

The following implementation-dependentconditioncausesSPARC64-III to entererror_
state:

■ An internalCPU watchdogtime-outoccursafter no instructionhasbeencommitted
for 232 cycles. This is approximately 17 seconds with a 4 nsec clock.

On entry into error_state, the CPU asserts the output signal P_FERR to the UPA Bus.

Table 28: Typical Usage for Trap Levels

TL Usage

0 Normal execution

1 System calls; interrupt handlers; instruction emulation

2 Window spill / fill

3 Page-fault handler

4 RED_state handler



142 7 Traps

Note:
Entry into error_statedue to watchdogtime-outs(see5.2.11.12,“State Control Register (ASR
31)”) canbedisabledby resettingtheWDT_EN andWDT_REDbits in ASR31to 0. This feature
shouldonly beusedduringsystembringupin orderto allow single-steppingin oneprocessor, while
the other processors in an MP system continue to operate on a free-running clock.

7.3 Trap Categories

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

■ A precise trap

■ A deferred trap

■ A disrupting trap

■ A reset trap

7.3.1 Precise T raps

SPARC64-III will generatea precisetrap for all traps inducedby instructionexecution,
except fordata_breakpoint traps.

SPARC64-III implementsprecisetrapsusingtwo differentapproaches;theseapproaches
affect the performance of the CPU but not the semantics of the trap.

Precise Issue T raps (Itraps):
Itraps(issuetraps)aredetectedwhentheinstructionis issued.TheCPUtreatsthe
trapasa branchto the traphandlerandstartsissuinginstructionsfrom thecorre-
spondingtrap handler. Itrap examplesincludewindow_fill, window_spill, and illegal_
instruction exceptions, the trap always (TA) instruction, and so on.

Precise Ex ecution T raps (Etraps):
Etraps(executiontraps)aredetectedwhenthe instructionis beingexecuted.The
CPUcancelsall instructionsfollowing the trap-inducinginstructionandwaits for
all instructionsprior to thetrap-inducinginstructionto complete.If thetrapis still
pending(thereare no prior instructiontraps),the CPU takes the trap and starts
issuinginstructionsfrom the correspondingtrap handler. Etrapexamplesinclude
fp_exception_other with ftt = unimplemented_FPop, data_access_exception, and
division_by_zero exceptions, and so on.

7.3.2 Deferred Traps

A deferred trap is also inducedby a particularinstruction,but unlike a precisetrap, a
deferredtrap may occur after program-visiblestatehasbeenchanged.Suchstatemay
have been changed by the execution of the trap-inducing instruction.

Associated with a particular deferred-trap implementation, there must exist:

■ An instructionthatcausesapotentiallyoutstandingdeferred-trapexceptionto betaken
as a trap
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■ Privilegedinstructionsthataccessthestateinformationneededby thesupervisorsoft-
wareto emulatethedeferred-trap-inducinginstructionandto resumeexecutionof the
trapped instruction stream.

Programming Note:
Among the actions that software can take after a deferred trap are:

● Emulatethe instructionsthatcausedtheexceptionanduseRETRY to returncon-
trol to the instruction at which the deferred trap was invoked, or

● Terminate the program or process associated with the trap.

SPARC64-III implements a deferred trap for the following trap type.

data_breakpoint (SPARC64-III-specific):
TheCPUcompletesall programvisible changesfor the trap-inducinginstruction.
Privilegedsoftwarecanskip thetrap-inducinginstructionto continueexecutionin
the context of the trap. The priority of the data_breakpoint is lower than all other
trapsthatcanbeinducedvia a load/storeoperation.See5.2.11.9,“DataBreakpoint
Registers (ASR26a and ASR26b)”, for details.

For deferredtraps,theTPCpointsto thetrapinducinginstruction,which mayhave made
programvisiblestatechanges,asdescribedabove.All instructionsprior to TPChavecom-
pletedandall instructionsubsequentto TPCremainunexecuted.Note: SPARC64-III does
not need a deferred-trapqueueas describedin SPARC-V9, since deferredtraps are
deferred only within the scope of the trap-inducing instruction.

7.3.3 Disrupting T raps

A disrupting trap is neithera precisetrapnor a deferredtrap.A disruptingtrapis caused
by a condition (for example,aninterrupt),ratherthandirectly by a particularinstruction;
this distinguishesit from preciseanddeferredtraps.Whena disruptingtraphasbeenser-
viced, programexecutionresumeswhere it left off. This differentiatesdisruptingtraps
from reset traps, which resume execution at the unique reset address.

Disrupting trapsarecontrolledby a combinationof the ProcessorInterruptLevel (PIL)
register and the Interrupt Enable(IE) field of PSTATE. A disrupting trap condition is
ignoredwheninterruptsaredisabled(PSTATE.IE = 0) or whenthe condition’s interrupt
level is lower than that specified in PIL.

A disruptingtrapmaybedueeitherto an interruptrequestnot directly relatedto a previ-
ouslyexecutedinstructionor to anexceptionrelatedto a previously executedinstruction.
Interruptrequestsmaybeeitherinternalor external.An interruptrequestcanbe induced
by theassertionof asignalnotdirectly relatedto any particularprocessoror memorystate.
Examples of this are the assertion of an “I/O done” signal.

A disrupting trap relatedto an earlier instructioncausingan exception is similar to a
deferredtrap in that it occursafter instructionsfollowing the trap-inducinginstruction
have modifiedthe processoror memorystate.The differenceis that the conditionwhich
causedtheinstructionto inducethetrapmayleadto unrecoverableerrors,sincetheimple-
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mentationmaynotpreserve thenecessarystate.An exampleof this is anECCdata-access
error reported after the corresponding load instruction has completed.

Disrupting trap conditions should persist until the corresponding trap is taken.

Programming Note:

Among the actions that trap-handler software might take after a disrupting trap are:

● Use RETRY to return to the instruction at which the trap was invoked

(PC← old PC, nPC← old nPC), or

● Terminate the program or process associated with the trap.

SPARC64-III implementsdisrupting traps in responseto asynchronousevents that are
detectedvia inputsignalsaswell asfor asynchronouserrorsdetectedwithin theCPU.The
SPARC64-III CPU recognizes two categories of disrupting traps.

Normal Disrupting T rap:
A normaldisruptingtrap is causedby interruptsignalsfrom theUPA bus,setting
SCHED_INTregister(ASR22),or a watchdogtimer overflow whenWDT_EN=1
and WDT_RED= 0 in the SCR register, or by an asynchronouserror. See
5.2.11.12, “State Control Register (ASR 31)”, for details.

● Interrupts: When the CPU is ready to accept an interrupt signal (basedon
PSTATE.IE andthePIL), it stopsissuinginstructionsandwaitsfor theCPUto qui-
esce.It thenissuesinstructionsfrom thecorrespondingtraphandlerif theinterrupt
conditionis still valid. TheTPCpointsto theinstructionthatwould have executed
in theabsenceof thedisruptingtrap.All instructionsprior to TPChave completed
and all instructions including and subsequent to TPC remain unexecuted.

● Watchdog: The TPC points to the earliest uncommitted instruction.

● Asynchronouserror:TheTPCpointsto theinstructionthatwouldhaveexecutedin
theabsenceof thedisruptingtrap.All instructionincludingandsubsequentto TPC
remain unexecuted.

RED_state Disrupting T rap:
A RED-statedisruptingtrapis causedby anexternalsignal(XIR). Watchdogtimer
overflows can also causea RED_statedisrupting trap if WDT_RED= 1 in the
SCRregister. See5.2.11.12,“StateControlRegister(ASR 31)” for details.When
theCPUdetectssucha signal,it cancelsall instructionsthathave beenissuedand
waits for theCPUto quiesce.TheCPUmaynot beableto cancela storeinstruc-
tion thathasbeenissuedto theD1-Cache.Note: Thesameappliesto loads(to I/O
registers)thathavesideeffects.TheTPCpointsto theinstructionthathasnot exe-
cuted(hasnot madeany program-visiblestatechange).Theexceptionto this rule:
TPC pointsto a load/storeoperation,in which casethe load/storeoperationmay
have causedprogramvisible statechanges.All instructionsprior to TPC have
completed, and all instructions subsequent to TPC remain unexecuted.
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7.3.4 Reset Traps

A resettrap occurswhensupervisorsoftwareor the implementation’s hardwaredeter-
minesthat themachinemustberesetto a known state.Resettrapsdiffer from disrupting
traps,sincethey do not resumeexecutionof theprogramthatwasrunningwhenthereset
trap occurred.

Power-on Reset (POR) is implemented by scanning in the reset state on SPARC64-III.

The following reset traps are defined for SPARC64-III:

Software-initiated reset (SIR):
Initiated by software by executing the SIR instruction.

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

Externall y initiated reset (XIR):
Initiatedin responseto anexternalsignal.This resettrapis normallyusedfor criti-
cal system events, such as power failure.

7.3.5 Uses of the T rap Categories

The SPARC-V9 trap model stipulates that:

1. Resettraps,exceptsoftware_initiated_reset traps,occurasynchronouslyto programexe-
cution.

2. Whenrecovery from anexceptioncanaffect the interpretationof subsequentinstruc-
tions, such exceptions shall be precise. These exceptions are:
● software_initiated_reset

● instruction_access_exception

● privileged_action

● privileged_opcode

● trap_instruction

● instruction_access_error

● clean_window

● fp_disabled

● LDDF_mem_address_not_aligned

● STDF_mem_address_not_aligned

● tag_overflow

● spill_n_normal

● spill_n_other

● fill_n_normal

● fill_n_other

3. All exceptions that occur as the result of program execution are precise in
SPARC64-III, except fordata_breakpoint.
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4. An exceptioncausedafter the initial accessof a multiple-accessloador storeinstruc-
tion (load-storedoubleword,LDSTUB, CASA, CASXA, or SWAP) thatcausesacata-
strophic exception is precise.

5. Exceptionscausedby externaleventsunrelatedto theinstructionstream,suchasinter-
rupts, are disrupting.

A deferredtrapmayoccuroneinstructionafterthetrap-inducinginstructionis dispatched.

Theonly deferredtrapin SPARC64-III is data_breakpoint. EvenonadeferredtraptheTPC
pointsto the instructionthat causedthe trapandfollowing instructionshave not yet exe-
cuted. Thus SPARC64-III does not need an integer or floating-point deferred-trap queue.

7.4 Trap Contr ol

Several registers control how any given trap is processed:

■ Theinterruptenable(IE) field in PSTATE andtheprocessorinterruptlevel (PIL) regis-
ter control interrupt processing.

■ The enablefloating-point unit (FEF) field in FPRS,the floating-point unit enable
(PEF)field in PSTATE, andthe trapenablemask(TEM) in theFSRcontrolfloating-
point traps.

■ The TL register, which containsthe currentlevel of trap nesting,controlswhethera
trap causes entry to execute_state, RED_state, or error_state.

■ PSTATE.TLE determineswhetherimplicit dataaccessesin the trap routine will be
performed using the big- or little-endian byte order.

7.4.1 PIL Contr ol

SPARC64-III receives external interrupts from the UPA interconnect.They causean
interrupt_vector_trap (TT=6016). Theinterruptvectortraphandlerreadstheinterruptinfor-
mation and then schedulesSPARC-V9 compatible interrupts by writing bits in the
SCHED_INT register. See 5.2.11.5, “Schedule Interrupt (SCHED_INT) Register
(ASR22)” for details.

If the PIL register is modified(with a WRPRinstruction)usinga sourceregister (other
than%g0+ imm), theCPUdoesnot respondto interruptrequestsuntil theWRPRinstruc-
tion completes (that is, until the new value of PIL is available).

During handling of SPARC-V9 compatibleinterruptsby the CPU, the PIL register is
checkedtwice.Thefirst checkcausestheCPUto quiesceto a point whereno instructions
areactive.At this point thevalueof thePIL registeris comparedagainstthecurrentinter-
rupt level to determineif all criteriaarestill met for the interrupt.If so,the interruptwill
be taken.

Betweenthe executionof instructions,the IU prioritizes the outstandingexceptionsand
interruptrequestsaccordingto Table30 on page150. At any giventime, only thehighest
priority exceptionor interrupt requestis taken as a trap.1 When thereare multiple out-
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standingexceptionsor interruptrequests,SPARC-V9 assumesthatlower-priority interrupt
requestswill persist and lower-priority exceptionswill recur if an exception-causing
instruction is reexecuted.

For interrupt requests,the IU comparesthe interrupt requestlevel against the processor
interruptlevel (PIL) register. If theinterruptrequestlevel is greaterthanPIL, theprocessor
takestheinterruptrequesttrap,assumingtherearenohigher-priority exceptionsoutstand-
ing.

SPARC64-III takes a normal disrupting trap for external interrupt signals.

7.4.2 TEM Contr ol

Theoccurrenceof floating-pointtrapsof type IEEE_754_exception canbecontrolledwith
theuser-accessibletrapenablemask(TEM) field of theFSR.If a particularbit of TEM is
1, the associatedIEEE_754_exception can cause anfp_exception_ieee_754 trap.

If a particularbit of TEM is 0, the associatedIEEE_754_exception doesnot causean fp_
exception_ieee_754 trap.Instead,theoccurrenceof theexceptionis recordedin theFSR’s
accrued exception field (aexc).

If an IEEE_754_exception resultsin an fp_exception_ieee_754 trap, then the destinationf
register, fccn, andaexcfieldsremainunchanged.However, if an IEEE_754_exception does
not resultin a trap,thenthef register, fccn, andaexcfieldsareupdatedto theirnew values.

7.5 Trap-tab le Entr y Ad dresses

Privilegedsoftwareinitializesthetrapbaseaddress(TBA) registerto theupper49 bits of
thetrap-tablebaseaddress.Bit 14 of thevectoraddress(the“TL >0” field) is setbasedon
thevalueof TL at thetime thetrapis taken;that is, to 0 if TL = 0 andto 1 if TL > 0. Bits
13..5 of thetrapvectoraddressarethecontentsof theTT register. Thelowestfive bits of
the trap address,bits 4..0, arealways0 (henceeachtrap-tableentry is at least25 or 32
bytes long). Figure 69 illustrates this.

Figure 69: Trap Vector Address (V9=39)

1. Thehighestpriority exceptionor interruptis theonewith thelowestpriority valuein Table30. For
example, a priority 2 exception is processed before a priority 3 exception.

63 15 14 0

TBA<63:15>

13 45

TL>0 TTTL 00000
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7.5.1 Trap Table Organization

The trap table layout is as illustrated inFigure 70.

Figure 70: Trap Table Layout (V9=40)

The trap table for TL = 0 comprises512 32-byteentries;the trap table for TL > 0 com-
prises 512 more 32-byte entries. Therefore, the total size of a full trap table is
512× 32 × 2, or 32K bytes.However, if privilegedsoftwaredoesnot usesoftwaretraps
(Tcc instructions) at TL> 0, the table can be made 24K bytes long.

7.5.2 Trap Type (TT)

Whenanormaltrapoccurs,avaluethatuniquelyidentifiesthetrapis written into thecur-
rent9-bit TT register(TT[TL]) by hardware.Control is thentransferredinto thetraptable
to an addressformedby the TBA register(“TL >0”) andTT[TL] (see5.2.8,“Trap Base
Address(TBA) Register”). Thelowestfive bits of theaddressarealwayszero;eachentry
in the trap table may contain the first eight instructions of the corresponding trap handler.

Programming Note:
Thespill/fill andclean_window traptypesarespacedsuchthattheir trap-tableentriesare128bytes
(32 instructions)long. This allows thecompletecodefor onespill/fill or clean_window routineto
reside in one trap-table entry.

Whenaspecialtrapoccurs,theTT registeris setasdescribedin 7.2.1,“RED_state”, Con-
trol is then transferredinto the RED_statetrap table to an addressformedby the RST-
Vaddr and an offset depending on the condition.

TT values 00016..0FF16 are reserved for hardware traps. TT values 10016..17F16 are
reserved for software traps(trapscausedby executionof a Tcc instruction).TT values
18016..1FF16 arereservedfor futureuses.Theassignmentof TT valuesto trapsis shown in
Table 29; Table 30 lists the traps in priority order. Traps marked with ‘†’ are the
SPARC64-III-specific traps.

Programming Note:
Thesetwo tables correspondto tables 14 and 15 in V9, except that unimplementedtraps in
SPARC64-III are omitted from tables 29 and 30.

The trap type for the clean_window exception is 02416. Three subsequenttrap vectors
(02516..02716) arereservedto allow for an inline (branchless)traphandler. Window spill/

Value of TL
Before the T rap

Trap Table Contents Trap Type

TL = 0

Hardware traps

Spill/fill traps

Software traps

Reserved

00016..07F16

08016..0FF16

10016..17F16

18016..1FF16

TL > 0

Hardware traps

Spill/fill traps

Software traps

Reserved

20016..27F16

28016..2FF16

30016..37F16

38016..3FF16
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fill trapsaredescribedin 7.5.2.1.Threesubsequenttrapvectorsarereservedfor eachspill/
fill vector, to allow for an inline (branchless) trap handle

Table 29: Exception and Interrupt Requests, by TT Value (V9=14)

Exception or Interrupt Request TT Priority Comments
power_on_reset 00116 0
externally_initiated_reset 00316 1
software_initiated_reset 00416 1
RED_state_exception 00516 1
instruction_access_exception 00816 5 MMU misses–protection exceptions only

instruction_access_error 00A16 3
illegal_instruction 01016 7
privileged_opcode 01116 6
fp_disabled 02016 8
fp_exception_ieee_754 02116 11
fp_exception_other 02216 11
tag_overflow 02316 14
clean_window 02416..02716 10
division_by_zero 02816 15
data_access_exception 03016 12
data_access_error 03216 12
mem_address_not_aligned 03416 10
LDDF_mem_address_not_aligned 03516 10
STDF_mem_address_not_aligned 03616 10
privileged_action 03716 11

interrupt_level_n (n = 1..15) 04116..04F16 32–n
interrupt_vector_trap † 06016 16
data_breakpoint † 06116 14
programmed_emulation_trap † 06216 6
async_error † 06316 2
32i_instruction_access_MMU_miss † 06416..06716 2 32 instr. trap for I-TLB miss
32i_data_access_MMU_miss † 06816..06B16 12 32 instr. trap for D-TLB miss
32i_data_access_protection † 06C16..06F16 12 32 instr. trap for dataprotection,including

write to clean page.
Watchdog † 07F16 1

spill_n_normal (n = 0..7) 08016..09F16 9

spill_n_other (n = 0..7) 0A016..0BF16 9

fill_n_normal (n = 0..7) 0C016..0DF16 9

fill_n_other (n = 0..7) 0E016..0FF16 9
trap_instruction 10016..17F16 16
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Table 30: Exception and Interrupt Requests, by Priority (0 = High; 31 = Low) (V9=15)

Exception or Interrupt Request TT Priority

power_on_reset 00116 0

externally_initiated_reset 00316 1

software_initiated_reset 00416 1

RED_state_exception 00516 1

Watchdog † 07F16 1

asnc_error † 06316 2

32i_instruction_access_MMU_miss † 06416..06716 2

instruction_access_error 00A16 3

instruction_access_exception 00816 5

privileged_opcode 01116 6

programmed_emulation_trap † 06216 6

illegal_instruction 01016 7

fp_disabled 02016 8

spill_n_normal (n = 0..7) 08016..09F16 9

spill_n_other (n = 0..7) 0A016..0BF16 9

fill_n_normal (n = 0..7) 0C016..0DF16 9

fill_n_other (n = 0..7) 0E016..0FF16 9

clean_window 02416..02716 10

mem_address_not_aligned 03416 10

LDDF_mem_address_not_aligned 03516 10

STDF_mem_address_not_aligned 03616 10

fp_exception_ieee_754 02116 11

fp_exception_other 02216 11

privileged_action 03716 11

data_access_exception 03016 12

data_access_error 03216 12

32i_data_access_MMU_miss † 06416..06B16 12

32i_data_access_protection † 06C16..06F16 12

tag_overflow 02316 14

data_breakpoint † 06116 14

division_by_zero 02816 15

interrupt_vector_trap † 06016 16

trap_instruction 10016..17F16 16

interrupt_level_n (n = 1..15) 04116..04F16 32–n
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7.5.2.1 Trap Type f or Spill/Fill T raps

Thetrap type for window spill/fill trapsis determinedbasedon thecontentsof theOTH-
ERWIN and WSTATE registers as shown in Figure 71:

Figure 71: Trap Type Encoding For Spill / Fill T raps

The fields have the following values:

SPILL_OR_FILL:
0102 for spill traps; 0112 for fill traps

OTHER:
(OTHERWIN ≠0)

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

7.5.3 Details of Suppor ted Traps

7.5.3.1 New 32 Instruction Length T raps

SPARC64-III supportsthree32 instructiontrapsfor handlingthemostperformancesensi-
tive MMU traps:

1. 32i_instruction_access_MMU_miss

2. 32i_data_access_MMU_miss

3. 32i_data_access_protection

The first two trapsaretaken whenthe main TLBs misson an instructionor dataaccess.
The third type of trap is taken whena protectionviolation occurs.The commoncaseof
this trap would be when a write request is made to a page marked as clean in the TLB.

Eachof thesetrapvectorstakesup 4 slotsin thetraptable;this meansthateachtraphan-
dlers can contain up to 32 instructions before a branch is needed.

7.5.3.2 Other SPARC64-III Implementation-Specific T raps

SPARC64-III supports the following implementation-specific trap types:

1. interrupt_vector_trap

2. data_breakpoint

3. async_error

4. watchdog

5. programmed_emulation_trap

Trap Type

05 2

0SPILL_OR_FILL

1468

0WTYPEOTHER



152 7 Traps

7.5.3.3 Unimplemented T raps in SPARC64-III

1. Watchdog reset

2. instruction_access_MMU_miss

3. unimplemented_LDD

4. unimplemented_STD

5. internal_processor_error

6. data_access_MMU_miss

7. data_access_protection

8. LDQF_mem_address_not_aligned

9. STQF_mem_address_not_aligned

10. async_data_error

7.5.4 Trap Priorities

Table29 on page149shows theassignmentof trapsto TT valuesandtherelative priority
of trapsandinterruptrequests.Priority 0 is highest,priority 31 is lowest;thatis, if X < Y, a
pendingexceptionor interruptrequestwith priority X is takeninsteadof a pendingexcep-
tion or interrupt request with priorityY.

However, theTT valuesfor theexceptionsandinterruptrequestsshown in Table29 must
remain the same for every implementation.

Thetrapprioritiesgivenabovealwaysneedto beconsideredin light of how theCPUactu-
ally issuesand executesinstructions.For example, if an instruction_access_error occurs
(priority 3), it will be taken even if the instructionwasan SIR (priority 1). This occurs
becausetheCPUgetsthe instruction_access_error during I-fetch andnever actuallyissues
or executestheinstruction,sotheSIR is never seenby thebackendof theCPU.This is an
obvious case, but there are other more subtle cases.

In summary, the trap priorities are usedto prioritize trapsthat occur in the sameclock
cycle. They do not take into considerationthat an instructionmay be alive for multiple
cyclesandthata trapmaybedetectedandinitiatedearlyin thelife onaninstruction.Once
the early trap is taken, any errorsthat might have occurredlater in the instruction’s life
will not be seen.

7.5.4.1 Priority Or dering of Priority 1 and 2 T raps

Sincemultiple priority 1 and2 trapscanoccursimultaneously, SPARC64-III enforcesthe
following priority within the priority 1 and 2 traps:

1. XIR

2. SIR

3. async_error
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For example,if the SPARC64-III CPU detectsan async_error and SIR simultaneously, it
takes theSIR.

7.6 Trap Pr ocessing

Theprocessor’sactionduringtrapprocessingdependsonthetraptype,thecurrentlevel of
trap nesting(given in the TL register),andthe processorstate.All trapsusenormaltrap
processing,except those due to reset requests,catastrophicerrors, traps taken when
TL = MAXTL – 1, andtrapstaken whenthe processoris in RED_state.Thesetrapsuse
special RED_state trap processing.

During normaloperation,theprocessoris in execute_state.It processestrapsin execute_
state and continues.

Whena normaltrapor software-initiatedreset(SIR) occurswith TL = MAXTL, thereare
no morelevelson the trapstack,so theprocessorenterserror_stateandhalts.In orderto
avoid this catastrophicfailure,SPARC-V9 providestheRED_stateprocessorstate.Traps
processedin RED_stateusea specialtrap vectoranda specialtrap-vectoringalgorithm.
RED_statevectoringandthesettingof theTT valuefor RED_statetrapsaredescribedin
7.2.1, “RED_state.”

Trapsthat occur with TL = MAXTL – 1 are processedin RED_state.In addition, reset
trapsarealsoprocessedin RED_state.Resettrapprocessingis describedin 7.6.2,“Special
TrapProcessing.” Finally, supervisorsoftwarecanforce theprocessorinto RED_stateby
setting the PSTATE.RED flag to one.

OncetheprocessorhasenteredRED_state,nomatterhow it got there,all subsequenttraps
areprocessedin RED_stateuntil softwarereturnstheprocessorto execute_stateor a nor-
mal or SIR trap is taken when TL = MAXTL, which puts the processorin error_state.
Tables31, 32, and33 describethe processormodeandtrap-level transitionsinvolved in
handling traps:

†This state occurs when software changes TL to MAXTL and does not set PSTATE.RED, or if it
clears PSTATE.RED while at MAXTL.

Table 31: Trap Received While in execute_state (V9=16)

New State , after receiving trap type

Original State Normal T rap
or Interrupt POR XIR,

Impl. Dep. SIR

execute_state

TL < MAXTL – 1

execute_state

TL + 1

RED_state

MAXTL

RED_state

TL + 1

RED_state

TL + 1

execute_state

TL = MAXTL – 1

RED_state

MAXTL

RED_state

MAXTL

RED_state

MAXTL

RED_state

MAXTL

execute_state†

TL = MAXTL

error_state

MAXTL

RED_state

MAXTL

error_state

MAXTL

error_state

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

7.6.1 Normal T rap Pr ocessing

A normal trap causes the following state changes to occur:

■ If theprocessoris alreadyin RED_state,thenew trapis processedin RED_stateunless
TL = MAXTL. See 7.6.2.6, “Normal Traps When the Processor Is in RED_state.”

■ If the processoris in execute_stateand the trap level is one lessthan its maximum
value, that is, TL = MAXTL –1, the processorentersRED_state.See7.2.1, “RED_
state” and 7.6.2.1, “Normal Traps with TL= MAXTL – 1.”

■ If theprocessoris in eitherexecute_stateor RED_state,andthetraplevel is alreadyat
its maximumvalue,that is, TL = MAXTL, theprocessorenterserror_state.See7.2.2,
“Error_state.”

Otherwise, the trap uses normal trap processing, and the following state changes occur:

■ Thetraplevel is set.Thisprovidesaccessto afreshsetof privilegedtrap-stateregisters
used to save the current state, in effect, pushing a frame on the trap stack.

TL ← TL + 1

■ Existing state is preserved

Table 32: Trap Received While in RED_state (V9=17)

New State , after receiving trap type

Original State Normal T rap
or Interrupt POR XIR,

Impl. Dep. SIR

RED_state

TL < MAXTL – 1

RED_state

TL + 1

RED_state

MAXTL

RED_state

TL + 1

RED_state

TL + 1

RED_state

TL = MAXTL – 1

RED_state

MAXTL

RED_state

MAXTL

RED_state

MAXTL

RED_state

MAXTL

RED_state

TL = MAXTL

error_state

MAXTL

RED_state

MAXTL

error_state

MAXTL

error_state

MAXTL

Table 33: Reset Received While in error_state (V9=18)

New State , after receiving trap type

Original State Normal T rap
or Interrupt POR XIR,

Impl. Dep. SIR

error_state

TL < MAXTL – 1
—

RED_state

MAXTL

RED_state

TL + 1
—

error_state

TL = MAXTL – 1
—

RED_state

MAXTL

RED_state

MAXTL
—

error_state

TL = MAXTL
—

RED_state

MAXTL

error_state

MAXTL
—
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TSTATE[TL].CCR ← CCR

TSTATE[TL].ASI ← ASI

TSTATE[TL].PSTATE ← PSTATE

TSTATE[TL].CWP ← CWP

TPC[TL] ← PC

TNPC[TL] ← nPC

■ The trap type is preserved.

TT[TL] ← the trap type

■ The PSTATE register is updated to a predefined state

PSTATE.MM is unchanged

PSTATE.RED ← 0

PSTATE.PEF ← 1 if FPU is present, 0 otherwise

PSTATE.AM ← 0 (address masking is turned off)

PSTATE.PRIV ← 1 (the processor enters privileged mode)

PSTATE.IE ← 0 (interrupts are disabled)

PSTATE.AG ← 1 (global regs are replaced with alternate globals)

PSTATE.CLE ← PSTATE.TLE (set endian mode for traps)

PSTATE.TLE is unchanged

■ For a register-window traponly, CWPis setto point to theregisterwindow thatmust
be accessed by the trap-handler software, that is:

● If TT[TL] = 02416 (aclean_window trap), then CWP← CWP+ 1.

● If (08016 ≤ TT[TL] ≤ 0BF16) (window spill trap), then CWP←
CWP+ CANSAVE + 2.

● If (0C016 ≤ TT[TL] ≤ 0FF16) (window fill trap), then CWP← CWP–1.

For nonregister-window traps, CWP is not changed.

■ Control is transferred into the trap table:

PC ← TBA<63:15>  (TL>0)  TT[TL]  0 0000

nPC ← TBA<63:15>  (TL>0)  TT[TL]  0 0100

where “(TL>0)” is 0 if TL= 0, and 1 if TL> 0.

Interrupts are ignored as long as PSTATE.IE = 0.
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Programming Note:
Statein TPC[n], TNPC[n], TSTATE[n], andTT[n] is only changedautonomouslyby theprocessor
when a trap is taken while TL = n–1; however, software can changeany of thesevalueswith a
WRPR instruction when TL= n.

7.6.2 Special T rap Pr ocessing

The following conditions invoke special trap processing:

■ Traps taken with TL= MAXTL – 1

■ Power-on reset traps

■ Watchdog reset traps

■ Externally initiated reset traps

■ Software-initiated reset traps

■ Traps taken when the processor is already in RED_state

■ Implementation-dependent traps

7.6.2.1 Normal T raps with TL = MAXTL – 1

NormaltrapsthatoccurwhenTL = MAXTL – 1 areprocessedin RED_state.Thefollow-
ing state changes occur:

■ The trap level is advanced.

TL ← MAXTL

■ Existing state is preserved

TSTATE[TL].CCR ← CCR

TSTATE[TL].ASI ← ASI

TSTATE[TL].PSTATE ← PSTATE

TSTATE[TL].CWP ← CWP

TPC[TL] ← PC

TNPC[TL] ← nPC

■ The trap type is preserved.

TT[TL] ← the trap type

■ The PSTATE register is set as follows:

PSTATE.MΜ ← 002 (TSO)

PSTATE.RED ← 1 (enter RED_state)

PSTATE.PEF ← 1 if FPU is present, 0 otherwise
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PSTATE.AM ← 0 (address masking is turned off)

PSTATE.PRIV ← 1 (the processor enters privileged mode)

PSTATE.IE ← 0 (interrupts are disabled)

PSTATE.AG ← 1 (global regs are replaced with alternate globals)

PSTATE.CLE ← 0 (big-endian mode for traps)

PSTATE.TLE ← 0 (big-endian mode for traps)

■ For a register-window traponly, CWPis setto point to theregisterwindow thatmust
be accessed by the trap-handler software, that is:

● If TT[TL] = 02416 (aclean_window trap), then CWP← CWP+ 1.

● If (08016 ≤ TT[TL] ≤ 0BF16) (window spill trap), then CWP←
CWP+ CANSAVE + 2.

● If (0C016 ≤ TT[TL] ≤ 0FF16)(window fill trap), then CWP← CWP–1.

For nonregister-window traps, CWP is not changed.

■ Implementation-specific state changes; for example, disabling an MMU

■ Control is transferred into the RED_state trap table

PC ← RSTVaddr<63:8>  101000002

nPC ← RSTVaddr<63:8>  101001002

7.6.2.2 Power-On Reset (POR) Traps

PORtrapsoccurwhenpower is appliedto theprocessor. If theprocessoris in error_state,
apower-on reset(POR)bringstheprocessoroutof error_stateandplacesit in RED_state.
Processor state is undefined after POR, except for the following:

■ The trap level is set.

TL ← MAXTL

■ The trap type is set.

TT[TL] ← 00116

■ The PSTATE register is set as follows:

PSTATE.MM ← 002 (TSO)

PSTATE.RED ← 1 (enter RED_state)

PSTATE.PEF ← 1 if FPU is present, 0 otherwise

PSTATE.AM ← 0 (address masking is turned off)

PSTATE.PRIV ← 1 (the processor enters privileged mode)

PSTATE.IE ← 0 (interrupts are disabled)
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PSTATE.AG ← 1 (global regs are replaced with alternate globals)

PSTATE.TLE ← 0 (big-endian mode for traps)

PSTATE.CLE ← 0 (big-endian mode for non-traps)

■ The TICK register is protected.

TICK.NPT ← 1 (TICK unreadable by nonprivileged software)

■ Implementation-specific state changes; for example, disabling an MMU

■ Control is transferred into the RED_state trap table

PC ← RSTVaddr<63:8>  001000002

nPC ← RSTVaddr<63:8>  001001002

For any resetwhenTL = MAXTL, for all n<MAXTL, the valuesin TPC[n], TNPC[n],
and TSTATE[n] are undefined.

In SPARC64-III PORstateis scannedinto theCPUfrom theScanPROM. After thescan
the CPU clock is started and the CPU begins executing the POR trap handler.

SeeO.1.1, “Power-on Reset (POR)” for more information.

7.6.2.3 Watchdog Reset (WDR) T raps

SPARC64-III does not support Watchdog Reset (WDR) reset traps.

7.6.2.4 Externall y Initiated Reset (XIR) T raps

XIR trapsareinitiatedby anexternalsignal.They behave like aninterruptthatcannotbe
maskedby IE = 0 or PIL. Typically, XIR is usedfor critical systemeventssuchaspower
failure,resetbuttonpressed,failureof externalcomponentsthatdoesnot requirea WDR
(which aborts operations), or system-wide reset in a multiprocessor.

The following state changes occur:

■ If TL = MAXTL, the CPU enterserror_state. Otherwise, it does the following:

■ The trap level is set.

TL ← TL + 1

■ Existing state is preserved.

TSTATE[TL].CCR ← CCR

TSTATE[TL].ASI ← ASI

TSTATE[TL].PSTATE ← PSTATE

TSTATE[TL].CWP ← CWP

TPC[TL] ← PC

TNPC[TL] ← nPC
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■ TT[TL] is set as described below.

■ The PSTATE register is set as follows:

PSTATE.MM ← 002 (TSO)

PSTATE.RED ← 1 (enter RED_state)

PSTATE.PEF ← 1 if FPU is present, 0 otherwise

PSTATE.AM ← 0 (address masking is turned off)

PSTATE.PRIV ← 1 (the processor enters privileged mode)

PSTATE.IE ← 0 (interrupts are disabled)

PSTATE.AG ← 1 (global regs are replaced with alternate globals)

PSTATE.CLE ← 0 (big endian mode for traps)

PSTATE.TLE ← 0 (big endian mode for traps)

■ Implementation-specific state changes; for example, disabling an MMU.

■ Control is transferred into the RED_state trap table.

PC ← RSTVaddr<63:8>  011000002

nPC ← RSTVaddr<63:8>  011001002

TT is set in the samemannerasfor watchdogreset.If the processoris in execute_state
when the externally initiated reset (XIR) occurs, TT= 3.

For any resetwhenTL = MAXTL, for all n<MAXTL, the valuesin TPC[n], TNPC[n],
and TSTATE[n] are undefined.

SeeO.1.3, “Externally Initiated Reset (XIR)” for more information.

7.6.2.5 Software-initiated Reset (SIR) T raps

Normally in SPARC-V9 CPUs,SIR trapsareinitiatedby executinganSIR instruction.In
SPARC64-III, however, SIR is initiatedby a WRASR#27(WRSIR)instruction.Supervi-
sor software uses the SIR trap as a panic operation, or a meta-supervisor trap.

The following state changes occur:

■ If TL = MAXTL, then enter error_state. Otherwise, do the following:

■ The trap level is set.

TL ← TL + 1

■ Existing state is preserved

TSTATE[TL].CCR ← CCR

TSTATE[TL].ASI ← ASI

TSTATE[TL].PSTATE ← PSTATE
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TSTATE[TL].CWP ← CWP

TPC[TL] ← PC

TNPC[TL] ← nPC

■ The trap type is set.

TT[TL] ← 0416

■ The PSTATE register is set as follows:

PSTATE.MM ← 002 (TSO)

PSTATE.RED ← 1 (enter RED_state)

PSTATE.PEF ← 1 if FPU is present, 0 otherwise

PSTATE.AM ← 0 (address masking is turned off)

PSTATE.PRIV ← 1 (the processor enters privileged mode)

PSTATE.IE ← 0 (interrupts are disabled)

PSTATE.AG ← 1 (global regs are replaced with alternate globals)

PSTATE.CLE ← 0 (big endian mode for traps)

PSTATE.TLE ← 0 (big endian mode for traps)

■ Implementation-specific state changes; for example, disabling an MMU.

■ Control is transferred into the RED_state trap table

PC ← RSTVaddr<63:8>  100000002

nPC ← RSTVaddr<63:8>  100001002

For any resetwhenTL = MAXTL, for all n < MAXTL, the valuesin TPC[n], TNPC[n],
and TSTATE[n] are undefined.

SeeO.1.4, “Software Initiated Reset (SIR)” for more information.

7.6.2.6 Normal T raps When the Pr ocessor Is in RED_state

Normal traps taken when the processoris alreadyin RED_stateare also processedin
RED_state, unless TL= MAXTL, in which case the processor enters error_state.

The processor state shall be set as follows:

■ The trap level is set.

TL ← TL + 1

■ Existing state is preserved.

TSTATE[TL].CCR ← CCR

TSTATE[TL].ASI ← ASI
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TSTATE[TL].PSTATE ← PSTATE

TSTATE[TL].CWP ← CWP

TPC[TL] ← PC

TNPC[TL] ← nPC

■ The trap type is preserved.

TT[TL] ← trap type

■ The PSTATE register is set as follows:

PSTATE.MM ← 002 (TSO)

PSTATE.RED ← 1 (enter RED_state)

PSTATE.PEF ← 1 if FPU is present, 0 otherwise

PSTATE.AM ← 0 (address masking is turned off)

PSTATE.PRIV ← 1 (the processor enters privileged mode)

PSTATE.IE ← 0 (interrupts are disabled)

PSTATE.AG ← 1 (global regs are replaced with alternate globals)

PSTATE.CLE ← 0 (big endian mode for traps)

PSTATE.TLE ← 0 (big endian mode for traps)

■ For a register-window traponly, CWPis setto point to theregisterwindow thatmust
be accessed by the trap-handler software, that is:

● If TT[TL] = 02416 (aclean_window trap), then CWP← CWP+ 1.

● If (08016 ≤ TT[TL] ≤ 0BF16) (window spill trap), then
CWP← CWP+ CANSAVE + 2.

● If (0C016 ≤ TT[TL] ≤ 0FF16) (window fill trap), then CWP← CWP– 1.

For nonregister-window traps, CWP is not changed.

■ Implementation-specific state changes; for example, disabling an MMU

■ Control is transferred into the RED_state trap table

PC ← RSTVaddr<63:8>  101000002

nPC ← RSTVaddr<63:8>  101001002

7.7 Exception and Interrupt Descriptions

The following paragraphsdescribethe variousexceptionsandinterruptrequestsandthe
conditionsthatcausethem.Eachexceptionandinterruptrequestdescribesthecorrespond-
ing trap type as definedby the trap model.Trapsmarked with a closedbullet ‘●’ are
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definedby SPARC-V9 andimplementedin SPARC64-III. Trapsmarkedwith adagger‘†’
are implementation-dependentand definedonly in SPARC64-III. Note: This encoding
differs from that shown in V9. Eachtrap is marked as precise,deferred,disrupting,or
reset.Exampleexceptionconditionsare includedfor eachexceptiontype. AppendixA,
“Instruction Definitions”, enumerates which traps can be generated by each instruction.

† 32i_data_access_MMU_miss [tt = 06816 through 06B16] (Precise ETrap)

This trapoccurswhentheMMU detectsa Main TLB misswhile makingandata
access.This trap takes4 trap vectors.This allows the main TLB misshandlerto
execute up to 32 instructions before needing to branch out of the trap handler.

† 32i_data_access_protection [tt = 06C16 through 06F16] (Precise ETrap)

This trap occurswhenthe MMU detectsa Main TLB protectionviolation while
makinga dataaccess.This trap takes4 trap vectors.This allows the main TLB
misshandlerto executeup to 32 instructionsbeforeneedingto branchout of the
trap handler.

† 32i_instruction_access_MMU_miss [tt = 06416 through 06716] (Precise ITrap)

This trap occurswhen the MMU detectsa Main TLB miss while making an
instructionaccess.This trap takes4 trap vectors.This allows the main TLB miss
handlerto executeup to 32 instructionsbeforeneedingto branchout of the trap
handler.

† async_error [tt = 06316] (Disrupting)

The CPU detectsan asynchronouserror. SeeP.7.1, “Read/WriteTDU Error Log
Register”, P.7.2, “Read/Write ICU Error Log Register”, and P.7.3, “Read/Write
DC Error Log Register” for detailsof the typesof hardwareerrorsthatcancause
this trap.

● clean_window [tt = 02416..02716] (Precise)

A SAVE instructiondiscoveredthat the window aboutto be usedcontainsdata
from another address space; the window must be cleaned before it can be used.

● data_access_error [tt = 03216] (Precise)

An error occurredon a dataaccess.The detailedinformationof the dataaccess
erroris loggedinto theFTYPEfield of DataAccessFault TypeRegister(ASR29).
Below is thelist of errorsandtheir descriptionswhich causeandata_access_error
trap.

µDTLB Multiple Hit:
A mulitple hit in uDTLB occurs on a data access.

     MTLB Parity Err or:
A parity error in MTLB occurs on a data access.

     MTLB Multiple Hit:
A mulitple hit in MTLB occurs on a data access.

     D1 Cache Tag Parity Err or:
A parity error in D1 Cache Tag occurs on a data access.
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D1 Cache Tag Multiple Hit:
A multiple hit in D1 Cache Tag occurs on a data access.

D1 Cache Data ECC Single Bit Err or:
An ECC single bit error in D1 Cache Data occurs on a data access.

D1 Cache Data ECC Multiple Bit Err or:
An ECC multiple bit error in D1 Cache Data occurs on a data access.

UPA Bus Err or:
A S_ERR reply is received from the system controller for a data access.

UPA Time Out:
A S_RTO reply is received from the system controller for a data access.

See5.2.11.10.2,“Data AccessFault TypeRegister(ASR29)” for theTYPEencod-
ing and the error priority.

● data_access_exception [tt = 03016] (Precise)

An exceptionoccurredon a dataaccess.The detailedinformation of the data
accesserror is logged into FTYPE field of Data AccessFault Type Register
(ASR29).Below is the list of exceptionsand their descriptionswhich causean
data_access_exception trap.

Invalid ASI:
An attempt to do load or store with undefined or reserved ASI.

Illegal Access to Str ongl y Ordered Page:
An attemptto accessa stronglyorderedpageby any type of load instruc-
tion with non_faulting ASI.
An attempt to access a strongly ordered page by FLUSH instruction.

Illegal Access to Non F aulting Onl y Page:
An attemptto accessa nonfaultingonly pageby any typeof loador store
instruction or FLUSH instruction with ASI other than non-faulting ASI.

Illegal Access to Noncac heble Page:
An attemptto accessa noncacheablepageby atomicinstructions(CASA,
CASXA, SWAP, SWAPA, LDSTUB, LDSTUBA).
An attemptto accessanoncacheablepageby atomicquadloadinstructions
(LDDA with ASI=24, 2c).
An attempt to access a noncacheable page by FLUSH instruction.

See5.2.11.10.2,“DataAccessFaultTypeRegister(ASR29)” for theTYPEencod-
ing and the exception prioprity.

† data_breakpoint [tt = 06116] (Deferred)

The virtual addressandaccessprivilege of a committedload or storematchthe
address and access privilege in the Data Breakpoint Register.
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● division_by_zero [tt = 02816] (Precise)

An integer divide instruction attempted to divide by zero.

● externally_initiated_r eset [tt = 00316] (Reset)

An externalsignalwasasserted.This trap is usedfor catastrophiceventssuchas
power failure, resetbutton pressed,andsystem-wideresetin multiprocessorsys-
tems.

● fill_n_normal [tt = 0C016..0DF16] (Precise)

● fill_n_other [tt = 0E016..0FF16] (Precise)

A RESTOREor RETURNinstructionhasdeterminedthat thecontentsof a regis-
ter window must be restored from memory.

Compatibility Note:
The SPARC-V9 fill_n_* exceptions supersede the SPARC-V8 window_underflow exception.

● fp_disabled [tt = 02016] (Precise)

An attemptwasmadeto executean FPop,a floating-pointbranch,or a floating-
point load/storeinstructionwhile an FPU was not present,PSTATE.PEF= 0, or
FPRS.FEF= 0.

● fp_exception_ieee_754 [tt = 02116] (Precise)

An FPopinstructiongeneratedanIEEE_754_exceptionandits correspondingtrap
enablemask(TEM) bit was1. Thefloating-pointexceptiontype,IEEE_754_excep-
tion, is encodedin the FSR.ftt, and specific IEEE_754_exception information is
encoded in FSR.cexc.

● fp_exception_other [tt = 02216] (Precise)

An FPopinstructiongeneratedanexceptionotherthanan IEEE_754_exception. For
example,theFPopis unimplemented,or therewasasequenceor hardwareerrorin
the FPU. The floating-point exception type is encoded in the FSR’s ftt field.

● illegal_instruction [tt = 01016] (Precise)

An attemptwasmadeto executeaninstructionwith anunimplementedopcode,an
ILLTRAP instruction,aninstructionwith invalid field usage,or aninstructionthat
would result in illegal processorstate.Note: UnimplementedFPop instructions
generatefp_exception_other traps.

● instruction_access_error [tt = 00A16] (Precise)

An error occurredon an instruction access.The detailed information of the
instructionaccesserror is loggedinto theFTYPEfield of InstructionAccessFault
Type Register (ASR24).Below is the list of errorsand their descriptionswhich
cause an instruction_access_error trap.

I0 Cache Tag Parity Err or:
A parity error in I0 Cache Tag occurs on an instruction access.

I0 Cache Data Parity Err or:
A parity error in I0 Cache Data occurs on an instruction access.
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µITLB Multiple Hit:
A mulitple hit in uITLB occurs on an instruction access.

MTLB Parity Err or:
A parity error in MTLB occurs on an instruction access.

MTLB Multiple Hit:
A mulitple hit in MTLB occurs on an instruction access.

I1 Cache Tag Parity Err or:
A parity error in I1 Cache Tag occurs on an instruction access.

I1 Cache Tag Multiple Hit:
A multiple hit in I1 Cache Tag occurs on an instruction access.

I1 Cache Data ECC Single Bit Err or:
An ECC single bit error in I1 Cache Data occurs on an instruction access.

I1 Cache Data ECC Multiple Bit Err or:
An ECC multiple bit error in I1 CacheData occurson an instruction
access.

UPA Bus Err or:
A S_ERRreply is received from the systemcontroller for an instruction
access.

UPA Time Out:
A S_RTO reply is received from the systemcontroller for an instruction
access.

See5.2.11.7,“Instruction AccessFault Type Register (ASR24)” for the TYPE
encoding and the error prioprity.

● instruction_access_exception [tt = 00816] (Precise)

A protectionexceptionoccurredon an instructionaccess.That is, an MMU indi-
cated that the page was not executable.

● interrupt_le vel_n [tt = 04116..04F16] (Disrupting)

An interruptrequestlevel of n waspresentedto theIU, while PSTATE.IE = 1 and
(interrupt request level > PIL).

† interrupt_v ector_trap [tt = 06016] (Disrupting)

PSTATE.IE is setandaninterrupttransaction(P_INT_REQ)andtheinterruptdata
are received from the UPA bus.

● LDDF_mem_address_not_aligned [tt = 03516] (Precise)

An attemptwasmadeto executean LDDF instructionand the effective address
was not doubleword-aligned. SeeA.25, “Load Floating-point”.
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● mem_address_not_aligned [tt = 03416] (Precise)

A load/storeinstructiongeneratedamemoryaddressthatwasnotproperlyaligned
accordingto the instruction,or a JMPL or RETURNinstructiongenerateda non-
word-aligned address.

● power_on_reset [tt = 00116] (Reset)

An externalsignalwasasserted.This trapis issuedto bring a systemreliably from
the power-off to the power-on state.

● pri vileged_action [tt = 03716] (Precise)

An actiondefinedto be privilegedhasbeenattemptedwhile PSTATE.PRIV= 0.
Examples:a dataaccessby nonprivileged software using an ASI value with its
mostsignificantbit = 0 (a restrictedASI), or anattemptto readtheTICK register
by nonprivileged software when TICK.NPT= 1.

● pri vileged_opcode [tt = 01116] (Precise)

An attempt was made to execute a privileged instruction while PSTATE.PRIV= 0.

Compatibility Note:
This trap type is identicalto theSPARC-V8 privileged_instruction trap.Thenamewaschangedto
distinguish it from the new privileged_action trap type.

† programmed_emulation_trap (tt = 0x062, priority = 6, Precise).

Allow emulationof certaininstructionsthathave not beenimplementedcorrectly
in aparticularrevisionof theSPARC64-III CPU.Theencodingof instructionsthat
will causethis trapcanbe“scanned”into internalregisters(not visible to supervi-
sor software)via the debuggingconsole.See5.2.15,“Emulation Trap Registers”
for details.

● software_initiated_reset [tt = 00416] (Reset)

Causedby theexecutionof theWRSIR,write to SIRregister, instruction.It allows
system software to reset the processor.

● spill_n_normal [tt = 08016..09F16] (Precise)

● spill_n_other [tt = 0A016..0BF16] (Precise)

A SAVE or FLUSHW instructionhasdeterminedthat the contentsof a register
window must be saved to memory.

Compatibility Note:
The SPARC-V9 spill_n_* exceptions supersede the SPARC-V8 window_overflow exception.

● STDF_mem_address_not_aligned [tt = 03616] (Precise)

An attemptwasmadeto executeanSTDFinstructionandtheeffectiveaddresswas
not doubleword-aligned. SeeA.52, “Store Floating-point”.

● tag_overflow [tt = 02316] (Precise)

A TADDccTV or TSUBccTV instructionwas executed,and either 32-bit arith-
meticoverflow occurredor at leastoneof thetagbitsof theoperandswasnonzero.
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● trap_instruction  [tt = 10016..17F16] (Precise)
A Tcc instruction was executed and the trap condition evaluated to TRUE.

† watchdog [tt = 07F16] (Disrupting)
This trap occurswhen the watchdogtimer (which will be increasedevery cycle
and reseton any instructioncommitted)overflows a value specifiedin the SCR
register. Whetherthis trap is handledin RED_stateor normalstateis determined
by theW_REDbit in theSCR.See5.2.11.12,“StateControlRegister(ASR 31)”
for details on how the watchdog timer is enabled and controlled.

All other trap types are reserved.
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8 Memor y Models

Althoughthis chaptercontainsa greatdealof theoreticalinformation,we have includedit
so that thediscussionof theSPARC64-III’ s memorymodelsin 8.1.1hassufficient back-
ground.

8.1 Intr oduction

The SPARC-V9 memory models define the semanticsof memory operations.The
instructionsetsemanticsrequirethatloadsandstoresseemto beperformedin theorderin
which they appearin thedynamiccontrolflow of theprogram.Theactualorderin which
they areprocessedby thememorymaybedifferent.Thepurposeof thememorymodelsis
to specify what constraints, if any, are placed on the order of memory operations.

The memorymodelsapply both to uniprocessorandto shared-memorymultiprocessors.
Formalmemorymodelsarenecessaryin orderto preciselydefinetheinteractionsbetween
multiple processorsandinput/outputdevicesin a shared-memoryconfiguration.Program-
ming shared-memorymultiprocessorsrequiresa detailedunderstandingof the operative
memorymodel and the ability to specify memoryoperationsat a low level in order to
build programsthat can safely and reliably coordinatetheir activities. SeeAppendix J,
“ProgrammingWith theMemoryModels” in V9 for additionalinformationon theuseof
the models in programming real systems.

TheSPARC-V9 architectureis amodel thatspecifiesthebehavior observableby software
on SPARC-V9 systems.Therefore,accessto memorycanbeimplementedin any manner,
as long as the behavior observed by softwareconformsto that of the modelsdescribed
here and defined inAppendix D, “Formal Specification of the Memory Models” inV9.

The SPARC-V9 architecturedefinesthreedifferentmemorymodels:Total Store Order
(TSO), Partial Store Order (PSO), and Relaxed Memory Order (RMO ). All
SPARC-V9 processorsmustprovideTotalStoreOrder(or amorestronglyorderedmodel,
for example, Sequential Consistency) to ensure SPARC-V8 compatibility.

Whetherthe PSOor RMO modelsaresupportedby SPARC-V9 systemsis implementa-
tion-dependent;they are not supported as defined by SPARC64-III. See 8.1.1,
“SPARC64-III Hardware Memory Models” for details.

{�|
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Figure 72 shows the relationshipof the variousSPARC-V9 memorymodels,from the
leastrestrictive to themostrestrictive.Programswrittenassumingonemodelwill function
correctly on any included model.

Figure 72: Memory Models: Least Restrictive (RMO) to Most Restrictive (TSO)
(V9=41)

SPARC-V9 provides multiple memory models so that:

■ Implementations can schedule memory operations for high performance.

■ Programmers can create synchronization primitives using shared memory.

Thesemodelsare describedinformally in this subsectionand formally in Appendix D,
“FormalSpecificationof theMemoryModels” in V9. If thereis aconflict in interpretation
betweentheinformal descriptionprovidedhereandtheformal models,theformal models
supersede the informal description.

Thereis nopreferredmemorymodelfor SPARC-V9. Programswritten for RelaxedMem-
ory Orderwill work in bothPartial StoreOrderandTotal StoreOrder.Programswritten
for PartialStoreOrderwill work in TotalStoreOrder. Programswritten for aweakmodel,
such as RMO, may executemore quickly, since the model exposesmore scheduling
opportunities,but may also requireextra instructionsto ensuresynchronization.Multi-
processorprogramswritten for a strongermodel will behave unpredictablyif run in a
weaker model.

Machinesthat implementsequential consistency(alsocalledstrongorderingor strong
consistency) automaticallysupportprogramswritten for TSO,PSO,andRMO. Sequential
consistency is not a SPARC-V9 memory model. In sequentialconsistency, the loads,
stores,andatomicload-storesof all processorsareperformedby memoryin a serialorder
thatconformsto theorderin which theseinstructionsareissuedby individual processors.
A machinethatimplementssequentialconsistency maydeliver lowerperformancethanan
equivalent machinethat implementsa weaker model. Although particular SPARC-V9
implementationsmay supportsequentialconsistency, portablesoftwaremustnot rely on
having this model available.

Notes About the SP ARC64-III Memor y Models

Fromtheprogrammerspointof view SPARC64-III completelysupportsthememorymod-
els specified in SPARC-V9.

However, SPARC64-III makes a distinction betweenthe memorymodel chosenby the
programmerfor runninghis codeand the underlyingmemorymodelssupportedby the
hardware.Whenaprogrammerwritesapieceof codeheassumesthatthecodewill berun

RMO PSO TSO
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in oneof theSPARC-V9 memorymodels.His codewill bewritten with thepropermem-
ory barriers and synchronization for the model he has selected.

SPARC-V9 does not specify exactly how the hardware must support a particular
SPARC-V9 memorymodel,exceptthat the hardwaresupportfor the V9 memorymodel
mustguaranteethatacorrectprogramwritten for thatmemorymodelwill runcorrectlyon
thehardware.For example,a slightly stronger(morerestrictive) hardwarememorymodel
might be used than what is required by the SPARC-V9 memory model.

One problem with permanentlybinding a particular hardware memory model to a
SPARC-V9 modelis thattheoptimalhardwarememorymodelmayvarybasedonthesys-
tem runningthe program.For example,the optimal binding for a uniprocessormight be
different from the optimal binding for a multiprocessor.

Note:

For theremainderof this chapter,thewords“V9 memorymodel” will beusedto denotethemem-
ory model selectedby the programmerin PSTATE.MM, while the words “hardware memory
model” will be used to denote the underlying hardware memory models.

8.1.1 SPARC64-III Hardware Memor y Models

The SPARC64-III supports these hardware memory models:

Load/Store Or der (HLSO)

TheCPUordersall loadsandstores.This is supersetof TSO,PSOandRMO, the
SPARC-V9 memorymodels.Therefore,programswritten for TSO,PSOor RMO
will always work on SPARC64-III if run under Load/Store Order.

Total Store Or der (HTSO)

All loadsareorderedwith respectto loads,andall storesareorderedwith respect
to loadsandstores.This is supersetof PSOandRMO, the SPARC-V9 memory
models. Therefore,programswritten for PSO or RMO will always work on
SPARC64-III if run under Total Store Order.

Store Or der (HSTO)

All storesareorderedwith respectto eachother, but loadsarenot orderedwith
respectto storesor to other loads.This is a supersetof RMO (Relaxed Memory
Order).Programswritten for RMO will alwayswork onSPARC64-III if rununder
Store Order.

In uniprocessorsystemsStoreOrdercanalsobeusedto run applicationprogramswritten
for TSOor PSO,since“programconsistency” guaranteesthata uniprocessorwill not be
able to detect the difference between LSO and STO.
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Figure73 illustratesthegeneralrelationshipamongthefive memorymodels;seethenote
following thepicture,however. As in Figure72, themodelsarelistedin orderfrom leastto
most restrictive.

Figure 73: Hardware Memory Models from Least Restrictive to Most Restrictive

8.1.2 Mapping SP ARC-V9 Memor y Models to Har dware Memor y Models

SPARC64-III containsa register that mapsthe SPARC-V9 memorymodelsto the hard-
ware memory models.This register containsthree fields that map the corresponding
SPARC-V9 memory model as specifiedin PSTATE.MM into the Hardware Memory
Model. For detailsof the registercontainingthe mappingfields see5.2.11.1,“Hardware
Mode Register (ASR18)”.

Below is the definition of the PSTATE.MM bits:

The table below has the encoding of hardware memory models for SPARC64-III:

Thediagrambelow show themappingfieldsin ASR18.Duringboot1 theoperatingsystem
will write these bits with the mappings that are most appropriate for the current system.

PSTATE.MM Memor y Model

00 TSO

01 PSO

10 RMO

11 reserved

Hardware
Memor y Model

Encoding

Hardware Memor y
Model

00 HLSO

01 HTSO

10 HSTO

11 reserved

1. They can be changed at any time, but most likely they will only be written at boot time.

PSO

HTSO HLSORMO

HSTO

PSTATE.MM = TSOPSORMO

4 0

ASR18[5:0]

1235
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For example, the mapping for a uniprocessor workstation might be:

This mappingworksfor mostuniprocessorssincetheweaker HSTO canbeusedfor PSO
and TSO without causing programs written for PSO or TSO to fail.

The following could be used in a coherent multiprocessor system.

In the MP caseTSO mustbe mappedto the hardwareHTSO mode.PSOmustalsobe
mapped to the stronger HTSO.

8.2 Memor y, Real Memor y, and I/O Locations

Memory is the collection of locations accessedby the load and store instructions
(describedin AppendixA, “Instruction Definitions”). Each location is identified by an
addressconsistingof two elements:anaddressspaceidentifier (ASI), which identifiesan
addressspace,anda 64-bit address,which is a byteoffset into thataddressspace.Mem-
ory addressesmaybeinterpretedby thememorysubsystemto beeitherphysicaladdresses
or virtual addresses;addressesmaybe remappedandvaluescached,provided thatmem-
ory properties are preserved transparently and coherency is maintained.

When two or more data addressesrefer to the samedatum, the addressis said to be
aliased. In thiscase,theprocessorandmemorysystemmustcooperateto maintainconsis-
tency; that is, a store to an aliased address must change all values aliased to that address.

Memory addresses identify either real memory or I/O locations.

Real memory storesinformationwithout sideeffects.A loadoperationreturnsthevalue
most recentlystored.Operationsare side-effect-free in the sensethat a load, store,or
atomicload-storeto a locationin real memoryhasno program-observableeffect, except
upon that location.

I/O locations may not behave like memoryandmay have sideeffects.Load, store,and
atomicload-storeoperationsperformedon I/O locationsmayhaveobservablesideeffects,
andloadsmaynot returnthevaluemostrecentlystored.Thevaluesemanticsof operations
on I/O locationsarenot definedby thememorymodels,but theconstraintson theorderin
which operationsareperformedis the sameasit would be if the I/O locationswerereal
memory. Thestorageproperties,contents,semantics,ASI assignments,andaddressesof I/
O registers are implementation-dependent.

Programming Note:
It is recommendedthatall memorypagesthatcontainI/O registershaving sideeffectsor requiring
strongorderingbemappedwith theMMU StronglyOrdered(SO)bit setin theTLB. All accesses

PSTATE.MM = TSOPSORMO

4 0

ASR18[5:0]

1235

HSTO HSTO HSTO

PSTATE.MM = TSOPSORMO

4 0

ASR18[5:0]

1235

HSTO HTSO HTSO
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to pageswith theSObit setwill beforcedto occurin theorderthey werewritten by theprogram-
mer and will not be executed speculatively.

Compatibility Note:
Operationsto I/O locationsarenot guaranteedto besequentiallyconsistentamongthemselves,as
they are in SPARC-V8.

SPARC-V9 doesnot distinguishreal memoryfrom I/O locationsin termsof ordering.All refer-
ences,both to I/O locationsandreal memory, conformto the memorymodel’s orderconstraints.
Referencesto I/O locationsmayneedto be interspersedwith MEMBAR instructionsto guarantee
the desired ordering.

SystemssupportingSPARC-V8 applicationsthat usememorymappedI/O locationsmustensure
thatSPARC-V8 sequentialconsistency of I/O locationscanbemaintainedwhenthoselocationsare
referencedby aSPARC-V8 application.TheMMU eithermustenforcesuchconsistency or cooper-
ate with system software and/or the processor to provide it.

8.3 Addressing and Alternate Ad dress Spaces

An addressin SPARC-V9 is a tuple consistingof an 8-bit addressspaceidentifier (ASI)
anda 64-bit byte-addressoffsetin thespecifiedaddressspace.Memoryis byte-addressed,
with halfword accessesaligned on 2-byte boundaries,word accesses(which include
instruction fetches) aligned on 4-byte boundaries,extended-word and doubleword
accessesaligned on 8-byte boundaries,and quadword quantitiesaligned on 16-byte
boundaries.With thepossibleexceptionof thecasesdescribedin 6.3.1.1,“Memory Align-
mentRestrictions”, an improperlyalignedaddressin a load,store,or load-storeinstruc-
tion alwayscausesa trap to occur. The largestdatumthat is guaranteedto be atomically
reador written is analigneddoubleword.Also, memoryreferencesto differentbytes,half-
words,andwordsin a givendoubleword aretreatedfor orderingpurposesasreferencesto
the same location. Thus, the unit of ordering for memory is a doubleword.

Programming Note:
While thedoubleword is thecoherency unit for update,programmersshouldnot assumethatdou-
bleword floating-pointvaluesareupdatedasa unit unlessthey aredoubleword-alignedandalways
updatedusingdouble-precisionloadsandstores.Someprogramsusepairsof single-precisionoper-
ationsto loadandstoredouble-precisionfloating-pointvalueswhenthecompilercannotdetermine
that they are doubleword-aligned. Also, while quad-precisionoperationsare defined in the
SPARC-V9 architecture,thegranularityof loadsandstoresfor quad-precisionfloating-pointvalues
may be word or doubleword.

Theprocessorprovidesanaddressspaceidentifierwith everyaddress.ThisASI mayserve
several purposes:

■ To identify whichof severaldistinguishedaddressspacesthe64-bitaddressoffsetis to
be interpreted as addressing

■ To provide additionalaccesscontrol andattribute information,for example,the pro-
cessingwhich is to be taken if anaccessfault occursor to specifytheendian-nessof
the reference

■ To specifytheaddressof an internalcontrol registerin theprocessor, cache,or mem-
ory management hardware
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The memory managementhardware can associatean independent264-byte memory
addressspacewith eachASI. If this is done,it becomespossibleto allow systemsoftware
easyaccessto theaddressspaceof thefaultingprogramwhenprocessingexceptions,or to
implement access to a client program’s memory space by a server program.

The architecturally specified ASIs are listed inAppendixL, “ASI Assignments”.

When TL = 0, normal accessesby the processorto memorywhen fetching instructions
andperformingloadsandstoresimplicitly specifyASI_PRIMARY or ASI_PRIMARY_
LITTLE, depending on the setting of the PSTATE.CLE bit.

WhenTL > 0 theimplicit ASI for instructionanddatafetchesis ASI_NUCLEUS.Loads
andstoreswill useASI_NUCLEUSif PSTATE.CLE = 0 or ASI_NUCLEUS_LITTLE if
PSTATE.CLE = 1. (Impl. Dep. #124)

SPARC64-III supports the PRIMARY{_LITTLE}, SECONDARY{_LITTLE}, and
NUCLEUS{_LITTLE} address spaces.

Accessesto other addressspacesuse the load/storealternateinstructions.For these
accesses,theASI is eithercontainedin theinstruction(for theregister-registeraddressing
mode) or taken from the ASI register (for register-immediate addressing).

ASIs areeithernonrestrictedor restricted.A nonrestrictedASI is onethat may be used
independentof the privilege level (PSTATE.PRIV) at which the processoris running.
RestrictedASIs require that the processorbe in privileged mode for a legal accessto
occur. RestrictedASIs have their high-orderbit equalto zero.The relationshipbetween
processor state and ASI restriction is shown in Table23 on page 122.

Several restrictedASIs must be provided: ASI_AS_IF_USER_PRIMARY{_LITTLE}
and ASI_AS_IF_USER_SECONDARY{_LITTLE}. The intent of theseASIs is to give
system software efficient access to the memory space of a program.

The normal addressspaceis primary addressspace, which is accessedby the unre-
strictedASI_PRIMARY{_LITTLE}. The secondaryaddressspace, which is accessed
by theunrestrictedASI_SECONDARY{_LITTLE}, is providedto allow aserverprogram
to access a client program’s address space.

ASI_PRIMARY_NOFAULT{_LITTLE} and ASI_SECONDARY_NOFAULT{_LIT-
TLE} supportnonfaulting loads.TheseASIs arealiasedto ASI_PRIMARY{_LITTLE}
andASI_SECONDARY{_LITTLE}, respectively, andhaveexactly thesameaction.They
may be usedto color (that is, distinguishinto classes)loadsin the instructionstreamso
that,in combinationwith a judiciousmappingof low memoryanda specializedtraphan-
dler, an optimizing compiler can move loads outside of conditional control structures.

Programming Note:
Nonfaulting loadsallow optimizationsthatmove loadsaheadof conditionalcontrolstructuresthat
guardtheir use;thus,they canminimizetheeffectsof loadlatency by improving instructionsched-
uling. The semanticsof nonfaulting loadsare the sameas for any other load, exceptwhennon-
recoverablecatastrophicfaultsoccur(for example,address-out-of-rangeerrors).Whensucha fault
occurs,it is ignoredandthe hardwareandsystemsoftwarecooperateto make the load appearto
completenormally, returning a zero result. The compiler’s optimizer generatesload-alternate
instructionswith the ASI field or registersetto ASI_PRIMARY_NOFAULT{_LITTLE} or ASI_
SECONDARY_NOFAULT{_LITTLE} for thoseloads it determinesshould be nonfaulting. To
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minimizeunnecessaryprocessingif a fault doesoccur, it is desirableto maplow addresses(espe-
cially addresszero)to a pageof all zeros,sothatreferencesthrougha NULL pointerdo not cause
unnecessary traps.

8.4 SPARC-V9 Memor y Model

The SPARC-V9 processorarchitecturespecifiesthe organization and structure of a
SPARC-V9 centralprocessingunit but doesnot specify a memorysystemarchitecture.
AppendixF, “MMU Architecture”, summarizesthe MMU support required by a
SPARC-V9 central processing unit.

The memorymodelsspecifythe possibleorderrelationshipsbetweenmemory-reference
instructionsissuedby a processorandtheorderandvisibility of thoseinstructionsasseen
by otherprocessors.Thememorymodelis intimatelyintertwinedwith theprogramexecu-
tion model for instructions.

8.4.1 SPARC-V9 Program Ex ecution Model

TheSPARC-V9 processormodelconsistsof threeunits:an issueunit, a reorderunit, and
an execute unit, as shown in Figure 74.

Theissueunit readsinstructionsover theinstructionpathfrom memoryandissuesthemin
program order. Programorder is preciselythe orderdeterminedby the control flow of
the programandthe instructionsemantics,underthe assumptionthat eachinstructionis
performed independently and sequentially.

Issuedinstructionsare collected, reordered,and then dispatchedto the execute unit.
Instructionreorderingallows an implementationto perform someoperationsin parallel
andto betterallocateresources.Thereorderingof instructionsis constrainedto ensurethat
the resultsof programexecutionare the sameasthey would be if the instructionswere
performed in program order. This property is calledprocessor self-consistency.

Figure 74: Processor Model: Uniprocessor System (V9=42)

Processorself-consistency requiresthat the result of execution, in the absenceof any
sharedmemoryinteractionwith anotherprocessor, beidenticalto theresultthatwould be
observed if the instructionswereperformedin programorder.In themodelin Figure74,
instructionsareissuedin programorderandplacedin thereorderbuffer. Theprocessoris

Processor

Memor y

Data Path

Instruction P athIssue Reorder Execute
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allowed to reorderinstructions,provided it doesnot violate any of the data-flow con-
straints for registers or for memory.

The data-flow order constraints for register reference instructions are:

1. An instructioncannotbe performeduntil all earlier instructionsthat seta register it
uses have been performed (read-after-write hazard; write-after-write hazard).

2. An instructioncannotbe performeduntil all earlier instructionsthat usea register it
sets have been performed (write-after-read hazard).

An implementationcanavoid blocking instructionexecutionin case2 by usinga renam-
ing mechanismthat provides the old valueof the register to earlier instructionsand the
new value to later uses.

The data-flow orderconstraintsfor memory-referenceinstructionsare thosefor register
reference instructions, plus the following additional constraints:

1. A memory-referenceinstructionthat sets(storesto) a locationcannotbe performed
until all previous instructionsthat use(load from) the locationhave beenperformed
(write-after-read hazard).

2. A memory-referenceinstructionthatuses(loads)thevalueata locationcannotbeper-
formeduntil all earliermemory-referenceinstructionsthat set (storeto) the location
have been performed (read-after-write hazard).

As with thecasefor registers,implementationscanavoid blockinginstructionsin case(2)
by providing an additionalmechanism,in this case,a write buffer which guaranteesthat
thevaluereturnedby a loadis thatwhichwouldbereturnedby themostrecentstore,even
thoughthestorehasnot completed.As a result,thevalueassociatedwith anaddressmay
appearto bedifferentwhenobservedfrom a processorthathaswritten thelocationandis
holdingthevaluein its write buffer thanit would bewhenobservedfrom a processorthat
referencesmemory(or its own write buffer). Moreover, the load thatwassatisfiedby the
write buffer never appears at the memory.

Memory-barrierinstructions(MEMBAR and STBAR) and the active memory model
specifiedby PSTATE.MM alsoconstrainthe issueof memory-referenceinstructions.See
8.4.3, “MEMBAR Instruction,” and 8.4.4, “Memory Models,” for a detailed description.

Theconstraintson instructionexecutionasserta partialorderingon theinstructionsin the
reorderbuffer. Everyoneof theseveralpossibleorderingsis a legal executionorderingfor
the program.SeeAppendixD, “Formal Specificationof the Memory Models” in V9 for
more information.

8.4.2 Processor / Memor y Interface Model

Eachprocessorin a multiprocessorsystemis modeledasshown in Figure75; thatis, hav-
ing two independentpathsto memory:onefor instructionsandonefor data.Cachesand
mappingsareconsideredto be part of the memory. Datacachesaremaintainedby hard-
wareto beconsistent(coherent).Instructioncachesneednot bekeptconsistentwith data
cachesand,therefore,requireexplicit programactionto ensureconsistency whena pro-

{ |
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gram modifiesan executing instructionstream.Memory is sharedin termsof address
space,but it may be inhomogeneousanddistributedin an implementation.Mappingand
cachesare ignored in the model, since their functions are transparentto the memory
model.1

In realsystemsaddressesmayhave attributesthattheprocessormustrespect.Theproces-
sor executesloads,stores,and atomic load-storesin whatever order it chooses,as con-
strainedby programorder and the currentmemorymodel.The ASI address-couplesit
generatesare translatedby a memory managementunit (MMU), which associates
attributeswith theaddressandmay, in someinstances,abortthememorytransactionand
signalanexceptionto theCPU.For example,a region of memorymaybemarkedasnon-
prefetchable,noncacheable,read-only, or restricted.It is theMMU’ s responsibility, work-
ing in conjunctionwith systemsoftware,to ensurethat memoryattribute constraintsare
not violated. SeeAppendixF, “MMU Architecture”, for more information.

Instructionsare performedin an order constrainedby local dependencies.Using this
dependency ordering,an executionunit submitsone or more pendingmemorytransac-
tions to thememory. Thememoryperformstransactionsin memory order. Thememory
unit mayperformtransactionssubmittedto it out of order;hence,theexecutionunit must
not submit two or more transactions concurrently that are required to be ordered.

Figure 75: Data Memory Paths: Multipr ocessor System (V9=43)

The memoryacceptstransactions,performsthem,andthenacknowledgestheir comple-
tion. Multiple memoryoperationsmaybein progressatany timeandmaybeinitiatedin a
nondeterministicfashionin any order, providedthatall transactionsto a locationpreserve
the per-processorpartial orders.Memory transactionsmay completein any order. Once
initiated,all memoryoperationsareperformedatomically:loadsfrom onelocationall see
the samevalue,andthe resultof storesarevisible to all potentialrequestorsat the same
instant.

1. The model described here is only a model; implementationsof SPARC-V9 systems are
unconstrained, as long as their observable behaviors match those of the model.

Processor s

Memor y Transactions
In Memor y Order

Memor y

Instructions

Data



8.4.3  MEMBAR Instruction 179

The orderof memoryoperationsobserved at a single location is a total order that pre-
servesthepartialorderingsof eachprocessor’s transactionsto this address.Theremaybe
many legal total orders for a given program’s execution.

8.4.3 MEMBAR Instruction

MEMBAR servestwo distinctfunctionsin SPARC-V9. Onevariantof theMEMBAR, the
orderingMEMBAR, providesa way for theprogrammerto control theorderof loadsand
storesissuedby a processor. Theothervariantof MEMBAR, thesequencingMEMBAR,
allows theprogrammerto explicitly controlorderandcompletionfor memoryoperations.
SequencingMEMBARs are neededonly when a programrequiresthat the effect of an
operationbecomegloballyvisible,ratherthansimplybeingscheduled.1 As bothformsare
bit-encodedinto the instruction,a single MEMBAR can function both as an ordering
MEMBAR and as a sequencing MEMBAR.

MEMBAR#Lookaside,MEMBAR#StoreStore,andMEMBAR#LoadStorearetreatedas
NOPsin SPARC64-III, sincethehardwarememorymodelsalwaysenforcethesemantics
of these MEMBARs for all memory accesses.MEMBAR#StoreLoad and MEM-
BAR#LoadLoadenforcetheorderingspecifiedby theinstructionin theLoad/StoreUnit in
SPARC64-III. MEMBAR#Syncand MEMBAR#MemIssuecausethe processorto sync
andcausetheeffectsof all cacheableandnoncacheablememoryaccessesmadebeforethe
MEMBAR to be visible from the other processors in the system.

8.4.3.1 Ordering MEMB AR Instructions

OrderingMEMBAR instructionsinducean orderingin the instructionstreamof a single
processor. Setsof loadsandstoresthatappearbeforetheMEMBAR in programorderare
orderedwith respectto setsof loadsand storesthat follow the MEMBAR in program
order. Atomic operations(LDSTUB(A), SWAP(A), CASA, andCASXA) areorderedby
MEMBAR asif they werebotha loadanda store,sincethey sharethesemanticsof both.
An STBAR instruction,with semanticsthat are a subsetof MEMBAR, is provided for
SPARC-V8 compatibility. MEMBAR andSTBAR operateon all pendingmemoryopera-
tionsin thereorderbuffer, independentof theiraddressor ASI, orderingthemwith respect
to all futurememoryoperations.This orderingappliesonly to memory-referenceinstruc-
tions issuedby the processorissuing the MEMBAR. Memory-referenceinstructions
issued by other processors are unaffected.

Theorderingrelationshipsarebit-encodedasshown in Table34. For example,MEMBAR
0116, written as “membar #LoadLoad ” in assemblylanguage,requiresthat all load
operationsappearingbeforethe MEMBAR in programordercompletebeforeany of the
loadoperationsfollowing theMEMBAR in programordercomplete.Storeoperationsare
unconstrainedin this case.MEMBAR 0816 (#StoreStor e) is equivalentto theSTBAR
instruction;it requiresthat the valuesstoredby storeinstructionsappearingin program

1. SequencingMEMBARsareneededfor someinput/outputoperations,forcingstoresinto specialized
stablestorage,context switching, and occasionalother systemsfunctions.Using a Sequencing
MEMBAR when one is not neededmay causea degradationof performance.SeeAppendix J,
“Programming With the Memory Models” inV9 for examples of their use.
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orderprior to the STBAR instructionbe visible to otherprocessorsprior to issuingany
store operations that appear in program order following the STBAR.

In Table34 theseorderingrelationshipsarespecifiedby the‘<m’ symbol,which signifies
memoryorder. SeeAppendixD, “FormalSpecificationof theMemoryModels” in V9 for
a formal description of the <m relationship.

Selectionsmay be combinedto form morepowerful barriers.For example,a MEMBAR
instruction with a mask of 0916 (#LoadLoad | #StoreStore ) orders loads with
respectto loadsandstoreswith respectto stores,but it doesnotorderloadswith respectto
stores or vice versa.

Programming Note:
Future versionsof HAL machineswill supportseveral MEMBAR variations.Thus, programs
should use the correct MEMBAR encoding for upward compatibility.

8.4.3.2 Sequencing MEMB AR Instructions

A sequencingMEMBAR exertsexplicit controlover thecompletionof operations.There
arethreesequencingMEMBAR options,eachwith a differentdegreeof controlanda dif-
ferent application.

Lookaside Barrier:
Ensuresthat loads following this MEMBAR are from memoryand not from a
lookasideinto a write buffer. Lookaside Barrier requiresthat pendingstores
issuedprior to theMEMBAR becompletedbeforeany loadfrom thataddressfol-
lowing the MEMBAR may be issued.A Lookaside Barrier MEMBAR may be
neededto provide lock fairnessandto supportsomeplausibleI/O locationseman-
tics. See the example inJ.14.1, “I/O Registers With Side Effects” inV9.
SPARC64-III ensuresthis sequencingall the time. Thereforethis sequencing
MEMBAR is treated as a NOP in the CPU.

Memor y Issue Barrier:
Ensuresthat all memory operationsappearingin program order before the
sequencingMEMBAR completebeforeany new memoryoperationmay be initi-
ated. See the example inJ.14.2, “The Control and Status Register (CSR)” inV9.
This sequencingMEMBAR behavesin thesameway astheSynchronizationBar-
rier MEMBAR in SPARC64-III.

Sync hronization Barrier:
Ensuresthat all instructions(memoryreferenceandothers)precedingthe MEM-
BAR completeandtheeffectsof any fault or errorhave becomevisible beforeany

Table 34: Ordering Relationships Selected by Mask (V9=19)

Ordering Relation,
Earlier < Later

Suggested
Assemb ler Tag

Mask
Value

nmask
Bit #

Load <m Load #LoadLoad 0116 0

Store <m Load #StoreLoad 0216 1

Load <m Store #LoadStore 0416 2

Store <m Store #StoreStore 0816 3

{�|
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instructionfollowing theMEMBAR in programorderis initiated.A Synchroniza-
tion Barrier  MEMBAR fully synchronizes the processor that issues it.

Table 35 shows the encoding of these functions in the MEMBAR instruction.

8.4.4 Memor y Models

The SPARC-V9 memorymodelsaredefinedbelow in termsof orderconstraintsplaced
uponmemory-referenceinstructionexecution,in additionto theminimal setrequiredfor
self-consistency. Theseorderconstraintstake theform of MEMBAR operationsimplicitly
performed following some memory-reference instructions.

8.4.4.1 Relaxed Memor y Order (RMO)

RelaxedMemory Order placesno orderingconstraintson memoryreferencesbeyond
thoserequiredfor processorself-consistency. Whenorderingis required,it mustbe pro-
vided explicitly in the programs using MEMBAR instructions.

8.4.4.2 Partial Store Or der (PSO)

Partial Store Order may be provided for compatibility with existing SPARC-V8 pro-
grams.Programsthatexecutecorrectlyin theRMO memorymodelwill executecorrectly
in the PSO model.

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:

■ Eachloadandatomicload-storeinstructionbehavesasif it werefollowedby aMEM-
BAR with a mask value of 0516.

■ Explicit MEMBAR instructionsare required to order store and atomic load-store
instructions with respect to each other.

8.4.4.3 Total Store Or der (TSO)

Total Store Order must be provided for compatibility with existing SPARC-V8 pro-
grams.Programsthatexecutecorrectlyin eitherRMO or PSOwill executecorrectlyin the
TSO model.

Table 35: Sequencing Barrier Selected by Mask (V9=20)

Sequencing
Function

Assemb ler
Tag

Mask
Value

cmask
Bit #

Lookaside Barrier #Lookaside 1016 0

Memory Issue Barrier #MemIssue 2016 1

Synchronization Barrier #Sync 4016 2
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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:

■ Eachloadinstructionbehavesasif it werefollowedby aMEMBAR with amaskvalue
of 0516.

■ Eachstoreinstructionbehavesasif it werefollowedby a MEMBAR with a maskof
0816.

■ Eachatomicload-storebehavesasif it werefollowedby a MEMBAR with a maskof
0D16.

8.4.5 Mode Contr ol

Thememorymodelis specifiedby thetwo-bit statein PSTATE.MM, describedin 5.2.1.3,
“PSTATE_mem_model (MM)”.

Writing a new valueinto PSTATE.MM causessubsequentmemoryreferenceinstructions
to be performed with the order constraints of the specified memory model.

SPARC-V9 processorsneednot provide all threememorymodels;undefinedvaluesof
PSTATE.MM have implementation-dependent effects.

Exceptwhen a trap entersRED_state,PSTATE.MM is left unchangedwhen a trap is
enteredandtheold valueis stacked.WhenenteringRED_state,thevalueof PSTATE.MM
is set to TSO.

8.4.6 Hardware Primitives f or Mutual Exc lusion

In additionto providing memory-orderingprimitivesthatallow programmersto construct
mutual-exclusionmechanismsin software,SPARC-V9 providesthreehardwareprimitives
for mutual exclusion:

■ Compare and Swap (CASA, CASXA)

■ Load Store Unsigned Byte (LDSTUB, LDSTUBA)

■ Swap (SWAP, SWAPA)

Eachof theseinstructionshasthesemanticsof botha loadandastorein all threememory
models.They areall atomic, in thesensethatnootherstorecanbeperformedbetweenthe
loadandstoreelementsof theinstruction.All of thehardwaremutualexclusionoperations
conformto thememorymodelsandmayrequirebarrierinstructionsto ensureproperdata
visibility.
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When the hardware mutual-exclusion primitives addressI/O locations,the resultsare
implementation-dependent.In addition,theatomicityof hardwaremutual-exclusionprim-
itivesis guaranteedonly for processormemoryreferencesandnotwhenthememoryloca-
tion is simultaneously being addressed by an I/O device such as a channel or DMA.

The Compareand Swap instructions(CASA and CASXA) serializethe SPARC64-III
CPU (see section6.1.3, “Serializing Instructions” for details).

The Load StoreUnsignedByte (LDSTUB and LDSTUBA) and the Swap (SWAP and
SWAPA) instructionshave implementation-specificmemory ordering behavior in the
SPARC64-III CPU.If theCPUis runningwith theSPARC64-III HLSOmodel,thebehav-
ior is asexpected.Sincetheseinstructionshave both load andstoresemantics,they are
executed in order.

8.4.6.1 Compare and Swap (CASA, CASXA)

Compare-and-swapis anatomicoperationthatcomparesa valuein a processorregisterto
a valuein memory, and,if andonly if they areequal,swapsthevaluein memorywith the
valuein a secondprocessorregister. Both 32-bit (CASA) and64-bit (CASXA) operations
areprovided.Thecompare-and-swapoperationis atomicin thesensethatoncebegun,no
otherprocessorcanaccessthememorylocationspecifieduntil thecomparehascompleted
andtheswap(if any) hasalsocompletedandis potentiallyvisible to all otherprocessors
in the system.

Compare-and-swap is substantiallymorepowerful thanthe otherhardwaresynchroniza-
tion primitives.It hasan infinite consensusnumber;that is, it canresolve, in a wait-free
fashion,an infinite numberof contendingprocesses.Becauseof this property, compare-
and-swap can be usedto constructwait-free algorithmsthat do not require the useof
locks. SeeAppendix J, “Programming With the Memory Models” inV9 for examples.

8.4.6.2 Swap (SWAP)

SWAP atomicallyexchangesthelower32bits in aprocessorregisterwith aword in mem-
ory. Swap hasa consensusnumberof two; that is, it cannotresolve morethantwo con-
tending processes in a wait-free fashion.

8.4.6.3 Load Store Unsigned Byte (LDSTUB)

LDSTUB loadsa bytevaluefrom memoryto a registerandwritesthevalueFF16 into the
addressedbyteatomically. LDSTUB is theclassictest-and-setinstruction.Like SWAP, it
hasaconsensusnumberof two andsocannotresolvemorethantwo contendingprocesses
in a wait-free fashion.

8.4.7 Sync hronizing Instruction and Data Memor y

TheSPARC-V9 memorymodelsdo not requirethat instructionanddatamemoryimages
beconsistentat all times.Theinstructionanddatamemoryimagesmaybecomeinconsis-
tent if a programwrites into theinstructionstream.As a result,whenever instructionsare
modifiedby aprogramin acontext wherethedata(thatis, theinstructions)in thememory

{ |
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andthedatacachehierarchy maybeinconsistentwith instructionsin theinstructioncache
hierarchy, some special programmatic action must be taken.

The FLUSH instructionwill ensureconsistency betweenthe instructionstreamand the
datareferencesacrossany local cachesfor a particulardoubleword valuein theprocessor
executingtheFLUSH. It will ensureeventualconsistency acrossall cachesin a multipro-
cessorsystem.Theprogrammermustbecarefulto ensurethat themodificationsequence
is robust undermultiple updatesand concurrentexecution.Since, in the generalcase,
loads and storesmay be performedout of order, appropriateMEMBAR and FLUSH
instructionsmustbe interspersedasneededto control the order in which the instruction
data is mutated.

TheFLUSH instructionensuresthat subsequentinstructionfetchesfrom thedoubleword
target of the FLUSH by the processorexecutingthe FLUSH appearto executeafter any
loads,stores,andatomic load-storesissuedby the processorto that addressprior to the
FLUSH. FLUSH actsasa barrierfor instructionfetchesin the processorthat executesit
and has the properties of a store with respect to MEMBAR operations.

FLUSH hasno latency on theissuingprocessor;themodifiedinstructionstreamis imme-
diately available.1

If all cachesin asystem(uniprocessoror multiprocessor)haveaunifiedcacheconsistency
protocol, FLUSH need do nothing for correctness.

Useof FLUSH in a multiprocessorenvironmentmaycauseunexpectedperformancedeg-
radationin somesystems,becauseevery processorthatmayhave a copy of themodified
datain its instructioncachemustinvalidatethat data.In the worst casenaive system,all
processors must invalidate the data.

Programming Note:
BecauseFLUSH is designedto act on a doubleword, and because,on someimplementations,
FLUSH maytrap to systemsoftware,it is recommendedthatsystemsoftwareprovide a user-call-
ableserviceroutine for flushingarbitrarily sizedregionsof memory. On someimplementations,
this routinewould issuea seriesof FLUSH instructions;on others,it might issuea singletrap to
system software that would then flush the entire region.

1. SPARC-V8 specifieda five-instructionlatency. Invalidation of instructionsin execution in the
instruction cache is likely to force an instruction-cache fault.
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9.1 Intr oduction

SPARC64-III is a SuperscalarRISC Processorthat implementsthe SPARC-V9 architec-
ture. It canissueat most four instructionsper clock; that is, it is a four-way superscalar
machine.It hasa dataflow back-endthat cancommit up to eight instructionsper clock.
Up to 63 instructionscanbe in progressin themachineat any time, where“in progress”
refersto instructionsthat have beenissuedbut not yet reclaimed. (Termsthat describe
instructionstatesaredefinedin 9.1.1,“Life Cycleof anInstruction”.) Theaveragenumber
of instructionscommittedperclock is calledtheIPC (InstructionsPerCycle).All current
superscalarprocessorshave constraintsthat causethemto issueandcommit fewer than
the maximum number of instructions per clock on average; SPARC64-III is no exception.

This chapteroutlinesstrategiesthat thecompilerwriter canuseto moreoptimally gener-
atecodefor SPARC64-III. Thetext describessomeconstraint,limitation, or featureof the
CPU andthensuggestsstrategiesto avoid the constraintor to utilize the feature.Before
proceedingyou shouldfamiliarizeyourselfwith theterminologyandconceptsintroduced
in 3.4, “SPARC64-III Processor Architecture”.

Note:
In orderto determinetheversionof a SPARC64CPU,codecanexaminetheVersion(VER) regis-
ter, in particular, bits <47:32>,VER.impl; its valueis ‘3’ for a SPARC64-III CPU.TheentireVER
register is reproduced below:

VER: 0004 0003 XX00 0404 16

9.1.1 Lif e Cycle of an Instruction

The following termsdescribethe statesthat an instructiongoesthroughin its lifetime.
They arecommonlyusedby the CPU designerswhendiscussingSPARC64-III internal
states.

Fetched:
Instructionsarefetchedfrom memory, theexternalU2 cache,theinternalI1 cache,
or the internal I0 cache; they are then sent to the Issue Unit.

Issued:
An instruction isissued when it is assigned a serial number.
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Dispatc hed:
An instructionis dispatchedwhenit sentto a functionalunit queue.For example,
anADD instructionis considereddispatchedwhenit is sentto thequeuefor oneof
the adders.

Initiated:
An instructionis initiatedwhenit hasall of theresourcesit needs(for example,its
sourceoperands)andit hasbeenselectedfor execution(that is, it entersanexecu-
tion unit).

Executed:
An instructionis executedby anexecutionunit suchasa Floating-pointMultiply
Adder (FMA). An instructionis in executionaslong asit is still beingprocessed
by an execution unit.

Finished:
An instructionis finishedwhenit hascompletedexecutionin anexecutionunit and
haswritten its resultsontoa resultbus.Resultson the resultbussesgo to register
files and to waiting instructions in the in the instruction queues.

Completed:
An instructionis completedwhenit hasfinishedandhassenta non-errorstatusto
the Issue Unit (ISU).

Note:
Although thestateof themachinehasbeentemporarilyalteredwhenan instructionis completed,
thestatehasnot yet beenpermanentlychangedandtheold statecanberecoveredup until thetime
that the instruction iscommitted.

Committed:
An instructioncanbecommittedonly whenit hascompletedwithout error andall
prior instructionshavecompletedwithout error. Whenaninstructionis committed
thestateof themachineis permanentlychangedto reflecttheresultof theinstruc-
tion.

Reclaimed:
All resourcesrelatingto theinstructionthatwerehelduntil it wascommittedhave
beenreleasedand are available for use by subsequentinstructions.Instruction
resourcesusuallyarereclaimeda few cyclesaftertheinstructionis committed(for
example, the serial number can be reused).
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Figure 76 illustrates the SPARC64-III pipeline as it relatesto the instruction states
described above.

Figure 76: SPARC64-III Pipeline Diagram with Instruction States

9.2 Instruction Fetc h

During the fetch phase the Fetch Unit fetches instructions from one of these locations:

■ The internal Level-0 Instruction Cache (I0)

■ The Prefetch Buffers

■ The internal Level-1 Instruction Cache (I1)

■ The external Level-2 Unified Cache (U2)

■ Memory

It thenpresentsthe IssueUnit (ISU) with four candidateinstructions.The FetchUnit is
also responsiblefor predictingbranchesand fetching and issuinginstructionsfrom the
predicted branch path.

Note:
Only instructionsthatarecommittedarecountedin theIPC; instructionsthatarecompletedbut are
later found to be from mispredicted branch paths do not affect the IPC.

9.2.1 Internal Le vel-0 Instruction Cac he (I0)

The I0 Cache is direct mappedand contains4,096 recodedinstructions(occupying
approximately16K bytes). The I0 cacheline size is 16 instructions(64-bytesbefore
recoding).The logic that sendsinstructionsfrom the I0 Cacheto the IssueUnit (ISU)
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attemptsto fetch four instructionsat thecurrentpredictedfetchPC.TheI0 Cacheallows
the setof four instructionsto be on any arbitraryalignmentin the I0 Cache;that is, the
four instructionsarenot requiredto bealignedmodulo4 instructions.Thereis oneexcep-
tion to this,however; if thesetof four instructionswould crosstheboundaryinto a differ-
ent I0 Cacheline, only the instructionsremainingin the current I0 Cacheline can be
supplied in one clock.

In theexampleshown in Table36 instructions6 through9 aresentto theISU in oneclock.

In theexamplein Table37 only two instructionscanbesentto theISU on thefirst cycle.
Instructions0 and1 in Line 2 cannotbe sentin cycle 1, becausethey are in a different
cache line. In the second cycle instructions 0 through 3 in line 2 could be sent to the ISU.

This is called the “I0 Line Break” constraint.

9.2.2 I0 Cache Strategies

Thefollowing subsectionscontainstrategiesfor handlingconstraintsandfeaturesof theI0
instruction cache.

9.2.2.1 Avoid I0 Cac he Thrashing

Sincethe I0 Cacheis directmapped,thecompilerandlinker shouldavoid placingmajor
codeblocks16K apart(that is, at addressesthatareequalmodulo16K) or thrashingmay
occurin theI0 Cache.For example,if themainloop of a programanda procedurecalled
from within thatloop aremappedmodulo16K bytes,thetwo blockswill constantlyover-
write each other’s lines in the I0 cache.

Table 36: I0 Accesses Need Not be Aligned on Four-instruction Boundaries

inst 0 inst 1 inst 2 inst 3

I0 Line 1: inst 4 inst 5 inst 6 – YES inst 7 – YES

inst 8 – YES inst 9 – YES inst 10 inst 11

inst 12 inst 13 inst 14 inst 15

Table 37: I0 Accesses Cannot Span Two I0 Cache Lines

inst 0 inst 1 inst 2 inst 3

I0 Line 1: inst 4 inst 5 inst 6 inst 7

inst 8 inst 9 inst 10 inst 11

inst 12 inst 13 inst 14 – YES inst 15 – YES

inst 0 – NO! inst 1 – NO! inst 2 inst 3

I0 Line 2: inst 4 inst 5 inst 6 inst 7

inst 8 inst 9 inst 10 inst 11

inst 12 inst 13 inst 14 inst 15
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9.2.2.2 Align Shor t Loops to A void 64-b yte Boundaries.

Many short loopsfit within 16 instructions.If theseloopsareall in onecacheline, they
incuronly onecachemissat thestartof theloop.Also theloopwill notsuffer from the“I0
Line Break”constraint,asdescribedin 9.2.1.Note: Theline breakpenaltyis paidfor each
iterationof theloop; thus,it is advisableto align shortloopssothattheentireloop is con-
tainedwithin one64-byteI0 Cacheline. Thecompilermayneedto generatesomeNOPs
to maketheloopfall in onecacheline, or it couldput theloop into onecacheline andthen
branch to that cache line.

Theabove canbeextendedto loopswith greaterthan16 instructions.For example,a loop
with 32 instructionsor lesswould only causetwo cachemissesandoneline breakif it is
alignedwithin two cachelines. If unaligned,it might causethreecachemissesandtwo
line breaks.But asthe loopsget bigger, the percentageof the loop time that is saved by
aligningtheloopsgetssmaller. For largeloops64-bytealignmentprovidesvery little per-
formance gain.

9.2.2.3 Align the Star t of Code Sections on 64-b yte Boundaries

Aligning the start of all programcodesectionson 64-byteboundariesmay avoid extra
cachemisses.Align all proceduresandlibrary routinesto startmodulo64-bytes(but not
modulo 16K bytes).

It mayappearthat thesealignmentadjustmentsdo not helpvery much.However, perfor-
mancemeasurementsandcodeanalysishave shown that the optimizationsdescribedin
this subsectionprovide significant gains in throughput.Keepingthe path from the I0
Cache to the ISU as full as possible provides significant performance gains.

9.2.3 Internal Le vel 1 Instruction Cac he (I1)

Instructionsare fetchedfrom the I1-Cachewhenever the I0-Cachedoesnot containthe
desiredcachelines.The I1-Cachesizeis 64K bytes;the line sizeis 64 bytes(16 instruc-
tions).The I1-Cachehasa 3-cycle latency but it is pipelined,so it cansendnew instruc-
tions to the CPU during each clock cycle.

Thereis little that the compiler or assemblylanguageprogrammermust do for the I1-
Cache.Sincethe compilerandlinkersshouldalreadybe trying to align major codeseg-
mentson 64-byteboundaries(asdescribedin 9.2.1above) this will alsobe an adequate
alignment for the I1-Cache.

TheI1-Cacheis four-waysetassociative,soit is notnecessaryfor thelinker to betoocon-
cerned about placement of routines to avoid thrashing in the I1-Cache.

Note:

I0 strategies to avoid thrashing,which are describedin 9.2.2, also prevent thrashingin the I1-
Cache.
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9.2.4 External Unified Cac he (U2)

Instructionsarefetchedfrom the U2-Cachewhenever the I1-Cachedoesnot containthe
desiredcachelines. The U2-Cachesize is between1 Mbyte and16 Mbytes; it is direct
mapped,and the line size is 64 bytes(16 instructions).The U2-Cachehasan 8 cycle
latency, and is shared for both instructions and data.

Thereis little that the compileror assemblylanguageprogrammermustdo for the U2-
Cache.Sincethe compilerand linker shouldalreadyby trying to align major codeseg-
mentson64byteboundaries(asdescribedabove), this will alsobeanadequatealignment
for the U2-Cache.

9.3 Branc hes and Branc h Prediction

Branchesare always expensive for any superscalarprocessor;they causeseveral prob-
lems:

■ TheCPUbranchpredictionlogic mayincorrectlypredictthebranchandstartspecula-
tively issuinginstructionsfrom the wrong path.Oncethe correctpath is determined
thespeculative instructionsmustbecancelledandthemachinemustresetitself to the
statethat existedbeforethe branch.This causesfrom oneto several clocksof delay.
Also, the instructions that were discarded cannot be counted in the committed IPC.

■ Speculative instructionsthatarelatercancelledmayhave sideaffects.For example,a
speculative load that causesa cachemisscreatesneedlesswork for the memorysys-
tem. Thus,future nonspeculative cachemissesmay needto wait for the memoryto
becomefree.Speculative missescanalsopollute the cachesby replacinggooddata/
instructionswith data/instructionsthat will not be used.However, in many casesthe
speculative data/instructions act as prefetches for future activity.

SPARC64-III implementstwo differentbranchpredictionschemes,2-bit conventionaland
2-level adaptive, one of which is selected through ASR18<9:8>.

Note:

ChangingASR18<9:8>causesthe currentBranchHistory Table(BHT) to be discarded,because
bothbranchpredictionmechanismsusethesamephysicalBHT RAM. Therefore,it is notadvisable
to change these bits frequently.

9.3.1 Two-Bit Con ventional Branc h Prediction

This schemeis selectedwhenASR18<9:8>aresetto 012 or 112. Thebranchpredictionis
donethrougha 2-bit saturatingup-down counterkept in an 8K × 2 entry BHT RAM,
indexed by Fetch Program Counter (FPC) bits <14:2>.
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If ASR18<9:8>is 112 and the branchis with prediction,the instructionpredictionbit
alwayshashigherpriority in thepredictionthanthehardwarecounter. Figure77illustrates
2-bit Conventional Branch Prediction

Figure 77: 2-Bit Conventional Branch Prediction

9.3.2 2-Level Adaptive Branc h Prediction

This scheme is selected when ASR18<9:8> = 002.

The adaptive branchpredictionalgorithmshows betterpredictionaccuracy thanconven-
tional 2-bit prediction.In 1991Yale N. Patt et al at Michigan University introducedthe
new 2-level adaptive branchpredictionscheme.This schemeboaststhehighestprediction
accuracy of all schemes that have been proposed so far.

Therearesomevariationsin the 2-level adaptive scheme;SPARC64-III usesonecalled
“global-branch-history-registerandglobal-pattern-history-tablewith branchaddresshash-
ing.” This is easierto implementandcostslessthanothervariations,andyet still provides
good prediction accuracy. SPARC64-III contains a 2K Byte Branch History Table (BHT).

The Branch-History-Register(BHR) accumulatesthe recenttaken/not-taken information
of predictedbranches.The BHT is madeof RAM which is indexed by the concatenated
resultof BHR andFPC<9:4>.Eachentryof BHT consistsof a conventional2-bit saturat-
ing up-down counter. Figure78 illustratestheSPARC64-III 2-Level AdaptiveBranchPre-
diction scheme.

Branc h Histor y Table (BHT)

Fetch PC<14:2>
(2bits × 8K-entries = 2KByte)

Index

BPR<1:0>
2-bit saturating up-
down counter

00 Strongly not taken
01 Weakly not taken
10 Weakly taken
11 Strongly taken
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Figure 78: 2-Level Adaptive Branch Prediction

9.3.3 Computed Branc hes

ComputedbranchesusingJMPLscauseissueto stall until theJMPL target is calculated.
Specialhardwareis providedto handlethecasewhentheJMPL functionsasa subroutine
return.

WhenaCALL or JMPLwith adestinationregisterof %o7is issued(JMPLcall) thereturn
addressis calculatedandpushedontoaninternalhardware4-level stackcalledtheReturn
Prediction Stack (RPS). When a JMPL with the addressspecified as [%o7+8] or
[%i7+8] (which usuallyaresubroutinereturns)is encountered,thereturnaddressis pre-
dicted to be the value stored in the RPS.

Thus, if a subroutinereturnsthrough[%o7+8] or [%i7+8] , the next PC will be pre-
dictedmuchlike a conditionalbranch.Also like a conditionalbranch,if theactualtarget
addressis eventuallydeterminedto bedifferentfrom thepredictedaddress,theCPUmust
discard the incorrect instructions and begin fetching the correct ones.

9.3.4 Branc h and Branc h Prediction Strategies

The following subsections describe strategies for handling and predicting branches.

9.3.4.1 Eliminate Branc hes and Make Lar ger Basic Bloc ks

Without question,the most important thing a SPARC64-III compileror assemblylan-
guage programmer can do is to eliminate as many branches as possible.

Thereareseveral techniquesthatcanbeusedto remove branchesandcreatelargerbasic
blocks:

1. Replacebrancheswith conditional moves. Sometimessimple basic blocks can be
removed by doing one or several conditionalmoves.The CPU can perform several

Shift

1 0 10 0

BHR<4:0>

Branc h Histor y Table (BHT)Fetch PC<11:4>
(2bits × 8K-entries = 2KByte)

Index

Branc h Histor y Register 0 Not taken
1 Taken(BHR)

BPR<1:0>
2-bit saturating up-
down counter

00 Strongly not taken
01 Weakly not taken
10 Weakly taken
11 Strongly taken
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conditionalmovesfor thepriceof onebranch.MOVcc, FMOVcc, MOVr, andFMOVr
all take the same amount of time to execute.

2. LoopUnrolling : Evenamodestamountof loopunrollingcanbeabig benefit.Unroll-
ing by two mightdoublethesizeof abasicblockandgreatlyimprove theefficiency of
SPARC64-III.

3. ProcedureInlining : Most compilersimplementsomeinlining. A lot of non-supersca-
lar compliers inline mostly to prevent pipeline stalls, to cover cachelatencies,to
remove prologue and epilog code, and to allow better register allocation. On
SPARC64-III all of thesereasonsapply. In addition, SPARC64-III benefitsby the
removal of the subroutinecalls andreturnsandby reducingthe changeof a window
spill or fill trap.Note: Call and return are considered as branches in the CPU.

4. Moving instructionsfrom one basicblock to anotherto make a bigger basicblock.
Recentliteraturecontainsexamplesof this kind of codemovement.Someof these
techniquesrequirecompensationcodein the lesslikely pathsin order to expandthe
size of the more likely paths.

5. All of this not withstanding,it is still a good idea for the compiler to usestandard
strengthreductiontechniquesto remove redundantinstructions.That is, do not use
redundant or useless instructions simply to create larger basic blocks.

Many processorsbenefit from these techniques,but a superscalarprocessor like
SPARC64-III benefits even more.

9.3.4.2 Arrang e Code f or the F all-thr ough Case

SinceSPARC64-III doesnot issuepastthedelayslot of a predictedtakenbranch,thereis
anadvantageif thecodecanbereorganizedsothatthemostlikely paththroughthecodeis
in the branchnot taken path(the fall throughpath).The compileror assemblylanguage
programmercando this if it is possibleto staticallypredictthedirectionof a branchwith
reasonableaccuracy. Using this staticpredictionthe compileror programmercanensure
that in most cases the predicted code is in the fall through path.

The compileror assemblylanguageprogrammershouldavoid usinganulledbranchesif
thesebranchesareusuallynot takenbecauseSPARC64-III will createhardware“glitches”
to annul instructions and thereby cause some performance loss.

9.3.4.3 Calculate Condition Codes Earl y

Attempt to placethe comparisonsthat set conditioncodesas far aspossiblebeforethe
branchesthat usethe condition codes.The hardware still predictsthe branchusing the
branchpredictionhardwareinsteadof theconditioncodebits,but it looksat thecondition
codebits in thenext cycle or assoonasthey areavailable.If theconditioncodebits are
not valid at the time of the branch,the CPU cannottell if the branchwasmispredicted
until they are available.

Note:
Settingtheconditioncodeor registervalueearlybenefitstheCPU,but it is notasgreatabenefitfor
SPARC64-III as it is for scalaror pipelinedprocessors.This is becauseSPARC64-III performs
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branchpredictionandthereforedoesnotstallwaitingfor thebranchconditionto beset.However, if
the branchpredictionis incorrect,the speculative instructionsmustbe cancelledand the correct
path fetched.The soonerthe CPU discovers it mispredictedthe branch,the fewer cycles it will
waste executing the wrong instructions.

9.3.4.4 Subr outine Returns

Usea CALL instructionor a JMPL with a destinationof %o7for all procedurecalls.For
subroutinereturns,usea JMPL with [%i7+8] if theroutinedid a SAVE or a JMPL with
[%o7+8] if it wasa leaf routine.Avoid usingJMPLswith %o7 or %i7 exceptfor sub-
routinecallsor returns,sincethey corrupttheRPS.For example,avoid usingaJMPL%o7
for a switchstatement,becauseit corruptstheRPSandmight causea future returnto be
mispredicted.

9.3.4.5 Align Shor t Loops to Make “Dela y Slot” the Last Instruction

It maybedifficult or impossibleto align shortloopsto starton anI0 cacheline boundary.
In thesecasesanalternateandequallyefficient methodis to align theloop sothatthelast
instructionin acacheline is thedelayslotof abranch.This improvesthroughput,because
it putsthedelayslot in a known I0 cacheline break;that is, therewasgoingto bea code
break caused by the end of the cache line anyway.

9.4 Instruction Issue

Thestrategiesoutlinedabove shouldproducea regularstreamof instructionsto theIssue
Unit (ISU). At this point thecompilershouldadjusttheorderandmix of the instructions
to maximizeperformance.The CPU canissueat mostfour instructionsper clock. How-
ever, variousissueconstraintsmay make this impossiblein somecases.The following
sectionsdescribethese issue constraintsand presentsome strategies to reducetheir
effects.

9.4.1 Issue Strategies

If thecompileror assemblylanguageprogrammercouldalwaysdetermineexactly which
instructionsweregoingto beissuedin oneclock, it would beeasierto determinetheopti-
muminstructionmix to generatefor thenext clock.But this isn’t alwayspossible,because
of SPARC64-III’ s dataflow nature.For example,thecompilermight generatetwo integer
instructionsandtwo loadsandexpectthat they would issuein oneclock, sincethereare
enoughportsto thequeuesfor theseinstructions.However, if theLoad/StoreUnit (LSU)
queuehas11 of its queueslotsoccupiedwhenthe CPU attemptsto issuetheseinstruc-
tions,only oneof theloadscouldactuallybeissued.If thecompilerassumesthatall four
were issued, it is “out of sync” with the hardware.

Sometimes,however, the compileror assemblylanguageprogrammerhasa fairly good
ideawhich instructionswill be issuednext. For example,after a branchto an I0 aligned
(64-bytealigned)location,thecompilercanbefairly certainthat theCPUwill attemptto
issue the next four instructions if there are no static or dynamic issue constraints.
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It is not possibleto scheduleinstructionsperfectly. However, therearesomegroundrules
for scheduling a basic block. First, break the instructions into the following basic classes:

INT onl y:
Shifts,normalinteger instructions,integermultipliesanddivides,andinstructions
with a condition code (icc or xcc) source.

INT / AGEN:
Normal integer instructions, MOVr, atomics, prefetches, and loads and stores.

FP:
All floating-point instructions.

LSU:
Loads, stores, prefetches, and atomic instructions.

SeeTable39 on page200 for a completelist of the instructionsthat canbe executedin
each execution unit.

Now, assumethat the compilermustschedulean instructionof oneclass.For example,
assumethatthefirst instructionin thedependency graphis a shift. We know thattheshift
will besentto theINT queue,sincethatis theonly placewhereit canbeexecuted.For the
next instructionthe compilershouldcheckthe dependency graphto seeif it canfind an
instructionthat canbe issuedinto oneof the otherclasses;for example,an FMUL. The
compiler repeatsthis process,always looking for an instructionthat is not in the same
class.This algorithmattemptsto ensurethatno two adjacentinstructionsarein thesame
class;it guaranteesthatnomorethantwo instructionsareissuedto any classin oneclock,
regardless of where the CPU starts issuing the instructions.

It maynotalwaysbepossibleto find aninstructionfor adifferentclassthatcanbeinserted
into thecodestream.At this point thecompilermustdo someexperimentationto find an
algorithm that gives the bestperformance.Larger basicblocks always help, sincethey
give the algorithm more instructions to choose from for scheduling.

9.5 Instruction Dispatc h, and the DFM Queue

Figure79 on page 196 shows a block diagram of the SPARC64-III Data Flow Unit.

Up to 4 instructionsareissuedanddispatchedin eachcycle from theIssueUnit andarrive
at theDataFlow Unit. Theseinstructionsaresentto theQueueswherethey await all their
sourceoperands(if they arenot alreadyavailablefrom previousinstructions).Onceall of
thesourceoperandsareavailabletheinstructionsareeligible to besentto oneof theexe-
cutionunits.(If all thesourceoperandsareavailablewhenaninstructionis issuedanddis-
patched,andif the appropriatequeueis empty, thenthe instructioncango directly from
the Issue Unit to the appropriate execution unit.)

Whentheresultsaregeneratedby theexecutionunits,they aresenton theResultBusses
to the RegisterFile andalsosentto the Queueswherethey arecapturedby any waiting
instructionthatneedsthe resultasan input operand.Whenmoreinstructionsareeligible
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for executionthanthereareexecutionunitsservedby theinstruction’squeue,thentheold-
est eligible instructions are selected for execution.

Figure 79: SPARC64-III Data Flo w Unit

This collection of queuesand executionunits is called a “data flow” unit, becausethe
orderof executionof the instructionsis determinedby theavailability of thedataneeded
to startexecution(theflow of thedata)andnot by theoriginal orderof theinstructionsin
the program.

The SPARC64-III CPU containsfive instructionqueues.Eachqueuemay feed one or
moreexecutionunits.Table38 on page197describesthequeues,their ports,thenumber
of queueentries,andthenumberandtypeof functionalunits they feedwith instructions,
and the latency of the functional units.

LOAD/STORE QUEUE

Four Instructions fr om the
Result Busses

Addr

Renamed / Ar chitected Register File

SYS

WP × 16WATCHPOINT QUEUE

INT QUEUE

FP QUEUE

Even Cac he

FPMul/Ad d

FPDiv/Sqr t

ALS1

IMul/IDiv

ALS2

ALU3

ALU4

Odd Cache

INT/AGEN QUEUE

FP Add

Issue / Dispatc h Unit
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The“WPorts” columndefinesthemaximumnumberof instructionsthatcanbesentfrom
the ISU to that queueon eachcycle. This is oneof the issueconstraints.The numberof
queueportsis a staticconstraint;thatis, theCPUcannever issuemoreinstructionsto any
queuein any oneclock thantherearequeueports.The“RPorts” columndefinesthemaxi-
mumnumberof instructionsthatcanbesentfrom thequeueto theexecutionunitsoneach
cycle.

The“Entries” columndefinesthemaximumnumberof instructionsthatcanberesidentin
eachqueue.If thequeueis full, theISU cannotissuemoreinstructionsto this queueuntil
at leastoneinstructionfinishesits execution.Instructionsleavetheirqueuesandaresentto
the executionunits whenall of their sourceoperandsareavailable.The numberof free
queueentriesis a dynamicconstraint;it is difficult for the compiler to know beforean
instruction is issued whether or not the required queue is full.

The“ExecutionLatency” columndefinestheamountof time it takesto executetheopera-
tion onceit hasbeendispatched,assumingthatit neednotwait in aqueuefor its operands.
The FP divide/sqrtand the integer multiply/divide instructionscan run in parallel with
otherFPor integeroperations.However, they sharea resultbusandmuststealoneclock
from theFloatingPointMultiply/Add unit or oneof theintegerALS’swhenthey generate
a result.

The Floating point Multiply-Add Unit and Floating point Divide/Sqrt Unit sharethe
source/resultdatabus.Thus,they canneitherstartnor finish their executionat the same
time. But the Floating point Multiply-Add Unit can start or finish a new multiply-add
while the Floating point Divide/Sqrt Unit is in the middle of execution.

Table 38: DFM Queue Structures

Queue Name
WPor ts/
Entries/
RPor ts

Execution Units Supplied fr om the Queue Execution Latenc y

Floating P oint (FP) 2 / 8 / 2 1 Floating Point Multiply Add Unit (FMA)

1 Floating Point Divide/Sqrt Unit

1 Floating Point Add Unit (FA)

4 (FMA)(a)

1 (FMOV)
12(FDIVs)
22(FDIVd)
12(FSQRTs)
22(FSQRTd)
3 (FADD)(a)

a. Pipelined

Integ er (INT) 2 / 8 / 2 2 ALS (Arithmetic/Logical/Shift) Units
1 Integer Multiply/Divide Unit

1
4 (32bits multiply)
6 (64bits multiply)
2-37(13 avg divide)

Integ er and
Address
Generation
(INT/AGEN)

2 / 8 / 2 2 ALU (Arithmetic/Logical Units)
Note: ALUs used for Address Generation

1

Load/Store (LSU) 2(b) / 12 / 2

b. 1 for STDF, STDFA, STF, STFA, and STFSR

Even and Odd Data Caches 3 (hit)(a)

Watchpoint (WP) 1 / 16 / 16 Watchpoint x 16
(branch condition calculation)

1
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TheFloatingpoint Multiply-Add Unit, Floatingpoint Add unit, andDataCacheUnit are
pipelined.They canstartanew multiply/add,load/storeeachclockandcompleteoneeach
clock.Floatingpoint movesbypassthepipelineandcancompletein 1 cycle, if thereis no
Floatingpoint Multiply-Add instructionin thepipelinewhich will producea resultin the
next cycle.

The Floating point Divide/SqrtUnit, the Integer Multiply/Add Unit are not pipelined.
They cannot start new operations while they are busy.

Anything issuedto the Load StoreUnit (LSU) queuemust also be issuedto the INT/
AGEN queueto have its addressgenerated.TheINT/AGEN unitscando addressgenera-
tions or mostinteger instructions.However, they cannotdo shifts,multiplies,divides,or
instructionsthathave a conditioncoderegisterasa sourceoperand;for example,MOVcc,
ADDC, or SUBC.TheINT unitscannotdo MOVr instructions.For a completelisting of
what integer instructioncanbe issuedto INT or INT/AGEN see9.6.3,“Where Instruc-
tions Are Executed”.

9.6 Data Flo w Unit

9.6.1 Data Dependencies

Therearethreetypesof datadependency: truedependency, outputdependency, andanti-
dependency. The following code fragmentcontainsan exampleof eachtype; they are
described further in the subsections that follow:

1. add r1, r2 ➔r3 True Dependency

2. sub r3, r4 ➔r5 Output Dependency

3. or r7, r8 ➔r3 Anti-Dependency

All three of these instructions can be issued into the queues in one clock.

9.6.1.1 True Dependencies

Instruction1 writes a result to r3 andinstruction2 usesthat resultasa sourceoperand.
This is calleda “true dependency.” It is impossibleto executeinstruction2 beforeinstruc-
tion 1 and obtain the correct answer. No computer can remove true dependencies.

9.6.1.2 Output Dependencies

Instruction1 writes a result to r3. Instruction3 alsowrites a result to r3. It appearsthat
instructiona cannot executebeforeor in parallelwith instruction1, or elseinstruction2
might get the wrong source value in r3. However, register renaming as found on
SPARC64-III canremove this restriction.Registerrenamingworksby “renaming”all des-
tination registersfrom their architecturalregisternameto an internal “physical” register
name.Therenamingis doneatdispatchtime.To makerenamingwork efficiently theCPU
needsmore physical registersthan architectedregisters.For instance,assumethat the
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exampleabove wererenamedin the following manner. (Herewe usethe notationpn to
mean physical register “n”.)

1. add p1, p2 ➔ p78

2. sub p78, p4 ➔ p 42

3. or p7, p8 ➔ p34

First thedestinationof 1 is renamedto p78. This alsocausesthesourceregisterin 2 to be
renamedto p78. After renaming,theprogramis logically equivalentto theoriginal. How-
ever, now thereis no reasonthat instruction3 could not be executedbeforeor simulta-
neouslywith 1, becausethey now write different destinationregisters.Thus, register
renaming removed the output dependency between instructions 1 and 3.

9.6.1.3 Anti-dependencies

In theoriginal exampleinstruction2 usesr3 asa sourceandinstruction3 writes its result
into r3. It appearsthat instruction3 cannot executebeforeinstruction2, becauseinstruc-
tion 3 would overwrite the sourceregister(r3) neededin instruction2. This is calledan
anti-dependency.

The renamedregisterversionin 9.6.1.2above illustrateshow SPARC64-III handlesthis
problem. Since the destinationof 3 was renamedto p34 and instruction 2 needsp78,
instruction3 cannow be executedbeforeor with instruction2b. Thusregisterrenaming
also removes anti-dependencies.

9.6.2 True Dependenc y Strategies

Sinceregisterrenamingremovesoutputandanti dependencies,thecompileror assembly
languageprogrammerneedonly beconcernedabouttrue dependencies.Thesecannotbe
removed by registerrenaming.In fact, thereis no way to remove true dependenciesand
have a correctly operating program.

For shortsequencesof codeor for codethatis not in a loop, it is probablynot worthwhile
to worry about true dependencies.SPARC64-III can have up to 64 instructionsin its
instructionqueuesat any time. This allows enoughbuffering sothatmosttruedependen-
ciesareresolved beforethey causeany machinestalls.This is especiallytrue for integer
operations where the instruction latencies are usually only 1 clock.

Note:
Load and Store will be discussed in more detail later.

In certainloops,especiallyin floating-pointloops, the schedulingof true dependencies
may make a big differencein performance.If oneiterationof a loop generatesmultiple
floating-point resultsthat are usedin the next iteration of the loop, the FP queuecan
becomefilled. That is, the ISU canissuetwo instructionsperclock to theFPQueueand
eachoperationhasat leastthreeclocks of latency. In thesecasesit is possiblefor true
dependenciesto stall the machinebecausethe FP queueis full. If possible,the compiler
should schedule these loops to prevent the FP queue from filling.
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9.6.3 Where Instructions Are Ex ecuted

Table39 lists thequeuesto which instructionscanbe issued.A checkmark (✔) in a col-
umn indicatesthat the instruction(s)canbe executedin the associatedunit; an ‘✕’ indi-
catesthat it usesmultiple executionunits. ‘L’ indicatesthat it usesEven/OddCachein
addition to ALU1/2 attached to the INT/AGEN queue.

Table 39: Where Instructions are Executed

Queue INT INT/AGEN FP WP SYS
Result b us FX1 FX2 FX3 FX4 FP1 FP2

Execution Unit ALS1 Imul/
Div ALS2 ALU3 ALU4 FMA Fdiv/

Sqr t FA WP SYS

ADD, ADDcc ✓ ✓ ✓ ✓

ADDC, ADDCcc ✓ ✓

AND, ANDcc, ANDN, ANDNcc ✓ ✓ ✓ ✓

BPcc, Bicc, BPr ✓

CALL ✕ ✕

CASA, CASXA L L
DONE ✓ ✓ ✕

FABS ✓

FADD ✓ ✓

FBfcc, FBPfcc ✓

FCMP, FCMPE, FiTO(s, d) ✓

FDIV ✓

FLUSH L L
FLUSHW ✓

FMOV, FMOVcc, FMOVr, FMOVr,
FMUL, FNEG, FsMULd, F(s, d)TOi,
F(s,d)TO(s,d), F(s,d)TOx, FxTO(s,d)

✓

FSQRT ✓

FSUB ✓ ✓

ILLTRAP ✓

IMPDEP2(FMA) ✓

JMPL ✕ ✕

LDD, LDDA L L ✕

LDDF, LDDF, LDDFA, LDF, LDFA,
LDFSR

L L

LDSB, LDSBA, LDSH, LDSHA,
LDSTUB, LDSTUBA, LDSW,
LDSWA, LDUB, LDUBA, LDUH,
LDUHA, LDUW, LDUWA, LDX,
LDXA, LDXFSR

L L

MEMBAR L L
MOVcc ✓ ✓

MOVr ✓ ✓

MULScc ✓

MULX ✓

NOP ✓ ✓ ✓ ✓

UMUL, SMUL, UMULcc, SMULcc ✓
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9.6.4 Loads and Stores

SPARC64-III containsa 64K byteDataCache,which is dividedinto two banks,evenand
odd,with 8 bytesboundary. TheDataCacheis indexedby virtual addressbit <13:6>.The
datacacheshave a line sizeof 64 bytesandarefour-way setassociative.Theassociativity
meansthat cachethrashingis minimized. Nevertheless,the compiler should not align
large data arrays modulo 16K bytes apart.

OR, ORcc, ORN, ORNcc ✓ ✓ ✓ ✓

PREFETCH, PREFETCHA L L
RDASI, RDASR, RDCCR, RDFPRS,
RDPC, RDPR, RDTICK, RDY

✕ ✕

RESTORE ✓ ✓

RESTORED ✕ ✓

RETRY ✓ ✓ ✕

RETURN ✕ ✕

SAVE ✓ ✓ ✕

SAVED ✕ ✓

SDIV, SDIVcc, SDIVX ✓

SETHI ✓ ✓ ✓ ✓

SIR ✓

SLL, SLLX ✓ ✓

SDIV, SDIVXcc, SDIVX ✓

SLL, SRL ✓ ✓

SMUL, SMULcc ✓

SRA, SRAX, SRL, SRLX ✓ ✓

STB, STBA, STBAR L L
STD, STDA L L ✕

STDF, STDFA, STF, STFA, STFSR L L
STH, STHA, STW, STWA, STX,
STXA, STXFSR

L L

SUB, SUBcc ✓ ✓ ✓ ✓

SUBC, SUBCcc ✓ ✓

SWAP, SWAPA L L
TADDcc, TADDccTV ✓ ✓

Tcc ✓ ✕

TSUBcc, TSUBccTV ✓ ✓

UDIV, UDIVcc, UDIVX ✓

UMUL, UMULcc ✓

WRASI, WRASR, WRCCR, WRF-
PRS, WRPR, WRY

✓ ✕

XOR, XORcc, XNOR, XNORcc ✓ ✓ ✓ ✓

Table 39: Where Instructions are Executed  (Continued)

Queue INT INT/AGEN FP WP SYS
Result b us FX1 FX2 FX3 FX4 FP1 FP2

Execution Unit ALS1 Imul/
Div ALS2 ALU3 ALU4 FMA Fdiv/

Sqr t FA WP SYS
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Note:

This is 16K byes instead of 64K, because of the four-way set associativity.

Thecachesare“non-blocking”.That is, while thecacheis waiting for datafrom memory
becauseof a cachemiss,it canstill processfurthercacheaccesses,mostof which will be
hits. The cacheonly blocks further accesseswhen it encountersa miss that requiresa
fourthdatacacheline to beloadedfrom memory. (Missesto adatacacheline thatis in the
processof beingloadedfrom memorydo not block otherdataaccessesto thecache.)The
non-blockingnatureof thecachesallows theCPUto performa greatdealof work while
waiting for cache misses.

SPARC64-III has a large (256 entry, fully associative) TranslationLookasideBuffer
(TLB). Nevertheless,it is importantto avoid TLB missesasmuchaspossible,sincethey
are handled in software and take a great deal of time, typically 80-100 cycles or more.

TheSPARC64-III Load/StoreUnit (LSU) canstarttwo loadsor two storesin eachclock,
aslongasonehasanevenaddressandtheotherhasanoddaddress.Theseaccessescanbe
totally independent; they can even be a mixture of loads and stores.

The datacacherequiresa load/storelatency of threecycles,but it is pipelinedandcan
accepttwo new load or storerequestsevery clock andcancompletetwo loadsor stores
every clock.

TheSPARC64-III level 2 cachesystemhasabouta 13 clock latency for loadsthatmissin
the datacache.Fortunately, the dataflow natureof SPARC64-III allows the CPU to do
otherusefulwork while waiting for acachemiss.However, it is hardfor theCPUaloneto
find enoughwork to dofill 13clocksof latency. Subsequentloadmissesto thesamecache
line arequeuedin the datacacheandwill completeassoonasthe dataarrives(usually
only a few cycleafterthe13cyclesto getthedatafor thefirst miss).Toomany datacache
misses to different cache lines in a short period of time eventually cause the CPU to stall.

Thenext sectiondescribesstrategiesthecompilercanuseto avoid thecachemisslatency
penalty.

9.6.4.1 Load and Store Latencies

Table 40 shows the Data Cache latencies (in clocks) for various load and store events:

Table 40: Data Cache Latencies

Type Latenc y(a)

(load)

a. All latencies are approximate; many factors determine the actual number of cycles of latency
that will occur.

Latenc y(a)

(store) Comments

Hit at D1$ 3 3 Pipelined

Miss at D1$, but Hit in U2$ 3+10 3+10 Non-blocking

Miss at D1$ and U2$ 3+10+46 3+10+53 Non-blocking

Miss at TLB 100+ 100+ Handled by Software
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9.6.4.2 Load and Store Or dering Constraints

SPARC64-III doesnot allow storesto executeout of order, evenwhentheCPU is using
the Relaxed Memory Order (RMO) memorymodel. SPARC64-III doesallow loadsto
executeoutof orderin RMO mode,however. It alsoallows loadsto passstores,if theload
is not to thesamepageoffsetasany storethat is alsoin theLoad/StoreQueue.Explicitly,
in orderfor a load to passa storein theLoad/StoreQueue,addressbits 13..0of the load
and store must differ.

Speculative stores,which arestoresthatareencounteredon a predicted,but not yet veri-
fied,branchpath,arenot allowedto executeuntil they areno longerspeculative.Storesin
anonspeculativepatharealsonotexecuteduntil it is known thatall instructionsbeforethe
storewill completewithout error. This preventsa store from erroneouslymodifying a
cache or memory location.

Speculative loads,which areloadson a predictedbranchpath,areallowed to execute.If
theCPUlaterdeterminesthatthebranchwasmispredicted,all speculative loadsandspec-
ulative storesthatarestill in theLSU queuearecancelled.Loadsthathave alreadystarted
execution(that is, they arein theprocessof loadingdatafrom theU2-Cacheor memory)
arenot cancelled;instead,thedatais loadedinto thelevel-1 datacache,but thedatais not
sent to the DFMLSU.

9.6.5 Load and Store Strategies

The following sections discuss strategies for hiding data cache latencies.

9.6.5.1 Schedule Loads as Earl y as Possib le

It is a goodideato scheduleloadsasearlyaspossible;that is, try to scheduleloadsasfar
beforeany instructionsthat usesthe result of the load as possible.This may cover the
entirelatency of a datacachehit, andit will definitelyhelp if thereis a datacachemiss.
Loop unrolling or softwarepipeliningmayallow a loadto bestartedlong beforethedata
is needed. Larger basic blocks also make it easier to schedule loads earlier.

Several factorsmay make it difficult or undesirableto scheduleloadstoo far beforethe
data is used:

■ The load instructionstie up an architectedregisteruntil the datais used.Too many
“early” loadswould tie up all of thearchitectedregistersandpreventlaterinstructions
from issuing.

■ Often loadscannotbe moved from a later basicblock to an earlierone,becausethe
interveningbranchmight be checkingto determineif it is valid to do the load. For
example,while traversinga linkedlist, it would speedthingsup if thecompilercould
startto accessthedatain thenext list nodebeforecheckingto seeif thenodepointeris
null. However, with normalloadsusinga null pointercausesa data_access_exception,
so this load cannot be moved before the branch.

The next sectionsdiscusstwo techniquesavailable in SPARC64-III that cancircumvent
some of these restrictions.
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9.6.5.2 Data Pref etches

SPARC-V9 providesa setof dataprefetchinstructions.Theseinstructionsaredefinedto
“attempt” to prefetchdata.Theprefetchinstructionsspecifyanaddresslike a normalload
or store,but do not requirea destination(source)register. Theprefetchoperationattempts
to move thedataascloseaspossibleto theCPU.For SPARC64-III theprefetchloadsthe
data into the level-1 data cache, if it is not already there.

If a data_access_exception occursduring theprefetch,the instructionis treatedasa NOP;
thatis, thedatais not loadedandno exceptionoccurs.This allows thecompilerto sched-
ule prefetches before it is certain that the source address is valid.

On SPARC64-III the compiler needsto scheduleonly one prefetchper cacheline (64
bytes), since the prefetch always loads an entire cache line into the cache.

SPARC-V9 definesfive different prefetch types, but SPARC64-III supportsonly two
types: “Prefetch for Several Reads” and “Prefetch for Several Writes.” (See A.42,
“PrefetchData”, for moreinformation.)Both typescauseacacheline to beloadedinto the
datacacheif it is not alreadythere.The“write” versionalsoinformsthecoherencemech-
anismthat the requestormusthave exclusive ownershipof the cacheline. All prefetches
are non-blocking; that is, the data cachecan processother cacheaccesseswhile the
prefetch is loading the cache line from the Unified Cache (U2) or memory.

A Prefetchthatmissesin theDataCachecausesacachereloadbuffer to bebusywhenthe
datareturnsfrom theU2 cacheor memory. If too many prefetchesmiss,thensubsequent
real loads(or stores)will bedelayedbecauseall availableprefetchbufferswill be in use.
From 2 to 4 prefetches(dependingon their address)canmissbeforea subsequentload
miss will be stalled.

9.6.5.3 Non-Faulting Loads

Non-Faulting Loads are similar to prefetches except that:

■ They are only available for loads,

■ They load data into an architected register as well as the data cache.

If any dataaccessprotectionviolationoccursduringtheload,zerois returnedto thedesti-
nation register but no error trap is taken.

Note:
Error traps are taken for hardware errors such as ECC.

Thecompilermustverify that theaddressusedfor a non-faultingloadwasvalid beforeit
attemptsto usetheloadeddata.For example,in traversinga linkedlist thecompilercould
usenon-faulting loadsto accessthedatain thenext nodebeforecheckingfor a null node
pointer. However, thecompiledcodemust checkthepointerbeforeusingthedatathatwas
loaded, since no exception occurs if the pointer was invalid.

9.6.5.4 Non-Faulting Loads vs. Data Pref etches

Prefetch has the following benefits:
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■ It does not require a register for the result.

■ It can be made before the prefetch address is validated.

■ Only one Prefetch is needed per data cache line.

■ It can be used for loads and stores.

Prefetch has the following disadvantages:

■ Thedatais loadedonly into thedatacache.Theprefetchmustbefollowedby a “real”
load in order to get the data from the cacheand to ensurethat the addressof the
prefetch was valid.

■ Too many prefetchmissesmay make all of the datacachereloadbuffers busy. This
may then block nonprefetchedloadsand storesthat are more importantfor making
forward progress in the program.

Non-Faulting Loads have the following advantage:

■ The data is loaded into a register, therefore, a follow-up load is not needed.

Non-Faulting Loads have the following disadvantages:

■ The address must be validated before the data can be used.

■ An architected register is tied up until the data is used.

■ They are available only for loads.

■ Too many non-faulting loads that miss can make the data cache reload buffers busy.

9.7 Some Implementation Specifics

In additionto thetopicsdiscussedabove a few topicsrelateto theparticularimplementa-
tion of theSPARC64-III machinethatthecompilerwriter or assemblylanguageprogram-
mershouldbeawareof to generateefficient code.Theseareall coveredin othersections
of this manual. In addition, they are collected and summarized below.

9.7.1 Unimplemented Instructions

SPARC64-III doesnot implementsomeSPARC-V9 instructionsin hardware.If thecom-
piler issuestheseinstructions,the machinetrapsandthe kernelemulatesthe instruction.
Avoid theseinstructionswhenpossible,becausekernelemulationis slow. Table41 enu-
merates the non-privileged instructions that are unimplemented in SPARC64-III.

Table 41: Unimplemented instructions

Unimplemented Instructions Notes

All Quad FPops

LDQF/STQF

Kernel emulation

POPC Kernel emulation



206 9 Guidelines for Instruction Scheduling

9.7.2 Overloaded Instructions

The following instructionsareoverloadedin SPARC64-III. That is, the instructionsare
mapped onto other valid instructions.

9.7.3 Register Windo ws

SPARC64-III implementsfive registerwindows (NWINDOWS = 5). This is fewer win-
dows thanmostSPARC machines.However, the costof additionalregistersin a register
renamed,superscalarprocessorsuchas SPARC64-III is very high. (More register win-
dows take morespaceon thechip andareslower.) However, thewindow spill andfill rou-
tinesaremuchfasterin SPARC-V9 thanin SPARC-V8, becauseof the new SPARC-V9
instructions.Also SPARC64-III speculatively executesinto the spill/fill routines,which
allows thespills andfills to startearly. Thus,thecostof a window spill or fill is muchless
for SPARC-V9 implementations like SPARC64-III than it is for SPARC-V8 machines.

To keepthe spill/fill cost low the compiler shouldnot generateunnecessarySAVE and
RESTOREinstructions,sincethesemightcauseextrawindow spillsor fills. Inlining small
functionshelps,sincethis removesthe SAVE andRETURN instructions.Similarly, The
compiler should generate routines as leaf routines whenever possible.

9.7.4 Deprecated Instructions

Table43 on page207 lists the SPARC-V8 instructionsthat have beendeprecatedin
SPARC64-III. Thedeprecatedinstructionsmaynotbesupportedor mayperformpoorly in
future SPARC-V9 hardwareandmay be droppedin SPARC-V10; new compilersshould
not generate deprecated instructions.

Table 42: SPARC64-III Unimplemented Non-pri vileged Instructions

Overloaded Instructions Overload to:

PREFETCH (one read) Mapped to PREFETCH (several reads)

PREFETCH (one write) Mapped to PREFETCH (several writes)

PREFETCH (page) Mapped to PREFETCH (several reads)
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9.8 Grouping Rules

A maximumof 4 instructionscanbeissuedin acycle,dependingonrestrictionsdescribed
as follows.

Any datadependency (true,output,anti-dependency) betweeninstructionsdoesnot affect
the number of instruction being issued, because of SPARC64-III’ s renaming capability.

9.8.1 Fetch limitation

Instructionissueis limited to thenumberof instructionsavailablein the12-entry instruc-
tion buffer. The numberof instructionsthat canbe fetched(max 4) is dependenton the
conditions described in the following subsections.

9.8.1.1 Instruction Lookaside T able (ILT) Miss

The next fetch addressis always predictedthroughthe 4k entry InstructionLookaside
Table (ILT). The mispredict penalty is 1 cycle.

9.8.1.2 I0 cache Miss

TheI0 Cacheis 16KB-direct;the I1 Cacheis 64Kb, 4-way setassociative. The I0 Cache
miss penalty is 3 cycles,and between10 and 56 (U2 Cachehit/miss) more cycles are
required if the I1 Cache misses as well.

Table 43: Deprecated instructions

Deprecated Instructions Comments

Bicc No performance penalty. No branch prediction bit.

FBFcc No performance penalty, No branch prediction bit.

LDD(A) Single issue instruction

LDFSR Syncs the CPU

MULScc Syncs the CPU

SDIV, SDIVcc No performance penalty

SMUL, SMULcc Syncs the CPU

STBAR No performance penalty

STD(A) Single issue instruction

STFSR Syncs the CPU

SWAP, SWAPA No performance penalty

TADDccTV No performance penalty. Useless in non-tagged programs

TSUBccTV No performance penalty. Useless in non-tagged programs

UDIV,UDIVcc No performance penalty

UMUL, UMULcc Sync the CPU

WRY Sync the CPU
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9.8.1.3 I0 Cache Line Break

EachI0 Cacheline includes16 instructions;instructionsthatcrossa cacheline boundary
cannotbe fetchedin thesamecycle. See9.2.1,“Internal Level-0 InstructionCache(I0)”
for the details.

9.8.1.4 Contr ol Transf er Instruction (CTI) Fetc h

Instructionaddresseshave to be contiguousto be issuedin the samecycle. A taken CTI
andthe target of that CTI cannotboth be fetchedin the samecycle. A non-taken DCTI
with theannulbit onandthenext instructioncannotbefetchedin thesamecycle. In addi-
tion, multiple CTIs cannot be fetched in the same cycle.

Every CTI except DCTI requires2 cycle bubblesfor the subsequentinstructionsto be
issued.

9.8.2 Syncing Instructions

Several instructionscauseSPARC64-III to sync; that is, they causethe machineto stop
issuinginstructionsuntil all previously issuedinstructionscommit. The CPU then exe-
cutesthesyncinginstructionby itself andwaitsfor it to commitbeforeproceeding.Fortu-
nately, only a few of theseinstructionsmightbegeneratedby acompiler. Table44 lists the
instructions that cause the SPARC64-III to sync.

Table 44: SPARC64-III Syncing Instructions

Syncing Instructions Suggestions

MEMBAR (#sync, #memissue)

FLUSH

SMUL/SMULcc Use MULX

UMUL/UMULcc Use MULX

MULScc Use MULX

Tcc except ‘ta %g0+imm’ Use ‘ta %g0+imm’ form for Unix system
calls

RDASR %asr24, %asr26,%asr28,%asr29, %asr30

WRASR %asr18, %asr19, %asr20, %asr21, %asr22, %asr23,
%asr25, %asr26, %asr30, %asr31

WRPR except
%pil
‘%g0+imm %cwp/%cansave/%canrestore/%cleanwin/%otherwin/
%wstate’

LDFSR/LDXFSR

STFSR/STXFSR

CASA/CASXA

SIR

WRY

WRASI

WRFPRS



9.8.3  slot0_only and last_to_be_issued 209

9.8.3 slot0_onl y and last_to_be_issued

Someinstructionsare marked as slot0_only or last_to_be_issued; that is, the instruction
must be the first or last slot of the current issuing instructionwindow. An instruction
marked asboth slot0_only and last_to_be_issued is a single-issue instruction.

Table 45 lists the SPARC64-III slot0_only andlast_to_be_issued instructions.

9.8.4 DFM Q Write Por t

Each instruction has attributes indicating to which DFM queuethe instruction can be
issuedand dispatched.SinceeachDFM queuecan accepta limited numberof instruc-
tions,thenumberof issuinginstructionsis dependenton thetypeof theinstructions.Table
46 indicateseachinstruction’s type. A checkmark (✓) in the column indicatesthat the
instruction(s)canbe queuedin the namedqueue;an ‘✕’ indicatesthat it usesmultiple
queues.

Note:
Unlike Serial numberand renameregister, the DFM queueentry becomesavailable when the
instructionusing the entry startsits execution,ratherthan when the instructionis retired except
DFM LSU.

.

Table 45: slot0_only and last_to_be_issued Instructions.

Instructions slot0_onl y last_to_be_issued
FMOVrval ✓

JMPL(except ret/retl) ✓

LDD, LDDA ✓ ✓

RDASI, RDASR, RDFPRS, RDPC, RDPR, RDTICK ✓

RESTORE ✓ ✓

RESTORED ✓

SAVE ✓

SAVED ✓

STD, STDA ✓ ✓

Tcc ✓ ✓

WRASI, WRASR, WRCCR, WRFPRS, WRPR, WRY ✓

RETURN ✓

Table 46: Where Instructions are Queued

Instructions INT
Queue

INT/
AGEN
Queue

Load/
Store
Queue

FP
Queue

WP
Queue SYS

ADD, ADDcc ✓ ✓

ADDC, ADDCcc ✓

AND, ANDcc, ANDN, ANDNcc ✓ ✓

BPcc, Bicc, BPr ✓

CALL ✕ ✕

CASA, CASXA ✓

DONE ✕ ✕
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FABS ✓

FADD ✓

FBfcc, FBPfcc ✓

FCMP, FCMPE, FiTO(s,d) ✓

FDIV ✓

FLUSH ✕ ✕

FLUSHW ✓

FMOV, FMOVcc, FMOVr, FMOVr,

FMUL, FNEG, FsMULd,
F(s,d)TOi, F(s,d)TO(s,d),
F(s,d)TOx, FxTO(s,d)

✓

FSQRT ✓

FSUB ✓

ILLTRAP ✓

IMPDEP2(FMA) ✓

JMPL ✕ ✕

LDD, LDDA ✕ ✕ ✕

LDDF, LDDF, LDDFA, LDF,
LDFA, LDFSR

✕ ✕

LDSB, LDSBA, LDSH, LDSHA,
LDSTUB, LDSTUBA, LDSW,
LDSWA, LDUB, LDUBA, LDUH,
LDUHA, LDUW, LDUWA, LDX,
LDXA, LDXFSR

✕ ✕

MEMBAR ✕ ✕

MOVcc ✓

MOVr ✓

MULScc ✓

MULX ✓

NOP ✓ ✓

UMUL,SMUL,UMULcc,SMULcc ✓

OR, ORcc, ORN, ORNcc ✓ ✓

PREFETCH, PREFETCHA ✕ ✕

RDASI, RDASR, RDCCR, RDF-
PRS, RDPC, RDPR, RDTICK,
RDY

✕ ✕

RESTORE ✓

RESTORED ✕ ✕

RETRY ✕ ✕

RETURN ✕ ✕

SAVE ✕ ✕

SAVED ✕ ✕

SDIV, SDIVcc, SDIVX ✓

SETHI ✓ ✓

SIR ✓

SLL, SLLX ✓

Table 46: Where Instructions are Queued  (Continued)

Instructions INT
Queue

INT/
AGEN
Queue

Load/
Store
Queue

FP
Queue

WP
Queue SYS
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9.8.5 Mixture of Normal Integ er Instructions

Whenissuinga mixture of normal integer instructions(for example,ADD andSHIFT),
the CPU exhibits a specificbehavior. If an issuewindow contains4 integer/shift instruc-
tions,they couldbeissuedin 2 possibleways,basedon theorderof theoperations.Table
47 andTable 48 illustrate the two possible issue orderings:

SDIV, SDIVXcc, SDIVX ✓

SLL, SRL ✓

SMUL, SMULcc ✓

SRA, SRAX, SRL, SRLX ✓

STB, STBA, STBAR ✕ ✕

STD, STDA ✕ ✕ ✕

STDF, STDFA, STF, STFA, STFSR ✕ ✕

STH, STHA, STW, STWA, STX,
STXA, STXFSR

✕ ✕

SUB, SUBcc ✓ ✓

SUBC, SUBCcc ✓

SWAP, SWAPA ✕ ✕

TADDcc, TADDccTV ✓

Tcc ✕ ✕

TSUBcc, TSUBccTV ✓

UDIV, UDIVcc, UDIVX ✓

UMUL, UMULcc ✓

WRASI, WRASR, WRCCR,WRF-
PRS, WRPR, WRY

✕ ✕

XOR,XORcc,XNOR,XNORcc ✓ ✓

Table 47: Order = shift1, shift2, add1, add2

Execution Unit Operation Cycle #

ALS1 shift 1 1

ALS2 shift 2 1

ALU3 add 1 1

ALU4 add 2 1

Table 46: Where Instructions are Queued  (Continued)

Instructions INT
Queue

INT/
AGEN
Queue

Load/
Store
Queue

FP
Queue

WP
Queue SYS
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Thesecondcasetakestwo clocks.This anomalyoccursbecausethefirst 2 integeror shift
instructionsarealwayssentto the INT queueandthe remaininginteger instructionsare
checked to seeif they cango to the INT/AGEN queue.Sinceshift cannotgo to the INT/
AGEN queue,the secondcasecannotexecutethe shifts in the sameclock asthe ADDs.
This issueconstraintis causedby a critical speedpath,which doesnot allow enoughtime
to switch the order of the instructions so that they could all issue in a single clock.

Note:
Althoughthenumberof instructionsbeingissuedis calculatedassumingthefirst 2 integerinstruc-
tionsarealwayssentto theINT queue,it is notguaranteedthatthefirst two integerinstructionswill
bedispatchedto theINT queue,exceptshift andsomeotherinstructions(seeTable46onpage209
for details).SPARC64-III triesto issueanddispatchinstructionsto theINT queueandINT/AGEN
queue in turn to prevent ALU3/ALU4 from being idle.

9.8.6 Dynamic Resour ces

An instructioncannotbeissuedif correspondingdynamicresourcesarenotavailable.The
instructionwill stall until previousinstructionsusingthesameresourceareretiredandthe
resource again becomes available.

9.8.6.1 Serial Number

Every issuedinstructionis taggedwith a serial number. The numberof availableserial
numbers is 63.

9.8.7 Rename Register

Any instructionwhich will write into anintegerregister(except%g0,%ag0),a condition
coderegister, or floatingpoint registerrequiresanavailablerenameregister. Thenumber
of availablerenameregistersis 34 for integer, 27 for cc,and32 (even)+32(odd)for float-
ing point registers.

Table 48: Order = add1, add2, shift1, shift2

Execution Unit Operation Cycle #

ALS1 add 1 1

ALS2 add 2 1

ALS1 shift 1 2

ALS2 shift 2 2
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A.1 Overview

This appendixdescribeseachSPARC64-III instruction.Relatedinstructionsaregrouped
into subsections. Each subsection consists of these parts:

1. A tableof the opcodesdefinedin the subsectionwith the valuesof the field(s) that
uniquely identify the instruction(s).

2. An illustrationof theapplicableinstructionformat(s).In theseillustrationsadash‘—’
indicatesthat thefield is reserved for futureversionsof thearchitectureandshall be
zero in any instanceof the instruction.If a conformingSPARC-V9 implementation
encountersnonzerovaluesin thesefields, its behavior is undefined.SeeAppendixI,
“Extending the SPARC-V9 Architecture” in V9 for informationaboutextendingthe
SPARC-V9 instruction set.

3. A list of thesuggestedassemblylanguagesyntax;thesyntaxnotationis describedin
AppendixG, “Assembly Language Syntax”.

4. A description of the features, restrictions, and exception-causing conditions.

5. (5) A list of exceptionsthat canoccurasa consequenceof attemptingto executethe
instruction(s). Exceptions due to an instruction_access_error,
instruction_access_exception, 32i_instruction_access_MMU_miss, async_error,
watchdog, andinterruptsarenot listed sincethey canoccuron any instruction.Also
any instruction that is not implemented in hardware shall generate an
illegal_instruction exception (or fp_exception_other exception with
ftt=unimplemented_FPop for floating-point instructions)when it is executed.The
data_breakpointtrap can occur on any data memory accessinstruction and the
programmed_emulation_trapcanoccurduringchipdebugonany instructionthathas
beenprogrammedinto oneof theCPU’sEmulationTrapRegisters(ETR).Thesetraps
are also not listed under each instruction.

The following trapsnever occur in SPARC64-III:

■ watchdog_reset

■ instruction_access_MMU_miss

■ internal_processor_error

³�´
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■ data_access_MMU_miss

■ data_access_protection

■ unimplemented_LDD

■ unimplemented_STD

■ LDQF_mem_address_not_aligned

■ STQF_mem_address_not_aligned

■ async_data_error

■ fp_exception_other (ftt = invalid_fp_register)

The descriptionsin this Appendix list the trapsthat will not occur for eachinstruction
group.However, trapsin the list above areomittedfrom the lists in the following pages
since they can never occur in SPARC64-III.

This appendixdoesnot includeany timing information(in eithercyclesor clock time),
since timing is implementation-dependent.

Table 50 summarizesthe instruction set; the instruction definitions follow the table.
Within Table50, throughoutthis appendix,andin AppendixE, “OpcodeMaps,” certain
opcodesaremarkedwith mnemonicsuperscripts.Thesuperscriptsandtheir meaningsare
defined inTable 49:

Table 49: Opcode Superscripts (V9=21)

Super script Meaning

D Deprecated instruction

P Privileged opcode

PASI Privileged action if bit 7 of the referenced ASI is zero

PASR Privileged opcode if the referenced ASR register is privileged

PNPT Privileged action if PSTATE.PRIV = 0 and TICK.NPT = 1

Table 50: Instruction Set (V9=22)

Opcode Name Page

ADD (ADDcc) Add (and modify condition codes) 218

ADDC (ADDCcc) Add with carry (and modify condition codes) 218

AND (ANDcc) And (and modify condition codes) 270

ANDN (ANDNcc) And not (and modify condition codes) 270

BPcc Branch on integer condition codes with prediction 229

BiccD Branch on integer condition codes 227

BPr Branch on contents of integer register with prediction 219

CALL Call and link 232

CASAPASI Compare and swap word in alternate space 233

CASXAPASI Compare and swap doubleword in alternate space 233

DONEP Return from trap 238

FABS(s,d,q) Floating-point absolute value 246
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FADD(s,d,q) Floating-point add 239

FBfccD Branch on floating-point condition codes 221

FBPfcc Branch on floating-point condition codes with prediction 224

FCMP(s,d,q) Floating-point compare 240

FCMPE(s,d,q) Floating-point compare (exception if unordered) 240

FDIV(s,d,q) Floating-point divide 248

FdMULq Floating-point multiply double to quad 248

FiTO(s,d,q) Convert integer to floating-point 245

FLUSH Flush instruction memory 251

FLUSHW Flush register windows 253

FMOV(s,d,q) Floating-point move 246

FMOV(s,d,q)cc Move floating-point register if condition is satisfied 275

FMOV(s,d,q)r Move f-p reg. if integer reg. contents satisfy condition 279

FMUL(s,d,q) Floating-point multiply 248

FNEG(s,d,q) Floating-point negate 246

FsMULd Floating-point multiply single to double 248

FSQRT(s,d,q) Floating-point square root 250

F(s,d,q)TOi Convert floating point to integer 242

F(s,d,q)TO(s,d,q) Convert between floating-point formats 243

F(s,d,q)TOx Convert floating point to 64-bit integer 242

FSUB(s,d,q) Floating-point subtract 239

FxTO(s,d,q) Convert 64-bit integer to floating-point 245

ILLTRAP Illegal instruction 254

IMPDEP1 Implementation-dependent instruction 255

IMPDEP2 Implementation-dependent instruction 255

JMPL Jump and link 258

LDDD Load doubleword 263

LDDAD, PASI Load doubleword from alternate space 265

LDDF Load double floating-point 259

LDDFAPASI Load double floating-point from alternate space 261

LDF Load floating-point 259

LDFAPASI Load floating-point from alternate space 261

LDFSRD Load floating-point state register lower 259

LDQF Load quad floating-point 259

LDQFAPASI Load quad floating-point from alternate space 261

LDSB Load signed byte 263

LDSBAPASI Load signed byte from alternate space 265

LDSH Load signed halfword 263

LDSHAPASI Load signed halfword from alternate space 265

LDSTUB Load-store unsigned byte 268

LDSTUBAPASI Load-store unsigned byte in alternate space 269

LDSW Load signed word 263

LDSWAPASI Load signed word from alternate space 265

LDUB Load unsigned byte 263

LDUBAPASI Load unsigned byte from alternate space 265

Table 50: Instruction Set  (Continued)(V9=22)

Opcode Name Page
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LDUH Load unsigned halfword 263

LDUHAPASI Load unsigned halfword from alternate space 265

LDUW Load unsigned word 263

LDUWAPASI Load unsigned word from alternate space 265

LDX Load extended 263

LDXA PASI Load extended from alternate space 265

LDXFSR Load floating-point state register 259

MEMBAR Memory barrier 272

MOVcc Move integer register if condition is satisfied 281

MOVr Move integer register on contents of integer register 285

MULSccD Multiply step (and modify condition codes) 290

MULX Multiply 64-bit integers 287

NOP No operation 292

OR (ORcc) Inclusive-or (and modify condition codes) 270

ORN (ORNcc) Inclusive-or not (and modify condition codes) 270

POPC Population count 293

PREFETCH Prefetch data 295

PREFETCHAPASI Prefetch data from alternate space 295

RDASI Read ASI register 303

RDASRPASR Read ancillary state register 303

RDCCR Read condition codes register 303

RDFPRS Read floating-point registers state register 303

RDPC Read program counter 303

RDPRP Read privileged register 301

RDTICKPNPT Read TICK register 303

RDYD Read Y register 303

RESTORE Restore caller’s window 307

RESTOREDP Window has been restored 309

RETRYP Return from trap and retry 238

RETURN Return 306

SAVE Save caller’s window 307

SAVEDP Window has been saved 309

SDIVD (SDIVccD) 32-bit signed integer divide (and modify condition codes) 235

SDIVX 64-bit signed integer divide 287

SETHI Set high 22 bits of low word of integer register 310

SIR Software-initiated reset 313

SLL Shift left logical 311

SLLX Shift left logical, extended 311

SMULD (SMULccD) Signed integer multiply (and modify condition codes) 288

SRA Shift right arithmetic 311

SRAX Shift right arithmetic, extended 311

SRL Shift right logical 311

SRLX Shift right logical, extended 311

STB Store byte 319

STBAPASI Store byte into alternate space 321

Table 50: Instruction Set  (Continued)(V9=22)

Opcode Name Page
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STBARD Store barrier 314

STDD Store doubleword 319

STDAD, PASI Store doubleword into alternate space 321

STDF Store double floating-point 315

STDFAPASI Store double floating-point into alternate space 317

STF Store floating-point 315

STFAPASI Store floating-point into alternate space 317

STFSRD Store floating-point state register 315

STH Store halfword 319

STHAPASI Store halfword into alternate space 321

STQF Store quad floating-point 315

STQFAPASI Store quad floating-point into alternate space 317

STW Store word 319

STWAPASI Store word into alternate space 321

STX Store extended 319

STXAPASI Store extended into alternate space 321

STXFSR Store extended floating-point state register 315

SUB (SUBcc) Subtract (and modify condition codes) 323

SUBC (SUBCcc) Subtract with carry (and modify condition codes) 323

SWAPD Swap integer register with memory 324

SWAPAD, PASI Swap integer register with memory in alternate space 325

TADDcc (TADDccTVD) Tagged add and modify condition codes (trap on overflow) 327

Tcc Trap on integer condition codes 331

TSUBcc (TSUBccTVD) Tagged subtract and modify condition codes (trap on overflow) 329

UDIVD (UDIVccD) Unsigned integer divide (and modify condition codes) 235

UDIVX 64-bit unsigned integer divide 287

UMULD (UMULccD) Unsigned integer multiply (and modify condition codes) 287

WRASI Write ASI register 337

WRASRPASR Write ancillary state register 337

WRCCR Write condition codes register 337

WRFPRS Write floating-point registers state register 337

WRPRP Write privileged register 334

WRYD Write Y register 337

XNOR (XNORcc) Exclusive-nor (and modify condition codes) 270

XOR (XORcc) Exclusive-or (and modify condition codes) 270

Table 50: Instruction Set  (Continued)(V9=22)

Opcode Name Page
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A.2 Add

Format (3):

Description:

ADD and ADDcc compute“ r[rs1] + r[rs2]” if i = 0, or “ r[rs1] + sign_ext(simm13)” if
i = 1, and write the sum intor[rd].

ADDC andADDCcc (“ADD with carry”) alsoaddtheCCRregister’s 32-bit carry(icc.c)
bit; that is, they compute“ r[rs1] + r[rs2] + icc.c” or “ r[rs1] + sign_ext(simm13) + icc.c”
and write the sum intor[rd].

ADDcc andADDCcc modify the integerconditioncodes(CCR.icc andCCR.xcc). Over-
flow occursonadditionif bothoperandshave thesamesignandthesignof thesumis dif-
ferent.

Programming Note:
ADDC andADDCcc readthe32-bit conditioncodes’carrybit (CCR.icc.c), not the64-bit condi-
tion codes’ carry bit (CCR.xcc.c).

Compatibility Note:
ADDC and ADDCcc were named ADDX and ADDXcc, respectively, in SPARC-V8.

Exceptions:
(none)

Opcode Op3 Operation

ADD 000000 Add

ADDcc 010000 Add and modify cc’s

ADDC 001000 Add with Carry

ADDCcc 011000 Add with Carry and modify cc’s

Assemb ly Langua ge Syntax

add regrs1, reg_or_imm, regrd

addcc regrs1, reg_or_imm, regrd

addc regrs1, reg_or_imm, regrd

addccc regrs1, reg_or_imm, regrd

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1
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A.3 Branc h on Integ er Register with Prediction (BPr)

Format (2):

Programming Note:
To settheannulbit for BPr instructions,append“ ,a ” to theopcodemnemonic.For example,use
“brz,a %i3 ,label.” The precedingtable indicatesthat the “ ,a ” is optionalby enclosingit in
braces.To set the branchpredictionbit “p,” appendeither“ ,pt ” for predict taken or “ ,pn ” for
predictnot takento theopcodemnemonic.If neither“ ,pt ” nor “ ,pn ” is specified,theassembler
shall default to “,p t”.

Description:

Theseinstructionsbranchbasedon thecontentsof r[rs1]. They treattheregistercontents
as a signed integer value.

A BPr instructionexaminesall 64bitsof r[rs1] accordingto thercondfield of theinstruc-
tion, producingeithera TRUE or FALSE result.If TRUE, thebranchis taken; that is, the
instruction causesa PC-relative, delayedcontrol transfer to the address“PC + (4 *
sign_ext(d16hi d16lo)).” If FALSE, the branch is not taken.

If thebranchis taken,thedelayinstructionis alwaysexecuted,regardlessof thevalueof
theannulbit. If thebranchis not takenandtheannulbit (a) is 1, thedelayinstructionis
annulled (not executed).

Opcode rcond Operation Register
Contents T est

— 000 Reserved —

BRZ 001 Branch on Register Zero r[rs1] = 0

BRLEZ 010 Branch on Register Less Than or Equal to Zero r[rs1] ≤ 0

BRLZ 011 Branch on Register Less Than Zero r[rs1] < 0

— 100 Reserved —

BRNZ 101 Branch on Register Not Zero r[rs1] ≠ 0

BRGZ 110 Branch on Register Greater Than Zero r[rs1] > 0

BRGEZ 111 Branch on Register Greater Than or Equal to Zero r[rs1] ≥ 0

Assemb ly Langua ge Syntax

brz { ,a }{ ,pt |,pn } regrs1, label

brlez { ,a }{ ,pt |,pn } regrs1, label

brlz { ,a }{ ,pt |,pn } regrs1, label

brnz { ,a }{ ,pt |,pn } regrs1, label

brgz { ,a }{ ,pt |,pn } regrs1, label

brgez { ,a }{ ,pt |,pn } regrs1, label

31 141924 18 13 027 2530 29 28 22 21 20

00 a 0 rcond 011 d16hi p rs1 d16lo
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Thepredictbit (p) is usedto give thehardwareahint aboutwhetherthebranchis expected
to betaken.A 1 in thep bit indicatesthatthebranchis expectedto betaken;a 0 indicates
that the branch is expected not to be taken.

See6.3.4.1,“Conditional Branches”for detailson how SPARC64-III interpretsthe “p”
(branch prediction) bit.

Annulment,delayinstructions,prediction,anddelayedcontroltransfersaredescribedfur-
ther inChapter 6, “Instructions”.

Implementation Note:
If this instructionis implementedby taggingeachregister value with an N (negative) bit and Z
(zero) bit, use the table below to determine ifrcond is TRUE:

Exceptions:
illegal_instruction (if rcond= 0002 or 1002)

Branc h Test

BRNZ not Z

BRZ Z

BRGEZ not N

BRLZ N

BRLEZ N or Z

BRGZ not (N or Z)
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A.4 Branc h on Floating-point Condition Codes (FBfcc)

Format (2):

Opcode cond Operation fcc  Test

FBAD 1000 Branch Always 1

FBND 0000 Branch Never 0

FBUD 0111 Branch on Unordered U

FBGD 0110 Branch on Greater G

FBUGD 0101 Branch on Unordered or Greater G or U

FBLD 0100 Branch on Less L

FBULD 0011 Branch on Unordered or Less L or U

FBLGD 0010 Branch on Less or Greater L or G

FBNED 0001 Branch on Not Equal L or G or U

FBED 1001 Branch on Equal E

FBUED 1010 Branch on Unordered or Equal E or U

FBGED 1011 Branch on Greater or Equal E or G

FBUGED 1100 Branch on Unordered or Greater or Equal E or G or U

FBLED 1101 Branch on Less or Equal E or L

FBULED 1110 Branch on Unordered or Less or Equal E or L or U

FBOD 1111 Branch on Ordered E or L or G

The FBfcc instructionsare deprecated;they are provided only for compatibility
with previous versions of the architecture.They should not be used in new
SPARC-V9 software. It is recommendedthat the FBPfcc instructionsbe usedin
their place.

31 24 02530 29 28 22 21

cond00 a 110 disp22



222 A Instruction Definitions

Programming Note:
To settheannulbit for FBfcc instructions,append“ ,a ” to theopcodemnemonic.For example,use
“ fbl,a label.” The preceding table indicates that the “,a ” is optional by enclosing it in braces.

Description:
Unconditional Branc hes (FBA, FBN):

If its annulfield is 0, an FBN (BranchNever) instructionactslike a NOP. If its
annulfield is 1, the following (delay)instructionis annulled(not executed)when
the FBN is executed. In neither case does a transfer of control take place.

FBA (BranchAlways)causesaPC-relative,delayedcontroltransferto theaddress
“PC + (4 × sign_ext(disp22)),” regardlessof thevalueof thefloating-pointcondi-
tion codebits. If theannulfield of thebranchinstructionis 1, thedelayinstruction
is annulled (not executed). If the annul field is 0, the delay instruction is executed.

Fcc-Conditional Branc hes:
ConditionalFBfcc instructions(exceptFBA andFBN) evaluatefloating-pointcon-
dition codezero(fcc0) accordingto thecondfield of theinstruction.Suchevalua-
tion produceseithera TRUE or FALSE result.If TRUE, thebranchis taken, that
is, the instruction causesa PC-relative, delayedcontrol transferto the address
“PC + (4 × sign_ext(disp22)).” If FALSE, the branch is not taken.

If a conditionalbranchis taken, the delayinstructionis alwaysexecuted,regard-
lessof the valueof the annulfield. If a conditionalbranchis not taken andthe a
(annul)field is 1, thedelayinstructionis annulled(not executed).Note: Theannul
bit hasa differ ent effect on conditionalbranchesthan it doeson unconditional
branches.

Assemb ly Langua ge Syntax

fba { ,a } label

fbn { ,a } label

fbu { ,a } label

fbg { ,a } label

fbug { ,a } label

fbl { ,a } label

fbul { ,a } label

fblg { ,a } label

fbne { ,a } label (synonym: fbnz )

fbe { ,a } label (synonym: fbz )

fbue { ,a } label

fbge { ,a } label

fbuge { ,a } label

fble { ,a } label

fbule { ,a} label

fbo { ,a } label
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Annulment,delayinstructions,anddelayedcontrol transfersaredescribedfurther
in Chapter 6, “Instructions”.

Compatibility Note:
Unlike SPARC-V8, SPARC-V9 doesnot requirean instructionbetweena floating-pointcompare
operation and a floating-point branch (FBfcc, FBPfcc).

If FPRS.FEF= 0 or PSTATE.PEF= 0, or if anFPUis notpresent,theFBfcc instructionis
not executed and instead, generates anfp_disabled exception.

Exceptions:
fp_disabled
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A.5 Branc h on Floating-point Condition Codes with Prediction
(FBPfcc)

Format (2):

Opcode cond Operation fcc  Test

FBPA 1000 Branch Always 1

FBPN 0000 Branch Never 0

FBPU 0111 Branch on Unordered U

FBPG 0110 Branch on Greater G

FBPUG 0101 Branch on Unordered or Greater G or U

FBPL 0100 Branch on Less L

FBPUL 0011 Branch on Unordered or Less L or U

FBPLG 0010 Branch on Less or Greater L or G

FBPNE 0001 Branch on Not Equal L or G or U

FBPE 1001 Branch on Equal E

FBPUE 1010 Branch on Unordered or Equal E or U

FBPGE 1011 Branch on Greater or Equal E or G

FBPUGE 1100 Branch on Unordered or Greater or Equal E or G or U

FBPLE 1101 Branch on Less or Equal E or L

FBPULE 1110 Branch on Unordered or Less or Equal E or L or U

FBPO 1111 Branch on Ordered E or L or G

cc1  cc0 Condition Code

00 fcc0

01 fcc1

10 fcc2

11 fcc3

31 1924 18 02530 29 28 22 21 20

00 a cond 101 cc1 p disp19cc0
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Programming Note:
To settheannulbit for FBPfccinstructions,append“ ,a ” to theopcodemnemonic.For example,
use“ fbl,a %fcc3,label .” Theprecedingtableindicatesthat the“ ,a ” is optionalby enclos-
ing it in braces.To setthebranchpredictionbit, appendeither“ ,pt ” (for predicttaken)or “pn”
(for predict not taken) to the opcodemnemonic.If neither “ ,pt ” nor “ ,pn ” is specified,the
assemblershall default to “ ,p t”. To selectthe appropriatefloating-pointconditioncode,include
"%fcc0 ", "%fcc1 ", "%fcc2" , or "%fcc3 " before the label.

Description:

Unconditional Branc hes (FBPA, FBPN):
If its annul field is 0, an FBPN (Floating-PointBranchNever with Prediction)
instructionactslike a NOP. If the BranchNever’s annulfield is 0, the following
(delay)instructionis executed;if the annulfield is 1, the following instructionis
annulled(not executed).In no casedoesan FBPN causea transferof control to
take place.

FBPA (Floating-PointBranchAlways with Prediction)causesan unconditional
PC-relative, delayedcontrol transferto theaddress“PC + (4 × sign_ext(disp19)).”
If the annulfield of the branchinstructionis 1, the delay instructionis annulled
(not executed). If the annul field is 0, the delay instruction is executed.

Fcc-Conditional Branc hes:
ConditionalFBPfccinstructions(exceptFBPA andFBPN)evaluateoneof thefour
floating-pointconditioncodes(fcc0, fcc1, fcc2, fcc3) asselectedby cc0 andcc1,
accordingto thecondfield of theinstruction,producingeithera TRUE or FALSE
result.If TRUE, the branchis taken, that is, the instructioncausesa PC-relative,
delayedcontrol transferto the address“PC + (4 × sign_ext(disp19)).” If FALSE,
the branch is not taken.

Assemb ly Langua ge Syntax

fba { ,a }{ ,pt |,pn } %fcc n, label

fbn { ,a }{ ,pt |,pn } %fcc n, label

fbu { ,a }{ ,pt |,pn } %fcc n, label

fbg { ,a }{ ,pt |,pn } %fcc n, label

fbug { ,a }{ ,pt |,pn } %fcc n, label

fbl { ,a }{ ,pt |,pn } %fcc n, label

fbul { ,a }{ ,pt |,pn } %fcc n, label

fblg { ,a }{ ,pt |,pn } %fcc n, label

fbne { ,a }{ ,pt |,pn } %fcc n, label (synonym: fbnz )

fbe { ,a }{ ,pt |,pn } %fcc n, label (synonym: fbz )

fbue { ,a }{ ,pt |,pn } %fcc n, label

fbge { ,a }{ ,pt |,pn } %fcc n, label

fbuge { ,a }{ ,pt |,pn } %fcc n, label

fble { ,a }{ ,pt |,pn } %fcc n, label

fbule { ,a }{ ,pt |,pn } %fcc n, label

fbo { ,a }{ ,pt |,pn } %fcc n, label
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If a conditionalbranchis taken, the delayinstructionis alwaysexecuted,regard-
lessof the valueof the annulfield. If a conditionalbranchis not taken andthe a
(annul)field is 1, thedelayinstructionis annulled(not executed).Note: Theannul
bit hasa differ ent effect on conditionalbranchesthan it doeson unconditional
branches.

Thepredictbit (p) is usedto give thehardwarea hint aboutwhetherthebranchis
expectedto be taken.A 1 in the p bit indicatesthat the branchis expectedto be
taken. A 0 indicatesthat the branchis expectednot to be taken. See5.2.11.1,
“HardwareMode Register(ASR18)” and9.3, “BranchesandBranchPrediction”
for the details of the predict bit handling in SPARC64-III.

Annulment,delayinstructions,anddelayedcontrol transfersaredescribedfurther
in Chapter 6, “Instructions”.

If FPRS.FEF= 0 or PSTATE.PEF= 0, or if anFPUis notpresent,anFBPfccinstructionis
not executed and instead, generates anfp_disabled exception.

Compatibility Note:
Unlike SPARC-V8, SPARC-V9 doesnot requirean instructionbetweena floating-pointcompare
operation and a floating-point branch (FBfcc, FBPfcc).

Exceptions:
fp_disabled
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A.6 Branc h on Integ er Condition Codes (Bicc)

Format (2):

Opcode cond Operation icc  Test

BAD 1000 Branch Always 1

BND 0000 Branch Never 0

BNED 1001 Branch on Not Equal not Z

BED 0001 Branch on Equal Z

BGD 1010 Branch on Greater not (Z or (N xor V))

BLED 0010 Branch on Less or Equal Z or (N xor V)

BGED 1011 Branch on Greater or Equal not (N xor V)

BLD 0011 Branch on Less N xor V

BGUD 1100 Branch on Greater Unsigned not (C or Z)

BLEUD 0100 Branch on Less or Equal Unsigned C or Z

BCCD 1101 BranchonCarryClear(Greaterthanor Equal,Unsigned) not C

BCSD 0101 Branch on Carry Set (Less than, Unsigned) C

BPOSD 1110 Branch on Positive not N

BNEGD 0110 Branch on Negative N

BVCD 1111 Branch on Overflow Clear not V

BVSD 0111 Branch on Overflow Set V

TheBicc instructionsaredeprecated;they areprovidedonly for compatibilitywith
previous versionsof the architecture.They shouldnot be usedin new SPARC-V9
software. It is recommended that the BPcc instructions be used in their place.

31 24 02530 29 28 22 21

00 a cond 010 disp22
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Programming Note:
To settheannulbit for Bicc instructions,append“ ,a ” to theopcodemnemonic.For example,use
“bgu,a label.” The preceding table indicates that the “,a ” is optional by enclosing it in braces.

Description:
Unconditional Branc hes (BA, BN):

If its annul field is 0, a BN (BranchNever) instruction is treatedas a NOP by
SPARC64-III. If its annulfield is 1, the following (delay) instructionis annulled
(not executed). In neither case does a transfer of control take place.

BA (BranchAlways)causesanunconditionalPC-relative,delayedcontroltransfer
to the address“PC + (4 × sign_ext(disp22)).” If the annul field of the branch
instructionis 1, thedelayinstructionis annulled(notexecuted).If theannulfield is
0, the delay instruction is executed.

Icc-Conditional Branc hes:
ConditionalBicc instructions(all exceptBA andBN) evaluatethe 32-bit integer
condition codes(icc), accordingto the cond field of the instruction,producing
eithera TRUE or FALSE result.If TRUE, thebranchis taken,that is, the instruc-
tion causes a PC-relative, delayed control transfer to the address
“PC + (4 × sign_ext(disp22)).” If FALSE, the branch is not taken.

If aconditionalbranchis taken,thedelayinstructionis alwaysexecutedregardless
of thevalueof theannulfield. If aconditionalbranchis not takenandthea (annul)
field is 1, thedelayinstructionis annulled(notexecuted).Note: Theannulbit hasa
differ ent effect on conditional branches than it does on unconditional branches.

Annulment,delayinstructions,anddelayedcontrol transfersaredescribedfurther
in Chapter 6, “Instructions”.

Exceptions:
(none)

Assemb ly Langua ge Syntax

ba{,a} label

bn{,a} label

bne{,a} label (synonym: bnz)

be{,a} label (synonym: bz)

bg{,a} label

ble{,a} label

bge{,a} label

bl{,a} label

bgu{,a} label

bleu{,a} label

bcc{,a} label (synonym: bgeu)

bcs{,a} label (synonym: blu)

bpos{,a} label

bneg{,a} label

bvc{,a} label

bvs{,a} label
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A.7 Branc h on Integ er Condition Codes with Prediction (BPcc)

Format (2):

Opcode cond Operation icc  Test

BPA 1000 Branch Always 1

BPN 0000 Branch Never 0

BPNE 1001 Branch on Not Equal not Z

BPE 0001 Branch on Equal Z

BPG 1010 Branch on Greater not (Z or (N xor V))

BPLE 0010 Branch on Less or Equal Z or (N xor V)

BPGE 1011 Branch on Greater or Equal not (N xor V)

BPL 0011 Branch on Less N xor V

BPGU 1100 Branch on Greater Unsigned not (C or Z)

BPLEU 0100 Branch on Less or Equal Unsigned C or Z

BPCC 1101 BranchonCarryClear(GreaterThanor Equal,Unsigned) not C

BPCS 0101 Branch on Carry Set (Less than, Unsigned) C

BPPOS 1110 Branch on Positive not N

BPNEG 0110 Branch on Negative N

BPVC 1111 Branch on Overflow Clear not V

BPVS 0111 Branch on Overflow Set V

cc1  cc0 Condition Code

00 icc

01 —

10 xcc

11 —

31 1924 18 02530 29 28 22 21 20

00 a cond 001 cc1 p disp19cc0
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Programming Note:
To settheannulbit for BPccinstructions,append“ ,a ” to theopcodemnemonic.For example,use
“bgu,a %icc,label .” Theprecedingtableindicatesthatthe“ ,a ” is optionalby enclosingit in
braces.To setthe branchpredictionbit, appendto an opcodemnemoniceither“ ,pt ” for predict
takenor “ ,pn ” for predictnot taken.If neither“ ,pt ” nor “ ,pn ” is specified,theassemblershall
default to “ ,p t”. To selectthe appropriateinteger condition code, include “%icc ” or “%xcc”
before the label.

Description:

Unconditional Branc hes (BPA, BPN):
A BPN(BranchNeverwith Prediction)instructionfor thisbranchtype(op2= 1) is
used in SPARC-V9 as an instruction prefetch; that is, the effective address
(PC+ (4 × sign_ext(disp19))) specifiesanaddressof aninstructionthatis expected
to beexecutedsoon.Note: SPARC64-III treatsthis instructionasaNOP;it cannot
be usedasan instructionprefetch.If the BranchNever’s annulfield is 1, the fol-
lowing (delay)instructionis annulled(notexecuted).If theannulfield is 0, thefol-
lowing instructionis executed.In no casedoesa BranchNever causea transferof
control to take place.

BPA (Branch Always with Prediction) causesan unconditional PC-relative,
delayedcontrol transferto theaddress“PC + (4 × sign_ext(disp19)).” If theannul
field of thebranchinstructionis 1, thedelayinstructionis annulled(notexecuted).
If the annul field is 0, the delay instruction is executed.

Conditional Branc hes:
ConditionalBPccinstructions(exceptBPA andBPN)evaluateoneof thetwo inte-
gerconditioncodes(icc or xcc), asselectedby cc0andcc1, accordingto thecond
field of the instruction,producingeithera TRUE or FALSE result.If TRUE, the

Assemb ly Langua ge Syntax

ba{ ,a }{ ,pt |,pn } i_or_x_cc, label

bn{ ,a }{ ,pt |,pn } i_or_x_cc, label (or: iprefetch label)

bne { ,a }{ ,pt |,pn } i_or_x_cc, label (synonym: bnz )

be{ ,a }{ ,pt |,pn } i_or_x_cc, label (synonym: bz )

bg{ ,a }{ ,pt |,pn } i_or_x_cc, label

ble { ,a }{ ,pt |,pn } i_or_x_cc, label

bge { ,a }{ ,pt |,pn } i_or_x_cc, label

bl { ,a }{ ,pt |,pn } i_or_x_cc, label

bgu { ,a }{ ,pt |,pn } i_or_x_cc, label

bleu { ,a }{ ,pt |,pn } i_or_x_cc, label

bcc { ,a }{ ,pt |,pn } i_or_x_cc, label (synonym: bgeu )

bcs { ,a }{ ,pt |,pn } i_or_x_cc, label (synonym: blu )

bpos { ,a }{ ,pt |,pn } i_or_x_cc, label

bneg { ,a }{ ,pt |,pn } i_or_x_cc, label

bvc { ,a }{ ,pt |,pn } i_or_x_cc, label

bvs { ,a }{ ,pt |,pn } i_or_x_cc, label
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branchis taken;that is, theinstructioncausesa PC-relative,delayedcontrol trans-
fer to the address“PC + (4 × sign_ext(disp19)).” If FALSE, the branchis not
taken.

If aconditionalbranchis taken,thedelayinstructionis alwaysexecutedregardless
of thevalueof theannulfield. If aconditionalbranchis not takenandthea (annul)
field is 1, thedelayinstructionis annulled(notexecuted).Note: Theannulbit hasa
differ ent effect for conditional branches than it does for unconditional branches.

Thepredictbit (p) is usedto give thehardwarea hint aboutwhetherthebranchis
expectedto be taken.A 1 in the p bit indicatesthat the branchis expectedto be
taken; a 0 indicatesthat the branchis expectednot to be taken. See5.2.11.1,
“HardwareMode Register(ASR18)” and9.3, “BranchesandBranchPrediction”
for the details of the predict bit handling in SPARC64-III.

Annulment, delay instructions, prediction, and delayed control transfers are
described further inChapter 6, “Instructions”.

Exceptions:
illegal_instruction (cc1 cc0= 012 or 112)
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A.8 Call and Link

Format (1):

Description:

The CALL instructioncausesan unconditional,delayed,PC-relative control transferto
addressPC+ (4 × sign_ext(disp30)). Sincetheword displacement(disp30) field is 30 bits
wide, thetargetaddresslies within a rangeof –231 to +231 – 4 bytes.ThePC-relative dis-
placementis formedby sign-extendingthe 30-bit word displacementfield to 62 bits and
appending two low-order zeros to obtain a 64-bit byte displacement.

The CALL instructionalso writes the value of PC, which containsthe addressof the
CALL, into r[15] (out register7). Note: SPARC64-III storesall 64 bits of thePCvaluein
r[15], regardlessof thesettingof PSTATE.AM. Thevaluewritten into r[15] is visible to
the instruction in the delay slot.

Programming Note:
In SPARC64-III thereturnaddressof theCALL (PC+ 8) is storedin a hardwaretable.Whena ret
or retl is executed,thevaluein the tableis usedto predictthereturnaddress.See6.3.4.3,“CALL
and JMPL Instructions” for details of how this hardware table works.

Exceptions:
(none)

Opcode op Operation

CALL 01 Call and Link

Assemb ly Langua ge Syntax

call label

31 030 29

01 disp30
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A.9 Compare and Swap

Format (3):

Description:
Theseinstructionsareusedfor synchronizationandmemoryupdatesby concurrentpro-
cesses.Uses of compare-and-swap include spin-lock operations,updatesof shared
counters,andupdatesof linked-listpointers.Thelattertwo canusewait-free(nonlocking)
protocols.

The CASXA instructioncomparesthe value in register r[rs2] with the doubleword in
memorypointedto by thedoubleword addressin r[rs1]. If thevaluesareequal,thevalue
in r[rd] is swappedwith thedoublewordpointedto by thedoublewordaddressin r[rs1]. If
thevaluesarenot equal,thecontentsof thedoubleword pointedto by r[rs1] replacesthe
value inr[rd], but the memory location remains unchanged.

The CASA instructioncomparesthe low-order32 bits of register r[rs2] with a word in
memorypointedto by theword addressin r[rs1]. If thevaluesareequal,thelow-order32
bits of registerr[rd] areswappedwith thecontentsof thememoryword pointedto by the
addressin r[rs1] andthehigh-order32bitsof registerr[rd] aresetto zero.If thevaluesare
not equal,thememorylocationremainsunchanged,but thezero-extendedcontentsof the
memorywordpointedto by r[rs1] replacethelow-order32bitsof r[rd] andthehigh-order
32 bits of registerr[rd] are set to zero.

A compare-and-swap instructioncomprisesthreeoperations:a load, a compare,and a
swap.Theoverall instructionis atomic;that is, no interveninginterruptsor deferredtraps
arerecognizedby theprocessor, andno interveningupdateresultingfrom a compare-and-
swap,swap,load,load-storeunsignedbyte,or storeinstructionto thedoublewordcontain-
ing the addressed location, or any portion of it, is performed by the memory system.

A compare-and-swap operationdoesnot imply any memory barrier semantics.When
compare-and-swapis usedfor synchronization,thesameconsiderationshouldbegivento
memory barriers as if a load, store, or swap instruction were used.

Opcode op3 Operation

CASAPASI 111100 Compare and Swap Word from Alternate space

CASXAPASI 111110 Compare and Swap Extended from Alternate space

Assemb ly Langua ge Syntax

casa [regrs1] imm_asi, regrs2, regrd

casa [regrs1] %asi , regrs2, regrd

casxa [regrs1] imm_asi, regrs2, regrd

casxa [regrs1] %asi , regrs2, regrd

31 141924 18 13 12 5 4 02530 29

11 rd op3 rs1 i=0 imm_asi rs2

11 rd op3 rs1 i=1 — rs2
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A compare-and-swap operationbehaves as if it performsa store,either of a new value
from r[rd] or of thepreviousvaluein memory. Theaddressedlocationmustbewritable,
even if the values in memory andr[rs2] are not equal.

If i = 0, theaddressspaceof thememorylocationis specifiedin the imm_asifield; if i = 1,
the address space is specified in the ASI register.

A mem_address_not_aligned exceptionis generatedif theaddressin r[rs1] is not properly
aligned.CASXA andCASA causea privileged_action exceptionif PSTATE.PRIV= 0 and
bit 7 of the ASI is zero. CASXA and CASA also cause the CPU to sync.

The coherenceand atomicity of memoryoperationsbetweenprocessorsand I/O DMA
memory accesses are implementation-dependent (impl. dep #120).

Implementation Note:
An implementationmight causeanexceptiondueto anerrorduringthestorememoryaccess,even
though there was no error during the load memory access.

Programming Note:
CompareandSwap (CAS) andCompareandSwap Extended(CASX) syntheticinstructionsare
availablefor “big endian”memoryaccesses.CompareandSwapLittle (CASL) andCompareand
Swap ExtendedLittle (CASXL) syntheticinstructionsare available for “little endian” memory
accesses. SeeG.3, “Synthetic Instructions”, for these synthetic instructions’ syntax.

The compare-and-swap instructions do not affect the condition codes.

Exceptions:
privileged_action
mem_address_not_aligned
data_access_exception
data_access_error
32i_data_access_MMU_miss
32i_data_access_protection
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A.10 Divide (64-bit / 32-bit)

Format (3):

Description:

The divide instructionsperform 64-bit by 32-bit division, producinga 32-bit result. If
i = 0, they compute“(Y lower 32 bits of r[rs1]) ÷ lower 32 bits of r[rs2].” Otherwise
(thatis, if i = 1), thedivide instructionscompute“(Y lower32bitsof r[rs1]) ÷ lower32
bitsof sign_ext(simm13).” In eithercase,if overflow doesnotoccur, thelesssignificant32
bits of the integer quotient are sign-or zero-extended to 64 bits and are written intor[rd].

Thecontentsof theY registerareundefinedafterany 64-bit by 32-bit integerdivide oper-
ation.

Unsigned Divide:

Unsigneddivide (UDIV, UDIVcc) assumesan unsignedinteger doubleword dividend
(Y lower 32 bits of r[rs1]) andanunsignedintegerword divisor (lower 32 bits of r[rs2]
or lower 32 bits of sign_ext(simm13)) andcomputesan unsignedinteger word quotient
(r[rd]). Immediatevaluesin simm13are in the ranges0..212–1 and 232–212..232–1 for
unsigned divide instructions.

Unsigned division rounds an inexact rational quotient toward zero.

Opcode op3 Operation

UDIVD 001110 Unsigned Integer Divide

SDIVD 001111 Signed Integer Divide

UDIVccD 011110 Unsigned Integer Divide and modify cc’s

SDIVccD 011111 Signed Integer Divide and modify cc’s

Assemb ly Langua ge Syntax

udiv regrs1, reg_or_imm, regrd

sdiv regrs1, reg_or_imm, regrd

udivcc regrs1, reg_or_imm, regrd

sdivcc regrs1, reg_or_imm, regrd

TheUDIV, UDIVcc, SDIV, andSDIVcc instructionsaredeprecated;they arepro-
videdonly for compatibilitywith previousversionsof thearchitecture.They should
not be usedin new SPARC-V9 software.It is recommendedthat the UDIVX and
SDIVX instructions be used in their place.

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1
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Programming Note:
The rational quotient is the infinitely preciseresultquotient.It includesboth the integerpartand
thefractionalpartof theresult.For example,therationalquotientof 11/4 = 2.75(Integerpart = 2,
fractional part= .75).

Theresultof anunsigneddivide instructioncanoverflow thelow-order32 bits of thedes-
tinationregisterr[rd] undercertainconditions.Whenoverflow occursthelargestappropri-
ate unsignedinteger is returnedas the quotient in r[rd]. The condition under which
overflow occursandthe valuereturnedin r[rd] underthis conditionis specifiedin Table
51.

Whennooverflow occurs,the32-bit resultis zero-extendedto 64bitsandwritten into reg-
isterr[rd].

UDIV doesnot affect the conditioncodebits. UDIVcc writes the integer conditioncode
bits asshown in Table52. Note: Negative (N) andzero(Z) aresetaccordingto thevalue
of r[rd] after it has been set to reflect overflow, if any.

Signed Divide:

Signeddivide (SDIV, SDIVcc)assumesasignedintegerdoubleworddividend(Y lower
32bitsof r[rs1]) andasignedintegerworddivisor (lower32bitsof r[rs2] or lower32bits
of sign_ext(simm13)) and computes a signed integer word quotient (r[rd]).

Signeddivision roundsan inexact quotienttoward zero. For example,–7 ÷ 4 equalsthe
rational quotient of –1.75, which rounds to –1 (not –2) when rounding toward zero.

Theresultof a signeddivide canoverflow thelow-order32 bits of thedestinationregister
r[rd] undercertainconditions.Whenoverflow occursthe largestappropriatesignedinte-
ger is returnedasthe quotientin r[rd]. The conditionsunderwhich overflow occursand
the value returned inr[rd] under those conditions are specified inTable 53.

Table 51: UDIV / UDIVcc Overflow Detection and Value Returned (V9=23)

Condition under Whic h Overflo w Occur s Value Returned in r[rd]

Rational quotient≥ 232 232−1
(00000000FFFFFFFF16)

Table 52: Integer Condition Code Bits for UDIVcc

Bit UDIVcc

icc.N Set if r[rd]<31> = 1

icc.Z Set if r[rd]<31:0> = 0

icc.V Set if overflow (perTable 51)

icc.C Zero

xcc.N Set if r[rd]<63> = 1

xcc.Z Set if r[rd]<63:0>= 0

xcc.V Zero

xcc.C Zero
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Whennooverflow occurs,the32-bit resultis sign-extendedto 64bitsandwritten into reg-
isterr[rd].

SDIV doesnot affect the conditioncodebits. SDIVcc writes the integer conditioncode
bits asshown in Table54. Note: Negative (N) andzero(Z) aresetaccordingto thevalue
of r[rd] after it has been set to reflect overflow, if any.

Exceptions:
division_by_zero

Table 53: SDIV / SDIVcc Overflow Detection and Value Returned (V9=24)

Condition under Whic h Overflo w Occur s Value Returned in r[rd]

Rational quotient≥ 231 231−1
(000000007FFFFFFF16)

Rational quotient≤ -231−1
−231

(FFFFFFFF8000000016)

Table 54: Integer Condition Code Bits for SDIVcc

Bit SDIVcc

icc.N Set if r[rd]<31> = 1

icc.Z Set if r[rd]<31:0> = 0

icc.V Set if overflow (perTable 53)

icc.C Zero

xcc.N Set if r[rd]<63]> = 1

xcc.Z Set if r[rd]<63:0>= 0

xcc.V Zero

xcc.C Zero
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A.11 DONE and RETRY

Format (3):

Description:

The DONE andRETRY instructionsrestorethe saved statefrom TSTATE (CWP, ASI,
CCR, and PSTATE), set PC and nPC, and decrement TL.

The RETRY instruction resumesexecution with the trapped instruction by setting
PC←TPC[TL] (thesavedvalueof PCon trap)andnPC←TNPC[TL] (thesavedvalueof
nPC on trap).

The DONE instruction skips the trappedinstruction by setting PC←TNPC[TL] and
nPC←TNPC[TL]+4.

Executionof aDONEor RETRY instructionin thedelayslotof acontrol-transferinstruc-
tion produces undefined results.

Programming Note:
The DONE and RETRY instructions should be used to return from privileged trap handlers.

Exceptions:
privileged_opcode
illegal_instruction (if TL = 0 or fcn= 2..31)

Opcode op3 fcn Operation

DONEP 111110 0 Return from Trap (skip trapped instruction)

RETRYP 111110 1 Return from Trap (retry trapped instruction)

— 111110 2..31 Reserved

Assemb ly Langua ge Syntax

done

retry

10 op3fcn —

31 1924 18 02530 29
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A.12 Floating-point Ad d and Subtract

Format (3):

Description:

The floating-pointaddinstructionsaddthe floating-pointregister(s)specifiedby the rs1
field and the floating-pointregister(s)specifiedby the rs2 field, and they write the sum
into the floating-point register(s) specified by therd field.

Thefloating-pointsubtractinstructionssubtractthefloating-pointregister(s)specifiedby
thers2field from thefloating-pointregister(s)specifiedby thers1field, andwrite thedif-
ference into the floating-point register(s) specified by therd field.

Rounding is performed as specified by the FSR.RD field.

Note: SPARC64-III doesnot implementin hardwarethe instructionsthat specifya quad
floating-point register; it traps them with fp_exception_other (with
ftt = unimplemented_FPop). Supervisor software then emulates these instructions.

Exceptions:
fp_disabled
fp_exception_ieee_754 (OF, UF, NX, NV)
fp_exception_other (ftt = unimplemented_FPop (FADDQ and FSUBQ only))

Opcode op3 opf Operation

FADDs 110100 0 01000001 Add Single

FADDd 110100 0 01000010 Add Double

FADDq 110100 0 01000011 Add Quad

FSUBs 110100 0 01000101 Subtract Single

FSUBd 110100 0 01000110 Subtract Double

FSUBq 110100 0 01000111 Subtract Quad

Assemb ly Langua ge Syntax

fadds fregrs1, fregrs2, fregrd

faddd fregrs1, fregrs2, fregrd

faddq fregrs1, fregrs2, fregrd

fsubs fregrs1, fregrs2, fregrd

fsubd fregrs1, fregrs2, fregrd

fsubq fregrs1, fregrs2, fregrd

10 op3 rs2rd rs1

31 141924 18 13 02530 29 4

opf

5



240 A Instruction Definitions

A.13 Floating-point Compare

Format (3):

Description:

Theseinstructionscomparethefloating-pointregister(s)specifiedby thers1field with the
floating-pointregister(s)specifiedby the rs2field, andsettheselectedfloating-pointcon-
dition code (fcc n) according toTable 55:

The“?” in theabove tableindicatesthatthecomparisonis unordered.Theunorderedcon-
dition occurswhenoneor bothof theoperandsto thecompareis asignalingor quietNaN.

Opcode op3 opf Operation

FCMPs 110101 0 01010001 Compare Single

FCMPd 110101 0 01010010 Compare Double

FCMPq 110101 0 01010011 Compare Quad

FCMPEs 110101 0 01010101 Compare Single and Exception if Unordered

FCMPEd 110101 0 01010110 Compare Double and Exception if Unordered

FCMPEq 110101 0 01010111 Compare Quad and Exception if Unordered

Assemb ly Langua ge Syntax

fcmps %fcc n, fregrs1, fregrs2

fcmpd %fcc n, fregrs1, fregrs2

fcmpq %fcc n, fregrs1, fregrs2

fcmpes %fcc n, fregrs1, fregrs2

fcmped %fcc n, fregrs1, fregrs2

fcmpeq %fcc n, fregrs1, fregrs2

cc1  cc0 Condition Code

00 fcc0

01 fcc1

10 fcc2

11 fcc3

Table 55: Floating-point Condition Code Values

fcc v alue Relation

0 fregrs1 = fregrs2

1 fregrs1 < fregrs2

2 fregrs1 > fregrs2

3 fregrs1? fregrs2 (unordered)

10 op3 rs2000 rs1

31 141924 18 13 02530 29 4

opf
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The “compareand causeexception if unordered”(FCMPEs,FCMPEd,and FCMPEq)
instructions cause an invalid (NV) exception if either operand is a NaN.

FCMP causes an invalid (NV) exception if either operand is a signaling NaN.

Compatibility Note:
Unlike SPARC-V8, SPARC-V9 doesnot requirean instructionbetweena floating-pointcompare
operation and a floating-point branch (FBfcc, FBPfcc).

Compatibility Note:
SPARC-V8 floating-pointcompareinstructionsare requiredto have a zero in the r[rd] field. In
SPARC-V9, bits26and25of ther[rd] field areusedto specifythefloating-pointconditioncodeto
be set.Legal SPARC-V8 codewill work on SPARC-V9 becausethe zeroesin the r[rd] field are
interpreted asfcc0, and the FBfcc instruction branches based onfcc0.

Note: SPARC64-III doesnot implementin hardwarethe instructionsthat specifya quad
floating-point register; it traps them with fp_exception_other (with
ftt = unimplemented_FPop). Supervisor software then emulates these instructions.

Exceptions:
fp_disabled
fp_exception_ieee_754 (NV)
fp_exception_other (ftt = unimplemented_FPop (FCMPq, FCMPEq only))
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A.14 Conver t Floating-point to Integ er

Format (3):

Description:

FsTOx, FdTOx, andFqTOx convert thefloating-pointoperandin thefloating-pointregis-
ter(s) specified byrs2 to a 64-bit integer in the floating-point register(s) specified byrd.

FsTOi, FdTOi, andFqTOi convert the floating-pointoperandin the floating-pointregis-
ter(s) specified byrs2 to a 32-bit integer in the floating-point register specified byrd.

Theresultis alwaysroundedtowardzero;that is, theroundingdirection(RD) field of the
FSR register is ignored.

If thefloating-pointoperand’s valueis too largeto beconvertedto anintegerof thespeci-
fied size,or is a NaN or infinity, aninvalid (NV) exceptionoccurs.Thevaluewritten into
thefloating-pointregister(s)specifiedby rd in thesecasesis definedin B.5, “IntegerOver-
flow Definition”.

Note:
SPARC64-III doesnot implementin hardware the instructionsthat specifya quadfloating-point
register; it trapsthem with fp_exception_other (with ftt = unimplemented_FPop). Supervisor
software then emulates these instructions.

Exceptions:
fp_disabled
fp_exception_ieee_754 (NV, NX)
fp_exception_other (ftt = unimplemented_FPop (FqTOi, FqTOx only))

Opcode op3 opf Operation

FsTOx 110100 0 10000001 Convert Single to 64-bit Integer

FdTOx 110100 0 10000010 Convert Double to 64-bit Integer

FqTOx 110100 0 10000011 Convert Quad to 64-bit Integer

FsTOi 110100 0 11010001 Convert Single to 32-bit Integer

FdTOi 110100 0 11010010 Convert Double to 32-bit Integer

FqTOi 110100 0 11010011 Convert Quad to 32-bit Integer

Assemb ly Langua ge Syntax

fstox fregrs2, fregrd

fdtox fregrs2, fregrd

fqtox fregrs2, fregrd

fstoi fregrs2, fregrd

fdtoi fregrs2, fregrd

fqtoi fregrs2, fregrd

10 op3 rs2rd —

31 141924 18 13 02530 29 4
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A.15 Conver t between Floating-point Formats

Format (3):

Description:

Theseinstructionsconvert thefloating-pointoperandin thefloating-pointregister(s)spec-
ified by rs2 to a floating-pointnumberin thedestinationformat.They write theresultinto
the floating-point register(s) specified byrd.

Rounding is performed as specified by the FSR.RD field.

FqTOd, FqTOs,andFdTOs (the “narrowing” conversioninstructions)canraiseOF, UF,
andNX exceptions.FdTOq,FsTOq,andFsTOd (the“widening” conversioninstructions)
cannot.

Any of thesesix instructionscantriggeranNV exceptionif thesourceoperandis asignal-
ing NaN.

B.2.1, “UntrappedResultin DifferentFormatfrom Operands”, definesthe rulesfor con-
verting NaNs from one floating-point format to another.

Note:
SPARC64-III doesnot implementin hardware the instructionsthat specifya quadfloating-point
register; it trapsthem with fp_exception_other (with ftt = unimplemented_FPop). Supervisor
software then emulates these instructions.

Opcode op3 opf Operation

FsTOd 110100 0 11001001 Convert Single to Double

FsTOq 110100 0 11001101 Convert Single to Quad

FdTOs 110100 0 11000110 Convert Double to Single

FdTOq 110100 0 11001110 Convert Double to Quad

FqTOs 110100 0 11000111 Convert Quad to Single

FqTOd 110100 0 11001011 Convert Quad to Double

Assemb ly Langua ge Syntax

fstod fregrs2, fregrd

fstoq fregrs2, fregrd

fdtos fregrs2, fregrd

fdtoq fregrs2, fregrd

fqtos fregrs2, fregrd

fqtod fregrs2, fregrd

10 op3 rs2rd —

31 141924 18 13 02530 29 4
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Exceptions:
fp_disabled
fp_exception_ieee_754 (OF, UF, NV, NX)
fp_exception_other (ftt = unimplemented_FPop (FsTOq, FdTOq, FqTOs, FqTOd

only))
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A.16 Conver t Integ er to Floating-point

Format (3):

Description:

FxTOs,FxTOd,andFxTOqconvert the64-bit signedintegeroperandin thefloating-point
register(s)specifiedby rs2 into a floating-pointnumberin the destinationformat. The
sourceregister, floating-pointregister(s)specifiedby rs2, mustbeaneven-numbered(that
is, double-precision) floating-point register.

FiTOs,FiTOd,andFiTOq convert the32-bit signedintegeroperandin floating-pointreg-
ister(s)specifiedby rs2 into a floating-pointnumberin the destinationformat.All write
their result into the floating-point register(s) specified byrd.

FiTOs, FxTOs, and FxTOd round as specified by the FSR.RD field.

Note: SPARC64-III doesnot implementin hardwarethe instructionsthat specifya quad
floating-point register; it traps them with fp_exception_other (with
ftt = unimplemented_FPop). Supervisor software then emulates these instructions.

Exceptions:
fp_disabled
fp_exception_ieee_754 (NX (FiTOs, FxTOs, FxTOd only))
fp_exception_other (ftt = unimplemented_FPop (FiTOq, FxTOq only))

Opcode op3 opf Operation

FxTOs 110100 0 10000100 Convert 64-bit Integer to Single

FxTOd 110100 0 10001000 Convert 64-bit Integer to Double

FxTOq 110100 0 10001100 Convert 64-bit Integer to Quad

FiTOs 110100 0 11000100 Convert 32-bit Integer to Single

FiTOd 110100 0 11001000 Convert 32-bit Integer to Double

FiTOq 110100 0 11001100 Convert 32-bit Integer to Quad

Assemb ly Langua ge Syntax

fxtos fregrs2, fregrd

fxtod fregrs2, fregrd

fxtoq fregrs2, fregrd

fitos fregrs2, fregrd

fitod fregrs2, fregrd

fitoq fregrs2, fregrd

10 op3 rs2rd —
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A.17 Floating-point Mo ve

Format (3):

Description:

Thesingle-precisionversionsof theseinstructionscopy thecontentsof a single-precision
floating-pointregisterto thedestination.Thedouble-precisionformscopy thecontentsof
a double-precisionfloating-pointregister to the destination.The quad-precisionversions
copy a quad-precision value in floating-point registers to the destination.

FMOV copies the source to the destination unaltered.

FNEG copies the source to the destination with the sign bit complemented.

FABS copies the source to the destination with the sign bit cleared.

These instructions do not round.

Note:
SPARC64-III doesnot implementin hardware the instructionsthat specifya quadfloating-point
register; it trapsthem with fp_exception_other (with ftt = unimplemented_FPop). Supervisor
software then emulates these instructions.

Opcode op3 opf Operation

FMOVs 110100 0 00000001 Move Single

FMOVd 110100 0 00000010 Move Double

FMOVq 110100 0 00000011 Move Quad

FNEGs 110100 0 00000101 Negate Single

FNEGd 110100 0 00000110 Negate Double

FNEGq 110100 0 00000111 Negate Quad

FABSs 110100 0 00001001 Absolute Value Single

FABSd 110100 0 00001010 Absolute Value Double

FABSq 110100 0 00001011 Absolute Value Quad

Assemb ly Langua ge Syntax

fmovs fregrs2, fregrd

fmovd fregrs2, fregrd

fmovq fregrs2, fregrd

fnegs fregrs2, fregrd

fnegd fregrs2, fregrd

fnegq fregrs2, fregrd

fabss fregrs2, fregrd

fabsd fregrs2, fregrd

fabsq fregrs2, fregrd

10 op3 rs2rd —

31 141924 18 13 02530 29 4
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Exceptions:
fp_disabled
fp_exception_other (ftt = unimplemented_FPop (FMOVq, FNEGq, FABSq only))
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A.18 Floating-point Multipl y and Divide

Format (3):

Description:

The floating-pointmultiply instructionsmultiply the contentsof the floating-pointregis-
ter(s)specifiedby thers1field by thecontentsof thefloating-pointregister(s)specifiedby
the rs2field, andthey write theproductinto thefloating-pointregister(s)specifiedby the
rd field.

TheFsMULd instructionprovidestheexactdouble-precisionproductof two single-preci-
sion operands,without underflow, overflow, or roundingerror. Similarly, FdMULq pro-
vides the exact quad-precision product of two double-precision operands.

The floating-pointdivide instructionsdivide the contentsof the floating-pointregister(s)
specifiedby the rs1 field by the contentsof the floating-pointregister(s)specifiedby the
rs2 field, and write the quotient into the floating-point register(s) specified by therd field.

Rounding is performed as specified by the FSR.RD field.

Note:
SPARC64-III doesnot implementin hardware the instructionsthat specifya quadfloating-point
register; it trapsthem with fp_exception_other (with ftt = unimplemented_FPop). Supervisor
software then emulates these instructions.

Opcode op3 opf Operation

FMULs 110100 0 01001001 Multiply Single

FMULd 110100 0 01001010 Multiply Double

FMULq 110100 0 01001011 Multiply Quad

FsMULd 110100 0 01101001 Multiply Single to Double

FdMULq 110100 0 01101110 Multiply Double to Quad

FDIVs 110100 0 01001101 Divide Single

FDIVd 110100 0 01001110 Divide Double

FDIVq 110100 0 01001111 Divide Quad

Assemb ly Langua ge Syntax

fmuls fregrs1, fregrs2, fregrd

fmuld fregrs1, fregrs2, fregrd

fmulq fregrs1, fregrs2, fregrd

fsmuld fregrs1, fregrs2, fregrd

fdmulq fregrs1, fregrs2, fregrd

fdivs fregrs1, fregrs2, fregrd

fdivd fregrs1, fregrs2, fregrd

fdivq fregrs1, fregrs2, fregrd

10 op3 rs2rd rs1
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opf

5



A.18  Floating-point Multiply and Divide 249

Note:
For FDIVs and FDIVd, an fp_exception_other with ftt = unfinished_FPop can occur if the
divide unit detectscertainunusualconditions.See5.1.7.6,“FSR_floating-point_trap_type(ftt)” ,
for details.

Exceptions:
fp_disabled
fp_exception_ieee_754 (OF, UF, DZ (FDIV only), NV, NX)
fp_exception_other (ftt = unimplemented_FPop (FMULq, FdMULq, FDIVq)
fp_exception_other (ftt = unifinished_FPop (FDIVs and FDIVd only))
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A.19 Floating-point Square Root

Format (3):

Description:

TheseSPARC-V9 instructionsgeneratethesquarerootof thefloating-pointoperandin the
floating-pointregister(s)specifiedby the rs2 field, andplacethe result in the destination
floating-pointregister(s)specifiedby therd field. In SPARC-V9 roundingis performedas
specified by the FSR.RD field.

Note:
SPARC64-III doesnot implementin hardware the instructionsthat specifya quadfloating-point
register; it trapsthem with fp_exception_other (with ftt = unimplemented_FPop). Supervisor
software then emulates these instructions.

For FSQRTsandFSQRTd a fp_exception_other(with .ftt = unfinished_FPop)canoccurif
the operandto the squareroot is possitive denormalized.See5.1.7.6, “FSR_floating-
point_trap_type (ftt)” for additional details.

Exceptions:
fp_disabled
fp_exception_ieee_754 (IEEE_754_exception (NV,NX))
fp_exception_other (unimplemented_FPop) (Quad forms)
fp_exception_other (unfinished_FPop)

Opcode op3 opf Operation

FSQRTs 110100 0 00101001 Square Root Single

FSQRTd 110100 0 00101010 Square Root Double

FSQRTq 110100 0 00101011 Square Root Quad

Assemb ly Langua ge Syntax

fsqrts fregrs2, fregrd

fsqrtd fregrs2, fregrd

fsqrtq fregrs2, fregrd

10 op3 rs2rd —

31 141924 18 13 02530 29 4
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A.20 Flush Instruction Memor y

Format (3):

Description:

FLUSH ensuresthatthedoubleword specifiedastheeffective addressis consistentacross
any localcachesand,in amultiprocessorsystem,will eventuallybecomeconsistentevery-
where.

In the following discussionPFLUSH refers to the processorthat executedthe FLUSH
instruction.FLUSHensuresthatinstructionfetchesfrom thespecifiedeffectiveaddressby
PFLUSH appearto executeafter any loads,stores,and atomic load-storesto that address
issuedby PFLUSH prior to the FLUSH. In a multiprocessorsystem,FLUSH alsoensures
that thesevalueswill eventuallybecomevisible to theinstructionfetchesof all otherpro-
cessors.FLUSH behavesas if it werea storewith respectto MEMBAR-inducedorder-
ings. SeeA.32, “Memory Barrier”.

The effective addressoperandfor the FLUSH instructionis “ r[rs1] + r[rs2]” if i = 0, or
“ r[rs1] + sign_ext(simm13)” if i = 1. Theleastsignificanttwo addressbits of theeffective
addressareunusedandshouldbe suppliedaszerosby software.Bit 2 of the addressis
ignored, because FLUSH operates on at least a doubleword.

On SPARC64-III FLUSH operateson the full cache line (64 bytes) containing the
addressed location.

Programming Notes:
1. Typically, FLUSHis usedin self-modifyingcode.SeeH.1.6,“Self-Modifying Code”in V9 for informa-

tion aboutuseof the FLUSH instructionin portableself-modifyingcode.The useof self-modifying
code is discouraged.

2. Theorderin whichmemoryis modifiedcanbecontrolledby usingFLUSHandMEMBAR instructions
interspersedappropriatelybetweenstoresand atomic load-stores.FLUSH is neededonly betweena
storeanda subsequentinstructionfetchfrom themodifiedlocation.Whenmultiple processesmaycon-
currentlymodify live (thatis, potentiallyexecuting)code,caremustbetakento ensurethattheorderof
update maintains the program in a semantically correct form at all times.

3. Thememorymodelguaranteesin a uniprocessorthatdata loadsobserve theresultsof themostrecent
store, even if there is no intervening FLUSH.

Opcode op3 Operation

FLUSH 111011 Flush Instruction Memory

Assemb ly Langua ge Syntax

flush address

31 24 02530 29 19 18

—10 op3 —

14 13 12 5 4

rs1 rs2i=0

10 op3 rs1 simm13i=1—
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4. FLUSH may be time-consuming.

5. In a multiprocessorsystem,the time it takesfor a FLUSH to take effect is implementation-dependent.
No mechanism is provided to ensure or test completion.

6. BecauseFLUSH is designedto acton a doubleword, andbecause,on someimplementations,FLUSH
may trap to systemsoftware, it is recommendedthat systemsoftwareprovide a user-callableservice
routinefor flushingarbitrarily sizedregionsof memory. On someimplementations,this routinewould
issuea seriesof FLUSH instructions;on others,it might issuea single trap to systemsoftware that
would then flush the entire region.

Implementation Notes:
The effect of a FLUSH instructionasobserved from PFLUSH is immediate.Otherprocessorsin a
multiprocessorsystemeventuallywill seetheeffect of theFLUSH, but the latency is implementa-
tion-dependent.

Exceptions:

Sincethe FLUSH instructionaccessesthe TLB’s in SPARC64-III, the trapslisted below
canoccuronaFLUSH.However, it is expectedthatthekerneltraphandlerswill make the
FLUSH appearto have not trappedto a nonprivilegedprogrammer. Therefore,to thenon
privilegedprogrammertheFLUSH appearsto conformwith theSPARC V9 definitionof
not trapping.

data_access_exception
data_access_error
32i_data_access_MMU_miss
32i_data_access_protection
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A.21 Flush Register Windo ws

Format (3):

Description:

FLUSHW causesall active registerwindows exceptthe currentwindow to be flushedto
memoryat locationsdeterminedby privilegedsoftware.FLUSHW behavesasa NOP if
thereare no active windows other than the currentwindow. At the completionof the
FLUSHW instruction, the only active register window is the current one.

Programming Note:
TheFLUSHWinstructioncanbeusedby applicationsoftwareto switchmemorystacksor examine
register contents for previous stack frames.

FLUSHWactsasaNOPif CANSAVE = NWINDOWS – 2. Otherwise,thereis morethan
one active window, so FLUSHW causesa spill exception.The trap vector for the spill
exceptionis basedon thecontentsof OTHERWIN andWSTATE. Thespill traphandleris
invoked with the CWP setto the window to be spilled (that is, (CWP+ CANSAVE + 2)
mod NWINDOWS). See6.3.6, “Register Window Management Instructions”.

Programming Note:
Typically, the spill handler saves a window on a memory stack and returns to reexecute the
FLUSHWinstruction.Thus,FLUSHW trapsandreexecutesuntil all activewindowsotherthanthe
current window have been spilled.

Exceptions:
spill_n_normal
spill_n_other

Opcode op3 Operation

FLUSHW 101011 Flush Register Windows

Assemb ly Langua ge Syntax

flushw

31 24 02530 29 19 18

—10 op3 —

14 13 12

— i=0
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A.22 Illegal Instruction T rap

Format (2):

Description:

The ILLTRAP instruction causesan illegal_instruction exception. The const22value is
ignoredby thehardware;specifically, this field is not reservedby thearchitecturefor any
future use.

Compatibility Note:
Except for its name, this instruction is identical to the SPARC-V8 UNIMP instruction.

Exceptions:
illegal_instruction

Opcode op op2 Operation

ILLTRAP 00 000 illegal_instruction trap

Assemb ly Langua ge Syntax

illtrap const22

00 000 const22—

31 2124 02530 29 22



A.23  Implementation-dependent Instructions 255

A.23 Implementation-dependent Instructions

Format (3):

Description:

The IMPDEP1 and IMPDEP2 instructionsare completely implementation-dependent.
Implementation-dependentaspectsinclude their operation, the interpretationof bits
29..25 and 18..0 in their encodings, and which (if any) exceptions they may cause.

See I.1.2, “Implementation-Dependentand Reserved Opcodes”in V9 for information
about extending the SPARC-V9 instruction set using the implementation-dependent
instructions.

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

Note: SPARC64-III usesIMPDEP2to encodethe Floating-pointMultiply Add/Subtract
instructions. SeeA.23.1, “IMPDEP2 (Floating-point Multiply-Add/Subtract)”, for details.

SPARC64-III doesnot useIMPDEP1;attemptsto executeanIMPDEP1opcodecausean
illegal_instruction exception.

Exceptions:
illegal_instruction (IMPDEP1)
implementation-dependent (IMPDEP2)

A.23.1   IMPDEP2 (Floating-point Multipl y-Ad d/Subtract)

† 11 is reserved for quad.

Opcode op3 Operation

IMPDEP1 110110 Implementation-Dependent Instruction 1

IMPDEP2 110111 Implementation-Dependent Instruction 2

Opcode Variation Size† Operation

FMADDs 00 01 Multiply-Add Single

FMADDd 00 10 Multiply-Add Double

FMSUBs 01 01 Multiply-Subtract Single

FMSUBd 01 10 Multiply-Subtract Double

FNMADDs 11 01 Negative Multiply-Add Single

FNMADDd 11 10 Negative Multiply-Add Double

FNMSUBs 10 01 Negative Multiply-Subtract Single

FNMSUBd 10 10 Negative Multiply-Subtract Double

10 op3 impl-depimpl-dep

31 1824 02530 29 19

µ�¶
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Format (5):

Description:

The floating-pointmultiply-add instructionsmultiply the registersspecifiedby the rs1
field by theregistersspecifiedby thers2field, thenaddthatproductto theregistersspeci-
fied by thers3 field and write the result into the registers specified by therd field.

Thefloating-pointmultiply-subtractinstructionsmultiply theregistersspecifiedby thers1
field by theregistersspecifiedby thers2field, thensubtractfrom thatproducttheregisters
specified by thers3 field and write the result into the registers specified by therd field.

The floating-pointnegative multiply-add instructionsmultiply the registersspecifiedby
thers1field by theregistersspecifiedby thers2field, thenaddthatproductto theregisters
specifiedby thers3field andwrite thenegationof theresultinto theregistersspecifiedby
therd field.

The floating-pointnegative multiply-subtractinstructionsmultiply the registersspecified
by the rs1field by theregistersspecifiedby the rs2field, thensubtractfrom thatproduct
theregistersspecifiedby thers3field andwrite thenegationof theresultinto theregisters
specified by therd field.

All of the operations above can incur at most one rounding error.

Programming Note:
The Multiply Add/Subtractinstructionsusethe SPARC-V9 IMPDEP2opcode,andthey arespe-
cific to theSPARC64-III implementation.They cannot beusedin any programsthatwill beexe-

Operation Implementation

Multiply-Add rs1× rs2+ rs3→ rd

Multiply-Subtract rs1× rs2− rs3→ rd

Negative Multiply-Subtract −(rs1× rs2− rs3) → rd

Negative Multiple-Add −(rs1× rs2+ rs3) → rd

Assemb ly Langua ge Syntax

fmadds fregrs1, fregrs2, fregrs3, fregrd
fmaddd fregrs1, fregrs2, fregrs3, fregrd
fmsubs fregrs1, fregrs2, fregrs3, fregrd
fmsubd fregrs1, fregrs2, fregrs3, fregrd
fnmadds fregrs1, fregrs2, fregrs3, fregrd
fnmaddd fregrs1, fregrs2, fregrs3, fregrd
fnmsubs fregrs1, fregrs2, fregrs3, fregrd
fnmsubd fregrs1, fregrs2, fregrs3, fregrd

10 110111 rs2rd

31 1824 02530 29 19 4567891314

sizevarrs3rs1
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cuted on any other SPARC-V9 processor, unless that implementationexactly matchesthe
SPARC64-III for the IMPDEP2 opcode.

Traps:

fp_disabled
fp_exception_ieee_754 (NV,NX,OF,UF)
illegal_instruction (size= 002 or 112) (fp_disabled is notcheckedfor theseencodings)
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A.24 Jump and Link

Format (3):

Description:

The JMPL instructioncausesa register-indirect delayedcontrol transferto the address
given by “r[rs1] + r[rs2]” if i field = 0, or “r[rs1] + sign_ext(simm13)” if i = 1.

TheJMPL instructioncopiesthePC,which containstheaddressof theJMPL instruction,
into register r[rd]. All 64 bits of the PC are storedinto r[r d] regardlessof the stateof
PSTATE.AM. The value written intor[rd] is visible to the instruction in the delay slot.

If either of the low-order two bits of the jump address is nonzero, a
mem_address_not_aligned exception occurs.

If the JMPL instructionhasr[rd] = 15, SPARC64-III storesPC+ 8 in a hardware table.
Whena ret (jmpl %i7+8, %g0) or retl (jmpl %o7+8, %g0) is executed,the valuein the
tableis usedto predictthereturnaddress.See6.3.4.3,“CALL andJMPLInstructions”, for
details of how this hardware table works.

Programming Note:
A JMPL instructionwith rd = 15 functionsasa register-indirectcall usingthestandardlink regis-
ter.

JMPL with rd = 0 can be used to return from a subroutine.The typical return addressis
“ r[31] + 8,” if anonleafroutine(onethatusestheSAVE instruction)is enteredby aCALL instruc-
tion, or “ r[15] + 8” if a leaf routine(onethat doesnot usethe SAVE instruction)is enteredby a
CALL instruction or by a JMPL instruction withrd = 15.

Exceptions:
mem_address_not_aligned

Opcode op3 Operation

JMPL 111000 Jump and Link

Assemb ly Langua ge Syntax

jmpl address, reg rd

31 24 02530 29 19 18

rd10 op3

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1

—
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A.25 Load Floating-point

† Encoded floating-point register value, as described in5.1.4.1

Format (3):

Description:

The load single floating-point instruction (LDF) copies a word from memory intof[rd].

The load doubleword floating-point instruction(LDDF) copiesa word-aligneddouble-
word from memory into a double-precision floating-point register.

The load quadfloating-pointinstruction(LDQF) copiesa word-alignedquadword from
memory into a quad-precision floating-point register.

Note:
SPARC64-III doesnot implementin hardware the instructionsthat specifya quadfloating-point
register;an attemptto executethis instructioncausesan illegal instructionexception.Supervisor
software then emulates these instructions.

Opcode op3 rd Operation

LDF 100000 0..31 Load Floating-point Register

LDDF 100011 † Load Double Floating-point Register

LDQF 100010 † Load Quad Floating-point Register

LDFSRD 100001 0 Load Floating-point State Register Lower

LDXFSR 100001 1 Load Floating-point State Register

— 100001 2..31 Reserved

Assemb ly Langua ge Syntax

ld [address], fregrd

ldd [address], fregrd

ldq [address], fregrd

ld [address], %fsr

ldx [address], %fsr

The LDFSR instruction is deprecated;it is provided only for compatibility with
previousversionsof thearchitecture.It shouldnot beusedin new SPARC-V9 soft-
ware. It is recommended that the LDXFSR instruction be used in its place.

31 24 02530 29 19 18 14 13 12 5 4

rd11 op3 rs1 simm13i=1

rd11 op3 rs1 i=0 — rs2
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Theloadfloating-pointstateregisterlower instruction(LDFSR)waitsfor all FPopinstruc-
tions that have not finishedexecutionto complete,andthenloadsa word from memory
into the lower 32 bits of the FSR. The upper 32 bits of FSR are unaffected by LDFSR.

Theloadfloating-pointstateregisterinstruction(LDXFSR)waitsfor all FPopinstructions
thathave not finishedexecutionto complete,andthenloadsa doubleword from memory
into the FSR.

Compatibility Note:
SPARC-V9 supportstwo differentinstructionsto loadtheFSR;theSPARC-V8 LDFSRinstruction
is definedto load only the lower 32 bits into the FSR,whereasLDXFSR allows SPARC-V9 pro-
grams to load all 64 bits of the FSR.

Loadfloating-pointinstructionsaccesstheprimaryaddressspace(ASI = 8016). Theeffec-
tive address for these instructions is “ r[rs1] + r[rs2]” if i = 0, or
“ r[rs1] + sign_ext(simm13)” if i = 1.

LDF and LDFSR causea mem_address_not_aligned exception if the effective memory
addressis notword-aligned;LDDF causesanLDDF_mem_address_not_aligned exceptionif
the effective memory address is not doubleword-aligned; LDXFSR causes a
mem_address_not_aligned exceptionif theaddressis not doubleword-aligned.If thefloat-
ing-pointunit is not enabled(perFPRS.FEFandPSTATE.PEF),or if no FPUis present,a
load floating-point instructioncausesan fp_disabled exception.Note: This checkis not
made for LDQF.

Programming Note:
In SPARC-V8, somecompilersissuedsequencesof single-precisionloadswhen they could not
determinethatdouble-or quadwordoperandswereproperlyaligned.For SPARC-V9, sinceemula-
tion of misalignedloadsis expectedto befast,it is recommendedthatcompilersissuesetsof sin-
gle-precisionloads only when they can determinethat double- or quadword operandsare not
properly aligned.

Implementation Note:
If a loadfloating-pointinstructiontrapswith any typeof accesserror, thecontentsof thedestination
floating-point register(s) remain unchanged.

Exceptions:
illegal_instruction (op3=2116 andrd = 2..31 or LDQF)
fp_disabled
LDDF_mem_address_not_aligned (LDDF only)
mem_address_not_aligned
data_access_exception
data_access_error
32i_data_access_MMU_miss
32i_data_access_protection
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A.26 Load Floating-point fr om Alternate Space

† Encoded floating-point register value, as described in5.1.4.1

Format (3):

Description:

Theloadsinglefloating-pointfrom alternatespaceinstruction(LDFA) copiesaword from
memory intof[rd].

The load doubleword floating-pointfrom alternatespaceinstruction(LDDFA) copiesa
word-aligned doubleword from memory into a double-precision floating-point register.

The load quadfloating-pointfrom alternatespaceinstruction(LDQFA) copiesa word-
aligned quadword from memory into a quad-precision floating-point register.

Implementation Note:
SPARC64-III doesnot implementthe LDQFA instructionin hardware;an attemptto executethis
instruction causesan illegal_instruction exception. Supervisorsoftware will then emulatethe
LDQFA.

Load floating-pointfrom alternatespaceinstructionscontainthe addressspaceidentifier
(ASI) to beusedfor theloadin theimm_asifield if i = 0, or in theASI registerif i = 1. The
accessis privilegedif bit 7 of theASI is zero;otherwise,it is not privileged.Theeffective
addressfor theseinstructionsis “ r[rs1] + r[rs2]” if i = 0, or “ r[rs1] + sign_ext(simm13)” if
i = 1.

LDFA causesa mem_address_not_aligned exceptionif theeffective memoryaddressis not
word-aligned;LDDFA causesan LDDF_mem_address_not_aligned exceptionif the effec-
tive memoryaddressis not doubleword-aligned.If the floating-pointunit is not enabled

Opcode op3 rd Operation

LDFAPASI 110000 0..31 Load Floating-Point Register from Alternate space

LDDFAPASI 110011 † Load Double Floating-Point Register from Alternate space

LDQFAPASI 110010 † Load QuadFloating-Point Register from Alternate space

Assemb ly Langua ge Syntax

lda [regaddr] imm_asi, fregrd

lda [reg_plus_imm] %asi , fregrd

ldda [regaddr] imm_asi, fregrd

ldda [reg_plus_imm] %asi , fregrd

ldqa [regaddr] imm_asi, fregrd

ldqa [reg_plus_imm] %asi , fregrd

31 24 02530 29 19 18

rd11 op3 imm_asi

14 13 12 5 4

rs1 rs2i=0

rd11 op3 rs1 i=1 simm13
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(perFPRS.FEFandPSTATE.PEF),or if no FPUis present,loadfloating-pointfrom alter-
nate space instructions cause anfp_disabled exception.

Implementation Note:
This checkis not madefor LDQFA. LDFA, andLDDFA causea privileged_action exceptionif
PSTATE.PRIV= 0 and bit 7 of the ASI is zero.

Programming Note:
In SPARC-V8, somecompilersissuedsequencesof single-precisionloadswhen they could not
determinethatdouble-or quadwordoperandswereproperlyaligned.For SPARC-V9, sinceemula-
tion of misalignedloadsis expectedto befast,it is recommendedthatcompilersissuesetsof sin-
gle-precisionloads only when they can determinethat double- or quadword operandsare not
properly aligned.

Implementation Note:
If a loadfloating-pointinstructiontrapswith any typeof accesserror, thedestinationfloating-point
register(s) remain unchanged.

Exceptions:
Illegal_instruction (LDQFA only)
fp_disabled
LDDF_mem_address_not_aligned (LDDFA only)
mem_address_not_aligned
privileged_action
data_access_exception
data_access_error
32i_data_access_MMU_miss
32i_data_access_protection
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A.27 Load Integ er

Format (3):

Description:

Theloadintegerinstructionscopy abyte,ahalfword,aword,anextendedword,or adou-
bleword from memory. All exceptLDD copy thefetchedvalueinto r[rd]. A fetchedbyte,
halfword, or word is right-justified in the destinationregister r[rd]; it is either sign-
extendedor zero-filledon theleft, dependingon whethertheopcodespecifiesa signedor
unsigned operation, respectively.

Theloaddoubleword integerinstructions(LDD) copy adoubleword from memoryinto an
r-registerpair. Thewordat theeffectivememoryaddressis copiedinto theevenr register.

Opcode op3 Operation

LDSB 001001 Load Signed Byte

LDSH 001010 Load Signed Halfword

LDSW 001000 Load Signed Word

LDUB 000001 Load Unsigned Byte

LDUH 000010 Load Unsigned Halfword

LDUW 000000 Load Unsigned Word

LDX 001011 Load Extended Word

LDDD 000011 Load Doubleword

Assemb ly Langua ge Syntax

ldsb [address], regrd

ldsh [address], regrd

ldsw [address], regrd

ldub [address], regrd

lduh [address], regrd

lduw [address], regrd (synonym: ld )

ldx [address], regrd

ldd [address], regrd

TheLDD instructionis deprecated;it is providedonly for compatibilitywith previ-
ousversionsof thearchitecture.It shouldnot beusedin new SPARC-V9 software.
It is recommended that the LDX instruction be used in its place.

31 24 02530 29 19 18 14 13 12 5 4

rd11 op3 rs1 simm13i=1

rd11 op3 rs1 i=0 — rs2
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Thewordat theeffectivememoryaddress+ 4 is copiedinto thefollowing odd-numberedr
register. The upper32 bits of both the even-numberedandodd-numberedr registersare
zero-filled.Note: A loaddoubleword with rd = 0 modifiesonly r[1]. The leastsignificant
bit of the rd field in anLDD instructionis unusedandshouldbesetto zeroby software.
An attemptto executea loaddoubleword instructionthatrefersto amisaligned(odd-num-
bered) destination register causes anillegal_instruction exception.

Load integer instructionsaccessthe primary addressspace(ASI = 8016). The effective
address is “r[rs1] + r[rs2]” if i = 0, or “r[rs1] + sign_ext(simm13)” if i = 1.

A successfulload (notably, load extendedand load doubleword) instruction operates
atomically.

LDUH andLDSH causea mem_address_not_aligned exceptionif the addressis not half-
word-aligned.LDUW andLDSW causea mem_address_not_aligned exceptionif theeffec-
tive addressis not word-aligned. LDX and LDD causea mem_address_not_aligned
exception if the address is not doubleword-aligned.

Programming Note:
LDD is provided for compatibility with SPARC-V8. It may execute slowly on SPARC-V9
machines because of data path and register-access difficulties.

Compatibility Note:
TheSPARC-V8 LD instructionhasbeenrenamedLDUW in SPARC-V9. TheLDSW instructionis
new in SPARC-V9.

Exceptions:
illegal_instruction (LDD with oddrd)
mem_address_not_aligned (all except LDSB, LDUB)
data_access_exception
data_access_error
32i_data_access_MMU_miss
32i_data_access_protection
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A.28 Load Integ er fr om Alternate Space

Format (3):

Description:
The load integer from alternatespaceinstructionscopy a byte, a halfword, a word, an
extendedword, or a doubleword from memory. All exceptLDDA copy the fetchedvalue

Opcode op3 Operation

LDSBAPASI 011001 Load Signed Byte from Alternate space

LDSHAPASI 011010 Load Signed Halfword from Alternate space

LDSWAPASI 011000 Load Signed Word from Alternate space

LDUBAPASI 010001 Load Unsigned Byte from Alternate space

LDUHAPASI 010010 Load Unsigned Halfword from Alternate space

LDUWAPASI 010000 Load Unsigned Word from Alternate space

LDXA PASI 011011 Load Extended Word from Alternate space

LDDAD, PASI 010011 Load Doubleword from Alternate space

Assemb ly Langua ge Syntax

ldsba [regaddr] imm_asi, reg rd

ldsha [regaddr] imm_asi, reg rd

ldswa [regaddr] imm_asi, reg rd

lduba [regaddr] imm_asi, reg rd

lduha [regaddr] imm_asi, reg rd

lduwa [regaddr] imm_asi, reg rd  (synonym:lda )

ldxa [regaddr] imm_asi, reg rd

ldda [regaddr] imm_asi, reg rd

ldsba [reg_plus_imm] %asi , reg rd

ldsha [reg_plus_imm] %asi , reg rd

ldswa [reg_plus_imm] %asi , reg rd

lduba [reg_plus_imm] %asi , reg rd

lduha [reg_plus_imm] %asi , reg rd

lduwa [reg_plus_imm] %asi , reg rd  (synonym:lda )

ldxa [reg_plus_imm] %asi , reg rd

ldda [reg_plus_imm] %asi , reg rd

TheLDDA instructionis deprecated;it is providedonly for compatibilitywith pre-
vious versionsof the architecture.It shouldnot be usedin new SPARC-V9 soft-
ware. It is recommended that the LDXA instruction be used in its place.

31 24 02530 29 19 18

rd11 op3 imm_asi

14 13 12 5 4

rs1 rs2i=0

rd11 op3 rs1 i=1 simm13



266

into r[rd]. A fetchedbyte, halfword, or word is right-justified in the destinationregister
r[rd]; it is eithersign-extendedor zero-filledon theleft, dependingonwhethertheopcode
specifies a signed or unsigned operation, respectively.

The load doubleword integer from alternatespaceinstruction(LDDA) copiesa double-
word from memoryinto an r-registerpair. The word at the effective memoryaddressis
copiedinto theevenr register. Thewordat theeffectivememoryaddress+ 4 is copiedinto
the following odd-numberedr register. Theupper32 bits of both theeven-numberedand
odd-numberedr registersarezero-filled.Note: A load doubleword with rd = 0 modifies
only r[1]. The leastsignificantbit of the rd field in an LDDA instructionis unusedand
shouldbesetto zeroby software.An attemptto executea loaddoubleword instructionthat
refers to a misaligned(odd-numbered)destinationregister causesan illegal_instruction
exception.

The load integer from alternatespaceinstructionscontain the addressspaceidentifier
(ASI) to beusedfor theloadin theimm_asifield if i = 0, or in theASI registerif i = 1. The
accessis privileged if bit seven of the ASI is zero; otherwise,it is not privileged.The
effective address for these instructions is “ r[rs1] + r[rs2]” if i = 0, or
“ r[rs1] + sign_ext(simm13)” if i = 1.

A successfulload (notably, load extendedand load doubleword) instruction operates
atomically.

LDUHA and LDSHA causea mem_address_not_aligned exception if the addressis not
halfword-aligned.LDUWA and LDSWA causea mem_address_not_aligned exception if
the effective address is not word-aligned; LDXA and LDDA cause a
mem_address_not_aligned exception if the address is not doubleword-aligned.

Theseinstructionscausea privileged_action exceptionif PSTATE.PRIV= 0 andbit 7 of the
ASI is zero.

LDDA with ASI=2416or 2C16 hasa specialfeature.SeeA.28.1,“Atomic QuadLoad” for
details.

Programming Note:
LDDA is provided for compatibility with SPARC-V8. It may execute slowly on SPARC-V9
machines because of data path and register-access difficulties.

If LDDA is emulatedin software,anLDXA instructionshouldbeusedfor thememoryaccessin
order to preserve atomicity.

Compatibility Note:
TheSPARC-V8 instructionLDA hasbeenrenamedLDUWA in SPARC-V9. TheLDSWA instruc-
tion is new in SPARC-V9.

Exceptions:
privileged_action
illegal_instruction (LDDA with oddrd)
mem_address_not_aligned (all except LDSBA and LDUBA)
data_access_exception
data_access_error
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A.28.1 Atomic Quad Load

Description:

SPARC64-III treatsan LDDA with an ASI valueof 0x24 or 0x2c differently from other
LDDA’s. An LDDA madewith an ASI of 0x24 or 0x2c will do a cacheable,128-bit,
atomic load from memory and store the result in an even/odd 64-bit integer register pair.

ASI 0x24causesthe128-bitaccessto bemadein big endianmodeusingthenucleuscon-
text. Thedoubleword at theeffective memoryaddressis copiedinto theevenr registerin
big endianmode.Thedoubleword at theeffective memoryaddress+ 8 is copiedinto the
following odd-numbered r register in big endian mode.

ASI 0x2c causesthe 128-bit accessto be madein little endianmodeusing the nucleus
context. Thedoubleword at theeffective memoryaddressis copiedinto theevenr register
in little endianmode.Thedoubleword at theeffective memoryaddress+ 8 is copiedinto
the following odd-numbered r register in little endian mode.

TheseprivilegedASIswill causeaprivileged_actiontrapif executedwhenPSTATE.PRIV
= 0.

Accessesto non cacheablelocations will causea data_access_exception trap with
ftype=E16 (illegal accessto NoncacheablePage).Accessesto addressesthatarenot 128-
bit aligned will cause amem_address_not_aligned trap.

Programming Note:
If ASI’s 0x24or 0x2careusedwith any instructionotherthananLDDA, a data_access_exception
trap with ftype=F16 (invalid ASI) will be taken.

Thequadword litlle endianaddressconventionin LDDA with ASI 0x2cdiffersfrom theonewhich
SPARC V9 (page 70) specifies.

Exceptions:
privileged_action
mem_address_not_aligned
data_access_exception
data_access_error
32i_data_access_MMU_miss
32i_data_access_protection
data_access_exception (128-bit atomic loads only: non cacheable access)
mem_address_not_aligned (128-bit atomic loads only: address not 128 bit aligned.)

opcode ASI operation

LDDA 0x24 Cacheable, 128-bit atomic load

LDDA 0x2c Cacheable, 128-bit atomic load, little endian
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A.29 Load-store Unsigned Byte

Format (3):

Description:

The load-storeunsignedbyte instructioncopiesa byte from memoryinto r[rd], andthen
rewritestheaddressedbytein memoryto all ones.Thefetchedbyteis right-justifiedin the
destination registerr[rd] and zero-filled on the left.

Theoperationis performedatomically, that is, without allowing interveninginterruptsor
deferredtraps.In a multiprocessorsystem,two or moreprocessorsexecutingLDSTUB,
LDSTUBA, CASA, CASXA, SWAP, or SWAPA instructionsaddressingall or partsof the
samedoubleword simultaneouslyare guaranteedto executethem in an undefinedbut
serial order.

The effective address for these instructions is “ r[rs1] + r[rs2]” if i = 0, or
“ r[rs1] + sign_ext(simm13)” if i = 1.

The coherenceand atomicity of memoryoperationsbetweenprocessorsand I/O DMA
memory accesses are implementation-dependent (impl. dep #120).

Exceptions:
data_access_exception
data_access_error
32i_data_access_MMU_miss
32i_data_access_protection

Opcode op3 Operation

LDSTUB 001101 Load-Store Unsigned Byte

Assemb ly Langua ge Syntax

ldstub [address], regrd

31 24 02530 29 19 18 14 13 12 5 4

rd11 op3 rs1 simm13i=1

rd11 op3 rs1 i=0 — rs2
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A.30 Load-store Unsigned Byte to Alternate Space

Format (3):

Description:

The load-storeunsignedbyte into alternatespaceinstructioncopiesa byte from memory
into r[rd], then rewrites the addressedbyte in memoryto all ones.The fetchedbyte is
right-justified in the destination registerr[rd] and zero-filled on the left.

Theoperationis performedatomically, that is, without allowing interveninginterruptsor
deferredtraps.In a multiprocessorsystem,two or moreprocessorsexecutingLDSTUB,
LDSTUBA, CASA, CASXA, SWAP, or SWAPA instructionsaddressingall or partsof the
samedoubleword simultaneouslyare guaranteedto executethem in an undefined,but
serial order.

LDSTUBA containsthe addressspaceidentifier (ASI) to be usedfor the load in the
imm_asifield if i = 0, or in theASI registerif i = 1. Theaccessis privilegedif bit 7 of the
ASI is zero; otherwise,it is not privileged.The effective addressis “ r[rs1] + r[rs2]” if
i = 0, or “r[rs1] + sign_ext(simm13)” if i = 1.

LDSTUBA causesa privileged_action exceptionif PSTATE.PRIV= 0 andbit 7 of theASI
is zero.

For informationaboutthecoherenceandatomicityof memoryoperationsbetweenproces-
sorsandI/O DMA memoryaccesses,seeHaL-specificdocumentsdescribedin theBibli-
ography.

Exceptions:
privileged_action
data_access_exception
data_access_error
32i_data_access_MMU_miss
32i_data_access_protection

Opcode op3 Operation

LDSTUBAPASI 011101 Load-Store Unsigned Byte into Alternate space

Assemb ly Langua ge Syntax

ldstuba [regaddr] imm_asi, regrd

ldstuba [reg_plus_imm] %asi , regrd

31 24 02530 29 19 18

rd11 op3 imm_asi

14 13 12 5 4

rs1 rs2i=0

rd11 op3 rs1 i=1 simm13
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A.31 Logical Operations

Format (3):

Description:

Theseinstructionsimplementbitwiselogical operations.They compute“ r[rs1] op r[rs2]”
if i = 0, or “r[rs1] op sign_ext(simm13)” if i = 1, and write the result intor[rd].

ANDcc, ANDNcc, ORcc,ORNcc,XORcc, and XNORcc modify the integer condition
codes(icc andxcc). They set icc.v, icc.c, xcc.v, andxcc.c to zero, icc.n to bit 31 of the

Opcode op3 Operation

AND 000001 And

ANDcc 010001 And and modify cc’s

ANDN 000101 And Not

ANDNcc 010101 And Not and modify cc’s

OR 000010 Inclusive Or

ORcc 010010 Inclusive Or and modify cc’s

ORN 000110 Inclusive Or Not

ORNcc 010110 Inclusive Or Not and modify cc’s

XOR 000011 Exclusive Or

XORcc 010011 Exclusive Or and modify cc’s

XNOR 000111 Exclusive Nor

XNORcc 010111 Exclusive Nor and modify cc’s

Assemb ly Langua ge Syntax

and regrs1, reg_or_imm, regrd

andcc regrs1, reg_or_imm, regrd

andn regrs1, reg_or_imm, regrd

andncc regrs1, reg_or_imm, regrd

or regrs1, reg_or_imm, regrd

orcc regrs1, reg_or_imm, regrd

orn regrs1, reg_or_imm, regrd

orncc regrs1, reg_or_imm, regrd

xor regrs1, reg_or_imm, regrd

xorcc regrs1, reg_or_imm, regrd

xnor regrs1, reg_or_imm, regrd

xnorcc regrs1, reg_or_imm, regrd

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1
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result,xcc.nto bit 63of theresult,icc.zto 1 if bits31:0of theresultarezero(otherwiseto
0), andxcc.z to 1 if all 64 bits of the result are zero (otherwise to 0).

ANDN, ANDNcc, ORN,andORNcclogically negatetheir secondoperandbeforeapply-
ing the main (AND or OR) operation.

Programming Note:
XNOR and XNORcc are identical to the XOR-Not andXOR-Not-cc logical operations,respec-
tively.

Exceptions:
(none)



272

A.32 Memor y Barrier

Format (3):

Description:

Thememorybarrierinstruction,MEMBAR, hastwo complementaryfunctions:to express
orderconstraintsbetweenmemoryreferencesandto provide explicit controlof memory-
referencecompletion.Themembar_maskfield in thesuggestedassemblylanguageis the
bitwise OR of thecmask andmmask instruction fields.

MEMBAR introducesanorderconstraintbetweenclassesof memoryreferencesappear-
ing beforetheMEMBAR andmemoryreferencesfollowing it in aprogram.Theparticular
classesof memoryreferencesare specifiedby the mmaskfield. Memory referencesare
classifiedas loads (including load instructions,LDSTUB(A), SWAP(A), CASA, and
CASXA) and stores (including store instructions, LDSTUB(A), SWAP(A), CASA,
CASXA, andFLUSH). Themmaskfield specifiestheclassesof memoryreferencessub-
ject to ordering,asdescribedbelow. MEMBAR appliesto all memoryoperationsin all
addressspacesreferencedby the issuingprocessor, but it hasno effect on memoryrefer-
encesby otherprocessors.Whenthecmaskfield is nonzero,completionaswell asorder
constraintsareimposed,andtheorderimposedcanbemorestringentthanthatspecifiable
by themmask field alone.

A loadhasbeenperformedwhenthevalueloadedhasbeentransmittedfrom memoryand
cannotbe modified by anotherprocessor. A storehasbeenperformedwhen the value
storedhasbecomevisible, that is, whenthepreviousvaluecanno longerbe readby any
processor. In specifyingthe effect of MEMBAR, instructionsare consideredto be exe-
cutedasif they wereprocessedin a strictly sequentialfashion,with eachinstructioncom-
pleted before the next has begun.

The mmaskfield is encodedin bits 3 through0 of the instruction.Table56 specifiesthe
orderconstraintthateachbit of mmask(selectedwhensetto 1) imposesonmemoryrefer-

Opcode op3 Operation

MEMBAR 101000 Memory Barrier

Assemb ly Langua ge Syntax

membar membar_mask

31 141924 18 13 12 02530 29

10 0 op3 0 1111 i=1 —

4 3

mmask

6

4

7

cmask
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encesappearingbeforeand after the MEMBAR. From zero to four maskbits may be
selected in themmask field

Thecmaskfield is encodedin bits 6 through4 of the instruction.Bits in thecmaskfield,
illustratedin Table57, specifyadditionalconstraintson the orderof memoryreferences
andthe processingof instructions.If cmaskis zero,thenMEMBAR enforcesthe partial
orderingspecifiedby themmaskfield; if cmaskis nonzero,thencompletionaswell aspar-
tial order constraints are applied.

For informationon the useof MEMBAR, see8.4.3,“MEMBAR Instruction” in V9, and
AppendixJ, “ProgrammingWith theMemoryModels” in V9. Chapter8, “Memory Mod-
els” contains additional information about the memory models themselves.

The encodingof MEMBAR is identical to that of the RDASR instruction,except that
rs1= 15, rd = 0, and i = 1.

The coherenceand atomicity of memoryoperationsbetweenprocessorsand I/O DMA
memory accesses are implementation-dependent.

Note:
MEMBAR#Lookaside,MEMBAR#StoreStore,andMEMBAR#LoadStorearetreatedasNOPsin
SPARC64-III sincethe hardware memorymodelsalways enforcethe semanticsof theseMEM-
BAR’s for all memory accesses.MEMBAR#StoreLoadand MEMBAR#LoadLoadenforcethe
orderingspecifiedby the instruction.MEMBAR#SyncandMEMBAR#MemIssuecausethe pro-

Table 56: MEMB AR mmask Encodings (V9=25)

Mask Bit Name Description

mmask<3> #StoreStore The effects of all storesappearingprior to the MEMBAR instruction
mustbevisible to all processorsbeforetheeffectof any storesfollowing
the MEMBAR. Equivalent to the deprecated STBAR instruction

mmask<2> #LoadStore All loadsappearingprior to the MEMBAR instructionmusthave been
performedbeforetheeffectsof any storesfollowing theMEMBAR are
visible to any other processor.

mmask<1> #StoreLoad The effects of all storesappearingprior to the MEMBAR instruction
mustbe visible to all processorsbeforeloadsfollowing the MEMBAR
may be performed.

mmask<0> #LoadLoad All loadsappearingprior to the MEMBAR instructionmusthave been
performedbeforeany loadsfollowing theMEMBAR maybeperformed.

Table 57: MEMB AR cmask Encodings (V9=26)

Mask Bit Function Name Description

cmask<2> Synchronization
barrier

#Sync All operations(includingnonmemoryreferenceoperations)
appearingprior to theMEMBAR musthavebeenperformed
andtheeffectsof any exceptionsbecomevisible beforeany
instruction after the MEMBAR may be initiated.

cmask<1> Memory issue
barrier

#MemIssue All memory referenceoperationsappearingprior to the
MEMBAR musthave beenperformedbeforeany memory
operation after the MEMBAR may be initiated.

cmask<0> Lookaside
barrier

#Lookaside A store appearingprior to the MEMBAR must complete
before any load following the MEMBAR referencingthe
same address can be initiated.

µ�¶



274

cessorto sync and causethe effects of all cacheableand noncacheablememoryaccessesmade
before the MEMBAR to be visible from the other processors in the system.

Compatibility Note:
MEMBAR with mmask= 816 andcmask= 016 (“membar #StoreStore ”) is identicalin func-
tion to the SPARC-V8 STBAR instruction, which is deprecated.

Exceptions:
(none)
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A.33 Move Floating-point Register on Condition (FMO Vcc)

For Integer Condition Codes:

For Floating-point Condition Codes:

Opcode op3 cond Operation icc /xcc  test

FMOVA 110101 1000 Move Always 1

FMOVN 110101 0000 Move Never 0

FMOVNE 110101 1001 Move if Not Equal not Z

FMOVE 110101 0001 Move if Equal Z

FMOVG 110101 1010 Move if Greater not (Z or (N xor V))

FMOVLE 110101 0010 Move if Less or Equal Z or (N xor V)

FMOVGE 110101 1011 Move if Greater or Equal not (N xor V)

FMOVL 110101 0011 Move if Less N xor V

FMOVGU 110101 1100 Move if Greater Unsigned not (C or Z)

FMOVLEU 110101 0100 Move if Less or Equal Unsigned (C or Z)

FMOVCC 110101 1101 Move if CarryClear(Greateror Equal,Unsigned) not C

FMOVCS 110101 0101 Move if Carry Set (Less than, Unsigned) C

FMOVPOS 110101 1110 Move if Positive not N

FMOVNEG 110101 0110 Move if Negative N

FMOVVC 110101 1111 Move if Overflow Clear not V

FMOVVS 110101 0111 Move if Overflow Set V

Opcode op3 cond Operation fcc test

FMOVFA 110101 1000 Move Always 1

FMOVFN 110101 0000 Move Never 0

FMOVFU 110101 0111 Move if Unordered U

FMOVFG 110101 0110 Move if Greater G

FMOVFUG 110101 0101 Move if Unordered or Greater G or U

FMOVFL 110101 0100 Move if Less L

FMOVFUL 110101 0011 Move if Unordered or Less L or U

FMOVFLG 110101 0010 Move if Less or Greater L or G

FMOVFNE 110101 0001 Move if Not Equal L or G or U

FMOVFE 110101 1001 Move if Equal E

FMOVFUE 110101 1010 Move if Unordered or Equal E or U

FMOVFGE 110101 1011 Move if Greater or Equal E or G

FMOVFUGE 110101 1100 Move if Unorderedor Greateror Equal E or G or U

FMOVFLE 110101 1101 Move if Less or Equal E or L

FMOVFULE 110101 1110 Move if Unordered or Less or Equal E or L or U

FMOVFO 110101 1111 Move if Ordered E or L or G
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Format (4):

Encoding of the opf_cc field (also seeTable77 on page 365):

Encoding of opf field (opf_cc opf_low):

Table 58: Floating-point Move on Conditionopf_cc Field

opf_cc Condition Code

000 fcc0

001 fcc1

010 fcc2

011 fcc3

100 icc

101 —

110 xcc

111 —

Table 59: Floating-point Move on Conditionopf Field

Instruction V ariation opf_cc opf_lo w opf

FMOVScc %fcc n,rs2,rd 0nn 000001 0 nn000001

FMOVDcc %fcc n,rs2,rd 0nn 000010 0 nn000010

FMOVQcc %fcc n,rs2,rd 0nn 000011 0 nn000011

FMOVScc %icc , rs2,rd 100 000001 1 00000001

FMOVDcc %icc , rs2,rd 100 000010 1 00000010

FMOVQcc %icc , rs2,rd 100 000011 1 00000011

FMOVScc %xcc, rs2,rd 110 000001 1 10000001

FMOVDcc %xcc, rs2,rd 110 000010 1 10000010

FMOVQcc %xcc, rs2,rd 110 000011 1 10000011

31 1924 18 1314 11 5 4 010172530 29

10 rd op3 cond opf_cc opf_low rs20
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For Integer Condition Codes:

Programming Note:
To select the appropriate condition code, include “%icc ” or “%xcc” before the registers.

For Floating-point Condition Codes:

Assemb ly Langua ge Syntax

fmov{s,d,q}a i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}n i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}ne i_or_x_cc, fregrs2, fregrd (synonyms: fmov { s,d,q } nz )

fmov{s,d,q}e i_or_x_cc, fregrs2, fregrd (synonyms: fmov { s,d,q } z )

fmov{s,d,q}g i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}le i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}ge i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}l i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}gu i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}leu i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}cc i_or_x_cc, fregrs2, fregrd (synonyms: fmov { s,d,q } geu )

fmov{s,d,q}cs i_or_x_cc, fregrs2, fregrd (synonyms: fmov { s,d,q } lu )

fmov{s,d,q}pos i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}neg i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}vc i_or_x_cc, fregrs2, fregrd

fmov{s,d,q}vs i_or_x_cc, fregrs2, fregrd

Assemb ly Langua ge Syntax

fmov{s,d,q}a %fcc n, fregrs2, fregrd

fmov{s,d,q}n %fcc n, fregrs2, fregrd

fmov{s,d,q}u %fcc n, fregrs2, fregrd

fmov{s,d,q}g %fcc n, fregrs2, fregrd

fmov{s,d,q}ug %fcc n, fregrs2, fregrd

fmov{s,d,q}l %fcc n, fregrs2, fregrd

fmov{s,d,q}ul %fcc n, fregrs2, fregrd

fmov{s,d,q}lg %fcc n, fregrs2, fregrd

fmov{s,d,q}ne %fcc n, fregrs2, fregrd  (synonyms: fmov { s,d,q } nz )

fmov{s,d,q}e %fcc n, fregrs2, fregrd  (synonyms: fmov { s,d,q } z )

fmov{s,d,q}ue %fcc n, fregrs2, fregrd

fmov{s,d,q}ge %fcc n, fregrs2, fregrd

fmov{s,d,q}uge %fcc n, fregrs2, fregrd

fmov{s,d,q}le %fcc n, fregrs2, fregrd

fmov{s,d,q}ule %fcc n, fregrs2, fregrd

fmov{s,d,q}o %fcc n, fregrs2, fregrd
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Description:

Theseinstructionscopy thefloating-pointregister(s)specifiedby rs2 to thefloating-point
register(s)specifiedby rd if the condition indicatedby the condfield is satisfiedby the
selectedconditioncode.The conditioncodeusedis specifiedby the opf_ccfield of the
instruction. If the condition is FALSE, then the destination register(s) are not changed.

These instructions do not modify any condition codes.

Note: SPARC64-III doesnot implementin hardwareany instructionsthatspecifya quad
floating-point register; it traps them with fp_exception_other (with
ftt = unimplemented_FPop). Supervisor software then emulates the FMOVQcc.

Programming Note:
Branchescausemost implementations’performanceto degrade significantly. Frequently, the
MOVcc andFMOVcc instructionscanbe usedto avoid branches.For example,the following C
language segment:

double A, B, X;
if (A > B) then X = 1.03; else X = 0.0;

can be coded as

! assume A is in %f0; B is in %f2; %xx points to constant area
ldd [%xx+C_1.03],%f4 ! X = 1.03
fcmpd %fcc3,%f0,%f2 ! A > B
fble ,a %fcc3,label
! following only executed if the branch is taken
fsubd %f4,%f4,%f4 ! X = 0.0

label:...

This takes four instructions including a branch.

Using FMOVcc, this could be coded as

ldd [%xx+C_1.03],%f4 ! X = 1.03
fsubd %f4,%f4,%f6 ! X’ = 0.0
fcmpd %fcc3,%f0,%f2 ! A > B
fmovdle %fcc3,%f6,%f4 ! X = 0.0

This alsotakesfour instructionsbut requiresno branchesandmayboostperformancesignificantly.
It is suggestedthat MOVcc and FMOVcc be used insteadof brancheswherever they would
improve performance.

Exceptions:
fp_disabled
fp_exception_other (ftt = unimplemented_FPop (opf_cc= 1012 or 1112 and quad

forms))
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A.34 Move F-P Register on Integ er Register Condition  (FMOVr)

Format (4):

Encoding ofopf_low field:

Description:

If the contentsof integer registerr[rs1] satisfythe conditionspecifiedin the rcondfield,
theseinstructionscopy the contentsof the floating-pointregister(s)specifiedby the rs2
field to the floating-pointregister(s)specifiedby the rd field. If the contentsof r[rs1] do
not satisfy the condition, the floating-point register(s)specifiedby the rd field are not
modified.

Theseinstructionstreattheintegerregistercontentsasa signedintegervalue;they do not
modify any condition codes.

Opcode op3 rcond Operation Test

— 110101 000 Reserved —

FMOVRZ 110101 001 Move if Register Zero r[rs1] = 0

FMOVRLEZ 110101 010 Move if Register Less Than or Equal to Zero r[rs1] ≤ 0

FMOVRLZ 110101 011 Move if Register Less Than Zero r[rs1] < 0

— 110101 100 Reserved —

FMOVRNZ 110101 101 Move if Register Not Zero r[rs1] ≠ 0

FMOVRGZ 110101 110 Move if Register Greater Than Zero r[rs1] > 0

FMOVRGEZ 110101 111 Move if Register Greater Than or Equal to Zero r[rs1] ≥ 0

Table 60: Floating-point Move on Integer Register Conditionopf_low Field

Instruction v ariation opf_lo w

FMOVSrcond rs1, rs2, rd 0 0101

FMOVDrcond rs1, rs2, rd 0 0110

FMOVQrcond rs1, rs2, rd 0 0111

Assemb ly Langua ge Syntax

fmovr{s,d,q}e regrs1, fregrs2, fregrd (synonym: fmovr{s,d,q}z )

fmovr{s,d,q}lez regrs1, fregrs2, fregrd

fmovr{s,d,q}lz regrs1, fregrs2, fregrd

fmovr{s,d,q}ne regrs1, fregrs2, fregrd (synonym: fmovr{s,d,q}nz )

fmovr{s,d,q}gz regrs1, fregrs2, fregrd

fmovr{s,d,q}gez regrs1, fregrs2, fregrd

31 141924 18 13 12 9 5 4 0102530 29

10 rd op3 0 rcond opf_low rs2rs1
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Note: SPARC64-III doesnot implementin hardwarethe instructionsthat specifya quad
floating-point register; it traps them with fp_exception_other (with
ftt = unimplemented_FPop). Supervisor software then emulates the FMOVQrcond.

Implementation Note:
If this instructionis implementedby taggingeachregistervaluewith anN (negative)andaZ (zero)
bit, use the following table to determine whetherrcond is TRUE:

Exceptions:
fp_disabled
fp_exception_other (unimplemented_FPop (rcond= 0002 or 1002 and quad forms))

Branc h Test

FMOVRNZ not Z

FMOVRZ Z

FMOVGEZ not N

FMOVRLZ N

FMOVRLEZ N or Z

FMOVRGZ N nor Z
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A.35 Move Integ er Register on Condition (MO Vcc)

For Integer Condition Codes:

For Floating-point Condition Codes:

Opcode op3 cond Operation icc /xcc  test

MOVA 101100 1000 Move Always 1

MOVN 101100 0000 Move Never 0

MOVNE 101100 1001 Move if Not Equal not Z

MOVE 101100 0001 Move if Equal Z

MOVG 101100 1010 Move if Greater not (Z or (N xor V))

MOVLE 101100 0010 Move if Less or Equal Z or (N xor V)

MOVGE 101100 1011 Move if Greater or Equal not (N xor V)

MOVL 101100 0011 Move if Less N xor V

MOVGU 101100 1100 Move if Greater Unsigned not (C or Z)

MOVLEU 101100 0100 Move if Less or Equal Unsigned (C or Z)

MOVCC 101100 1101 Move if CarryClear(Greateror Equal,Unsigned) not C

MOVCS 101100 0101 Move if Carry Set (Less than, Unsigned) C

MOVPOS 101100 1110 Move if Positive not N

MOVNEG 101100 0110 Move if Negative N

MOVVC 101100 1111 Move if Overflow Clear not V

MOVVS 101100 0111 Move if Overflow Set V

Opcode op3 cond Operation fcc  test

MOVFA 101100 1000 Move Always 1

MOVFN 101100 0000 Move Never 0

MOVFU 101100 0111 Move if Unordered U

MOVFG 101100 0110 Move if Greater G

MOVFUG 101100 0101 Move if Unordered or Greater G or U

MOVFL 101100 0100 Move if Less L

MOVFUL 101100 0011 Move if Unordered or Less L or U

MOVFLG 101100 0010 Move if Less or Greater L or G

MOVFNE 101100 0001 Move if Not Equal L or G or U

MOVFE 101100 1001 Move if Equal E

MOVFUE 101100 1010 Move if Unordered or Equal E or U

MOVFGE 101100 1011 Move if Greater or Equal E or G

MOVFUGE 101100 1100 Move if Unordered or Greater or Equal E or G or U

MOVFLE 101100 1101 Move if Less or Equal E or L

MOVFULE 101100 1110 Move if Unordered or Less or Equal E or L or U

MOVFO 101100 1111 Move if Ordered E or L or G
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Format (4):

For Integer Condition Codes:

Programming Note:
To selecttheappropriateconditioncode,include“%icc ” or “%xcc” beforetheregisteror immedi-
ate field.

Table 61: Move Integer Register on Conditionccn Encodings

cc2 cc1 cc0 Condition code

000 fcc0

001 fcc1

010 fcc2

011 fcc3

100 icc

101 Reserved

110 xcc

111 Reserved

Assemb ly Langua ge Syntax

mova i_or_x_cc, reg_or_imm11, regrd

movn i_or_x_cc, reg_or_imm11, regrd

movne i_or_x_cc, reg_or_imm11, regrd (synonym: movnz)

move i_or_x_cc, reg_or_imm11, regrd (synonym: movz)

movg i_or_x_cc, reg_or_imm11, regrd

movle i_or_x_cc, reg_or_imm11, regrd

movge i_or_x_cc, reg_or_imm11, regrd

movl i_or_x_cc, reg_or_imm11, regrd

movgu i_or_x_cc, reg_or_imm11, regrd

movleu i_or_x_cc, reg_or_imm11, regrd

movcc i_or_x_cc, reg_or_imm11, regrd (synonym: movgeu)
movcs i_or_x_cc, reg_or_imm11, regrd (synonym: movlu )

movpos i_or_x_cc, reg_or_imm11, regrd

movneg i_or_x_cc, reg_or_imm11, regrd

movvc i_or_x_cc, reg_or_imm11, regrd

movvs i_or_x_cc, reg_or_imm11, regrd

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

cond rs2i=0

rd10 op3 cond simm11i=1

17

cc2

cc2

11

cc1

cc1

10

cc0

cc0
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For Floating-point Condition Codes:

Programming Note:
To selectthe appropriatecondition code, include “%fcc0 ,” “%fcc1 ,” “%fcc2 ,” or “%fcc3 ”
before the register or immediate field.

Description:

Theseinstructionstestto seeif condis TRUE for theselectedconditioncodes.If so,they
copy thevaluein r[rs2] if i field = 0, or “sign_ext(simm11)” if i = 1 into r[rd]. Thecondi-
tion codeusedis specifiedby thecc2, cc1, andcc0fieldsof the instruction.If thecondi-
tion is FALSE, thenr[rd] is not changed.

Theseinstructionscopy an integer register to anotherinteger register if the condition is
TRUE. Theconditioncodethat is usedto determinewhetherthemove will occurcanbe
eitherintegerconditioncode(icc or xcc) or any floating-pointconditioncode(fcc0,fcc1,
fcc2, or fcc3).

These instructions do not modify any condition codes.

Programming Note:
Branchescausemany implementations’performanceto degrade significantly. Frequently, the
MOVcc andFMOVcc instructionscanbeusedto avoid branches.For example,theC languageif-
then-else statement

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

can be coded as

cmp %i0,%i2
bg,a %xcc,label

or %g0,1,%i3 ! X = 1

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

Assemb ly Langua ge Syntax

mova %fcc n, reg_or_imm11, regrd

movn %fcc n, reg_or_imm11, regrd

movu %fcc n, reg_or_imm11, regrd

movg %fcc n, reg_or_imm11, regrd

movug %fcc n, reg_or_imm11, regrd

movl %fcc n, reg_or_imm11, regrd

movul %fcc n, reg_or_imm11, regrd

movlg %fcc n, reg_or_imm11, regrd

movne %fcc n, reg_or_imm11, regrd (synonym: movnz)

move %fcc n, reg_or_imm11, regrd (synonym: movz)

movue %fcc n, reg_or_imm11, regrd

movge %fcc n, reg_or_imm11, regrd

movuge %fcc n, reg_or_imm11, regrd

movle %fcc n, reg_or_imm11, regrd

movule %fcc n, reg_or_imm11, regrd

movo %fcc n, reg_or_imm11, regrd
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label:...

This takes four instructions including a branch. Using MOVcc this could be coded as

cmp %i0,%i2
or %g0,1,%i3 ! assume X = 1
movle %xcc,0,%i3 ! overwrite with X = 0

This takesonly threeinstructionsandno branchesandmay boostperformancesignificantly. It is
suggestedthat MOVcc andFMOVcc be usedinsteadof brancheswherever they would increase
performance.

Exceptions:
illegal_instruction (cc2 cc1 cc0= 1012 or 1112)
fp_disabled (cc2 cc1 cc0= 0002, 0012, 0102, or 0112 and the FPU is dis-

abled)
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A.36 Move Integ er Register on Register Condition (MO VR)

Format (3):

Description:
If thecontentsof integerregisterr[rs1] satisfiestheconditionspecifiedin the rcondfield,
theseinstructionscopy r[rs2] (if i = 0) or sign_ext(simm10) (if i = 1) into r[rd]. If thecon-
tentsof r[rs1] doesnot satisfytheconditionthenr[rd] is not modified.Theseinstructions
treat the register contentsas a signedinteger value; they do not modify any condition
codes.

Opcode op3 rcond Operation Test

— 101111 000 Reserved —

MOVRZ 101111 001 Move if Register Zero r[rs1] = 0

MOVRLEZ 101111 010 Move if Register Less Than or Equal to Zero r[rs1] ≤ 0

MOVRLZ 101111 011 Move if Register Less Than Zero r[rs1] < 0

— 101111 100 Reserved —

MOVRNZ 101111 101 Move if Register Not Zero r[rs1] ≠ 0

MOVRGZ 101111 110 Move if Register Greater Than Zero r[rs1] > 0

MOVRGEZ 101111 111 Move if RegisterGreaterThanor Equalto Zero r[rs1] ≥ 0

Assemb ly Langua ge Syntax

movrz regrs1, reg_or_imm10, regrd (synonym: movre )

movrlez regrs1, reg_or_imm10, regrd

movrlz regrs1, reg_or_imm10, regrd

movrnz regrs1, reg_or_imm10, regrd (synonym: movrne )

movrgz regrs1, reg_or_imm10, regrd

movrgez regrs1, reg_or_imm10, regrd

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm10i=1

rcond

rcond

10 9
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Implementation Note:
If this instructionis implementedby taggingeachregistervaluewith anN (negative)andaZ (zero)
bit, use the table below to determine ifrcond is TRUE:

Exceptions:
illegal_instruction (rcond= 0002 or 1002)

 Move Test

MOVRNZ not Z

MOVRZ Z

MOVRGEZ not N

MOVRLZ N

MOVRLEZ N or Z

MOVRGZ N nor Z
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A.37 Multipl y and Divide (64-bit)

Format (3):

Description:

MULX computes“ r[rs1] × r[rs2]” if i = 0 or “ r[rs1] × sign_ext(simm13)” if i = 1, and
writesthe64-bit productinto r[rd]. MULX canbeusedto calculatethe64-bit productfor
signed or unsigned operands (the product is the same).

SDIVX andUDIVX compute“ r[rs1] ÷ r[rs2]” if i = 0 or “ r[rs1] ÷ sign_ext(simm13)” if
i = 1, and write the 64-bit result into r[rd]. SDIVX operateson the operandsas signed
integersandproducesa correspondingsignedresult.UDIVX operateson theoperandsas
unsigned integers and produces a corresponding unsigned result.

For SDIVX, if thelargestnegativenumberis dividedby –1,theresultshouldbethelargest
negative number. That is:

800000000000000016 ÷ FFFFFFFFFFFFFFFF16 = 800000000000000016.

These instructions do not modify any condition codes.

Exceptions:
division_by_zero

Opcode op3 Operation

MULX 001001 Multiply (signed or unsigned)

SDIVX 101101 Signed Divide

UDIVX 001101 Unsigned Divide

Assemb ly Langua ge Syntax

mulx regrs1, reg_or_imm, regrd

sdivx regrs1, reg_or_imm, regrd

udivx regrs1, reg_or_imm, regrd

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1
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A.38 Multipl y (32-bit)

Format (3):

Description:

The multiply instructionsperform 32-bit by 32-bit multiplications, producing 64-bit
results. They compute “ r[rs1]<31:0> × r[rs2]<31:0>” if i = 0, or “ r[rs1]<31:0> ×
sign_ext(simm13)<31:0>” if i = 1. They write the 32 mostsignificantbits of the product
into the Y register and all 64 bits of the product intor[rd].

Unsignedmultiply (UMUL, UMULcc) operateson unsignedinteger word operandsand
computesan unsignedinteger doubleword product.Signedmultiply (SMUL, SMULcc)
operateson signedinteger word operandsand computesa signedinteger doubleword
product.

UMUL andSMUL donotaffect theconditioncodebits.UMULcc andSMULccwrite the
integer condition code bits, icc and xcc, as shown in Table 62. Note: 32-bit negative
(icc.N) andzero(icc.Z) conditioncodesaresetaccordingto the lesssignificantword of
the product, and not according to the full 64-bit result.

Opcode op3 Operation

UMULD 001010 Unsigned Integer Multiply

SMULD 001011 Signed Integer Multiply

UMULccD 011010 Unsigned Integer Multiply and modify cc’s

SMULccD 011011 Signed Integer Multiply and modify cc’s

Assemb ly Langua ge Syntax

umul regrs1, reg_or_imm, regrd

smul regrs1, reg_or_imm, regrd

umulcc regrs1, reg_or_imm, regrd

smulcc regrs1, reg_or_imm, regrd

TheUMUL, UMULcc, SMUL, andSMULcc instructionsaredeprecated;they are
provided only for compatibility with previous versionsof the architecture.They
shouldnotbeusedin new SPARC-V9 software.It is recommendedthattheMULX
instruction be used in their place.

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1
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Programming Note:
32-bit overflow after UMUL / UMULcc is indicated by Y≠ 0.

32-bitoverflow afterSMUL / SMULcc is indicatedby Y ≠ (r[rd] >> 31),where “>>” indicates32-
bit arithmetic right shift.

Implementation Notes:
An implementation may assume that the smaller operand typically will ber[rs2] or simm13.

Theseinstructionsare executedin hardware in the SPARC64-III; however, they sync the CPU
before executing. It is recommended that software use 64-bit multiplies if possible.

Exceptions:
(none)

Table 62: UMULcc / SMULcc Condition Code Settings

Bit UMULcc / SMULcc

icc.N Set if product[31]= 1

icc.Z Set if product[31:0]= 0

icc.V Zero

icc.C Zero

xcc.N Set if product[63]= 1

xcc.Z Set if product[63:0]= 0

xcc.V Zero

xcc.C Zero



290

A.39 Multipl y Step

Format (3):

Description:

MULScc treatsthelower 32 bits of bothr[rs1] andtheY registerasa single64-bit, right-
shiftabledoublewordregister. Theleastsignificantbit of r[rs1] is treatedasif it wereadja-
centto bit 31 of theY register. TheMULScc instructionadds,basedon the leastsignifi-
cant bit of Y.

Multiplication assumesthat theY registerinitially containsthemultiplier, r[rs1] contains
themostsignificantbits of theproduct,andr[rs2] containsthemultiplicand.Uponcom-
pletionof themultiplication, theY registercontainsthe leastsignificantbits of theprod-
uct.

Note: A standard MULScc instruction hasrs1= rd.

MULScc operates as follows:

1. The multiplicand isr[rs2] if i = 0, or sign_ext(simm13) if i = 1.

2. A 32-bit value is computed by shifting r[rs1] right by one bit with
“CCR.icc.nxor CCR.icc.v” replacingbit 31 of r[rs1]. (This is thepropersign for the
previous partial product.)

3. If theleastsignificantbit of Y = 1, theshiftedvaluefrom step(2) andthemultiplicand
areadded.If the leastsignificantbit of theY = 0, then0 is addedto theshiftedvalue
from step (2).

Opcode op3 Operation

MULSccD 100100 Multiply Step and modify cc’s

Assemb ly Langua ge Syntax

mulscc regrs1, reg_or_imm, regrd

The MULScc instructionis deprecated;it is provided only for compatibility with
previousversionsof thearchitecture.It shouldnot beusedin new SPARC-V9 soft-
ware. It is recommended that the MULX instruction be used in its place.

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1
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4. Thesumfrom step(3) is written into r[rd]. Theupper32-bitsof r[rd] areundefined.
The integer conditioncodesareupdatedaccordingto the additionperformedin step
(3). The values of the extended condition codes are undefined.

5. TheY registeris shiftedright by onebit, with theleastsignificantbit of theunshifted
r[rs1] replacing bit 31of Y.

Note: TheseinstructionssynctheCPUbeforeexecuting;therefore,it is recommendthat
software use 64-bit multiplies if possible.

Exceptions:
(none)
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A.40 No Operation

Format (2):

Description:

The NOP instruction changes no program-visible state (except the PC and nPC).

Note: NOP is a special case of the SETHI instruction, withimm22= 0 andrd = 0.

Exceptions:
(none)

Opcode op op2 Operation

NOP 00 100 No Operation

Assemb ly Langua ge Syntax

nop

31 24 02530 29 22 21

00 op op2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0



A.41  Population Count 293

A.41 Population Count

Format (3):

Description:

POPCcountsthe numberof one bits in r[rs2] if i = 0, or the numberof one bits in
sign_ext(simm13) if i = 1, andstoresthecountin r[rd]. This instructiondoesnot modify
the conditioncodes.Note: SPARC64-III doesnot implementthis instruction;insteadit
generatesan illegal_instruction exception.The instructionis emulatedin supervisorsoft-
ware.

Implementation Note:
Instructionbits 18 through14 mustbezerofor POPC.Otherencodingsof this field (rs1) maybe
used in future versions of the SPARC architecture for other instructions.

Programming Note:
POPCcanbe usedto “find first bit set” in a register. A C programillustrating how POPCcanbe
used for this purpose follows:

int ffs(zz) /* finds first 1 bit, counting from the LSB */
unsigned zz;
{

return popc ( zz ^ ( ∼ (–zz))); /* for nonzero zz */
}

Inline assembly language code forffs( )  is

neg %IN, %M_IN ! –zz(2’s complement)
xnor %IN, %M_IN, %TEMP ! ^ ∼ –zz (exclusive nor)
popc %TEMP,%RESULT ! result = popc(zz ^ ∼ –zz)
movrz %IN,%g0,%RESULT ! %RESULT should be 0 for %IN=0

whereIN , M_IN, TEMP, andRESULT are integer registers.

Opcode op3 Operation

POPC 101110 Population Count

Assemb ly Langua ge Syntax

popc reg_or_imm, regrd

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

0 0000 rs2i=0

rd10 op3 0 0000 simm13i=1
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Example:

IN = ...00101000 ! 1st 1 bit from rt is 4th bit
–IN = ...11011000
∼ –IN = ...00100111
IN ^ ∼ –IN = ...00001111
popc(IN ^ ∼ –IN) = 4

Exceptions:
illegal_instruction
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A.42 Prefetch Data

Format (3) PREFETCH:

Format (3) PREFETCHA:

Description:

In nonprivilegedcode,a prefetchinstructionhasthesameobservableeffect asa NOP; its
executionis nonblockingand cannotcausean observable trap. In particular, a prefetch
instruction shall not trap if it is applied to an illegal or nonexistent memory address.

Opcode op3 Operation

PREFETCH 101101 Prefetch Data

PREFETCHAPASI 111101 Prefetch Data from Alternate Space

Table 63: SPARC-V9 and SPARC64-III Pr efetch Functions

fcn SPARC-V9 Prefetch Function SPARC64-III Prefetch
Function

0 Prefetch for several reads Prefetch for several reads

1 Prefetch for one read Prefetch for several reads

2 Prefetch for several writes Prefetch for several writes

3 Prefetch for one write Prefetch for several writes

4 Prefetch page Prefetch for several reads

5–15 Reserved illegal_instruction trap

16–31 Implementation-dependent NOP

Assemb ly Langua ge Syntax

prefetch [address], prefetch_fcn

prefetcha [regaddr] imm_asi, prefetch_fcn

prefetcha [reg_plus_imm] %asi, prefetch_fcn

31 24 02530 29 19 18 14 13 12 5 4

fcn11 op3 rs1 simm13i=1

fcn11 op3 rs1 i=0 — rs2

31 24 02530 29 19 18

fcn11 op3 imm_asi

14 13 12 5 4

rs1 rs2i=0

fcn11 op3 rs1 simm13i=1
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Implementation Note:
Any effectsof prefetchin privilegedcodeshouldbereasonable(for example,handlingECCerrors,
no pageprefetchingallowed within code that handlespagefaults). The benefitsof prefetching
should be available to most privileged code.

Executionof a prefetchinstructioninitiatesdatamovement(or preparationfor futuredata
movementor addressmapping)to reducethelatency of subsequentloadsandstoresto the
specified address range.

A successfulprefetchinitiatesmovementof a block of datacontainingtheaddressedbyte
from memory toward the processor. In SPARC64-III the block of data is one 64-byte
cache line.

Programming Note:
Softwaremay prefetch64 bytesbeginning at an arbitraryaddressaddressby issuingthe instruc-
tions

prefetch [ address],  prefetch_fcn

prefetch [ address + 63], prefetch_fcn

Implementation Note:
Prefetchingmay be usedto help managememorycache(s).A prefetchfrom a nonprefetchable
locationhasno effect. It is up to memorymanagementhardwareto determinehow locationsare
identified as not prefetchable.

Prefetchinstructionsthatdo not load from analternateaddressspaceaccesstheprimary
addressspace(ASI_PRIMARY{_LITTLE}). Prefetchinstructionsthat do load from an
alternateaddressspacecontaintheaddressspaceidentifier(ASI) to beusedfor theloadin
the imm_asifield if i = 0, or in theASI registerif i = 1. Theaccessis privilegedif bit 7 of
theASI is zero;otherwise,it is not privileged.Theeffective addressfor theseinstructions
is “r[rs1] + r[rs2]” if i = 0, or “r[rs1] + sign_ext(simm13)” if i = 1.

Variantsof theprefetchinstructioncanbeusedto preparethememorysystemfor different
types of accesses.

Note: EventhoughSPARC64-III doesnotdistinguishamongprefetchesfor oneor several
readsor writes anddoesnot distinguishprefetchpage,programmersshouldchoosethe
correctvariation;future revisionsof theCPUwill distinguishsomeor all of thevariants.
For that reason,all of the SPARC-V9 variantsaredocumentedin the following subsec-
tions.For SPARC64-III behavior, seeA.42.3, “SPARC64-III PREFETCHBehavior” for
details.

A.42.1   SPARC-V9 Prefetch Variants

The prefetchvariant is selectedby the fcn field of the instruction.fcn values5..15 are
reserved for future extensions of the architecture.

PREFETCHfcnvaluesof 16..31areimplementation-dependent;they aretreatedasNOPs
on SPARC64-III.

Eachprefetchvariantreflectsanintenton thepartof thecompileror programmer. This is
differentfrom otherinstructionsin SPARC-V9 (exceptBPN),all of whichspecifyspecific
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actions.An implementationmayimplementaprefetchvariantby any technique,aslongas
the intent of the variant is achieved.

The prefetchinstruction is designedto treat the commoncaseswell. The variantsare
intendedto providescalabilityfor futureimprovementsin bothhardwareandcompilers.If
a variantis implemented,thenit shouldhave theeffectsdescribedbelow. In casesomeof
thevariantslistedbelow areimplementedandsomearenot, thereis a recommendedover-
loading of the unimplementedvariants(seethe ImplementationNote labeled“Recom-
mended Overloadings” in A.42.2).

A.42.1.1   Pref etch for Several Reads ( fcn = 0)

Theintentof this variantis to causemovementof datainto thedatacachenearestthepro-
cessor, with “reasonable” efforts made to obtain the data.

Implementation Note:
If, for example,someTLB missesarehandledin hardware,thenthey shouldbe handled.On the
other hand, a multiple ECC error is reasonable cause for cancellation of a prefetch.

If the addresseddatais alreadypresent(andowned,if necessary)in the cache,thenthis
variant has no effect.

A.42.1.2   Pref etch for One Read ( fcn = 1)

Thisvariantindicatesthat,if possible,thedatacacheshouldbeminimally disturbedby the
datareadfrom the given address,becausethat datais expectedto be readonceandnot
reused (read or written) soon after that.

If the data is already present in the cache, then this variant has no effect.

Programming Note:
The intendeduseof this variant is in streaminglarge amountsof datainto the processorwithout
overwriting data in cache memory.

A.42.1.3   Pref etch for Several Writes (and P ossib ly Reads) ( fcn = 2)

The intent of this variant is to cause movement of data in preparation for writing.

If the addressed data is already present in the data cache, then this variant has no effect.

Programming Note:
An example use of this variant is to initialize a cache line in preparation for a partial write.

Implementation Note:
Onamultiprocessor,thisvariantindicatesthatexclusiveownershipof theaddresseddatais needed,
so it may have the additional effect of obtaining exclusive ownership of the addressed cache line.

A.42.1.4   Pref etch for One Write ( fcn = 3)

Thisvariantindicatesthat,if possible,thedatacacheshouldbeminimally disturbedby the
datawritten to thisaddress,becausethatdatais notexpectedto bereused(reador written)
soon after it has been written once.
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A.42.1.5   Pref etch Page (fcn = 4)

In a virtual-memorysystem,the intendedactionof this variantis for thesupervisorsoft-
ware or hardware to initiate asynchronousmappingof the referencedvirtual address,
assuming that it is legal to do so.

Programming Note:
Thedesireis to avoid a laterpagefault for thegivenaddress,or at leastto shortenthelatency of a
page fault.

In a nonvirtual-memorysystem,or if the addressedpageis alreadymapped,this variant
has no effect.

The referencedpageneednot be mappedwhen the instruction completes.Loads and
storesissuedbeforethepageis mappedshouldblock justasthey would if theprefetchhad
never beenissued.When the activity associatedwith the mappinghascompleted,the
loads and stores may proceed.

Implementation Note:
An example of mapping activity is DMA from secondary storage.

Implementation Note:
Useof this variantmay be disabledor restrictedin privilegedcodethat is not permittedto cause
page faults.

A.42.1.6   Implementation-dependent Pref etch (fcn = 16..31)

Thesevaluesareavailablefor implementationsto use.An implementationshall treatany
unimplemented prefetchfcn values as NOPs (impl. dep. #103).

A.42.2   General Comments

There is no variant of PREFETCHfor instruction prefetching.Instruction prefetching
shouldbeencodedusingtheBranchNever (BPN) form of theBPccinstruction(seeA.7,
“Branch on Integer Condition Codes with Prediction (BPcc)”l.

Oneerrorto avoid in thinkingaboutprefetchinstructionsis thatthey shouldhave “no cost
to execute.” As long asthe costof executinga prefetchinstructionis well lessthanone-
third the cost of a cachemiss,useof prefetchingis a net win. It doesnot appearthat
prefetchingcausesa significantnumberof uselessfetchesfrom memory, thoughit may
increasetherateof useful fetches(andhencethebandwidth),becauseit moreefficiently
overlaps computing with fetching.

Implementation Note:
RecommendedOverloadings.Therearefour recommendedsetsof overloadingsfor theprefetch
variants,basedon a simplistic classificationof SPARC-V9 systemsinto cost (low-costvs. high-
cost)andprocessormultiplicity (uniprocessorvs. multiprocessor)categories.Theseoverloadings
are chosen to help ensure efficient portability of software across a range of implementations.

In a uniprocessor, thereis no needto supportmultiprocessorcacheprotocols;hence,Prefetchfor
SeveralReadsandPrefetchfor SeveralWritesmaybehave identically. In a low-costimplementa-
tion, Prefetchfor OneReadandPrefetchfor OneWrite may be identical to Prefetchfor Several
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ReadsandPrefetchfor SeveralWrites, respectively. The following tableshows potentialPrefetch
overloadings.

Programming Note:
A SPARC-V9 compiler that generatesPREFETCHinstructionsshouldgenerateeachof the four
variantswhereit is mostappropriate.Theoverloadingssuggestedin theprevious Implementation
Note ensurethat suchcodewill be portableandreasonablyefficient acrossa rangeof hardware
configurations.

Implementation Note:
ThePrefetchfor OneReadandPrefetchfor OneWrite variantsassumetheexistenceof a “bypass
cache,” so that thebulk of the“real cache”remainsundisturbed.If sucha bypasscacheis used,it
shouldbelargeenoughto properlyshieldtheprocessorfrom memorylatency. Suchacacheshould
probably be small, highly associative, and use a FIFO replacement policy.

A.42.3   SPARC64-III PREFETCH Behavior

Prefetch types 0..4 are mapped into two cases: Prefetch for read, Prefetch for Write.

A prefetch will try to load the cacheline that containsthe effective addressof the
PREFETCHinto theD1-Cache.Below is adescriptionof whatwill actuallyhappenin the
CPU for prefetches:

1. The prefetchaddressis sent to the µDTLB for translation.If a miss occursin the
µDTLB then the addressis sent to the Main TLB (MTLB) for translation.If the
MTLB misses then the prefetch will be dropped.

2. If any protection violation occurs in theµDTLB or MTLB the access will be dropped.

Multiplicity Cost Prefetch for ..
Could Be Overloaded
to Mean the Same as

 Prefetch for ..

Uniprocessor Low

One read Several reads

Several reads Several reads

One write Several writes

Several writes —

Uniprocessor High

One read —

Several reads Several reads

One write —

Several writes —

Multiprocessor Low

One read Several reads

Several reads —

One write Several writes

Several writes —

Multiprocessor High

One read —

Several reads —

One write —

Several writes —
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3. If translationsucceedsandif the requestedcacheline is alreadyin theD1 cache,the
D1 cache will complete the PREFETCH.

4. If therequestedcacheline is not in theD1 cacheandthereareno freereloadbuffers,
the D1 cache will retry the PREFETCH until a reload buffer is available.

5. If therequestedcacheline is not in theD1 cacheandthereis a freereloadbuffer then
the cachewill sendthe prefetchto the unified secondlevel cache(UC). If the UC is
busy or unableto receive a cacheablecommandat that time, the D1 cachewill retry
the prefetch.

6. If theUC acceptstherequestandhits, therequestedcacheline is sentto theD1 cache.

7. If theUC cachedoesnothave thecacheline it will sendtherequeston to theUPA bus
which will supplythedatafrom memory. Whenthedatais returnedfrom theUPA it
will be sent to the UC and D1 caches.

If aPrefetch for Writehits in theD1 cachebut theD1 cachedoesn’t haveownershipof the
line, the UC may give the ownership to the D1 cache instead of sending the data.

Prefetches will work if the ASI is ASI_PRIMARY, ASI_SECONDARY, or
ASI_NUCLEUS.

Exceptions:
illegal_instruction (fcn=5..15)
data_access_error
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A.43 Read Privileg ed Register

Format (3):

Note: SPARC64-III doesnot needor have a floating-pointdeferredtrapqueue(FQ). An
attempt to read from the FQ causes anillegal_instruction exception.

Opcode op3 Operation

RDPRP 101010 Read Privileged Register

rs1 Privileg ed Register

0 TPC

1 TNPC

2 TSTATE

3 TT

4 TICK

5 TBA

6 PSTATE

7 TL

8 PIL

9 CWP

10 CANSAVE

11 CANRESTORE

12 CLEANWIN

13 OTHERWIN

14 WSTATE

15 FQ

16..30 —

31 VER

31 141924 18 13 02530 29

10 rd op3 rs1 —
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Description:

The rs1 field in the instructiondeterminesthe privilegedregister that is read.Thereare
MAXTL copiesof theTPC,TNPC,TT, andTSTATE registers.A readfrom oneof these
registersreturnsthevaluein theregisterindexedby thecurrentvaluein thetraplevel reg-
ister (TL). A readof TPC, TNPC, TT, or TSTATE whenthe trap level is zero(TL = 0)
causes anillegal_instruction exception.

RDPRinstructionswith rs1 in the range16..30 arereserved;executinga RDPRinstruc-
tion with rs1 in that range causes anillegal_instruction exception.

Programming Note:
Onanimplementationwith precisefloating-pointtraps,theaddressof a trappinginstructionwill be
in theTPC[TL] registerwhenthetrapcodebeginsexecution.On animplementationwith deferred
floating-point traps, the address of the trapping instruction might be a value obtained from the FQ.

Exceptions:
privileged_opcode
illegal_instruction ((rs1= 16..30) or ((rs1≤3) and (TL= 0)))
illegal_instruction (RDPR of FQ)

Assemb ly Langua ge Syntax

rdpr %tpc, regrd

rdpr %tnpc, regrd

rdpr %tstate, regrd

rdpr %tt, regrd

rdpr %tick, regrd

rdpr %tba, regrd

rdpr %pstate, regrd

rdpr %tl, regrd

rdpr %pil, regrd

rdpr %cwp, regrd

rdpr %cansave, regrd

rdpr %canrestore, regrd

rdpr %cleanwin, regrd

rdpr %otherwin, regrd

rdpr %wstate, regrd

rdpr %fq, regrd

rdpr %ver, regrd
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A.44 Read State Register

RDPM (ASR30) please refer toAppendixQ, “Performance Monitoring”

Opcode op3 rs1 [12:8] Operation

RDYD 101000 0 --- Read Y Register

— 101000 1 --- reserved

RDCCR 101000 2 --- Read Condition Codes Register

RDASI 101000 3 --- Read ASI Register

RDTICKPNPT 101000 4 --- Read Tick Register

RDPC 101000 5 --- Read Program Counter

RDFPRS 101000 6 --- Read Floating-Point Registers Status Register

— 101000 7−14 --- reserved

See text 101000 15 --- See text

— 101000 16−17 --- reserved

RHDW_MODE 101000 18 --- Read Hardware Mode Register

RGSR 101000 19 --- Read Graphic Status Register

— 101000 20−21 reserved

RSCHED_INT 101000 22 --- Read SCHED_INT Register.

RTICK_MATCH 101000 23 --- Read Tick Match Register

RIFTYPE 101000 24 --- Read Instruction Fault Type Register

RSCRATCH 101000 25 0-3 Read CPU Scratch Registers

RBRKPT_ADDR 101000 26 0 Read Data Breakpoint Address Reg.

RBRKPT_MASK 101000 26 1 Read Data Breakpoint Mask Reg.

— 101000 27 reserved

RDFAULT_ADDR 101000 28 --- Read Data Fault Address Register

RDFTYPE 101000 29 --- Read Data Fault Type Register

RD_PM_VN 101000 30 0 Read Perf Monitor View Number

RD_PM_REG0 101000 30 1 Read Perf Monitor Reg. #0

RD_PM_REG1 101000 30 2 Read Perf Monitor Reg. #1

RD_PM_REG2 101000 30 3 Read Perf Monitor Reg. #2

RD_PM_REG3 101000 30 4 Read Perf Monitor Reg. #3

RD_PM_REG4 101000 30 5 Read Perf Monitor Reg. #4

RD_PM_REG5 101000 30 6 Read Perf Monitor Reg. #5

RDSCR 101000 31 --- Read State Control Register

TheRDY instructionis deprecated;it is providedonly for compatibilitywith previ-
ousversionsof thearchitecture.It shouldnot beusedin new SPARC-V9 software.
It is recommended that all instructions which reference the Y register be avoided.
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Format (3):

Format 3 (rd %asr25 (SCRATCH) only):

Format 3 (rd %asr26 only (Data Breakpoint Registers) ):

Format 3 (rd %asr30 only (Performance Monitors) ):

10 rd 101000 rs1=11001 i=0 register # [7:0]=00000000

31 29 24 18 13 12 7

10 rd 101000 rs1=11010 i=0 register # [7:0]=00000000

31 29 24 18 13 12 7

10 rd 101000 rs1=11110 i=0 pm reg. # [7:0]=00000000

31 29 24 18 13 12 7

Assemb ly Langua ge Syntax

rd %y, regrd

rd %ccr , regrd

rd %asi , regrd

rd %tick , regrd

rd %pc, regrd

rd %fprs , regrd

rd %hardware_mode, regrd

rd %graphic_status, regrd

rd %sched_int, regrd

rd %tick_match, regrd

rd %iftype, regrd

rd %scratch[0-3], regrd

rd %dbreak_addr, regrd

rd %dbreak_mask, regrd

rd %dfaddr, regrd

rd %dftype ,regrd

rd %pm[0-6], regrd

rd %scr, regrd

31 141924 18 13 02530 29

10 rd op3 rs1 —

12

i=0
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Description:

These instructions read the specified state register intor[rd].

Note: RDY, RDCCR, RDASI, RDPC, RDTICK, RDFPRS,RDASR, RHDW_MODE,
RGSR, RSCHED_INT, RTICK_MATCH, RIFTYPE, RSCRATCH, RBRKPT_ADDR,
RBRKPT_MASK, DRFAULT_ADDR, RDFYPE, RD_PMs, and RDSCR are distin-
guished only by the value in thers1 field.

If rs1≥ 7, anancillarystateregisteris read.The following valuesof rs1arereserved for
future versions of the architecture:7..14, and 16..17. An RDASR instruction with
rs1= 15, rd = 0, and i = 0 is definedto be a STBAR instruction(seeA.51). An RDASR
instructionwith rs1= 15, rd = 0, and i = 1 is definedto be a MEMBAR instruction(see
A.32). RDASR with rs1= 15 andrd≠0 is reservedfor futureversionsof thearchitecture;
it causes anillegal_instruction exception.

RDTICK causes aprivileged_action exception if PSTATE.PRIV= 0 and TICK.NPT= 1.

For RDPC, all 64 bits of the PC value are storedin r[rd], regardlessof the settingof
PSTATE.AM.

RDFPRSwaits for all pendingFPopsand loadsof floating-pointregistersto complete
before reading the FPRS register.

SPARC64-III implements these additional ASRs: RHDW_MODE, RGSR,
RSCHED_INT, RTICK_MATCH, RIFTYPE, RSCRATCH, RBRKPT_ADDR,
RBRKPT_MASK, DRFAULT_ADDR, RDFYPE, RD_PMs,and RDSCR.All of these
registersareprivileged;an attemptto readany of theseregistersin nonprivilegedmode
causes aprivileged_opcode exception.

A rd %pm[0-6], rd %dbreak_addr, rd %dbreak_mask, or rd %scratch[0-3] which usesa
reservedor undocumentedvaluefor bits [12:8] or doesnot containall zeroesin bits [7:0]
will cause anillegal_ instructiontrap.

SeeI.1.1,“Read/WriteAncillary StateRegisters(ASRs)” in V9 for adiscussionof extend-
ing the SPARC-V9 instruction set using read/write ASR instructions.

Implementation Note:
Ancillary stateregistersmay include(for example)timer, counter, diagnostic,self-test,andtrap-
control registers.SeeImplementationCharacteristicsof CurrentSPARC-V9-basedProducts,Revi-
sion 9.x, a documentavailablefrom SPARC International,for informationon implementedancil-
lary state registers.

Compatibility Note:
TheSPARC-V8 RDPSR,RDWIM, andRDTBR instructionsdo not exist in SPARC-V9 sincethe
PSR, WIM, and TBR registers do not exist in SPARC-V9.

Exceptions:
privileged_opcode (RDASR with rs1= 15, 18, 22..26, 28..30)
illegal_instruction (RDASR with rs1= 1 or 7..14; RDASR with rs1= 15 andrd≠0;

RDASR with rs1= 16..17, 20..21, 27)
privileged_action (RDTICK only)

·�¸
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A.45 RETURN

Format (3):

Description:

TheRETURNinstructioncausesadelayedtransferof controlto thetargetaddressandhas
thewindow semanticsof a RESTOREinstruction;that is, it restoresthe registerwindow
prior to the last SAVE instruction. The target addressis “ r[rs1] + r[rs2]” if i = 0, or
“ r[rs1] + sign_ext(simm13)” if i = 1. Registersr[rs1] and r[rs2] comefrom the old win-
dow.

TheRETURNinstructionmaycauseanexception.It maycausea window_fill exceptionas
part of its RESTORE semanticsor it may causea mem_address_not_aligned exceptionif
either of the two low-order bits of the target address are nonzero.

Programming Note:
To reexecutethe trappedinstructionwhen returningfrom a usertrap handler, usethe RETURN
instruction in the delay slot of a JMPL instruction, for example:

jmpl %l6,%g0 ! Trapped PC supplied to user trap handler
return %l7 ! Trapped nPC supplied to user trap handler

Programming Note:
A routine that uses a register window may be structured either as

save %sp,- framesize, %sp
. . .
ret ! Same as jmpl %i7 + 8, %g0
restore ! Something useful like “restore %o2,%l2,%o0”

or as

save %sp,- framesize, %sp
. . .
return %i7 + 8
nop ! Could do some useful work in the caller’s

! window e.g. “or %o1, %o2,%o0”

Exceptions:
mem_address_not_aligned
fill_n_normal (n = 0..7)
fill_n_other (n = 0..7)

Opcode op3 Operation

RETURN 111001 RETURN

Assemb ly Langua ge Syntax

return address

31 24 02530 29 19 18

—10 op3 —

14 13 12 5 4

rs1 rs2i=0

10 op3 rs1 simm13i=1—
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A.46 SAVE and RESTORE

Format (3):

Description (Effect on Nonprivileged State):

The SAVE instructionprovidesthe routineexecutingit with a new registerwindow. The
out registersfrom the old window becomethe in registersof the new window. The con-
tentsof theout andthe local registersin thenew window arezeroor containvaluesfrom
the executing process; that is, the process sees a clean window.

The RESTORE instructionrestoresthe registerwindow saved by the last SAVE instruc-
tion executedby the currentprocess.The in registersof the old window becomethe out
registersof thenew window. The in andlocal registersin thenew window containthepre-
vious values.

Furthermore,if and only if a spill or fill trap is not generated,SAVE and RESTORE
behave like normalADD instructions,exceptthatthesourceoperandsr[rs1] and/orr[rs2]
arereadfrom theold window (thatis, thewindow addressedby theoriginalCWP)andthe
sumis written into r[rd] of the new window (that is, the window addressedby the new
CWP).

Note: CWParithmeticis performedmodulothenumberof implementedwindows,NWIN-
DOWS.

Programming Note:
Typically, if aSAVE (RESTORE)instructiontraps,thespill (fill) traphandlerreturnsto thetrapped
instructionto reexecuteit. So,althoughthe ADD operationis not performedthe first time (when
theinstructiontraps),it is performedthesecondtime theinstructionexecutes.Thesameappliesto
changing the CWP.

Programming Note:
The SAVE instructioncanbe usedto atomicallyallocatea new window in the registerfile anda
new software stack frame in memory. SeeH.1.2, “Leaf-Procedure Optimization” inV9 for details.

Programming Note:
There is a performancetrade-off to considerbetweenusing SAVE/RESTORE and saving and
restoring selected registers explicitly.

Opcode op3 Operation

SAVE 111100 Save caller’s window

RESTORE 111101 Restore caller’s window

Assemb ly Langua ge Syntax

save regrs1, reg_or_imm, regrd

restore regrs1, reg_or_imm, regrd

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

10 op3 rs1 simm13i=1rd

· ¸
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Description (effect on privileged state):

If theSAVE instructiondoesnot trap,it incrementstheCWP(mod NWINDOWS) to pro-
videanew registerwindow andupdatesthestateof theregisterwindowsby decrementing
CANSAVE and incrementing CANRESTORE.

If thenew registerwindow is occupied(that is, CANSAVE = 0), a spill trap is generated.
Thetrapvectorfor thespill trapis basedon thevalueof OTHERWIN andWSTATE. The
spill traphandleris invokedwith theCWPsetto point to thewindow to bespilled(thatis,
old CWP+ 2).

If CANSAVE ≠ 0, the SAVE instructioncheckswhetherthe new window needsto be
cleaned.It causesa clean_window trapif thenumberof unusedcleanwindows is zero,that
is, (CLEANWIN – CANRESTORE)= 0. The clean_window trap handleris invoked with
the CWP set to point to the window to be cleaned (that is, old CWP+ 1).

If theRESTOREinstructiondoesnot trap,it decrementstheCWP(mod NWINDOWS)to
restoretheregisterwindow thatwasin useprior to thelastSAVE instructionexecutedby
the currentprocess.It also updatesthe stateof the register windows by decrementing
CANRESTORE and incrementing CANSAVE.

If the registerwindow to be restoredhasbeenspilled (CANRESTORE= 0), a fill trap is
generated.The trap vector for the fill trap is basedon the valuesof OTHERWIN and
WSTATE, asdescribedin 7.5.2.1,“TrapTypefor Spill/Fill Traps”. Thefill traphandleris
invoked with CWP set to point to the window to be filled, that is, old CWP– 1.

Programming Note:
Thevectoringof spill andfill trapscanbecontrolledby settingthevalueof theOTHERWIN and
WSTATE registersappropriately. For details,seethe unnumberedsubsectiontitled “Splitting the
Register Windows” in H.2.3, “Client-Server Model” inV9.

Programming Note:
The spill (fill) handlernormally will endwith a SAVED (RESTORED) instructionfollowed by a
RETRY instruction.

Exceptions:
clean_window (SAVE only)
fill_n_normal (RESTORE only, n=0..7)
fill_n_other (RESTORE only, n = 0..7)
spill_n_normal (SAVE only, n = 0..7)
spill_n_other (SAVE only, n = 0..7)

·�¸
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A.47 SAVED and RESTORED

Format (3):

Description:

SAVED and RESTORED adjust the state of the register-windows control registers.

SAVED increments CANSAVE. If OTHERWIN = 0, it decrements CANRESTORE.
If OTHERWIN ≠0, it decrements OTHERWIN.

RESTORED increments CANRESTORE. If CLEANWIN < (NWINDOWS−1),
RESTORED increments CLEANWIN. If OTHERWIN = 0, it decrements CANSAVE.
If OTHERWIN ≠ 0, it decrements OTHERWIN.

Programming Note:
The spill (fill) handlersusethe SAVED (RESTORED) instructionto indicatethat a window has
been spilled (filled) successfully. SeeH.2.2, “Example Code for Spill Handler” inV9 for details.

Programming Note:
Normalprivilegedsoftwarewould probablynot do a SAVED or RESTOREDfrom trap level zero
(TL = 0). However, it is not illegal to do so, and does not cause a trap.

Programming Note:
ExecutingaSAVED (RESTORED)instructionoutsideof awindow spill (fill) traphandleris likely
to createaninconsistentwindow state.Hardwarewill notsignalanexception,however, sincemain-
taining a consistent window state is the responsibility of privileged software.

Exceptions:
privileged_opcode
illegal_instruction (fcn=2..31)

Opcode op3 fcn Operation

SAVEDP 110001 0 Window has been Saved

RESTOREDP 110001 1 Window has been Restored

— 110001 2..31 Reserved

Assemb ly Langua ge Syntax

saved

restored

31 1924 18 02530 29

10 fcn op3 —

·�¸
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A.48 SETHI

Format (2):

Description:

SETHI zeroesthe leastsignificant10 bits and the mostsignificant32 bits of r[rd], and
replaces bits 31 through 10 ofr[rd] with the value from itsimm22 field.

SETHI does not affect the condition codes.

A SETHI instructionwith rd = 0 andimm22= 0 is definedto beaNOPinstruction,which
is defined in A.40.

Programming Note:
Themostcommonform of 64-bit constantgenerationis creatingstackoffsetswhosemagnitudeis
less than 232. The code below can be used to create the constant 00000000ABCD 123416:

sethi %hi(0xabcd1234),%o0
or %o0, 0x234, %o0

Thefollowing codeshowshow to createanegativeconstant.Note: Theimmediatefield of thexor
instructionis signextendedandcanbeusedto get1sin all of theupper32bits.For example,to set
the negative constant FFFFFFFFABCD 123416:

sethi %hi(0x5432edcb),%o0 ! note 0x5432EDCB, not 0xABCD1234
xor %o0, 0x1e34, %o0  ! part of imm. overlaps upper bits

Exceptions:
(none)

Opcode op op2 Operation

SETHI 00 100 Set High 22 Bits of Low Word

Assemb ly Langua ge Syntax

sethi const22, regrd

sethi %hi  (value), regrd

31 2224 21 02530 29

00 rd 100 imm22
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A.49 Shift

Format (3):

Description:

Wheni = 0 andx = 0, theshift countis theleastsignificantfive bits of r[rs2]. Wheni = 0
andx = 1, theshift countis theleastsignificantsix bitsof r[rs2]. Wheni = 1 andx = 0, the
shift count is the immediatevaluespecifiedin bits 0 through4 of the instruction.When
i = 1 andx = 1, theshift countis the immediatevaluespecifiedin bits 0 through5 of the
instruction.Table 64 shows the shift count encodings for all values ofi andx.

SLL andSLLX shift all 64bitsof thevaluein r[rs1] left by thenumberof bitsspecifiedby
theshift count,replacingthevacatedpositionswith zeroes,andwrite theshiftedresultto
r[rd].

Opcode op3 x Operation

SLL 100101 0 Shift Left Logical - 32 Bits

SRL 100110 0 Shift Right Logical - 32 Bits

SRA 100111 0 Shift Right Arithmetic - 32 Bits

SLLX 100101 1 Shift Left Logical - 64 Bits

SRLX 100110 1 Shift Right Logical - 64 Bits

SRAX 100111 1 Shift Right Arithmetic - 64 Bits

Assemb ly Langua ge Syntax

sll regrs1, reg_or_shcnt, regrd

srl regrs1, reg_or_shcnt, regrd

sra regrs1, reg_or_shcnt, regrd

sllx regrs1, reg_or_shcnt, regrd

srlx regrs1, reg_or_shcnt, regrd

srax regrs1, reg_or_shcnt, regrd

Table 64: Shift Count Encodings

i x Shift Count

0 0 bits 4..0 of r[rs2]

0 1 bits 5..0 of r[rs2]

1 0 bits 4..0 of instruction

1 1 bits 5..0 of instruction

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0 x

rd10 op3 —rs1 shcnt32i=1 x=0

rd10 op3 —rs1 shcnt64i=1 x=1

6
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SRLshiftsthelow 32bitsof thevaluein r[rs1] right by thenumberof bitsspecifiedby the
shift count.Zeroesareshiftedinto bit 31.Theupper32bitsaresetto zero,andtheresultis
written tor[rd].

SRLX shiftsall 64 bits of thevaluein r[rs1] right by thenumberof bits specifiedby the
shift count.Zeroesare shifted into the vacatedhigh-orderbit positions,and the shifted
result is written tor[rd].

SRA shifts the low 32 bits of thevaluein r[rs1] right by thenumberof bits specifiedby
theshift count,andreplacesthevacatedpositionswith bit 31 of r[rs1]. Thehigh order32
bits of the result are all set with bit 31 ofr[rs1], and the result is written tor[rd].

SRAX shiftsall 64 bits of thevaluein r[rs1] right by thenumberof bits specifiedby the
shift count,andreplacesthe vacatedpositionswith bit 63 of r[rs1]. The shiftedresult is
written tor[rd].

No shift occurswhentheshift countis zero,but thehigh-orderbitsareaffectedby the32-
bit shifts as noted above.

These instructions do not modify the condition codes.

Programming Note:
“Arithmetic left shift by 1 (and calculate overflow)” can be effected with the ADDcc instruction.

Programming Note:
Theinstruction“sra rs1,0, rd” canbeusedto convert a 32-bit valueto 64 bits,with signexten-
sion into the upper word. “srl rs1,0, rd” can be used to clear the upper 32 bits ofr[rd].

Exceptions:
software_initiated_reset
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A.50 Software-initiated Reset

Format (3):

Description:

On SPARC-V9 systems,SIR is usedto generatea software-initiatedreset(SIR). As with
othertraps,a software-initiatedresetperformsdifferentactionswhenTL = MAXTL than
it does when TL< MAXTL.

See7.6.2.5,“Software-initiatedReset(SIR) Traps”, for moreinformationaboutsoftware-
initiated resets.

Whenexecutedin usermode,theactionof SIR is conditionalon theSIR_enablecontrol
flag.

The locationof the SIR_enablecontrol flag andthe meansof accessingthe SIR_enable
controlflag areimplementation-dependent.In SPARC64-III it is permanentlyzero,there-
fore an SIR executes without effect (as a NOP) in user mode.

A privilegedWRSIR instructioncanbe usedto causea softwareinitiated reset(SIR) on
SPARC64-III. TheSIR instructionis actuallya WRASRwith rd = 15, rs1= 0, andi = 1.
SeeA.63, “Write State Register”, for more information.

Exceptions:
(none)

Opcode op3 rd Operation

SIR 110000 15 Software-initiated reset

Assemb ly Langua ge Syntax

sir simm13

31 1924 18 02530 29

10 0 1111 op3

14 13

0 0000 simm13

12

i=1



314

A.51 Store Barrier

Format (3):

Description:

The storebarrier instruction(STBAR) forcesall storeandatomic load-storeoperations
issuedby aprocessorprior to theSTBAR to completetheir effectsonmemorybeforeany
storeor atomicload-storeoperationsissuedby that processorsubsequentto the STBAR
are executed by memory.

Note: The encodingof STBAR is identicalto that of the RDASR instructionexceptthat
rs1= 15 andrd = 0, andit is identicalto thatof theMEMBAR instructionexceptthatbit
13 (i) = 0.

Compatibility Note:
In SPARC64-III, STBAR behavesasNOPsincethehardwarememorymodelsalwaysenforcethe
semantics of these MEMBARs for all memory accesses.

STBAR is identical in function to a MEMBAR instructionwith mmask= 816. STBAR is retained
for compatibility with SPARC-V8.

Implementation Note:
For correctness,it is sufficient for aprocessorto stopissuingnew storeandatomicload-storeoper-
ations when an STBAR is encounteredand to resumeafter all storeshave completedand are
observed in memoryby all processors.More efficient implementationsmay take advantageof the
fact that theprocessoris allowedto issuestoreandload-storeoperationsafter theSTBAR, aslong
as thoseoperationsareguaranteednot to becomevisible beforeall the earlierstoresandatomic
load-stores have become visible to all processors.

Exceptions:
(none)

Opcode op3 Operation

STBARD 101000 Store Barrier

Assemb ly Langua ge Syntax

stbar

The STBAR instructionis deprecated;it is provided only for compatibility with
previousversionsof thearchitecture.It shouldnot beusedin new SPARC-V9 soft-
ware. It is recommended that the MEMBAR instruction be used in its place.

31 141924 18 13 02530 29

10 0 op3 0 1111 —

12

0
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A.52 Store Floating-point

† Encoded floating-point register value, as described in 5.1.4.1

Format (3):

Description:

The store single floating-point instruction (STF) copiesf [rd] into memory.

The storedoublefloating-point instruction(STDF) copiesa doubleword from a double
floating-point register into a word-aligned doubleword in memory.

The storequadfloating-pointinstruction(STQF)copiesthe contentsof a quadfloating-
point register into a word-alignedquadword in memory. Note: SPARC64-III doesnot
implement in hardware the instructionsthat specify a quad floating-point register; an
attemptto executethis instructioncausesan illegal_instruction exception.Supervisorsoft-
ware then emulates these instructions.

The storefloating-pointstateregister lower instruction(STFSR)waits for any currently
executingFPopinstructionsto complete,andthenit writes the lower 32 bits of the FSR
into memory.

Opcode op3 rd Operation

STF 100100 0..31 Store Floating-point Register

STDF 100111 † Store Double Floating-point Register

STQF 100110 † Store Quad Floating-point Register

STFSRD 100101 0 Store Floating-point State Register Lower

STXFSR 100101 1 Store Floating-point State Register

— 100101 2..31 Reserved

Assemb ly Langua ge Syntax

st fregrd, [address]

std fregrd, [address]

stq fregrd, [address]

st %fsr , [address]

stx %fsr , [address]

TheSTFSRinstructionis deprecated;it is providedonly for compatibilitywith pre-
vious versionsof the architecture.It shouldnot be usedin new SPARC-V9 soft-
ware. It is recommended that the STXFSR instruction be used in its place.

31 24 02530 29 19 18 14 13 12 5 4

rd11 op3 rs1 simm13i=1

rd11 op3 rs1 i=0 — rs2
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The storefloating-pointstateregister instruction(STXFSR)waits for any currentlyexe-
cutingFPopinstructionsto complete,andthenit writesall 64 bits of theFSRinto mem-
ory.

Compatibility Note:
SPARC-V9 needstwo store-FSRinstructions,sincetheSPARC-V8 STFSRinstructionis definedto
storeonly 32 bits of the FSRinto memory. STXFSRallows SPARC-V9 programsto storeall 64
bits of the FSR.

STFSR and STXFSR zero FSR.ftt after writing the FSR to memory.

Implementation Note:
FSR.ftt should not be zeroed until it is known that the store will not cause a precise trap.

The effective address for these instructions is “ r[rs1] + r[rs2]” if i = 0, or
“ r[rs1] + sign_ext(simm13)” if i = 1.

STF and STFSRcausea mem_address_not_aligned exception if the effective memory
addressis not word-aligned;STDFcausesanSTDF_mem_address_not_aligned exceptionif
the effective address is not doubleword-aligned;STXFSR causes a
mem_address_not_aligned exceptionif theaddressis not doubleword-aligned.If thefloat-
ing-pointunit is not enabledfor thesourceregisterrd (perFPRS.FEFandPSTATE.PEF),
or if theFPUis not present,a storefloating-pointinstructioncausesan fp_disabled excep-
tion.

Programming Note:
In SPARC-V8, somecompilersissuedsetsof single-precisionstoreswhen they could not deter-
minethatdouble-or quadwordoperandswereproperlyaligned.For SPARC-V9, sinceemulationof
misalignedstoresis expectedto befast,it is recommendedthatcompilersissuesetsof single-preci-
sion storesonly when they can determinethat double-or quadword operandsare not properly
aligned.

Exceptions:
fp_disabled
mem_address_not_aligned
STDF_mem_address_not_aligned (STDF only)
data_access_exception
data_access_error
illegal_instruction (op3= 2516 andrd = 2..31)
illegal_instruction (STQF)
32i_data_access_MMU_miss
32i_data_access_protection
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A.53 Store Floating-point into Alternate Space

† Encoded floating-point register value, as described in 5.1.4.1

Format (3):

Description:

The storesingle floating-point into alternatespaceinstruction(STFA) copiesf[rd] into
memory.

Thestoredoublefloating-pointinto alternatespaceinstruction(STDFA) copiesa double-
word from a double floating-point register into a word-aligned doubleword in memory.

Thestorequadfloating-pointinto alternatespaceinstruction(STQFA) copiesthecontents
of a quad floating-point register into a word-aligned quadword in memory. Note:
SPARC64-III doesnot implementin hardwarethe instructionsthat specifya quadfloat-
ing-point register;an attemptto executethis instructioncausesan illegal_intruction excep-
tion. Supervisor software then emulates these instructions.

Storefloating-pointinto alternatespaceinstructionscontainthe addressspaceidentifier
(ASI) to beusedfor theloadin theimm_asifield if i = 0, or in theASI registerif i = 1. The
accessis privileged if bit seven of the ASI is zero; otherwise,it is not privileged.The
effective address for these instructions is “ r[rs1] + r[rs2]” if i = 0, or
“ r[rs1] + sign_ext(simm13)” if i = 1.

STFA causesa mem_address_not_aligned exceptionif theeffective memoryaddressis not
word-aligned;STDFA causesanSTDF_mem_address_not_aligned exceptionif theeffective
addressis not doubleword-aligned.If thefloating-pointunit is not enabledfor thesource
registerrd (perFPRS.FEFandPSTATE.PEF),or if theFPUis not present,storefloating-
point into alternate space instructions cause anfp_disabled exception.

Opcode op3 rd Operation

STFAPASI 110100 0..31 Store Floating-point Register to Alternate Space

STDFAPASI 110111 † Store Double Floating-point Register to Alternate Space

STQFAPASI 110110 † Store Quad Floating-point Register to Alternate Space

Assemb ly Langua ge Syntax

sta fregrd,  [regaddr] imm_asi

sta fregrd,  [reg_plus_imm] %asi

stda fregrd,  [regaddr] imm_asi

stda fregrd,  [reg_plus_imm] %asi

stqa fregrd,  [regaddr] imm_asi

stqa fregrd,  [reg_plus_imm] %asi

31 24 02530 29 19 18

rd11 op3 imm_asi

14 13 12 5 4

rs1 rs2i=0

rd11 op3 rs1 simm13i=1
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STFA, STDFA, andSTQFA causea privileged_action exceptionif PSTATE.PRIV= 0 and
bit 7 of the ASI is zero.

Programming Note:
In SPARC-V8, somecompilersissuedsetsof single-precisionstoreswhen they could not deter-
minethatdouble-or quadwordoperandswereproperlyaligned.For SPARC-V9, sinceemulationof
misalignedstoresis expectedto befast,it is recommendedthatcompilersissuesetsof single-preci-
sion storesonly when they can determinethat double-or quadword operandsare not properly
aligned.

Exceptions:
fp_disabled
mem_address_not_aligned
STDF_mem_address_not_aligned (STDFA only)
privileged_action
data_access_exception
data_access_error
illegal_instruction (STQFA)
32i_data_access_MMU_miss
32i_data_access_protection
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A.54 Store Integ er

Format (3):

Description:
Thestoreintegerinstructions(exceptstoredoubleword) copy thewholeextended(64-bit)
integer, the less-significantword, the leastsignificanthalfword, or the leastsignificant
byte ofr[rd] into memory.

Thestoredoubleword integer instruction(STD) copiestwo wordsfrom an r registerpair
into memory. Theleastsignificant32 bits of theeven-numberedr registerarewritten into
memoryat the effective address,and the leastsignificant32 bits of the following odd-
numberedr registerarewritten into memoryat the“effective address+ 4.” The leastsig-
nificantbit of therd field of astoredoubleword instructionis unusedandshouldalwaysbe
setto zeroby software.An attemptto executeastoredoubleword instructionthatrefersto
a misaligned (odd-numbered)rd causes anillegal_instruction exception.

The effective address for these instructions is “ r[rs1] + r[rs2]” if i = 0, or
“ r[rs1] + sign_ext(simm13)” if i = 1.

A successfulstore (notably, storeextendedand storedoubleword) instructionoperates
atomically.

Opcode op3 Operation

STB 000101 Store Byte

STH 000110 Store Halfword

STW 000100 Store Word

STX 001110 Store Extended Word

STDD 000111 Store Doubleword

Assemb ly Langua ge Syntax

stb regrd,  [address] (synonyms: stub , stsb )

sth regrd,  [address] (synonyms: stuh , stsh )

stw regrd,  [address] (synonyms: st , stuw , stsw )

stx regrd,  [address]

std regrd,  [address]

TheSTD instructionis deprecated;it is providedonly for compatibilitywith previ-
ousversionsof thearchitecture.It shouldnot beusedin new SPARC-V9 software.
It is recommended that the STX instruction be used in its place.

31 24 02530 29 19 18 14 13 12 5 4

rd11 op3 rs1 simm13i=1

rd11 op3 rs1 i=0 — rs2
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STH causesa mem_address_not_aligned exceptionif theeffective addressis not halfword-
aligned.STW causesa mem_address_not_aligned exceptionif the effective addressis not
word-aligned.STX andSTD causesa mem_address_not_aligned exceptionif theeffective
address is not doubleword-aligned.

Programming Notes:
STDis providedfor compatibilitywith SPARC-V8. It mayexecuteslowly onSPARC-V9 machines
because of data path and register-access difficulties. Therefore, STD should be avoided.

If STD is emulated in software, STX should be used in order to preserve atomicity.

Exceptions:
illegal_instruction (STD with oddrd)
mem_address_not_aligned (all except STB)
data_access_exception
data_access_error
32i_data_access_MMU_miss
32i_data_access_protection
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A.55 Store Integ er into Alternate Space

Format (3):

Description:
The store integer into alternatespaceinstructions(except store doubleword) copy the
whole extended(64-bit) integer, the less-significantword, the least-significanthalfword,
or the least-significant byte ofr[rd] into memory.

Thestoredoubleword integerinstruction(STDA) copiestwo wordsfrom anr registerpair
into memory. Theleast-significant32 bits of theeven-numberedr registerarewritten into
memoryat the effective address,and the least-significant32 bits of the following odd-
numberedr registerarewritten into memoryat the“effective address+ 4.” The leastsig-
nificantbit of therd field of astoredoubleword instructionis unusedandshouldalwaysbe
setto zeroby software.An attemptto executeastoredoubleword instructionthatrefersto
a misaligned (odd-numbered)rd causes anillegal_instruction exception.

Opcode op3 Operation

STBAPASI 010101 Store Byte into Alternate space

STHAPASI 010110 Store Halfword into Alternate space

STWAPASI 010100 Store Word into Alternate space

STXAPASI 011110 Store Extended Word into Alternate space

STDAD, PASI 010111 Store Doubleword into Alternate space

Assemb ly Langua ge Syntax

stba regrd,  [regaddr] imm_asi (synonyms: stuba , stsba )

stha regrd,  [regaddr] imm_asi (synonyms: stuha , stsha )

stwa regrd,  [regaddr] imm_asi (synonyms: sta , stuwa , stswa )

stxa regrd,  [regaddr] imm_asi

stda regrd,  [regaddr] imm_asi

stba regrd,  [reg_plus_imm] %asi (synonyms: stuba , stsba )

stha regrd,  [reg_plus_imm] %asi (synonyms: stuha , stsha )

stwa regrd,  [reg_plus_imm] %asi (synonyms: sta , stuwa , stswa )

stxa regrd,  [reg_plus_imm] %asi

stda regrd,  [reg_plus_imm] %asi

TheSTDA instructionis deprecated;it is providedonly for compatibilitywith pre-
vious versionsof the architecture.It shouldnot be usedin new SPARC-V9 soft-
ware. It is recommended that the STXA instruction be used in its place.

31 24 02530 29 19 18

rd11 op3 imm_asi

14 13 12 5 4

rs1 rs2i=0

rd11 op3 rs1 simm13i=1
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Storeintegerto alternatespaceinstructionscontaintheaddressspaceidentifier(ASI) to be
usedfor thestorein the imm_asifield if i = 0, or in theASI registerif i = 1. Theaccessis
privilegedif bit 7 of theASI is zero;otherwise,it is not privileged.Theeffective address
for these instructions is “r[rs1] + r[rs2]” if i = 0, or “r[rs1] +sign_ext(simm13)” if i = 1.

A successfulstore (notably, storeextendedand storedoubleword) instructionoperates
atomically.

STHA causesa mem_address_not_aligned exception if the effective addressis not half-
word-aligned.STWA causesa mem_address_not_aligned exceptionif theeffective address
is not word-aligned.STXA andSTDA causea mem_address_not_aligned exceptionif the
effective address is not doubleword-aligned.

A store integer into alternatespaceinstruction causesa privileged_action exception if
PSTATE.PRIV= 0 and bit 7 of the ASI is zero.

Programming Notes:
STDA is provided for compatibility with SPARC-V8. It may execute slowly on SPARC-V9
machinesbecauseof datapathandregister-accessdifficulties.Therefore,STDA shouldbeavoided.

Compatibility Note:
The SPARC-V8 STA instruction is renamed STWA in SPARC-V9.

Exceptions:
unimplemented_STD (STDA only)
illegal_instruction (STDA with oddrd)
privileged_action
mem_address_not_aligned (all except STBA)
data_access_exception
data_access_error
32i_data_access_MMU_miss
32i_data_access_protection
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A.56 Subtract

Format (3):

Description:

Theseinstructionscompute“ r[rs1] – r[rs2]” if i = 0, or “ r[rs1] – sign_ext(simm13)” if
i = 1, and write the difference intor[rd].

SUBCandSUBCcc(“SUBtractwith carry”) alsosubtracttheCCRregister’s 32-bit carry
(icc.c) bit; that is, they compute“ r[rs1] – r[rs2] – icc.c” or “ r[rs1] – sign_ext(simm13) –
icc.c,” and write the difference intor[rd].

SUBccandSUBCccmodify the integer conditioncodes(CCR.icc andCCR.xcc). 32-bit
overflow (CCR.icc.v) occurson subtractionif bit 31 (thesign)of theoperandsdiffer and
bit 31 (the sign) of the differencediffers from r[rs1]<31>. 64-bit overflow (CCR.xcc.v)
occurson subtractionif bit 63 (thesign)of theoperandsdiffer andbit 63 (thesign)of the
difference differs fromr[rs1]<63>.
Programming Note:

A SUBccwith rd = 0 canbeusedto effect a signedor unsignedintegercomparison.SeetheCMP
synthetic instruction inAppendixG, “Assembly Language Syntax”.

Programming Note:
SUBCandSUBCccreadthe32-bit conditioncodes’carrybit (CCR.icc.c), not the64-bit condition
codes’ carry bit (CCR.xcc.c).

Compatibility Note:
SUBC and SUBCcc were named SUBX and SUBXcc, respectively, in SPARC-V8.

Exceptions:
(none)

Opcode op3 Operation

SUB 000100 Subtract

SUBcc 010100 Subtract and modify cc’s

SUBC 001100 Subtract with Carry

SUBCcc 011100 Subtract with Carry and modify cc’s

Assemb ly Langua ge Syntax

sub regrs1, reg_or_imm, regrd

subcc regrs1, reg_or_imm, regrd

subc regrs1, reg_or_imm, regrd

subccc regrs1, reg_or_imm, regrd

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1
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A.57 Swap Register with Memor y

Format (3):

Description:

SWAP exchangesthelower 32 bits of r[rd] with thecontentsof theword at theaddressed
memorylocation.The upper32 bits of r[rd] areset to zero.The operationis performed
atomically, thatis, withoutallowing interveninginterruptsor deferredtraps.In amultipro-
cessorsystem,two or more processorsexecuting CASA, CASXA, SWAP, SWAPA,
LDSTUB, or LDSTUBA instructionsaddressingany or all of thesamedoublewordsimul-
taneously are guaranteed to execute them in an undefined but serial order.

The effective address for these instructions is “ r[rs1] + r[rs2]” if i = 0, or
“ r[rs1] + sign_ext(simm13)” if i = 1. This instructioncausesa mem_address_not_aligned
exception if the effective address is not word-aligned.

The coherenceand atomicity of memoryoperationsbetweenprocessorsand I/O DMA
memory accesses are implementation-dependent (impl. dep #120).

Implementation Note:
SeeImplementationCharacteristicsof Current SPARC-V9-basedProducts,Revision 9.x, a docu-
mentavailablefrom SPARC International,for informationon thepresenceof hardwaresupportfor
these instructions in the various SPARC-V9 implementations.

Exceptions:
mem_address_not_aligned
data_access_exception
data_access_error
32i_data_access_MMU_miss
32i_data_access_protection

Opcode op3 Operation

SWAPD 001111 SWAP register with memory

Assemb ly Langua ge Syntax

swap [address], regrd

TheSWAP instructionis deprecated;it is providedonly for compatibilitywith pre-
vious versionsof the architecture.It shouldnot be usedin new SPARC-V9 soft-
ware.It is recommendedthattheCASA or CASXA instructionbeusedin its place.

31 24 02530 29 19 18 14 13 12 5 4

rd11 op3 rs1 simm13i=1

rd11 op3 rs1 i=0 — rs2
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A.58 Swap Register with Alternate Space Memor y

Format (3):

Description:

SWAPA exchangesthe lower 32 bits of r[rd] with the contentsof the word at the
addressedmemorylocation.The upper32 bits of r[rd] areset to zero.The operationis
performedatomically, that is, without allowing interveninginterruptsor deferredtraps.In
a multiprocessorsystem,two or more processorsexecuting CASA, CASXA, SWAP,
SWAPA, LDSTUB, or LDSTUBA instructionsaddressingany or all of thesamedouble-
word simultaneously are guaranteed to execute them in an undefined, but serial order.

TheSWAPA instructioncontainstheaddressspaceidentifier(ASI) to beusedfor theload
in the imm_asifield if i = 0, or in theASI registerif i = 1. Theaccessis privilegedif bit 7
of theASI is zero;otherwise,it is not privileged.Theeffective addressfor this instruction
is “r[rs1] + r[rs2]” if i = 0, or “r[rs1] + sign_ext(simm13)” if i = 1.

This instructioncausesa mem_address_not_aligned exceptionif theeffectiveaddressis not
word-aligned.It causesa privileged_action exceptionif PSTATE.PRIV= 0 andbit 7 of the
ASI is zero.

The coherenceand atomicity of memoryoperationsbetweenprocessorsand I/O DMA
memory accesses are implementation-dependent (impl. dep #120).

Opcode op3 Operation

SWAPAD, PASI 011111 SWAP register with Alternate space memory

Assemb ly Langua ge Syntax

swapa [regaddr] imm_asi, regrd

swapa [reg_plus_imm] %asi, regrd

The SWAPA instructionis deprecated;it is provided only for compatibility with
previousversionsof thearchitecture.It shouldnot beusedin new SPARC-V9 soft-
ware. It is recommended that the CASXA instruction be used in its place.

31 24 02530 29 19 18

rd11 op3 imm_asi

14 13 12 5 4

rs1 rs2i=0

rd11 op3 rs1 simm13i=1
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Implementation Note:
SeeImplementationCharacteristicsof Current SPARC-V9-basedProducts,Revision 9.x, a docu-
mentavailablefrom SPARC International,for informationon thepresenceof hardwaresupportfor
this instruction in the various SPARC-V9 implementations.

Exceptions:
mem_address_not_aligned
privileged_action
data_access_exception
data_access_error
32i_data_access_MMU_miss
32i_data_access_protection
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A.59 Tagged Ad d

Format (3):

Description:

These instructions compute a sum that is “ r[rs1] + r[rs2]” if i = 0, or
“ r[rs1] + sign_ext(simm13)” if i = 1.

TADDcc modifiestheintegerconditioncodes(icc andxcc), andTADDccTV doessoalso,
if it does not trap.

A tag_overflow exceptionoccursif bit 1 or bit 0 of eitheroperandis nonzero,or if theaddi-
tion generates32-bit arithmeticoverflow (thatis, bothoperandshave thesamevaluein bit
31, and bit 31 of the sum is different).

If TADDccTV causesa tagoverflow, a tag_overflow exceptionis generated,andr[rd] and
theintegerconditioncodesremainunchanged.If aTADDccTV doesnot causea tagover-
flow, thesumis written into r[rd], andtheintegerconditioncodesareupdated.CCR.icc.v
is set to 0 to indicateno 32-bit overflow. If a TADDcc causesa tag overflow, the 32-bit
overflow bit (CCR.icc.v) is set to 1; if it doesnot causea tag overflow, CCR.icc.v is
cleared.

In eithercase,the remainingintegerconditioncodes(both theotherCCR.icc bits andall
theCCR.xccbits)arealsoupdatedasthey wouldbefor anormalADD instruction.In par-
ticular, the settingof the CCR.xcc.vbit is not determinedby the tag overflow condition
(tag overflow is usedonly to setthe 32-bit overflow bit). CCR.xcc.v is setonly basedon
the normal 64-bit arithmetic overflow condition, like a normal 64-bit add.

Opcode op3 Operation

TADDcc 100000 Tagged Add and modify cc’s

TADDccTVD 100010 Tagged Add and modify cc’s, or Trap on Overflow

Assemb ly Langua ge Syntax

taddcc regrs1, reg_or_imm, regrd

taddcctv regrs1, reg_or_imm, regrd

The TADDccTV instruction is deprecated;it is provided only for compatibility
with previousversionsof thearchitecture.It shouldnot beusedin new SPARC-V9
software.It is recommendedthatTADDcc followedby BPVSbeusedin its place
(with instructions to save the pre-TADDcc integer condition codes, if necessary).

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1
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Compatibility Note:
TADDccTV trapsbasedon the 32-bit overflow condition, just as in SPARC-V8. Although the
tagged-addinstructionssetthe64-bit conditioncodesCCR.xcc, thereis no form of the instruction
that traps the 64-bit overflow condition.

Exceptions:
tag_overflow (TADDccTV only)
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A.60 Tagged Subtract

Format (3):

Description:

Theseinstructionscompute“ r[rs1] – r[rs2]” if i = 0, or “ r[rs1] – sign_ext(simm13)” if
i = 1.

TSUBccmodifiestheintegerconditioncodes(icc andxcc); TSUBccTValsomodifiesthe
integer condition codes, if it does not trap.

A tag overflow occursif bit 1 or bit 0 of eitheroperandis nonzero,or if the subtraction
generates32-bit arithmeticoverflow; that is, the operandshave differentvaluesin bit 31
(the 32-bit sign bit) andthe sign of the 32-bit differencein bit 31 differs from bit 31 of
r[rs1].

If TSUBccTV causesa tag overflow, a tag_overflow exceptionis generatedand r[rd] and
theintegerconditioncodesremainunchanged.If a TSUBccTVdoesnot causea tagover-
flow condition, the differenceis written into r[rd], and the integer condition codesare
updated.CCR.icc.v is set to 0 to indicateno 32-bit overflow. If a TSUBcccausesa tag
overflow, the32-bit overflow bit (CCR.icc.v) is setto 1; if it doesnotcausea tagoverflow,
CCR.icc.v is cleared.

In eithercase,the remainingintegerconditioncodes(both theotherCCR.icc bits andall
theCCR.xccbits) arealsoupdatedasthey would be for a normalsubtractinstruction.In
particular, thesettingof theCCR.xcc.vbit is not determinedby thetagoverflow condition

Opcode op3 Operation

TSUBcc 100001 Tagged Subtract and modify cc’s

TSUBccTVD 100011 Tagged Subtract and modify cc’s, or Trap on Overflow

Assemb ly Langua ge Syntax

tsubcc regrs1, reg_or_imm, regrd

tsubcctv regrs1, reg_or_imm, regrd

TheTSUBccTVinstructionis deprecated;it is providedonly for compatibilitywith
previousversionsof thearchitecture.It shouldnot beusedin new SPARC-V9 soft-
ware.It is recommendedthatTSUBccfollowedby BPVSbeusedin its place(with
instructions to save the pre-TSUBcc integer condition codes, if necessary).

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1
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(tag overflow is usedonly to setthe 32-bit overflow bit). CCR.xcc.v is setbasedonly on
the normal 64-bit arithmetic overflow condition, like a normal 64-bit subtract.

Compatibility Note:
TSUBccTV trapsarebasedon the32-bit overflow condition,just asin SPARC-V8. Although the
tagged-subtractinstructionssetthe64-bit conditioncodesCCR.xcc, thereis no form of theinstruc-
tion that traps on 64-bit overflow.

Exceptions:
tag_overflow (TSUBccTV only)
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A.61 Trap on Integ er Condition Codes (Tcc)

Format (4):

Opcode op3 cond Operation icc  test

TA 111010 1000 Trap Always 1

TN 111010 0000 Trap Never 0

TNE 111010 1001 Trap on Not Equal not Z

TE 111010 0001 Trap on Equal Z

TG 111010 1010 Trap on Greater not (Z or (N xor V))

TLE 111010 0010 Trap on Less or Equal Z or (N xor V)

TGE 111010 1011 Trap on Greater or Equal not (N xor V)

TL 111010 0011 Trap on Less N xor V

TGU 111010 1100 Trap on Greater Unsigned not (C or Z)

TLEU 111010 0100 Trap on Less or Equal Unsigned (C or Z)

TCC 111010 1101 TraponCarryClear(Greaterthanor Equal,Unsigned) not C

TCS 111010 0101 Trap on Carry Set (Less Than, Unsigned) C

TPOS 111010 1110 Trap on Positive or zero not N

TNEG 111010 0110 Trap on Negative N

TVC 111010 1111 Trap on Overflow Clear not V

TVS 111010 0111 Trap on Overflow Set V

Table 65: Tcc Encodings for ccn

cc1 cc0 Condition Codes

00 icc

01 —

10 xcc

11 —

5 4

10 cond op3 rs1 i=0 — rs2

31 141924 18 13 12 02530 29

—

28 7 6

cc1cc0

11 10

10 cond op3 rs1 i=1 —— cc1cc0 sw_trap_#
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Description:

TheTcc instructionevaluatestheselectedintegerconditioncodes(icc or xcc) accordingto
thecondfield of the instruction,producingeithera TRUE or FALSE result.If TRUE and
no higher-priority exceptionsor interrupt requestsare pending, then a trap_instruction
exception is generated.If FALSE, a trap_instruction exception doesnot occur, and the
instruction behaves like a NOP.

The software trap number is specified by the least significant seven bits of
“ r[rs1] + r[rs2]” if i = 0, or theleastsignificantsevenbitsof “ r[rs1] + sw_trap_#” if i = 1.

When i = 1, bits 7 through10 arereserved andshouldbe suppliedaszerosby software.
When i = 0, bits 5 through 10 are reserved, and the most significant 57 bits of
“ r[rs1] + r[rs2]” are unused, and both should be supplied as zeros by software.

Description (Effect on Privileged State):

If a trap_instruction traps,256plus thesoftwaretrapnumberis written into TT[TL]. Then
thetrapis taken,andtheprocessorperformsthenormaltrapentryprocedure,asdescribed
in Chapter 7, “Traps”.

Programming Note:
Tcc canbeusedto implementbreakpointing,tracing,andcalls to supervisorsoftware.It canalso
be used for run-time checks, such as out-of-range array indexes, integer overflow, and so on.

Compatibility Note:
Tcc is upwardcompatiblewith theSPARC-V8 Ticc instruction,with onequalification:a Ticc with
i = 1 andsimm13< 0 mayexecutedifferentlyon a SPARC-V9 processor. Useof the i = 1 form of
Ticc is believedto berarein SPARC-V8 software,andsimm13< 0 is probablynot usedat all, soit
is believed that, in practice, full software compatibility will be achieved.

Note: In SPARC64-III all TccinstructionsexceptTA with “%g0 + software_trap#”
addressing, serialize the CPU.

Assemb ly Langua ge Syntax

ta i_or_x_cc, software_trap_number

tn i_or_x_cc, software_trap_number

tne i_or_x_cc, software_trap_number (synonym: tnz )

te i_or_x_cc, software_trap_number (synonym: tz )

tg i_or_x_cc, software_trap_number

tle i_or_x_cc, software_trap_number

tge i_or_x_cc, software_trap_number

tl i_or_x_cc, software_trap_number

tgu i_or_x_cc, software_trap_number

tleu i_or_x_cc, software_trap_number

tcc i_or_x_cc, software_trap_number (synonym: tgeu )

tcs i_or_x_cc, software_trap_number (synonym: tlu )

tpos i_or_x_cc, software_trap_number

tneg i_or_x_cc, software_trap_number

tvc i_or_x_cc, software_trap_number

tvs i_or_x_cc, software_trap_number
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Programming Note:
UsingaTN (trapnever) instructionis thepreferredway to synchronize(serialize)theSPARC64-III
CPU.SoftwareshoulduseTN to synchronizethemachine.Futureversionsof HAL’sCPUwill syn-
chronizetheCPUwhena TN is executed;however, futureversionsmaynot serializethemachine
for other Tcc instructions.

Exceptions:
trap_instruction
illegal_instruction (cc1 cc0= 012 or 112)
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A.62 Write Privileg ed Register

Format (3):

Opcode op3 Operation

WRPRP 110010 Write Privileged Register

rd Privileg ed Register

0 TPC

1 TNPC

2 TSTATE

3 TT

4 TICK

5 TBA

6 PSTATE

7 TL

8 PIL

9 CWP

10 CANSAVE

11 CANRESTORE

12 CLEANWIN

13 OTHERWIN

14 WSTATE

15..31 Reserved

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1

¹�º
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Description:

This instruction stores the value “ r[rs1] xor r[rs2]” if i = 0, or “ r[rs1] xor
sign_ext(simm13)” if i = 1 to the writable fields of the specifiedprivilegedstateregister.
Note: The operation is exclusive-or.

Therd field in theinstructiondeterminestheprivilegedregisterthatis written.Thereareat
leastfour copiesof theTPC,TNPC,TT, andTSTATE registers,onefor eachtraplevel. A
write to oneof theseregisterssetstheregisterindexedby thecurrentvaluein thetraplevel
register(TL). A write to TPC,TNPC,TT, or TSTATE whenthetraplevel is zero(TL = 0)
causes anillegal_instruction exception.

A WRPR of TL doesnot causea trap or return from trap; it doesnot alter any other
machine state.
Programming Note:

A WRPRof TL canbeusedto readthevaluesof TPC,TNPC,andTSTATE for any traplevel; how-
ever, care must be taken that traps do not occur while the TL register is modified.

TheWRPRinstructionis anondelayed-writeinstruction.Theinstructionimmediatelyfol-
lowing the WRPR observes any changes made to processor state made by the WRPR.

WRPR instructionswith rd in the range15..31 are reserved for future versionsof the
architecture; executing a WRPR instruction with rd in that range causes an
illegal_instruction exception.
Programming Note:

SPARC64-III doesnot have or needa floating-pointdeferred-trapqueue.PSTATE.PEFcan be
changed from 0 to 1 at any time.

On SPARC64-III theTL registeris 3 bits wide, however, themaximumvaluethatcanbe
storedin theTL registeris 4 (to coincidewith MAXTL). A write to theTL registerwith
values 5, 6, or 7 will result in the value 4 being stored in TL.

Assemb ly Langua ge Syntax

wrpr regrs1, reg_or_imm, %tpc

wrpr regrs1, reg_or_imm, %tnpc

wrpr regrs1, reg_or_imm, %tstate

wrpr regrs1, reg_or_imm, %tt

wrpr regrs1, reg_or_imm, %tick

wrpr regrs1, reg_or_imm, %tba

wrpr regrs1, reg_or_imm, %pstate

wrpr regrs1, reg_or_imm, %tl

wrpr regrs1, reg_or_imm, %pil

wrpr regrs1, reg_or_imm, %cwp

wrpr regrs1, reg_or_imm, %cansave

wrpr regrs1, reg_or_imm, %canrestore

wrpr regrs1, reg_or_imm, %cleanwin

wrpr regrs1, reg_or_imm, %otherwin

wrpr regrs1, reg_or_imm, %wstate
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Implementation Note:
SomeWRPRinstructionsserializetheCPUor have otherissuerestrictions.See6.1.3,“Serializing
Instructions”, and6.1.4, “Issue Stalling Instructions”, for details.

Exceptions:
privileged_opcode
illegal_instruction ((rd = 15..31) or ((rd ≤ 3) and (TL= 0)))
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A.63 Write State Register

Format (3):

Opcode op3 rd [12:8] Operation

WRYD 110000 0 --- Write Y register

— 110000 1 --- Reserved

WRCCR 110000 2 --- Write Condition Codes Register

WRASI 110000 3 --- Write ASI register

— 110000 4, 5 --- Reserved

WRFPRS 110000 6 --- Write Floating-Point Registers Status register

— 110000 7..14 --- Reserved

See text 110000 15 --- See text

— 110000 16.. 17 --- Reserved

WR_HDW_MODEPASR 110000 18 --- Write Hardware Mode reg.

WRGSR 110000 19 --- Write Graphic Status Register

SET_SCHED_INTPASR 110000 20 --- Set bits in SCHED_INT Reg.

CLEAR_SCHED_INTPASR 110000 21 --- Clear bits in SCHED_INT Reg.

WR_SCHED_INTPASR 110000 22 --- Write SCHED_INT register.

WR_TICK_MATCHPASR 110000 23 --- Write Tick Match Register

— 110000 24 Reserved

WR_SCRATCHPASR 110000 25 0-3 Write CPU Scratch Register N

WR_BRK_ADDRPASR 110000 26 0 Write Data Brkpt. Address Reg.

WR_BRK_MASKPASR 110000 26 1 Write Data Breakpt. Mask Reg.

— 110000 27..29 Reserved

WR_PM_DISPASR 110000 30 0 Disable all performance ctrs.

WR_PM_CLR_DISPASR 110000 30 1 Clear and disable all perf. ctrs.

WR_PM_ENPASR 110000 30 2 Enable all perf, ctrs.

WR_PM_CLR_ENPASR 110000 30 3 Clear and enable all perf. ctrs.

WR_PM_VNPASR 110000 30 4 Write PM View Number

WRSCRPASR 110000 31 --- Write State Control Register

TheWRY instructionis deprecated;it is providedonly for compatibilitywith previ-
ousversionsof thearchitecture.It shouldnot beusedin new SPARC-V9 software.
It is recommended that all instructions which reference the Y register be avoided.

31 24 02530 29 19 18

rd10 op3 —

14 13 12 5 4

rs1 rs2i=0

rd10 op3 rs1 simm13i=1
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Format 3 (wr %asr25 (SCRATCH) only):

Format (3) (wr %asr26 only (Breakpoint registers)):

Format (3) (wr %asr30 only (Performance monitors)):

Description:

These instructions store the value “ r[rs1] xor r[rs2]” if i = 0, or “ r[rs1] xor
sign_ext(simm13)” if i = 1, to thewritablefieldsof thespecifiedstateregister. Note: The
operation is exclusive-or.

WRASRwritesavalueto theancillarystateregister(ASR) indicatedby rd. Theoperation
performedto generatethe valuewritten may be rd-dependentor implementation-depen-

10 rd=11001 op3 rs1 i=0 register # [7:5]=000 rs2

31 29 24 18 13 12 7 4

10 rd=11010 op3 rs1 i=0 register # [7:5]=000 rs2

31 29 24 18 13 12 7 4

10 rd=11110 op3 rs1 i=0 operation [7:5]=000 rs2

31 29 24 18 13 12 7 4

Assemb ly Langua ge Syntax

wr regrs1, reg_or_imm, %y

wr regrs1, reg_or_imm, %ccr

wr regrs1, reg_or_imm, %asi

wr regrs1, reg_or_imm, %fprs

wr regrs1, reg_or_imm,%hardware_mode

wr regrs1, reg_or_imm,%graphic_status

wr regrs1, reg_or_imm,%set_sched_int

wr regrs1, reg_or_imm,%clear_sched_int

wr regrs1, reg_or_imm,%sched_int

wr regrs1, reg_or_imm,%tick_match

wr regrs1, regrs2, %scratch[0-3]

wr regrs1, regrs2, %brk_addr

wr %pm_dis

wr %pm_clr_dis

wr %pm_en

wr %pm_clr_en

wr regrs1, regrs2, %pm_vn

wr regrsl, reg_or_imm,%scr



A.63  Write State Register 339

dent (seebelow). A WRASR instructionis indicatedby op= 216, rd = 4, 5, or ≥ 7 and
op3= 3016.

SeeI.1.1,“Read/WriteAncillary StateRegisters(ASRs)” in V9 for adiscussionof extend-
ing the SPARC-V9 instruction set using read/write ASR instructions.

The WRY, WRCCR, WRFPRS,WRASI, WRSIR, and WRSCR instructionsare not
delayed-writeinstructions.The instruction immediately following a WRY, WRCCR,
WRFPRS,or WRASI, WRSIR, and WRSCRobserves the new value of the Y, CCR,
FPRS, ASI, SIR, and or SCR register.

WRFPRSwaits for any pendingfloating-pointoperationsto completebeforewriting the
FPRS register.

See section5.2.11, “Ancillary State Registers (ASRs)” for details of the ASR registers.

Thewr &scratch[0..3], wr %brk_addr, wr %brk_mask, andwr pminstructionsmaynotbe
usedwith theimmediateaddressingmode,sincethetop5 bitsof thesimm13field areused
to select a register number or operation.

Implementation Note:
Ancillary stateregistersmay include(for example)timer, counter, diagnostic,self-test,andtrap-
control registers.SeeImplementationCharacteristicsof CurrentSPARC-V9-basedProducts,Revi-
sion9.x, a documentavailablefrom SPARC International,for informationon ancillarystateregis-
ters provided by specific implementations.

Compatibility Note:
TheSPARC-V8 WRIER,WRPSR,WRWIM, andWRTBR instructionsdonotexist in SPARC-V9,
since the IER, PSR, TBR, and WIM registers do not exist in SPARC-V9.

Implementation Note:
SomeWRASRinstructionsserializetheCPUor have otherissuerestrictions.See6.1.3,“Serializ-
ing Instructions”, for details.

Exceptions:
privileged_opcode (WRASR withrd = 18, 20..23, 25, 26, 30, 31)
illegal_instruction (WRASR with rd = 1, 4, 5, 7..14, 16, 17, 24, 27..29,WRASR

with rd = 15 and rs1≠0 or i ≠1, WR_SCRATCH, WR_BRK_ADDR,
WR_BRK_MASK, and WR_PM instructionsif bits [13:5] do not specify a
legal value for the instruction.)

software_initiated_reset (WRSIR only)
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The IEEE Std 754-1985floating-pointstandardcontainsa numberof implementation-
dependencies.This appendixspecifieschoicesfor theseimplementation-dependencies,to
ensure that SPARC-V9 implementations are as consistent as possible.

B.1   Traps Inhibit Results
As describedin 5.1.7,“Floating-pointStateRegister(FSR)”, andelsewhere,whena float-
ing-point trap occurs:

■ The destination floating-point register(s) (thef registers) are unchanged.

■ The floating-point condition codes (fcc0, fcc1, fcc2, andfcc3) are unchanged.

■ The FSR.aexc (accrued exceptions) field is unchanged.

■ TheFSR.cexc (currentexceptions)field is unchangedexceptfor IEEE_754_exceptions;
in that case,cexc containsa bit setto “1” correspondingto theexceptionthat caused
the trap. Only one bit shall be set incexc.

Instructionscausingan fp_exception_other trapdueto unfinishedor unimplementedFPops
executeasif by hardware;that is, a trapis undetectableby usersoftware,exceptthat tim-
ing may be affected. A user-mode trap handler invoked for an IEEE_754_exception,
whetherasa direct resultof a hardwarefp_exception_ieee_754 trapor asan indirect result
of supervisorhandlingof an unfinished_FPop or unimplemented_FPop, canrely on the fol-
lowing:

■ The address of the instruction that caused the exception will be available.

■ The destinationfloating-pointregister(s)areunchangedfrom their stateprior to that
instruction’s execution.

■ The floating-point condition codes (fcc0, fcc1, fcc2, andfcc3) are unchanged.

■ The FSRaexc field is unchanged.

■ The FSRcexc field containsexactly onebit set to 1, correspondingto the exception
that caused the trap.

■ The FSRftt, qne, andreserved fields are zero.
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TheSPARC64-III hardwarein conjunctionwith kernelfixup or emulationcodeproduces
the results required in this section.

B.2   NaN Operand and Result Definitions

An untrappedfloating-pointresultcanbein a formatthatis eitherthesameas,or different
from, the format of the source operands. These two cases are described separately below.

B.2.1   Untrapped Result in Diff erent Format fr om Operands

F[sdq]T O[sdq] with a quiet NaN operand:
No exceptioncaused;resultis aquietNaN.Theoperandis transformedasfollows:

NaN transformation: Themostsignificantbits of theoperandfractionarecopiedto
themostsignificantbits of theresultfraction.Whenconverting to a narrower format,
excesslow-order bits of the operandfraction are discarded.When converting to a
wider format,excesslow-orderbitsof theresultfractionaresetto 0. Thequietbit (the
mostsignificantbit of theresultfraction)is alwayssetto 1, sotheNaNtransformation
alwaysproducesa quiet NaN. The sign bit is copiedfrom the operandto the result
without modification.

F[sdq]T O[sdq] with a signaling NaN operand:
Invalid exception; result is the signaling NaN operandprocessedby the NaN
transformation above to produce a quiet NaN.

FCMPE[sdq] with an y NaN operand:
Invalid exception; the selected floating-point condition code is set to unordered.

FCMP[sdq] with an y signaling NaN operand:
Invalid exception; the selected floating-point condition code is set to unordered.

FCMP[sdq] with an y quiet NaN operand b ut no signaling NaN operand:
No exception; the selected floating-point condition code is set to unordered.

B.2.2   Untrapped Result in Same Format as Operands

No NaN operand:
For aninvalid operationsuchassqrt(–1.0)or 0.0÷ 0.0,theresultis thequietNaN
with sign= zero,exponent= all ones,andfraction= all ones.The sign is zeroto
distinguish such results from storage initialized to all ones.

One operand, a quiet NaN:
No exception; result is the quiet NaN operand.

One operand, a signaling NaN:
Invalid exception;resultis thesignalingNaNwith its quietbit (mostsignificantbit
of fraction field) set to 1.

Two operands, both quiet NaNs:
No exception; result is thers2 (second source) operand.
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Two operands, both signaling NaNs:
Invalid exception; result is thers2 operand with the quiet bit set to 1.

Two operands, onl y 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, onl y one a quiet NaN:
No exception; result is the quiet NaN operand.

In Table 66 NaNn means that the NaN is in rsn, Q means quiet, S signaling.

QSNaNn meansa quiet NaN producedby the NaN transformation on a signalingNaN
from rsn; the invalid exceptionis alwaysindicated.TheQNaNn resultsin the tablenever
generatean exception,but IEEE 754 specifiesseveral casesof invalid exceptions,and
QNaN results from operands that are both numbers.

B.3   Trapped Underflo w Definition (UFM = 1)
Underflow occursif theexactunroundedresulthasmagnitudebetweenzeroandthesmall-
est normalized number in the destination format.

In the SPARC64-III CPU, tininess is always detectedbefore rounding. See 5.1.7.6,
“FSR_floating-point_trap_type(ftt)” , for details on how the divider handlestrapped
underflows.

Note:
The wrappedexponentresultsintendedto be deliveredon trappedunderflows and overflows in
IEEE 754 areirrelevant to SPARC-V9 at the hardwareandsupervisorsoftwarelevels; if they are
created at all, it would be by user software in a user-mode trap handler.

B.4   Untrapped Underflo w Definition (UFM = 0)

Underflow occursif theexactunroundedresulthasmagnitudebetweenzeroandthesmall-
estnormalizednumberin the destinationformat,and the correctlyroundedresult in the
destination format is inexact.

Table 67 summarizes what happens when an exactunrounded valueu satisfying

0 ≤ |u| ≤ smallest normalized number

would round,if no trapintervened,to a roundedvaluer which might bezero,subnormal,
or thesmallestnormalizedvalue.“UF” meansunderflow trap(with ufc setin cexc), “NX”

Table 66: Untrapped Floating-point Results (V9=27)

rs2 Operand

Number QNaN2 SNaN2

rs1
Operand

None IEEE 754 QNaN2 QSNaN2

Number IEEE 754 QNaN2 QSNaN2

QNaN1  QNaN1 QNaN2 QSNaN2

SNaN1  QSNaN1 QSNaN1 QSNaN2
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meansinexacttrap(with nxcsetin cexc), “uf” meansuntrappedunderflow exception(with
ufc setin cexcandufa in aexc), and“nx” meansuntrappedinexactexception(with nxcset
in cexc and nxa inaexc).

See5.1.7.6.2,“ftt = unfinished_FPop”, for detailson how the divider handlesuntrapped
underflows.

B.5   Integ er Overflo w Definition

F[sdq]T Oi:
Whena NaN, infinity, large positive argument≥ 2147483648.0,or large negative
argument≤ –2147483649.0is convertedto aninteger, theinvalid_current(nvc) bit
of FSR.cexc shouldbesetandfp_exception_IEEE_754 shouldberaised.If thefloat-
ing-point invalid trap is disabled(FSR.TEM.NVM = 0), no trap occursand a
numericalresult is generated:if the sign bit of the operandis 0, the result is
2147483647; if the sign bit of the operand is 1, the result is –2147483648.

F[sdq]T Ox:
WhenaNaN,infinity, largepositiveargument≥ 263, or largenegativeargument≤ –
(263 + 1), is converted to an extendedinteger, the invalid_current(nvc) bit of
FSR.cexcshouldbesetandfp_exception_IEEE_754 shouldberaised.If thefloating-
point invalid trap is disabled(FSR.TEM.NVM= 0), no trapoccursanda numeri-
cal resultis generated:if thesignbit of theoperandis 0, theresultis 263 – 1; if the
sign bit of the operand is 1, the result is –263.

B.6   Floating-P oint Nonstandar d Mode

SPARC64-III doesnot implementany nonstandardIEEE operationsand,thus,doesnot
support a nonstandard mode.

Table 67: Untrapped Floating-Point Underflow (V9=28)

Underflo w trap:
Inexact trap:

UFM = 1
NXM = ?

UFM = 0
NXM = 1

UFM = 0
NXM = 0

u = r

r is minimum normal None None None

r is subnormal UF None None

r is zero None None None

u ≠ r

r is minimum normal UF NX uf nx

r is subnormal UF NX uf nx

r is zero UF NX uf nx
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This appendixprovidesa summaryof all implementationdependenciesin theSPARC-V9
standard.In SPARC-V9 thenotation“ IMPL. DEP. #nn :” is usedto identify thedefinitionof
animplementationdependency; thenotation“(impl. dep.#nn)” is usedto identify a refer-
enceto animplementationdependency. Thesedependenciesaredescribedby theirnumber
nn in Table68onpage347. Thesenumbershavebeenremovedfrom thebodyof thisdoc-
umentfor SPARC64-III to make thedocumentmorereadable.Table68hasbeenmodified
to includea descriptionof the mannerin which SPARC64-III hasresolved eachimple-
mentation dependency.

SPARC Internationalmaintainsa document,ImplementationCharacteristicsof Current
SPARC-V9-basedProducts,Revision 9.x, which describesthe implementation-dependent
designfeaturesof all SPARC-V9-compliant implementations.ContactSPARC Interna-
tional for this document at

SPARC International, Inc.
535 Middlefield Rd, Suite 210

Menlo Park, CA 94025
(415) 321-8692

C.1   Definition of an Implementation Dependenc y

The SPARC-V9 architectureis a model that specifiesunambiguouslythe behavior
observedby software on SPARC-V9 systems.Therefore,it doesnot necessarilydescribe
the operation of thehardware of any actual implementation.

An implementationis not requiredto executeevery instructionin hardware.An attemptto
executea SPARC-V9 instructionthat is not implementedin hardware generatesa trap.
Whetheran instructionis implementeddirectly by hardware,simulatedby software,or
emulated by firmware is implementation-dependent.

The two levels of SPARC-V9 complianceare describedin 1.2.6, “SPARC-V9 Compli-
ance” inV9.

Someelementsof thearchitecturearedefinedto beimplementation-dependent.Theseele-
ments include certain registersand operationsthat may vary from implementationto
implementation, and are explicitly identified as such in this appendix.

¹�º
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Implementationelements(suchasinstructionsor registers)thatappearin animplementa-
tion but are not defined in this document(or its updates)are not consideredto be
SPARC-V9 elements of that implementation.

C.2   Hardware Characteristics

Hardware characteristicsthat do not affect the behavior observed by software on
SPARC-V9 systemsare not consideredarchitecturalimplementationdependencies.A
hardwarecharacteristicmayberelevantto theusersystemdesign(for example,thespeed
of executionof aninstruction)or maybetransparentto theuser(for example,themethod
usedfor achieving cacheconsistency). TheSPARC Internationaldocument,Implementa-
tion Characteristicsof CurrentSPARC-V9-basedProducts,Revision9.x, providesauseful
list of thesehardware characteristics,along with the list of implementation-dependent
design features of SPARC-V9-compliant implementations.

In general, hardware characteristics deal with

■ Instruction execution speed

■ Whether instructions are implemented in hardware

■ The natureand degreeof concurrency of the varioushardware units comprisinga
SPARC-V9 implementation.

C.3   Implementation Dependenc y Categories

Many of the implementationdependenciescanbe groupedinto four categories,abbrevi-
ated by their first letters throughout this appendix:

Value (v):
Thesemanticsof anarchitecturalfeaturearewell-defined,exceptthatavalueasso-
ciatedwith it maydiffer acrossimplementations.A typical exampleis thenumber
of implemented register windows (Implementation dependency #2).

Assigned V alue (a):
Thesemanticsof anarchitecturalfeaturearewell-defined,exceptthatavalueasso-
ciatedwith it may differ acrossimplementationsandthe actualvalueis assigned
by SPARC International.Typical examplesare the impl field of Versionregister
(VER) (Implementationdependency #13) andthe FSR.ver field (Implementation
dependency #19).

Functional Choice (f):
TheSPARC-V9 architectureallows implementorsto chooseamongseveralpossi-
ble semanticsrelatedto an architecturalfunction.A typical exampleis the treat-
ment of a catastrophicerror exception,which may causeeither a deferredor a
disrupting trap (Implementation dependency #31).

Total Unit (t):
Theexistenceof thearchitecturalunit or functionis recognized,but detailsareleft
to eachimplementation.Examplesinclude the handlingof I/O registers(Imple-
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mentationdependency #7) and somealternateaddressspaces(Implementation
dependency #29).

C.4   List of Implementation Dependencies

Table68 providesa completelist of the implementationdependenciesin thearchitecture,
the definition of each,andreferencesto the pagenumbersin the standardwhereeachis
definedor referenced.Most implementationdependenciesoccurbecauseof the address
spaces,I/O registers,registers(including ASRs),the type of trappingusedfor an excep-
tion, the handlingof errors,or miscellaneousnon-SPARC-V9-architecturalunits suchas
the MMU or caches (which affect the FLUSH instruction).

Table 68: SPARC64-III Implementation Dependencies (V9=29)

Nbr Description SPARC64-III Implementation Notes

1 Software emulation of instructions
Whetheran instructionis implementeddirectly
by hardware, simulatedby software, or emu-
latedby firmwareis implementation-dependent.

See 6.3.12, “Summary of Unimplemented
Instructions”, for details of unimplemented
instructions.The operatingsystememulatesall
instructionsthat generateillegal_instruction or
unimplemented_FPop exceptions.

2 Number of IU registers
An implementationof theIU maycontainfrom
64 to 528 general-purpose64-bit r registers.
This correspondsto a groupingof the registers
into two setsof eight global r registers,plus a
circularstackof from threeto 32 setsof 16 reg-
isterseach,known as register windows. Since
the number of register windows present
(NWINDOWS) is implementation-dependent,
thetotalnumberof registersis alsoimplementa-
tion-dependent.

The CPU has 5 register windows
(NWINDOWS = 5) for a totalof 96 integerregis-
ters.

3 Incorr ect IEEE Std 754-1985 results
An implementationmayindicatethatafloating-
point instructiondid notproduceacorrectIEEE
Std 754-1985 result by generatinga special
floating-point unfinished or unimplemented
exception. In this case,privileged mode soft-
wareshallemulateany functionalitynotpresent
in the hardware.

FDIV andFSQRT generateunfinished_FPop an
exceptionundercertainconditions.See5.1.7.6.2,
“ftt = unfinished_FPop” for details.

All of thequadfloating-point instructionsarenot
implemented,and they generatean unimple-
mented exception.

4-5 Reserved —

6 I/O r egisters privileged status
WhetherI/O registerscanbe accessedby non-
privileged code is implementation-dependent.

This is beyond the scopeof this publication.It
should be defined in a system which uses
SPARC64-III.

7 I/O r egister definitions
The contentsandaddressesof I/O registersare
implementation-dependent.

This is beyond the scopeof this publication.It
should be defined in a system which uses
SPARC64-III.
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8 RDASR/WRASR target registers
Softwarecanuseread/writeancillary statereg-
ister instructionsto read/writeimplementation-
dependent processor registers (ASRs 16-31).

See A.44, “Read State Register”, and A.63,
“Write StateRegister”, for detailsof implementa-
tion-dependent RDASR/WRASR instructions.

9 RDASR/WRASR privileged status
Whether each of the implementation-depen-
dent read/writeancillary stateregister instruc-
tions (for ASRs 16-31) is privileged is
implementation-dependent.

See A.44, “Read State Register”, and A.63,
“Write StateRegister”, for detailsof implementa-
tion-dependent RDASR/WRASR instructions.

10-12 Reserved —

13 VER.impl
VER.impl uniquely identifies an implementa-
tion or classof software-compatibleimplemen-
tations of the architecture. Values
FFF016..FFFF16 arereservedandarenot avail-
able for assignment.

VER.impl = 3 for the SPARC64-III CPU.

14-15 Reserved —

16 IU deferred-trap queue
Theexistence,contents,andoperationof an IU
deferred-trapqueueare implementation-depen-
dent; it is not visible to user applicationpro-
grams under normal operating conditions.

SPARC64-III does not have or need an IU
deferred-trap queue.

17 Reserved —

18 Nonstandard IEEE 754-1985 results
Bit 22 of the FSR,FSR_nonstandard_fp(NS),
whensetto 1, causestheFPUto produceimple-
mentation-definedresults that may not corre-
spond to IEEE Standard 754-1985.

SPARC64-III always produces correct ANSI/
IEEE-754results;thus,writes to the NS bit are
ignored and reads from it always return zero.

19 FPU version, FSR.ver
Bits 19:17of theFSR,FSR.ver, identify oneor
more implementations of the FPU architecture.

FSR.ver= 0 for SPARC64-III.

20-21 Reserved —

22 FPU TEM, cexc, and aexc
An implementationmay chooseto implement
the TEM, cexc, andaexc fields in hardware in
either of two ways (see5.1.7.1 for details).

SPARC64-III implementsall bits in the TEM,
cexc, andaexc fields in hardware

23 Floating-point traps
Floating-pointtrapsmaybepreciseor deferred.
If deferred,a floating-pointdeferred-trapqueue
(FQ) must be present.

In SPARC64-III floating-point traps are always
precise; no FQ is needed.

24 FPU deferred-trap queue (FQ)
Thepresence,contentsof, andoperationsonthe
floating-point deferred-trap queue (FQ) are
implementation-dependent.

SPARC64-III doesnot have or needa floating-
point deferred-trap queue.

Table 68: SPARC64-III Implementation Dependencies (V9=29)  (Continued)

Nbr Description SPARC64-III Implementation Notes
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25 RDPR of FQ with nonexistent FQ
On implementationswithout a floating-point
queue,anattemptto readtheFQ with anRDPR
instruction shall cause either an
illegal_instruction exception or an
fp_exception_other exceptionwith FSR.ftt set
to 4 (sequence_error).

Attemptingto executeanRDPRof theFQcauses
an illegal_instruction exception.

26-28 Reserved —

29 Addr ess space identifier (ASI) definitions
The following ASI assignmentsare implemen-
tation-dependent:restricted ASIs 0016..0316,
0516..0B16, 0D16..0F16, 1216..1716, and
1A16..7F16; and unrestricted ASIs C016..FF16.

TheASIs thataresupportedby SPARC64-III are
defined inAppendixL, “ASI Assignments”.

30 ASI address decoding
An implementationmaychooseto decodeonly
a subsetof the 8-bit ASI specifier;however, it
shall decodeat leastenoughof the ASI to dis-
tinguish 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
ASI_NUCLEUSandASI_NUCLEUS_LITTLE are
supported (impl. dep. #124), they must be
decodedalso.Finally, an implementationmust
always decode ASI bit<7> while
PSTATE.PRIV= 0, so that an attemptby non-
privileged software to accessa restrictedASI
will always causea privileged_action excep-
tion.

SPARC64-III supports all of the listed ASIs.

31 Catastrophic error exceptions
The causesand effects of catastrophicerror
exceptionsareimplementation-dependent.They
maycauseprecise,deferred,or disruptingtraps.

SPARC64-III contains a watchdog timer that
timesoutafterno instructionhasbeencommitted
for thenumberof cyclesrequiredto countdown a
31-bit register. If the timer times out, the CPU
enterserror_stateand outputs P_FERRto the
UPA bus.

32 Deferred traps
Whether any deferred traps (and associated
deferred-trapqueues)arepresentis implemen-
tation-dependent.

See7.3.2, “Deferred Traps”. SPARC64-III does
not contain a deferred trap queue.

Table 68: SPARC64-III Implementation Dependencies (V9=29)  (Continued)

Nbr Description SPARC64-III Implementation Notes
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33 Trap precision
Exceptionsthat occuras the result of program
executionmay be preciseor deferred,although
it is recommendedthat suchexceptionsbepre-
cise. Examples include
mem_address_not_aligned and
division_by_zero.

The only deferredtrap in SPARC64-III is the
data_breakpoint trap.All othertrapsthatoccur
as the result of program execution are precise

34 Interrupt clearing
How quickly a processorrespondsto an inter-
rupt requestandthemethodby which an inter-
rupt requestis removed are implementation-
dependent.

For detailsof interrupthandlingseeAppendixN,
“Interrupt Handling”.

35 Implementation-dependent traps
Trap type (TT) values 06016..07F16 are
reserved for implementation-dependentexcep-
tions. The existence of
implementation_dependent_n traps and
whetherany that do exist areprecise,deferred,
or disrupting is implementation-dependent.

SPARC64-III supportsthe following implemen-
tation-dependent traps:
– interrupt_vector (tt = 06016)
– data_breakpoint (tt = 06116)
– programmed_emulation_trap (tt = 06216)
– async_error (tt = 06316)
– 32i_instruction_access_MMU_miss

(tt = 06416 through 06716)
– 32i_data_access_MMU_miss

(tt = 06816 through 06B16)
– 32i_data_access_protection

(tt = 06C16 through 06F16)
– watchdog (tt = 07F16)

36 Trap priorities
Theprioritiesof particulartrapsarerelative and
areimplementation-dependent,becausea future
version of the architecturemay define new
traps,and implementationsmay define imple-
mentation-dependenttraps that establishnew
relative priorities.

SPARC64-III’ s implementation-dependenttraps
have the following priorities:

– interrupt_vector (priority=16)
– data_breakpoint (priority=14)
– programmed_emulation_trap (priority=6)
– async_error (priority=2)
– 32i_instruction_access_MMU_miss

(priority=2)
– 32i_data_access_MMU_miss

(priority=12)
– 32i_data_access_protection

(priority=12)
– watchdog (priority=1)

37 Reset trap
Someof a processor’s behavior during a reset
trap is implementation-dependent.

SPARC64-III implements Power On Reset
(POR) throughSCAN. WatchdogReset(WDR)
is not implemented.Externally Initiated Reset
(XIR) with TL=MAXTL causesthe CPU to
enter error_state.

38 Effect of reset trap on implementation-
dependent registers
Implementation-dependentregisters may or
may not be affected by the various reset traps.

See O.3, “ProcessorState after Reset and in
RED_state”.
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39 Entering error_state on implementation-
dependent errors
The processormay enter error_statewhen an
implementation-dependent error condition
occurs.

A CPU watchdog timeout or any trap with
TL=MAXTL cause entry to error_state.

40 Err or_state processor state
What occurs after error_state is entered is
implementation-dependent,but it is recom-
mendedthatasmuchprocessorstateaspossible
be preserved upon entry to error_state.

SPARC64-III outputs P_FERR on entry to
error_state.Most error logging registerstatewill
be preserved and can be readafter a Power On
Reset.

41 Reserved —

42 FLUSH instruction
If FLUSH is not implementedin hardware, it
causesan illegal_instruction exception,andits
function is performed by system software.
Whether FLUSH traps is implementation-
dependent.

SPARC64-III implementstheFLUSH instruction
in hardware.

43 Reserved —

44 Data access FPU trap
If a load floating-point instruction traps with
any typeof accesserrorexception,thecontents
of the destination floating-point register(s)
either remain unchanged or are undefined.

The destinationregister(s)are unchangedif an
access error occurs.

45 - 46 Reserved —

47 RDASR
RDASRinstructionswith rd in therange16..31
are available for implementation-dependent
uses(impl. dep.#8). For anRDASR instruc-
tion with rs1 in the range16..31, the following
are implementation-dependent:the interpreta-
tion of bits 13:0 and 29:25 in the instruction,
whethertheinstructionis privileged(impl. dep.
#9), and whether it causes an
illegal_instruction trap.

SeeA.44, “Read State Register”, for details.

48 WRASR
WRASR instructions with rd in the range
16..31 areavailablefor implementation-depen-
dent uses (impl. dep. #8). For a WRASR
instructionwith rd in the range16..31, the fol-
lowing are implementation-dependent:the
interpretationof bits 18:0 in the instruction,the
operation(s)performed(for example, xor) to
generatethe valuewritten to the ASR, whether
theinstructionis privileged(impl. dep.#9),and
whether it causes anillegal_instruction trap.

SeeA.63, “Write State Register”, for details.

49-54 Reserved —
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55 Floating-point underflow detection
Whether "tininess" (in IEEE 754 terms) is
detectedbeforeor after roundingis implemen-
tation-dependent.It is recommendedthat tini-
ness be detected before rounding.

SPARC64-III detects “tininess” before rounding.

56-100 Reserved —

101 Maximum trap level
It is implementation-dependenthow many addi-
tional levels, if any, past level 4 are supported.

MAXTL = 4.

102 Clean windows trap
An implementationmaychooseeitherto imple-
mentautomatic“cleaning” of registerwindows
in hardware,or generatea clean_window trap,
when needed,for window(s) to be cleanedby
software.

SPARC64-III generates aclean_window trap.

103 Prefetch instructions
The following aspectsof the PREFETCHand
PREFETCHAinstructionsareimplementation-
dependent:(1) whetherthey have anobservable
effect in privilegedcode;(2) whetherthey can
causea data_access_MMU_miss exception;
(3) the attributes of the block of memory
prefetched:its size (minimum= 64 bytes)and
its alignment(minimum= 64-byte alignment);
(4) whethereachvariant is implementedas a
NOP, with its full semantics,or with common-
case prefetching semantics;(5) whether and
how variants 16..31 are implemented.

SPARC64-III implementsPREFETCHvariations
0 thru 4 with the following implementation-
dependent characteristics:
– Theprefetcheshave observableaffectsin priv-

ileged code.
– A prefetch does not cause a

data_access_MMU_miss trap, becausethe
prefetch is dropped when a
data_access_MMU_miss condition hap-
pens.

– All prefetchesare for 64-byte cache lines,
which are aligned on a 64-byte boundary.

– SeeA.42, “Prefetch Data”, for implemented
variations and their characteristics.

– Variants 16..31 are treated as NOPs.
Prefetcheswill work normally if the ASI is
ASI_PRIMARY, ASI_SECONDARY, or
ASI_NUCLEUS.

104 VER.manuf
VER.manuf contains a 16-bit semiconductor
manufacturercode.This field is optional,andif
notpresentreadsaszero.VER.manufmayindi-
cate the original supplierof a second-sourced
chip in cases involving mask-level second-
sourcing. It is intended that the contentsof
VER.manuf track the JEDEC semiconductor
manufacturercodeascloselyaspossible.If the
manufacturerdoesnot have a JEDECsemicon-
ductormanufacturercode,SPARC International
will assign a VER.manuf value.

VER.manuf = 000416. The lower 8 bits are
Fujitsu’s JEDEC manufacturing code.
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105 TICK r egister
Thedifferencebetweenthevaluesreadfrom the
TICK register on two readsshould reflect the
numberof processorcycles executedbetween
thereads.If anaccuratecountcannotalwaysbe
returned, any inaccuracy should be small,
bounded,anddocumented.An implementation
may implement fewer than 63 bits in
TICK.counter; however, the counteras imple-
mentedmust be able to count for at least 10
yearswithout overflowing. Any upperbits not
implemented must read as zero.

SPARC64-III implements63 bits of the TICK
register; it increments on every clock cycle.

106 IMPDEPn instructions
The IMPDEP1 and IMPDEP2 instructionsare
completely implementation-dependent.Imple-
mentation-dependentaspectsincludetheiroper-
ation, the interpretationof bits 29:25and18:0
in their encodings,and which (if any) excep-
tions they may cause.

SPARC64-III usesthe IMPDEP2opcodefor the
Multiply Add/Subtract instructions.

107 Unimplemented LDD trap
It is implementation-dependentwhetherLDD
andLDDA areimplementedin hardware.If not,
an attempt to execute either will cause an
unimplemented_LDD trap.

SPARC64-III implements LDD in hardware.

108 Unimplemented STD trap
It is implementation-dependentwhether STD
andSTDA areimplementedin hardware.If not,
an attempt to execute either will cause an
unimplemented_STD trap.

SPARC64-III implements STD in hardware.

109 LDDF_mem_address_not_aligned
LDDF and LDDFA require only word align-
ment.However, if theeffective addressis word-
alignedbut not doubleword-aligned,eithermay
causean LDDF_mem_address_not_aligned
trap, in which casethe trap handlersoftware
shall emulatethe LDDF (or LDDFA) instruc-
tion and return.

If the addressis word-alignedbut not double-
word aligned, SPARC64-III generates the
LDDF_mem_address_not_aligned excep-
tion. The trap handler software emulatesthe
instruction.

110 STDF_mem_address_not_aligned
STDFandSTDFA requireonly word alignment
in memory. However, if theeffective addressis
word-aligned but not doubleword-aligned,
either may cause an
STDF_mem_address_not_aligned trap, in
which casethetraphandlersoftwareshallemu-
late the STDF or STDFA instruction and return.

If the addressis word-alignedbut not double-
word aligned, SPARC64-III generates the
STDF_mem_address_not_aligned excep-
tion. The trap handler software emulatesthe
instruction.
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111 LDQF_mem_address_not_aligned
LDQF and LDQFA require only word align-
ment.However, if theeffective addressis word-
aligned but not quadword-aligned,either may
causean LDQF_mem_address_not_aligned
trap, in which casethe trap handlersoftware
shall emulatethe LDQF (or LDQFA) instruc-
tion and return.

SPARC64-III generatesan illegal_instruction
exceptionfor all LDQFs.TheCPUdoesnot per-
form thecheckfor fp_disabled. Thetraphandler
software emulates the instruction.

112 STQF_mem_address_not_aligned
STQFandSTQFA requireonly word alignment
in memory. However, if theeffective addressis
word-alignedbut not quadword-aligned,either
may cause an
STQF_mem_address_not_aligned trap, in
which casethetraphandlersoftwareshallemu-
latetheSTQFor STQFA instructionandreturn.

SPARC64-III generatesan illegal_instruction
exceptionfor all STQFs.TheCPUdoesnot per-
form thecheckfor fp_disabled. Thetraphandler
software emulates the instruction.

113 Implemented memory models
Whether the Partial Store Order (PSO) or
RelaxedMemoryOrder(RMO) modelsaresup-
ported is implementation-dependent.

SPARC64-III implementsPSOwith Total Store
Order(TSO) or Load/StoreOrder(LSO), which
are strongermodels.See Chapter8, “Memory
Models”, for details.

114 RED_state trap vector address (RSTVaddr)
The RED_statetrap vector is located at an
implementation-dependentaddressreferred to
as RSTVaddr.

RSTVaddr is a constant, where:
VA=FFFFFFFFF000000016 and
PA=1FFF000000016

115 RED_state processor state
What occurs after the processor enters
RED_state is implementation-dependent.

See7.2.1,“RED_state”, for detailsof implemen-
tation-specific actions in RED_state.

116 SIR_enable control flag
Thelocationof theSIR_enablecontrolflag and
the meansof accessingthe SIR_enablecontrol
flag are implementation-dependent.In some
implementations, it may be permanently zero.

In SPARC64-III the SIR_enablecontrol flag is
hard-wired to 0; thus it always treats the SIR
instruction as a NOP if PSTATE.PRIV=0.

117 MMU disabled prefetch behavior
Whether Prefetch and Non-faulting Load
always succeedwhen the MMU is disabledis
implementation-dependent.

Prefetchand Non-faulting Load always succeed
when the MMU is disabled.

118 Identifying I/O locations
The mannerin which I/O locationsare identi-
fied is implementation-dependent.

This is beyond the scopeof this publication.It
should be defined in a system which uses
SPARC64-III.

119 Unimplemented values for PSTATE.MM
The effect of writing an unimplementedmem-
ory-mode designation into PSTATE.MM is
implementation-dependent.

Writing 112 into PSTATE.MM causes the
machineto use the STO memorymodel. How-
ever, the encoding112 shouldnot be used,since
future versions of SPARC64-III may use this
encoding for a new memory model.
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120 Coherenceand atomicity of memory opera-
tions
Thecoherenceandatomicityof memoryopera-
tions betweenprocessorsand I/O DMA mem-
ory accesses are implementation-dependent.

This is beyond the scopeof this publication.It
should be defined in a system which uses
SPARC64-III.

121 Implementation-dependent memory model
An implementationmaychooseto identify cer-
tain addressesand use an implementation-
dependentmemory model for referencesto
them.

SPARC64-III implements Load/Store Order
(LSO),Total StoreOrder(TSO),andStoreOrder
(STO) memorymodels.SeeChapter8, “Memory
Models”, for details.

Accesses to pages with the SO (Strongly
Ordered)bit of their MMU pagetable entry set
are also made in Program Order.

122 FLUSH latency
The latency betweenthe executionof FLUSH
on one processorand the point at which the
modified instructions have replacedoutdated
instructionsin a multiprocessoris implementa-
tion-dependent.

This is beyond the scopeof this publication.It
should be defined in a system which uses
SPARC64-III.

123 Input /output (I/O) semantics
The semanticeffect of accessinginput/output
(I/O) registers is implementation-dependent.

This is beyond the scopeof this publication.It
should be defined in a system which uses
SPARC64-III.

124 Implicit ASI when TL > 0
When TL > 0, the implicit ASI for instruction
fetches, loads, and stores is implementation-
dependent.SeeF.4.4,“Contexts” in V9 for more
information.

SPARC64-III usesASI_NUCLEUS for instruc-
tion fetchesandASI_NUCLEUS{_LITTLE} for
data fetches as the implicit ASI when TL> 0.

125 Addr ess masking
WhenPSTATE.AM = 1, the valueof the high-
order32-bitsof thePCtransmittedto thespeci-
fied destinationregister(s) by CALL, JMPL,
RDPC,andon a trap is implementation-depen-
dent.

When PSTATE.AM=1, SPARC64-III does not
maskout the high-order32 bits of the PC when
transmittingit to the destinationregister;all 64-
bits of the PC are transmitted.

126 Register Windows State Registers Width
Privileged registers CWP, CANSAVE, CAN-
RESTORE, OTHERWIN, and CLEANWIN
containvaluesin the range0..NWINDOWS−1.
The effect of writing a value greater than
NWINDOWS-1 to any of these registers is
undefined.Althoughthe width of eachof these
five registersis nominally 5 bits, the width is
implementation-dependent and shall be
betweenlog2(NWINDOWS) and5 bits, inclu-
sive. If fewer than5 bits are implemented,the
unimplementedupperbits shall readas 0 and
writes to them shall have no effect. All five
registers should have the same width.

NWINDOWS for SPARC64-III is 5, therefore
only 3 bits are implementedfor the following
registers: CWP, CANSAVE, CANRESTORE,
OTHERWIN. If an attempt is madeto write a
value greater than NWINDOWS−1 to any of
theseregisters,theextraneousupperbits aredis-
carded.TheCLEANWIN registercontains3 bits,
but softwaremustnot write the values5, 6, or 7
to the register. SettingCLEANWIN > 4 violates
the register window state definition in 6.4.1,
“RegisterWindow StateDefinition”, Note: Hard-
ware does not enforce this restriction; system
software must keep the window state consistent.
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D  Formal Specification of the Memor y Models

Consult V9 for the text of this appendix.
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E  Opcode Maps

E.1   Overview

This appendix contains the SPARC64-III instruction opcode maps.

Opcodesmarked with a dash‘—’ arereserved; an attemptto executea reserved opcode
shall causea trap,unlessit is an implementation-specificextensionto the instructionset.
See6.3.11, “Reserved Opcodes and Instruction Fields”, for more information.

In thisappendixandin AppendixA, “InstructionDefinitions”, certainopcodesaremarked
with mnemonic superscripts.These superscriptsand their meaningsare defined in
Table49 on page214. For deprecatedopcodes,seethe appropriateinstructionpagesin
Appendix A for preferred substitute instructions.

E.2   Tables

In the tablesin this appendix,reserved(—) andshadedentriesindicateopcodesthat are
not implemented in SPARC64-III.

†rd = 0, imm22 = 0

The ILLTRAP andreserved (—) encodings generate anillegal_instruction trap.

Table 69: op[1:0] (V9=30)

op [1:0]

0 1 2 3

Branches & SETHI
SeeTable 70

CALL Arithmetic & Misc.
SeeTable 71

Loads/Stores
SeeTable 72

Table 70: op2[2:0] (op= 0) (V9=31)

op2 [2:0]

0 1 2 3 4 5 6 7

ILLTRAP
BPcc

SeeTable 75
BiccD

SeeTable 75
BPr

SeeTable 76
SETHI
NOP†

FBPfcc
SeeTable 75

FBfccD

SeeTable 75
—
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POPC and the reserved (—) opcodes cause an illegal_instruction trap.

Table 71: op3[5:0] (op= 2) (V9=32)

op3 [5:4]

0 1 2 3

op3
[3:0]

0 ADD ADDcc TADDcc

WRYD (rd = 0)
— (rd= 1)

WRCCR (rd=2)
WRASI (rd=3)

— (rd= 4, 5)
WRFPRS(rd=6)

WRASRPASR (7≤rd≤14)
SIR (rd=15, rs1=0, i=1)

1 AND ANDcc TSUBcc
SAVEDP (fcn = 0),

RESTOREDP (fcn = 1)

2 OR ORcc TADDccTVD WRPRP

3 XOR XORcc TSUBccTVD —

4 SUB SUBcc MULSccD FPop1
SeeTable 73

5 ANDN ANDNcc SLL (x = 0), SLLX (x = 1)
FPop2

SeeTable 74

6 ORN ORNcc SRL (x = 0), SRLX (x = 1) IMPDEP1

7 XNOR XNORcc SRA (x = 0), SRAX (x = 1)
IMPDEP2

(FMADD / FMSUB)

8 ADDC ADDCcc

RDYD (rs1= 0)
— (rs1= 1)

RDCCR (rs1= 2)
RDASI (rs1= 3)

RDTICKPNPT (rs1= 4)
RDPC (rs1= 5)

RDFPRS(rs1=6)
RDASRPASR (7≤rd≤14)

MEMBAR (rs1= 15,rd=0,i = 1)
STBARD (rs1= 15,rd=0,i = 0)

JMPL

9 MULX — — RETURN

A UMULD UMULccD RDPRP Tcc
SeeTable 75

B SMULD SMULccD FLUSHW FLUSH

C SUBC SUBCcc MOVcc SAVE

D UDIVX — SDIVX RESTORE

E UDIVD UDIVccD POPC (rs1= 0)
— (rs1>0)

DONEP (fcn = 0)
RETRYP (fcn = 1)

F SDIVD SDIVccD MOVr
SeeTable 76

—
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LDQF, LDQFA, STQF, STQFA, andthe reserved(—) opcodescausean illegal_instruction
trap.

Table 72: op3[5:0] (op= 3) (V9=33)

op3 [5:4]

0 1 2 3

op3
[3:0]

0 LDUW LDUWAPASI LDF LDFAPASI

1 LDUB LDUBAPASI LDFSRD, LDXFSR —
2 LDUH LDUHAPASI LDQF LDQFAPASI

3 LDDD LDDAD, PASI LDDF LDDFAPASI

4 STW STWAPASI STF STFAPASI

5 STB STBAPASI STFSRD, STXFSR —
6 STH STHAPASI STQF STQFAPASI

7 STDD STDAPASI STDF STDFAPASI

8 LDSW LDSWAPASI — —
9 LDSB LDSBAPASI — —
A LDSH LDSHAPASI — —
B LDX LDXA PASI — —
C — — — CASAPASI

D LDSTUB LDSTUBAPASI PREFETCH PREFETCHAPASI

E STX STXAPASI — CASXAPASI

F SWAPD SWAPAD, PASI — —



362 E Opcode Maps

Shaded boxes and reserved (—) opcodes cause an fp_exception_other trap with
ftt = unimplemented_FPop.

Table 73: opf[8:3] (op= 2,op3= 3416 = FPop1) (V9=34)

opf[3:0]

opf[8:3] 0 1 2 3 4 5 6 7

0016 — FMOVs FMOVd FMOVq — FNEGs FNEGd FNEGq

0116 — FABSs FABSd FABSq — — — —
0216 — — — — — — — —
0316 — — — — — — — —
0416 — — — — — — — —
0516 — FSQRTs FSQRTd FSQRTq — — — —
0616 — — — — — — — —
0716 — — — — — — — —
0816 — FADDs FADDd FADDq — FSUBs FSUBd FSUBq

0916 — FMULs FMULd FMULq — FDIVs FDIVd FDIVq

0A16 — — — — — — — —
0B16 — — — — — — — —
0C16 — — — — — — — —
0D16 — FsMULd — — — — FdMULq —
0E16 — — — — — — — —
0F16 — — — — — — — —
1016 — FsTOx FdTOx FqTOx FxTOs — — —
1116 FxTOd — — — FxTOq — — —
1216 — — — — — — — —
1316 — — — — — — — —
1416 — — — — — — — —
1516 — — — — — — — —
1616 — — — — — — — —
1716 — — — — — — — —
1816 — — — — FiTOs — FdTOs FqTOs

1916 FiTOd FsTOd — FqTOd FiTOq FsTOq FdTOq —
1A16 — FsTOi FdTOi FqTOi — — — —

1B16..3F16 — — — — — — — —
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Table 75: cond[3:0] (V9=36)

BPcc Bicc D FBPfcc FBfcc D Tcc

op = 0
op2 = 1

op = 0
op2 = 2

op = 0
op2 = 5

op = 0
op2 = 6

op = 2
op3 = 3A16

cond
[3:0]

0 BPN BND FBPN FBND TN

1 BPE BED FBPNE FBNED TE

2 BPLE BLED FBPLG FBLGD TLE

3 BPL BLD FBPUL FBULD TL

4 BPLEU BLEUD FBPL FBLD TLEU

5 BPCS BCSD FBPUG FBUGD TCS

6 BPNEG BNEGD FBPG FBGD TNEG

7 BPVS BVSD FBPU FBUD TVS

8 BPA BAD FBPA FBAD TA

9 BPNE BNED FBPE FBED TNE

A BPG BGD FBPUE FBUED TG

B BPGE BGED FBPGE FBGED TGE

C BPGU BGUD FBPUGE FBUGED TGU

D BPCC BCCD FBPLE FBLED TCC

E BPPOS BPOSD FBPULE FBULED TPOS

F BPVC BVCD FBPO FBOD TVC

Table 76: Encoding of rcond[2:0] Instruction Field (V9=37)

BPr MOVr FMOVr

op = 0
op2 = 3

op = 2
op3 = 2F16

op = 2
op3 = 3516

rcond
[2:0]

0 — — —
1 BRZ MOVRZ FMOVRZ

2 BRLEZ MOVRLEZ FMOVRLEZ

3 BRLZ MOVRLZ FMOVRLZ

4 — — —
5 BRNZ MOVRNZ FMOVRNZ

6 BRGZ MOVRGZ FMOVRGZ

7 BRGEZ MOVRGEZ FMOVRGEZ
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Table 77: cc / opf_cc Fields (MOVcc and FMOVcc) (V9=38)

opf_cc Condition Code
Selectedcc2 cc1 cc0

0 0 0 fcc0

0 0 1 fcc1

0 1 0 fcc2

0 1 1 fcc3

1 0 0 icc

1 0 1 —
1 1 0 xcc

1 1 1 —

Table 78: cc Fields (FBPfcc, FCMP and FCMPE) (V9=39)

cc1 cc0 Condition Code
Selected

0 0 fcc0

0 1 fcc1

1 0 fcc2

1 1 fcc3

Table 79: cc Fields (BPcc and Tcc) (V9=40)

cc1 cc0 Condition Code
Selected

0 0 icc

0 1 —
1 0 xcc

1 1 —
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F  MMU Architecture

F.1   Intr oduction

AppendixF, “SPARC-V9 MMU Requirements”in V9, describestheboundaryconditions
thatall SPARC-V9 MMUs mustsatisfy. This versionof theappendixdescribesthearchi-
tectureof HAL’s SPARC64-III memorymanagementunit. It is intendedto provide the
information needed to port the Solaris O/S to the SPARC64-III.

You should read and understandthe conceptsintroducedin Appendix F, “SPARC-V9
MMU Requirements” inV9 before proceeding.

F.1.1   Abbre viations and Acr onyms

The following abbreviations and acronyms are used extensively throughout this appendix.

µITLB
InstructionMicro TranslationLook-asideBuffer. A 32-entryfully-associativeTLB
used to translate virtual instruction addresses to physical instruction addresses.

µDTLB:
DataMicro TranslationLook-asideBuffer. A 32-entryfully-associative TLB used
to translate virtual operand addresses to physical operand addresses.

MTLB:
Main TranslationLook-asideBuffer. A 256entryfully-associative TLB thatholds
the addresstranslationsfor both instruction and operandreferences.MTLB is
accessed onµITLB or µDTLB misses.

VA:
Virtual Address.

PA:
Physical Address.

PTE:
Page Table Entry.

TR:
Translation region. A Portion of the MMU containing the MTLB hardware.

» ¼
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F.2   MMU and TLB Over view

The SPARC64-III MMU comprises:

■ An instruction micro-TLB (µITLB)

■ A data micro-TLB (µDTLB) and

■ A main TLB (MTLB).

TheµTLBs aresmall(32entry),fully associativeTLBs; they performtranslationin paral-
lel with cacheaccess.If anaccesscannotbe translatedby theµTLB, thehardwarerefer-
encestheMTLB. TheMTLB is a relatively large (256entries),fully associative TLB. If
theMTLB containsthePTEfor anaccess,MMU hardwarecopiesit into theappropriate
µTLB. The µTLBs are invisible to software, except for instructionsthat invalidate the
entire µITLB and µDTLB. Both the µITLB and µDTLB shouldbe invalidatedbefore
enablingvirtual addresstranslation.ThesoftwareoperatesontheMTLB andthehardware
takescareof reflectingchangesin µTLBs dueto operationsperformedon theMTLB. The
hardwareensuresthatall entriesin theµTLBs (bothµITLB andµDTLB) arealsopresent
in the MTLB.

This appendix concentrates on MTLB operations.

Figure 80 illustratesthe MMU hardware.The µITLB, µDTLB and D1 Cacheare con-
nectedto the MTLB. Activities related to translationare carried over the interfaces
betweentheµTLBs andtheMTLB. TheMTLB receivesits instructionsvia theD1 Cache
interfaceandsendsbackits responsesto theD1 Cacheinterface.TheD1 Cacheinterface
exists simply to provide a physical path to execute MMU related load and stores.

Figure 80: SPARC64-III MMU Or ganization

The following are the main features of the MMU:

■ Full 64-bit virtual address(VA) support.All virtual addressesarequalifiedby a 12-bit
context. Taken together, thesetwo items make up a completereferenceof “con-
text:VA”.

■ Primary, SecondaryandNucleuscontexts aresupported.A context is representedby a
12-bit number.

µITLB
(32 entries)

Translation

µDTLB
(32 entries)

D1
Cache

MTLB

Translation Instructions and
Responses

(256 entries)
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■ 2 terabytesof physicalmemorymaybeaddressedthroughthesupported41 bit physi-
cal address.SPARC64-III-basedmulti-processorsystemswill bebasedupona shared
main memory.

■ TheMTLB is a unified,256entry, fully associative TLB. It hastranslationentriesfor
both instructionanddataaccesses.Eachentry translatesa page,which may be of 15
different sizes.

■ Software tablewalk is used to update the MTLB with a new PTE on an MTLB miss.

F.3   MTLB Or ganization

The MTLB cachesmappingsof context:VA to PA. It is organizedas a 256 entry fully
associative structure. Comparison is performed as follows:

If the Univer sal (U) bit is not set (= 0) for a pa ge:
Translate context:VA ➛ PA

If the Univer sal (U) bit is set (= 1) for a pa ge:
Translate VA ➛ PA

In simpleterms,theUniversalbit meansthatthetranslationis valid for all contexts in the
system.

TheMTLB supportsvariablesizedpagesandhasa facility to lock entries.Thecontiguous
block of lockableentriesalwaysstartsat entry 0. Entriescanbe locked or unlocked by
privilegedsoftwareonly. Lockedentriesareexcludedfrom thenormalinsertionalgorithm.
Privileged software has the capability of reading,writing or invalidating the MTLB
entries, including the locked entries.

Figure 81 illustrates the MTLB internal organization.

Figure 81: 256 Entry Fully Associative Main TLB (MTLB) Or ganization

context:VA 0

CAM Valid

context:VA 1

context:VA 2

context:VA 255

256
Entries

Entry 0

RAM

Entry 1

Entry 2

Entry 255
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F.3.1   Conte xts

Contexts provide a set of 64-bit address spaces and have the following properties:

■ Contexts are 12-bit values in SPARC64-III; that is, there are 4,096 distinct contexts.

■ Context:VA is the fully qualified virtual address for translation.

■ The MMU supports three context types:

A. Primary Context

B. Secondary Context

C. Nucleus Context

Eachof thecontexts is storedin a register. Only oneof thesecontexts is usedfor a given
translationoperation.A context switch—thatis, awrite into thecontext register—doesnot
causeinvalidationof the MTLB or uTLBs. Whena context numberis reused—thatis,.
whenthe context rolls over from its maximumvalueof 212 to 0—thesoftwaretakesthe
responsibilityof invalidatingtheMTLB. Thehardwareis responsiblefor invalidatingthe
correspondingentryin eithertheµITLB or theµDTLB. Thehardwaremakessurethatall
entriespresentin theµITLB andµDTLB arealsopresentin theMTLB. Thereis nomech-
anismto invalidatetheentireMTLB usinga singleinstruction;if theentireMTLB must
be invalidated,softwareinvalidatesit oneentryat a time. An entry is invalidatedby first
writing a0 into thetlb_dataregisterandthenissuingawrite_data_mtlb_specified_entryor
write_data_mtlb_fifo_counter instruction.

Figure 82 illustrates the MTLB access mechanism.

Figure 82: MTLB Access

F.3.2   Page Table Entr y (PTE) Format

The SPARC64-III processorhardware doesnot assumeany particulardatastructurein
memoryfor the MMU to work correctly. To speedup the TLB miss handler, however,
SPARC64-III doesprovide the hardwarecalculationof pointers.Operatingsystemsoft-
warecaneitherusethe hardwaresupportor ignore it. If systemsoftwareusesthe TLB
miss hardware support, the following data structure should be used in memory:

VA
Conte xt Selection

MTLB

Secondary
Context

Nucleus
Context

Primary
Context

Conte xt

Context VA

Context VA

Context VA

Context VA
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On anMTLB miss,themisstraphandleris invoked.This accessestheTranslationMem-
ory Buffer (TMB), which is resident in memory.

■ TMB is organizedasadirectmappedcache.Theindex consistsof thelowerbitsof the
miss VA. The tag consists of the remaining upper bits of the miss VA.

■ The TMB contains between 512 and 64K Page Table Entries (PTEs).

■ The TMB can have a mixture of 8Kb and 64Kb pages,or it can be split into 8Kb
(lower half) and 64Kb (upper half) pages. A split TMB is more efficient.

■ Accesses to the TMB are optimized for 8Kb and 64Kb page sizes.

■ EachPTEis 16 byteslong.These16 bytescanbeaccessedatomicallyusingthequad
load (LDDA) instruction.

■ If aPTEis not foundin theTMB, aslow, but detailed,traphandleris invoked.Thereis
no restriction for the data structure accessed by the slow handler.

F.3.2.1   PTE Format (within TMB)

Figure83 illustratesthePageTableEntry (PTE)asit is storedin theTMB. Thefollowing
subsections describe each PTE field in detail.

Figure 83: PTE Format Within the TMB

V
V=1 indicatesthatthePTEis valid. Thisbit is presentin bothTAG andDATA por-
tions of the PTE to speed up the TLB miss handler.

U
Universalbit. If U=1, thecontext is ignored;that is, this associatedVA is valid for
all contexts, and is thus,universal.The U bit is presentin both TAG andDATA
portions of the PTE to speed up the TLB miss handler.

CONTEXT<11:0>
Context number.

VA<63:22>
Tag portion of the VA. Thesebits of the VA areusedto determineif an address
matches the TMB entry.

TAG

DATA

6 59101211404648 414749525456 53556263 0

V — — U SIZE IESO — PA<40:12>
N
F
O

C
H — PROT

4248 41475960626163 0

—V U CONTEXT<11:0> — VA<63:22>
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SIZE<3:0>
Encodes the page size associated with this PTE, as specified inTable 80.

IE
Invert Endianness.IE=1 meansthat the endiannessof dataaccessedthroughthis
PTE is to be inverted. This does not imply that the associated data is little-endian.

SO
Strongly ordered.SO=1 meansthat the accessesthroughthis PTE are strongly
ordered.

PA<40:12>
Physical Address.

NFO
Non-Faulting-Onlybit, usedfor loads.If NFO=1,protectionviolationsdonotgen-
erateexceptions.Theonly sideeffect they have is thatthey causethedatareturned
to be zero.

CH
Cacheable.WhenCH=1, the informationat the associatedaddressis cacheable;
whenCH=0,it is notcacheable.SincetheSPARC64-III followstheSunMicrosys-
tems’ UPA protocol,when CH=0, not only are the accessesnon cacheable,but
they mustalsocomefrom theI/O space.In otherwords,it is notpossibleto access
information from memory when CH=0.

Table 80: Page Size Encoding in PTE.SIZE

SIZE Page Size Page Size (2n)

00002 4Kb 212

00012 8Kb 213

00102 16 Kb 214

00112 32 Kb 215

01002 64 Kb 216

01012 128 Kb 217

01102 256 Kb 218

01112 512 Kb 219

10002 1 Mb 220

10012 4 Mb 222

10102 16 Mb 224

10112 64 Mb 226

11002 256 Mb 228

11012 1 Gb 230

11102 4 Gb 232

11112 4 Gb 232
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PROT<5:0>
Protectionbits. The tablebelow shows thebit definition.Whena protectionbit is
zero,theaccessis denied.Whena protectionbit is set(=1), theassociatedaccess
is allowed.Table 81 enumerates the encodings for the PTE.PROT field.

All fields marked with a ‘—’ arereserved. The software should write zero to these fields.

F.3.3   Translation Lookaside Buff er (TLB) Entr y Format (within MTLB)

Figure 84 illustrates the TLB entry format.

Figure 84: TLB Entry F ormat

The TranslationLookasideBuffer Entry hasalmostexactly the sameformat asthe Page
TableEntry. Becauseof this, the TLB Entry fields arenot documentedhere;refer to the
PTE fields above for their definitions.

All fields marked with a ‘—’ arereserved.They arereadaszeroandwrites to themare
ignored.

This format is used in the following instruction:

■ Write Instruction Main TLB Into Specified Entry (ASI=33, W)

■ Write Instruction Main TLB Into FIFO Entry (ASI=34, W)

■ Write Data Main TLB Into Specified Entry (ASI=35, W)

■ Write Data Main TLB Into FIFO Entry (ASI=36, W)

■ Read Main TLB Context and VA X (ASI=37, R)

Table 81: PTE.PROT Field Encoding

PROT Meaning

Bit 5 Supervisor Read Permission

Bit 4 Supervisor Write Permission

Bit 3 Supervisor Execute Permission

Bit 2 User Read Permission

Bit 1 User Write Permission

Bit 0 User Execute Permission

DATA

6 59101211404648 414749525456 53556263 0

V — — U SIZE IESO — PA<40:12>
N
F
O

C
H — PROT

52 5163 0

VA<63:12>CONTEXT<11:0>

TAG
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■ Read Main TLB Context and VA Y (ASI=41, R)

F.4   MMU Register s

The tablebelow lists the MMU-relatedregistersaccessedusingspecialASIs. A write to
theseregistersshouldtake placeusingappropriatememorybarriersor usingsyncingor
serializing instructions.

F.5   MMU Instructions

The table below lists the instructionsassociatedwith MMU processing.STXA/STDFA
mustbeusedto sendtheseinstructionsto MMU andLDXA/LDDFA mustbeusedto read

Table 82: MMU Registers

Register Name ASI/
asr

Addr
hex

VA
hex Function

primary_context ASI 40(r/w) 10 12-bit primary context register

secondary_context ASI 40(r/w) 20 12-bit secondary context register.

nucleus_context ASI 40(r/w) 30 12-bit nucleus context register.

inst_tmb_base ASI 3F(r/w) 30 Base address (VA) of the instruction TMB

data_tmb_base ASI 3F(r/w) 40 Base address (VA) of the data TMB

inst_tlb_match_data ASI 3F(r/w) 10 Instruction context:va for an MTLB miss

data_tlb_match_data ASI 3F(r/w) 20 Data context:va for an MTLB miss

tlb_lock_entries ASI 40(r/w) 50 Entries 0 to (tlb_lock_entries - 1) are locked

tlb_fifo_counter ASI 40(r/w) 60 MTLB entry number to be written into.

inst_tmb_tag ASI 39(r) 0 inst_tlb_match_data reformatted for comparison

data_tmb_tag ASI 3A(r) 0 data_tlb_match_data reformatted for comparison

inst_8KB_tmb_pointer ASI 3B(r) 0 inst TMB pointer (VA) for 8KB page size

data_8KB_tmb_pointer ASI 3D(r) 0 data TMB pointer (VA) for 8KB page size

inst_64KB_tmb_pointer ASI 3C(r) 0 inst TMB pointer (VA) for 64KB page size

data_64KB_tmb_pointer ASI 3E(r) 0 data TMB pointer (VA) for 64KB page size

asi_scratch_reg ASI 44 (r/w) 5:3 8 Scratch registers for software use. address [5:3]
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the informationfrom the MMU. Careshouldbe taken that appropriatememorybarriers
are inserted or instructions are syncing or serializing when these instructions are issued.

Table 83: MMU Instructions

Instruction
Addr
ASI

(hex)

VA
(hex) Description

match_and_invalidate_tlb_entry 30(w) 0 Match thecontext:VA with all entriesof theMTLB
andinvalidatethematchedentry. This includesboth
lockedandunlockedentries.All matchedentriesare
invalidated.The context:VA againstwhich matchis
to be performedis sentas the dataportion of the
instruction.

invalidate_udtlb 31(w) 0 Invalidatesall entriesof the µDTLB. Data is unde-
fined.

invalidate_uitlb 32(w) 0 Invalidatesall entriesof the µITLB. Data is unde-
fined.

write_instr_mtlb_specified_entry 33(w) 11:4 Contentsof instr_tlb_match_dataregister and data
specified in the instruction are written into the
MTLB entry specified in the VA[11:4].

write_instr_mtlb_fifo_counter 34(w) 0 Contentsof instr_tlb_match_dataregister and data
specified in the instruction are written into the
MTLB entry specifiedin the tlb_fifo_counterregis-
ter.

write_data_mtlb_specified_entry35(w) 11:4 Contentsof data_tlb_match_dataregister and data
specified in the instruction are written into the
MTLB entry specified in the VA[11:4].

write_data_mtlb_fifo_counter 36(w) 0 Contentsof data_tlb_match_dataregister and data
specified in the instruction are written into the
MTLB entry specifiedin the tlb_fifo_counterregis-
ter.

read_mtlb_context_va_x 37(r) 11:4 Thex-field of thecontext:vapartof theMTLB entry
specified in the VA[11:4] is read.a

a. The information about context:va is stored in the MTLB in a format different than the
one specified by the programmer. This is transparent to the software except when read-
ing the contents of the context:va portion of an entry. Each bit of context:va is encoded
by 2 bits as follows:

read_mtlb_context_va_y 41(r) 11:4 For diagnosticsonly. Readthey-field of theMTLB
CAM entry specified in the VA[11:4].

read_mtlb_pa_attributes 38(r) 11:4 ThePA andattributespartof theMTLB entryspeci-
fied in the VA[11:4] is read.

Table 84: x and y fields of CAM

x field y field Value to be stored in

0 1 0

1 0 1

0 0 Don’t-care (matches or 1)

1 1 Neither 0 nor 1 (testing only)
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Example:For 8KB page,we needcontext[11:0] andVA[40:13], but the context:va field
holdscontext[11:0] andVA[40:12]; VA[12] is a don’t care.Thedon’t carestateis repre-
sented by setting bits in both x and y fields to be 0.

F.6   MMU Exceptions

Table 85 lists the MMU exceptions:

F.7   Disab le Main and Micr o TLB Function

F.7.1   Disab le TLB Bits in SCR (ASR31)

The following Disable TLB bits are defined in SCR.

Bit 29: Disable Main Instruction TLB (D_MITLB)

Bit 27: Disable Micro Instruction TLB (D_UITLB)

Bit 30: Disable Main Data TLB (D_MDTLB)

Bit 28: Disable Micro Data TLB (D_UDTLB)

Thetablebelow describesthemodeswhich arespecifiedby thebit. (Thetableis common
to the D_MITLB and D_UITLB bit pair and the D_MDTLB andD_UDTLB bit pair.)

Table 85: MMU Exceptions

Exception Mnemonic Trap Type Description

32i_data_access_mmu_miss 0x68-0x6B PTE is not cached in the MMU.

32i_instruction_access_mmu_miss 0x64-0x67 PTE is not cached in the MMU.

fast_data_access_protection 0x6C-0x6F Access rights violation. It includes write to clean page

data_access_exception 0x30 ASR 29 specifies the cause of exception.

instruction_access_exception 0x08 PTE cached in MMU. Execute permission is denied.

data_access_error 0x32 DataFault AccessTypeRegister(ASR 29) specifiesthe
cause of error.

instruction_access_error 0x0A InstructionFault Type Register (ASR 24) specifiesthe
cause of error.

D_MTLB D_UTLB Function

0 0 Translation is on, Micro TLB is enabled.

0 1 Translation is on, Micro TLB is disabled.
(For bringup use only)

1 0 Translation is off, Micro TLB is enabled.
(For bringup use only)

1 1 Translation is off, Micro TLB is disabled.
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The pattern“01” and “10” in the above tableshouldnot be usedin normaloperations.
They areprovidedonly for bringupjust in casewhereMain/Micro TLB’s have problems
in hardware.

F.7.2   Translation Off Mode

When the translation is off, the following things are done by the hardware.

■ VA[40:0] is passedto PA[40:0], and VA[63:41] and CONTEXT valuesare disre-
garded.

■ Memory accesses by instruction fetch and data load/store behave as follows:

CH (Cacheable) = ‘0’

SO (Strong Order) = ‘1’

IE (Invert Endianness) = ‘0’

NFO (Nonfaulting Only) = ‘0’

PROT (SR/SW/SX/UR/UW/UX) = ‘111111’

in the page table entry.

F.7.3   Notes

The micro TLB’s are invisible from the software.

WhenD_MITLB valueis goingto bechanged,thehardwareinvalidatesall of instructions
from I0-Cache and Instruction-Buffer.

On the entry of RED_state,D_MITLB, D_UITLB, D_MDTLB, andD_UDTLB bits in
SCR are set to “1” by the hardware.

In RED_state,regardlessof D_MITLB, D_UITLB valuesin SCR,the hardwarebehaves
asif thesebits are“1”. Thereforethesoftwarecan’t turn on thetranslationfor instruction
fetch in RED_state by any means.

It’s the software’s responsibilityof resettingD_MITLB, D_UITLB, D_MDTLB, and
D_UDTLB bits in SCRon the exit of or during RED_stateif the translationneedsto be
turned on again.

Any operationsotherthantranslationsby instructionfetchanddataaccessarenotdisabled
by Main/Micro TLB disablebits.For example,Main TLB write operationsor Micro TLB
invalidationoperationsby STXA/STDFA arestill operationalwhenMain or Micro TLB
are disabled.

F.8   Loc king Entries

A mechanism(illustratedin Figure85) hasbeenprovided to lock a setof entriesin the
MTLB. Whenthe tlb_lock_entries_reg is programmedwith a valuei (0<= i <= 255),0 to
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(i-1) entriesare locked. If tlb_lock_entries_reg is 0, no entry is locked. Note that there
should be at least one entry that remains unlocked.

The tlb_fifo_counter_reg that takescareof the MTLB entry replacementshouldbe pro-
grammedsuchthat it doesnot matchan entry that hasbeenlocked. When entriesare
replacedthe tlb_fifo_counter_reg is incrementedtill it reachesthe max_tlb_entry_count
(255 in this case).For the next replacement,the tlb_fifo_counter_reg acquiresthe value
programmed intlb_lock_entries_reg.

Figure 85: Locking Entries

0
1
2

254
255

tlb_lock_entries_reg

tlb_fifo_counter_reg

LOCKED ENTRIES

Replaceable Entries
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F.9   Data MTLB Miss

This sectiongivesanoverview of theDataMTLB Miss operation.ThedataMTLB miss
causesthe 32i_data_access_mmu_missexception.The trap handlerconsistsof the steps
shown in Figure 86:

Figure 86: Data MMU Miss Trap Handler

We assumein the above examplethat we areoperatingin trap level 0 andhave enough
ASR/ASI scratch registers available so that a save and restore of registers is not required.

The first step is to load the TMB pointer into an integer register using an MMU ASI
instruction.Thepointergivesa16-bytealignedvirtual address.For adirectmappedTMB,
if the desiredPTE is residentin the TMB, it is presentin the 16-bytememoryspace
pointedto by this tmb_pointer. Dependingon whetherthepagesizeis 8KB or 64KB, this
pointer is referredto asdata_8KB_tmb_pointeror data_64KB_tmb_pointerrespectively
in this document.

Load the TMB Pointer

Load the

load the PTE from memory
using the TMB pointer

tag for miss ctx:va

from MMU

from MMU

TAG
MATCH?

Insert the PTE

FLUSH

RETRY

Execute the slow handler

NO

YES
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Formation of the TMB P ointer

Whentheprocessorentersthe32i_data_mmu_access_misstraphandler, theMMU hard-
warestoresthecontext andthevirtual operandaddressthatcausedtheMMU missin the
data_tlb_match_dataregister. Softwarehasalreadyinitialized thedata_tmb_baseregister
beforethe first MMU missis detected.The data_tmb_baseregistercontainsinformation
aboutthe baseaddressof the TMB (BASE[63:13]), size (N, whereN = 0,1..,7)of the
TMB and whether it is split or not. The pointer is formed as follows:

If (split == 0)

● data_8KB_tmb_pointer = BASE[63:13+N] [] VA[21+N:13][]0000

● data_64KB_tmb_pointer = BASE[63:13+N][] VA[24+N:16][]0000

If (split == 1)

● data_8KB_tmb_pointer = BASE[63:14+N][] 0 [] VA[21+N:13][]0000

● data_64KB_tmb_pointer = BASE[63:14+N][] 1 [] VA[24+N:16][]0000

The secondstepis to load the tag associatedwith the miss VA into an integer register
using the MMU ASI instruction to read the data_tmb_tag register.

In the third step,the TMB pointer is usedto fetch 16-byte information from memory
atomically. Thefirst 8 bytesprovide theTAG of theVA andthenext 8 bytesthephysical
address and attributes associated with the VA.

Thenext stepis to comparethetagof themissVA with theoneloadedfrom memory. The
figure below illustratesthe formatsof the data_tmb_tagregisterandthe tag loadedfrom
memory. The valid bit for the data_tmb_tag_register is always a ‘1’. To ensurea tag
match:

■ Thevalid bit of theTAG readfrom memoryshouldbea ‘1’; thatis, thePTEshouldbe
valid.

■ The U-bit of the TAG readfrom memoryshouldbe a ‘0’; that is, the matchis per-
formedagainstboth context andVA. This is requiredaswe do not know whetheror
not the pagehasthe U-bit set when we got a data_MMU_miss exception.Sincethe
U-bit is not set more often than it is set, the TLB handler is optimized for U=0 case.

■ Context and VA should match.
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Table 86: Tag Comparison

If theTAG matchesthePTEis insertedin theMTLB usingthewrite_data_mtlb_specified
entry or write_data_mtlb_fifo_counterinstruction.In the former instruction,the entry to
be written into is specifiedin the instructionitself. In the latter instruction,fifo counter
valueis usedto insertthePTE.Thefifo counteris incrementedafterinsertion.TheMTLB
entriesarereplacedin FIFOfashion.Therefore,thereis noneedfor softwareto keeptrack
of the replacement policy.

It shouldbe notedthat the missVA is alsopresentin the ASR28andcontext numberin
ASR29.To assistthe software in tablewalk, 4 ASR and8 ASI registershave beenpro-
vided.

F.10   Instruction MTLB Miss

The descriptionfor handlingthe instructionMTLB miss is similar to the one for data
MTLB miss except that:

1. The word “data” is replaced by “instruction” for instruction and register names.

2. MissVA canbereadout from theTPC.Theprogramwasexecutingin primarycontext
if the trap level is 0 (TL = 0) andin nucleuscontext if the trap level is greaterthan0
(TL > 0). The context numbercanbe readusing the read_primary_context_register
instructionif theprogramwasexecutingwith TL=0 or read_nucleus_context_register
instruction if the program was executing with TL>0.

F.11   Programming Notes

Thesoftwareshouldnot alterthePrimaryContext RegisterwhentheinstructionMTLB is
enabledandthetraplevel is “0”. In otherwords,thesoftwareshouldnot alterthePrimary
Context Registerwhentheregisteris beingusedto fetchinstructions.If it is alteredin this
condition, an unpredictable result is produced.

0414247485960616263

VA[63:22]0CONTEXT[11:0]00V

data_tmb_tag_register

0414247485960616263

VA[63:22]0CONTEXT[11:0]0UV

TAG
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ThesoftwareshouldnotaltertheNucleusContext RegisterwhentheinstructionMTLB is
enabledand the trap level is not “0”. In other words, the software shouldnot alter the
NucleusContext Register when the register is being usedto fetch instructions.If it is
altered in this condition, an unpredictable result is produced.

When the software is writing a context register using the following instructions,
STXA ASI=40 VA=0x10 (Write Primary Context Register)
STXA ASI=40 VA=0x20 (Write Secondary Context Register)
STXA ASI=40 VA=0x30 (Write Nucleus Context Register)

each has to be followed by

A pair of TN and DONE instructions,  OR
A pair of TN and RETRY instructions, OR
FLUSH instruction,  OR
MEMBAR#Sync instruction, OR
WR %ASR31<1> = 1 (Invalidate I0)

(<- normally not recommended due to performance reason.)

to maketheeffectsvisible to thefollowing instructionfetch,andhasto befollowedby TN
instructionor any othersyncinginstructionto make the effectsvisible to the following
data access.

Whenthesoftwareis writing a new MTLB entry into MTLB usingthefollowing instruc-
tions:

STXA ASI=33 (Write Instruction Main TLB Into Specified Entry)
STXA ASI=34 (Write Instruction Main TLB Into FIFO Entry)
STXA ASI=35 (Write Data Main TLB Into Specified Entry)
STXA ASI=36 (Write Data Main TLB Into FIFO Entry)

each has to be followed by:
A pair of TN and DONE instructions,  OR
A pair of TN and RETRY instructions, OR
FLUSH instruction,  OR
MEMBAR#Sync instruction,  OR
WR %ASR31<1> = 1 (Invalidate I0)

(<- normally not recommended due to performance reason.)

to make theeffectsvisible to the following instructionfetch,andhasto be followedby a
TN instructionor any othersyncinginstructionto make theeffectsvisible to thefollowing
data access.

When the software is invalidating or modifying a MTLB entry which alreadyexists in
MTLB using the following instructions,

    STXA ASI=30 (Match And Invalidate TLB Entry)

    STXA ASI=33 (Write Instruction Main TLB Into Specified Entry)

    STXA ASI=34 (Write Instruction Main TLB Into FIFO Entry)

    STXA ASI=35 (Write Data Main TLB Into Specified Entry)

    STXA ASI=36 (Write Data Main TLB Into FIFO Entry)

the software should do the following steps.
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    1) Invalidate or modify TMB in the memory

    2) Invalidate or modify MTLB

    3) WRASR %31 with bit-1 = 1 (Invalidate I0)

to make the effects visible to the following instruction fetch and data access.

F.12 MMU Reference

F.12.1 ASI MMU Register s

F.12.1.1 PRIMARY_CONTEXT Register
Address ASI = 4016, VA = 1016
Access Modes:Supervisor read/write.
Function: CONTEXT[11:0].
Data Format: Reserved bits ignored on write, read as ‘0’.

F.12.1.2 SECONDARY_CONTEXT Register
Address: ASI = 4016, VA = 2016
Access Modes:Supervisor read/write.
Function: CONTEXT[11:0].
Data Format: Reserved bits ignored on write, read as ‘0’.

F.12.1.3 NUCLEUS_CONTEXT Register
Address: ASI = 4016, VA = 3016
Access Modes:Supervisor read/write.
Function: CONTEXT[11:0].
Data Format: Reserved bits ignored on write, read as ‘0’..

CONTEXT

0111263

Reserved

CONTEXT

0111263

Reserved

CONTEXT

0111263

Reserved
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F.12.1.4   INST_TMB_BASE Register
Address: ASI = 3F16, VA = 3016
Access Modes:Supervisor read/write.
Function: Containsinformation about an instruction TranslationMemory Buffer

(TMB) entry.
Data Format: Reservedbits ignoredonwrite, readas‘0’. If SPLIT= 1, thelowerhalf of

the TMB is 8K pages,and the upper half is 64K pages.TMB_BASE
points to the base of the TMB structure in memory..

F.12.1.5   DATA_TMB_BASE Register
Address ASI = 3F16, VA = 4016
Access Modes:Supervisor read/write.
Function: Contains information about a data TMB entry.
Data Format: Reservedbits ignoredonwrite, readas‘0’. If SPLIT= 1, thelowerhalf of

the TMB is 8K pages,and the upper half is 64K pages.TMB_BASE
points to the base of the TMB structure in memory.

SIZE # of TMB Entries

000 512

001 1024

010 2K

011 4K

100 8K

101 16K

110 32K

111 64K

Table 87: TMB Sizes

063 13 12 2311

SIZERESERVEDSPLITTMB_BASE

063 13 12 2311

SIZERESERVEDSPLITTMB_BASE



F.12.1  ASI MMU Registers 385

F.12.1.6   INST_TLB_MATCH_DATA Register
Address: ASI = 3F16, VA = 1016
Access Modes:Supervisorread/write.Also loadedby hardwarewhena trap for instruc-

tion MTLB miss is taken
Function: Data used for matching an entry in the TLB.
Data Format:

F.12.1.7   DATA_TLB_MATCH_DATA Register
Address: ASI = 3F16, VA = 2016
Access Modes:Supervisorread/write.Also loadedby hardware when a trap for data

MTLB miss is taken.
Function: Data used for matching an entry in the TLB.
Data Format:

F.12.1.8   TLB_LOCK_ENTRIES Register
Address: ASI = 4016, VA = 5016
Access Modes:Supervisor read/write
Function: Numberof TLB entriesto lock.(e.g.‘8’ meansentries0-7 are“locked”).

This register is initialized by hardware to the value of 0xFF. Seealso
TLB_FIFO_COUNTER_REG below.

Data Format: Reserved bits ignored on write, read as ‘0’.

Table 88: TMB Sizes

SIZE # of TMB ENTRIES

000 512

001 1024

010 2K

011 4K

100 8K

101 16K

110 32K

111 64K

063 52 51

CONTEXT[11:0] VA[63:12]

063 52 51

CONTEXT[11:0] VA[63:12]

063

Reserved

78

Number_of_entries
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F.12.1.9   TLB_FIFO_COUNTER Register
Address: ASI = 4016, VA = 6016
Access Modes:Supervisor read/write
Function: This registeris initialized to 0xff by hardware.It incrementsby onewhen

theWRITE_TLB_ENTR Y registeris written to with theV bit setto 1,
exceptwhenwrappingfrom 0xff. Insteadof wrappingto 0x0, it loadsthe
value from the TLB_LOCK_ENTRIESRegister. Softwareshouldmake
sure that this TLB_FIFO_COUNTER Register is greater than the
TLB_LOCK_ENTRIES Register when changing the
TLB_LOCK_ENTRIES value.

Data Format: Reserved bits ignored on write, read as ‘0’.

F.12.1.10   INST_TMB_TAG Register (Not A Real Register)
Address: ASI = 3916, VA = 0
Access Modes:Supervisor read
Function: Used to assist in indexing instruction TMB.
Data Format:

F.12.1.11   DATA_TMB_TAG Register (Not A Real Register)
Address: ASI = 3A16, VA = 0
Access Modes:Supervisor read
Function: Used to assist in indexing data TMB.
Data Format:

063

Reserved

78

TLB Address

063 59 48 4142476062

VALID 0 CONTEXT VATAG0

063 59 48 4142476062

VALID 0 CONTEXT VATAG0
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F.12.1.12   INST_8KB_TMB_POINTER Register (Not A Real Register)
Address: ASI = 3B16, VA = 0
Access Modes:Supervisor read
Function: Pointer to the entry in TMB that may contain the translationfor 8KB

pages for an instruction MTLB miss.
Data Format:

F.12.1.13   DATA_8KB_TMB_POINTER Register (Not A Real Register)
Address: ASI = 3D16, VA=0
Access Modes:Supervisor read
Function: Pointer to the entry in TMB that may contain the translationfor 8KB

pages for a data MTLB miss.
Data Format:

F.12.1.14   INST_64KB_TMB_POINTER Register (Not A Real Register)
Address: ASI = 3C16, VA = 0
Access Modes:Supervisor read
Function: Pointerto the entry in TMB that may containthe translationfor 64KB

pages for an instruction MTLB miss.
Data Format: Reserved bits ignored on write, read as ‘0’.

F.12.1.15   DATA_64KB_TMB_POINTER Register (Not A Real Register)
Address: ASI = 3E16, VA = 0
Access Modes:Supervisor read
Function: Pointerto the entry in TMB that may containthe translationfor 64KB

pages for a data MTLB miss.
Data Format:

063

VA

063

VA

063

VA

063

VA
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F.12.1.16   ASI Scratc h Register s 0-7
Address: ASI = 4416, VA[5:3] = ASI ScratchRegisterNumber(0-7).OtherVA bits

have to be zero.
Access Modes:Supervisor read/write
Function: Scratch registers.
Data Format:

F.12.2   ASI MMU Instructions

Theseinstructionsaremappedinto the ASI_MMU addressspace.They areexecutedfor
their “side-effects” rather than loading/storing a specific register in the TR.

F.12.2.1   MATCH_AND_INVALIDATE_TLB_ENTRY Instruction
Address: ASI = 3016, VA = 0
Access Modes:Supervisor write only.
Function: Match the context:va with all the entriesof MTLB and invalidate the

matchedentries.This includesboth lockedandunlockedentries.If more
than one entries match, it is a hardware or software bug.

Data Format:

F.12.2.2   INVALIDATE_UDTLB Instruction
Address: ASI = 3116, VA = 0
Access Modes:Supervisor write only.
Function: Invalidate all the data micro TLB entries.
Data Format:

063

DATA

063

VA[63:12]

5152

Context[11:0]

063

undefined
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F.12.2.3   INVALIDATE_UITLB Instruction
Address: ASI = 3216, VA = 0
Access Modes:Supervisor write only.
Function: Invalidate all the instruction micro TLB entries.
Data Format:

F.12.2.4   WRITE_INSTR_MTLB_SPECIFIED_ENTRY Instruction
Address: ASI = 3316, VA = [11:4]
Access Modes:Supervisor write only.
Function: Inserts the TLB entry specified in the VA[11:4]. Contents of the

instr_tlb_match_dataregisterspecifythecontext:va.Thedatafield of the
instruction specifies the PA and attributes associated with it.

Data Format:

F.12.2.5   WRITE_INSTR_MTLB_FIFO_COUNTER Instruction
Address: ASI = 3416, VA = 0
Access Modes:Supervisor write only.
Function: Insertsthe TLB entry specifiedin the fifo_counter_register. Contentsof

theinstr_tlb_match_dataregisterspecifythecontext:va.Thedatafield of
the instruction specifies the PA and attributes associated with it.

Data Format:

F.12.2.6   WRITE_DATA_MTLB_SPECIFIED_ENTRY Instruction
Address: ASI = 3516, VA = [11:4]
Access Modes:Supervisor write only.
Function: Inserts the TLB entry specified in the VA[11:4]. Contents of the

data_tlb_match_dataregisterspecifythecontext:va. Thedatafield of the
instruction specifies the PA and attributes associated with it.

Data Format:

063

undefined

063

see TLB entry format

063

see TLB entry format

063

see TLB entry format
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F.12.2.7   WRITE_DATA_MTLB_FIFO_COUNTER Instruction
Address: ASI = 3616, VA = 0
Access Modes:Supervisor write only.
Function: Insertsthe TLB entry specifiedin the fifo_counter_register. Contentsof

thedata_tlb_match_dataregisterspecifythecontext:va. Thedatafield of
the instruction specifies the PA and attributes associated with it.

Data Format:

F.12.2.8   READ_MTLB_CONTEXT_VA_X Instruction
Address: ASI = 3716, VA = [11:4]
Access Modes:Supervisor read only.
Function: Readthex-field of thecontext:va portionof theMTLB entryspecifiedin

the VA[11:4].
Data Format:

F.12.2.9   READ_MTLB_CONTEXT_VA_Y Instruction
Address: ASI = 4116, VA = [11:4]
Access Modes:Supervisor read only.
Function: Readthey-field of thecontext:va portionof theMTLB entryspecifiedin

the VA[11:4].
Data Format:

063

see TLB entry format

063

VA[63:12]

5152

Context[11:0]

063

VA[63:12]

5152

Context[11:0]
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F.12.2.10   READ_MTLB_PA_ATRIBUTES Instruction
Address: ASI = 3816, VA = [11:4]
Access Modes:Supervisor read only.
Function: Read the PA and attributes of the MTLB entry specified in the VA[11:4].
Data Format:

04147485763

PROT[5:0]CHNFOPA[40:12]SOIESIZE[3:0]URPRTYCPRTY

5691011124649525354 40

DATA

———

56 55

V1 V0

62 61 58

V1: valid bit in Main TLB
V0: valid bit copy in Main TLB
CPRTY[3]: odd parity bit for CONTEXT_X[11:0] and VA_X[63:44] in Main TLB
CPRTY[2]: odd parity bit for VA_X[43:12] in Main TLB
CPRTY[1]: odd parity bit for CONTEXT_Y[11:0] and VA_Y[63:44] in Main TLB
CPRTY[0]: odd parity bit for VA_Y[43:12] in Main TLB
RPRTY[1]: odd parity bit for RSV[1:0], U, SIZE[3:0], IE, SO, PA[40:36] in Main TLB
RPRTY[0]: odd parity bit for PA[35:12], NFO, CH, PROT[5:0] in Main TLB
Other fields: see TLB entry format
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G  Assemb ly Langua ge Syntax

This appendixsupportsAppendixA, “Instruction Definitions”. Eachinstructiondescrip-
tion in AppendixA includesa tablethat describesthe suggestedassemblylanguagefor-
mat for that instruction.This appendixdescribesthe notation usedin thoseassembly
languagesyntax descriptionsand lists some synthetic instructions provided by the
SPARC64-III assembler for the convenience of assembly language programmers.

G.1   Notation Used

The notations defined here are also used in the syntax descriptions inAppendixA.

Itemsin typewriter font areliterals to be written exactly asthey appear. Itemsin
italic fontaremetasymbolsthatareto bereplacedby numericor symbolicvaluesin actual
SPARC64-III assemblylanguagecode.For example,“ imm_asi” would be replacedby a
numberin therange0 to 255(thevalueof theimm_asibits in thebinaryinstruction),or by
a symbol bound to such a number.

Subscriptson metasymbolsfurther identify theplacementof theoperandin thegenerated
binary instruction.For example,regrs2 is a reg (registername)whosebinaryvaluewill be
placed in thers2 field of the resulting instruction.

G.1.1   Register Names

reg :
A reg is an integer register name. It may have any of the following values:1

%r0 ..%r31

%g0..%g7 (global registers; same as%r0 ..%r7)
%o0..%o7 (out      registers; same as%r8 ..%r15)
%l0 ..%l7 (local   registers; same as%r16 ..%r23)
%i0 ..%i7 (in        registers; same as%r24 ..%r31)
%fp (frame pointer; conventionally same as%i6 )
%sp (stack pointer; conventionally same as%o6)

1. In actual usage, the%sp, %fp, %gn, %on, %ln, and%in forms are preferred over%rn.
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Subscriptsidentify theplacementof theoperandin thebinaryinstructionasoneof
the following:

regrs1 (rs1 field)
regrs2 (rs2 field)
regrd (rd field)

freg :
An freg is a floating-point register name. It may have the following values:

%f0, %f1, %f2 .. %f63 See5.1.4, “Floating-point Registers”

Subscriptsfurtheridentify theplacementof theoperandin thebinaryinstructionas
one of the following:

fregrs1 (rs1field)
fregrs2 (rs2 field)
fregrs3 (rs3 field)
fregrd (rd field)

asr_reg :
An asr_reg is anAncillary StateRegistername.It mayhave oneof the following
values:

%asr16 ..%asr31

Subscriptsfurtheridentify theplacementof theoperandin thebinaryinstructionas
one of the following:

asr_regrs1 (rs1 field)
asr_regrd (rd field)

i_or_x_cc :
An i_or_x_ccspecifiesa setof integerconditioncodes, thosebasedon eitherthe
32-bit resultof anoperation(icc ) or on the full 64-bit result(xcc ). It mayhave
either of the following values:

%icc

%xcc

fccn :
An fccnspecifiesasetof floating-pointconditioncodes.It mayhaveany of thefol-
lowing values:

%fcc0

%fcc1

%fcc2

%fcc3

G.1.2   Special Symbol Names

Certainspecialsymbolsappearin thesyntaxtablein typewriter font . They mustbe
written exactly as they are shown, including the leading percent sign (%).

The symbol names and the registers or operators to which they refer are as follows:
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%asi Address Space Identifier register
%canrestore Restorable Windows register
%cansave Savable Windows register
%cleanwin Clean Windows register
%cwp Current Window Pointer register
%fsr Floating-point State Register
%otherwin Other Windows register
%pc Program Counter register
%pil Processor Interrupt Level register
%pstate Processor State register
%tba Trap Base Address register
%tick Tick (cycle count) register
%tl Trap Level register
%tnpc Trap Next Program Counter register
%tpc Trap Program Counter register
%tstate Trap State register
%tt Trap Type register
%ccr Condition Codes Register
%fprs Floating-point Registers State register
%ver Version register
%wstate Window State register
%y Y register

The following special symbol namesare unary operatorsthat perform the functions
described:

%uhi Extracts bits 63..42 (high 22 bits of upper word) of its operand
%ulo Extractsbits 41..32 (low-order 10 bits of upperword) of its

operand
%hi Extractsbits 31..10 (high-order22 bits of low-orderword) of

its operand
%lo Extracts bits 9..0 (low-order 10 bits) of its operand

Certainpredefinedvaluenamesappearin thesyntaxtablein typewriter font . They
must be written exactly as they are shown, including the leading sharp sign (#).

The value names and the values to which they refer are as follows:
#n_reads 0 (for PREFETCH instruction)
#one_read 1 (for PREFETCH instruction)
#n_writes 2 (for PREFETCH instruction)
#one_write 3 (for PREFETCH instruction)
#page 4 (for PREFETCH instruction)
#Sync 4016 (for MEMBAR instructioncmask field)
#MemIssue 2016 (for MEMBAR instructioncmask field)
#Lookaside 1016 (for MEMBAR instructioncmask field)
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#StoreStore 0816 (for MEMBAR instructionmmask field)
#LoadStore 0416 (for MEMBAR instructionmmask field)
#StoreLoad 0216 (for MEMBAR instructionmmask field)
#LoadLoad 0116 (for MEMBAR instructionmmask field)
#ASI_AIUP 1016 ASI_AS_IF_USER_PRIMARY
#ASI_AIUS 1116 ASI_AS_IF_USER_SECONDARY
#ASI_AIUP_L 1816 ASI_AS_IF_USER_PRIMARY_LITTLE
#ASI_AIUS_L 1916 ASI_AS_IF_USER_SECONDARY_LITTLE
#ASI_P 8016 ASI_PRIMARY
#ASI_S 8116 ASI_SECONDARY
#ASI_PNF 8216 ASI_PRIMARY_NOFAULT
#ASI_SNF 8316 ASI_SECONDARY_NOFAULT
#ASI_P_L 8816 ASI_PRIMARY_LITTLE
#ASI_S_L 8916 ASI_SECONDARY_LITTLE
#ASI_PNF_L 8A16 ASI_PRIMARY_NOFAULT_LITTLE
#ASI_SNF_L 8B16 ASI_SECONDARY_NOFAULT_LITTLE

The full names of the ASIs may also be defined:
#ASI_AS_IF_USER_PRIMARY 1016

#ASI_AS_IF_USER_SECONDARY 1116

#ASI_AS_IF_USER_PRIMARY_LITTLE 1816

#ASI_AS_IF_USER_SECONDARY_LITTLE1916

#ASI_PRIMARY 8016

#ASI_SECONDARY 8116

#ASI_PRIMARY_NOFAULT 8216

#ASI_SECONDARY_NOFAULT 8316

#ASI_PRIMARY_LITTLE 8816

#ASI_SECONDARY_LITTLE 8916

#ASI_PRIMARY_NOFAULT_LITTLE 8A16

#ASI_SECONDARY_NOFAULT_LITTLE 8B16

G.1.3   Values

Some instructions use operand values as follows:
const4 A constant that can be represented in 4 bits
const22 A constant that can be represented in 22 bits
imm_asi An alternate address space identifier (0..255)
simm7 A signed immediate constant that can be represented in 7 bits
simm10 A signed immediate constant that can be represented in 10 bits
simm11 A signed immediate constant that can be represented in 11 bits
simm13 A signed immediate constant that can be represented in 13 bits
value Any 64-bit value
shcnt32 A shift count from 0..31
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shcnt64 A shift count from 0..63

G.1.4   Labels

A labelis asequenceof charactersthatcomprisesalphabeticletters(a–z,A–Z [with upper
andlower casedistinct]), underscores(_), dollar signs($), periods(.), anddecimaldigits
(0-9).A labelmaycontaindecimaldigits,but it maynotbegin with one.A local labelcon-
tains digits only.

G.1.5   Other Operand Syntax

Some instructions allow several operand syntaxes, as follows:

reg_plus_imm  may be an y of the f ollo wing:
regrs1 (equivalent toregrs1+ %g0)
regrs1+ simm13
regrs1– simm13
simm13 (equivalent to%g0+ simm13)
simm13+ regrs1 (equivalent toregrs1+ simm13)

address  may be an y of the f ollo wing:
regrs1 (equivalent toregrs1+ %g0)
regrs1+ simm13
regrs1– simm13
simm13 (equivalent to%g0+ simm13)
simm13+ regrs1 (equivalent toregrs1+ simm13)
regrs1+ regrs2

membar_mask  is the f ollo wing:
const7 A constantthatcanberepresentedin 7 bits.Typically, this is an

expressioninvolving the logical or of some combinationof
#Lookaside , #MemIssue , #Sync , #StoreStore ,
#LoadStore , #StoreLoad , and#LoadLoad .

pref etch_fcn  (pref etch function) ma y be an y of the f ollo wing:
#n_reads

#one_read

#n_writes

#one_write

#page

0..31

regad dr  (register -onl y address) ma y be an y of the f ollo wing:
regrs1 (equivalent toregrs1+ %g0)
regrs1+ regrs2
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reg_or_imm  (register or immediate v alue) ma y be either of:
regrs2
simm13

reg_or_imm10  (register or immediate v alue) ma y be either of:
regrs2
simm10

reg_or_imm11  (register or immediate v alue) ma y be either of:
regrs2
simm11

reg_or_shcnt  (register or shift count v alue) ma y be an y of:
regrs2
shcnt32
shcnt64

software_trap_n umber  may be an y of the f ollo wing:
regrs1 (equivalent toregrs1+ %g0)
regrs1+ simm7
regrs1– simm7
simm7 (equivalent to%g0+ simm7)
simm7+ regrs1 (equivalent toregrs1+ simm7)
regrs1+ regrs2

The resultingoperandvalue(softwaretrap number)mustbe in the range0..127,
inclusive.

G.1.6   Comments

Two typesof commentsareacceptedby theSPARC64-III assembler:C-style“ /*...*/ ”
comments,whichmayspanmultiple lines,and“ !... ” comments,whichextendfrom the
“ ! ” to the end of the line.

G.2   Syntax Design

The SPARC64-III assembly language syntax is designed so that

■ Thedestinationoperand(if any) is consistentlyspecifiedasthe last (rightmost)oper-
and in an assembly language instruction.

■ A referenceto thecontentsof a memorylocation(in a Load,Store,CASA, CASXA,
LDSTUB(A), or SWAP(A) instruction)is alwaysindicatedby squarebrackets([ ] ); a
referenceto theaddressof a memorylocation(suchasin a JMPL,CALL, or SETHI)
is specified directly, without square brackets.
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G.3   Synthetic Instructions

Table89 describesthe mappingof a setof synthetic(or “pseudo”) instructionsto actual
instructions.Thesesyntheticinstructionsareprovidedby theSPARC64-III assemblerfor
the convenience of assembly language programmers.

Note: Syntheticinstructionsshouldnot be confusedwith “pseudo-ops,” which typically
provide informationto the assemblerbut do not generateinstructions.Syntheticinstruc-
tions always generateinstructions;they provide more mnemonicsyntax for standard
SPARC64-III instructions.

Table 89: Mapping Synthetic to SPARC64-III Instructions (V9=43)

Synthetic Instruction SPARC64-III Instruction(s) Comment
cmp regrs1,  reg_or_imm subcc regrs1,  reg_or_imm, %g0 compare

jmp address jmpl address, %g0

call address jmpl address, %o7

iprefetch label bn,a,pt %xcc, label instruction prefetch

tst regrs1 orcc %g0,  regrs1, %g0 test

ret jmpl %i7+8, %g0 return from subroutine

retl jmpl %o7+8, %g0 return from leaf subroutine

restore restore %g0, %g0, %g0 trivial restore

save save %g0, %g0, %g0 trivial save
(Warning: trivial save
should only be used in kernel
code!)

setuw value, regrd sethi %hi (value),  regrd (when ((value&3FF16) = = 0))

— or —

or %g0,  value,  regrd (when 0≤value≤4095)

— or —

sethi %hi (value),  regrd; (otherwise)

or regrd, %lo (value),  regrd Warning: do not usesetuw  in
the delay slot of a DCTI.

set value, regrd synonym for setuw

setsw value, regrd sethi %hi (value),  regrd (when (value> = 0) and
((value & 3FF16) = = 0))

— or —

or %g0,  value,  regrd (when -4096≤value≤4095)

— or —

sethi %hi (value),  regrd (otherwise, if (value < 0) and
((value & 3FF16) = = 0))

sra regrd, %g0,  regrd

— or —

sethi %hi (value),  regrd; (otherwise, if value> = 0)

or regrd, %lo (value),  regrd

— or —

sethi %hi (value),  regrd; (otherwise, if value<0)

or regrd, %lo (value),  regrd

sra regrd, %g0,  regrd Warning: do not usesetsw  in
the delay slot of a CTI.

setx value,  reg,  regrd sethi %uhi( value),  reg create 64-bit constant

or reg, %ulo( value),  reg (“reg” is used as a temporary
register)sllx reg,32, reg
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sethi %hi( value),  regrd Note:set x optimizations are
possible,  but not enumer-
ated here. The worst-case is
shown.Warning: do not use
set x in the delay slot of a
CTI.

or regrd,  reg,  regrd

or regrd, %lo( value),  regrd

signx regrs1,  regrd sra regrs1, %g0,  regrd sign-extend 32-bit value to
64 bitssignx regrd sra regrd, %g0,  regrd

not regrs1,  regrd xnor regrs1, %g0,  regrd one’s complement

not regrd xnor regrd, %g0,  regrd one’s complement

neg regrs2,  regrd sub %g0,  regrs2,  regrd two’s complement

neg regrd sub %g0,  regrd,  regrd two’s complement

cas [regrs1],  regrs2,  regrd casa [regrs1]#ASI_P,  regrs2,  regrd compare and swap

casl [regrs1],  regrs2,  regrd casa [regrs1]#ASI_P_L,  regrs2,  regrd compare and swap, little-endian

casx [regrs1],  regrs2,  regrd casxa [regrs1]#ASI_P,  regrs2,  regrd compare and swap extended

casxl [regrs1],  regrs2,  regrd casxa [regrs1]#ASI_P_L,  regrs2,  regrd compare and swap extended,
little-endian

inc regrd add regrd, 1,  regrd increment by 1

inc const13, regrd add regrd,  const13,  regrd increment by const13

inccc regrd addcc regrd, 1,  regrd incr by 1; set icc & xcc

inccc const13, regrd addcc regrd,  const13,  regrd incr by const13; set icc & xcc

dec regrd sub regrd, 1,  regrd decrement by 1

dec const13,  regrd sub regrd,  const13,  regrd decrement by const13

deccc regrd subcc regrd, 1,  regrd decr by 1; set icc & xcc

deccc const13,  regrd subcc regrd,  const13,  regrd decr by const13; set icc & xcc

btst reg_or_imm,  regrs1 andcc regrs1,  reg_or_imm, %g0 bit test

bset reg_or_imm,  regrd or regrd,  reg_or_imm,  regrd bit set

bclr reg_or_imm,  regrd andn regrd,  reg_or_imm,  regrd bit clear

btog reg_or_imm,  regrd xor regrd,  reg_or_imm,  regrd bit toggle

clr regrd or %g0, %g0,  regrd clear (zero) register

clrb [address] stb %g0, [address] clear byte

clrh [address] sth %g0, [address] clear halfword

clr [address] stw %g0, [address] clear word

clrx [address] stx %g0, [address] clear extended word

clruw regrs1,  regrd srl regrs1, %g0,  regrd copy and clear upper word

clruw regrd srl regrd, %g0,  regrd clear upper word

mov reg_or_imm,  regrd or %g0,  reg_or_imm, regrd

mov %y,  regrd rd %y, regrd

mov %asrn,  regrd rd %asrn, regrd

mov reg_or_imm, %y wr %g0,  reg_or_imm, %y

mov reg_or_imm, %asrn wr %g0,  reg_or_imm, %asrn

Table 89: Mapping Synthetic to SPARC64-III Instructions  (Continued)(V9=43)

Synthetic Instruction SPARC64-III Instruction(s) Comment
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Consult V9 for the text of this appendix.
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I  Extending the SP ARC-V9 Ar chitecture

Consult V9 for the text of this appendix.
½�¾
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J  Programming With the Memor y Models

Consult V9 for the text of this appendix.
½�¾
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K  Chang es From SPARC-V8 to SPARC-V9

Consult V9 for the text of this appendix.
½�¾
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L  ASI Assignments

L.1   Intr oduction

Every loador storeaddressin a SPARC V9 processorhasan8-bit AddressSpaceIdenti-
fier (ASI) appendedto theVA. TheVA plustheASI fully specifytheaddress.For instruc-
tion loads and for data loads or stores that do not use the load or store alternate
instructions,the ASI is an implicit ASI generatedby the hardware.If a load alternateor
storealternateinstructionis used,thevalueof theASI canbespecifiedin the%asiregister
or asanimmediatevaluein theinstruction.In practice,ASIsarenotonly usedto differen-
tiateaddressspacesbut areusedfor otherfunctionslike referencingregistersin theMMU
unit.

L.2   ASI Assignments

For SPARC64-III all accessesmade with ASI values in the range 0016..7F16 when
PSTATE.PRIV= 0 will cause aprivileged_action exception.

Warning:
The software should follow the ASI assignmentsand VA assignmentsin the following
SPARC64-III ASI assignments.Someillegal ASI or VA accesseswill causethe machineto enter
unknown states.

Table 90: SPARC64-III  ASI Assignments

ASI16 R/W VA16 Description Reference

00..03 — — — —

04 R/W — ASI_NUCLEUS 8.3

05..0B — — — —

0C R/W — ASI_NUCLEUS_LITTLE 8.3

0D..0F — — — —

10 R/W — ASI_PRIMARY_AS_IF_USER 8.3

11 R/W — ASI_SECONDARY_AS_IF_USER 8.3

12..13 — — — —

14 R/W — ASI_PHYSICAL_CACHEABLE L.3.1

15 R/W — ASI_PHYSICAL_NONCACHEABLE_STRONG_ORDER L.3.2

16..17 — — — —

18 R/W — ASI_PRIMARY_LITTLE_AS_IF_USER 8.3
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19 R/W — ASI_SECONDARY_LITTLE_AS_IF_USER 8.3

1A..1B — — — —

1C R/W — ASI_PHYSICAL_CACHEABLE_LITTLE L.3.3

1D R/W — ASI_PHYSICAL_NONCACHEABLE_LITTLE_STRONG_ORDER L.3.4

1E..23 — — — —

24 R — ASI_NUCLEUS_ATOMIC_QUAD A.28.1

25..2B — — — —

2C R — ASI_NUCLEUS_ATOMIC_QUAD_LITTLE A.28.1

2D..2F — — — —

30 W — ASI_MATCH_AND_INVALIDATE_TLB_ENTRY F.12.2.1

31 W — ASI_INVALIDATE_MICRO_DATA_TLB F.12.2.2

32 W — ASI_INVALIDATE_MICRO_INSTRUCTION_TLB F.12.2.3

33 W — ASI_INSTRUCTION_MAIN_TLB_INTO_SPECIFIED_ENTRY F.12.2.4

34 W — ASI_INSTRUCTION_MAIN_TLB_INTO_FIFO_ENTRY F.12.2.5

35 W — ASI_DATA_MAIN_TLB_INTO_SPECIFIED_ENTRY F.12.2.6

36 W — ASI_DATA_MAIN_TLB_INTO_FIFO_ENTRY F.12.2.7

37 R — ASI_MAIN_TLB_CONTEXT_AND_VA_X F.12.2.8

38 R — ASI_MAIN_TLB_PA_AND_ATTRIBUTES F.12.2.10

39 R — ASI_INSTRUCTION_TMB_TAG_REGISTER F.12.1.10

3A R — ASI_DATA_TMB_TAG_REGISTER F.12.1.11

3B R — ASI_INSTRUCTION_8KB_TMB_POINTER F.12.1.12

3C R — ASI_INSTRUCTION_64KB_TMB_POINTER F.12.1.14

3D R — ASI_DATA_8KB_TMB_POINTER F.12.1.13

3E R — ASI_DATA_64KB_TMB_POINTER F.12.1.15

3F R/W

10 ASI_INSTRUCTION_TLB_MATCH_DATA_REGISTER F.12.1.6

20 ASI_DATA_TLB_MATCH_DATA_REGISTER F.12.1.7

30 ASI_INSTRUCTION_TMB_BASE_REGISTER F.12.1.4

40 ASI_DATA_TMB_BASE_REGISTER F.12.1.5

40 R/W

10 ASI_PRIMARY_CONTEXT_REGISTER F.12.1.1

20 ASI_SECONDARY_CONTEXT_REGISTER F.12.1.2

30 ASI_NUCLEUS_CONTEXT_REGISTER F.12.1.3

50 ASI_TLB_LOCK_ENTRY_REGISTER F.12.1.8

60 ASI_TLB_FIFO_COUNTER F.12.1.9
41 R — ASI_MAIN_TLB_CONTEXT_AND_VA_Y F.12.1.9

42..43 — — — —

44 R/W — ASI_SCRATCH_REGISTER F.12.1.16

45..47 — — — —

48 R — ASI_INTERRUPT_VECTOR_DISPATCH_STATUS_REGISTER N.4.2

49 R/W — ASI_INTERRUPT_VECTOR_RECEIVE_STATUS_REGISTER N.4.3, N.4.4

4A R/W — ASI_UPA_CONFIGURATION_REGISTER R.4.1

4B..5F — — — —

Table 90: SPARC64-III  ASI Assignments  (Continued)

ASI16 R/W VA16 Description Reference
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Note:
In the ASI 3F16, 4016, 7716, 7F16 definitions, there are sub definitions which are specifiedby
VA[63:0] values.

60 R/W — ASI_PRIMARY_STRONG_ORDER_RESTRICTED L.3.5

61..67 — — — —

68

R/W
0* ASI_U2_CACHE_TAG M.7.1

1* ASI_U2_CACHE_DATA M.7.2

W

2* ASI_FLUSH_U2_CACHE_TO_MEMORY_USING_U2_CACHE_INDEX M.7.3
3* ASI_INVALIDATE_I1_CACHE_USING_I1_CACHE_INDEX_AND_WAY M.7.4
4* ASI_INVALDATE_D1_CACHE_USING_D1_CACHE_INDEX_AND_WAY M.7.5

R/W
6* ASI_U2_CACHE_BUFFER_REGISTER_0 M.7.7
7* ASI_U2_CACHE_BUFFER_REGISTER_1 M.7.8

69 W — ASI_FLUSH_U2_CACHE_TO_MEMORY_USING_PA M.7.9

6a W — ASI_FLUSH_L1_CACHE_TO_U2_CACHE_USING_U2_CACHE_INDEX M.7.10

6b R — ASI_SRAM_CONFIGURATION_REGISTER M.7.11

6c R/W — ASI_TDU_ERROR_LOG_REGISTER P.7.1

6d R/W — ASI_ICU_ERROR_LOG_REGISTER P.7.2

6e R/W — ASI_DC_ERROR_LOG_REGISTER P.7.3

6f R/W — ASI_UC_ECC_ERROR_INJECTION_REGISTER P.7.4

70 - 76 — — — —

77 W

40 ASI_OUTGOING_INTERRUPT_VECTOR_DATA_REGISTER_0

N.4.550 ASI_OUTGOING_INTERRUPT_VECTOR_DATA_REGISTER_1

60 ASI_OUTGOING_INTERRUPT_VECTOR_DATA_REGISTER_2

70 ASI_DISPATCH_INTERRUPT_VECTOR N.4.1
78-7e — — — —

7F R

40 ASI_INCOMING_INTERRUPT_VECTOR_DATA_REGISTER_0

N.4.650 ASI_INCOMING_INTERRUPT_VECTOR_DATA_REGISTER_1

60 ASI_INCOMING_INTERRUPT_VECTOR_DATA_REGISTER_2

80 R/W — ASI_PRIMARY

8.3
81 R/W — ASI_SECONDARY

82 R — ASI_PRIMARY_NO_FAULT

83 R — ASI_SECONDARY_NO_FAULT

84-87 — — — —

88 R/W — ASI_PRIMARY_LITTLE

8.3
89 R/W — ASI_SECONDARY_LITTLE

8A R — ASI_PRIMARY_NO_FAULT_LITTLE

8B R — ASI_SECONDARY_NO_FAULT_LITTLE

8C-E1 — — — —

E2 R/W — ASI_PRIMARY_STRONG_ORDER L.3.6

E3-FF — — — —

Table 90: SPARC64-III  ASI Assignments  (Continued)

ASI16 R/W VA16 Description Reference
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Note:
In the ASI 6816 definitions, there are sub definitions which are specified by VA[30:28] values.

Note:
“Flush U2 CacheTo MemoryUsingU2 CacheIndex” (ASI=6816, VA[30:28]=216) and“Flush U2
CacheTo Memory Using PA” (ASI=6916) operationsmay corrupt systemmemorycoherency if
issuedduringothermemoryactivities,or overlappedwith otherrequests.Theseoperationsshallnot
be usedin the system programs. They are only for bringup/diagnostic purposes.

L.3   Special Memor y Access ASI’ s

This section describesspecial memory accessASI’s which are not specified in
SPARC-V9.

L.3.1   ASI 1416 (ASI_PHYSICAL_CA CHEABLE )

Whenthis ASI is specifiedin any memoryaccessinstructions,the following thingsare
done by the hardware.

■ VA[40:0] is passedto PA[40:0], and VA[63:41] and CONTEXT valuesare disre-
garded.

■ Memory access behaves as if:

● CH (Cacheable) = “1”

● SO (Strong Order) = “0”

● NFO (Nonfaulting Only) = “0”

● PROT (SR/SW/SX/UR/UW/UX) = “111111”

● Big Endian

Evenif D_MDTLB (DisableMain DataTLB) bit in SCRis set,theaccesswith thisASI is
still a cacheable access.

L.3.2   ASI 1516 (ASI_PHYSICAL_NONCA CHEABLE_STR ONG_ORDER)

Whenthis ASI is specifiedin any memoryaccessinstructions,the following thingsare
done by the hardware.

■ VA[40:0] is passedto PA[40:0], and VA[63:41] and CONTEXT valuesare disre-
garded.

■ Memory access behaves as if:

● CH (Cacheable) = “0”

● SO (Strong Order) = “1”

● NFO (Nonfaulting Only) = “0”
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● PROT (SR/SW/SX/UR/UW/UX) = “111111”

● Big Endian

L.3.3 ASI 1C16 (ASI_PHYSICAL_CA CHEABLE_LITTLE )

Whenthis ASI is specifiedin any memoryaccessinstructions,the following thingsare
done by the hardware.

■ VA[40:0] is passedto PA[40:0], and VA[63:41] and CONTEXT valuesare disre-
garded.

■ Memory access behaves as if:

● CH (Cacheable) = “1”

● SO (Strong Order) = “0”

● NFO (Nonfaulting Only) = “0”

● PROT (SR/SW/SX/UR/UW/UX) = “111111”

● Little Endian

L.3.4   ASI 1D16 (ASI_PHYSICAL_NONCA CHEABLE_LITTLE_STR ONG_ORDER)

Whenthis ASI is specifiedin any memoryaccessinstructions,the following thingsare
done by the hardware.

■ VA[40:0] is passedto PA[40:0], and VA[63:41] and CONTEXT valuesare disre-
garded.

■ Memory access behaves as if:

● CH (Cacheable) = “0”

● SO (Strong Order) = “1”

● NFO (Nonfaulting Only) = “0”

● PROT (SR/SW/SX/UR/UW/UX) = “111111”

● Little Endian

L.3.5   ASI 6016 (ASI_PRIMARY_STRONG_ORDER_RESTRICTED)

Whenthis ASI is specifiedin any memoryaccessinstructions,the following thingsare
done by the hardware.

■ Primary Context is used for the address translation.

■ The access is strongly ordered regardless of load or store, and the memory model.
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L.3.6   ASI E216 (ASI_PRIMARY_STRONG_ORDER)

Whenthis ASI is specifiedin any memoryaccessinstructions,the following thingsare
done by the hardware.

■ Primary Context is used for the address translation.

■ The access is strongly ordered regardless of load or store, and the memory model.



M  Cache Organization

M.1   Intr oduction

All cachesin the CPU keeponecacheline size,that is, 64 bytes.All cachesin the CPU
keep inclusiverelationsby hardware, that is, if a cacheline residesin Level-0, it must
residein Level-1 andLevel-2.Oncea cacheline is evictedfrom Level-2 Cache,thehard-
ware is responsible for flush-and-invalidating Level-1 and Level-0 Caches.

M.2   Level-0 Instruction Cac he (I0 Cache)

The I0 Cacheis virtually-indexed virtually-tagged(VIVT), 16 KBytes direct-mapped
cache.An I0 cachetag containsvirtual addressandcontext-ID. An I0 Cachehit occurs
when both virtual address and context match.

TheI0 Cachecannot bebypassed.WhentheInvalidate_I0bit in ASR31is set,thewhole
I0 cache is invalidated.

I0 Cache Tag and I0 Cache Data are parity-protected.

M.3   Level-1 Instruction Cac he (I1 Cache)

TheI1 Cacheis a virtually-indexedphysically-tagged(VIPT), 64 KBytes4-way set-asso-
ciative cache.

InstructionfetchesbypasstheI1 Cachewhenthey arenoncacheableaccesses.Noncache-
able accesses are specified under the conditionsA OR B OR C, where:

A. The processor is in RED_state.

B. D_MITLB bit in SCR(ASR31) is set.

C. The page table entry for the address specifies noncacheable memory.

The I1 Cache Tag is parity-protected and the I1 Cache Data is ECC-protected.

M.4   Level-1 Data Cac he (D1 Cache)

TheD1 Cacheis a virtually-indexedphysically-tagged(VIPT), write-back,allocating-on-
write-miss, 64 KBytes 4-way set-associative cache.
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DataaccessesbypasstheD1 Cachewhenthey arenoncacheableaccesses.Noncacheable
accesses are specified under the conditionsA AND (B OR C OR D), where:

A. The ASI used for the accessis neither ASI_PHYSICAL_CACHEABLE (ASI 1416) nor
ASI_PHYSICAL_CACHEABLE_LITTLE (ASI 1C16).

B. The ASI usedfor the accessis eitherASI_PHYSICAL_NONCACHEABLE_STRONG_ORDER

(1516) or ASI_PHYSICAL_NONCACHEABLE_LITTLE_STRONG_ORDER (ASI 1D16).

C. D_MDTLB bit in the SCR (ASR31) is set.

D. The page table entry for the address specifies a noncacheable memory location.

TheD1 Cache Tag is parity-protected and the D1 Cache Data is ECC-protected.

M.5   Level-2 External Unified Cac he (U2 Cache)

TheCPU’s level-2 ExternalCacheis a physically-indexedphysically-tagged(PIPT),uni-
fied, write-back, allocating, direct-mappedcacheof variable size (1M, 2M, 4M, 8M,
16M). The U2 Cache has no references to virtual address and context information.

Whentheaccessis noncacheable,theU2 Cacheis bypassed.TheU2 CacheTagis parity-
protected and U2 Cache Data is ECC-protected.

M.6   Cache Coherenc y Protocols

TheCPUusestheUPA MOESI Cachecoherenceprotocol;theselettersareacronymsfor
cache line states as follows:

A subsetof theMOESI protocolis usedin theI1-Cache,theD1-Cache,andD-Tagin the
system controller. The table below shows the relations between the protocols.

M Exclusive Modified

O Shared Modified (owned)

E Exclusive clean

S Shared clean

I Invalid

U2-Cache D-Tag in SC D1-Cache I1-Cache

Invalid (I) Invalid (I) Invalid (I) Invalid (I)

Shared Clean (S)
Shared Clean (S)

Clean (C)

Clean (C)

Shared Modified (O)

Shared Modified (O) Shared Modified (O)

Exclusive Clean (E)

Exclusive Modified (M)

Exclusive Modified (M)

Clean (C)

ExclusiveModified(M)
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The table below shows the encoding of the MOESI states in the U2 Cache.

M.7   ASI Cache Instructions

Several ASI instructions are defined to manipulate the I1, D1, and U2 Caches

The following are common to all of the ASI instructions defined in this section:

1. The opcode of the instructions should be either ldx(a) , lddf(a) , stx(a) , or
stdf(a) . Otherwise, adata_access_exception with FTYPE=F16 (Invalid ASI) is taken.

2. No address translation is performed for these instructions.

3. VA[3:0] of all of the instructionsshouldbe 0. Otherwise,a mem_not_aligned trap is
taken.

4. Thedon’t-carebits (describedas‘—’ in theformat) in VA canbeof any value.But it
is recommended that the software use zero for these bits.

5. The don’t-carebits (describedas ‘—’ in the format) in DATA are readas zero and
ignored on write.

6. The instructionoperationsarenot affectedby PSTATE.CLE.They arealwaystreated
as in a big endian mode.

7. The instructions do not cause the processor to sync.

8. The instructionsareall stronglyorderedregardlessof load or store,andthe memory
model. Therefore, no speculative executions are performed.

9. In the following cases,someof theU2 CacheINDEX bits areignoredandtreatedas
zero by the hardware depending on U2 Cache size.

● Read/Write U2 Cache Tag (ASI=6816, VA[30:28]=0)

● Read/WriteU2 CacheData To/From U2 CacheBuffer Registers (ASI=6816,
VA[30:28]=0012)

● Flush U2 Cache To Memory Using U2 Cache Index (ASI=6816, VA[30:28]=0102)

● Flush L1 Cache To U2 Cache Using U2 Cache Index (ASI=6A16)

WhenU2 Cacheis configuredas1Mb, INDEX[23:20] is ignoredand treatedas
zero.

Bit 2 (Valid) Bit 1 (Exc lusive) Bit 0 (Modified) State

0 — — Invalid (I)

1 0 0 Shared Clean (S)

1 1 0 Exclusive Clean (E)

1 0 1 Shared Modified (O)

1 1 1 Exclusive Modified (M)



418 M Cache Organization

WhenU2 Cacheis configuredas2Mb, INDEX[23:21] is ignoredand treatedas
zero.

WhenU2 Cacheis configuredas4Mb, INDEX[23:22] is ignoredand treatedas
zero.

WhenU2 Cacheis configuredas8Mb, INDEX[23:23] is ignoredand treatedas
zero.

When U2 Cache is configured as 16Mb, all bits of INDEX[23:6] are used.

The following subsections describe each ASI Cache instruction in detail.

M.7.1   READ/WRITE_U2_CACHE_TAG
Function: Read/ Write from/to the specified line of U2 Cache Tag

ASI: 6816
RW: Supervisor Read, Supervisor Write
VA: See below for details.

INDEX[23:6]
U2-Cache line index (physical address).

DATA: Below is the format of the U2 Cache Tag:

PRTY[1:0]
Parity bits. Bit-1 is theparity for bits 33-17,andbit-0 is theparity
for bits 16-0.

DVA[13:12]
D1 Cache VA bits 13-12.

IVA[13:12]
I1 Cache VA bits 13-12.

PA[40:20]
Physical address bits 40-20.

DWY[1:0]
D1 Cache way number.

IWY[1:0]
I1 Cache way number.

DIN
D1 Cache inclusion bit.

63 031 30 28 27 24 23 6 5 4 3

000 INDEX 0000—— —

63 032 31 30 29 9 8 4 2

MOESI— PRTY DVA IVA PA DWY IWY DIN IIN

36 35 34 33 7 6 5 3
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IIN
I1 Cache inclusion bit.

MOESI[2:0]
MOESI stateof the cacheline in U2 Cache.SeeM.6, “Cache
Coherency Protocols” for the encoding.

Note:
During this read operation, the read data of U2 Cache Tag is not parity-checked.

Beforeexecutingthis instruction,U2-CacheDataECCcheckshouldbedisabled(ASR31
bit 50shouldbe‘1’). Otherwise,anasynchronous_error trapmaybetaken,especiallyif the
U2-Cache Data has not been initialized.

M.7.2   Read/Write U2 Cac he Data to/fr om U2 Cac he Buff er Register s
Function: Read the specified 16 byte U2 Cache data to U2 Cache Buffer Registers 0 and 1.

Write thespecified16byteU2 Cachedatafrom U2 CacheBuffer Registers0 and
1. U2 Cache Buffer Register 0 corresponds to the upper 8 bytes (bit 127-64), and
U2 Cache Buffer Register 1 corresponds to the lower 8 bytes (bit 63-0).

ASI: 6816
RW: Supervisor Read, Supervisor Write.
VA: See below.

INDEX[23:6]
U2 Cache line index (physical address).

OFFSET[1:0]
Offset in the cache line (equal to PA[5:4]).

DATA: The data in load and store instructions are not used in this operation.

Note:
During the read operation, the read data of U2 Cache Data is not ECC-checked.

63 031 30 28 27 24 23 6 5 4 3

001 INDEX 0000
OFF— —
SET
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M.7.3   Flush U2 Cac he To Memor y Using U2 Cac he Inde x
Function: Flush the specified U2 Cache data to memory.

ASI: 6816
RW: Supervisor Read (in the read case, it simply behaves as a nop), Supervisor Write.
VA: See below.

INDEX[23:6]
U2 Cache line index (physical address).

DATA: The data in load and store instructions are not used in this operation.

Note:
This operationmay corrupt systemmemorycoherency if issuedduring other memory
activities,or overlappedwith otherrequests.It shallnot beusedin thesystemprogram;it
is intended for bringup/diagnostic purposes only.

M.7.4   Invalidate I1 Cac he Using I1 Cac he Inde x and Way
Function: InvalidateanI1 Cacheline specifiedby its waynumberandindex. TheU2 Cache

is not updated by this operation.
ASI: 6816
RW: Supervisor Read (in read case, it simply behaves as a nop), Supervisor Write.
VA: See below.

WAY[1:0]
I1 Cache way number.

INDEX[13:6]
I1 Cache line index. (virtual address)

DATA: The data in load and store instructions are not used in this operation.

Note:
This operationcorruptssystemmemorycoherency if usedin thenormalOSenvironment.
This is only for I1 and D1 Cache initialization by the OBP software.

63 031 30 28 27 24 23 6 5 4 3

010 INDEX 0000— — —

63 031 30 28 27 16 15 6 5 4 3

011 INDEX 0000— — —

18 17 14 13

—WAY
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M.7.5   Invalidate D1 Cac he Using D1 Cac he Inde x and Way
Function: InvalidateaD1 Cacheline specifiedby its waynumberandindex. U2 Cacheis not

updated by this operation.
ASI: 6816
RW: Supervisor Read (in read case, it simply behaves as a nop), Supervisor Write.
VA: See below.

WAY[1:0]
D1 Cache way number.

INDEX[13:6]
D1 Cache line index. (virtual address)

DATA: The data in load and store instructions are not used in this operation.

Note:
This operationcorruptssystemmemorycoherency if usedin thenormalOSenvironment.
This is only for I1 and D1 Cache initialization by the OBP software.

63 031 30 28 27 16 15 6 5 4 3

100 INDEX 0000— — —

18 17 14 13

—WAY
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M.7.6   Nop
Function: No operation.

RW: Supervisor Read, Supervisor Write.
ASI: 6816
VA: See below.

DATA: The data in load and store instructions are not used in this operation.

M.7.7   Read/Write U2 Cac he Buff er Register 0
Function: Read/Write U2 Cache Buffer Register 0. Read from U2 Cache Buffer Register 0.

Write into U2 Cache Buffer Register 0.
ASI: 6816
RW: Supervisor Read, Supervisor Write.
VA: See below.

DATA: See below.

DATA
Bits[63:0] are the data to be read or written by this operation.

63 031 30 28 27 4 3

101 0000— —

63 031 30 28 27 4 3

110 0000— —

63 0

DATA
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M.7.8   Read/Write U2 Cac he Buff er Register 1
Function: Read U2 Cache Buffer Register 1. Write U2 Cache Buffer Register 1.

ASI: 6816
RW: Supervisor Read, Supervisor Write.
VA: See below.

DATA: See below.

DATA
Bits [63:0] contain the data to be read or written in this operation.

M.7.9   Flush U2 Cac he To Memor y Using P A
Function: Flush the specified PA U2 Cache data to the memory.

ASI: 6916
RW: Supervisor Write.
VA: See below.

PA[40:6]
Cache line physical address to be flushed

DATA: The data in load and store instruction is not used in this operation.

Note:
This operationmay corrupt systemmemorycoherency if issuedduring other memory
activities,or overlappedwith otherrequests.Theseoperationsshallnotbeusedin thesys-
tem program. It’s only for bringup/diagnostic purposes.

63 031 30 28 27 4 3

111 0000— —

63 0

DATA

63 041 40 6 5 4 3

PA 0000— —
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M.7.10   Flush L1 Cac he to U2 Cac he Using U2 Cac he Inde x
Function: Flush the specified I1 and D1 Cache line to U2 Cache.

ASI: 6A16
RW: Supervisor Write.
VA: See below.

INDEX[23:6]
U2 Cache line index. (physical address)

DATA: The data in load and store instruction is not used in this operation.

M.7.11   Read SRAM Configuration Register
Function: Read SRAM Configuration Register. This register holds the configuration

informationfor U2 CacheDataSRAM andTagSRAM. Theregisteris readonly;
values are scanned into the register during initialization.

ASI: 6B16
RW: Supervisor Read.
VA: See below.

DATA: See below.

L2_2BANKS
Bank Select.

0: One SRAM data bank.
1: Two SRAM data banks.

NEEDS_DEAD_CYC
Dead Cycle Select.

0: SRAM does not need dead cycle.
1: SRAM needs dead cycle.

UC_DATA_DLY_SEL[7:0]
Max. 8 SRAM’s. Each 2 SRAM’s are defined below.

UC_DATA_DLY_SEL12[1:0]
UC_DATA_DLY_SEL34[3:2]
UC_DATA_DLY_SEL56[5:3]
UC_DATA_DLY_SEL78[7:6]

00: No data address delay
01: 0.25ns data address delay

63 024 23 6 5 4 3

INDEX 4h0— —

63 04 3

0000—

63 0

—
NEEDS_

DEAD_CYC
UC_DATA_
DLY_SEL

UC_ADDR_
DLY_SEL

SRAM_K_
FREE_RUN

SRAM_
TCYC

DATA_RDY
_LTNCY

TAG_RDY_
LTNCY

L2_2BANKS

20 19 18 17 10 9 7 6 5 3 28
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10: 0.5ns data address delay
11: 0.75ns data address delay

UC_ADDR_DLY_SEL[1:0]
Address Delay Select.

00: no data address delay
01: 0.25ns data address delay
10: 0.5ns data address delay
11: 0.75ns data address delay

SRAM_K_FREE_RUN
SRAM Free Run Clock Select.

0: StartSRAM clockonly for read/writes,thenstopclock (logi-
cal 0).
1: Free running SRAM clock.

SRAM_TCYC
SRAM Clock Cycle.

1: SRAM Tcyc = 1x CPU Tcyc.
0: SRAM Tcyc = 2x CPU Tcyc.

TAG_RDY_LTNCY[2:0]
Tag ready latency as a multiple of CPU clock cycles.

001: (unused)
010: (unused)
011: 3 cycles
100: 4 cycles
101: 5 cycles
110: 6 cycles
111: 7 cycles
000: 8 cycles

DATA_RDY_LTNCY[2:0]
Data ready latency as a multiple of CPU clock cycles.

001: (unused)
010: (unused)
011: 3 cycles
100: 4 cycles
101: 5 cycles
110: 6 cycles
111: 7 cycles
000: 8 cycles
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N  Interrupt Handling

N.1   Interrupt Dispatc h

Whena processorwantsto dispatchan interrupt to anotherUPA port it first setsup the
interrupt dataregistersINTR_DATA_W0, W1, and W2 using ASI instructions.It then
sendsan INTR_VECTOR_DISPATCH instruction.The interruptpacket and the associ-
ateddatais forwardedto thetargetUPA by thesystemcontroller. Theprocessorpolls the
BUSY bit in the INTR_DISPATCH_STATUS registerto determinewhetherthe interrupt
hasbeendispatchedsuccessfullyor not. Below is an exampleof the interrupt dispatch
flow.

N.2   Interrupt Receive

Whenan interruptpacket is received, threeinterruptdataregistersareupdatedwith the
associateddataand the BUSY bit in the INTR_RCV_STATUS is set. If interruptsare
enabled,theprocessortakesa trapandtheinterruptdataregistersarereadby thesoftware

readINTR_DISPATCH_STATUS

if < Busy > Error

begin atomic sequence
PSTATE.IE <-0
Write INTR_DATA_W0
Write INTR_DATA_W1

Write INTR_DATA_W2

readINTR_DISPATCH_STATUS

if < Busy >

end atomic sequence
PSTATE.IE <-1

if < Nack>
else dispatch complete

INTR_VECTOR_DISPATCH
MEMBAR
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to determinethe appropriatetrap handler. The handlermay reprioritize this interrupt
packet to a lower priority. Below is an example of the interrupt receive flow.

N.3   Interrupt ASI Register s

Interrupt Receive Register

This register reports the status of incoming interrupts.

BUSY (read/write)
Thisbit is setwhenaninterruptvectoris received.Softwarehasto clearthisbit by
writing zero.

MID[4:0] (read onl y)
Module ID of the interrupter.

Interrupt V ector Dispatc h Status Register

This register reports the status of outgoing interrupts.

readINTR_RECEIVE_STATUS

if <! Busy > Error

Read INTR_DATA_R0

Read INTR_DATA_R1

Read INTR_DATA_R2

Determine Trap Handler

Handle Interrupt
or

Reprioritize : Set SCHED_INT_REG

CLEAR_INTR_RCV_STATUS

done

MID[4:0]BUSY—

63 6 5 4 0

BUSYNACK—

63 2 1 0
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NACK (read onl y)
Setwhenaninterruptdispatchhasfailed.This is clearedat thestartof every inter-
rupt attempt.

BUSY (read onl y)
Set if there is an outstanding dispatch

Interrupt Data Register s

Threeinterruptdatawrite registersINTR_DATA_W0-2 andthreeinterruptdatareadreg-
isters INTR_DATA_R0-2 are maintained by the UC.

N.4 ASI Instructions f or Interrupt Pr ocessing

N.4.1 INTR_VECTOR_DISPATCH Instruction
Function: Trigger an interrupt vector dispatch to the target CPU residing at slot MID along

with the contents of the three interrupt vector data registers
Address: VA<63:19>=don’t-care, VA<18:14>=Target-MID, VA<13:6>=don’t-care,

VA<5:0>=0x30(Thesoftwareshouldnormallyspecifyall zerofor VA<63:19>and
VA<13:7> and one for VA<6> even though they are don’t-care.

ASI: 7716
Instr: STXA
Data: Not used

N.4.2 READ_INTR_DISPATCH_STATUS Instruction
Function: Read the contents of the Interrupt Vector Dispatch Status register.
Address: VA<63:4>=don’t-care, VA<3:0>=0x0 (The software should normally specify all

zero for VA<63:4> even though they are don’t-care.

ASI: 4816
Instr: LDXA
Data: See Interrupt Vector Status Register description inN.3, “Interrupt ASI Registers”.

Data

063

63 05

0x30——

6131418

Target-MID

19

63 03

0x0—

4
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N.4.3   READ_INTR_RCV_STATUS Instruction
Function: Returns the contents of the Interrupt Vector Receive Status register
Address: VA<63:4>=don’t-care, VA<3:0>=0x0 (The software should normally specify all

zero for VA<63:4> even though they are don’t-care.

ASI: 4916
Instr: LDXA
Data: See Interrupt Receive Register description inN.3, “Interrupt ASI Registers”.

N.4.4   CLEAR_INTR_RCV_STATUS Instruction
Function: When bit 5 of the write data is zero, it clears the busy bit in the Interrupt Vector

Receive Status register. When bit 5 of the write data is one, it does nothing.
Address: VA<63:4>=don’t-care, VA<3:0>=0x0 (The software should normally specify all

zero for VA<63:4> even though they are don’t-care.

ASI: 4916
Instr: STXA
Data: Only bit 5 is used.

N.4.5   Instructions to Write Interrupt Data Register 0-2
Function: These instructions are used to modify the contents of the three interrupt dispatch

data registers, INTR_DATA_W0 to 2.
Address: VA<63:6>=don’t-care,VA<5:4>=0x0for register-0, VA<5:4>=0x1for register-1,

VA<5:4>=0x2 for register-2, VA<3:0>=0x0 (The software should normally
specify all zero for VA<63:6> even though they are don’t-care.

ASI: 7716
Instr: STXA
Data: Data[63:0] to be written to the interrupt data register.

N.4.6   Instructions to Read Interrupt Data Register s
Function: These instructions are used to read the contents of the three interrupt receive data

registers: INTR_DATA_R0,1, 2.
Address: VA<63:6>=don’t-care,VA<5:4>=0x0for register-0, VA<5:4>=0x1for register-1,

63 03

0x0—

4

63 03

0x0—

4

63 03

0x0—

45

0x1 for register-1

6

0x2 for register-2

0x0 for register-0
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VA<5:4>=0x2 for register-2, VA<3:0>=0x0 (The software should normally
specify all zero for VA<63:6> even though they are don’t-care.

ASI: 7F16
Instr: LDXA
Data: Data <63:0> to be read from the interrupt data register.

N.5   Interrupt-Related ASR register s

Therefollowing subsectionsdescribethe ASR registersthat arerelatedto interrupthan-
dling.

N.5.1   Set SCHED_INT (ASR20)

WR ASR20setsbits in theSCHED_INTregister. See5.2.11.3,“Set SCHED_INTRegis-
ter (ASR20)” for a complete description.

N.5.2   Clear SCHED_INT (ASR21)

WR ASR21clearsbits in SCHED_INTregister. See5.2.11.4,“ClearSCHED_INTRegis-
ter (ASR21)” for a complete description.

N.5.3   Schedule Interrupt (SCHED_INT) Register (ASR22)

The softwareusesthis register to scheduleinterrupts.See5.2.11.5,“ScheduleInterrupt
(SCHED_INT) Register (ASR22)” for a complete description.

N.5.4   TICK Matc h Register (ASR23)

This registeris comparedwith theTICK Register, andwhenthey match,an interruptcan
be generated. See5.2.11.6, “TICK Match Register (ASR23)” for a complete description.

63 03

0x0
—

45

0x1 for register-1

6

0x2 for register-2

0x0 for register-0
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O  Reset, RED_state , and Err or_state

O.1   Reset
O.1.1   Power-on Reset (POR)

The CPU hasa Power-On Reset(POR)pin namedUPA_RESET_L(assertedlow). This
pin mustbe assertedafter the power supply reachesfull operationalvoltage.Whenthis
signalis asserted,all otherresetsandtrapsareignored.Any pendingexternaltransactions
are cancelled.

Assertionof PORgeneratesa trapof TT=1 andcausestheprocessorto transferexecution
to RSTVaddr + 0x20. This signal must be asserted for at least 4 mS.

PORis supportedthroughScanby embeddedTAP andPROM in theCPUprocessormod-
ule.O.4, “Hardware Power On Reset Sequence” describes this process in detail.

O.1.2   Watchdog Reset (WDR)

Not supported.

SPARC-V9 says that WDR is optional and possibly implementation-dependent.

O.1.3   Externall y Initiated Reset (XIR)

TheCPUhasanExternallyInitiatedReset(XIR) pin namedUPA_XIR_L (assertedlow).
This pin mustbe assertedwhile the power supply is at full operationalvoltageand the
UPA clock is running.

If TL (Trap Level) < MAXTL (4), the assertionof XIR generatesa trap of TT=3 and
causes the processor to transfer execution to RSTVaddr + 0x60.

If the processorreceivesan XIR while TL = 4, it will enterto error_state.The CPU sends
P_FERR to UPA, and eventually, the UPA system controller will RESET all processors.

O.1.4   Software Initiated Reset (SIR)

A Software-Initiated RESET is initiated by any processor with a SIR instruction.
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If TL (TrapLevel) < MAXTL (4), a SIR instructioncausesa trapof TT=4 andcausesthe
processor to execute instructions from RSTVaddr + 0x80.

If aprocessorexecutesanSIRinstructionwhile TL = 4, it will enterto error_state.TheCPU
sends P_FERR to the UPA, and eventually, the UPA system controller will RESET all processors.

O.2   RED_state and Err or_state

O.2.1   Processor State T ransition Dia gram

Figure 87 contains the processor state transition diagram.

Figure 87: Processor State Diagram

O.2.2   RED_state

OncetheprocessorentersRED_statefor any reasonexceptwhena power on reset(POR)
is performed,thesoftwareshouldnot attemptto returnto Execute_state;if this is doneby
software, the stateof the processoris unpredictable.The sequenceof getting out of
RED_stateafter a power on reset is describedin O.4, “Hardware Power On Reset
Sequence”.

Whentheprocessorprocessesa resetor a trapthatentersRED_state,it takesa trapat an
offset relative to theRED_state_trap_vectorbaseaddress(RSTVaddr);in theCPUthis is
at virtual address VA=FFFF FFFF F000 0000 16 and physical address
PA = 0000 01FF F000 0000 16.

Exec Red Error**

Hang

DONE/RETRY
RED=0

TRAP@MAXTL-1
SIR@<MAXTL
XIR@<MAXTL
POR

TRAP

RED=1

POR

TRAP@MAXTL
SIR@MAXTL
XIR@MAXTL

TRAP@<MAXTL
SIR@<MAXTL
XIR@<MAXTL
POR
RED=1

Watchdog*

Watchdog* Watchdog*

TRAP@MAXTL
SIR@MAXTL
XIR@MAXTL
Watchdog*

@<MAXTL-1
Watchdog*

POR

* Behavior on Watchdog trap is dependent on ASR31.
** Error state immediately generates P_FERR and results in POR. Thus the state is transient.
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Thefollowing furtherdescribetheprocessorbehavior on theentryof RED_state,anddur-
ing the RED_state:

■ Whenever the processorentersor exits from RED_state,the I0 cacheand prefetch
buffers are invalidated.

■ When the processorentersRED_statedue to a trap or reset, bit-0 (SM), bit-27
(D_UITLB), bit-28 (D_UDTLB), bit-29 (D_MITLB), and bit-30 (D_MDTLB) in
SCR(ASR31)aresetby thehardware.It is software’s responsibilityto resetthesebits
when required (for example, when the processor exits from RED_state).

■ When the processorentersRED_statenot due to a trap or reset(that is, when the
PSTATE.RED bit has been set using WRPR), all of the SCR register bits are
unchanged unlike the case above.

■ Whenthe processoris in RED_state,it behavesasif bit-0 (SM), bit-27 (D_UITLB),
andbit-29(D_MITLB) aresetregardlessof theactualthesevaluesin theSCRregister.

O.2.3   Error_state

The processorenters error_statewhen a trap occurs and TL = MAXTL (4). The
SPARC64-III sendsP_FERRto theUPA, andeventually, UPA systemcontrollerwill RESETall
processors.

O.3   Processor State after Reset and in RED_state

Table 91 shows the various processor states after the resets and the entry of RED_state.

In this table, it is assumedthat RED_stateentry happensdue to resetsor traps. If
RED_stateentry happensby settingthe PSTATE.RED bit using WRPR instruction,no
CPU statewill be changedexcept the PSTATE.RED bit itself; the effects of this are
described inO.2.2, “RED_state”.

Table 91: CPU State after Reset and in RED_state

Name POR XIR SIR RED_state

Integer registers Unknown Unchanged

Floating Point registers Unknown Unchanged

RSTV value VA = 0xffff ffff f000 0000
PA = 0x1ff f000 0000

PC
nPC

RSTV | 0x20
RSTV | 0x24

RSTV | 0x60
RSTV | 0x64

RSTV | 0x80
RSTV | 0x84

RSTV | 0xA0
RSTV | 0xA4

PSTATE AG
IE

                    PRIV
                    AM
                    PEF
                    RED
                    MM
                    TLE
                    CLE

1 (Alternate Globals)
0   (Interrupt disable)
1   (Privileged mode)
0   (Full 64-bit address)
1   (FPU on)
1   (Red_state)
00 (LSO)
0   (Trap little endian)
0   (Current little endian)

TBA[63:15] Unknown Unchanged
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Y Unknown Unchanged

PIL Unknown Unchanged

CWP Unknown Unchanged except for register window traps

TT[TL] 0x1 0x3 0x4 trap_type

CCR Unknown Unchanged

ASI Unknown Unchanged

TL MAXTL min(TL+1, MAXTL)

TPC[TL]
TNPC[TL]

Unknown
Unknown

PC
nPC

TSTATE     CCR
                    ASI

PSTATE
                    CWP
                    PC
                    nPC

Unknown CCR
ASI
PSTATE
CWP
PC
nPC

TICK           NPT
                    Counter

1
Restart at 0

Unchanged
Restart at 0

Unchanged
Unchanged (keep counting)

CANSAVE Unknown Unchanged

CANRESTORE Unknown Unchanged

CANWIN Unknown Unchanged

CELARWIN Unknown Unchanged

WSTATE   OTHER
                    NORMAL

Unknown
Unknown

Unchanged
Unchanged

VER 0x0004
0x3
mask-dependent
0x4
0x4

FSR 0 Unchanged

FPRS Unknown Unchanged

HW MODE TSO
(ASR18) PSO

RMO
BRM
DPE

00 (HLSO)
00 (HLSO)
00 (HLSO)
01(2bit br- pred)
00 (Enable DPrefetch)

Unchanged
Unchanged
Unchanged
Unchanged
Unchanged

GSR (ASR19) Unknown Unchanged

SCHED_INT (ASR22) Unknown Unchanged

SW Scratch (ASR25) Unknown Unchanged

Inst Fault Type (ASR24) Unknown Unchanged

Tick Match    M_DIS
(ASR23) M_VAL

1
Unknown

Unchanged
Unchanged

Data Break Point
(ASR26)

Unknown Unchanged

Data Fault Address
(ASR28)

Unknown Unchanged Unchanged
or
Address of
Data fault

Table 91: CPU State after Reset and in RED_state  (Continued)

Name POR XIR SIR RED_state
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O.4   Hardware Power On Reset Sequence

Whentheprocessordetectsassertionof thePORpin, theTAP controllerin theprocessor
resetsall registersin thescanring to ‘0’ (by makingbothscanclock andL2 high). Then
theTAP controllerreadsinitialization informationfrom serialPROM andscansit into the
scan initialization ring.

Eachregion of the processorhas‘0’ initialized scanring(s) callednormalscanring and
scanring(s)whichrequireat leastonebit to besetto ‘1’ calledscan-initring. All thescan-
init ringsareconnectedinto onescanring within theTAP controller. This is thering which
the TAP controller scans serial PROM data into.

During theprocessabove,all I0 Cachedataareinvalidated,andtheBranchHistory Table
(BHT) andInstructionLookasideTable(ILT) areinitialized. TheMicro InstructionTLB,
Micro DataTLB, Main TLB, I1-Cache,D1-Cache,andU2-Cachearenot invalidatedor
initialized by power on reset.

Data Fault Type
(ASR29)

Unknown Unchanged Unchanged
or
Type of Data
fault

Performance (ASR30) Unknown Unchanged

SCR           SM
(ASR31) II0
                  PM
                  TR
                  W_SEL

W_EN/RED
                  PM_US
                  DB_GSEL
                  DB_CSEL
                  E_CSE
                  D_UITLB
                  D_UDTLB
                  D_MITLB

 D_MDTLB
D_UAE
D_ICW3:0

                  D_DCW3:0
D_I0P
D_I1P
D_D1P
D_U2P
D_UITM
D_UITP
D_MTP
D_UPA
D_I1E
D_D1E
D_U2E
 D_AET
 D_ASEET

1 (Sequential Mode)
0
0
0
000
00
0
Unknown
Unknown
0
1 (Disable uITLB)
1 (Disable uDTLB)
1 (Disable MITLB)
1 (Disable MDTLB)
1
0000
0000
1
1
1
1
1
1
1
1
1
1
1
1
1

1 (Sequential Mode)
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
1 (Disable uITLB)
1 (Disable uDTLB)
1 (Disable MITLB)
1 (Disable MDTLB)
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged
Unchanged

Table 91: CPU State after Reset and in RED_state  (Continued)

Name POR XIR SIR RED_state
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The TAP controller then generatesa POR trap, dependingon which pins are asserted.
SincePORhashigherpriority thanXIR, PORtrap shouldbe raisedwhenboth pins are
asserted.

Due to the time limitation available for reset(5mS), the numberof bits which can be
scannedis limited to around16Kbits.Theprocessorhasbeendesignedto limit thenumber
of bits which must be scaninitialized within this limit. The processorhas also been
designed to be in reset state by the above scan reset sequence.

O.5   Firmware Initialization Sequence

Thefirmwareinitialization sequencein this sectionshouldbedonein theopenbootpro-
gram (OBP) immediately after the hardware power on reset sequence.

When hardware reset is complete,the processoris in RED_state,which disablesall
Caches(except I0 which cannot be disabled)andTLBs. This meansVA=RA andUPA
accessescanonly go to I/O space(sincememoryaccessneedto becacheabledueto UPA
limitation).

With the POR trap, the processorstartsfetching instructionsfrom RSTVaddr + 0x20
which is located I/O space and must contain the necessary initialization sequence.

With the hardware resetsequencedescribedin the previous section,only the minimum
processorresourcesareinitialized to make it run in RED_state.Following initialization,
the firmware should perform the following operations in the sequence shown:

1. TLB Initialization

2. Cache Initialization

3. MSU Initialization

4. Exit from RED_state

O.5.1   TLB Initialization

FirstbothµITLB andµDTLB mustbeinvalidatedwith aSTXA instructionwith ASI 3016
and 3116.

Next, the Main TLB must be initialized in the following way.

1. Write all 0 value to “Data TLB Match Data Register” using STXA (ASI=3F16,
VA=2016, “Write Data TLB Match Register”).

2. Write all 0 valuesto all of Main TLB entries(total of 256 entries)using STXA
(ASI=3516, “Write DataMain TLB Into SpecifiedEntry).Sincethis instructionwrites
only one entry at a time, a write loop is requiredto initialize all of the Main TLB
entries.

Then the minimum Main TLB entries for instruction and data accessafter exiting
RED_statemustbewritten,andTLB Lock Entry RegisterandTLB FIFO counterregister
should be properly set.
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O.5.2   Cache Initialization

I1 Cacheis invalidatedby using“InvalidateI1 CacheUsingI1 CacheIndex andWay” ASI
instruction(ASI=6816, VA[30:28]=0112). Sincethis instructioninvalidatesonly onecache
line entryat a time, for thewhole64KBytesI1 Cacheinvalidation,it needsto issue1,024
instructions.Total timerequiredto invalidateI1 is about15 thousandcyclesandis 61.5uS
with 250MHz clock. Similarly, D1 cacheis invalidatedby using “InvalidateD1 Cache
Using D1 Cache Index and Way” ASI instructions (ASI=6816, VA[30:28]=1002).

U2 Cacheis invalidatedby writing its tagdatawith valid bit off into U2 CacheTagwith
“Write U2 CacheTag” ASI instruction(ASI=6816, VA[30:28]=0002) instruction.Since
this instructionwritesonly oneentryat a time (onefor every 64 bytecacheline), a write
loop is requiredto invalidatetheentireU2 Cache.A 1MB U2 Cacherequires16K writes;
a 4MB cacherequires64K writes. Eachwrite takes ~15 cycles (since instructionsare
cachedin I0 Cache,I-fetch to PROM occursonly once).Total time requiredto invalidate
all U2 Cache is about 1M cycles in case of 4MB cache and is 4 mS with 250MHz clock.

O.5.3   MSU Initalization

The MSU is initialized with a series of stores, as follows:

Set “Disable U2 CacheData Error” (D_U2E, bit 50) and “Disable UPA Data Error”
(D_UPA, bit 47) in SCR(ASR31).Thendoaseriesof 8-bytestoresto all of memoryusing
STXA with ASI=1416 to initialize it to zero.Next, reset“Disable U2 CacheDataError”
(D_U2E, bit 50) and “Disable UPA Data Error” (D_UPA, bit 47) in SCR (ASR31).

ThesestorescalculatethecorrectECCandso thememorycontentsareinitialized to all-
zero values with correct ECC.

It is advisableto set “EnableNext Line DataPrefetch”(DPE) bit in ASR19during the
operations above. This enables next line prefetch and improve speed of writes.

Without the prefetch,cacheline (64 byte) read/writefrom/to MSU takesabout15 UPA
cycles(about200nS).Sincewriting zeroesinto a singlecacheline requiresrefill andlater
write back,speedof initialization is about64 byte/ 400nS= 160MB/S.This is about7
Seconds/GB.

With the prefetch,it automaticallyfetchesnext cacheline whenthe accessmisses.This
makesloadcompletein 20 cyclesfor every 2 lines.128byte/600nS= 210MB/S.This is
about 5 Seconds/GB.
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O.5.4   Exit fr om RED_state

After the TLBs, Cachesand memory are initialized, the processorcan exit from
RED_state and enable TLB and Caches by the following instruction sequence.

(one of DCTI instructions) target_address ! Jump to non_RED program

wrpr %pstate ! Reset PSTATE.RED bit

The above is the only valid way to get out of RED_state.

Caution:
Be sure there are no hazardsin the instruction fetch when the TLB is enabled.Right after
PSTATE.RED is reset,a new instructionaddressis translatedthroughTLBs and/orthe TMB in
memory.
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P.1   Overview

The SPARC64-III providesall error checkingfor all MMU translationpathsandcache/
memoryaccesspathsbetweenthe CPU,2nd level Cache,andthe systembus.Errorsare
reportedin threecategories,synchronousaccesserrors,asynchronousaccesserrors,and
system fatal errors.

A synchronouserroris detectedwhentheCPUcanrecognizea particularerrorassociated
with a particular request (either instruction fetch or data load/store).

For asynchronous errors, it is difficult to determine which request caused the error.

Whena systemfatalerror is reported,thesystemmustberesetbeforecontinuing.A syn-
chronouserrorcanberecoverableor non-recoverable.An asynchronous_access_error trap
is supported only for an error logging purpose.

Synchronouserrors that can be recoverablemust be logged.Non-recoverablefailures
require immediateattentionand logging, but not systemreset.Software trap handlers
decidesactionsof different recoveries basedon the error trap types.For systemfatal
errors,CPUsendsP_REPLY of typeP_FERRto UPA. ThesystemshouldgenerateaUPA
PORRESETto all processors.The error registerwhich recordsa systemfatal error will
not be cleared during a UPA Power-on RESET.

P.1.1   Sync hronous Access Err ors

Thefollowing errorscouldhappenon instructionfetchesandthey belongto this category.
When these errors happen, the CPU will generatean instruction_access_error trap
(tt=0x00a,priority=3), and the fault instructionaddresswill be set into TPC in the trap
stack.For I1 CacheDataECC Singleor Multiple Error cases,however, the trap may be
taken at a differentaddress.But even in thosecases,the instructionaddressthat hasthe
error and the trap addresswhich is designatedby TPC are within the samecacheline
address(thesame64byteboundaryaddress),andtherearenoproblemswith its errorhan-
dling process described later.

■ µITLB Multiple Hit (ftype=0x1, priority=03, recoverable)

■ MTLB Parity Error (ftype=0x2, priority=05, recoverable)
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■  MTLB Multiple Hit (ftype=0x3, priority=04, recoverable)

■  I1 Cache Tag Parity Error (ftype=0x4, priority=06, recoverable)

■  I1 Cache Tag Multiple Hit (ftype=0x5, priority=07, recoverable)

■  I1 Cache Data ECC Single Error ftype=0x6, priority=09, recoverable)

■  I1 Cache Data ECC Multiple Error (ftype=0x7, priority=08, recoverable)

■  UPA Bus Error (ftype=0x8, priority=10, non-recoverable)

■  UPA Time-out (ftype=0x9, priority=11, non-recoverable)

■  I0 Cache Tag Parity Error (ftype=0xe, priority=12, recoverable)

■  I0 Cache Data Parity Error (ftype=0xf, priority=13, recoverable)

The following errorscould happenon dataloads/storesandthey belongto this category.
Whentheseerrorshappen,theCPUwill generatea data_access_error trap(tt=0x032,pri-
ority=12).

■ µDTLB Multiple Hit (ftype=0x1, priority=1, recoverable)

■ MTLB Parity Error (ftype=0x2, priority=3, recoverable)

■ MTLB Multiple Hit (ftype=0x3, priority=2, recoverable)

■ D1 Cache Tag Parity Error (ftype=0x4, priority=4, recoverable)

■ D1 Cache Tag Multiple Hit (ftype=0x5, priority=5, recoverable)

■ D1 Cache Data ECC Single Error (ftype=0x6, priority=7, recoverable)

■ D1 Cache Data ECC Multiple Error (ftype=0x7, priority=6, non-recoverable)

■ UPA Bus Error (ftype=0x8, priority=8, non-recoverable)

■ UPA Time-out (ftype=0x9, priority=9, non-recoverable)

In boththeinstructionanddataaccesserrorcases,MTLB multiple hit error is not always
detectedby the hardwarewhenthe conditionexists in the Main TLB. Becausethe hard-
warecachessomeof MTLB entriesinto theµTLB’swhichareinvisible from thesoftware,
the error detectiondependson the µTLB entries.The softwarealwaysshouldavoid the
MTLB multiple hit condition and should not rely on the hardware error detection.

P.1.2   Async hronous Access Err ors

Thefollowing errorsbelongto thiscategory. Whentheseerrorshappen,theCPUwill gen-
erate anasync_access_error trap (tt=0x063, priority=2).

■ D1 Cache Data ECC Multiple Error (copyback only) (logging)

■ U2 Cache Data ECC Multiple Error (logging)

■ U2 Cache Data ECC Single Error (logging)
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■ UPA data ECC Multiple Error (logging)

■ UPA data ECC Single Error (logging)

P.1.3   System F atal Err ors

■ U2-Cache tag parity error

■ UPA system address parity error

■ Trap at MAXTL

■ Watchdog Time-out

P.2   MMU Errors

P.2.1 µTLB Err ors

For µITLB, thepossibleerror is a µITLB multiple hit. For uDTLB, thepossibleerror is a
µDTLB multiple hit.

The above errors are synchronous errors. When a µTLB error occurs, an
instruction_access_error or data_access_error trap is generated.The error handlershould
issueanINVALIDATE_UITLB (or INVALIDATE_UDTLB) ASI instructionto invalidate
all µITLB (or µDTLB). Whenthemissedrequestis retried,theµTLB is missed;thecor-
rect translation will be refilled from the MTLB.

P.2.2   Main TLB Err ors

For MTLB, the possible errors are:

■ MTLB parity error

■ MTLB multiple hit

Thesearesynchronouserrors.WhenanMTLB erroroccurs,an instruction_access_error or
data_access_error trap is generated. The error handler should issue
INVALIDATE_TLB_ENTRY ASI_instructionto invalidatetheerroneousentry. Whenthe
missedrequestis retried,theMTLB is missed;thecorrecttranslationwill beperformedas
MTLB miss.

P.3   Memor y Err ors

All cachesand memoriesare protectedby either ODD parity or ECC. All of the ECC
codesin L1/U2/UPA arethesame.The64-bitECCcodespecificationcanbefoundin Shi-
geo Kaneda’s correspondencenote: “A Classof Odd-Weight-ColumnSEC-DED-SbED
Codes for Memory System Applications”,IEEE Trans. on Computers, August 1984.
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P.3.1   I0 Cache Parity Err ors

■ I0-Cache-Tag parity error

■ I0-Cache-Data parity error

P.3.2   I1/D1 Caches TAG Errors

■ I1-Cache-Tag parity error

■ I1-Cache-Tag multiple hit

■ D1-Cache-Tag parity error

■ D1-Cache-Tag multiple hit

P.3.3   I1/D1 Caches Data ECC Err ors

■ I1-Cache-Data ECC error

■ D1-Cache-Data ECC error

■ D1-Cache-Data ECC multiple error

■ I1-Cache-Data ECC multiple error

P.3.4   U2 Cache TAG Parity Err ors

■ U2-Cache tag parity error

P.3.5   U2 Caches Data ECC Err ors

■ U2-Cache-Data SECC error

■ U2-Cache-Data MECC error

P.4   System Err ors

P.4.1   System ECC Err ors

■ UPA SECC errors

■ UPA MECC errors

P.4.2   System UPA Err ors

■ S_ERRthatis reportedto aUPA masterfor anerrorassociatedwith anoncachedread.

■ S_RTO is readtime out from a slave port for anaccessto anunimplementedaddress
space.
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P.5   Basic Mec hanism and Flo w of Err or Handling

P.5.1   D1-Cache/U2-Cache/UPA ECC Multiple Err or

1. Whendetected,the error is loggedinto DC/TDU/ICU Error Log Register. Then the
CPU takesan asynchronous_error trap.Softwarelogs the error informationandclears
the error log register.

● Whenupdatingtheerror log in thememory, softwareshouldusethe lock mecha-
nism because it is used by all of processors in the system.

2. The error datais sentwith DATA_ERR signalto U2-Cache,I1-Cache,D1-Cache,or
ICU.

3. Whenthedataarestoredor sentinto U2-Cache,I1-Cache,D1-Cache,or UPA, thedata
andECC bits which indicatesmultiple ECC errorsarestoredor sent(ECC multiple
errors are propagated).

● To write ECCmultiple errordatainto thoseCacheor UPA for theerrorpropaga-
tion purpose, bit-63, 35, and 22 are flipped.

● Thegranularityof ECCerrorpropagationis 16byte.Thismeansif anECCerroris
detectedin oneof 8 byte data,the ECC multiple error datais generatedfor the 8
bytedataandalsotheother8 bytedatawhich is within thesame16byteboundary.
Althoughthegranularityis 16 byte,thesoftwarecanknow theexactoriginal error
bit location by looking at ECC syndrome bits from the error log registers.

4. Whentheerrordatais beingusedfor realinstructionfetchor execution,CPUtakesan
instruction_access_error or data_access_error trap (synchronous trap).

● The hardwareguaranteesthat this synchronouserror trap is taken after the asyn-
chronous error trap which was the cause of the synchronous error was taken.

5. In thesynchronouserrortrap,thesoftwareinvestigatesthecauseof theerrorby look-
ing at error log informationstoredin memory, thenkills the processor go to PANIC
and fix the error.

● Before looking at the error log to investigatethe causeof the error, the software
should wait for several mS becauseother processorshaven’t loggederror logs
which may be the cause of the error.

P.5.2   How to Fix the MECC Err or

This schemecanbeusedfor any kind of ECCmultiple errorswhich canbeanywherein
thesystem(i.e.memory, U2-Cache,I1-Cache,D1-Cacheof any processorsin thesystem).

1. Disable theasynchronous_error_trap (ASR31).

2. Do two 8-byte stores to the error location.

3. Do STXA, ASI=6A16 (Flush L1 Cache to U2 Cache Using U2 Cache Index)

4. Clear the error log registers.
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5. Enableasynchronous_error_trap (ASR31).

P.5.3   U2-Cache/UPA SECC Err or

1. If it's detected,the error is loggedinto TDU/ICU Error Log Register. Thenthe CPU
takes an asynchronous_error trap. Software logs the error information and clearsthe
error log registers.

2. The error is corrected by hardware, and doesn't propagate to any other place.

3. Softwarecorrectsthe original error. (The original error is not correctedby the hard-
ware.)

P.5.4   How to Fix the SECC Err or

This schemecanbeusedfor any kind of ECCsingleerrorswhich canbeanywherein the
system (i.e. memory, U2-Cache, I1-Cache, D1-Cache of any processors in the system).

1. Disable theasynchronous_error_trap (ASR31).

2. Do LDXA,ASI=14. The addressshouldusethe sameU2-Cacheindex PA addressof
theerror(PA[23:6]), but otheraddressbits (PA[40:24]) shouldbedifferentwith those
of theerroraddress.By doing this way, thedataof theerroraddressis correctedand
evicted from I1/D1/U2-Cache.

3. Clear the error log registers.

4. Enable theasynchronous_error_trap (ASR31).

P.5.5   Permanent or Intermittent SECC Err or

This schemecanbeusedto checkwhethertheECCsingleerror is permanentor intermit-
tentin U2-Cacheor thememory. Thisshouldbedoneaftertheerroris fixedby thescheme
above.

1. Disableasynchronous_error_trap (ASR31).

2. Do LDXA,ASI=14. Theaddressshouldbethesameerror locationaddress.By fixing
the ECC singleerror, the error datahasbeenalreadyevicted from I1/D1/U2-Cache.
Thereforeto checkwhetherpermanentor intermittent,just reloadthe data into U2
Cache.

3. Check the error log registers.

4. If UPA ECC single error is logged, this is a memory permanent error.

5. If U2 ECC single error is logged, this is a U2 Cache permanent error.

6. If no error is logged, this is an intermittent error.

7. Clear the error log registers.
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8. Enableasynchronous_error_trap (ASR31).

Whenthereis a permanentECCsingle-biterror in thememory, theprogramcanadvance
becausethecorrecteddatais still in theU2-Cacheafter theasynchronouserrorhandling.
When thereis a permanentECC single-bit error in U2-Cacheand the accessis not an
instruction fetch, the program can advance becausethe correcteddata is still in the
D1-Cacheafter theasynchronouserrorhandling.Whenthereis a permanentECCsingle-
bit error in U2-Cacheandtheaccessis an instructionfetch,theprogramcannot advance
becausethecorrecteddatais not in theI1-Cacheaftertheasynchronouserrorhandling.To
deal with this problem, there are two choices for the software to avoid the loop situation:

■ WhenaU2 CacheECCsingleerroris reportedby anasynchronouserrortrap,thesoft-
ware shouldcheckwhetherthe error location hasbeenloggedas a permanentU2
Cachesingleerrorbeforefixing theerror. If it is thecase,thesoftwareshouldjust skip
theerrorfix andtheinvestigationof theerrorpermanency, andthenjust cleartheerror
log anddo RETRY. By doing this way, thecorrectedinstructioncanremainin the I1
Cache, and we can avoid the software loop.

■ If thesoftwaredetectsaninfinite synchronousECCsingleerrortraploop, it shouldset
“DisableAsynchronousECCSingleError Trap” (D_ASEET)bit in ASR31.It might
be betterfor the softwareto checkwhetherthis bit is setat somefixed interval (per-
hapsonceanhour),andresetit if it’ s set;thebit shouldnot besetfor a long time in
order to prevent ECC single errors from becoming ECC multiple errors.

P.6   Hardware Err or Trap Pr ocessing

P.6.1   Instruction_access_err or trap (tt=00a 16)

■ When this error condition is reported, the CPU waits for sync.

■ After thesync,if it is theearliestandhighesttrapcondition,theCPUis goingto take
this trap.

■ If TL=MAXTL already, the CPU logs TRAP@MAXTL occurrenceinto TDU Error
Log Register, and assert P_FERR to UPA bus.

■ After takingthetrapandbeforeissuingtraproutineinstructions,all of instructionsin
I0-Cache and Instruction-Buffer are invalidated.

P.6.2   Data_access_err or trap (tt=032 16)

■ When this error condition is reported, the CPU waits for sync.

■ After thesync,if it is theearliestandhighesttrapcondition,theCPUis goingto take
this trap.

■ If TL=MAXTL already, the CPU logs TRAP@MAXTL occurrenceinto TDU Error
Log Register, and assert P_FERR to UPA bus.
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P.6.3   Async hronous_err or trap (tt=063 16)

■ Whentheerrorconditionis detected,theerror information(error type,PA, ECCsyn-
drome) is logged into one of DC/TDU/ICU Error Log Registers.

■ In any dataECCsingleerrorcases,thedatais correctedthroughECCcorrectionlogic
by thehardwareandtheerrordoesn'tpropagatewith thedataany more.But in theU2
cachesingleECC error case,the error in U2 cacheitself isn't correctedby the hard-
ware and still will be there.

■ UC startsandkeepsassertingasynchronouserrorsignalto CPUcoreuntil theerrorlog
register gets cleared by the software.

■  The CPU waits for sync.

■ After thesync,if it is theearliestandhighesttrapcondition,theCPUis goingto take
this trap.

■ If TL=MAXTL already, the CPU logs TRAP@MAXTL occurrenceinto TDU Error
Log Register, and assert P_FERR to UPA bus.

■ Immediatelyafter taking the trap, the CPU setsthe “Disable AsynchronousError
Trap” bit in ASR31to avoid takingthesametrapagain beforethesoftwareclearsthe
errorlog registers.It's thesoftware'sresponsibilityto resetthe“DisableAsynchronous
Error Trap” bit usingWRASR31instructionafter theasynchronouserrorhandlingis
done. The software also can set this bit using WRASR31 instruction.

P.7   ASI Instructions f or Err or Handling

This sectiondescribesthe ASI instructionsthat aredesignedfor error handling.The fol-
lowing things are common to all of the ASI instructions defined in this section:

■ The opcode of the instructions should be either ldx(a) , lddf(a) , stx(a) , or
stdf(a) . Otherwise,a data_access_exception trap with FTYPE=F16 (Invalid ASI) is
taken.

■ No address translation is performed for the instructions.

■ VA[3:0] of all of the instructionsshouldbe 0; otherwisea mem_not_aligned trap is
taken.

■ Thedon’t-carebits (describedas‘—’ in theformat) in VA canbeany value.But it is
recommended that the software should use zero for these bits.

■ The don’t-carebits (describedas ‘—’ in the format) in DATA are readas zero and
ignored on write.

■ The instructionoperationsarenot affectedby PSTATE.CLE.They arealwaystreated
as in a big endian mode.

■ The instructions do not cause the processor to sync.
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■ The instructionsareall stronglyorderedregardlessof load or store,andthe memory
model. Therefore no speculative executions are performed.

The following subsections describe each operation in detail.

P.7.1   Read/Write TDU Err or Log Register
Function: Read/WriteTDU ErrorLog Register. This registeris usedto log U2 Cacheparity/

ECCerrors.It is alsousedto log “trap atmaxtraplevel” and“watchdogtime-out”
errors.

ASI: 6C16
RW: Supervisor Read, Supervisor Write.
VA: VA:See below.

Data: See below.

SYNDROME[15:0]
ECCErrorSyndrome.ECCerrorsyndromebitsaresetwhenU2-CacheECCmul-
tiple or singleerror is detectedfor any kinds of U2-Cacheread.Bit 15-8 arethe
syndromebits for byte0-7 (bit 127-64)data,andbit 7-0 arethesyndromebits for
byte 8-f (bit 63-0) data.If U2-CacheECC multiple error bit is alreadyset and
anotherU2-CacheECC multiple error is detected,this value won’t be changed
(keeptheoldestvalue).If U2-CacheECCsingleerrorbit is alreadysetandanother
U2-CacheECCsingleerroris detected,thisvaluewon’t bechanged(keeptheold-
estvalue).If U2-CacheECCmultipleerrorbit is notsetandU2-CacheECCsingle
errorbit is setandU2-CacheECCmultiple error is detected,this valueis updated
(ECC multiple error has a higher priority over ECC single error).

U2M:
U2-CacheECCMultiple Error. SetwhenU2-CacheECCmultipleerroris detected
for any kinds of U2-Cache read.

U2MM
U2-CacheECC Multiple Error Multiple Occurrence.Set when U2-CacheECC
Multiple Error bit is alreadyset and anotherU2-CacheECC multiple error is
detected for any kinds of U2-Cache read.

U2S
U2-CacheECCSingleError. SetwhenU2-CacheECCsingleerror is detectedfor
any kinds of U2-Cache read.
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U2SM
U2-CacheECCSingleError Multiple Occurrence.SetwhenU2-CacheECCSin-
gle Error bit is alreadysetandanotherU2-CacheECCsingleerror is detectedfor
any kinds of U2-Cache read.

U2TG
U2-CacheTag Parity Error. SetwhenU2-CacheTag Parity Error is detectedfor
any kinds of U2-Cache tag read.

TRPM
Trap At MAXTL. Set when a trap at MAXTL is detected.

WDTO
Watchdog Time-out. Set when a watchdog time-out is detected.

PA[40:4]
ErrorPhysicaladdress.TheerrorPA is setwhenU2-CacheECCmultipleor single
error is detectedfor any kindsof U2-Cacheread.If U2-CacheECCmultiple error
bit is alreadysetandanotherU2-CacheECCmultiple error is detected,this value
won’t be changed(keepthe oldestvalue). If U2-CacheECC single error bit is
alreadysetandanotherU2-CacheECCsingleerroris detected,thisvaluewon’t be
changed(keeptheoldestvalue).If U2-CacheECCmultiple errorbit is not setand
U2-CacheECC single error bit is set and U2-CacheECC multiple error is
detected,this valueis updated(ECCmultiple errorhasa higherpriority over ECC
single error).

Note:
If bothupperandlower8 bytedatawithin thesame16bytedatahaveECCmultipleor singleerrors
simultaneously, it is loggedasonly oneerror occurrence.In the caseof singleandmultiple error
combinations, it is logged as an ECC multiple error. That is, U2M bit is set, U2S bit is unchanged.

This register is reset on a cold POWER_ON_RESET.

This register isnot reset by UPA_POR.

TheSYNDROME bits (bit 63-48)andPA bits (bit 40-4)areresetto “0” on write, regard-
less of the write data.

The U2M, U2MM, U2S,U2SM, U2TG, TRPM, WDTO bits (bit 47-41)areresetto “0”
on write when the corresponding write data is “1” (“echo reset”).

TheU2M, U2MM, U2S,U2SM,U2TG,TRPM,WDTO bits (bit 47-41)areunchangedon
write when the corresponding write data is “0”.
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P.7.2   Read/Write ICU Err or Log Register
Function: Function:Read/WriteICU ErrorLog Register. Thisregisteris usedto log UPA bus

parity/ECC errors.
ASI: 6D16
RW: Supervisor Read, Supervisor Write.
VA: See below.

Data: DATA:See below.

SYNDROME[15:0]
ECCError Syndrome.ECCerrorsyndromebits aresetwhenUPA ECCmultiple
or singleerroris detected.Bit 15-8arethesyndromebits for byte0-7 (bit 127-64)
data,andbit 7-0 arethe syndromebits for byte 8-f (bit 63-0) data.If UPA ECC
Multiple Error bit is alreadysetandanotherUPA ECCmultiple error is detected,
thisvaluewon’t bechanged(keeptheoldestvalue).If UPA ECCSingleErrorbit is
alreadyset and anotherUPA ECC single error is detected,this value won’t be
changed(keeptheoldestvalue).If UPA ECCMultiple Errorbit is notsetandUPA
ECC singleerror bit is setandUPA ECC multiple error is detected,this valueis
updated (ECC multiple error has a higher priority over ECC single error).

UPM
UPA ECC Multiple Error. Set when UPA ECC multiple error is detected.

UPMM
UPA ECC Multiple Error Multiple Occurrence.Set when UPA ECC Multiple
Error bit is already set and another UPA ECC multiple error is detected.

UPS
UPA ECC Single Error. Set when UPA ECC single error is detected.

UPSM
UPA ECCSingleError Multiple Occurrence.SetwhenUPA ECCSingleError bit
is already set and another UPA ECC single error is detected.

UPAD
UPA Address Parity Error. Set when UPA address parity error is detected.

INTR
Interrupt Vector Data Error. Set when UPA ECC multiple or single error is
detectedandthedatais oneof interruptvectordata.If UPA ECCmultipleerrorbit
is alreadysetandanotherUPA ECCmultiple error is detected,this valuewon't be
changed(keepthe oldestvalue). If UPA ECC singleerror bit is alreadysetand
anotherUPA ECC singleerror is detected,this valuewon't be changed(keepthe
oldestvalue).If UPA ECCmultiple errorbit is not setandUPA ECCsingleerror
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bit is setandUPA ECCmultiple erroris detected,this valueis updated(ECCmul-
tiple error has a higher priority over ECC single error).

PA[40:4]
Error Physical Address.The error PA is set when UPA ECC multiple or single
error is detected.If UPA ECC multiple error bit is alreadysetandanotherUPA
ECC multiple error is detected,this value won’t be changed(keep the oldest
value). If UPA ECC singleerror bit is alreadysetandanotherUPA ECC single
erroris detected,this valuewon’t bechanged(keeptheoldestvalue).If UPA ECC
multipleerrorbit is notsetandUPA ECCsingleerrorbit is setandUPA ECCmul-
tiple erroris detected,thisvalueis updated(ECCmultipleerrorhasahigherprior-
ity overECCsingleerror).Whentheerroris on theinterruptvectordata,PA[40:4]
is either37h0(InterruptVectorData0), 37h1(InterruptVectorData1), or 37h2
(Interrupt Vector Data 2).

Note:
If bothupperandlower8 bytedatawithin thesame16bytedatahaveECCmultipleor singleerrors
simultaneously, it is loggedasonly oneerror occurrence.In the caseof singleandmultiple error
combinations, it is logged as an ECC multiple error. That is, UPM bit is set, UPS bit is unchanged.

This register is reset on the cold POWER_ON_RESET.

This register isnot reset by UPA_POR.

TheSYNDROME bits (bit 63-48),INTR bit (bit 41),andPA bits (bit 40-4)areresetto “0”
on write, regardless of the write data.

TheUPM, UPMM, UPS,UPSM,UPAD bits (bit 47-43)areresetto “0” onwrite whenthe
corresponding write data is “1” (“echo reset”).

TheUPM, UPMM, UPS,UPSM,UPAD bits (bit 47-43)areunchangedon write whenthe
corresponding write data is “0”.

When one of the interrupt data has an ECC error, the processorstill tries to take
interrupt_vector trapregardlessof theerror. But in this case,theprocessoralwaystakesan
asynchronous_error trapfirst. It’s up to thesoftwarewhetherto kill theinterruptrequestby
resettingthebusybit of interruptdatareceive registerwhenit recognizedthat thereis an
ECC error on the interruptdataby readingICU Error Log Register in the asynchronous
error trap routine.

P.7.3   Read/Write DC Err or Log Register
Function: Read/Write DC Error Log Register. This register is used to log D1 Cache ECC

error on copyback.
ASI: 6E16
RW: Supervisor Read, Supervisor Write.
VA: See below.

63 04 3
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Data: See below.

D1M
D1-CacheECCMultiple ECCError. SetwhenD1-CacheECCmultipleECCerror
is detected during a copyback from D1-Cache to U2-Cache or UPA.

D1MM
D1-CacheECC Multiple Error Multiple Occurrence.Set when D1-CacheECC
Multiple Error bit is alreadyset and anotherD1-CacheECC multiple error is
detected during a copyback from D1-Cache to U2-Cache or UPA.

PA[40:4]
Error Physical Address.The error PA is set when D1-Cachemultiple error is
detectedduring a copyback from D1-Cacheto U2-Cacheor UPA. If D1-Cache
ECCmultiple errorbit is alreadysetandanotherD1-CacheECCmultiple error is
detectedduringa copybackfrom D1-Cacheto U2-Cacheor UPA, this valuewon’t
be changed (keep the oldest value).

Note:
If bothupperandlower8 bytedatawithin thesame16bytedatahaveECCmultipleerrorssimulta-
neously, it is logged as only one error occurrence.

This register is reset on cold POWER_ON_RESET.

This register isnot reset by UPA_POR.

The PA bits (bit 40-4) are reset to “0” on write, regardless of the write data.

TheD1M, D1MM bits (bit 47-46)areresetto “0” on write whenthecorrespondingwrite
data is “1” (“echo reset”).

TheD1M, D1MM bits (bit 47-46)areunchangedon write whenthecorrespondingwrite
data is “0”.

63 046 45 4 3
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P.7.4   Read/Write UC Err or Injection Register
Function: Read/WriteUC Error InjectionRegister. This registeris usedto injectECCerrors

into U2 Cache and UPA bus.
ASI: 6F16
RW: Supervisor Read, Supervisor Write.
VA: See below.

Data: See below.

DEI
DisableError Injection ExceptU2 Flush.If this bit is “0”, any kinds of outgoing
datato UPA areerror-injectedby flipping ECCcheckbitsusing“UPA ECCCheck
Bit Flip” valuein this register. If thisbit is “1”, theoutgoingdatato UPA causedby
thefollowing ASI instructionsareerror-injectedby flipping ECCcheckbits using
“UPA ECC CheckBit Flip” value in this register, andthe outgoingdatato UPA
causedby other than the following ASI instructionsare not error-injected and
“UPA ECC Check Bit Flip” values in this register are ignored.

Flush U2 Cache to Memory Using U2 Cache Buffer Index (ASI=6816, VA[30:28]=0102)

Flush U2 Cache to Memory Using PA (ASI=6916)

UPA[15:0]
UPA ECC CheckBit Flip. Bit 15-8 areusedto flip UPA ECC checkbits of UPA
Databit 127-64.Bit 7-0 areusedto flip UPA ECCcheckbits of UPA Databit 63-
0. ECCcheckbit flipping happensdependingonthesebit valuesandDEI bit value.

U2[15:0]
U2 CacheECCCheckBit Flip. Bit 15-8areusedto flip U2 CacheECCcheckbits
of U2 CacheDatabit 127-64.Bit 7-0 areusedto flip U2 CacheECCcheckbits of
U2 CacheDatabit 63-0.ECC checkbit flipping happensdependingon thesebit
valuesandonly whenthewrite to U2 CacheDatais causedby the following ASI
instruction:

Write U2 Cache Data From U2 Cache Buffer Registers (ASI=6816, VA[30:28]=0012)
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33 32 16 15

—



Q  Performance Monitoring

Q.1   Intr oduction

This appendixdescribesandspecifiesperformancemonitorsthathave beenimplemented
in the SPARC64-III CPU. Performancemonitorshave beenaddedin order to improve
softwaretuningandallow cursorysystemdebug.Systemdebug maybeperformedduring
bring-up or at customer sites.

Becauseof complexity relatedto speculative out-of-orderexecution,retry andblock con-
ditionsbetweentheLoadStoreUnit (LSU) andCache,andinstructionanddataprefetch,
performancemonitors are difficult to specify and implement.For example, consider
instructionprefetching.TheCPUattemptsto prefetchthenext cacheline from thelevel-1
instructioncache(I1). This prefetchmaymissin theI1. If this cacheline is laterusedby
theCPU,I1 missis counted,eventhoughit maynothaveresultedin anissuebubblein the
CPU.Additionally, the aggressive useof instructionspeculationin the CPU complicates
performancemonitoring.Shouldstall conditionswhich occurduring an incorrectlyexe-
cutedinstructionsequencebecounted?How dowemeasurecachepollutiondueto specu-
lation? Additionally, we would like to minimize the impact to the processorchip. The
CPUhaslimited siliconresourcesandadditionalfunctionalitymustbetestedandverified.

Therefore,we have attemptedto minimize complexity while still providing performance
observability. Specifically:

■ No timing paths have been introduced.

■ In somecases,new functionality is leveragedoff existing logic in the SPARC64-II
CPU.

■ In caseswherespeculationwould complicateperformancemonitoringdesignandver-
ification, we have chosen to simplify the monitor.

Q.2   Performance Monitor Description

Q.2.1   Overview

All performancemonitorsare32-bitslong in SPARC64-III CPU.Theperformancemoni-
tors can be divided into the following groups:

1. Memory Access Latency Counters
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These counters measure the latency of certain types of memory accesses.

2. Memory Access Event Counters

Thesemeasurethefrequency of certaintypesof memoryaccessesfrom LSU’spointof
view.

3. L1 Cache Access Event Counters

The frequency of L1 cache misses can be derived from this set of counters.

4. L2 Cache Access Event Counters

All kinds of access events to the L2 cache are recorded.

5. UPA Access Event Counters

Non-cacheable and cacheable UPA requests are counted separately.

6. Cache Coherency Event Counters

L1 cache coherency events (invalidation, retag and copyback) are counted separately.

7. MMU Event Counters

TLB misses are counted with respect toµTLB or main TLB, data or instruction side.

8. Instruction Execution Rate Counters

Thissetcomprisestheissueandcommitcounterswhichmeasureinstructionexecution
rate.

9. Issue Stall Counters

The mixture and number of various issue stall conditions are monitored.

10.Branch Prediction Counters

The branch mispredict ratio can be calculated from these counters.

11.Machine Sync Counters

The frequency and latency of machine syncing instructions are measured.

With theexceptionof thecommittedinstructioncounterandmainTLB misscounters,all
othermonitorsandcountersareupdatedspeculatively. For example,issuestalls(aswell as
memoryaccesses)which occur in mispredictedpathsmay be accumulatedinto the stall
(frequency andlatency) countersrespectively. Instructionswhich areissuedspeculatively
maynot alwaysmodify performancemonitors.Considerload/storeinstructionswhich are
issuedto theLSU reservationstation,but arenot selectedfor executiondueto scheduling
constraints.Theseinstructionsmay later be killed before they are requestedfrom the
cache chips.

Finally, countersarenot disabledduring backupsandbacksteps,althoughin somecases
(memoryaccessevent andlatency counters)instructionskilled by the PreciseStateUnit
will not update the counter. Refer to the following sections for more detail.
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Notes:
Upon saturation,all counterswill remainat the maximumvalue.The maximumvalue indicates
counter overflow.

All performance monitor registers are 32-bits long in SPARC64-III CPU.

Q.2.2   Memor y Access Latenc y Counter s

Memory accesslatency countersmeasuretotal latency for different typesof load/store
accesseswhich do not “HIT”. A “HIT” is definedasa requestfrom theDFMLSU which
returnsdataandCACHE_HIT the third cycle aftera memoryaccesshasbeenrequested.
Hence, a “HIT” may occur on a number of different conditions:

■ ThedatacachehasassertedBLOCK, andtheLSU hasinhibitedany memoryrequests.
After negationof BLOCK, any memoryrequestwhich “HITs” will incrementthedata
cache hit counter.

■ The datacachehasassertedRETRY after the LSU hassenta memoryrequest.After
one or more attempts,any memory requestwhich “HITs” will incrementthe data
cache hit counter.

Latency is definedfrom initiation of a memoryrequestfrom theLSU to completionstatus
from thedatacache.Completionstatuscanbesuccessfuldatatransferor any errorcondi-
tion.

In order to implementthe memoryaccesslatency counters,eachpotentialoutstanding
load/storerequestfrom theLSU (maximumof 12) hasanassociatedcounter. Thecounter
is 12-bitsanduponsaturation,will maintainits maximumvalue.Althoughthemaximum
limit for memoryaccessesis theoreticallyinfinite, the maximumlatency which can be
measuredper memory miss is 4096 cycles. Latency measurementsgreaterthan 4096
cycleswill belost.Uponcompletionof thememoryaccess,theindividual latency countis
added to the total latency count for the appropriate memory type.

All latency countersareupdatedspeculatively, but load/storeinstructionswhich arekilled
dueto backtracksinitiated by the PreciseStateUnit (PSU)will not be accumulatedinto
the latency counters.

Counter 0: Memor y Total Latenc y Counter

Description: Total latency count of all memory access which complete but are not defined as a
“HIT”. From the memory event counter and the memory latency counter, the
average latency for memory accesses can be calculated.

Q.2.3   Memor y Access Event Counter s

Memory accessevent countersmeasurethe numberof certaintypesof load/storeaccess
from LSU’s point of view. All updates to these monitors are performed speculatively.

All memoryeventcountersareupdatedspeculatively, but load/storeinstructionswhichare
killed dueto backtracksinitiatedby thePreciseStateUnit (PSU)will not beaccumulated
into the event counters.
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Counter 1: L1 Data Cac he Hit Counter

Description: Incrementedwhena load/storerequestto thedatacachereturnswith “HIT”. This
counter may be incremented a maximum of 2 every cycle.

Counter 2: Memor y Access Event Counter

Description: Any memory access which completes but is not defined as a “HIT,” will result be
counted in the memory access event counter. This counter may be incremented a
maximum of 2 every cycle.

Q.2.4   L1 Cache Access Event Counter s

Level-1 cacheaccessevent countersrecordaccesseventswhich take placein the level-1
data and instruction caches.

Counter 3: L1 Data Cac he Reload f or Load Event Counter

Description: IncrementedwhenUCsendsreloadrequest,whichiscorrespondingtoaloadmiss,
to DC. This counter also indicates the event of a L1 data cache miss for load
request, excludingµTLB miss.

Counter 4: L1 Data Cac he Reload f or Store Event Counter

Description: Incremented when UC sends reload request, which is corresponding to a store
miss,to DC.Thiscounteralsoindicatestheeventof aL1 datacachemissfor store
request, excludingµTLB miss.

Counter 5: L1 Data Cac he Victim Cop ybac k Counter

Description: Accumulates the number of misses that do victim copyback in level-1 data cache.

Counter 6: L1 Instruction Cac he Reload Event Counter

Description: IncrementedwhenUC sendsreloadrequeststo IC. Thiscounteralsoindicatesthe
event of a L1 instruction cache miss, excludingµTLB miss.

Q.2.5   L2 Cache Access Event Counter s

Counter 7: U2 Cache Miss Fr om Instruction Fetc h Counter

Description: Incremented when a read request from IC misses in UC.

Counter 8: U2 Cache Miss Fr om Data Load Counter

Description: Incremented when a load request from DC misses in UC.

Counter 9: U2 Cache Miss Fr om Data Store Counter

Description: Incremented when a store request from DC misses in UC.
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Counter 10: U2 Cache Miss With Writebac ks Counter

Description: Accumulates the number of events of U2 cache miss that do writeback.

Counter 11: U2 Cache Invalidate fr om UPA Transaction Counter

Description: Incremented when a U2 cache line is invalidated due to the following UPA
transactions: S_INV_REQ, S_CPI_REQ.

Counter 12: U2 Cache Unsolicited Cop ybac k Counter

Description: Incremented when an unsolicited copyback occurs in U2 cache due to the
following UPA transactions: S_CPB_REQ, S_CPI_REQ, S_CPD_REQ,
S_CPB_MSI_REQ.

Counter 13: U2 Cache Hit with “Read to Own” UP A Transaction Counter

Description: Incremented when U2 cache hits that require “read to own” UPA

Counter 14: I0 Instruction Cac he Miss Counter

Description: Incremented when level-0 instruction cache line is replaced.

Q.2.6   UPA Access Event Counter s

Counter 15: Non-cac heable Load Counter

Description: Accumulates the number of non-cacheable load requests from UC to UPA bus.

Counter 16: Non-cac heable Store Counter

Description: Accumulates the number of non-cacheable store requests from UC to UPA bus.

Counter 17: UPA Access Counter

Description: Incremented when UC sends any kind of request to the system controller.

Q.2.7   Cache Coherenc y Event Counter s

CacheCoherency EventCountersmonitortheactivities relatedto thecoherency requests.
The eventsthat trigger the incrementof thesecountersarecertaintype of requestsfrom
UC to DC or IC. Thesecountersareincrementedspeculatively, sotheeventrecordedmay
be related to instructions on a mispredicted path.

Counter 18: L1 Data Cac he Invalidate Event Counter

Description: Incremented when UC sends invalidate request to DC.

Counter 19: L1 Data Cac he Retag Event Counter

Description: Incremented when UC sends retag request to DC.
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Counter 20: L1 Instruction Cac he Invalidate Event Counter

Description: Incremented when UC sends invalidate request to IC.

Counter 21: L1 Data Cac he Unsolicited Cop ybac k Counter

Description: Incremented when UC sends DC an unsolicited copyback request.

Q.2.8   MMU Event Counter s

Counter 22: Instruction µTLB Miss Counter

Description: Incremented when instructionµTLB miss occurs. On main TLB hit, this counter
maybeupdatedspeculatively. OnmainTLB miss,it is updatednon-speculatively.

Counter 23: Data µTLB Miss Counter

Description: IncrementedwhendataµTLB missoccurs.OnmainTLB hit, thiscountermaybe
updated speculatively. On main TLB miss, it is updated non-speculatively.

Counter 24: Instruction Main TLB Miss Counter

Description: Incremented when instruction main TLB miss occurs. Non-speculative.

Counter 25: Data Main TLB Miss Counter

Description: Incremented when data main TLB miss occurs. Non-speculative.

Q.2.9   Instruction Ex ecution Rate Counter s

The following counters allow measurement of instruction execution rates.

Counter 26: Performance Monitoring Cyc le Counter

Description: Accumulates the number of cycles the performance monitors have been enabled.
Provides a precise measurement interval. It is separate from the TICK register
accessed through therd %tick instruction because it can be enabled and disabled
through software. At 250Mhz, 32-bits will result in a monitoring interval
exceeding 10 seconds. When monitoring User or System time separately, this
counter gives a measure of how long the processor spends with PSTATE.PRIV
either 0 (User) or 1 (System) (seeAppendixQ.3.5, “Performance Counter
Enable”).

Counter 27: Instruction Issue Counter

Description: Accumulatesthenumberof instructionsissuedeverycycle.Assumingthemachine
is runningat250MHZatthetheoreticalpeakof 4 IPC,a32-bitcounterwill provide
amonitoringinterval of 4 secondswithoutoverflow. Generally, processorIPCwill
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be closer to ~1.8 over long benchmarks, but the theoretical peak may be reached
for short periods. From the performance monitoring cycle counter and the
instruction issue counter, the speculative IPC can be obtained.

The instruction issue counter will be larger than the instruction commit counter.
Generally, this is due to branch misprediction effects, but can also be due to
executiontraps(for example,mainTLB misstraps).In thelattercase,instructions
onthecorrectlypredictedpathmaybekilled andreissuedonreturnfrom thetrap.

Special considerations are needed when measuring User and System counts
separately (seeAppendixQ.3.5, “Performance Counter Enable” for a discussion)

Counter 28: Instruction Commit Counter

Description: Accumulatesthenumberof instructionscommittedeverycycle.Duetospeculative
instructionissue,thevaluestoredin thecommittedinstructioncountermaybeless
thanthatof theissuecounter. Fromtheperformancemonitoringcyclecounterand
the instruction commit counter, the true IPC can be obtained.

Q.2.10   Issue Stall Counter s

Issuestall countersmeasurethe frequency of instructionstalls.On any cycle wherethe
machineis unableto meetits peakissuerateof 4 instructions,thefirst stallinginstruction
is checked against a prioritized list of stall conditions.Only one out of the seven stall
counters is incremented. For example:

In theabove case,theCPUwasableto issuethefirst 2 instructions,but thethird instruc-
tion (inst2) stalls. In order to decidewhich one of the stall monitorsshouldbe incre-
mented,the stall(s) related to inst2 are checked against the first stall counter. If the
instructionstalleddueto thefirst stall type, thecounteris incrementedandno otherstall
counteris incremented.Otherwise,the CPU proceedsto the second,andso on, until the
last stall monitor is reached.If the last stall monitor is reached,it will alwaysbe incre-
mented.Although inst2 may have generatedmultiple stalls,the prioritized list assuresa
unique stall count. For example, if the primary instruction cachemisses,whetherthe
instruction would have stalled due to lack of free registers is immaterial.

All stall countersareincrementedspeculatively. They correspondwith eventsin the issue
cycle of theSPARC64-III CPU.Instructionsareissuedin-order, somodificationsto stall
monitors will occur in program order.

A specialnoteis requiredfor issue_traps.Althoughthey areloggedin thelaststall counter
(Counter34), they areprioritizedbeforeCounter29.On an issue_trap, Counter34 will be
incrementedif the instructiondid not stall dueto a fetch stall or instructioninvalid stall.
This is becausewhen issue_traps occur, whetherthe instruction would have generated
other resource stalls is immaterial.

inst3 inst2 inst0inst1

stall(s)

issued
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Thesumtotal of all thestall countersgivesa measureof cycleswhenlessthan4 instruc-
tions were issued.Subractingthis total from the performancemonitoring cycle counter
gives the total numberof 4-issue(speculative IPC 4) cycles.Subsequently, the average
speculative IPC for the stall cycles can be computed.

Counter 29: Fetch Stall Counter

Description: Incremented when an instructions stalls during the issue cycle due to a fetch
bubble. These cases include:

◆ primary instruction cache miss

◆ prefetch line miss

◆ cache-line discontinuity

◆ control transfer instruction

◆ DONE/RETRY

Counter 30: PSU_KILL Stall Counter

Description: Incremented when an instruction stalls due to an issue kill from the Precise State
Unit, and higher prioritized stalls have not occurred. The PSU kills instruction
issue due to

◆ exception (interrupts, execution trap) handling

◆ during the DO_BACKUP cycle as a result of machine backups.

Counter 31: Reservation Station Queue Stall Counter

Description: Incrementedwhenaninstructionstallsdueto insufficientreservationstationqueue
entries, and higher prioritized stalls have not occurred. Reservation stations
comprise:

◆ DFMLSU - load/store instructions

◆ DFMFXU - fixed-point instructions

◆ DFMAGEN - load/store instructions and certain fixed-point instructions

◆ DFMFPU - floating-point instructions

Counter 32: Free Register Resour ce Stall Counter

Description: Incrementedwhenaninstructionstallsdueto insufficientfreeregistersfor register
renaming, and higher prioritized stalls have not occurred. The following registers
are renamed:

◆ fixed-point registers

◆ floating-point registers

◆ condition code (icc,xcc,fcc0-4) registers

Counter 33: Checkpoint, Serial Number , or Trap Stac k Resour ce Stall

Description: Incremented when an instruction stalls due to insufficient checkpoints, serial
numbers,or trap_stackentries,andhigherprioritizedstallshavenotoccurred.The
following instructions require checkpoints:

◆ BPr(a)
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◆ FBcc(a)/FBPcc(a)

◆ Bcc(a)/BPcc(a)

◆ BAa/BPAa/FBAa/FBPAa

◆ flushw

◆ integer ldd/std(a)

◆ saved/restored

◆ call

◆ jmpl

◆ ret/retl

◆ return

◆ save/restore

◆ done/retry

◆ ta [%g0+imm]

◆ tcc

◆ tn

◆ rd %asr

◆ rd %pr

◆ wr %asr

◆ wr %pr

All instructionsrequireserialnumbersfor issue.Only instructionswhichgenerate
exceptions require trap_stack entries. The SPARC64-III CPU contains 16
checkpoints, 64 serial numbers, and 4 extra trap_stack entries for renaming.

Counter 34: Other Stall Counter

Description: Incrementedwhenaninstructionstallsdueto all otherissuestallconditions,anda
higher prioritized stalls have not occurred. These other stalls include:

◆ syncingstallsdueto sequentialmode,or instructionswhich mustbeissuedat
machine sync

◆ %pil registerstall - following a wr %pil instruction,any further reador write
of %pil registerwill result in a stall until the PIL registerhasbeencorrectly
updated

◆ last_tobe_issued- certain instructionsmust be the last instruction in the
instruction window to be issued.

◆ slot0_only - certain instructions must the first instruction in the issue window.

◆ issue_traps
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Q.2.11   Branc h Prediction Counter s

Counter 35: Branc h Issue Counter

Description: Thenumberof branchinstructionswhichhavebeenissued,includingspeculative
branches. If the processor is operating in sequential mode, an accurate non-
speculative branch count can be obtained.

Counter 36: Branc h Mispredict Counter

Description: Accumulatesthenumberof branchmispredictevents.By dividing thevalueof this
counterby thevalueof “BranchIssueCounter,” thebranchmispredictratiocanbe
obtained.

Counter 37: Instruction Lookup T able (ILT) Miss Counter

Description: Accumulates the number of ILT (next fetch PC) misses.

Q.2.12   Machine Sync Counter

Counter 38: Sync Event Counter

Description: Accumulatesthenumberof syncinginstructions.Doesnot includemachinesyncs
due to exceptions (for example, main TLB miss exception).

Counter 39: Sync Cyc le Counter

Description: Counts the number of cycles when the machine is waiting for sync to complete.
From this counter and the Sync Event Counter, the average latency per syncing
instruction can be calculated.

Q.3   Software Interface

Q.3.1   Reading P erformance Counter s

All performancemonitorregistersaresoftwarevisible throughthe rd %asr30 instruction
(see 6.2, “Instruction Formats” for details of instruction formats). Bits [12:8] of the
instruction(pm_reg_#) are usedto selectthe register numberwithin a particularview,
which is defined by the value in the View Number Register.

Table 92: Inter pretation of bits[12:8]

pm_reg_# Operation

00000 View Number Register

00001 register #0

00010 register #1

00011 register #2

00100 register #3

00101 register #4

00110 register #5
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All rd %asr30instructionsare syncinginstructions.On a rd %asr30,all upperbits not
specified in the counter are padded with zeroes.

Thevalueof View NumberRegistercanbeupdatedby wr asr%30with pm_op= “00100.”
The format of View Number Register is:

Thepm1_view_# indicatestheview numberselectingthe registergroupto bevisible for
group1, which is composedof register#3 to 5. Thepm0_view_# indicatestheview num-
berselectingtheregistergroupto bevisible for group0, which is composedof register0
to 2. Thecountersto beselectedaccordingto pm1_view_# areshown in Table93. Table
94 shows thecounterselectionaccordingto pm0_view_#. Whenundefinedpm1_view_#
or pm0_view_# is specified, the counter value is undefined.

Table 93: View Selection for Monitor Gr oup 1

Register # Monitor Counter #

pm1_vie w_# = 0000

3 Memory Total Latency Counter 0

4 L1 Data Cache Hit Counter 1

5 Memory Access Event Counter 2

pm1_vie w_# = 0001

3 L1 Data Cache Reload for Load Event Counter 3

4 L1 Data Cache Reload for Store Event Counter 4

5 L1 Data Cache Invalidate Event Counter 18

pm1_vie w_# = 0010

3 L1 Data Cache Retag EventCounter 19

4 L1 Data Cache Victim Copyback Event Counter 5

5 L1 Data Cache Unsolicited Copyback Counter 21

pm1_vie w_# = 0011

3 Data µTLB Miss Counter 23

4 Data main TLB Miss Counter 25

5 UPA Access Counter 17

pm1_vie w_# = 0100

3 U2 Cache Miss from Instruction Fetch Counter 7

4 U2 Cache Miss from Data Load Counter 8

5 U2 Cache Miss from Data Store Counter 9

pm1_vie w_# = 0101

3 U2 Cache Miss with Writeback Counter 10

4 U2 Cache Invalidate from UPA Transaction 11

5 U2 Cache Unsolicited Copyback Counter 12

pm1_vie w_# = 0110

3 U2 Cache Hit with “read to own” UPA Transaction Counter 13

4 Non-cacheable Load Counter 15

5 Non-cacheable Store Counter 16

pm0_vie w_#pm1_vie w_#

3 07
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Table 94: View Selection for Monitor Gr oup 0

Register # Monitor Counter #

pm0_vie w_# = 0000

0 Instruction Commit Counter 28

1 Instruction Issue Counter 27

2 Performance Monitoring Cycle Counter 26

pm0_vie w_# = 0001

0 Instruction Commit Counter 28

1 Instruction µTLB Miss Counter 22

2 Instruction main TLB Miss Counter 24

pm0_vie w_# = 0010

0 Instruction Commit Counter 28

1 Fetch Stall Counter 29

2 PSU_KILL Stall Counter 30

pm0_vie w_# = 0011

0 Instruction Commit Counter 28

1 Reservation Queue Stall Counter 31

2 Free Register Resource Stall Counter 32

pm0_vie w_# = 0100

0 Instruction Commit Counter 28

1 Checkpoint, Serial Number, or Trap Stack Resource Stall Counter 33

2 Other Stall Counter 34

pm0_vie w_# = 0101

0 Instruction Commit Counter 28

1 Branch Issue Counter 35

2 Branch Mispredict Counter 36

pm0_vie w_# = 0110

0 Instruction Commit Counter 28

1 ILT Miss Counter 37

2 I0 Instruction Cache Miss Counter 14

pm0_vie w_# = 0111

0 Instruction Commit Counter 28

1 L1 Instruction Cache Reload Counter 6

2 L1 Instruction Cache Invalidate Counter 20

pm0_vie w_# = 1000

0 Instruction Commit Counter 28

1 Sync Event Counter 38

2 Sync Cycle Counter 39
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Q.3.2   Writing to P erformance Register s

Performancemonitorsmaybewritten by thewr %asr30 instructionin a restrictedopera-
tion. See6.2,“InstructionFormats”for adetaileddescriptionof theformat.Thebits[12:8]
are interpreted as the opcode or pm_op field, which is defined inTable 95.

The wr %asr30will not modify software visible register unlessthe opcodefield is
‘001002.’ With the PM_OPfield equalto ‘001002’, the exclusive-or’edvalueof rs1 and
rs2 will be written to “View Number Register.” All writes to %asr30 are syncing.

Q.3.3   Privileg e Protection

In orderto controlaccessto sensitive performancevalues,readingandwriting to %asr30
mayberestrictedto privilegedcodeby settingthePM_USfield (bit-13) in theStateCon-
trol Register (ASR31) (see5.2.11.12, “State Control Register (ASR 31)”).

Q.3.4   User Access to Monitor s

Useraccessto monitorsis mosteasilyaccomplishedvia an operatingsysteminterface.
This may be donevia a loadablemoduleon the Solarisoperatingsystem.To prevent
counteroverflow, the loadablemoduleshouldperiodicallyaccumulatethe countersinto
64-bit memory locations and clear the counters as needed.

Q.3.5   Performance Counter Enab le

Performancecountercan be enabledeither on User modeonly or on Supervisormode
only, or on bothUserandSupervisormodethroughthePMEN_SELfield (bits 15:14)of
the StateControl Register (ASR31)(see5.2.11.12,“StateControl Register (ASR 31)”).
This feature allows the separate measurement of User and Supervisor activity.

Caremustbe taken wheninterpretingthe separatedresults.Considerthe caseof a mea-
surementof Supervisoractivity andtheswitchfrom Userto Supervisormodeoccuringvia
a window spill or fill trap (non-syncing).SPARC64-III canhave up to 64 active instruc-
tions in themachine,issuedbeforethe trap is taken,for example.Theseinstructionswill
have beenissuedin User modeand so will not have incrementedthe Supervisormode
issuecount.The processormay stall during the spill or fill trap, due to full queues,for
example.Or a main TLB missmay be generated,which will sync the machine.In this
case,instructionswhich wereissuedin Usermodewill becommittedin Supervisormode.
This effect also occurswhen transitioningfrom Supervisormodeto User mode,when

Table 95: Inter pretation of op field on WR %asr30

pm_op Operation

00000 Disable all performance counters

00001 Clear and disable all performance counters

00010 Enable all performance counters

00011 Clear and enable all performance counters

00100 Update view number selecting counter group
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instructionsissuedin Supervisormodewill be committedin User mode.However, the
effectsmaynot balanceout dueto thedifferentnatureof UserandSupervisorcode.Typi-
cally Supervisorcodecontainsmoresyncinginstructionson the averagethanUsercode
which meansthat theaveragenumberof active instructionsin themachinein Supervisor
modewill be lessthanUsermode.Also theamountof time spentin Supervisormodeis
typically muchsmallerthanthat spentin Usermode.This canbiasthe Supervisormode
counts for certain applications.

Q.4   Performance Monitor Accurac y

Q.4.1   Syncing Overhead

As specifiedearlier, readingandwriting theperformancemonitorsareperformedthrough
rd/wr %asr30instructionswhich syncthe machine.The actualtime requiredto syncthe
CPUis not deterministicandis dependenton thenumberandtypeof outstandinginstruc-
tions. Additionally, during the period from detectionof a rd/wr %asr30instruction to
when the machineis finally syncedand the rd/wr %asr30is executed,the performance
monitors will continue to log specified events.

As a result,thesyncingoverheadfrom rd/wr %asr30instructionsmayaffect theaccuracy
of IPCmeasurements.Wesuggesta largeenoughmonitoringinterval sothattheimpactof
syncing rd/wr %asr30’s is negligible in these cases.

For performancecountersbasedon executionand issueeventsthereis no impact from
syncing rd/wr %asr30.

wr %asr30

inst0
inst1
inst2

instn-1
instn

wr %asr30

.

.

waiting for machine sync

waiting for wr %asr30 to write

high-performance
superscalar
execution

waiting for machine sync
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Q.4.2   Monitoring Inter val

All CPUperformancemonitorsareenabledanddisabledthroughwr %asr30instructions.
For purposesof performancemeasurement,thewr %asr30instructionmarksthemeasure-
mentregion.Thewr %asr30instructionitself is nevercounted.For example,thefollowing
code sequence:

would result in 3 instructions being logged in the committed instruction counter.

When performancemonitors are cleared,the value in all performancemonitors will
remain at 0 until they are enabled.

Q.5   Other Notes:

Q.5.1   Out-of-Or der Ex ecution

TheSPARC64-III CPUimplementsout-of-orderexecutionthroughrestricteddataflow. As
a result,performancemonitorswhich areupdateddueto instructionexecution(memory
eventcounters,memorylatency counters)will beupdatedout-of-order. Sinceexecutionof
rd %asr30will syncthe machine,contentsof performancemonitorswill appearto have
been updated in program order when reads are initiated.

wr %asr30

add

add

load

wr %asr30

! enable

! disable

measurement
period
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R  UPA Programmer’ s Model

R.1   Intr oduction

This chapterdescribesthe programmersmodelof the UC. The different registersmain-
tained by the UC are described. Instructions which are handled by the UC are explained.

R.2   UPA Por tID Register

This is astandardreadonly register, which is accessibleby aslavereadfrom anotherUPA
port.This registeris locatedat word address0x0 in theslave physicaladdressof theUPA
port. This register cannot be read or written by ASI instruction.

Bit[63:56]
Value=FC16.

Reserved
Reserved bits, read as 0.

ECC = ECCNotValid
Indicates that this UPA port does not support ECC. Set to zero.

ONE = ONE_READ
IndicatethatthisUPA port supportsonly oneoutstandingslave readP_REQtrans-
action at a time. Set to zero.

RDQ = PINT_RDQ[1:0]
Encodesthesizeof thePINT_RQandPINT_DQqueues.Specifiesthenumberof
incomingP_INT_REQrequeststhattheslave port canreceive.Specifiesthenum-
ber of 64-byteinterruptdatumsthe UPA slave port canreceive. Setto one,since
only one interrupt transaction can be outstanding to UC at a time.

PREQ_DQ[5:0]
Encodesthe size of PREQ_DQqueue.Specifiesthe numberof incoming quad
wordstheUPA slave port canreceive in its P_REQwrite dataqueue.Setto zero,
since incoming slave data writes are not supported by UC.

63 016
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PREQ_RQ[3:0]
Encodesthesizeof PREQ_RQqueue.Specifiesthenumberof incomingP_REQ
transactionrequestpacketsthe UPA slave canreceive. Setto one,sinceonly one
incoming P_REQ to the UC can be outstanding at a time.

UPACAP[4:0]
Indicates the UPA module capability type:

 UPACAP[4]
Set, CPU is an interrupt handler.

 UPACAP[3]
Set, CPU is an interrupter.

 UPACAP[2]
Clear, CPU does not use UPA Slave_Int_L signal.

 UPACAP[1]
Set, CPU is a cache master.

 UPACAP[0]
Set, since CPU has a master interface.

ID[15:0]
Module identification field:

ID<15:10>
Manufacturer identification. These bits are set to ‘010000’.

ID<9:4>
Module type

ID<3:0>
Module revision number

R.3   UPA Config Register

This is animplementationspecificread- write register. This is only accessibleto themas-
ter and,not accessiblefor a slave read.ThePCONfield is readableandwritableandthe
rest of the fields are either scanned in or hard wired.

63 017
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UC_Size [2:0]
Specifies the UC size. The values are scanned in.

MCAP
The CPU module speed; its value is scanned in.

C = CLK_MODE
Read-only field; specifies the ratio between the CPU clock and the UPA clock

PCON
Processor Configuration.

SCIQ1[3:0] (UPA_CONFIG bits[28:25])
Sizeof theinput requestqueuefor masterrequestclass1, implementedon
the System Controller to which this UPA port is connected.

UC_Size[2:0] Cache Size (bytes)

000 reserved

001 1 Mb

010 2 Mb

011 4 Mb

100 8 Mb

101 16 Mb

110 reserved

111 reserved

CLK_MODE Ratio

00 2:1

01 3:1

10 4:1

11 5:1

SCIQ1[3:0] Queue Siz e

0000 1

0001 2

0010 3

0011 4

0100 5

0101 6

0110 7

0111 8

1XXX undefined
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SCIQ0[2:0] (UPA_CONFIG bits[24:22])
Sizeof theinput requestqueuefor masterrequestclass0, implementedon
the System Controller to which this UPA port is connected.

MID[4:0]
Module (Processor)ID register. Identifiesthe slot in which the moduleresides;
hardwired to the slot number from the connector.

UC_CAP[16:0]
Mirrors the following fields in the UPA Port ID register:

◆ [16:15] PINT_RDQ

◆ [14:9] PREQ_DQ

◆ [8:5]  PREQ_RQ

◆ [4:0] UPA_CAP

R.4   ASI Instructions f or UPA Related Register s

This sectiondescribestheASI instructionsdefinedfor UPA relatedregisters.Thefollow-
ing things are common to all of the ASI instructions defined in this section.

■ The opcode of the instructions should be either ldx(a) , lddf(a) , stx(a) , or

stdf(a) . Otherwise,a data_access_exception trap with FTYPE=F16 (Invalid ASI) is
taken.

■ No address translation is performed for the instructions.

■ VA[3:0] of all of the instructionsshouldbe4h0.Otherwisea mem_not_aligned trap is
taken.

■ Thedon’t-carebits (describedas‘—’ in theformat) in VA canbeany value.But it is
recommended that the software should use zero for these bits.

■ The don’t-carebits (describedas ‘—’ in the format) in DATA are readas zero and
ignored on write.

■ The instructionoperationsarenot affectedby PSTATE.CLE.They arealwaystreated
as in a big endian mode.

■ The instructions do not cause the processor to sync.

SCIQ0[2:0] Queue Siz e

000 1

001 2

010 3

011 4

1XX undefined
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■ The instructionsareall stronglyorderedregardlessof load or store,andthe memory
model. Therefore no speculative executions are performed.

R.4.1   Read/Write UPA Configuration Register
Function: Read/Write UPA Configuration Register. SeeR.3, “UPA Config Register” for

details.
ASI: 4A16
RW: Supervisor Read, Supervisor Write.
VA: See below.

Data: SeeR.3, “UPA Config Register” for details.

63 04 3

0000—
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A
a field of instructions113, 219, 222, 225, 228,

229, 233
A_AssyLang 393
ABI, seeSPARC-V9 Application Binary Interface

(ABI)
accruedexception(aexc) field of FSRregister 77,

79, 147, 341, 348
activation record, seestack frame
ADD instruction 218, 400
ADDC instruction 218
ADDcc instruction 218, 312, 400
ADDCcc instruction 218
address173

aliased 173
physical 173
virtual 173

address 397
address mask (AM) field of PSTATE of

register 258
address mask (AM) field of PSTATE register84,

232, 305
address masking (AM) field of PSTATE

register 355
address space17
addressspaceidentifier(ASI ) field of fault_access_

type register (ASR29)100
addressspaceidentifier(ASI) 21, 32, 33, 81, 107,

114, 117, 121, 173, 174, 260, 264, 296, 318,
349
architecturally specified175
implicit 355
restricted 122, 175, 349
unrestricted122, 175, 349

addressspaceidentifier (ASI) register 32, 37, 81,
88, 121, 137, 175, 238, 261, 266, 269, 296,
317, 322, 325, 339

addressing conventions34, 117
addressing modes17
ADDX instruction (SPARC-V8)218

ADDXcc instruction (SPARC-V8)218
aexc, seeaccruedexception(aexc)field of FSRreg-

ister
AG, seealternate globals enable (AG) field of

PSTATE register
aggregate data values, seedata aggregates
alias

address173
floating-point registers67

alignaddr_offset field of Graphic Status Register
(ASR19) 95

alignment
data (load/store)33, 117, 174
doubleword 33, 117, 174
extended-word117
halfword 33, 117, 174
instructions 33, 117, 174
integer registers264, 266
memory 174
quadword 33, 117, 174
word 33, 117, 174

alternate address space296
alternate global registers32, 60, 60
alternate globals enable (AG) field of PSTATE

register 60, 61, 85
alternate space instructions34, 81
AM, seeaddressmask(AM) field of PSTATEregis-

ter
ancillary state register

Clear SCHED_INT Register (ASR21)95
Data Breakpoint Address Register

(ASR26A) 98
Data Breakpoint Mask Register (ASR26B)99
DataFaultAccessTypeRegister(ASR29) 100
Data Fault Address Register (ASR28)99
Graphic Status Register (GSR) (ASR19)94
Hardware Mode Register (ASR18)93
Instruction Fault Type Register (ASR24)96
Performance Monitor Registers (ASR30)101
Schedule Interrupt (SCHED_INT) Register

(ASR22) 95

Index
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Set SCHED_INT Register (ASR20)95
software-initiated reset (SIR)99
State Control Register (ASR31)101
state control register (SCR)101
TICK Match Register (ASR23)96

ancillary state registers (ASRs)34, 65, 66, 93,
305, 338, 339, 347, 348, 394

AND instruction 270
ANDcc instruction 270, 400
ANDN instruction 270, 400
ANDNcc instruction 270
annul bit 65, 219

in conditional branches222
annulled branches219
application program21, 32, 60, 81
arithmetic overflow 73
ASI register,seeaddressspaceidentifier (ASI)reg-

ister
ASI, seeaddress space identifier (ASI)
ASI_AS_IF_USER_PRIMARY175, 349
ASI_AS_IF_USER_PRIMARY_LITTLE 175,

349
ASI_AS_IF_USER_SECONDARY175, 349
ASI_AS_IF_USER_SECONDARY_

LITTLE 175, 349
ASI_MMU_SCRATCH registers97
ASI_NUCLEUS 349
ASI_NUCLEUS_LITTLE 349
ASI_PRIMARY 121, 175, 349, 355
ASI_PRIMARY_LITTLE 83, 175, 349, 355
ASI_PRIMARY_NOFAULT 175, 349
ASI_PRIMARY_NOFAULT_LITTLE 349
ASI_SECONDARY 175, 349
ASI_SECONDARY_LITTLE 349
ASI_SECONDARY_NOFAULT 175, 349
ASI_SECONDARY_NOFAULT_LITTLE 349
asr_reg 394
ASR27

software-initiated reset (SIR) register99
ASR31

state control register (SCR)101
assembler

synthetic instructions399
assigned value

implementation-dependent346
async_data_error exception 260, 262, 266, 267,

268
atomic 182, 319, 322

memory operations179, 182
atomic load-store instructions116, 233

compare and swap146, 233
load-store unsigned byte268, 324, 325
load-storeunsignedbyteto alternatespace 269

swapr register with alternate space
memory 325

swapr register with memory233, 324
atomicity 355

B
BA instruction 227, 228, 363
BCC instruction 227, 363
BCLR synthetic instruction400
BCS instruction227, 363
BE instruction 227, 363
Berkeley RISCs19
BG instruction 227, 363
BGE instruction 227, 363
BGU instruction 227, 363
bibliography 477
Bicc instructions66, 73, 227, 359, 363
big-endian byte order21, 34, 83, 117
binary compatibility 19
bit vector concatenation14
BL instruction 363
BLE instruction 227, 363
BLEU instruction 227, 363
BN instruction 227, 228, 298, 363, 399
BNE instruction 227, 363
BNEG instruction 227, 363
BPA instruction 229, 364
BPCC instruction229, 364
BPccinstructions 66, 73, 113, 114, 115, 229, 298
BPCS instruction229, 364
BPE instruction229, 364
BPG instruction229, 364
BPGE instruction229, 364
BPGU instruction229, 364
BPL instruction 229, 364
BPLE instruction 229, 364
BPLEU instruction 229, 364
BPN instruction 229, 364
BPNE instruction229, 364
BPNEG instruction229, 364
BPOS instruction227, 363
BPPOS instruction229, 364
BPr instructions66, 114, 115, 219, 359, 364
BPVC instruction 229, 364
BPVS instruction229, 364
branch

annulled 219
delayed 107
elimination 127, 128
fcc-conditional 222, 225
icc-conditional 228
prediction bit 219
unconditional 222, 225, 228, 230
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with prediction 18
Branch History Table (BHT)190
branch if contents of integer register match condi-

tion instructions219
branch on floating-point condition codes

instructions 221
branch on floating-point condition codes with pre-

diction instructions224
branch on integer condition codes instructions227
branch on integer condition codes with prediction

instructions 229
Branch Unit (BRU) 42, 43
Branch Unit Components

Fetch Unit 44
I0 Cache 43
Instruction Lookaside Table (ILT)44
Instruction Prefetch Buffers43

Branch Unit components
Instruction Recode Unit43

BRGEZ instruction219
BRGZ instruction 219
BRLEZ instruction 219
BRLZ instruction 219
BRNZ instruction 219
BRZ instruction 219
BSET synthetic instruction400
BTOG synthetic instruction400
BTST synthetic instruction400
BVC instruction 227, 363
BVS instruction 227, 363
byte 21

addressing118, 119
data format51
order 34, 117
order, big-endian34, 83
order, implicit 83
order, little-endian34, 83

C
C condition code bit, seecarry (C) bit of condition

fields of CCR
cache

data 177
instruction 27, 84, 177
memory 347
miss 298
non-consistent instruction cache177
system 19

CALL instruction 36, 63, 65, 66, 232, 258
CALL synthetic instruction399
CANRESTORE, seerestorable windows (CANRE-

STORE) register
CANSAVE, seesavable windows (CANSAVE) reg-

ister

carry (C) bit of condition fields of CCR73
CAS synthetic instruction179, 400
CASA instruction 146, 183, 233, 268, 269, 324,

325, 400
CASX synthetic instruction179, 183, 400
CASXA instruction 146, 183, 233, 268, 269,

324, 325, 400
catastrophic_error exception 146, 163
cc0 field of instructions113, 225, 229, 240, 282
cc1 field of instructions113, 225, 229, 240, 282
cc2 field of instructions113, 282
CCR, seecondition codes (CCR) register
cexc, seecurrent exception (cexc) field of FSR reg-

ister
checkpoint 26
CLE, seecurrent_little-endian (CLE) field of

PSTATE register
cleanregisterwindow 21, 64, 92, 128, 134, 135,

136, 162, 307
clean windows (CLEANWIN) register92, 129,

134, 135, 136, 301, 334, 355
clean_window exception 92, 129, 135, 145, 148,

162, 308, 352
Clear SCHED_INT Register (ASR21)95
clock cycle 81
clock-tick register(TICK) 81, 166, 301, 334, 353
CLR synthetic instruction400
CMP synthetic instruction323, 399
coherence173, 355

unit, memory 174
committed 26
committed instruction state39, 186
compare and swap instructions146, 233
comparison instruction123, 323
compatibilitywith SPARC-V8 35, 60, 71, 75, 86,

91, 122, 125, 132, 164, 166, 174, 223, 226,
241, 254, 255, 260, 264, 266, 274, 305, 314,
316, 320, 322, 323, 328, 330, 332, 339

compatibility with SPARC-V9218
completed 26
completed instruction state39, 186
compliant SPARC-V9 implementation20
concatenation of bit vectors14
condfield of instructions 113, 114, 222, 225, 228,

229, 276, 282
condition codes234

floating-point 222
integer 72

conditioncodes(CCR)register 37, 88, 137, 218,
238, 290, 339
renamed on SPARC6488

conditional branches222, 225, 228
conditional move instructions36
conforming SPARC-V9 implementation20
const22 field of instructions254
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constants
generating310

control and status registers65
control-transfer instructions (CTIs)35, 238
convert between floating-point formats

instructions 243, 342
convert floating-point to integer instructions242,

344
convert integer to floating-point instructions245
counter field of TICK register 81
CPopn instructions (SPARC-V8)255
CPU Components

Data Flow Unit (DFU) 46
Issue Unit (ISU) 44

CPU components
Branch Unit (BRU) 42, 43
Data Flow Unit (DFU) 43
Issue Unit (ISU) 42

CPU_HALTED output signal104
CPU_xing exception 140
CTI, seecontrol-transfer instructions (CTIs)
current exception (cexc) field of FSR register75,

77, 78, 79, 79, 132, 164, 341, 348
current window 21
currentwindowpointer(CWP)register 21, 32, 37,

63, 88, 91, 93, 128, 129, 135, 137, 238, 253,
301, 307, 308, 334, 355

current_little_endian (CLE) field of PSTATE
register 83, 83, 175

CWP, seecurrent window pointer (CWP) register

D
d16hi field of instructions114, 219
d16lo field of instructions114, 219
data alignment, seealignment
Data Breakpoint Address Register (ASR26A)98
Data Breakpoint Mask Register (ASR26B)99
data cache177
Data Fault Access Type Register (ASR29)100
Data Fault Address Register (ASR28)99
data flow order constraints

memory reference instructions177
register reference instructions177

Data Flow Unit 195
Data Flow Unit (DFU) 43, 46
Data Flow Unit (DFU) Components

Floating-point Register Rename Map47
Integer Register Rename Map46
Physical Floating-point Register File47
Physical Integer Register File46

Data Flow Unit (DFU) components
Fixed-point Integer Functional Unit (FXU)47
Fixed-point Integer/Address Generation Func-

tional Unit (FX/AGEN) 47

Floating-point Functional Unit (FPU)47
Load/Store Functional Unit (LSU)47

data formats
byte 51
doubleword 51
extended word51
halfword 51
quadword 51
tagged word51
word 51

data memory183
data types51

floating-point 51
signed integer51
unsigned integer51

data_access_error 100
data_access_error exception 163, 234, 260,

262, 264, 266, 268, 269, 316, 318, 320, 322,
324, 326

data_access_exception 101
data_access_exception exception 163, 234,

260, 262, 266, 268, 269, 316, 318, 320, 322,
324, 326

data_access_MMU_miss exception 352
data_access_protection exception 264
data_breakpoint exception 143, 350
DEC synthetic instruction400
DECcc synthetic instruction400
deferred trap142, 142, 143, 349

floating-point 302
deferred-trap queue105, 143

floating-point (FQ) 301
integer unit 348

delayinstruction 35, 65, 219, 222, 225, 231, 238,
306

delayed branch107
delayed control transfer65, 219
deprecated instructions

BA 227
BCC 227
BCS 227
BE 227
BG 227
BGE 227
BGU 227
Bicc 227
BLE 227
BLEU 227
BN 227
BNE 227
BNEG 227
BPOS 227
BVC 227
BVS 227
FBA 221
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FBE 221
FBfcc 221
FBG 221
FBGE 221
FBL 221
FBLE 221
FBLG 221
FBN 221
FBNE 221
FBO 221
FBU 221
FBUE 221
FBUGE 221
FBUL 221
FBULE 221
LDD 263
LDDA 265
LDFSR 259
MULScc 290
RDY 303
SDIV 235
SDIVcc 235
SMUL 288
SMULcc 288
STFSR 315
SWAP 324
SWAPA 325
TSUBccTV 327, 329
UDIV 235
UDIVcc 235
UMUL 288
UMULcc 288

destination register25
dirty bits, seelower and upper registers dirty (DL

and DU) fields of FPRS register
disp19 field of instructions114, 225, 229
disp22 field of instructions114, 222, 228
disp30 field of instructions114, 232
Dispatch 44
dispatched instruction state186, 187
disrupting traps142, 143, 144, 145, 146, 349
divide instructions35, 235, 287
divide-by-zero mask (DZM) bit of TEM field of

FSR register80
division_by_zero exception 123, 145, 164, 237,

287
division-by-zero accrued (dza) bit of aexc field of

FSR register81
division-by-zero current (dzc) bit of cexc field of

FSR register81
DL, seelower registers dirty (DL) field of FPRS

register
DONE instruction 36, 73, 137, 139, 238
doublet 22
doubleword 22, 33, 117, 174

addressing118, 120
in memory 65

doubleword data format51
DU, seeupper registers dirty (DU) field of FPRS

register
dza, seedivision-by-zero accrued (dza) bit of aexc

field of FSR register
dzc, seedivision-by-zero current (dzc) bit of cexc

field of FSR register
DZM, seedivide-by-zero mask (DZM) bit of TEM

field of FSR register

E
emulating multiple unsigned condition codes128
enable floating-point (FEF) field of FPRS

register 73, 84, 132, 146, 164, 223, 226,
260, 262, 316, 317

enable floating-point (PEF) field of PSTATE
register 73, 84, 132, 146, 164, 223, 226,
260, 262, 316, 317

enable RED_state field (RED) of PSTATE
register 139

error_state104, 138, 140, 141, 153, 154, 158,
160, 349, 351

exceptions37, 137
async_data_error 260, 262, 266, 267, 268
catastrophic146
catastrophic_error 163
clean_window 92, 129, 135, 145, 148, 162,

308, 352
CPU_xing 140
data_access_error 163, 234, 260, 262,

264, 266, 268, 269, 316, 318, 320, 322,
324, 326

data_access_exception 163, 234, 260,
262, 266, 268, 269, 316, 318, 320, 322,
324, 326

data_access_MMU_miss 352
data_access_protection 264
data_breakpoint 143, 350
division_by_zero 123, 145, 164, 237, 287
externally_initiated_reset (XIR) 140, 156,

158, 164
fill_n_normal 145, 164, 306, 308
fill_n_other 145, 164, 306, 308
fp_disabled 33, 73, 74, 132, 145, 164, 223,

226, 239, 241, 242, 244, 245, 247, 249,
260, 262, 278, 280, 284, 316, 317, 318

fp_exception 76
fp_exception_ieee_75475, 79, 147, 164,

239, 241, 242, 244, 245, 249, 341
fp_exception_ieee_754 257
fp_exception_other 72, 133, 164, 239, 241,

242, 244, 245, 247, 249, 250, 280, 341
fp_exception_other 55, 349
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illegal_instruction 65, 87, 88, 91, 117, 132,
133, 164, 220, 231, 238, 254, 255, 257,
260, 264, 266, 284, 286, 294, 302, 305,
309, 316, 318, 319, 320, 321, 322, 333,
336, 339, 347, 349, 351, 354

implementation_dependent_n 350
instruction_access_error 145
instruction_access_exception 145, 165
invalid_exception 242
LDDF_mem_address_not_aligned 117,

145, 165, 260, 262, 353
LDQF_mem_address_not_aligned 354
mem_address_not_aligned 117, 166, 234,

258, 260, 262, 264, 266, 306, 316, 318,
320, 322, 324, 326

persistence147
power_on_reset (POR) 156, 166, 350
privileged_action 81, 121, 145, 166, 234,

262, 266, 269, 305, 318, 322, 326, 349
privileged_instruction (SPARC-V8) 166
privileged_opcode 145, 166, 238, 302, 305,

309, 336, 339
software_initiated_reset (SIR) 145, 153,

159, 166
software_initiated_reset (SIR) 140
spill_n_normal 145, 166, 253, 308
spill_n_other 166, 253, 308
STDF_mem_address_not_aligned 117,

145, 166, 316, 318, 353
STQF_mem_address_not_aligned 354
tag_overflow 123, 166, 327, 328, 330
trap_instruction 145, 167, 332, 333
unimplemented_LDD 353
unimplemented_STD 145, 322, 353
watchdog 140, 167, 350
watchdog_reset (WDR) 156, 350
window_fill 91, 92, 129, 306
window_spill 91, 92

exceptions, also seetrap types
execute unit176
execute_state138, 153, 154, 159
executed27
executed instruction state39, 186
execution

speculative108
execution traps (Etraps)142
extended word addressing118, 120
extended word data format51
externally_initiated_reset exception 138, 139,

140, 145, 156, 158, 159, 164

F
f registers32, 66, 147, 341, 351
FABSd instruction246, 361, 362, 363
FABSq instruction246, 361, 362, 363

FABSs instruction246, 361
FADDd instruction 239, 361
FADDq instruction 239, 361
FADDs instruction 239, 361
fast trap handlers18
FBA insruction 221
FBA instruction 222, 363
FBE instruction 221, 363
FBfcc instructions66, 75, 132, 164, 221, 223,

359, 363
FBG instruction 221, 363
FBGE instruction221, 363
FBL instruction 221, 363
FBLE instruction 221, 363
FBLG instruction 221, 363
FBN instruction 221, 222, 363
FBNE instruction 221, 363
FBO instruction 221, 363
FBPA instruction 224, 225, 364
FBPcc instructions114
FBPE instruction224, 364
FBPfcc instructions66, 75, 113, 115, 132, 223,

224, 359, 363
FBPG instruction224, 364
FBPGE instruction224, 364
FBPL instruction 224, 364
FBPLE instruction224, 364
FBPLG instruction224, 364
FBPN instruction224, 225, 364
FBPNE instruction224, 364
FBPO instruction224, 364
FBPU instruction224, 364
FBPUE instruction224, 364
FBPUG instruction224, 364
FBPUGE instruction224, 364
FBPUL instruction 224, 364
FBPULE instruction224, 364
FBU instruction 221, 363
FBUE instruction 221, 363
FBUG instruction 221, 363
FBUGE instruction221, 363
FBUL instruction 221, 363
FBULE instruction 221, 363
fcc, seefloating-pointconditioncodes(fcc)fieldsof

FSR register
fcc-conditional branches222, 225
FCMP* instructions75, 240
FCMPd instruction240, 342, 363
FCMPE* instructions75, 240
FCMPEd instruction240, 342, 363
FCMPEq instruction240, 342, 363
FCMPEs instruction240, 342, 363
FCMPq instruction240, 342, 363
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FCMPs instruction240, 342, 363
fcn field of instructions238, 295
FDIVd instruction 248, 361
FDIVq instruction 248, 361
FDIVs instruction 248, 361
FdMULq instruction 248, 361
FdTOi instruction 242, 344, 361
FdTOq instruction243, 342, 361
FdTOs instruction243, 342, 361
FdTOx instruction242, 361, 362, 363
FEF,seeenablefloating-point(FEF) field of FPRS

register
Fetch Unit 44
fetched 27
Fetched instruction state185
fetched instruction state39
fill registerwindow 63, 129, 130, 134, 135, 136,

164, 307, 308, 309
fill_n_normal exception 145, 164, 306, 308
fill_n_other exception 145, 164, 306, 308
finished 27
finished instruction state39, 186
FiTOd instruction 245, 361
FiTOq instruction 245, 361
FiTOs instruction245, 361
Fixed-point Integer Functional Unit (FXU)47, 49
Fixed-pointInteger/AddressGenerationFunctional

Unit (FX/AGEN) 47, 49
floating-point add and subtract instructions239
floating-pointcompareinstructions 75, 240, 240,

342
floating-point condition code bits222
floating-point condition codes (fcc) fields of FSR

register 74, 77, 147, 222, 225, 240, 341, 394
floating-point data type51
floating-point deferred-trap queue (FQ)79, 105,

301, 302, 348
floating-point divider (FDIV) 48
Floating-point Functional Unit (FPU)47, 48
floating-point move instructions246
floating-point multiply and divide instructions248
floating-point multiply-adder (FMA)48
floating-point operate (FPop) instructions22, 36,

67, 76, 79, 114, 131, 132, 164, 260
floating-point queue, seefloating-point deferred-

trap queue (FQ)
Floating-point Register Rename Map47
floating-point registers71, 341, 351
floating-point registers state (FPRS) register73,

305, 339
floating-point square root instructions250
floating-pointstate(FSR)register 74, 79, 81, 260,

315, 316, 341, 348

floating-point trap type (ftt) field of FSR
register 22, 74, 76, 79, 132, 133, 164, 316,
341

floating-point trap types
fp_disabled 84, 257, 354
fp_exception_other 55
FPop_unfinished 132
FPop_unimplemented 132
hardware_error 22, 77
IEEE_754_exception 22, 77, 77, 79, 81,

147, 164, 341
invalid_fp_register 22, 72, 77, 247, 250
numeric values77
sequence_error 77, 78, 349
unfinished_FPop 22, 77, 78, 81, 249, 341,

347
unimplemented_FPop 22, 77, 78, 81, 133,

239, 241, 242, 244, 245, 249, 278, 280,
341, 347

floating-point traps
deferred 302
precise 302

floating-point unit (FPU)32
FLUSH instruction 184, 251, 347, 351, 355

in multiprocess environment184
flush instruction memory instruction251
FLUSH latency 355
flush register windows instruction253
FLUSHWinstruction 37, 130, 134, 136, 166, 253
FMADDd instruction 255
FMADDs instruction 255
FMOVA instruction 275
FMOVCC instruction 275
FMOVccinstructions 73, 75, 113, 115, 127, 132,

275, 278, 283, 284, 364
FMOVccd instruction363
FMOVccq instruction363
FMOVccs instruction363
FMOVCS instruction275
FMOVd instruction 246, 361, 362, 363
FMOVE instruction 275
FMOVFA instruction 275
FMOVFE instruction 275
FMOVFG instruction 275
FMOVFGE instruction275
FMOVFL instruction 275
FMOVFLE instruction 275
FMOVFLG instruction 275
FMOVFN instruction 275
FMOVFNE instruction 275
FMOVFO instruction 275
FMOVFU instruction 275
FMOVFUE instruction 275
FMOVFUG instruction 275
FMOVFUGE instruction275
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FMOVFUL instruction 275
FMOVFULE instruction 275
FMOVG instruction 275
FMOVGE instruction 275
FMOVGU instruction 275
FMOVL instruction 275
FMOVLE instruction 275
FMOVLEU instruction 275
FMOVN instruction 275
FMOVNE instruction 275
FMOVNEG instruction 275
FMOVPOS instruction275
FMOVq instruction 246, 361, 362, 363
FMOVr instructions 115, 132, 279
FMOVRGEZ instruction279
FMOVRGZ instruction 279
FMOVRLEZ instruction 279
FMOVRLZ instruction 279
FMOVRNZ instruction 279
FMOVRZ instruction 279
FMOVs instruction 246, 361
FMOVVC instruction 275
FMOVVS instruction 275
FMSUBd instruction255
FMSUBs instruction255
FMULd instruction 248, 361
FMULq instruction 248, 361
FMULs instruction 248, 361
FNEGd instruction246, 361, 362, 363
FNEGq instruction246, 361, 362, 363
FNEGs instruction246, 361
FNMADDd instruction 255
FNMADDs instruction 255
FNMSUBd instruction255
FNMSUBs 255
formats

instruction 111
fp_disabled floating-point trap type33, 73, 74,

84, 132, 145, 164, 223, 226, 239, 241, 242,
244, 245, 247, 249, 257, 260, 262, 278, 280,
284, 316, 317, 318, 354

fp_exception exception 76, 79
fp_exception_ieee_754 exception 75, 79, 147,

164, 239, 241, 242, 244, 245, 249, 257, 341
fp_exception_other exception 55, 72, 133, 164,

239, 241, 242, 244, 245, 247, 249, 250, 280,
341, 349

FPopinstructions,seefloating-pointoperate(FPop)
instructions

FPop_unimplemented floating-point trap
type 132

FPRS, seefloating-point register state (FPRS) reg-
ister

FPU, seefloating-point unit

FQ, seefloating-point deferred-trap queue (FQ)
FqTOd instruction243, 342, 361
FqTOi instruction 242, 344, 361
FqTOs instruction243, 342, 361
FqTOx instruction242, 361, 362, 363
freg 394
FsMULd instruction 248, 361
FSQRTd instruction250, 361
FSQRTq instruction250, 361
FSQRTs instruction250, 361
FsTOd instruction243, 342, 361
FsTOi instruction242, 344, 361
FsTOq instruction243, 342, 361
FsTOx instruction242, 361, 362, 363
FSUBd instruction239, 361
FSUBq instruction239, 361
FSUBs instruction239, 361
ftt, seefloating-pointtrap type(ftt) field of FSRreg-

ister
functional choice

implementation-dependent346
FxTOd instruction245, 361, 362, 363
FxTOq instruction245, 361, 362, 363
FxTOs instruction245, 361, 362, 363

G
generating constants310
global registers18, 32, 60, 60, 60
Graphic Status Register (GSR) (ASR19)94

H
halfword 33, 117, 174

addressing118, 119, 120
data format51

halt 153
hardware

dependency346
traps 148

Hardware Mode Register (ASR18)93
hardware_error floating-point trap type22, 77

I
i field of instructions114, 218, 235, 251, 253,

258, 259, 261, 263, 265, 268, 269, 270, 282,
285, 287, 288, 290, 293, 295, 304, 306

I/O, seeinput/output (I/O)
i_or_x_cc 394
I0 cache 27, 43, 84, 109
I0 Line Break constraint188
I1 cache 43
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icc field of CCR register72, 73, 218, 228, 230,
236, 237, 270, 283, 288, 290, 291, 323, 327,
332

icc-conditional branches228
IE, seeinterrupt enable (IE) field of PSTATE regis-

ter
IEEE Std 754-198522, 31, 75, 76, 77, 78, 80,

81, 341, 347, 348
IEEE_754_exception floating-pointtraptype 22,

77, 77, 79, 81, 147, 164, 341
IER register (SPARC-V8)339
illegal_instruction exception 65, 87, 88, 91, 117,

132, 133, 164, 220, 231, 238, 254, 255, 257,
260, 264, 266, 284, 286, 294, 300, 302, 305,
309, 316, 318, 319, 320, 321, 322, 333, 336,
339, 347, 349, 351, 354

ILLTRAP instruction 164, 254, 359
I-Matrix 44
imm_asifield of instructions 114, 121, 233, 259,

261, 263, 265, 268, 269, 295
imm22 field of instructions114
IMPDEP1 instruction255
IMPDEP2 instruction255, 353
IMPDEPn instructions, seeimplementation-depen-

dent (IMPDEPn) instructions
impl field of VER register76
Implementation (impl) field of Version (VER)

register 185
implementation dependency345
implementation note17
implementation number (impl) field of VER

register 348
implementation_dependent_n exception 350
implementation-dependent

assigned value (a)346
functional choice (c)346
total unit (t) 346
trap 156
value (v) 346

implementation-dependent (IMPDEP2)
instruction 132

implementation-dependent (IMPDEPn)
instructions 132, 255, 353

implicit
ASI 121, 355
byte order 83

in registers32, 60, 63, 307
INC synthetic instruction400
INCcc synthetic instruction400
inexact accrued (nxa) bit of aexc field of FSR

register 81, 344
inexact current (nxc) bit of cexc field of FSR

register 81, 344
inexact mask (NXM) bit of TEM field of FSR

register 80
inexact quotient235, 236

infinity 344
initiated 23, 27
initiated instruction state39, 186
input/output (I/O) 19, 34
input/output (I/O) locations173, 174, 183, 347,

354, 355
order 173
value semantics173

instructioin states
committed 186
completed 186
dispatched186, 187
executed186
fetched 185
finished 186
initiated 186
issued 185
reclaimed 186

instruction
alignment 33, 117, 174
cache 177
fetch 117
formats 17, 111
memory 183
reordering 176
serializing 109

instruction cache84
level-0 109

Instruction Fault Type Register (ASR24)96
instruction fields 23

a 113, 219, 222, 228, 229, 233
cc0 113, 225, 229, 240, 282
cc1 113, 225, 229, 240, 282
cc2 113, 282
cond 113, 114, 222, 225, 228, 229, 276, 282
const22 254
d16hi 114, 219
d16lo 114, 219
disp19 114, 225, 229
disp22 114, 222, 228
disp30 114, 232
fcn 238, 295
i 114, 218, 235, 251, 253, 258, 259, 261,

263, 265, 268, 269, 270, 282, 285, 287,
288, 290, 293, 295, 304, 306

imm_asi 114, 121, 233, 259, 261, 263, 265,
295

imm22 114
mmask 114, 314
op3 114, 218, 233, 235, 238, 251, 253, 258,

259, 261, 263, 265, 268, 269, 270, 287,
288, 290, 295, 301, 304, 306

opf 114, 239, 240, 242, 243, 245, 246, 248,
250

opf_cc 115, 276
opf_low 115, 276, 279
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p 115, 219, 220, 225, 229
rcond 115, 219, 279, 285
rd 115, 218, 233, 235, 239, 242, 243, 245,

246, 248, 250, 258, 259, 261, 263, 265,
268, 269, 270, 276, 279, 282, 285, 287,
288, 290, 293, 301, 304

reserved 213
rs1 115, 218, 219, 233, 235, 239, 240, 248,

251, 258, 259, 261, 263, 265, 268, 269,
270, 279, 285, 287, 288, 290, 295, 301,
304, 306

rs2 115, 218, 233, 235, 239, 240, 242, 243,
245, 246, 248, 250, 251, 258, 259, 261,
263, 265, 268, 269, 270, 276, 279, 282,
285, 287, 288, 290, 293, 295, 306

shcnt32 115
shcnt64 115
simm10 115, 285
simm11 115, 282
simm13 116, 218, 235, 251, 258, 259, 261,

263, 265, 268, 269, 270, 287, 288, 290,
293, 295, 306

size 116
sw_trap# 116
var 116
x 116

Instruction Lookaside Table (ILT)44, 207
instruction packet (IP)40
Instruction Packet Queue (IPQ)47
instruction packetizing40
Instruction Prefetch Buffers43
Instruction Recode Unit43
instruction recoding40
instruction set architecture18, 22, 23
instruction states

committed 39
completed 39
executed39
fetched 39
finished 39
initiated 39
issued 39
reclaimed 39

instruction_access_error exception 145
instruction_access_exception exception 145,

165
instructions

atomic 233
atomic load-store116, 146, 233, 268, 269,

324, 325
branch if contents of integer register match

condition 219
branch on floating-point condition codes221
branch on floating-point condition codes with

prediction 224
branch on integer condition codes227

branch on integer condition codes with
prediction 229

compare and swap146, 233
comparison123, 323
conditional move36
control-transfer (CTIs)35, 238
convert between floating-point formats243,

342
convert floating-point to integer242, 344
convert integer to floating-point245
divide 35, 235, 287
floating-point add and subtract239
floating-point compare75, 240, 240, 342
floating-point move246
floating-point multiply and divide248
floating-point operate (FPop)36, 76, 79, 260
floating-point square root250
FLUSH 351
flush instruction memory251
flush register windows253
IMPDEP2 353
implementation-dependent (IMPDEP2)132
implementation-dependent (IMPDEPn) 132,

255
issue stalling111
jump and link 36, 258
load floating-point 116, 259
load floating-point from alternate space261
load integer116, 263
load integer from alternate space265
load-storeunsignedbyte 146, 233, 268, 324,

325
load-storeunsignedbyteto alternatespace 269
logical 270
move floating-point register if condition is

true 275
move floating-point register if contents of inte-

ger register satisfy condition279
move integer register if condition is

satisfied 281
moveintegerregisterif contentsof integerreg-

ister satisfies condition285
move on condition18
multiply 35, 287, 288, 288
multiply step 35, 290
ordering MEMBAR 122
prefetch data295
read privileged register301
read state register36, 303
register window management37
reserved133
reserved fields213
sequencing MEMBAR122
shift 35, 311
SIR 354
software-initiated reset313
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store floating point116
store floating-point315
store floating-point into alternate space317
store integer116, 319, 321
subtract 323
swapr register with alternate space

memory 325
swapr register with memory324
synthetic 399
tagged add327
tagged arithmetic35
test-and-set183
timing 214
trap on integer condition codes331
unimplemented133
write privileged register334
write state register337

integerconditioncodes,seeicc fieldof CCRregister
integer divide instructions, seedivide instructions
integer multiply instructions, seemultiply instruc-

tions
Integer Register Rename Map46
integer unit (IU) 23, 31
integer unit deferred-trap queue348
interruptenable(IE) field of PSTATEregister 85,

143, 146, 165
interrupt level 86
interrupt request23, 37, 137
interrupts 86
invalid accrued (nva) bit of aexc field of FSR

register 80
invalid current (nvc) bit of cexc field of FSR

register 80, 344
invalid mask (NVM) bit of TEM field of FSR

register 80
invalid_exception exception 242
invalid_fp_register floating-point trap type22,

72, 77, 247, 250
INVALIDATE_I0 (II0) field of state control regis-

ter (ASR31) 104
IP, seeinstruction packet
IPREFETCH synthetic instruction399
ISA, seeinstruction set architecture
issue stalling instructions111
issue traps (Itraps)142
Issue Unit 42
issue unit 26, 176, 176
Issue Unit (ISU) 44
Issue Unit Components

Dispatch 44
I-Matrix 44
Precise State Unit (PSU)44
Register Rename/Freelist Unit44

issue window27
issued 23

Issued instruction state185
issued instruction state39
issue-stalling instruction27
italic font

in assembly language syntax393
IU, seeinteger unit

J
JMP synthetic instruction399
JMPL instruction 36, 63, 66, 166, 258, 306, 399
jump and link instruction36, 258

L
LD instruction (SPARC-V8)264
LDA instruction (SPARC-V8)266
LDD instruction 65, 146, 263, 353
LDDA instruction 65, 146, 265, 353
LDDF instruction 117, 146, 165, 259
LDDF_mem_address_not_aligned

exception 117, 145, 165, 260, 262, 353
LDDFA instruction 117, 146, 261
LDF instruction 259
LDFA instruction 261
LDFSR instruction74, 75, 76, 259
LDQF instruction 117, 259
LDQF_mem_address_not_aligned

exception 354
LDQFA instruction 117, 261
LDSB instruction 263
LDSBA instruction 265
LDSH instruction 263
LDSHA instruction 265
LDSTUB insruction 117
LDSTUB instruction 146, 179, 183, 268, 269
LDSTUBA instruction 146, 268, 269
LDSW instruction 263
LDSWA instruction 265
LDUB instruction 263
LDUBA instruction 265
LDUH instruction 263
LDUHA instruction 265
LDUW instruction 263
LDUWA instruction 265
LDX instruction 146, 263
LDXA instruction 146, 265
LDXFSR instruction 74, 75, 76, 259
leaf procedure23, 129
level-0 instruction cache109
little-endian byte order23, 34, 83
load floating-point from alternate space

instructions 261
load floating-point instructions259
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load instructions116
load integer from alternate space instructions265
load integer instructions263
Load/Store Functional Unit (LSU)47, 50
load/store order (LSO) memory model171, 354,

355
LoadLoad MEMBAR relationship180, 273
LoadLoad predefined constant397
loads

non-faulting 175, 175
loads from alternate space34, 81, 121
load-store alignment33, 117, 174
load-store instructions33, 146

compare and swap146, 233
load-store unsigned byte233, 268, 324, 325
load-storeunsignedbyteto alternatespace 269
swapr register with alternate space

memory 325
swapr register with memory233, 324

LoadStore MEMBAR relationship180, 181, 273
LoadStore predefined constant397
local registers32, 60, 63, 307
logical instructions270
Lookaside MEMBAR relationship273
Lookaside predefined constant397
lowerregistersdirty (DL) field of FPRSregister 74

M
machine stalling88
machine sync27, 97, 109, 122
manual

fonts 13
manufacturer (manuf) field of VER register352
MAXTL 85, 138, 140, 154, 313, 352

for SPARC64 85
maxtl, seemaximumtrap levels(maxtl)field of VER

register
may 23
mem_address_not_alignedexception 117, 166,

234, 258, 260, 262, 264, 266, 306, 316, 318,
320, 322, 324, 326

MEMBAR instruction 114, 122, 174, 177, 179–
181, 182, 184, 251, 272, 305, 314

membar_mask397
MemIssue MEMBAR relationship273
MemIssue predefined constant397
memory

alignment 174
atomicity 355
coherence173, 355
coherency unit174
data 183
instruction 183
ordering unit 174

real 173, 174
memory access instructions33
memory management unit (MMU)19, 347, 393
memory model169–184

load/store order (LSO)171, 354, 355
mode control182
overview 169
partial store order (PSO)169, 181, 354
relaxed memory order (RMO)169, 181, 354
sequential consistency170
SPARC-V9 181
store order (STO)171, 354, 355
strong 170
strong consistency170
total store order (TSO)169, 181, 182
weak 170

MemoryModel(MM) field of PSTATEregister 94
memory operations

atomic 182
memory order178

program order176
memory reference instructions

data flow order constraints177
memory_model (MM) field of PSTATE

register 83, 177, 182, 354
MM, seememory_model (MM) field of PSTATE

register
mmask field of instructions114, 314
MMU, seememory management unit (MMU)
mode

nonprivileged 19, 31
privileged 31, 82, 175
user 60, 81

MOV synthetic instruction400
MOVA instruction 281
MOVCC instruction 281
MOVcc instructions 73, 75, 113, 115, 127, 278,

281, 283, 284, 364
MOVCS instruction 281
movefloating-pointregisterif conditionis true 275
move floating-point register if contents of integer

register satisfy condition279
MOVE instruction 281
move integer register if condition is satisfied

instructions 281
move integer register if contents of integer register

satisfies condition instructions285
move on condition instructions18
MOVFA instruction 281
MOVFE instruction 281
MOVFG instruction 281
MOVFGE instruction 281
MOVFL instruction 281
MOVFLE instruction 281
MOVFLG instruction 281
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MOVFN instruction 281
MOVFNE instruction 281
MOVFO instruction 281
MOVFU instruction 281
MOVFUE instruction 281
MOVFUG instruction 281
MOVFUGE instruction 281
MOVFUL instruction 281
MOVFULE instruction 281
MOVG instruction 281
MOVGE instruction 281
MOVGU instruction 281
MOVL instruction 281
MOVLE instruction 281
MOVLEU instruction 281
MOVN instruction 281
MOVNE instruction 281
MOVNEG instruction 281
MOVPOS instruction281
MOVr instruction 115
MOVr instructions 115, 128, 285
MOVRGEZ instruction 285
MOVRGZ instruction 285
MOVRLEZ instruction 285
MOVRLZ instruction 285
MOVRNZ instruction 285
MOVRZ instruction 285
MOVVC instruction 281
MOVVS instruction 281
MULScc (multiply step) instruction35, 290
multiple unsigned condition codes

emulating 128
multiply instructions 35, 287, 288, 288
multiply step instruction, seeMULScc (multiply

step) instruction
multiply/divide register, seeY register
multiprocessor synchronization instructions18,

233, 324, 325
multiprocessor system18, 177, 251, 297, 298,

324, 325, 355
MULX instruction 287
must 23

N
N condition code bit, seenegative (N) bit of condi-

tion fields of CCR
NaN (not-a-number)242, 342, 344

quiet 240, 241, 342
signaling 75, 240, 241, 243, 342

NEG synthetic instruction400
negative (N) bit of condition fields of CCR72
negative infinity 344
nested traps18

next program counter (nPC)23, 37, 65, 65, 87,
107, 144, 238, 292

non-faulting load24, 175, 175
non-leaf routine258
nonprivileged

mode 19, 21, 31, 76
registers 60
software 73

nonprivileged trap (NPT) field of TICK
register 81, 305

nonstandard floating-point (NS) field of FSR
register 76, 348

nonstandard modes
in FPU 76

non-virtual memory298
NOP instruction222, 225, 228, 292, 295, 310,

332
normal traps138, 148, 154, 154, 156
NOT synthetic instruction400
note

implementation17
programming 17

nPC, seenext program counter (nPC)
NPT, seenonprivileged trap (NPT) field of TICK

register)
NS, seenonstandard floating-point (NS) field of

FSR register
number of windows (maxwin) field of VER

register 135
nva, seeinvalid accrued (nva) bit of aexc field of

FSR register
nvc, seeinvalidcurrent(nvc)bit of cexcfieldofFSR

register
NVM, seeinvalid mask (NVM) bit of TEM field of

FSR register
NWINDOWS 32, 62, 63, 307, 308, 347, 355
nxa, seeinexact accrued (nxa) bit of aexc field of

FSR register
nxc, seeinexactcurrent(nxc)bit ofcexcfieldofFSR

register
NXM, seeinexact mask (NXM) bit of TEM field of

FSR register

O
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 114, 218, 233, 235, 238,

251, 253, 258, 259, 261, 263, 265, 268, 269,
270, 287, 288, 290, 295, 301, 304, 306

opcode 24
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opf field of instructions 114, 239, 240, 242, 243,
245, 246, 248, 250

opf_cc field of instructions115, 276
opf_low field of instructions115, 276, 279
optimized leaf procedure, seeleaf procedure (opti-

mized)
OR instruction 270, 400
ORcc instruction270, 399
ordering MEMBAR instructions122
ordering unit

memory 174
ORN instruction 270
ORNcc instruction270
other windows (OTHERWIN) register92, 129,

130, 134, 135, 253, 301, 308, 334, 355
out register #765, 232
out registers32, 60, 63, 307
overflow 134
overflow(V) bit of conditionfieldsof CCR 73, 123
overflow accrued (ofa) bit of aexc field of FSR

register 80
overflow current (ofc) bit of cexc field of FSR

register 80
overflow mask (OFM) bit of TEM field of FSR

register 80

P
p field of instructions115, 219, 220, 225, 229
packetizing

instruction 40
page fault 298
partial store order (PSO) memory model94, 169,

170, 181, 354
PC, seeprogram counter (PC)
PDC, seepage descriptor cache (PDC)
PEF, seeenable floating-point (PEF) field of

PSTATE register
Performance Monitor Registers (ASR30)101
physical address173
Physical Floating-point Register File47
Physical Integer Register File46
PIL, seeprocessor interrupt level (PIL) register
POPC instruction293
positive infinity 344
power failure 145, 158
power_on_reset (POR) trap156
power-on reset82, 140, 145
power-on_reset138
power-on_reset (POR) trap350
precise floating-point traps302
Precise State Unit (PSU)44
precise trap142, 143, 349
predefined constants

LoadLoad 397
lookaside 397
MemIssue 397
StoreLoad 397
StoreStore397
Sync 397

predict bit 220
prefetch

for one read297
for one write 297
for several reads297
for several writes297
implementation dependent298
instruction 298
page 298

prefetch buffer43, 84
prefetch data instruction295
PREFETCH instruction117, 295, 352
prefetch_fcn397
PREFETCHA instruction295, 352
PRIV, seeprivileged(PRIV)field of PSTATEregis-

ter
privileged

mode 25, 31, 82, 175
registers 82
software 19, 63, 76, 84, 121, 148, 253, 352

privileged (P) field of fault_access_type register
(ASR29) 100

privileged (PRIV) field of PSTATE register26,
85, 166, 175, 234, 262, 269, 305, 318, 322,
325

privileged mode (PRIV) field of PSTATE
register 85

privileged_action exception 81, 121, 145, 166,
234, 262, 266, 269, 305, 318, 322, 326, 349

privileged_instruction exception (SPARC-
V8) 166

privileged_opcode exception 145, 166, 238,
302, 305, 309, 336, 339

processor31
execute unit176
halt 153
issue unit 176, 176
model 176
reorder unit 176
self-consistency176
state diagram138

processor interrupt level (PIL) register86, 143,
146, 147, 165, 301, 334
SPARC64 pending writes86

processorstate(PSTATE)register 37, 60, 82, 83,
88, 137, 139, 238, 301, 334

processor states
error_state104, 138, 141, 153, 154, 158,

160, 349, 351
execute_state153, 154, 159
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RED_state104, 138, 139, 140, 148, 153,
154, 156, 157, 158, 160, 182, 354

program counter (PC)37, 65, 65, 87, 107, 137,
144, 232, 238, 258, 292

program counter (PC) register355
program order176, 176
programming note17
PSO,seepartial storeordering(PSO)memorymod-

el
PSR register (SPARC-V8)339
PTD, seepage table descriptor (PTD)
PTE, seepage table entry (PTE)

Q
qne, seequeuenotempty(qne)field of FSRregister
quadword 24, 33, 117, 174

addressing118, 120
data format51

queue not empty (qne) field of FSR register79,
341

quiet NaN (not-a-number)75, 240, 241, 342

R
r register

#15 65, 232
r register 60
r register

alignment 264, 266
r registers347
rational quotient236
rcond field of instructions115, 219, 279, 285
rd field of instructions115, 218, 233, 235, 239,

242, 243, 245, 246, 248, 250, 258, 259, 261,
263, 265, 268, 269, 270, 276, 279, 282, 285,
287, 288, 290, 293, 301, 304

RD, seeroundingdirection(RD) field of FSRregis-
ter

RDASI instruction 303
RDASR instruction34, 93, 303, 314, 351, 400
RDCCR instruction303
RDFPRS instruction303
RDPC instruction66, 303
RDPR instruction82, 83, 90, 133, 301, 305
RDTICK instruction 303, 305
RDY instruction 66, 400
read (R) field of fault_access_type register

(ASR29) 100
read privileged register instruction301
read state register instructions36, 303
read-after-write memory hazard177
real memory173, 174
reclaimed 28
reclaimed instruction state39, 186

recoding
instruction 40

RED,seeenableRED_state(RED)fieldof PSTATE
register

RED_state25, 104, 138, 139, 140, 148, 153,
154, 156, 157, 158, 160, 182, 354
restricted environment139

RED_state (RED) field of PSTATE register83,
138, 139

RED_state trap table148
RED_state trap vector139, 354
RED_state trap vector (RSTV) register105
RED_state trap vector address (RSTVaddr)354
reference MMU 19, 393
references477
reg 393
reg_or_imm field of instructions398
reg_plus_imm397
regaddr 397
register reference instructions

data flow order constraints177
Register Rename/Freelist Unit44
register renaming40
register window management instructions37
register windows18, 19, 32, 63

clean 21, 92, 128, 134, 135, 136, 162
fill 63, 129, 130, 134, 135, 136, 164, 308,

309
spill 63, 128, 129, 130, 134, 135, 136, 166,

308, 309
registers

addressspaceidentifier (ASI) 137, 175, 238,
261, 266, 269, 296, 317, 322, 325, 339

alternate global 32, 60, 60
ancillary state registers (ASRs)34, 66, 93,

347
architected41
ASI 81, 88
clean windows (CLEANWIN)92, 129, 134,

135, 136, 301, 334, 355
clock-tick (TICK) 166, 353
conditioncodesregister(CCR) 88, 137, 218,

238, 290, 339
control and status59, 65
current window pointer (CWP)32, 63, 88,

91, 93, 135, 137, 238, 253, 301, 307,
308, 334, 355

destination 25
f 66, 147, 341, 351
floating-point 32, 71, 351
floating-point deferred-trap queue (FQ)302
floating-pointregistersstate(FPRS) 73, 305,

339
floating-point state (FSR)74, 79, 81, 260,

315, 341, 348
global 18, 32, 60, 60, 60
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IER (SPARC-V8) 339
in 32, 60, 63, 307
input/output (I/O) 347
local 32, 60, 63, 307
nonprivileged 60
other windows (OTHERWIN)92, 129, 130,

134, 135, 253, 301, 308, 334, 355
out 32, 60, 63, 307
out #7 65, 232
physical 41
privileged 82
processor interrupt level (PIL)86, 301, 334
processor state (PSTATE)60, 82, 83, 88,

137, 139, 238, 301, 334
PSR (SPARC-V8)339
r 347
r register

#15 65, 232
RED_state trap vector (RSTV)105
renaming 41
renaming mechanism177
restorablewindows(CANRESTORE) 32, 63,

92, 93, 129, 130, 134, 135, 301, 308,
309, 334, 355

rMCurrPage1 60
savable windows (CANSAVE)32, 63, 91,

128, 129, 130, 134, 135, 253, 301, 308,
309, 334, 355

TBR (SPARC-V8) 339
TICK 81, 301, 334
trap base address (TBA)26, 89, 137, 147,

301, 334
trap level (TL) 85, 85, 87, 88, 89, 92, 137,

238, 301, 302, 309, 313, 334, 335
trap next program counter (TNPC)87, 301,

334
trap program counter (TPC)87, 143, 301,

302, 334
trap state (TSTATE)88, 238, 301, 334
trap type (TT) 89, 89, 92, 148, 153, 159,

301, 332, 334, 350
version register (VER)90, 301
WIM (SPARC-V8) 339
window state (WSTATE)90, 92, 135, 253,

301, 308, 334
working 59
Y 65, 66, 235, 288, 290, 339

relaxed memory order (RMO) memory model18,
94, 169, 181, 354

renaming
registers 40

renaming mechanism
register 177

reorder unit 176
reordering

instruction 176
reserved

fields in instructions213
instructions 133

reset
externallyinitiated(XIR) 138, 139, 140, 145,

159
externally_initiated_reset (XIR) 158
power_on_reset (POR) trap 166
power-on 82, 138, 140, 145
processing138
request 138, 166
reset

trap 82, 89, 143, 145
software_initiated_reset (SIR) 138, 145,

159, 166
software-initiated140, 145, 153
trap 82, 142, 145, 153, 350
trap table 25
watchdog 140, 158, 159

Reset, Error, and Debug state138
restorablewindows(CANRESTORE)register 32,

63, 92, 93, 129, 130, 134, 135, 301, 308,
309, 334, 355

RESTORE instruction19, 37, 63, 65, 91, 92,
129, 134, 164, 307

RESTORE synthetic instruction399
RESTORED instruction37, 130, 136, 308, 309
restricted address space identifier121, 122, 349
RET synthetic instruction399
RETL synthetic instruction399
RETRY instruction 36, 73, 136, 137, 139, 144,

238, 308
returnfrom trap(DONE) instruction,seeDONEin-

struction
return from trap (RETRY) instruction, seeRETRY

instruction
RETURN instruction36, 66, 164, 166, 306
Return Prediction Stack (RPS)192
RMO, seerelaxed memory ordering (RMO) memo-

ry model
rounding

in signed division236
rounding direction (RD) field of FSR register75,

239, 242, 243, 245, 248, 250
routine

non-leaf 258
RPS, seeReturn Prediction Stack (RPS)481
rs1 field of instructions 115, 218, 219, 233, 235,

239, 240, 248, 251, 258, 259, 261, 263, 265,
268, 269, 270, 279, 285, 287, 288, 290, 295,
301, 304, 306

rs2 field of instructions 115, 218, 233, 235, 239,
240, 242, 243, 245, 246, 248, 250, 251, 258,
259, 261, 263, 265, 270, 276, 279, 282, 285,
287, 288, 290, 293, 295

RSTVaddr 148, 354
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S
savablewindows(CANSAVE)register 32, 63, 91,

128, 129, 130, 134, 135, 253, 301, 308, 309,
334, 355

SAVEinstruction 19, 37, 63, 65, 91, 92, 93, 128,
134, 135, 162, 166, 258, 306, 307

SAVE synthetic instruction399
SAVED instruction 37, 129, 136, 308, 309
scale_factor field of Graphic Status Register

(ASR19) 95
Schedule Interrupt (SCHED_INT) Register

(ASR22) 95
SDIV instruction 66, 235
SDIVcc instruction 66, 235
SDIVX instruction 287
self-consistency

processor176
self-modifying code251
sequence_error floating-point trap type22, 77,

78, 164, 349
sequencing MEMBAR instructions122
sequential consistency memory model170
sequential execution mode140
SEQUENTIAL_MODE (SM) field of state control

register (ASR31)104, 140
Serial Number Queue (SNQ)49
serializing instruction109
Set SCHED_INT Register (ASR20)95
SET synthetic instruction399
SETHI instruction 35, 114, 123, 292, 310, 359,

399
shall (special term)25
shared memory169
shcnt32 field of instructions115
shcnt64 field of instructions115
shift instructions35, 123, 311
side effects108, 173

and MMU 108
and speculative execution108

signal handler, seetrap handler
signal monitor instruction313
signalingNaN(not-a-number)75, 240, 241, 243,

342
signed integer data type51
sign-extended 64-bit constant116
sign-extension400
SIGNX synthetic instruction400
simm10 field of instructions115, 285
simm11 field of instructions115, 282
simm13 field of instructions116, 218, 235, 251,

258, 259, 261, 263, 265, 268, 269, 270, 287,
288, 290, 293, 295, 306

SIR instruction 145, 159, 166, 313, 354
SIR, seesoftware_initiated_reset (SIR)

SIR_enable control flag313, 354
size field of instructions116
SLL instruction 311
SLLX instruction 311, 399
SMUL instruction 66, 288
SMULcc instruction 66, 288
Software Scratch Registers97
software trap148, 148, 332
software_initiated_reset (SIR) exception138,

140, 145, 153, 156, 159, 166, 313
software_trap_number398
software-initiated reset (SIR) register99
SPARC-V8compatibility 35, 60, 71, 75, 86, 91,

122, 125, 164, 166, 174, 218, 223, 226, 241,
254, 255, 260, 264, 266, 274, 305, 314, 316,
320, 322, 323, 328, 330, 332, 339

SPARC-V8 compatiblity132
SPARC-V9ApplicationBinary Interface(ABI) 19
SPARC-V9 features17
SPARC-V9 memory models181
special terms

shall 25
special traps138, 148
speculative execution108
spill registerwindow 63, 128, 129, 130, 134, 135,

136, 166, 308, 309
spill windows 307
spill_n_normal exception145, 166, 253, 308
spill_n_other exception166, 253, 308
SRA instruction 311, 400
SRAX instruction 311
SRL instruction 311
SRLX instruction 311
ST instruction 400
stack frame307
State Control Register (ASR31)101
state control register (SCR)101
STB instruction 319, 321, 400
STBA instruction 319, 321
STBAR instruction 177, 179, 274, 305, 314
STD instruction 65, 146, 319, 321, 353
STDA instruction 65, 146, 319, 321, 353
STDF instruction117, 166, 315
STDF_mem_address_not_aligned

exception 117, 145, 166, 316, 318, 353
STDFA instruction 117, 146, 317
STF instruction315
STFSR instruction74, 75, 76, 315
STH instruction 319, 321, 400
STHA instruction 319, 321
store floating-point instructions315
store floating-point into alternate space

instructions 317
store instructions116
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store integer instructions319, 321
store order (STO) memory model171, 354, 355
StoreLoad MEMBAR relationship180, 273
StoreLoad predefined constant397
stores to alternate space34, 81, 121
StoreStore MEMBAR relationship180, 273
StoreStore predefined constant397
STQF instruction117, 315
STQF_mem_address_not_aligned

exception 354
STQFA instruction117, 317
strong consistency memory model170
strong ordering, seestrong consistency memory

model
STW instruction 319, 321
STWA instruction 319, 321
STX instruction 146, 319, 321
STXA instruction 146, 319, 321
STXFSR instruction74, 75, 76, 315
SUB instruction 323, 400
SUBC instruction323
SUBcc instruction123, 323, 399
SUBCcc instruction323
subtract instructions323
SUBX instruction (SPARC-V8)323
SUBXcc instruction (SPARC-V8)323
supervisorsoftware 34, 60, 61, 77, 78, 137, 153,

159, 343, 347
supervisor-mode trap handler148
sw_trap# field of instructions116
SWAP instruction117, 179, 183, 268, 269, 324
swapr register with alternate space memory

instructions 325
swapr registerwith memoryinstructions 233, 324
SWAPA instruction 268, 269, 325
sync 28, 122
Sync MEMBAR relationship273
Sync predefined constant397
syncing instruction28
synthetic instructions

BCLR 400
BSET 400
BTOG 400
BTST 400
CALL 399
CAS 400
CASX 400
CLR 400
CMP 323, 399
DEC 400
DECcc 400
INC 400
INCcc 400
IPREFETCH 399

JMP 399
MOV 400
NEG 400
NOT 400
RESTORE 399
RET 399
RETL 399
SAVE 399
SET 399
SIGNX 400
TST 399

synthetic instructions in assembler399
system software166, 175, 184, 252, 351

T
TA instruction 363
TADDcc instruction 123, 327
TADDccTV instruction 123, 166, 327
tag overflow 123
tag_overflow exception 123, 166, 327, 328, 330
tagged add instructions327
tagged arithmetic123
tagged arithmetic instructions35
tagged word data format51
tagged words51
task switching, seecontext switching
TBR register (SPARC-V8)339
Tccinstructions 37, 73, 113, 137, 148, 167, 331,

363, 364
TCS instruction363
TE instruction 363
TEM, seetrap enablemask(TEM)field of FSRreg-

ister
test-and-set instruction183
TG instruction 363
TGE instruction 363
TGU instruction 363
threads, seemultithreaded software
Ticc instruction (SPARC-V8)332
TICK Match Register (ASR23)96
TICK, seeclock-tick register (TICK)
timing

instruction 214
tininess (floating-point)80, 352
TL instruction 363
TLB, seepage descriptor cache (PDC)
TLE instruction 363
TLE, seetrap_little_endian(TLE) field of PSTATE

register
TLEU instruction 363
TN instruction 363
TNE instruction 363
TNEG instruction 363
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total order 179
total store order (TSO) memory model94, 169,

170, 181, 182
total unit

implementation-dependent346
TPOS instruction363
Translation Lookaside Buffer (TLB), seepage de-

scriptor cache (PDC)
Translation Memory Buffer (TMB)384
trap 37, 37, 137
trapbaseaddress(TBA) register 26, 89, 137, 147,

301, 334
trap categories

deferred 142, 143
disrupting 143, 144, 145, 146
precise 143
reset 145

trap enable mask (TEM) field of FSR register75,
79, 80, 146, 147, 164, 348

trap handler238
fast 18
supervisor-mode148
user 77, 343

trap level 85
trap level (TL) register85, 85, 87, 88, 89, 92,

137, 238, 301, 302, 309, 313, 334, 335
trap model 145
trap next program counter (TNPC) register87,

301, 334
trap on integer condition codes instructions331
trap processing138, 153
trapprogramcounter(TPC)register 87, 143, 301,

302, 334
trap stack18, 154
trap state (TSTATE) register88, 238, 301, 334
traptype(TT) register 89, 89, 92, 148, 153, 159,

301, 332, 334, 350
trap types, also seeexceptions
trap vector

RED_state139
trap_instruction exception 145, 167, 332, 333
trap_little_endian (TLE) field of PSTATE

register 83, 83
traps

also seeexceptions
causes37
deferred 142, 349
disrupting 142, 349
hardware 148
implementation-dependent156
nested 18
normal 138, 148, 154, 154, 156
precise 142, 349
precise execution (Etraps)142
precise issue (Itraps)142

reset 89, 142, 143, 145, 153, 350
software 148, 332
software-initiated reset (SIR)156
special 138, 148
window fill 148
window spill 148

TSO, seetotal store ordering (TSO) memory model
TST synthetic instruction399
TSUBcc instruction123
TSUBccTV instruction123, 166
TVC instruction 363
TVS instruction 363
typewriter font

in assembly language syntax393

U
UDIV instruction 66, 235
UDIVcc instruction 66, 235
UDIVX instruction 287
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 66, 288
UMULcc instruction 66, 288
unconditional branches222, 225, 228, 230
underflow 134
underflow accrued (ufa) bit of aexc field of FSR

register 80, 344
underflow current (ufc) bit of cexc field of FSR

register 80, 343, 344
underflow mask (UFM) bit of TEM field of FSR

register 80, 80, 343
unfinished_FPop floating-pointtraptype 22, 77,

78, 81, 132, 249, 341, 347
UNIMP instruction (SPARC-V8)254
unimplemented instructions133
unimplemented_FPop floating-point trap

type 22, 55, 77, 78, 81, 133, 239, 241, 242,
244, 245, 249, 278, 280, 341, 347

unimplemented_LDD exception 353
unimplemented_STD exception 145, 322, 353
unrestricted address space identifier122, 349
unsigned integer data type51
upperregistersdirty (DU) field of FPRSregister 74
user

mode 60, 81
program 348
trap handler77, 343

user application program, seeapplication program
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V
V condition code bit, seeoverflow (V) bit of condi-

tion fields of CCR
value

implementation-dependent346
valuesemanticsof input/output(I/O) locations 173
var field of instructions116
ver, seeversion (ver) field of FSR register
version (ver) field of FSR register348
version register (VER)90, 301
virtual address173
virtual address (VA)368
virtual memory 298
Visual Instruction Set (VIS)94

W
watchdog exception 140, 167, 350
watchdog reset140, 158, 159
watchdog_reset (WDR) exception156, 350
WDT_SELECT(SEL)field of statecontrolregister

(ASR31) 104
WIM register (SPARC-V8)339
window

clean 307
window fill exception 91, 92
window fill trap 148
window fill trap handler37
window overflow 63, 134
window spill trap 148
window spill trap handler37
window state (WSTATE) register90, 92, 135,

253, 301, 308, 334
window underflow 63, 134
window_fill exception 129, 306
window_spill exception 91, 92
windows, seeregister windows
word 33, 117, 174
word data format51
WRASI instruction 337
WRASR instruction34, 93, 337, 351, 400
WRCCR instruction73, 337
WRFPRS instruction337
WRIER instruction (SPARC-V8)339
write (W) field of fault_access_type register

(ASR29) 100
write privileged register instruction334
write state register instructions337
write-after-read memory hazard177
write-after-write memory hazard177
WRPR instruction82, 83, 90, 133, 139, 334
WRPSR instruction (SPARC-V8)339
WRTBR instruction (SPARC-V8)339

WRWIM instruction (SPARC-V8)339
WRY instruction 66, 337, 400
WTYPE subfield field of trap type field151

X
x field of instructions116
xccfield of CCRregister 73, 218, 230, 236, 237,

270, 283, 288, 291, 323, 327
XIR, seeexternally_initiated_reset (XIR)
XNOR instruction 270, 400
XNORcc instruction270
XOR instruction 270, 400
XORcc instruction270

Y
Y register 65, 66, 235, 288, 290, 339

Z
Z condition code bit, seezero (Z) bit of condition

fields of CCR
zero (Z) bit of condition fields of CCR72


