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1 Overview

The SFARC64HI User’'s GuidedescribeRevision 3 of HAL ComputerSystems’64-bit
SFARC-V9 compliantprocessomodule.lt documentghe instructionset,registermodel,
data types, instruction opcodes, trap model, and virtual address translation algorithms.

HAL Computer Systems currently supports three CPU architectures:

1. Thefirst-generatiorCPU-1 (alsocalledSFARCG64)is usedin the HALstation models
330 and 350.

2. The second generation CPlUs used in the HALstation models 375 and 385.

3. Thethird generationCPU-3,intendedfor useby FujitsuandHAL. This Guidedocu-
ments the architecture of CPU-3, orART 64 II.

In this book, ary referencesto “the CPU” refersto the third generationCPU-3, or
SFARCG64-I11.

For the purposef this documentthe word “architecture”refersto the machinedetails
thatarevisible to anassemblyanguagerogrammeior to the compilercodegeneratarlt

doesnotincludedetailsof theimplementatiorthatarenot visible or easilyobsenableby
software.

1.1 Notes About This Book

1.1.1 Audience

Theaudiencdor this guideincludesdevelopersof SFARC6441l systemsoftware(simula-
tors,compilers,deluggers andoperatingsystemsfor example)andSFARC6441l assem-
bly language programmers.

1.1.2 Where to Star t

1.1.2.1 Background

The SFARC64H1 User’'s Guidewasderived directly from the sourcetext of The SFARC
Architecture Manual-\érsion9, whichis abbreriatedthroughouthis guideasV9. We have
deletedsomeof the more theoreticalmaterialcontainedin V9, but our goal hasbeento
createabookthatcanstandalone.For someimplementorshowever, this theoreticainfor-
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mationis very important.In particulay operatingsystemprogrammersvho write memory
managemensoftware,compilerwriters who write machine-specifioptimizers,andary-
onewho writescodeto run on all SFARC-V9-compatiblemachineshouldobtainanduse
V9. Any reader of this guide could profit from usivi§ as a companion xe

Wheneer a chaptersubsectionpr appendixin this guidematcheghe parallelnumberor
letterin V9, the informationcontainedhereinis directly related.In someinstancesthese
parallelsectionscontainHAL-specificinformation;in otherinstancesthe original infor-
mationfrom V9 hasbeenduplicatedso thatthis guide canstandalone.Becauseve have
addedanddeleteda significantnumberof tablesandfigures,thetableandfigure numbers
in this guidearenot parallelwith the numberdn V9. Wherethis guide’s tablesandfigures
areidenticalto or basedon thosein V9, we have includedthe V9 numberwithin thetable
and/orfiguretitle. We alsohave includeda list of tablesanda list of figuresin this guide;
theselists also containthe V9 crossreferenceswhich helpsto relatethe materialin this
guide back to the original.

One new chapterhasbeenadded:Chapter9, “Guidelinesfor Instruction Scheduling”
Finally, someentireappendiesfoundin V9 have beeneliminatedfrom the SFARCG64HI
User’s Guide In thesecasesandwhenever we referto informationcontainedonly in V9,
we place an icon in the ntan, as at left.

1.1.2.2 Navigating the SPARCG64-I1ll User’'s Guide

If you arenew to SFARC, readChapter3 for an overviewn of the architecture studythe
definitionsin Chapter2, thenlook into the subsequenthaptersandappendixegor more
details in areas of interest to you.

If you are familiar with SFARC-V8 but not SFARC-V9, you shouldreview the list of
changesn AppendixK, “Changesrom SFARC-V8 to SFARC-V9,” in V9. For additional
details of architectural changesvyiesv the folloving chapters:

m Chapter 4“Data Formats’ for a description of the supported data formats

m Chapter 5“Registers’ for a description of the ggster set

m Chapter 6“Instructions’ for a description of the meinstructions

m Chapter 7“Traps’ for a description of the trap model

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

m  Appendix A “Instruction Definitiong for descriptions of the instructions

Finally, if you arefamiliar with the SFARC-V9 architectureandwish to familiarizeyour-
self with the SRRC64ll-specific implementation, study the folang:

m  Chapter2, “Definitions” the unnumberedsubsectiorentitled “SFARC644Il Imple-
mentation-Specific @ms beginning on pag6

m  Chapter9, “Guidelinesfor Instruction Scheduling for detailedinformation about
low-level instruction scheduling for compiler optimizer writers
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Appendix A, “Instruction Definitions” for descriptionsof the SFARC64-I11-specific
instruction gtensions

Appendix C, “SFARC-V9 Implementation Dependencies for descriptions of
SFARCG64 _III's resolution of all SFRC-V9 implementation dependencies

AppendixE, “OpcodeMaps” to seehow the SFARCG64411-specific opcodeextensions
fit into the SRRC-V9 opcode maps

AppendixF, “MMU _Architectureg’ to seethe requirementgshat SFARC-V9 systems
impose upon an MMU, and WwoSFARCG64-I11 fulfills those requirements

AppendixG, “Assemblyl anguagesyntax’ to seehow SFARC64-11I hasextendedhe
SFARC-V9 assemblylanguagesyntax;in particulay SFARC64411-specific synthetic
instructions are documented in this appendix

1.1.3 Contents Compared with V9
Tablel on pagel5 describeghe contentsof every chapterandappendix,comparingThe

SFARC Arhitecture Manual-¥rsion 9with SFARC644 I User’'s Guide

1.1.4 Editorial Con ventions

1.1.4.1 Fonts and Notational Con ventions

Fonts are used as folls:

Italic font is usedfor register names,nstructionfields, andread-onlyregisterfields.
For exkample: “Therslfield contains...

Typewriter  font is used for literals and for sofiwe examples.

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

UPPER-CASEitems are acroryms, instruction names,or writable register fields.
Somecommonacroryms appeain the glossaryin Chapter2. Note: Namesof some
instructions contain both uppend laver-case letters.

Italic sans serif font is usedfor exceptionandtrapnamesFor example,“The privileged_
action exception..”.

Underbarcharactergoin wordsin register registerfield, exception,andtrap names.
Note: Suchwords can be split acrosslines at the underbarwithout an intervening
hyphen. lor example: “This is true whewer the intger_condition_code field’...

Reduced-size foris used in informational notes. See 1.1.4ldfdrmational Note$

The maminal icon at left indicatesthat more informationis availablein The SFARC
Architecture Manual-\érsion9 (V9), whichis availablefrom SFARC Internationaland
at mary technical bookstores.
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The following notational coventions are used:

m Squarebraclets’| ] indicateanumberedegisterin aregisterfile. For example:“r[0]
contains..”.

m Angle braclets‘< >’ indicatea bit numberor colon-separatedangeof bit numbers
within a field. For example: “Bits FSR<29:28> and FSR<12> are....

m Curly braces{ } areusedto indicatetextual substitution.For example,the string
“ASI_PRIMARY{ LITTLE}" expandsto “ASI_PRIMARY” and“ASI_PRIMARY _
LITTLE".

m The[] symboldesignatesoncatenatiomf bit vectors. A comma‘,” ontheleft sideof
an assignmenseparategjuantitiesthat are concatenatedor the purposeof assign-
ment.For example,if X, Y, andZ are 1-bit vectors,andthe 2-bit vectorT equalsll,,
then

X,Y,2) <« 0[] T
resultsin Xx=0,Y=1, and Z= 1.
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1.1.4.2 Implementation Dependencies

The implementorsof SFARC-V9-compliant processorsare allowed to resolve some
aspectsof the architecturein machine-dependemnways. Each possibleimplementation
dependengis indicatedin V9 by the notation“IMPL. DEP. #nn: Some descriptive text.” The
numbemn is usedto enumeratéhe dependencieim AppendixC, “SFARC-V9 Implemen-
tation Dependencie’s Referenceso SFARC-V9 implementationdependencieare indi-
catedin V9 by the notation“(impl. dep.#nn).” In SFARC64}1 User’s Guide we have
replacedall definitions of and referenceso SFARC-V9 implementationdependencies
with descriptionsof the SFARC6441l implementation.Appendix C in this document
describesheHAL-specificimplementatiordecisionsn detail. Referto V9 for moreinfor-
mation about implementation dependencies.

1.1.4.3 Notation f or Number s

Numbersthroughoutthis guide are decimal (base-10unlessotherwiseindicated.Num-
bersin otherbasesarefollowedby a numericsubscriptindicatingtheir base(for example,
100L, FFFF000Qg). Long binary andhex numberswithin the text have spacesnserted
every four charactergo improve readability Within C or assemblylanguageexamples,
numberanay be precededy “Ox” to indicatebase-1§hexadecimal)notation(for exam-
ple, Oxffff0000 ).

1.1.4.4 Informational Notes

This guide provides several different types of information in notes;the information
appears in &duced-size fontThe folloving examples illustrate thearious note types:

Programming Note:

ProgramminghotescontainincidentalinformationaboutprogrammingHAL’s SFARC6441l imple-
mentation.

Implementation Note:

Implementatiomotescontaininformationthatis specificto HAL's SFARC644I1l implementation.
Such information may not pertain to othe ARZ-V9 implementations.

1.2 SPARCG64-I1ll Architecture

1.2.1 Features
HAL’'s SARC644Il includes the follaving principal features:
m A linear 64-bit address space with 64-bit addressing.

m 32-bitwideinstructionswhich arealignedon 32-bitboundariesn memory Only load
and store instructions access memory and perform 1/O.

m Few addressingnodes:A memoryaddresss given aseither “register + register” or
“register + immediaté.
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m  Triadic register addressesMost computationalinstructionsoperateon two register
operands or one gester and a constant, and place the result in a thgistee

m A largewindowedregisterfile: At any oneinstant,aprogramsees globalintegerreg-
istersplusa 24-registerwindow of alargerregisterfile. Thewindowedregisterscanbe
used as a cache of procedurguanents, localalues, and return addresses.

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

m Fast trap handlers:r@ps are gctored through a table.

m  MultiprocessosynchronizationnstructionsOneinstructionperformsanatomicread-
then-set-memorgperation;anothemperformsanatomicexchange-rgisterwith-mem-
ory operation;anothercompareshe contentsof aregisterwith avaluein memoryand
exchangesnemorywith the contentsof anotherregisterif the comparisorwasequal
(compareand swap); two othersare usedto synchronizethe orderof sharedmemory
operations as obsextt by processors.

m Predictedbranches:The branchwith predictioninstructionsallow the compiler or
assemblylanguageprogrammelto give the hardware a hint aboutwhethera branch
will be taken.

m BrancheliminationinstructionsSeveralinstructionscanbeusedto eliminatebranches
altogether(for example,Move on Condition).Eliminating branchesncreasegperfor-
mance in superscalar and superpipelined implementations.

m Hardwaretrap stack:A hardwaretrap stackis providedto allow nestedraps.It con-
tainsall of the machinestatenecessaryo returnto the previous trap level. The trap
stack maks the handling ofalults and error conditions simpléaster and safer

m  Relaxedmemoryorder(RMO) model: This weakmemorymodelallows the hardware
to schedulanemoryaccessem almostary order aslong asthe programcomputeghe
correct result.

1.2.2 Attrib utes

SFARC-V9 is a CPUinstruction setarchitecture (ISA) derived from SFARC-V8; both
architecturexomefrom a reducednstructionsetcomputer(RISC) lineage.As architec-
tures,SFARC-V9 and SFARC-V8 allow for a spectrumof chip andsystemimplementa-
tions at a variety of price/performanceoints for a range of applications,including
scientific/engineering, programming, real-time, and commercial.

1.2.2.1 Design Goals

The CPUis designedo be atargetfor optimizing compilersandhigh-performancdard-
ware implementationsThe CPU provides exceptionally high executionratesand short
time-to-marlet deselopment schedules.
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1.2.2.2 Register Windo ws

The CPU s derved from SFARC, which was formulatedat Sun Microsystemsn 1985.
SFARC is basedontheRISCI andll designsengineeredtthe University of Californiaat
Berkeley from 1980through1982.SFARC's “registerwindow” architecturepioneeredn
the UC Berkeley designsallows for straightforvard, high-performanceompilersand a
reduction in memory load/store instructions.

Note that supervisorsoftware, not user programs,manageghe register windows. The
supervisorcansave a minimum numberof registers(approximately24) during a context
switch, thereby optimizing conteswitch lateng.

One major differencebetweenSFARC644Il and the Berkeley RISC | and Il is that
SFARCG6441l provides greaterflexibility to a compilerin its assignmenbf registersto

programvariablesSFARC644Il is moreflexible becauseegisterwindow managemens

not tied to procedurecall and return instructions,as it is on the Berkeley machines.
Instead,separatanstructions(SAVE and RESTORE) provide register windov manage-
ment.Themanagemenaf registerwindows by privilegedsoftwareis very differenttoo, as
discussed iAppendix H, “Software Considerations” iW9.

1.2.3 System Components

The SFARC-V9 architectureallows for a spectrumof 1/0, memory-managemeninit
(MMU), and cache system subarchitectures.

1.2.3.1 SPARC64-lIl MMU

The SFARC-V9 ISA doesnot mandatea singleMMU designfor all systemimplementa-
tions.Ratherdesignerarefreeto usethe MMU thatis mostappropriatdor their applica-
tion, or noMMU atall, if they wish. The SFARC64-IIl MMU implementatiorandvirtual
address translation are describedppendixF, “MMU Architecture”.

1.2.3.2 Privileg ed Software

SFARC-V9 doesnot assumethat all implementationsmust executeidentical privileged
software. Thus, certaintraits of the SFARC6441l that are visible to privileged software
have been tailored to the requirements of the system.

1.2.4 Binary Compatibility

ThemostimportantSFARC-V9 architecturamandateas binary compatibility of nonprvi-

legedprogramsacrosamplementationsBinariesexecutedin nonprvilegedmodeshould
behae identically on all SFARC-V9 systemsvhenthosesystemsarerunningan operat-
ing systemknown to provide a standardexecutionervironment.One exampleof sucha
standard enronment is the SARC-V9 Application Binary Interéice (ABI).

Although different SFARC-V9 systemamay executenonprvileged programsat different
rates,they will generatehe sameresults,aslong asthey arerun underthe samememory
model. Se€Chapter 8“Memory Models for more information.
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Additionally, SFARC-V9 is designedo be binary upward-compatibldrom SFARC-V8
for applications running in nonpiieged mode that conform to the A®C-V8 ABI.

1.2.5 Architectural Definition

The SFARC-V9 architecturds definedby the chaptersandnormatve appendixe®f The
SRARCArchitectue Manual-\érsion9. A correctimplementatiorof thearchitecturenter-
pretsa programstrictly accordingo therulesandalgorithmsspecifiedn the chaptersaand
normatve appendixes.

This guidedefinesa conformingimplementatiorof the SFARC-V9 architecturanamedhe
SFARCG644II.

1.2.6 SPARC-V9 Compliance

SFARC Internationalis responsiblefor certifying thatimplementationgomply with the
SFARC-V9 Architecture.Two levels of compliancearedistinguishedLlevel 1 andLevel
2. TheSFARCG644Il is Level-2-compliantSeeV9 for a definitionof the SFARC-V9 com-
pliance leels.

AppendixC, “SRARC-V9 ImplementatiorDependencie’s describegshe mannerin which
the SRRC644Il has resoled all implementation dependencies.
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Thefollowing subsectionslefinesomeof the mostimportantwordsandacrorymsusedin
this guide.

SPARC-V9 Terms

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

29

address space identifier (ASI):  An 8-bit value that identifiesan addressspace.
For eachinstructionor dataaccesstheinteger unit append®nASI to theaddress.
See alspimplicit ASI .

application pr ogram: A programexecutedwith the processoin nonprivileged
mode Note: Statementsnadein this guide regarding applicationprogramsmay
not be applicableto programgfor example,deluggers)that have accesso privi-
legedprocessor state (foxemple, as stored in a memory-image dump).

ASI: Abbreviation foraddress space identifier

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

byte: Eight consecutie bits of data.

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

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

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

dispatc h: Issuea fetchedinstructionto one or more functional units for execu-
tion.
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2.10

2.11

2.12

2.13

2.14

2.15

2.16

2.17

2.18

2.19

2.20

2.21

2.22

2.23

2.24

2.25

doub let: Two bytes (16 bits) of data.

doub leword: An alignedoctlet. Note: The definition of this termis architecture-
dependent and may tf from that used in other processor architectures.

exception: A condition that makes it impossiblefor the processoito continue
executing the current instruction stream without safevinterention.

extended w ord: An alignedoctlet, nominally containinginteger data.Note: The
definition of this termis architecture-dependeahd may differ from that usedin
other processor architectures.

f register: A floating-point register SFARC-V9 includes single-, double-, and
guad-precisioffi registers.

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

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.

floating-point IEEE-754 e xception: A floating-pointexception, as specifiedby
IEEE Std 754-1985. Listed within this guidelBBE_754_exception.

floating-point operate (FP  op) instructions:  Instructionsthat perform floating-
point calculationsasdefinedby the FPoplandFPop2opcodesFPopinstructions
do not include FBfcc instructionsor loads and storesbetweenmemory and the
floating-point unit.

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

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

FPU: Abbreviation forfloating-point unit.

halfw ord: An aligneddoublet. Note: The definition of this termis architecture-
dependent and may tif from that used in other processor architectures.

hexlet: Sixteen bytes (128 bits) of data.

implementation: Hardwareand/orsoftwarethat conformsto all of the specifica-
tions of aninstruction set architecture (ISA).

implementation-dependent: ~ An aspecbf the architectureghat may legitimately
vary amongimplementationsin mary casesthe permittedrangeof variationis
specifiedin the standard When a rangeis specified,compliantimplementations
shall not deiate from that range.
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2.26

2.27

2.28

2.29

2.30

231

2.32

2.33

2.34

2.35

2.36

2.37

2.38

2.39

2.40

implicit ASI: Theaddressspaceidentifier thatis suppliedby thehardwareonall
instructionaccesseandon dataaccessethatdo not containan explicit ASI or a
reference to the contents of tA8I register

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

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

instruction set ar chitecture (ISA): An ISA defines instructions, registers,
instructionand datamemory the effect of executedinstructionson the registers
andmemory andan algorithmfor controlling instructionexecution.An ISA does
not defineclock cycle times, cycles per instruction,datapaths,and otherimple-
mentation-dependermharacteristicsThis guide definesthe SFARC-V9 ISA and
also contains details about HALmplementation of the ISA.

integ er unit: A processingunit that performsinteger andcontrol-flov operations
and containsgeneral-purposénteger registers and processorstate registers, as
defined by this guide.

interrupt request: A requesfor servicepresentedo the processoby anexternal
device.

ISA: Abbreviation forinstruction set architecture.

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

IU: Abbreviation forinteger unit.

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

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

may: A keywordindicatingflexibility of choicewith noimplied preferenceNote:
“May” indicatesthat an actionor operationis allowed; “can” indicatesthatit is
possible.

must: Synonymshall.

next pr ogram counter (nPC): A registerthatcontainsthe addresf theinstruc-
tion to be &ecuted ngt, if a trap does not occur
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2.41 nonfaulting load: A load operation that either completes correctly (in the
absenceof ary faults) or returnsa value (nominally zero) if a fault occurs.See
speculative load

2.42 nonprivileg ed: An adjectve that describeq1) the stateof the processomwhen
PSTATE.PRIV= 0, thatis, nonprivileged mode (2) processostateinformation
thatis accessiblgo software while the processols in either privileged mode or
nonprivileged mode, for example,nonpriileged registers,nonprvileged ASRs,
or, in generalponpriilegedstate;(3) aninstructionthatcanbe executedwvhenthe
processor is in eitherivileged modeor nonprivileged mode

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

2.44 normative appendix: An appendixcontainingspecificationghatmustbe metby
animplementatiorconformingto the SFARC-V9 specificationSeealsa informa-
tive appendix

2.45 NWINDOWS: The number of igister windavs 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 documentthe term
byte, rather than octet, is used to describe eight bits of data.

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

2.48 prefetchable: An attribute of a memorylocationthatindicatesto an MMU that
PREFETCH operationsto that location may be applied. Normal memory is
prefetchable Nonprefetchabldocationsinclude those that, when read, change
state or causexternal @ents to occurSee alsoside effect

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

2.50 privileg ed mode: The processomodewhenPSTATE.PRIV= 1. Seealso non-
privileged

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

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

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

2.54 quadword: Aligned hexlet Note: The definition of this term is architecture-
dependent and may beféifent from that used in other processor architectures.
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2.55

2.56

2.57

2.58

2.59

2.60

2.61

2.62

2.63

2.64

r register: An integer register Also calleda generalpurposeregisteror working
register

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

reserved: Usedto describeaninstructionfield, certainbit combinationswithin an
instructionfield, or aregisterfield thatis reseredfor definitionby future versions
of the architecture.Resewed instruction fields shall read as zero, unlessthe
implementationsupportsextendedinstructionswithin the field. The behaior of
SFARC-V9-compliantprocessorsvhenthey encountenonzerovaluesin resened
instruction fields is undefined.Resewred bit combinations within instruction
fields are defined in AppendixA, “Instruction Definitions” in all cases,
SFARC-V9-compliantprocessorshall decodeandtrap on theseresened combi-
nations.Resewred registerfields shouldbe written only to zeroby software;they
shouldreadaszeroin hardware. Software intendedto run on future versionsof
SFARC-V9 shouldnot assumehatthesefield will readaszeroor ary otherpartic-
ular value. Throughoutthis guide, figures and tablesillustrating registers and
instructionencodinggndicateresenred fields and combinationswith an em dash

reset trap: A vectoredtransferof controlto privilegedsoftwarethrougha fixed-
address reset trap table. Reset traps cause entfigRostate

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

rsi, rs2, rd: Theintegerregisteroperand®f aninstruction,whererslandrs2are
the source msters andd is the destination gester

shall: A key word indicating a mandatoryrequirement.Designersshall imple-
ment all such mandatory requirementsto ensure interoperability with other
SFARC-V9-compliant productsSynonymmust.

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

side eff ect: A secondareffectinducedby anoperationin additionto its primary
effect. For example,accesgo anl/O locationmay causea registervaluein anl/O
deviceto changestateor initiate an1/O operation A memorylocationis deemedo
have side effectsif additionalactionsbeyond the readingor writing of datamay
occurwhena memoryoperationon thatlocationis allowed to succeedSeealsa
prefetchable

speculative load: A load operationthatis issuedby the processospeculatiely,
thatis, beforeit is known whethertheloadwill be executedn theflow of the pro-
gram.Speculatre accesseareusedby hardwareto speedorogramexecutionand
aretransparento code.Contrastwith nonfaulting load, whichis anexplicit load
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2.65

2.66

2.67

2.68

2.69

2.70

2.71

thatalwayscompletesevenin the presencef faults.Note: Someauthorsconfuse
speculatre loads with norgulting loads.

super visor software:  Softwarethatexecutesvhenthe processors in privileged
mode

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

unassigned: A value(for example,anaddressspaceidentifier) the semanticof
which are not architecturallymandatecand may be determinedndependenthby
each implementation within girguidelines gien.

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

time on a given implementation.Notwithstandingary of the above, undefined
aspectsf the architectureshall not causesecurity holes (suchas allowing user
softwareto accesgrivilegedstate) put the processomto supervisomode,or put
the processor into an unreevable state.

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

user application pr ogram: Synonymapplication program.

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

SPARCG64-IIl Implementation-Specific T erms

The following terms define concepts unique to H&lmplementation.

2.72

2.73

2.74

checkpoint: SFARC6441l checkpointghe CPUat certainintervalsto ensurethat
it canrecover from mispredictedbranchesgxceptions,nterrupts,andsoon. The
checkpoint can be used to return the machine to arkicorrect state.

committed: An instructioncanbe committedonly whenit hascompletedvithout

errorandall prior instructionshave completedwithout error and havebeencom-

mitted Whenaninstructionis committedthe stateof the machineis permanently
changedo reflectthe resultof the instruction;the previously existing stateis no

longer needed and can be discarded.

completed: After aninstructionhasfinished andhassenta nonerrorstatusto the
IssueUnit, it is considereacompletedNote: Althoughthe stateof themachinehas
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2.75

2.76

2.77

2.78

2.79

2.80

2.81

2.82

2.83

2.84

2.85

2.86

beentemporarilyalteredby completionof aninstruction the statehasnotyetbeen
permanentlychangedandthe old statecanbe recovereduntil the instructionhas
beencommitted.

executed: An instructionis executedby an executionunit suchas a Floating-
point Multiply Adder (FMA). An instructionis in executionaslong asit is still
being processed by arexution unit.

fetched: Instructionsarefetchedfrom theexternalU2 instructioncachetheinter-
nal 10 instructioncache the internal Il instructioncache,or from the instruction
prefetch luffers and sent to the Issue Unit.

finished: An instructionis finishedwhenit hascompletedexecutionin a func-
tional unit andhaswritten its resultsonto a resultbus. Resultson theresultbusses
go the rgister files and to ®iting instructions in the instruction queues.

initiated:  An instructionis initiated whenit hasall of the resourceghatit needs
(for example,sourceoperandsandit hasbeenselectedor execution(for example,
it enters an FMADD unit).

Instruction Dispatc h: The act of issuing an instruction to a resd¢ion station.

Instruction Issued:  An instructionis issuedwhenit hasbeenassigned serial

numberin theactive instructionring. For example,anaddinstructionis considered
“issued”whenit hasbeenassigned serialnumberanddecidedwhich resenation

station to be sent.

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

Instruction Stall:  Not every instructioncanbe issuedin a givencycle. The CPU
imposescertain issue constraintsbasedon resourceavailability and program
requirementsinstructionswhich may not be issuedin this cycle aresaidto have
stalled.

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

issue windo w: This window holds the instructionsto be issuedin one clock
cycle. SFARC6441l canissuea maximumof four instructionsper clock cycle;
thus, the issue winaoholds up to four instructions.

machine sync: Themachineas syncedwhenall previously executinginstructions
have committed;thatis, thereare no issuedbut uncommittedinstructionsin the
machine.

Memory Management Unit (MMU): This term is usedto refer to the address
translationhardware in SFARC64-I11l that translates64-bit Virtual Addressinto



28

2 Definitions

2.87

2.88

2.89

2.90

291

2.92

2.93

2.94

2.95

Physical AddressesThe MMU is composedf the pITLB, uDTLB, MTLB, and
the ASR and ASI mgisters used to manage address translation.

MTLB: Main TLB. Containsaddresstranslationsfor the pITLB and uDTLB.
Whenthe pITLB or uDTLB do not containa translationthey askthe MTLB for
thetranslationlf the MTLB containsthetranslationjt sendghetranslationto the
respectre micro TLB. If it doesnot containthe translationit causes fastaccess
exceptionto a software translationtrap handlerwhich will load the translation
information (PTE) into the MTLB and retry the acce3se alsoTLB.

PTE: PageTableEntry. An entryin theplTLB, uDTLB, or MTLB. ThePTEcon-
tains all the information necessaryo translatea virtual addressnto a physical
addresslf noneof the TLB’s containatranslationfor a virtual addresghenatrap
is taken to kernel software which will load the correctPTE into the MTLB. See
alsa TLB.

reclaimed: All instruction-relatedesourceghat were held until commit have
beenreleasedand are available for subsequeninstructions.Instructionresources
are usually reclaimed aviecycles after thg are committed.

register renaming: The CPU implementsa large setof hardware registersthat
areinvisible to theprogrammerBeforeinstructionsareissued sourceanddestina-
tion registersaremappedntothis setof renameegisters.This allows instructions
that normally would be blocked, waiting for an architectedegister to proceedn

parallel. Wheninstructionsare committed, resultsin renameregistersare posted
to the architectedegistersin the propersequenceo producethe correctprogram
results.

scan: A methodusedto initialize all of the machinestatewithin a chip. In achip
thathasbeendesignedo be scannableall of the machinestateis connectedn one
or severalloopscalled“scanrings’ Initialization datacanbe scannednto the chip
usingthe scanrings. The stateof the machinealsocanbe scanneaut via thescan
rings. The SFARC644II chip is initialized by scanningin the initialization data
before e&ecution bgins.

serializing instruction: ~ Synonymsyncing instruction.

super scalar: An implementationthat allows several instructionsto be issued,
executed,and committedin oneclock cycle. The CPU issuesup to four instruc-
tionsperclock cycle. Up to eightcanbe committed,andup to 64 canbe active per
clock oscle.

sync: Synonymmachine sync

syncing instruction:  An instructionthat causesa machine sync. Thus,beforea
syncinginstructionis 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

2.97

2.98

2.99

2.100

Reservation Station: The CPUimplementdataflav executionbasedn operand
availability. Dispatchednstructionsaresentto resenation stationswherethey are
buffereduntil all input operanddecomeavailable.Whenoperandsare available,
theinstructionis scheduledor execution.Reseration stationsalsocontainspecial
tagmatchinglogic which is usedto capturethe appropriateoperanddata. Theres-
ervation stationsare sometimesreferredto as queues(for example,the integer
gueue).

Serial Number: Every issuedinstructionis assigned serialnumber(alsosome-
timescalleda sequenceaumber)which providesa uniquetag for identifying the
instruction.The serialnumberaccompanieghe instructionthroughoutthe proces-
sor until eentual retirement.

TLB: TranslationLookasideBuffer. A cachewithin the MMU thatcontainsrecent
partial translations.Thesespeedup closely following translationsby eliminating
the need to reread thade Rble Entry from memory

pUDTLB: Micro DataTLB. A smallfully associatie buffer that containsaddress
translationgor dataaccessedMissesin theuDTLB arehandledby the MTLB. See
alsa TLB.

MITLB: Micro Instruction TLB. A small fully associatie buffer that contains
addresgranslationgor instructionaccessedissesin the pITLB arehandledby
the MTLB. See alsoTLB.
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3 Architectural Over view

SFARCG64-111 architecturesupports32- and64-bitintegerand32- and64-bitfloating-point
asits principal datatypes.It alsosupports128-bit floating-pointoperationsby software
emulation.The 32- and 64-bit floating-pointtypesconformto IEEE Std 754-1985.The
128-bitfloating-pointtype conformsto IEEE Std 1596.5-1992The CPU definesgeneral-
purposednteger, floating-point,andspecialstate/statusegisterinstructionsall encodedn
32-bit-wideinstructionformats.The load/storeinstructionsaddressa linear, 2%*-byte vir-
tual address space.

3.1 SPARC-V9 Processor Ar chitecture

Note:

This sectionandits subsectionsare repeatedrom V9. Even thoughthe SFARC644Il processor
architectureis beginning to differ more significantly from this earlier more simple model, these
sectionsstill provide someuseful backgroundfor the implementation-specifidiscussionof the

SFARCG6441l processor architecture in 3.4.

A SRARC-V9 processotogically consistsof anintegerunit (IU) anda floating-pointunit
(FPU), eachwith its own registers.This organizationallows for implementationswith
concurrentinteger and floating-pointinstruction execution. Integer registersare 64-bits
wide; floating-pointregistersare32-,64-, or 128-bitswide. Instructionoperandsresingle
registers, rgister pairs, rgister quadruples, or immediate constants.

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

3.1.1 Integer Unit (IU)

Theinteger unit containsthe general-purposeegistersand controlsthe overall operation
of the processarThe lU executeshe integer arithmeticinstructionsand computesnem-
ory addressesor loadsand stores.It also maintainsthe programcountersand controls
instruction gecution for the FPU.
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An implementatiorof the SFARC-V9 IU maycontainfrom 64 to 528general-purposé4-
bit r registers.This correspondso a groupingof the registersinto 8 globalr registers,8
alternateglobalr registers,plusa circular stackof from 3 to 32 setsof 16 registerseach,
known asregisterwindows. The numberof registerwindows presentNWINDOWS) is
implementation-dependent; on/ARC64-111, NWINDOWS = 5.

At a giventime, aninstructioncanaccesghe 8 globals (or the 8 alternateglobalg anda
registerwindow into ther registers.The 24-registerwindow consistsof a 16-reggisterset
— dividedinto 8 in and8 local registers— togethewith the 8 in registersof anadjacent
register set,addressablérom the currentwindow asits out registers.SeeFigure 22 on

page64.

The currentwindow is specifiedby the currentwindow pointer(CWP) register The pro-
cessordetectswindow spill andfill exceptionsvia the CANSAVE and CANRESTORE
registers,respectrely, which are controlled by hardware and supervisorsoftware. The
actualnumberof windows in a SFARC-V9 implementations invisible to a userapplica-
tion program.

Wheneer the IU accessesn instructionor datumin memory it appendsan address
spaceidentifier (ASI), to the addressAll 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
determineghe byte order of the accessAll instructionsare accessedh big-endianbyte
order; datacan be referencedn eitherbig- or little-endianorder See5.2.1,“Processor
State Rgister (PSATE)”, for information about changing the deft byte order

3.1.2 Floating-point Unit (FPU)

The FPU hasthirty-two 32-bit (single-precisionjloating-pointregisters thirty-two 64-bit

(double-precisionjloating-pointregisters,and sixteen128-bit (quad-precisionfloating-
point registers,someof which overlap.Double-precisiorvaluesoccupy aneven-oddpair

of single-precisiorregisters,and quad-precisiorvaluesoccupy a quad-alignedgroup of

four single-precisiomegisters.The 32 single-precisiomegisters thelower half of thedou-
ble-precisionregisters,and the lower half of the quad-precisiorregistersoverlay each
other Theupperhalf of the double-precisiomegistersandthe upperhalf of the quad-pre-
cisionregistersoverlay eachotherbut do not overlay ary of the single-precisiomegisters.
Thus,the floating-pointregisterscanhold a maximumof 32 single-precision32 double-
precision,or 16 quad-precisiorvalues.The floating-pointregistersaredescribedn more
detail in5.1.4, “Floating-point Rgisters’”.

Floating-pointload/storeinstructionsare usedto move databetweenthe FPU and mem-
ory. Thememoryaddresss calculatedoy the IU. Floating-pointoperate (FPop)instruc-
tions perform the floating-point arithmetic operations and comparisons.

The floating-pointinstructionsetand 32- and 64-bit dataformatsconformto the IEEE
Standardor Binary Floating-pointArithmetic, IEEE Std 754-1985.The 128-bitfloating-
point datatype conformsto the IEEE Standardfor SharedData Formats, |[EEE Std
1596.5-1992.
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If anFPUis notenabledanattemptto executea floating-pointinstructiongenerateganfp_
disabled trap. In either case, piieged-mode softare must:

m Enable the FPU and neecute the trapping instruction, or

m Emulate the trapping instruction.

3.2 Instructions

Instructions &ll into the follaving basic catgories:
®m Memory access

m Integer arithmetic / logical / shift

m Control transfer

m State rgister access

m Floating-point operate

m  Conditional mee

m  Reister windev management

These classes are discussed in thewviatlg subsections.

3.2.1 Memory Access

LoadandstoreinstructionsPREFETCHesandtheatomicoperationsCASX, SWAP, and
LDSTUB, arethe only instructionsthataccessnemory They usetwo r registersor anr

registeranda signed13-bit immediatevalueto calculatea 64-bit, byte-alignedmemory
address. The IU appends an ASI to this address.

Thedestinatiorfield of theload/storanstructionspecifiesitheroneor two r registers,or
one or tvo f registers, that supply the data for a store or vectie data from a load.

Integerloadandstoreinstructionssupportoyte, halfword (16-bit), word (32-bit), anddou-
bleword (64-bit) accessesSomeversionsof integerload instructionsperformsign exten-
sion on 8-, 16-, and 32-bit valuesasthey are loadedinto a 64-bit destinationregister
Floating-point load and store instructions support word, and doublevord memory
accesses.

CAS, SWAP, andLDSTUB are specialatomic memoryaccessnstructionsthat are used
for synchronization and memory updates by concurrent processes.
3.2.1.1 Memory Alignment Restrictions

Halfword accessesre aligned on 2-byte boundaries;word accessegwhich include
instruction fetches)are aligned on 4-byte boundaries;extended-vord and doublevord
accessearealignedon 8-byteboundariesAn improperlyalignedaddressn aload, store,
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or load-storeinstruction causesa trap to occur with the possibleexception of cases
described ir6.3.1.1, “Memory Alignment Restrictions”

3.2.1.2 Addressing Con ventions

The CPU useshig-endianbyte orderby default: the addresof a quadword, doublevord,

word, or halfword is theaddres®f its mostsignificantbyte. Increasinghe addressneans
decreasinghe significanceof the unit being accessedAll instructionaccessesare per-

formedusingbig-endianbyte order The CPUalsocansupportlittle-endianbyte orderfor

dataaccesse®nly: the addressof a quadword, doublevord, word, or halfword is the

addres9f its leastsignificantbyte. Increasingthe addressmeansincreasingthe signifi-

canceof the unit being accessedSee5.2.1, “ProcessorState Register (PSTATE)”, for

information about changing the implicit byte order to little-endian.

Addressingcornventionsare illustrated in Figure65 on page119 on Figure66 on page
121

3.2.1.3 Load/Store Alternate

Versionsof load/storeinstructions,the load/store alternate instructions,can specify an
arbitrary 8-bit addressspaceidentifier for the load/storedataaccessAccessto alternate
spaced0;,..7F; is restricted,and accesgo alternatespaces80;4..FF;¢ IS unrestricted.
Someof the ASls are availablefor implementation-dependenses.Supervisorsoftware
canusetheimplementation-dependeAiSIs to accesspecialprotectedregisters,suchas
MMU, cachecontrol,andprocessostateregisters,andotherprocessoror system-depen-
dent\alues. Seé.3.1.3, Address Space ldentifiers (ASIsjor more information.

Alternate spaceaddressings also provided for the atomic memoryaccessnstructions,
LDSTUB, SWAP, and CASX.
3.2.1.4 Separate | and D Memories

The CPU hasseparatdevel-1 instructionand datacachesFor this reason programsthat
modify their own code(self-modifyingcode)mustissueFLUSH instructions or a system
call with a similar €ect, to bring the instruction and data caches into a consistent state.
3.2.1.5 Input/Output (1/0O)

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

This documentoesnot containinformationaboutSFARCG64411-specific I/O registers.In
particular it does not discuss:

m The semantic &ct of accessing I/O locations
m Nonprvileged access to /O gesters

m The addresses and contents of I/Qisters
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3.2.1.6 Memory Sync hronization

Two instructionsareusedfor synchronizatiorof memoryoperationsFLUSH andMEM-
BAR. Their operationis explainedin A.20, “Flush Instruction Memory”, and A.32,
“Memory Barrier”, respectrely. Note: STBAR is alsoavailable,but it is deprecatednd
should not be used inwé/ developed software.

3.2.2 Arithmetic / Logical / Shift Instructions

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

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

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

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

3.2.3 Control Transfer

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

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

sequencds dispatchedbefore the control transferto the target addressis completed.
Note: The next instructionin logical sequencenay not be the instructionfollowing the
control-transfer instruction in memory

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

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



36 3 Architectural Overview

BranchandCALL instructionsusePC-relatve displacementsThejump andlink (JMPL)
andreturn (RETURN) instructionsuse a registerindirect target addressThey compute
their targetaddresseaseitherthe sumof two r registers,or the sumof anr registeranda
13-bit signedimmediatevalue.The branchon conditioncodeswithout predictioninstruc-
tion providesa displacemenof £8 Mbytes;the branchon conditioncodeswith prediction
instructionprovidesa displacemenbf £1 Mbyte; the branchon registercontentsnstruc-
tion providesa displacemenof +128Kbytes,andthe CALL instructions 30-bitword dis-
placementallows a control transferto arny addresswithin £2 gigabytes(£2°! bytes).
Note: When 32-bit addressmaskingis enabled(see5.2.1.6, “PSTATE address mask
(AM)"), the CALL instructionmay transfercontrol to an arbitrary 32-bit address.The
returnfrom privilegedtrapinstructionss DONE andRETRY) gettheirtargetaddresgrom
the appropriate TPC or TNPCgistet

3.2.4 State Register Access

Thereadandwrite stateregisterinstructionsreadandwrite the contentsof stateregisters
visible to nonprvileged software (Y, CCR, ASI, PC, TICK, and FPRS).The readand
write privilegedregisterinstructionsreadandwrite the contentsof stateregistersvisible
only to privilegedsoftware (TPC, TNPC, TSTATE, TT, TICK, TBA, PSTATE, TL, PIL,
CWPR CANSAVE, CANRESTORE, CLEANWIN, OHERWIN, WSTATE, and VER).

Software can use read/write ancillary state register instructions to read/write the
SFARC644l1l-specific processorregisters.Seethe subsectionn 5.2.11,“Ancillary State
Ragisters(ASRs)”, for informationaboutthe implementation-dependeAiSRs,including
which of them are pvileged.

3.2.5 Floating-point Operate

Floating-pointoperatg FPop)instructiongperformall floating-pointcalculationsthey are

registerto-registerinstructionshatoperateon thefloating-pointregisters Lik e arithmetic/

logical/shiftinstructions,FPopscomputea resultthatis a function of oneor two source

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

In additionthe CPU hasextendedthe SFARC-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 a valuefrom a sourceregisterto a desti-
nationregister dependingon aninteger or floating-pointconditioncodeor uponthe con-
tents of an integer register Theseinstructionsincreaseperformanceby reducingthe
number of branches.
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3.2.7 Register Windo w Management

Theseinstructionsare usedto managethe register windows. SAVE and RESTORE are
nonpriilegedandcausearegisterwindow to be pushedr popped FLUSHW is nonprvi-
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 avectoredransferof controlto privilegedsoftwarethroughatraptablethatmay
containthefirst eightinstructions(thirty-two for fill/spill traps)of eachtrap handler The
baseaddressof the table is establishedby software in a stateregister (the Trap Base
Addressregister TBA). The displacementvithin the tableis encodedn the type number
of eachtrapandthelevel of thetrap. Onehalf of thetableis reseredfor hardwaretraps;
one quarteris resered for software trapsgeneratedy trap (Tcc) instructions;the final

guarter is reserd for future gpansion of the architecture.

A trap causegshe currentPCandnPCto be savedin the TPCand TNPCregisters.It also
causeshe CCR,ASI, PSTATE, andCWP registersto be savedin TSTATE. TPC, TNPC,
andTSTATE areentriesin a hardwaretrap stack,wherethe numberof entriesin thetrap
stackis equalto the numberof trap levels supportedwhichis 4 in the CPU). A trapalso
setsbhits in the PSTATE register oneof which canenablean alternatesetof globalregis-
tersfor useby thetraphandler Normally, the CWPis notchangedy atrap;onawindow
spill or fill trap, however, the CWPis changedo pointto the registerwindow to be saved
or restored.

A trap may be causedby a Tcc instruction,an asynchronougxception,an instruction-
inducedexception,or aninterrupt requestnotdirectly relatedto a particularinstruction.
Before executing eachinstruction, the processordeterminesif there are ary pending
exceptionsor interruptrequestslf any arependingthe processoselectghehighest-prior-
ity exception or interrupt request and causes a trap.

SeeChapter 7, “Taps”for a complete description of traps.
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3.4 SPARCG64-I1ll Processor Ar chitecture

This section describesthe internal architectureof the CPU. Figure 1 containsthe
SFARCG644I1l Block Diagram.
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Figure 1: SPARCG64-111 CPU Block Diagram
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3.4.1 Life Cycle of an Instruction
All instructions pass through the folling states within the CPU:

Fetched:
Instructionsarefetdhedfrom the externalinstructioncachetheinternallO instruc-
tion cache,or the instruction prefetchbuffers (describedin 3.4.3,“BranchUnit
(BRU)"); they are then sent to the Issue Unit.

Issued:
A serialnumberis assignedo eachinstructionwhenit is issued After aninstruc-
tion isissued it is immediatelydispatdied

Dispatc hed:
Instructionsare dispatdied when they are sentto a functional unit queue.For
example,an addinstructionis consideredlispatchedvhenit is sentto the queue
for oneof theintegeraddersn the Fixed-pointinteger FunctionalUnit (described
in 3.4.6.1.3).

Initiated:
An instructionis initiated whenit hasall of theresourcest needsandit hasbeen
selected forxeecution by anxecution unit.

Executed:
An instructionis executedoy anexecutionunit in the DataFlow 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 instructionis in executionas
long as it is still being processed by ae@ution 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 completedvhenit hasfinishedandhassenta nonerror statusto
the ISU. Note: Although the stateof the machineis alteredtemporarilywhenan
instructionis completedthe statechangeis not yet permanentthe old machine
state can be rewered until the instruction has beemmmitted

Committed:
An instructionis committedwhen it hascompletedwithout error andall prior
instructions(in programorder) have completedwithout error. Whenaninstruc-
tion is committed,the stateof the machineis permanentlychangedo reflectthe
result of the instruction.

Reclaimed:
All instruction-relatedresourcesare usually reclaimeda few cycles after the
instructionis committed After the resourcesarereclaimed they are again avail-
able for subsequent instructions.
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The folloving sequence clarifies the ordering within these states. Instructions are:
Fetchedin order
Issuedin order

Dispatdedin order

1

2

3

4. Initiated out of order
5. Executedut of order
6

. Completedbut of order
7. Committedn order

During an instructions lifetime within the CPU it undegoesa seriesof transformations
that allav it to be processed mordiefently. These transformations include:

Recoding:
The instruction opcode is cegrted into a more &€ient internal format.

Register Renaming:
The sourceand destinationregistersencodedin the instruction are renamedby
mappingthemonto a muchlarger internalregisterset. A more completedescrip-
tion of this process isgen in 3.4.1.1.

Numbering:
A serial numberis assignedo an instructionwhenit is issued This numberis
uniquein the systemaslong asthe instructionis active; however, the numbersare
reclaimed and reused after the instructiocoisimitted

Packetizing:
An instructionpaclet (IP) is created.lt containsthe recodedopcode,the serial
numbey the renamedregister numbers,and some information that allows the
effectsof theinstructionto beundonef it wasexecutedn error (for example after
a mispredictedoranch).The functionalunits that actually executethe instructions
deal only with IPs.

3.4.1.1 Register Renaming

Sometimesncreasingthe numberof available registerscan allow for more parallelism
within a CPU. ler example, consider the folldng code fragment:

1. Id [%r5+%r6], %r2 I Load something into %r2

2. add  %r2,%r8,%r30 I Use the loaded data

3. beq %xcc,d12 I Branch if equal

4, add %r9,%r10,%r2 I Not equal-store a result into %r2

Clearly, instruction#1 mustcompletebeforeinstruction#2 begins,becausésor? is anout-
put of #1 and an input to #2. Nothing that can be donein hardware will allow these
instructionsto executein parallel. The only reasonthat instruction#4 cannotexecutein

parallel with #1 or #2, heever, is that it needs toeuse%r2.
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If thedestinationn instruction#4 is changedo %r9, theinstructioncouldrunin parallel
with #1 or #2. But the hardware cant always use anotherarchitectedregister because
there isnt always one w@ailable.

SFARC644Il solves this problem by:
1. Providing more plysical reisters than architectedgisters, and
2. Providing a mapping between architected anggudal reyisters.

This stratgy is called rgister renaming; it changes theaenple as follas:

1. Id [Yopr15+%pr22],%pr7 I Load into physical register %pr7
2. add %pr7,%pr8,%pra5 I Use the loaded data

3. beq %xcc,dog I Branch if equal

4, add %pr9,%pr21,%pr37 I Store a result into physical %pr37

Now #4 canbeexecutedn parallelwith #1 or #2, sinceit is nolongerdependenbn oneof
their registers.Note: #1 and#2 arestill dependenfasthey shouldbe)andcannotbe exe-
cuted in parallel.

For amorecompletediscussiorof datadependenciesee9.6.1,“Data Dependenciestn
pagel98
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3.4.2 SPARCG64-I1ll Conceptual Ar chitecture
Figure 2shavs a high-lgel view of the internal architecture of the CPU.

CPU
Branch Unit Data Flow Unit
Branch | _ SegiSter Physical Integer and
Prediction | - ,?Anaa;:e Floating-point Registers
|| I =
10 Cache _‘_Jl> fJSnui? » | Queues Execution Units
16 KBytes
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—— Translation D1-Cache
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U2-Cache & UPA Control Unit
I {IZBBKS

— = i

U2-Cache SRAMs
UPA BUS (1 ~ 16 MBytes)

Figure 2: CPU High-Level Internal Architecture

Conceptuallythe CPU contains gen sections:

Branc h Unit (BR U):
Fetchegnstructions,controls programcounter(PC) sequencingand attemptsto

provide four instructions per clock to the Issue Unit.

Issue Unit (ISU):
Issuesanddispatchesip to four instructionsper clock, andkeepstrack of all cur-

rently actve instructions.
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Data Flow Unit (DFU):
Executesinstructionsusing the integer and floating-pointhardware registers,the

registerrenamemaps.the fixed-integer andfloating-pointexecutionunits, andthe
load/ store unit.

Level-1 Instruction Cac he (11-Cache):
Recevesoneinstructionfetchrequesi16 bytesperrequestpercycle from BRU,
accesseghe level-1 instruction cache (4-way set-associate, 64 Kbytes), and
returns4 instructionsin a cycle. Whena cachemiss happenssendsa requestto
UC to get the line data (64 bytes).

Level-1 Data Cac he (D1-Cache):
Recevesup to two load or storerequestgeachrequesis up to 8 byte accessper
cycle from LSU, accesseghe level-1 data cache (4-way set-associate, 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 which has256 entriesandis fully-associatve, accesses when
the translationrequestcomesfrom 11-Cacheor D1-Cacheandreturnsthe page
table entry to I11-Cache or D1-Cache.

U2-Cache & UPA Contr ol Unit (UC):
Controlsthe externalunifiedlevel-2 cache(U2-Cachedirect-map,1~16 MBytes)
and UPA bus interface.Receveslevel-1 cachemissrequestdrom I1-Cacheand
D1-Cacheaccesses)2-Cacheandreturnsthe cacheline data(64 Bytes)to 11-
CacheandD1-CacheWhena cachemisshappenssendsarequesto UPA busto
get the cache line data.

3.4.3 Branc h Unit (BR U)

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

m  The on-chip Leel-0 Instruction (I0) Cache

m  The on-chip Prefetch Bigrs

m The eternal Level-1 Instruction Caches (through the Instruction Recode Unit)
The BRUJ contains the follwing components:

Instruction Recode Unit;

Recodesnstructionsinto a more efficient internalformat. Instructionsremainin
recoded form throughout their lifetime in the CPU.

Instruction Pref etch Buff ers:

Prefetchesnstructiondrom theLevel-1 InstructionCacheghroughthe Instruction
Recode Unit.

Instruction Le vel-0 Cache (10 Cache):
Holds up to 4,096 prefetched and recoded instructions.
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Branc h Prediction:

Attemptsto determingheaddres®f the next four instructiongo fetch,usingfeed-
back from the Issue Unit.

Fetch Unit:

Suppliesheaddressesf theinstructionsto be fetched.This unit usesBranchPre-
diction to attemptto determinethe correctfetch addresslit then transmitsthis
address to the 10 Cache, the PrefetcHd3af and thexdernal |1 Cache.

If theinitial fetchaddresprovesto beincorrect,the FetchUnit discardgheincor-
rectly fetchedinstructions recalculateghe correctfetch addressand retransmits
thecorrectaddresso thel0 CachethePrefetchBuffers,andtheexternalll 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 folling components:

Precise State Unit (PSU):

Tracksthe stateof all instructionsfrom the time they are issueduntil they are
reclaimed It:

e Assigns serial numbers towly issuedinstructions
e Waits for the DFU to repofinishedstatus onssuedinstructions
e Completesnstructions that arinishedandcommitsthem in order

e Reclaimgesources used lmpmmittednstructions

The PSUcanbackup the CPUto ary previous uncommittedstatein the event of
an error or mispredictedbranch.The PSU also handlesexceptions,errors, and
interrupts.

Register Rename / Freelist Unit:
Managedhelist of free physicalregistersthatareavailableto renameheregisters
in the instructionsthatwill be issuedin this clock. For performancaeasonsthe
physicalregistersandthe mapsof physicalto architectedegisternumbersarekept
in the DFU, lt they are logically part of the ISU.

[-Matrix:

Determineshow mary instructions(from 0 to 4) canbe issuedin eachclock. It
gathersresourcaisageinformation (for example,how mary queueslotsareavail-
able) from man parts of the CPU.

Dispatc h:

Senddnstructionpacletsto be enqueuedt the DFU’s functionalunits, described
in 3.4.6 on pagéd6.
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3.4.5 Instruction Fetc h, Issue, and Dispatc h

Figure 3shavs a detailed vig of the instruction fetch and issue process.
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Figure 3: Instruction Fetch, Issue, and Dispatch

Using feedbackfrom the IssueUnit, Branch Predictionattemptsto predictthe next PC
value.Thepredictedaddresss calledthe FetchPC (FPC).Next, the BranchUnit sendghe
four instructions at the FPC address to the Issue Unit. These instructions will come from:

m The I0 cache, if present there
m The Prefetch Buérs, if present there
m 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 recodegheminto aninternalformat. Theserecodednstructionsare
then cachedin the PrefetchBuffers; eventually they may be senton to the 10 cacheor
directly to the Issue Unit.

Using informationgatheredby the PreciseStateUnit, the IssueUnit determinesvhether
theinstructionsit hasrecevedarefrom the correctaddresslf they are,thelU dispatches
upto four of theinstructiongo the DFU. If the PCwasmis-predictedthe IssueUnit feeds
this information back to the BRand discards the instructions.
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3.4.6 Data Flow Unit (DFU)

The DataFlow Unit (shavn in Figure4) executesnstructionsusingtheintegerandfloat-
ing-pointhardwareregistersandregisterrenamanaps,andthefixed-pointinteger, address
generation, floating-point, and loAdtore functional units.
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Figure 4: Data Flow Unit (DFU)

The functionalunits aredescribedn 3.4.6.1,“DFU FunctionalUnits” In additionto the
functional units the DFU also contains:

Physical Integ er Register File:
Physicalregistersto which the architectedegisterswithin eachintegerinstruction
are remapped.

Integ er Register Rename Map:

Associationsneededo remapeachinteger registerreferencawithin aninstruction
onto the appropriate ghical intger rejister
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Physical Floating-point Register File:

Physical registersto which the architectedregisters within eachfloating-point
instruction are remapped.

Floating-point Register Rename Map:

Associationsneededto remap each floating-point register referencewithin an
instruction onto the appropriateysical floating-point rgistet

3.4.6.1 DFU Functional Units

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

Floating-point Functional Unit (FPU):

Performsfloating-pointarithmetic,comparisonsmultiplies, divides, and square-
roots (including floating-point multiply-add and multiply-subtract).

Fixed-point Integ er Functional Unit (FXU):
Performs fied-point arithmetic, logical operations, shifts, multiplies, andids.

Fixed-point Integ er / Address Generation Functional Unit (FX/A GEN):

Performsfixed-pointarithmetic and logical operationsand calculatesload/store
addresses.

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

Each functional unit contains:

Reservation Station:

Storesthe instructionpaclet (IP) and sourceregister(s)for eachinstructionthat
has beemssuedand is vaiting to benitiatedin the functional unit.

Execution Units:

Performthe processingiecessaryo executeeachinstruction.Note: The execution
units for the LSU are actually the external datacacheswhich executethe loads
and stores.

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

3.4.6.1.1 Reservation Stations

Eachresenation station containsan Instruction Packet Queue(IPQ), which holds the
instructionpaclkets(IPs)waiting to begin executionin thefunctionalunit. Associatedvith
eachqueueentryis oneor moreRegisterCacheswhich hold the sourceoperand(sjor the
instruction.Whena sourceoperandf anenqueuednstructionis generatedby a previous
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instruction,that queueentry mustwait until its sourceoperandsare available. Figure 5
shaws the general form of a resatiwon station.

Result Bus l

Ra[0] | Ro[1] | Rp[2] | Ra[3] | Ro[4] |R2[S] | Ra[6] |R[7]

Source
Register 2

Source
Register 1 R4[0] | Ry[1] | Ry[2] | R1[3] |R1[4] |R4[5] |R4[6] |Ry[7] #

To Functional Units

IPQ | 0] | ] | 121 | 3] | M4l | s | (6] | 7]

Figure 5: Resewation Station Detall

Eachresenationstationis anN x (S+ 1) matrix, whereN is thenumberof entries Sis the
numberof sourceregisters,andl is the IPQ entry. Table2 givesthevaluesfor N andSfor
each functional unit in the DFU.

Table 2—Resewration Station Sizes

Number of
. . Number of :
Functional Unit Entries ( N) Source (Fét)eglster S
FXU 8 2
FX !/ AGEN 8 2
FPU 8 3
LSU 12 1

3.4.6.1.2 Floating-point Functional Unit (FPU)

The Floating-pointFunctional Unit (seeFigure 4 on page46) executesfloating-point
instructionsusing one floating-point multiply-adder (FMA), one floating-point divider
(FDIV/FSQRY), and one floating-point adderX}-

The FPU caninitiate onefloating-pointaddandeitheronefloating-pointmultiply-addor
onefloating-pointdivide operationper clock, andcangeneratenefloating-pointaddand
one multiply-addition or onedivision resultper clock. Oncethe operationsareinitiated,
however, the FMA and FDIV/FSQR units eecute in parallel.

The FMA is pipelinedand hasa lateny of 4 cycles. The FMA also performsfloating-
point moves, which ta& one clock. TheAris pipelined and has a latgnef 3 g/cles.
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The FDIV/IFSQRT hasa lateny of approximatelyl2 cycles (single) and 22-23 cycles
(double).The FDIV/FSQRT unit blocksthe FMA for oneclock in orderto startthe divi-
sionandfor anotherclock whenit placegheresultontheresultbus.While thedivideisin
progress, hoever, the FMA and FDIV/FSQR 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 independenArithmetic/Logical/ShiftUnits (ALSs), one of which
contains an intger multiplier/dvider.

Oneof the ALSs sharedts operandandresultbusseswith the integer multiplier/divider.
This combinedunit caninitiate eitheroneMULDIV or oneALS operationperclock, and
cangenerateoneMULDIV or oneALS resultperclock. Oncethe operationsareinitiated,
however, the ALS and multiplier/dider units &ecute in parallel.

Each ALS contains:

m  Aninteger adder

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

m A 64-bit barrel shifter

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

An integermultiply operationtakesbetween (32-bits)and6 (64-bits)clocks.An integer
divide takesbetweer? and37 clocks,dependingpntheargumentstheaverages aboutl3
clocks. The multiplier/diider “steals” one ALSyxle to place its results on the reswisb

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

The Fixed-point/ AddressGeneratiorFunctionalUnit (seeFigure4 on page46) executes
integerinstructionsandcalculatedoad/storeaddresseasingtwo independenArithmetic/
Logical Units. Note: Unlike the FXU, the FX/AGEN doesnot containa shifteror aninte-
ger multiplier/dvider.

The FX/AGEN is used to calculate:
m Effective addresses for loads and stores
m Integer arithmetic operations that do not require a shift, multglgvide

Calculationsarerequiredfor someCPU addressingnodesfor example,in theinstruction
Id [%06 + 64], %i5

the FX/AGEN adds64 to the contentsof %006to obtainthe effective addresgor the load.
The FX/AGEN sendghe calculatedaddresandtheinstructionserialnumberto the Load
Store Unit.

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

m Two efective address calculations
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m  One address calculation and onegetecalculation

m  Two intgger calculations

3.4.6.1.5 Load / Store Functional Unit (LSU)

The Load/ Store Functional Unit (seeFigure 4 on page46) executesload and store
instructions accessing theséd-1 even and odd data caches.

ThelLSU isresponsibldor guaranteeinghatloadsandstoresexecutecorrectly Someout-
of-order &ecution is allaved, lut some operations mustexute in order

The LSU can performtwo simultaneoudoadsor storesto the level-1 datacachesper
clock, oneto theevencacheandoneto theoddcachelt canacceptup to two new loador
storerequestger clock. Thelevel-1 cacheshave a three-clockateng, but they arepipe-
lined, so two new accessesan be startedandtwo old accessesompletedduring each
clock.
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The CPU architecture recognizes these fundamental data types:
m Signed Intger: 8, 16, 32, and 64 bits.

m Unsigned Intger: 8, 16, 32, and 64 bits.

m  FloatingPoint: 32 and64 bits. Operationon 128-bitfloating-pointdataareemulated
by system softare.

The widths of the data types are:

Byte: 8 bits

m Halfword: 16 bits

m  Word: 32 bits

m Extended Wird: 64 bits

m Tagged Wird: 32 bits (30-bit &lue plus 2-bit tag)
m Doublevord: 64 bits

m  Quadword: 128 bits (emulated)

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

Subsectiongl.1 through4.11 illustrate the signedinteger, unsignedinteger, and tagged
formats. Subsectiongl.12 through4.14 illustrate the floating-pointformats.in 4.4, 4.9,
4.13,and4.14,theindividual subwordsof the multiword dataformatsareassignedames.
The arrangemenbf the subformatsin memory and processoregistersbasedon these
namess shavn in Table3 on page56. Tables4 through7 on pagess7 through58 define
the intger and floating-point formats.
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4.1 Signed Integ er Byte

Figure 6illustrates the signed irger byte data format.

Figure 6: Signed Integer Byte Data lBrmat

4.2 Signed Integ er Halfw ord

Figure 7illustrates the signed irger halfword data format.

1514 0

Figure 7: Signed Integer Halfword Data Format

4.3 Signed Integ er Word

Figure 8illustrates the signed irger word data format.

3130 0

Figure 8: Signed Integer Word Data Format

4.4 Signed Integ er Doub le

Figure9 illustratesboth component§SD-0 and SD-1) of the signedinteger doubledata
format.

SD-0
S signed_db |_integ er[62:32]
3130 0
SD-1
signed_db |_integ er[31:0]
31 0

Figure 9: Signed Integer Double Data Brmat
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4.5 Signed Extended Integ er
Figure 10Qillustrates the signedkeended intger (SX) data format.

SX

S signed_e xt_integ er

63 62

Figure 10: Signed Extended Integer Data Brmat

4.6 Unsigned Integ er Byte
Figure 11lillustrates the unsigned iger byte data format.

Figure 11: Unsigned Integer Byte Data Brmat

4.7 Unsigned Integ er Halfw ord
Figure 12illustrates the unsigned iger halfword data format.

15 0

Figure 12: Unsigned Integer Halfword Data Format

4.8 Unsigned Integ er Word
Figure 13illustrates the unsigned iger word data format.

31 0

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

Figure 14 illustratesboth componentgfUD-0 and UD-1) of the unsignedinteger double
data format.

uD-0 unsigned_db |_integ er[63:32]

31 0

UbD-1 unsigned_db |_integ er[31:0]

31 0

Figure 14: Unsigned Integer Double Data Brmat

4.10 Unsigned Extended Integ er

Figure 15illustrates the unsignediended intger (UX) data format.

UX

unsigned_e xt_integ er

63 0

Figure 15: Unsigned Extended Integer Data Brmat

4.11 Tagged Word
Figure 16illustrates the taggedoxd data format.

tag

31 21 0

Figure 16: Tagged Word Data Format

4.12 Floating-point Single Precision

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

n

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

3130 2322 0

Figure 17: Floating-point Single-precision Data format
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4.13 Floating-point Doub le Precision

Figurel8illustratesbothcomponent¢FD-0 andFD-1) of thefloating-pointdouble-preci-
sion data format.

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

31 30 2019 0
FD-1 fraction[31:0]

31 0

Figure 18: Floating-point Double-precision Data Brmat

4.14 Floating-point Quad-precision

The CPU doesnot implementary quad-precisiorfloating-pointoperationan hardware.
Theseoperationsauseanfp_exception_other trapwith FSRftt = unimplemented_FPop). See
5.1.7,"“Floating-point State Ragister (FSR)”, for more information. The OS kernelthen
emulateghe quadoperationandstoresthe resultinto a quad-alignedetof floating-point
registers,which aredefinedin Table3, “Double-andQuadwrdsin Memory and Regis-

ters (V9=1y

Implementation Note:
The OSkerneldoesnot containemulationroutinesfor thequad-precisiomultiply-addor multiply-
subtract instructions.

The LDQF, LDQFA, STQF andSTQFA instructionscauseanillegal_instruction exception;
they are emulated by system soétre.
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Figure19illustratesall four componentgFQ-0throughFQ-3) of the floating-pointquad-
precision data format.

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

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

31 0
FQ-2 fraction[63:32]

31 0
FQ-3 fraction[31:0]

31

0

Figure 19: Floating-point Quad-precision Data rmat

Table 3describes the memory andjyigter alignment for double- and quaahd.

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

subforma Subformat Fiel Adiress | Memory | (RSP | Regiter
Alignment Alignment

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

T Although a floating-point doubleord is required only to beard-aligned in memoryit is rec-
ommendedhatit bedoublavord-aligned(thatis, theaddres®f its FD-0 word shouldbe 0 mod

8).

¥ Although a floating-point quadwd is required only to beavd-aligned in memoryt is recom-
mended that it be quadwnd-aligned (that is, the address of its FQdrdvshould be @nod 16).

Implementation Note:

Floating-pointquadis not implementedn the CPU. Quad-precisioroperationsexcept floating-

point multiply-add and multiply-subtract, are emulated in the &8e.
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Table 4 describeghe width and rangesof the signed,unsigned,andtaggedinteger data
formats.

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

Data Type Width (bits) Range
Signed intger byte 8 —2't0 2 -1
Signed intger halfword 16 2510 251
Signed intger word 32 -2t 21 -1
Signed intger tagged wrd 32 22910 29-1
Signed intger double 64 —263t0 $3—-1
Signed &tended intger 64 —263t0 $3—1
Unsigned intger byte 8 Oto2-1
Unsigned intger halfword 16 Oto2t6—1
Unsigned intger word 32 Oto22—-1
Unsigned intger tagged wrd 32 Oto280—-1
Unsigned intger double 64 Oto2*—1
Unsigned gtended intger 64 Oto %4—-1

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

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

s =sign (1 bit)

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

u =undefined

Normalized @lue (0 < e < 255):| (-1)3x 26°127x 1 f

Subnormal glue (e= 0): (-1)sx 27126 x 0.f

Zero (e=0) (-1¥x0

Signalling NaN s =u; e =255 (max); f=.0uu--uu

(At least one bit of the fraction must be nonzero)

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

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

+ o0 (positive infinity) s =0; e =255 (max); f=.000--00
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Table 6describes the floating-point double-precision data formats.

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

s =sign (1 bit)

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

u =undefined

Normalized alue (0 < e < 2047):

(_1)5 x 2671023 1 §

Subnormal alue (e =0):

(_1)5 x 271022y (o f

Zero (e=0) (-1¥x0
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

— 00 (ngyative infinity)

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

+ o0 (positive infinity)

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

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

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

s =sign (1 bit)

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

u =undefined

Normalized walue (0 < e < 32767):

(_l)s x 2716383y 1

Subnormal alue (e=0):

(_1)5 X 2—16382x 0.f

Zero (e=0) (-1P¥x0
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
— oo (negative infinity) s =1; e =32767 (max); f=.000--00
+ oo (positive infinity) s =0; e =32767 (max); f=.000--00
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The CPU processomcludestwo typesof registers:general-purposer working datareg-
isters, control/status gesters, and ASI gasters.

Working data rgisters include:

m Integer working registers ( registers)

m Floating-point varking registers { registers)
Control/status mgisters include:

m Program Counter gaster (PC)

m Next Program Counter gaster (nPC)

m Processor Stategsster (PSATE)

m Trap Base Addressgester (TBA)

m Y register (Y)

m Processor Interrupt el register (PIL)

m  Current Wndow Pointer rgister (CWP)

m  Trap Type r@ister (TT)

m Condition Codes Rpster (CCR)

m Address Space ldentifiergister (ASI)

m  Trap Level rggister (TL)

m  Trap Program Countergester (TPC)

m  Trap Net Program Counter gister (TNPC)
m Trap State rgister (TSATE)

m Hardware clock-tick counter gaster (TICK)
m  Savable windovs ragister (CANSAE)

m Restorable windes register (CANRESORE)
m  Other windevs register (OFHERWIN)
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m Clean windwvs register (CLEANWIN)

m  Window State rgister (WSATE)

m Version rgister (VER)

m Implementation-dependent Ancillary Stategi®ters (ASRS)
m Floating-point State Rpster (FSR)

m Floating-point Rgisters State ggster (FPRS)

The ASI rgisters are defined ppendixL, “ASI Assignments”

The SFARC-V9 architecturealsodefinestwo implementation-dependerggisters:the U
Deferred-trapQueueandthe Floating-pointDeferred-trapQueue(FQ); the CPU doesnot
needor containeitherqueue All CPUtrapsareprecise gxceptfor thedata_breakpoint trap.
SeeV9 for more information about thesegisters.

For corvenience someregistersin this chapterareillustratedasfewer than 64 bits wide.
Any bits not shavn areresenred for future extensionsto the architecture Suchresered
bits read as zeroes and, when written by sfwshould alays be written as zeroes.

5.1 Nonprivileg ed Register s

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

5.1.1 General Purpose r Register s

At ary moment,general-purposeegistersappearto nonprvileged software as shavn in
Figure 20on pagesl.

The CPU contains96 general-purposé4-bit r registers.They are partitionedinto eight
global registers,eightalternateglobal registers plusfive 16-registersets.A registerwin-
dow consistf the currenteightin registers,eightlocal registers,andeightout registers.
SeeTable 8on page3.

5.1.1.1 Global r Register s

Ragistersr[0]..r[7] referto a setof eightregisterscalledthe global registers(g0..g7). At
ary time, one of two setsof eightregistersis enabledandcanbe accessedsthe global
registers.The currentlyenabledsetof globalregistersis selectedy the AlternateGlobal
(AG) field in the PSTATE register See5.2.1,“ ProcessobtateRegister(PSTATE),” for a
description of the & field.

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

Compatibility Note:
Since the PSTATE register is writable only by privileged software, existing nonpriileged
SFARC-V8 software operatescorrectlyon a SFARC6441l implementationif supervisorsoftware
ensures that nonpiieged softvare sees a consistent set of globgisters.
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i7 r[31]
i6 r[30]
i5 r[29]
i4 r[28]
i3 r[27]
i2 r[26]
il r[25]
i0 r[24]
17 r[23]
16 r[22]
15 r[21]
14 r[20]
13 r[19]
12 r[18]
11 r[17]
10 r[16]
o7 r[15]
06 r[14]
05 r[13]
04 r[12]
03 r[11]
02 r[10]
ol r[9]
00 r(8]
g7 r(7]
g6 r[6]
g5 r(s]
g4 r(4]
93 r3]
g2 r(2]
gl r(1]
90 r[0]

Figure 20: General-purpose Registers (Nonpxilleged View) (V9=1)

Programming Note:

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

5.1.1.2 Windowed r Register s

At ary time, aninstructioncanaccesghe eightglobal registers anda 24-registerwindow
into ther registers.A registerwindow compriseghe eightin andeightlocal registersof a
particularregisterset,togethemwith the eightin registersof anadjacentegisterset,which
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areaddressablérom the currentwindow asout registers.SeeFigure21 on page62 and
Table8 on page 63

Window (CWP —1)

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

Figure 21: Three Owrlapping Windows and the Eight Global Registers\(9=2)

Thenumberof windows or registersets NWINDOWS, is five for the CPU. Thetotal num-
ber of r registersin a givenimplementations eight (for the global registers), plus eight
(for thealternatgglobalregisters), plusthenumberof setstimes16 registers/setThus,the
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total numberof r registersis 96 (five setsof 16 plusthe 8 global registers and8 alternate
global registers).

Table 8: Window Addressing ¥9=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]
out0] —ouf7] r[ 8] —r[15]
global0] — global7] r[ 0] —r[ 7]

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

trap.

5.1.1.3 Overlapping Windo ws

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

DOWS) windav. Thelocals are unique to each wingo

An outs registerwith addres, where8 < o0 < 15, refersto exactly the sameregisteras
(0+16) doesafterthe CWP s incrementedy 1 (moduloNWINDOWS). Likewise, &, in
registerwith address, where24 < i < 31, refersto exactly the sameregisterasaddresgi —
16) doesafter the CWP is decrementedby 1 (moduloNWINDOWS). SeeFigure21 on
page 62andFigure22 on page 64

SinceCWP arithmeticis performedmodulo NWINDOWS, the highestnumberedmple-
mentedwindow (window 4 in the CPU) overlapswith window 0. The outs of window
NWINDOWS-1 aretheins of window 0. Implementedvindows arenumberedcontigu-
ously from 0 through NWIND®/S-1 (4 in the CPU).

Programming Note:
Sincethe procedurecall instructions(CALL andJMPL) do not changethe CWP, a procedurecan
be called without changing the windoSee H.1.2, Leaf-Procedure Optimizatigrin V9.

Becausehe windows overlap, the numberof windows availableto softwareis onelessthanthe
numberof implementedvindows; thatis, NWINDOWS — 1 or 4 in SFARC6441l. Whentheregis-
ter file is full, the outs of the newestwindow aretheins of the oldestwindow, which still contains
valid data.

The local andout registersof a registerwindow are guaranteedo containeitherzeroesor anold
valuethatbelonggo the currentcontet uponreenteringhewindow througha SAVE instruction.|f
aprogramexecutesa RESTORE followed by a SAVE, theresultingwindow’s locals andouts may
notbevalid afterthe SAVE, sinceatrapmay have occurrecbetweerthe RESTORE andthe SAVE.
However, if the clean_window protocolis beingused systemsoftwaremustguaranteghatregisters
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in thecurrentwindow aftera SAVE alwayscontainsonly zeroesor valid datafrom thatcontext. See
5.2.10.6, “Clean \Widows (CLEANWIN) Rayister”.

Section6.3.6,"RegisterWindow Managemeninstructions’ describesow thewindowed
integer rayisters are managed.

CWP =0
(Current Window Pointer)

\

wO locals

CANSAVE =1

w0 outs

w4 outs

(0]

RESTORE

w2 locals

w3 locals

P
/
/

CANSAVE + CANRESTORE + OHERWIN = NWINDOWS - 2

CANRESTORE =1

N

4
/
/
’

(Overlap)

w2 outs

OTHERWIN =1

Thecurrentwindow (window 0) andthe overlapwindow (window 2) accountfor thetwo windows
in the right side of the equation.The “overlapwindow” is the window that mustremainunused
because iths andoutsoverlap two other alid windows.

Figure 22: Windowedr Registers br NWINDO WS =5 (V9=3)
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5.1.2 Special r Register s
The usage of tw of ther registers is fied, in whole or in part, by the architecture:
m The alue ofr[0] is alays zero; writes to it v@ no program-visible &fct.

m The CALL instruction writes itswn address into gesterr[15] (out register 7).

5.1.2.1 Register -Pair Operands

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

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

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

5.1.2.2 Register Usa ge

SeeH.1.1,“Registers”in V9 for informationaboutthe corventionalusageof ther regis-
ters.

In Figure22 on page64, NWINDOWS = 5. The eightglobal registers arenot illustrated.

CWP=0, CANSAVE =1, OTHERWIN =1, and CANRESTORE= 1. If the procedure
usingwindow w0 executesa RESTORE, window w4 becomesghe currentwindow. If the

procedure using winadowO executes a SYE, windowv wl becomes the current wingio

5.1.3 IU Control/Status Register s

ThenonprvilegedlU control/statusegistersincludethe programcounteryPCandnPC),
the 32-bit multiply/divide (Y) register, and seven implementation-dependetncillary
State Rgisters (ASRs), which are defined in 5.2.1An¢illary State Rgisters (ASRS)

5.1.3.1 Program Counter s (PC, nPC)

The PC containsthe addresof the instructioncurrently being executed.The nPC holds
the addresof the next instructionto be executed,f atrap doesnotoccur The low-order
two bits of PC and nPCwhys contain zero.

For a delayed control transfer, the instruction that immediately follows the transfer
instructionis known asthe delayinstruction.This delayinstructionis executedunlessthe
control transferinstructionannulsit) before control is transferredto the target. During
execution of the delay instruction, the nPC points to the tamget of the control transfer
instruction, while the PC points to the delay instruction. Seagpter 6, “Instructions”
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The PC is usedimplicitly as a destinationregister by CALL, Bicc, BPcc, BPr, FBfcc,
FBPfcc,JMPL, and RETURN instructions.lt canbe readdirectly by an RDPCinstruc-
tion.

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

TheY registeris deprecatedt is providedonly for compatibilitywith previousver-
sionsof the architecturelt shouldnot be usedin newv SFARC-V9 software. It is
recommendedhat all instructionsthat referencethe Y register (that is, SMUL,
SMULcc, UMUL, UMULcc, MULScc, SDIV, SDIVce, UDIV, UDIVce, RDY, and
WRY) be avoided. Seethe appropriatepagesin AppendixA, “Instruction Defini-
tions”, for suitable substitute instructions.

— product<63:32> or dividend<63:32>

63 32 31 0

Figure 23: Y Register (V9=4)

Thelow-order32 bits of the Y register illustratedin Figure23, containthe moresignifi-
cantword of the 64-bit productof aninteger multiplication, asa resultof eithera 32-bit
integer multiply (SMUL, SMULcc, UMUL, UMULcc) instructionor aninteger multiply
step(MULScc) instruction.TheY registeralsoholdsthe moresignificantword of the 64-
bit dividend for a 32-bit intger dvide (SDIV, SDIVcc, UDIV, UDIVcc) instruction.

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

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

5.1.3.3 Ancillar y State Register s (ASRSs)

SFARC-V9 providesfor optionalancillary stateregisters(ASRs) Accessto a particular
ASR may be privilegedor nonpriileged;see5.2.11,“ Ancillary StateRegisters(ASRs)’
for a more completedescriptionof ASRs, including SFARC644II’ s implementation-
dependent ASRs.

5.1.4 Floating-point Register s

The FPU contains:

m 32 single-precision (32-bit) floating-poingisters, numberef]0], f[1], .. f[31].
m 32 double-precision (64-bit) floating-poingisters, numberet]0], f[2], .. f[62].
m 16 quad-precision (128-bit) floating-poingrsters, numberef]0], f[4], .. f[60].
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Thefloating-pointregistersarearrangedso thatsomeof themoverlap,thatis, arealiased.
Thelayoutandnumberingof the floating-pointregistersareshavn in figures24, 25, and
26.Unlike thewindowedr registers all of thefloating-pointregistersareaccessiblatarny

time. Thefloating-pointregisterscanbe readandwritten by FPop(FPopl/FPop2ormat)

instructions, and by load/store single/double/quad floating-point instructions.

Figure 24: Single-precision Floating-point Registers, with Aliasing¥9=5)

Operand From

Re?lgs ter Register
31 f31<31:0>
f30 f30<31:0>
29 f29<31:0>
28 f28<31:0>
f27 f27<31:0>
26 f26<31:0>
25 f25<31:0>
f24 f24<31:0>
23 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>
fl11 f11<31:0>
f10 f10<31:0>
f9 f9<31:0>
f8 f8<31:0>
f7 f7<31:0>
6 f6<31:0>
5 f5<31:0>
f4 f4<31:0>
3 f3<31:0>
f2 f2<31:0>
fi f1<31:0>
fo f0<31:0>
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Figure 25: Double-precision Floating-point Registers, with Aliasing{Y9=6)

Operand Opzran From
Register 1D Field Register
f62 <63:0> f62<63:0>
f60 <63:0> f60<63:0>
f58 <63:0> f58<63:0>
56 <63:0> f56<63:0>
54 <63:0> f54<63:0>
52 <63:0> f52<63:0>
f50 <63:0> f50<63:0>
48 <63:0> f48<63:0>
f46 <63:0> f46<63:0>
fa4 <63:0> f44<63:0>
f42 <63:0> f42<63:0>
f40 <63:0> f40<63:0>
38 <63:0> f38<63:0>
36 <63:0> f36<63:0>
f34 <63:0> f34<63:0>
f32 <63:0> f32<63:0>
£0 <31:.0> f31<31:0>

<63:32> f30<31:0>
<31:0> f29<31.0>
f28 <63:32> | f28<31:0>
<31:0> f27<31:0>
f26 <63:32> f26<31:0>
<31:0> f25<31.0>
f24 <63:32> f24<31:0>
<31:0> f23<31.0>
o2 <63:32> | f22<31:0>
<31:0> f21<31:0>
f20 <63:32> f20<31:0>
<31:0> f19<31.0>
118 <63:32> f18<31:0>
<31:.0> f17<31:0>
16 <63:32> | f16<31:0>
<31:0> f15<31:0>
fa <63:32> f14<31:0>
<31:0> f13<31:0>
f12 <63:32> f12<31:0>
<31:.0> f11<31:0>
10 <63:32> | f10<31:0>
8 <31:0> f9<31:0>
<63:32> | f8<31:0>
. <31:0> f7<31:.0>
<63:32> | f6<31:0>
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Figure 25: Double-precision Floating-point Registers, with AliasingY9=6)

Operand Opzran From

Register 1D Field Register
<31:0> f5<31:0>

fa <63:32> | f4<31.0>
<31:0> f3<31:0>

2 <63:32> f2<31:0>
0 <31:0> f1<31:0>
<63:32> | f0<31:0>
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Operand Operan From

Relglljster Figld Register
<63:0> f62<63:0>
160 <127:64> | 160<63:0>
<63:0> f58<63:0>
56 <127:64> | f56<63:0>
<63:0> f54<63:0>
2 <127:64> | t52<63:0>
<63:0> f50<63:0>
8 <127:64> | 48<63.0>
<63:0> f46<63:0>
fad <127:64> | f44<63.0>
<63:0> f42<63:0>
140 <127:64> | f40<63:0>
<63:0> f38<63:0>
16 <127:64> | 36<63:0>
<63:0> f34<63:0>
2 <127:64> | f32<63:0>
<31:.0> f31<31:0>
<63:32> f30<31:0>
f8 <95:64> | f29<31:0>
<127:96> | f28<31:0>
<31:0> f27<31:0>
<63:32> | f26<31:0>
fo4 <95:64> f25<31:0>
<127:96> | f24<31.0>
<31:0> f23<31:0>
<63:32> | f22<31:0>
20 <95:64> f21<31:0>
<127:96> | f20<31:0>
<31:.0> f19<31.0>
<63:32> f18<31:0>
16 <95:64> | f17<31.0>
<127:96> | f16<31:0>
<31:0> f15<31:0>
<63:32> | f14<31.0>
f2 <95:64> | f13<31:0>
<127:96> | f12<31.0>
<31:.0> f11<31:0>
8 <63:32> | f10<31:0>

<95:64> | f9<31:.0>

<127:96> | f8<31:0>

Figure 26: Quad-precision Floating-point Registers, with Aliasing¥Y9=7)
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Figure 26: Quad-precision Floating-point Registers, with Aliasing¥Y9=7)

Operand Operan
Register d
ID Field

<31:0> f7<31:0>
<63:32> | f6<31:0>
<95.64> f5<31:0>
<127:96> | f4<31:0>
<31:0> f3<31:0>
<63:32> f2<31:0>
<95:64> f1<31:0>
<127:96> | f0<31:0>

From
Register

4

fo

5.1.4.1 Floating-point Register Number Encoding

Reagisternumberdor single,double, andquadregistersareencodedlifferentlyin the 5-bit
registernumberfield of a floating-pointinstruction.If the bits in a registernumberfield

arelabeledb<4>..b<0> (whereb<4> is the most-significanbit of the registernumber),
the encodingof floating-pointregisternumbersinto 5-bit instructionfields is asgivenin

Table 9

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

Register Encoding in a

Operand 6-bit Register Number 5-bit Register Field

Type in an Instruction
Single 0 b<4> | b<3> | b<2> | b<l> | b<0> | b<4> | b<3> | b<2> | b<l> | b<0>
Double b<5> | b<4> | b<3> | b<2> | b<1> 0 b<4> | b<3> | b<2> | b<l1> | b<5>
Quad b<5> | b<4> | b<3> | b<2> 0 0 b<4> | b<3> | b<2> 0 b<5>

Compatibility Note:
In SFARC-V8, bit 0 of doubleandquadregisternumbersencodedn instructionfieldswasrequired

to be zero. Therefore,all SFARC-V8 floating-point instructions can run unchangedon the
SFARCG644I1 using the encoding iffable 9

5.1.4.2 Double and Quad Floating-point Operands

A single f register can hold one single-precisionoperand;a double-precisioroperand
requiresan alignedpair of f registers,anda quad-precisioroperandrequiresan aligned
guadrupleof f registers.At a giventime, the floating-pointregisterscanhold a maximum
of 32 single-precision]16 double-precisionpr 8 quad-precisiowvaluesin thelower half of
the floating-pointregisterfile, plus anadditional16 double-precisioror 8 quad-precision
values in the upper half, or mixtures of the three sizes.

Programming Note:

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

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

Programming Note:
Given the encoding ifiable 9 it is impossible to specify a misaligned double-precisigister

TheCPUdoesnot handlequad-precisiomperandsn hardware.All SFARC-V9 FPopera-

tionstrap to the OS kerneland areemulated Quad-precisiomultiply-add and multiply-
subtract are not emulated.

5.1.5 Condition Codes Register (CCR)

CCR Xcc icc

7 4 3 0

Figure 27: Condition Codes RegisterY9=8)

The Condition CodesRagister (CCR), shavn in Figure 27, holds the integer condition
codes.

5.1.5.1 CCR Condition Code Fields ( xcc and icc)

All instructionsthat setinteger condition codessetboth the xcc andicc fields. The xcc
conditioncodesindicatetheresultof anoperatiorwhenviewedasa 64-bit operation.The
icc conditioncodesindicatethe resultof an operatiorwhenviewed asa 32-bit operation.
For example,if anoperatiorresultsin the 64-bitvalue0O0000000FFFFFFFF, the 32-bit
result is ngative (cc.N is set to 1), bt the 64-bit result is nongative (xccN is set to 0).

Eachof the 4-bit condition-codefields is composedf four 1-bit subfields,asshavn in
Figure 28

nyzjv,c

XCC. 7 6 5 4
iccc 3 2 1 0

Figure 28: Integer Condition Codes (CCR_icc and CCR_xcc)M9=9)

The n bits indicate whetherthe 2’s-complementALU result was negative for the last
instruction that modified the irder condition codes. 4 negative, 0= not neative.

The z bits indicatewhetherthe ALU resultwaszerofor the lastinstructionthat modified
the intger condition codes. & zero, 0= nonzero.
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Thev bitsindicatewhetherthe ALU resultwaswithin therangeof (wasrepresentable)
64-bit (xcc) or 32-bit (icc) 2's complemennotationfor the lastinstructionthat modified
the intger condition codes. & overflow, 0= no overflow.

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

5.1.5.1.1 CCR_extended_integ er_cond_codes ( xcc)

Bits 7 through4 arethelU conditioncodeswhichindicatetheresultsof anintegeropera-
tion, with both of the operandsonsideredo be 64 bits long. Thesebits are modified by

the arithmeticandlogical instructionsthe namesof which endwith the letters“cc” (for

example,ANDcc) andby the WRCCRinstruction.They canbe modifiedby a DONE or

RETRY instruction,which replaceghesebits with the CCRfield of the TSTATE register

TheBPccandTccinstructionamay causeatransferof controlbasednthevaluesof these
bits. The MOVcc instructioncan conditionally move the contentsof an integer register
basedon the stateof thesebits. The FMOVcc instructioncanconditionallymove the con-

tents of a floating-point gester based on the state of these bits.

5.1.5.1.2 CCR_integ er_cond_codes ( icc)

Bits 3 throughO arethelU conditioncodeswhichindicatetheresultsof anintegeropera-
tion, with both of the operandsconsideredo be 32 bits. Thesebits are modified by the
arithmeticandlogicalinstructionsthe namesof which endwith theletters“cc” (for exam-
ple, ANDcc) and by the WRCCR instruction. They can be modified by a DONE or
RETRY instruction,which replaceghesebits with the CCRfield of the TSTATE register
The BPcc,Bicc, and Tcc instructionsmay causea transferof controlbasedon the values
of thesebits. The MOVcc instructioncan conditionally move the contentsof an integer
registerbasedon the stateof thesebits. The FMOVcc instructioncanconditionallymove
the contents of a floating-pointgister based on the state of these bits.

5.1.6 Floating-point Register s State (FPRS) Register

FPRS FEF|DU | DL

2 1 0

Figure 29: Floating-point Registers State Register\(9=10)

The Floating-pointRegisters State (FPRS)register shavn in Figure 29, holds control
informationfor thefloating-pointregisterfile; this informationis readableandwritable by
nonprvileged softvare.

5.1.6.1 FPRS_enable_fp (FEF)

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

5.1.6.2 FPRS_dirty upper (DU)

Bit 1 is the“dirty” bit for the upperhalf of thefloating-pointregisters;thatis, f32..f62. It
is setwhenerer ary of theupperfloating-pointregistersis modified.lts settingin the CPU
is pessimisticijt is setwheneer afloating-pointinstructionis issued put if thatinstruction
never completes, no outputgister is modified. The DU bit is cleared only by saite:

5.1.6.3 FPRS_dirty_lower (DL)

Bit 0 is the “dirty” bit for the lower 32 floating-pointregisters;thatis, f0..f31. It is set
wheneer ary of the lower floating-pointregistersis modified. Its settingin the CPU is
pessimisticjt is setwheneer a floating-pointinstructionis issuedbut if thatinstruction
never completes, no outputgister is modified. The DL bit is cleared only by safte:.

Implementation Note:
SFARCG6441l setsFPRS.DLand FPRS.DUpessimistically Specifically they are setwheneer an
instructionthatmight changeoneof the floating-pointregistersis issued In somecasestheissued
instruction is neer committed, and the destinatiogigter is not actually changed.

5.1.7 Floating-point State Register (FSR)

TheFSRregisterfields,illustratedin Figure30, containFPUmodeandstatusnformation.
Thelower 32 bits of the FSRarereadandwritten by the STFSRandLDFSRinstructions;
all 64 bits of the FSR are readand written by the STXFSRand LDXFSR instructions,
respectrely. Thever, ftt, andreservedields are not modified by LDFSR or LDXFSR.

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

Figure 30: FSR Fields ¥9=11)

Bits 63..38, 29..28, 21..20, and 12 areresered. Whenreadby an STXFSRinstruction,
thesebits shall readaszero. Software shouldissueLDXFSR instructionsonly with zero
valuesin thesebits, unlessthe valuesof thesebits are exactly thosederived from a previ-

ous STFSR.

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

5.1.7.1 FSR_fp_condition_codes ( fccO, fccl, fcc2, fcc3)

Thereare four setsof floating-pointcondition codefields, labeledfccO, fccl, fcc2 and
fcc3
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Compatibility Note:
SRARC-V9’'sfccOis the same as BRC-V8'sfcc.

ThefccOfield consistsof bits 11 and10 of the FSR,fccl consistsof bits 33 and 32, fcc2
consistf bits 35and34, andfcc3 consistof bits 37 and36. Executionof afloating-point
compareinstruction (FCMP or FCMPE) updatesone of the fccn fields in the FSR, as
selectedby theinstruction.Thefccnfieldsarereadandwritten by STXFSRandLDXFSR

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

the state of these fields.

In Table 10, f,5; andf,g, correspondo the single,double,or quadvaluesin the floating-
point registersspecifiedby a floating-pointcompareinstructions rs1 andrs2fields. The
questionmark (‘?’) indicatesan unorderedelation,which is trueif eitherf,; or fsois a
signalling NaN or quiet NaN. If FCMP or FCMPE generatesan fp_exception_ieee_754
exception, thericcnis unchanged.

Table 10: Floating-point Condition Codes fccn) Fields of FSR ¥9=8)

Co?é(zgt of Indicated Relation
0 frs1 =frs2
1 frsl < frsZ
2 frsl > frs2
3 fis1 ?frs2 (Unodered)

5.1.7.2 FSR_rounding_direction (RD)

Bits 31 and 30 selectthe roundingdirectionfor floating-pointresultsaccordingto IEEE
Std 754-1985. dble 11 shes the encodings.

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

RD Round T oward
0 Nearest (een, if tie)
1 0
2 + oo
3 — 0

5.1.7.3 FSR_trap_enab le_mask (TEM)

Bits 27 through23 areenablebits for eachof the five IEEE-754floating-pointexceptions
thatcanbeindicatedin the current_&ceptionfield (cexc). SeeFigure31 on page80. If a
floating-pointoperatenstructiongeneratesneor moreexceptionsandthe TEM bit corre-
spondingto ary of theexceptionds 1, anfp_exception_ieee_754 trapis causedA TEM bit

value of O preents the correspondingeeption type from generating a trap.
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5.1.7.4 FSR_nonstandar d_fp (NS)

SFARC-V9 definesthe FSR.NSbit which, when setto 1, causeshe FPU to produce
implementation-definedresults that may not correspondto IEEE Std 754-1985.
SFARC6441l doesnot needandthereforedoesnot implementary nonstandardloating-
pointfunctionality Writesto FSR.NSareignored;readsrom FSR.NSalwaysreturnzero.
SeeV9 for moreinformationaboutFSR.NSand nonstandardloating-pointoperationin

SFARC-V9.

Implementation Note:
The multiply-add and multiply-subtract instructions are consideredto be extensionsto the
SFARC-V9 architecture and not nonstandard floating-point Wieha

5.1.7.5 FSR_version (ver)

For eachSFARC-V9 U implementationasidentified by its VER.impl field), theremay
be one or more FPU implementationspr none. This field identifiesthe particular FPU
implementatiorpresentFor thefirst SFARC6441l, FSRver = 0; however, futureversions
of thearchitecturemay setFSRver to othervalues.Consultthe SFARC644Il DataSheet,
which is described in thBibliograply, for the setting of FSRer for your chipset.

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

5.1.7.6 FSR_floating-point_trap_type ( ftt)

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

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

Privilegedsoftwarethathandledloating-pointtrapsmustexecutean STFSR(or STXFSR)
to determineghefloating-pointtraptype. STFSRandSTXFSRshallzeroftt afterthe store
completeswvithout error. If the storegeneratesnerroranddoesnot complete ftt remains
unchanged.

Programming Note:
NeitherLDFSR nor LDXFSR canbe usedfor this purpose sinceboth leave ftt unchangedHow-
ever, executinga nontrappingFPopsuchas“fmovs  %f0,%f0 " prior to returningto nonprii-
leged mode will zerdtt. Theftt remains wlid until the n&t FPop instruction completegezution.
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The ftt field encodeghe floating-pointtrap type accordingto Table 12. Note: The value
“7” is resened for future gpansion.

Table 12: Floating-point Trap Type (ftt) Field of FSR ¥9=10)

fit Trap Type Trap Vector SPARCG64-III Action
0 None No trap talen No trap talken
1 IEEE_754_exception fp_exception_ieee_ | As described itv9

754
2 unfinished_FPop fp_exception_other Seeb5.1.7.6.2
3 unimplemented_FPop fp_exception_other Seeb5.1.7.6.3
4 sequence_error — Does not occur in SERC644II
5 hardware_error — Does not occur in SERC64II
6 invalid_fp_register — Does not occur in SERC644II
7 reseed — Does not occur in S¥RC64411

The sequence_error, hardware_error, andinvalid_fp_register never occurin SFARC6441l. In
contrast,IEEE_754_exception, unfinished_FPop, and unimplemented_FPop Will likely arise
occasionallyin the normalcourseof computatiorandmustberecoverableby systemsoft-
ware.

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

2. The value of cexc is unchangedexceptthat 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 notfeft cexc.

3. The sourceregistersare unchangedusually implementedby leaving the destination
registers unchanged).

4. The \alue offccnis unchanged.

Theforegoingdescribesheresultseenby a usertrap handlerif anlIEEE 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 xeception causing the trap.

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

5.1.7.6.1 ftt = IEEE_754 exception

The IEEE_754_exception floating-pointtrap type indicatesthat a floating-pointexception
conformingto IEEE Std 754-1985hasoccurred.Theexceptiontypeis encodedn thecexc
field. Note: The aexc andfccs fields andthe destinationf registerare not affectedby an
IEEE_754_exception trap.
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5.1.7.6.2 ftt = unfinished_FP op

Theunfinished_FPop floating-pointtraptypeindicateshatthe CPUwasunableto generate
correctresults,or thatexceptionsasdefinedby IEEE Std 754-1985have occurred Where
exceptionshave occurred the cexc field is unchangedThe following paragraphsliscuss
when theunfinished_FPop trap type can occur

DIVIDE:
m Either or both source operands are denormalized numbers in certain cases,
m The result wuld have been a denormalized number

In thesecasesthe resultregister(s)will not be written by hardware. Also the FSR.ceac
field will not be updatedby hardware. The kerneltrap routine will calculatethe divide
resultandstoreit in the destinationregisterand correctly setthe FSR.ce&c bits. If either
operanchasa specialvalue(zero,infinity, NaN) or theresultcanbe calculatecbasednly
on the &ponent alue, the CPU will return the correct special result.

SQUARE ROOQT:
m The source operand is a pogtdenormalized numher

In this casetheresultregister(s)will not bewritten by hardware.Also the FSR.cec field
will not be updatedby hardware. The kerneltrap routine will calculatethe squareroot
result and store it in the destinatiogister and correctly set the FSRcéits.

5.1.7.6.3 ftt = unimplemented_FP op

Theunimplemented_FPop floating-pointtrap type indicatesthatthe CPU decodedan FPop
that it does not implement. In this case, ¢be field is unchanged.

All guad FPops ariations seftt = unimplemented_FPop.

5.1.7.6.4 ftt = sequence_err or

Thesequence_error floating-pointtraptype cannever occuron the CPU processarSeeV9
for more information about this trap.

5.1.7.6.5 ftt = hardware_error

Thehardware_error floating-pointtrap type cannever occuron the CPU processarSeeV9
for more information about this trap.

5.1.7.6.6 ftt =invalid_fp_register

Sincethe CPU doesnhot implementary quad-precisioroperationsn hardware, this error
cannever occut Quadoperationssetftt = unimplemented_FPop. Systemsoftware checks
for a\alid quad rgister specifier during its emulation of the instruction.
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5.1.7.7 FSR_FQ_not_empty ( gne)

All floating-pointtrapson the CPU areprecise;therefore the CPU doesnot needor con-
tain a Floating-pointDeferred-trapgQueue.Thus,writesto gneareignoredandreadsfrom
it always return zero.

5.1.7.8 FSR_accrued_e xception ( aexc)

Bits 9 through5 accumulatdEEE_754floating-pointexceptionsaslong asfloating-point
exceptiontrapsare disabledthroughthe TEM field. SeeFigure 32 on page80. After an
FPopis reclaimedwith ftt = 0, the TEM andcexc fields arelogically ANDed together If
the resultis nonzero,aexc is left unchangedand an fp_exception_ieee_754 trap is gener-
ated;otherwise the new cexc field is ORedinto the aexc field andno trap is generated.
Thus,while (and only while) trapsare maslked, exceptionsare accumulatedn the aexc
field.

Thisfield is alsowritten with the appropriatevaluewhenan LDFSR or LDXFSR instruc-
tion is eecuted.

5.1.7.9 FSR_current_e xception ( cexc)

Bits 4 throughO indicatethatone or morelEEE_ 754floating-pointexceptionsweregen-
eratedby the mostrecentlyexecuted=Popinstruction.Theabsenc®f anexceptioncauses
the corresponding bit to be cleared. Eapire33 on page 80

On the CPU theexc bits are set according the folllng 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 the FPoptrapsandsoftwareemulatesor finishesthe instruction,the systemsoft-
warein thetrap handleris responsibldor creatinga correctFSRcexc valuebeforereturn-
ing to a nonpriileged program.

If the executionof anFFPopcauses trap otherthanfp_exception_ieee_754 dueto an|IEEE
Std 754-1985xception, FSReexc is left unchanged.
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5.1.7.10 Floating-point Exception Fields

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

NVM | OFM | UFM | DZM | NXM

27 26 25 24 23

Figure 31: Trap Enable Mask (TEM) Fields of FSR ¥9=12)

nva | ofa | ufa | dza | nxa

9 8 7 6 5

Figure 32: Accrued Exception Bits @exd Fields of FSR ¥9=13)

nvc | ofc ufc | dzc | nxc

4 3 2 1 0

Figure 33: Curr ent Exception Bits ¢exd Fields of FSR {¥9=14)

5.1.7.10.1 FSR_invalid (nvc, nva)

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

5.1.7.10.2 FSR_overflo w (ofc, ofa)

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

Theroundedresultis inexactandwould be smallerin magnitudeghanthe smalleshormal-
ized number in the indicated format=Llinderflav, 0= no underflav.

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

If UFM = 0: Underflo w occur s if a nonzero result is tiny and a loss of
accurac y occur s.

If UFM = 1. Underflo w occur s if a nonz ero resultis tin y.

SFARC-V9 allows tininessto be detecteckitherbeforeor afterrounding.In all casesand
regardless of the setting of UFM, the CPU detects tininess before rounding.
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5.1.7.10.4 FSR_division-b y-zero (dzc, dza)

X + 0.0,whereX is subnormabr normalized Note: 0.0+ 0.0doesnot setthedzcor dza
bits. 1= division by zero, G- no dvision by zero.

5.1.7.10.5 FSR_inexact (nxc, nxa)

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

5.1.7.11 FSR Conformance

SFARC-V9 allowsthe TEM, cexc, andaexc fieldsto beimplementedn hardwarein either
of two ways(both of which complywith IEEE Std 754-1985).The CPUfollows 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:
Software mustbe capableof simulatingthe operationof the FPU in orderto properly handlethe
unimplemented_FPop, unfinished_FPop, andIEEE_754_exception floating-pointtrap types.Thus,
a user application programaalys sees an FSR that is fully compliant with IEEE Std 754-1985.

5.1.8 Address Space Identifier (ASI) Register

ASI

7 0

Figure 34: ASI Register (V9=15)

The ASI registerspecifieghe addresspacedentifier to be usedfor load andstorealter-
nateinstructionsthatusethe“rs1+ simm13 addressingorm. Nonpriileged(usermode)
softwaremaywrite ary valueinto the ASI register;however, valueswith bit 7 = 0 indicate
restrictedASIs. Whena nonprvilegedinstructionmakesan accesshat usesan ASI with
bit 7 = 0, a privileged_action exceptionis generatedSee6.3.1.3,"AddressSpacddentifiers
(ASls)”,for details.

5.1.9 Tick (TICK) Register

TICK |NPT] counter

63 62 0

Figure 35: TICK Register (V9=16)

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

Nonprvileged software canreadthe TICK registerusingthe RDTICK instructionwhen
TICK.NPT is 0. WhenTICK.NPT = 1, an attemptby nonprvileged softwareto readthe
TICK register causesa privileged_action exception.Nonprvileged software cannotwrite
the TICK raister

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

After the TICK registeris written, readingthe TICK registerreturnsa valueincremented
(by oneor more)from the lastvaluewritten, ratherthanfrom someprevious valueof the
counter The numberof countsbetweena write anda subsequenteaddo not accurately
reflectthe numberof processocyclesbetweerthe write andthe read.Softwaremayrely
only on read-to-readountsof the TICK registerfor accuratdiming, not on write-to-read
counts.

Implementation Note:

On the SFARC644Il the value returned when the TICK register is read is the value of
TICK.counterwhenthe RDTICK instructionis issued The differencebetweenthe valuesread
from the TICK registeron two readsreflectsthe numberof processocyclesexecutedbetweerthe
issuesof the RDTICK instructions,not their commits In longer code sequenceshe difference
between this &lue and thealue obtained when the instructions are committed will be small.

Programming Note:

TICK.NPT may be usedby a secureoperatingsystemto control accesdy usersoftwareto high-
accurag timing information. The operationof the timer might be emulatedby the trap handler
which could read TICKounterand “fuzz” the alue to laver accurag

5.2 Privileg ed Register s
Theregistersdescribedn this subsectiorarevisible only to softwarerunningin privileged

mode;thatis, whenPSTATE.PRIV = 1. Privilegedregistersare written usingthe WRPR
instruction and read using the RDPR instruction.

5.2.1 Processor State Register (PST ATE)

PSTATE | CLE | TLE MM RED| PEF | AM |PRIV| IE AG

9 8 7 6 5 4 3 2 1 0

Figure 36: PSTATE Fields (V9=17)

ThePSTATE registerholdsthe currentstateof the processarThereis only oneinstanceof
the PSATE register SeeChapter 7, “Taps’, for more details.
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Writing PSTATE is nondelayedthatis, new machinestatewrittento PSTATE is visible to
the next instructionexecuted.The privileged RDPR and WRPR instructionsare usedto
read and write PSNTE, respectiely.

Subsections 5.2.1.1 through 5.2.1.10 describe the fields contained in KEER&Jister

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 are performedin big-
endianbyte orderwith an ASI of ASI_PRIMARY. Instructionaccessesre always big-
endian.

5.2.1.2 PSTATE_trap_little_endian (TLE)

Whena trap is taken, the currentPSTATE registeris pushedonto the trap stackandthe
PSTATE.TLE bit is copiedinto PSTATE.CLE in the new PSTATE register This allows
systenmsoftwareto have adifferentimplicit byteorderingthanthecurrentprocessThus,if
PSTATE.TLE is setto 1, dataaccessessinganimplicit ASI in thetrap handlerarelittle-
endian.Theoriginal stateof PSTATE.CLE is restoredvhenthe original PSTATE register
is restored from the trap stack.

5.2.1.3 PSTATE_mem_model (MM)

This 2-bit field determinegshe memorymodelin useby the processarThe SFARC64411
values and the correspondingues defined in RC-V9 are shan in Table 13

Table 13: MM Encodings

MM Value SPARC64-11l Memory Model SPARC-V9
00 Load/Store Order (LSO) TSO
01 Total Store Order (TSO) PSO
10 Store Order (SD) RMO
11 reserved reserved

The currentmemorymodelis determinedy the value of PSTATE.MM. For moreinfor-
mationabouthow the SFARC6441l determineshe memorymodel,seeChapter8, “Mem-
ory Models”. Softwareshouldalwaysrefrainfrom usingthe combination11’, sinceit is
reservedor future SRRC-V9 extensions.

Load/Store Or der (LSO):

Loadsandstoresareorderedwith loadsandstores.Thus,loadsandstores cannot
bypassarlierloadsandstoresLoad StoreOrderin SFARC64-I1l is strongeithan
Total Store Order in SIRC-V9.

Total Store Or der (TSO):

Loads are orderedwith loads. Storesare orderedwith loads and stores.Thus,
loadscan bypassearlier stores,but cannotbypassearlier loads; Stores cannot
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bypassearlierloadsandstores.Total StoreOrderin SFARC64-I1l is strongeithan
Total Store Order andatial Store Order in S¥RC-V9.

Store Order (STO):
Storesareorderedwith loadsandstores.Thus,loadscanbypassarlier loadsand
stores;Storescannotbypassearlierloadsandstores StoreOrder in SFARC64-111
is stronger than Relad Memory Order in SYRC-V9.

5.2.1.4 PSTATE_RED_state (RED)

PSTATE.RED(Reset Error, andDelug state)is setwheneer the SFARC644I1l processor
takesa RED statedisruptive or nondisruptve trap. See7.2.1,“RED_state” It canalsobe
setby softwareusinga WRPR%PSRTE or WRPR%TSTATE, followed by a DONE or
RETRY. Software can it RED_state by one of wmethods:

1. Executea DONE or RETRY instruction,which restoreghe stacled copy of PSTATE
and clears PSATE.RED if it was 0 in the stadd copy.

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

Programming Note:
ChangingPSTATE.RED may causea changein addresamappingon somesystemslt is recom-
mendedhatwrites of PSTATE.REDbe placedin the delayslot of a JMPL; thetargetof this IMPL
shouldbe in the new addressmapping.The JMPL setsthe nPC, which becomeghe PC for the
instruction that follavs the WPR in its delay slot. Thefadt of the WPR instruction is immediate.

Whenthe CPU entersRED_statethe 10 cacheand prefetchbuffers areinvalidated.See
Chapter 7, “Taps”, for more details.

5.2.1.5 PSTATE_enable_floating-point (PEF)

Whensetto 1, this bit enableghe floating-pointunit, which allows privilegedsoftwareto
managehe FPU.For theFPUto beusablepbothPSTATE.PEFandFPRS.FERNustbeset.
Otherwise,ary floating-pointinstruction (including the SFARCG644l11-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 ary instructionanddataaddresseare
cleared to zero in the folling cases:

m Before data addresses are sent out of the CPU

m For instruction accesses to internal gteenal caches

m Before being used to detect a data breakpoint (ASR #265-344..9
The following cases disgard the setting of PATE.AM:

m  Whenan exceptionoccurs,all 64 bits are storedin the Data Fault AddressRegister
(ASR #28). Se&.2.11.10.1, “Data Accessllt Address Rgister (ASR28)”
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m CALL, JMPL,andRDPCalwaystransmitthefull 64-bitaddresso the specifieddesti-
nation rejisters.

m Trapsalwaystransmitall 64 bits of the PCandNPCto TPC[n] andTNPC|n] respec-
tively.

Thirty-two-bit application soft@re must run with this bit set.

5.2.1.7 PSTATE_privileg ed_mode (PRIV)
When PSATE.PRIV =1, the processor is in piieged mode.

5.2.1.8 PSTATE interrupt_enab le (IE)

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

5.2.1.9 PSTATE_alternate_globals (A G)

WhenPSTATE.AG = 0, the processomterpretsntegerregisternumbersn therange0..7
asreferringto the normalglobalregisterset. WhenPSTATE.AG = 1, the processointer-
pretsintegerregisternumbersn therange0..7 asreferringto the alternateglobal register
set.

5.2.1.10 PSTATE interrupt_globals_enab le, PSTATE_MMU_globals_enab le

Thesebits, which aredefinedfor SunMicrosystems'UltraSFARC processqrarenot part
of the SRRC-V9 standard and are not defined for thABE64Il.

5.2.2 Trap Level Register (TL)

TL TL

2 0

Figure 37: Trap Level Register ¥9=18)

Thetraplevel registerspecifieghe currenttraplevel. TL = 0 is thenormal(nontrap)level
of operation.TL > 0 implies that one or moretrapsare being processedThe maximum
valid valuethatthe TL registermay containis “MAXTL, ” which is always equalto the
numberof supportedrap levels beyondlevel 0. SeeChapter7, “Traps”, for moredetails
abouttheTL register The SFARC6441l CPUsupportdour traplevelsbeyondlevel O; that
is, MAXTL = 4.

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

Writing the TL registerwith awrpr  %tl instructiondoesnot alterary othermachinestate;that
is, it is not equialent to taking or returning from a trap.
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SFARC6441l renamedrap levels, allowing speculatre entrancanto commonexceptions
suchaswindow spillffill traps.Four extratraplevelsareavailablefor renamingmakinga
total of 8 traplevels. Dueto pipelining effectsandin orderto reducecompleity, the 8th
trap level is only usable at certain times.

Whenonly 2 trap levels are available for renamingand back-to-backrapsare encoun-

tered,thesecondrapwill stalluntil theprocessopipelineis ableto updateresourcenfor-
mation.

5.2.3 Processor Interrupt Le vel (PIL) Register

PIL PIL

Figure 38: Processor Interrupt Level Register ¥9=19)

The processointerruptlevel (PIL) is the interruptlevel abore which the processomill

acceptaninterrupt.Interruptprioritiesaremappedsothatinterruptlevel 2 hasgreaterpri-
ority thaninterruptlevel 1, andsoon. SeeTable29 on pagel49for alist of exceptionand
interrupt priorities.

Compatibility Note:

On SFARC-V8 processorghe level 15 interruptis consideredo be nonmaskablesoit hasdiffer-
entsemanticgrom otherinterruptlevels. SFARC-V9 processorslo not treatlevel 15 interruptsdif-
ferently from other interruptlevels. See7.6.2.4,“Externally Initiated Reset(XIR) Traps”, for a
facility in SFARC-V9 that is similar to a nonmaskable interrupt.

The CPU exhibits somespecialtiming associatedavith the PIL register whichis relatedto
thefactthatthe PIL registerhasonly onelevel of registerrenaminglf aWRPRto the PIL
is issuedusinga registerotherthan%gQ a pendingwrite to the PIL is generatedWhen
such a pending writexests, the follaving instructions stall the machine:

m rdpr %pil

m wrpr %pil

In addition,while awrite to thePIL is pendingall interrupts(INTR requestsareignored.
This pendingwrite existsuntil the CPUcalculatesanew valuefor thePIL. Theactualtime
that interrupts are ignored in practice is onlywa tgcles at most.

Thefollowing instructionwritestheimmed_valirectly into the PIL anddoesnot causea
pendingwrite to thePIL; thus,RDPRsandWRPRsthatoccurlaterin the codedo not stall

the machine.

m wrpr %g0, immed_val%pil
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5.2.4 Trap Program Counter (TPC) Register

TPC, PC from trap while TL =0 00
TPC, PC from trap while TL =1 00
TPC3 PC from trap while TL =2 00
TPCy4 PC from trap while TL =3 00

63 210

Figure 39: Trap Program Counter Register {9=20)

The TPC register containsthe programcounter(PC) from the previous trap level. There
areMAXTL instancegfour in SFARC644I1) of the TPC,but only oneis accessiblatarny
time. Thecurrentvaluein the TL registerdeterminesvhich instanceof the TPCregisteris
accessibleAn attemptto reador write the TPC registerwhenTL = 0 causesan illegal_
instruction exception.

OnSFARC644I1l all 64 bits of the PCarewritteninto TPCon atrap,regardlessof theset-
ting of PSATE.AM.

After a power-on resetthe contentsof TPC[1..4]areundefined During normaloperation
the \alue of TPCf], whenn is greater than the current trapde(n > TL), is undefined.

5.2.5 Trap Next Program Counter (TNPC) Register

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

Figure 40: Trap Next Program Counter Register {/9=21)

The TNPCregister,shavn in Figure40, is the next programcounter(nPC)from the previ-
oustraplevel. ThereareMAXTL instancegfour in SFARC644Il) of the TNPC,but only
one is accessibleat ary time. The currentvalue in the TL register determineswhich
instanceof the TNPCregisteris accessibleAn attemptto reador write the TNPCregister
when TL= 0 causes aiflegal_instruction exception.

On SFARCG644I1l all 64 bits of the NPCarewritteninto TNPCon a trap, regardlessof the
setting of PSATE.AM.

After apower-onresetthe contentsof TNPC[1..4]areundefinedDuring normaloperation
the value of TNPCH], whenn is greater than the current trapde(n > TL), is undefined.
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5.2.6 Trap State (TSTATE) Register

TSTATE; | cCCRfromTL =0 | ASIfrom TL =0 — PSTATE from TL =0 — | CWPfromTL =0
TSTATE, | CCRfromTL =1 | ASIfromTL =1 — PSTATE from TL =1 — | CWPfromTL =1
TSTATE3 | CCRfrom TL =2 | ASIfrom TL =2 — PSTATE from TL =2 — | CWPfromTL =2
TSTATE, | CCRfromTL =3 | ASlfromTL =3 — PSTATE from TL =3 — | cwPfromTL =3
39 32 31 24 23 18 17 87 54 0

Figure 41: Trap State Register Y9=22)

The Trap State(TSTATE) Register shavn in Figure41, containsthe statefrom the previ-
oustraplevel, comprisingthe contentof the CCR,ASI, CWPR andPSTATE registersfrom
the previous trap level. There are MAXTL instances(four in SFARC644Il) of the
TSTATE register but only oneis accessiblatatime. The currentvaluein the TL register
determineswhich instanceof TSTATE is accessibleAn attemptto read or write the
TSTATE register when TL= 0 causes aiflegal_instruction exception.

Sincethe CCRis renamedn the CPU,awrite to TSTATE dueto a trapmay needto wait
for afew cyclesfor the appropriatecopy of CCRto be available.Becauset is not desir-
ableto serializethe machinein this case the write to TSTATE “completes’but the CCR
valueis 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 value arrives. Stalling is not expectedto be a problemin normal
code, since the CCR normally ams within a fev cycles.

The CPUimplementsonly bits 2..0 of the TSTATE.CWPfield. Writesto bits 4 and3 are
ignored and reads of these bitways return zeroes.

Note:
Sincea certainclassof exceptiong(issuetraps)may be enterecandcompletedspeculatiely, modi-
ficationof certainfieldsin the TSTATE registerby privilegedsoftwarewill resultin speculatie res-
toration of control registers.For example,if the ASI field in TSTATE containedASI_PO andit
werechangedo ASI_PRIMARY, upona DONE instruction,all succeedind.D %asi will notbe
in program orderThis may be dangerous if these load instructions are to 1/O space.

Note:

Spurioussettingof the PSTATE.RED bit by privileged software shouldnot be performed sinceit
will take the SRRC6441l into RED mode without the required sequencing.

After apower-onresetthe contentsof TSTATE[1..4] areundefinedDuring normalopera-
tion the value of TSTATE[n], whenn is greaterthanthe currenttrap level (n > TL), is
undefined.
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5.2.7 Trap Type (TT) Register

TT, | Trap type from trap while TL =0

TT, | Trap type from trap while TL =1

TT3| Trap type from trap while TL =2

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

8 0

Figure 42: Trap Type Register ¥9=23)

TheTT registernormally containghetraptype of thetrapthatcausedentryto the current
trap level. On a resettrap the TT field containsthe trap type of the reset(see7.2.1.1,
“RED state Tap Table”.

Thereare MAXTL instancesof the TT register (four in SFARC644I1), but only oneis
accessiblatatime. Thecurrentvaluein the TL registerdeterminesvhich instanceof the
TT registeris accessibleAn attemptto reador write the TT registerwhenTL =0 causes
anillegal_instruction exception.

After a power-on resetthe contentsof TT[1..3] areundefined;TT[4] = 1. During normal
operatiorthevalueof TT[n], whennis greatetthanthecurrenttraplevel (n > TL) is unde-
fined.

5.2.8 Trap Base Ad dress (TB A) Register

Trap Base Address 000000000000000

63 15 14 0

Figure 43: Trap Base Address Register\Y9=24)

The TBA register shavn in Figure43, providesthe upper49 bits of the addressisedto
selectthe trap vectorfor a trap. The lower 15 bits of the TBA alwaysreadaszero,and
writes to them are ignored.

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

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

63 15 14 13 5 4 0

Figure 44: Trap Vector Address Register\Y9=25)

Note: The“(TL >0)” bitis 0 if TL =0 whenthetrapwastaken,andl if TL >0 whenthe
trapwastaken. This impliesthattherearetwo trap tables:onefor trapsfrom TL = 0 and
one for traps from TI> 0. SeeChapter 7, “Taps”, for more details on trapeetors.
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5.2.9 Version (VER) Register

manuf impl mask — maxtl — |maxwin

63 48 47 32 31 24 23 16 15 8 7 5 4 0

Figure 45: Version Register {9=26)

Theversionregister shavn in Figure45, specifieghefixed parameterpertainingto apar-
ticular CPUimplementatiorandmaskset. The VER registeris read-only Table 14 shavs
the \alues for the VER gaster for SRRC64II:

Table 14: VER Register Encodings

Field Value
manuf 00044
impl 3
mask n®
maxtl 4
maxwin 4

& The walue ofn depends on
the processor chipevsion.

The manuffield containsFujitsu’s 8-bit JEDECcodein the lower 8 bits andzeroesn the
upper8 bits. Themanuf impl, andmaskfieldsareimplementedsothatthey maychangdn
future CPUversionsThemaskfield is incrementedy oneary time a programmevisible
revisionis madeto the CPU.Seethe SFARC6441l DataSheetgdescribedn the Bibliogra-
phy, to determine the current setting of thaskfield.

The CPU alsocontainsan 8-bit revision registerwhich is visible via scanduring bringup.
The revision register will be integratedinto the commandregister of eachchip’s Test
Access Port (AP) unit.

5.2.10 Register -Windo w State Register s

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

The detailsof how the window-managementegistersareusedby hardwarearepresented
in 6.3.6, “Raister Wndow Management Instructions”

Implementation Note:

BecauseNWINDOWS =5 in SFARCG644Il, only the lower 3 bits are implementedn the CWR,
CANSAVE, CANRESTORE, and OTHERWIN registersdescribedn the following subsections.
Whenary of theseregistersis moved into a 64-bit integer registerwith an RDPRinstruction,the
upper 61 bits are set to zero.
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Programming Note:

CANSAVE, CANRESTORE, and OTHERWIN mustnever be setto 4. Settingary of theseto 4
violatesthe registerwindow statedefinitionin 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

CwP

4 3 2 0

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

The CWPregister, shavn in Figure46, is a counterthatidentifiesthe currentwindow into
the setof integer registers.See6.3.6, “Register Window Managementnstructions’ and
Chapter 7, “Taps”, for information on hav hardware manipulates the CWRgister

Compatibility Note:

The following differenceshetweenSRFARC-V8 andSFARC-V9 arevisible only to privilegedsoft-
ware; thg are irvisible to nonprileged softvare:

1) In SRARC-V9, SAVE incrementsCWPandRESTOREdecrement€WR In SFARC-V8, theoppo-
site is true: SXE decrements PSR.CWP and RESRE increments PSR.C\WP

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

3) In SFARC-V8, writing avalueinto PSR.CWRhatis greaterthanor equalto the numberof imple-

mentedwindows causesnillegal_instruction exception.In SFARC-V9, the effect of writing anout-
of-range alue to CWP is undefined.

5.2.10.2 Savable Windo ws (CANSAVE) Reqgister

CANSAVE

4 3 2 0

Figure 47: CANSAVE Register (V9=28)

The CANSAVE registetr shavn in Figure47, containghe numberof registerwindows fol-
lowing CWP that are not in useand are, hence,available to be allocatedby a SAVE
instruction without generating a windapill exception

5.2.10.3 Restorab le Windo ws (CANREST ORE) Register

CANRESTORE

4 32 0

Figure 48: CANRESTORE Register V9=29)
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The CANRESTORE, shavn in Figure 48, register containsthe numberof registerwin-
dows precedingCWP thatarein useby the currentprogramandcanbe restored(via the
RESTORE instruction) without generating a winddill exception.

5.2.10.4 Other Windo ws (OTHERWIN) Register

OTHERWIN

4 32 0

Figure 49: OTHERWIN Register (V9=30)

The OTHERWIN register shawvn in Figure49, containghe countof registerwindows that
will be spilled/filled using a separateset of trap vectors basedon the contentsof
WSTATE_OTHER. If OTHERWIN is zero,registerwindows are spilled/filled usingtrap
vectors based on the contents of VKEE_NORMAL.

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

5.2.10.5 Window State (WSTATE) Register

WSTATE OTHER NORMAL

5 3 2 0

Figure 50: WSTATE Register (v9=31)

The WSTATE register, shavn in Figure50, specifiedits thatareinsertednto TT <4:2>
on trapscausedoy window spill andfill exceptions.Thesebits are usedto selectone of
eightdifferentwindow spill andfill handlersif OTHERWIN = 0 atthetime atrapis taken
dueto a window spill or window fill exception,thenthe WSTATE.NORMAL bits are
insertednto TT[TL]. Otherwisethe WSTATE.OTHER bits areinsertednto TT[TL]. See
6.4, “Rayister Wndow Management’for details of the semantics oTEERWIN.

5.2.10.6 Clean Windo ws (CLEANWIN) Register

CLEANWIN

4 3 2 0

Figure 51: CLEANWIN Register (V9=32

The CLEANWIN register shavn in Figure51, containsthe numberof windows thatcan
be used by the SA instruction without causing@ean_window exception.

The CLEANWIN register countsthe numberof register windows that are “clean” with
respectto the currentprogram;thatis, register windows that containonly zeros,valid
addressesor valid datafrom that program. Registersin thesewindows neednot be
cleanedbeforethey can be used.The countincludesthe register windows that can be
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restored(the value in the CANRESTORE register) and the register windows following
CWPthatcanbe usedwithout cleaning.Whena cleanwindow is requestedvia a dSA/E
instruction)andnoneis available,a clean_window exceptionoccursto causethe next win-
dow to be cleaned.

Implementation Note:
Only thelower threebits areimplementedn the CLEANWIN register Whenthis registeris moved
into a 64-bit intger raister with an RDPR instruction, the upper 61 bits are set to zero.

Programming Note:
CLEANWIN mustnever be setto 6 or 7. SettingCLEANWIN > 5 would violate the registerwin-
dow statedefinitionin 6.4.1,“RegisterWindow StateDefinition”. Note: Hardwaredoesnotenforce
this restriction; it is up to system sofive to lkeep the windw state consistent.

5.2.11 Ancillar y State Register s (ASRS)

The SFARC-V9 architectureprovidesfor up to 25 ancillary stateregisters(ASRs) num-
bered from 7 through 31. BRC6441l implements 13 ASRs.

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

The SFARC-V9 architecturdeavesASRsnumberedL6..31 availablefor implementation-
dependentises.The SFARC6441l implementsASRs#18through#31;they aredefinedin
the subsections that follo

An ASR is readandwritten with the RDASR andWRASR instructions respectrely. An
RDASR or WRASR instruction is prileged if the accessedgister is piileged.

5.2.11.1 Hardware Mode Register (ASR18)

0 DPE | BRM — RMO | PSO | TSO

63 11 109 87 65 43 21 0

Figure 52: Hardware Mode Register (ASR18)

DPE: Data Prefetch Enable
When set, two consecutie D1 cachelines from within a 4Kb boundarywill be
fetched from the UC in case of a D1 cache miss.
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BRM: Branc h Prediction Mode
See9.3, “Branches and Branch Predictidont details.

Table 15: ASR18 Branch Prdiction Mode Field Encodings

Encoding Meaning

00 2-level adaptie

01 Corventional 2-bit scheme

10 reserved

11 Cornventional 2-bit scheme for Bicc/FBfcc:

Use instructiorp bit for BRcc, BPrand FBPfcc:

If p=0, then predict not tah
If p=1, then predict tadn

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

RMO: Relaxed Memor y Order Memor y Model
Selects the hardave memory model to use when RSE.MM = 2.

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

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

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

Encoding Hardware MM
00 HLSO
01 HTSO
10 HSTO
11 reserved

See8.1.1, “SPARC6441l Hardware Memory Models” for details of the SFARC644II
hardware memory models.

5.2.11.2 Graphic Status Register (GSR) (ASR19)

0 SF | AO

63 76543210

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

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

Accesdo thisregistercauseanfp_disabled exceptionif eitherPSTATE.PEFor FPRS.FEF
is 0.
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SF: scale_factor
SeeUltraSPARC Programmer$ Reerence Manualfor details.

AO: alignad dr_offset
SeeUltraSPARC Programmer$ Reerence Manualfor details.

5.2.11.3 Set SCHED_INT Register (ASR20)

0 ASR22 Bits to be set ||

63 16 15 10
Figure 54: Set SCHED _INT Register (ASR20)
A Write State Register instruction (WR) to ASR20 setsthe correspondingpits in the

SCHED_INT Reyister (ASR22); that is, when set, bits <15:1>in ASR20setthe corre-
sponding bits in ASR22. Other bits in ASR20 are ignored.

ASR20 is a pxileged, write-only rgister

5.2.11.4 Clear SCHED_INT Register (ASR21)

0 ASR22 Bits to be cleared |—]

63 16 15 10
Figure 55: Clear SCHED_INT Register (ASR21)
A Write StateRegisterinstruction(WR) to ASR21 clearsthe correspondingits in the

SCHED_INTRgjister(ASR22);thatis, whenset,bits <15:1>in ASR21clearthe corre-
sponding bits in ASR22. Other bits in ASR21 are ignored.

ASR21 is a puileged, write-only rgister

5.2.11.5 Schedule Interrupt (SCHED_INT) Register (ASR22)

< -+

0 INT_LEVEL

63 16 15 10

Figure 56: SCHED_INT Register (ASR22)

The OS lernel uses this prileged, read/write igister to schedule interrupts.

INT_LEVEL:

Whena bit is setwithin this field (bits <15:1>),it causesninterruptatthe corre-
sponding interrupt leel.
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TM = TICK_MATCH:
Whenthe TICK_MATCH (ASR23)Registers MATCH_DIS (matchdisable)field
is zero(thatis, tick matchingis enabled andits MATCH_VALUE field matches
thevaluein theTICK register thenthe TICK_MATCH field in ASR22is setanda
level 14 interruptis generatedSee5.2.11.6,"TICK Match Register(ASR23)” for
details.

5.2.11.6 TICK Matc h Register (ASR23)

M
D
63 62 0

TICK_MATCH

Figure 57: TICK Match Register (ASR23)

ASR23 is a priilleged, read/write ggster

MD = MATCH_DISABLE
If thisfield is O (thatis, tick matchingis enabled alevel 14 interruptwill begener-
ated and the TICK_MATCH field of ASR22 will be set wheneer the TICK _
MATCH condition is met, as described in thetrfesld.

TICK_MATCH
Whenthe TICK_MATCH field matcheghecurrentvaluein the TICK register(bits
<62:0>), the TICK_MACH condition is true.

5.2.11.7 Instruction Access F ault Type Register (ASR24)

0 TYPE

63 4 3 0

Figure 58: Instruction Access Fault Type Register (ASR24)

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

Programming Note:
If multiple errorsoccuronthe samemachinecycle,the TYPE field will containthe highestpriority
error, as determined byable 17

TYPE
The instruction access erras encoded in the follong table:

Table 17: Instruction Access Rult Type Encoding

<3:0> TYPE Priority
016 |No Error —
1, |ulTLB Multiple Hit 01
216 |MTLB Parity Error 02
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Table 17: Instruction Access FRult Type Encoding

<3:0> TYPE Priority
316 |MTLB Multiple Hit 03
416 |11 Cache &g Rarity Error 04
516 |I1 Cache &g Multiple Hit 05
6,6 |lI1 Cache Data ECC Single Error 07
716 |l1 Cache Data ECC Multiple Error 06
816 |UPA Bus Error 08
916 |UPA Time Out 09

Aqg  |(unusedl —
Big [(unused —
Cis |(unused —
D1 |(unused —
E;s |I0 Cache &g Rarity Error 10
Fi6 |10 Cache Datad&tity Error 11

ThelnstructionAccessFault Type Registerfacilitatesthe handlingof trapsthatinvolve an
instructionaccessThe registeris privileged and read-only Systemsoftware must take
careto readthisregisteron entryto thefaulthandlerbeforeary otherinstructionfaultscan
occur that wuld overwrite it.

Systemsoftwareshouldusethe TPCvaluein the Trap Stackto identify theinstructionthat
causedan instruction_access_error trap. The TPC value on instruction_access_error trap is
guaranteedo point to the cacheline addresg64 byte block address)n which the error
conditionexists, but is not guaranteedo point to the exactaddres®f the instructionthat
caused the error

See?.7,"ExceptionandinterruptDescriptions’for detailedinformationon theinstruction_
access_error trap.

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

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

Note:

The four registerscanbe usedin conjunctionwith the eight ASI_MMU_SCRATCH registers.See
AppendixL, “ASI Assignments’or details of the ASI_MMU_SCRFECH registers

5.2.11.9 Data Breakpoint Register s (ASR26A and ASR26B)

Theseprivilegedread/writeregistersare usedto trap ary dataaccesseso a doubleword
alignedbreakpointaddress Selectionof ASR26aor ASR26bis madeby bit 12 of the
opcode.
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5.2.11.9.1 Data Breakpoint Ad dress Register (ASR26 A)

Breakpoint Address P|IR|W

63 3210

Figure 59: Data Breakpoint Address Register (ASR26)

This privilegedread/writeregisterspecifieghe double-word alignedvirtual addresof the
data breakpoint.

Breakpoint Ad dress:
A doublevord-aligned breakpoint address

P:

Privileged / Nonpwileged access mode (Pteged= 1)
R:

Read breakpoint enable
W:

Write breakpoint enable

For eachread/write,the virtual addresss masled as specifiedby the Data Breakpoint
Mask Reagister (seebelon) andthencomparedwith the double-word alignedbreakpoint
addresdield in ASR26A. If the PSTATE.AM bit is set,the upper32-bitsof the 61-bit vir-
tual addressaremasledto zerobeforethe comparelf theaddressematchandthe break-
pointis enabledor the type of accessthe CPU will generateanimplementatiorspecific
data_beakpointtrap (TT = 0x61, priority = 14).

If the P bit is set,the accessmodeusedfor the accessnustbe privilegedin orderfor a
matchto occur Corversely if the P bit is cleared,the accessnustbe non-prvilegedin
order for a match to occur

The accessnodeusedfor the comparisorto the P bit is the accessnodeasseenby the
CachesandMMU. For example,if the accesss donein privileged modebut with ASI_
AS _IF_USER, then the access mode is hovipged.

If theR bit is setandW is notset,thentheaccessnustbeareadandtheaccessnodemust
matchthe P bit for the trap to occur If the W bit is setandR is not set,thenthe access
mustbe a write andthe accessnodemustmatchthe P bit for thetrapto occur If bothR
andW aresetthenthe breakpointis enabledfor both readsandwrites that have the pre-
scribed access mode.

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

Thedata_breakpoint trapis adeferredrap;it is generate@fterthe completionof thecorre-
spondingread/writeinstruction.The TPC pointsto the instructionthat causedhe data_
breakpoint.

A databreakpointcanbe installedby privileged software usingthe WRASR instruction.
ASR 26\ is readable in the SIRC64II.
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5.2.11.9.2 Data Breakpoint Mask Register (ASR26 B)

— HI LO —

63 16 151312 320

Figure 60: Data Breakpoint Mask Register (ASR26)

This privilegedread/writeregisterspecifiesa maskto beusedwhencomparinghe current
virtual address with the Data Breakpoint Address in ASR26

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

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

VA<60:13>arealwaysusedin the comparisonVVA<2:0> arealwaysignoredin the com-
parison.

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

The Data AccessFault Addressand Data AccessFault Type registersfacilitate the han-
dling of trapsthatinvolve a datamemoryaccessThe registersare privileged and read-
only. Systemsoftware mustreadtheseregisterson entry to the fault handlerbeforeary
other fault can occur that euld overwrite them.

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

m data_access_error

m  mem_address_not_aligned

m  LDDF _mem_address_not_aligned

m  STDF_mem_address_not_aligned

m data_breakpoint
m privileged_action (memory access only)

m 32 data access MMU_miss

m  32i _data_access_protection

5.2.11.10.1 Data Access F ault Ad dress Register (ASR28)

The DataAccessFault AddressRegistercontainsthe virtual addresgVA) of thelastdata
memoryaccesghat hascausedhe CPU to trap. The register containsall 64 bits of the
address,\&en if PSATE.AM is set.
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5.2.11.10.2 Data Access F ault Type Register (ASR29)

This registerrecordsinformationaboutthe lastdatamemoryaccesghat causedhe CPU
to trap. The Data Accesaldt Type Reister has the follwing format:

—_ CONTEXT —_ FTYPE ASI —|PIR

63 6059 48 47 1615 1211 43210

Figure 61: Data Access Rult Type Register (ASR29)

CONTEXT.:
Theidentifier of the context that causedhe fault. This field is interpretedaccord-
ing to the alue stored in the ASI field.

ASI:
The8-bit ASI thatwasusedfor theaccessFor anormalload/storeaccesshis field
shouldbe setto ASI_PRIMARY (80,5 or ASI_PRIMARY_LITTLE (88,), the
default value.Note: ASI_PRIMARY_LITTLE is set if PSARTE.CLE=1.

P: PRIV
Theaccessnodeasseerby theCacheandMMU. PRIV is setto oneif theaccess
was privilegedandto zeroif the accessavasnon-prvileged.Note thatthe 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 the accessnvolved areador awrite to memory respectrely.
Both bits are set for atomic load-store instructions (CAS, LDSTUBARBW

FTYPE:
This field definesthe type of error or fault that causedhe trap. The encodingof
this field is gven belav. The priority of each type is alsovgn belav.

Table 18: Data Access Rult Type Encoding

FTYPE Description Priority Trap Generated

016 |Noerror — —

1, |pDTLB Multiple Hit 02 data_access_error
216 |MTLB Parity Error 03 data_access_error
316 |MTLB Multiple Hit 04 data_access_error
4.6 |D1 Cache &g Rarity Error 10 data_access_error
56 |D1 Cache &g Multiple Hit 11 data_access_error
6,6 |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
A |(unused — —

Big |(unusedl — —
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Table 18: Data Access Rult Type Encoding

FTYPE Description Priority Trap Generated
Cis |lllegal Access to Strongly Ordered (SO) page 07 data_access_exception
Dy |lllegal Access to Nondulting Only (NFO) page 08 data_access_exception
E;g |lllegal Access to Noncacheablage 06 data_access_exception
Fie |Invalid ASI 01 data_access_exception

Note that data_access_error, data_access_exception, 32i_data_access_ MMU_miss, and 32i_
data_access_protection trap prioritiesareall assignedo thesamerankin 7.5.2 “Trap Type
(TT)". Theprioritiesof 32i_data_access_protection and32i_data_access_MMU_miss trapare
defined belw in relation todata_access_execption anddata_access_error.

W 32i_data_access_protection: priority=09
B 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 eventandlateny monitorswhich areused
to track processorperformance.The performancemonitors can be divided into four
groups:

1. Issue and commit counters that measure instruckieoution rate.
2. Stall counters that indicate the mixture and numbernnobus issue stall conditions.

3. Memoryaccesdateny monitorsthatmeasurehe latengy of certaintypesof memory
accesses.

4. Memoryacces®ventmonitorsthatmeasuraghefrequeng of certaintypesof memory
accesses.

Detailsof the performancenonitor registersaredescribedn AppendixQ, “Performance
Monitoring”. Performancemonitor registerscanbe enabledor User Supervisoror User
& Supervisor mode via the PMEM_SEL bits in ASR31 (bits 15:14).

5.2.11.12 State Contr ol Register (ASR 31)

The privileged StateControl Register (SCR) is a 64-bit implementation-specificegister
containingflagsthat controlthe stateof the CPU. Theregistercanberead/writtenvia the
RDASR/WRASR instruction.
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Table 19describes the State Controldiser fields and their meanings:

Table 19: State Control Register (ASR31) Field Definitions

bled.

\bled.

Bits Abbre v Name Meaning
63:53 |— (reservedl
52 |D_ DISABLE_ASYNC_  |When set, ary AsynchronousSingle ECC Error (from U2
ASEET |SECC_ERR_TRAP  |Cache or UR) won't cause a trap.
51 |D_AET |DISABLE_ASYNC_ |When set, anAsynchronous Error an't cause trap.
ERROR_TRAP
50 |D_U2E |DISABLE_U2_ECC_ |Whenset,ECCerrorcheckingof the U2 cachedatais disabled
CHECK
49 |D_DI1E |DISABLE_D1_ECC_ |Whenset,ECCerrorcheckingof theD1 cachedatais disabled
CHECK
48 |D_I1E DISABLE_I1_ECC_  |When set, ECC error checking of the 11 cache data is disa
CHECK
47 |D_URPA |DISABLE_URPA_ECC_ |When set, ECC error checking of theAJB disabled.
CHECK
46 |D_MTP |DISABLE_MTLB_ When set, parity error checking of the MTLB is disabled.
PARITY_CHECK
45 |D_UDTP |DISABLE uDTLB_ Whenset,multiple hit errorcheckingof theuDTLB is disabled
MULTIPLE_HIT_
CHECK
44 |D_UITM |DISABLE_UITLB_ When set, multiple hit error checking of thE'LB is disabled
MULTIPLE_HIT_
CHECK
43 |D_U2P |DISABLE_U2_ When set, parity error checking of the U2 cache tag is disgbled.
PARITY_CHECK
4?2 |D_D1P |DISABLE_D1_ When set, parity error checking of the D1 cache tag is dis:
PARITY_CHECK
41 |D_I1P  |DISABLE_I1_FARITY_ |When set, the parity checking of the 11 Cache is disabled
CHECK
40 |D_IoP DISABLE_I0O_FARITY_ |When set, the parity checking of the 10 Cache is disabled
CHECK
39 |D_DCWS3|DISABLE_D1 WAY3 |When set, Wy 3 of the D1 Cache is disabled
38 |D_DCW2|DISABLE_D1_WAY2 |When set, \&y 2 of the D1 Cache is disabled
37 |D_DCW1|DISABLE_D1_WAY1 |When set, \y 1 of the D1 Cache is disabled
36 |D_DCWO|DISABLE_D1_WAYO |When set, \&y 0 of the D1 Cache is disabled
35 |D_ICW3 |DISABLE_I1_WAY3 |When set, \ly 3 of the |1 Cache is disabled
34 |D_ICW2 |DISABLE_I1_WAY2 |When set, \&ly 2 of the 11 Cache is disabled
33 |D_ICW1 |DISABLE_I1_WAY1 |When set, \y 1 of the I1 Cache is disabled
32 |D_ICWO |DISABLE_I1_WAYO |When set, \&ly O of the 11 Cache is disabled
31 |D_UAE |DISABLE_UR When set, UR Address parity checking is disabled
ADDR_ERR
30 |D_ DISABLE_MDTLB When set, the Main TLB is disabled for Data
MDTLB
29 |D_ DISABLE_MITLB When set, the Main TLB is disabled for Instructions
MITLB
28 |D_ DISABLE_UDTLB When set, theiDTLB is disabled
ubDTLB
27 D_UITLB |DISABLE_UITLB When set, th@ITLB is disabled
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Table 19: State Control Register (ASR31) Field Definitions Continued

Bits Abbre v Name Meaning
26:21 — unused —

20 |E_CSE |ENABLE_ When set, store won't start its execution until all previous
CONSER/ATIVE_ instructions gcept load/store ha been completed.
STORE_EXECUTION

19:18 |DB_ DEBUG_BUS_CPU_ |Selects one of the four CPU wis for delng signals.
CSEL SELECTION[1:0] 00 Instruction Tacking Bus |
01 Instruction Tacking Bus Il
10 Load Store Bus Control
11 Load Store Bus X and Control
17:16 |DB_ DEBUG_BUS_MMU_ |Selects one of the four MMU wies for delng signals.
GSEL SELECTION[1:0] 00 MMU Global
01 IC Intensve + DC Misc.
10 DC Intensve
11 UC Intensve
15:14 |PMEN_ |PERFORMANCE_ Select when performance counters get updated.
SEL EI%A,\?[&%SELEC' 00 User & Supervisor mode
' 01 User mode only
10 Supervisor mode only

13 |PM_US |PERFORMANCE_ When not set (PM_US=0),an attemptby nonprvileged soft-
MONITOR_USER_  |wareto reador write the performancenonitorregisterscauses|
ACCESS privileged_opcode exception. When set (PM_US=1), non-

privilegedandprivilegedsoftware canreador write the perfor-
mance monitor mgisters.
12:11 |W_EN |WDT_EN 00 Watchdog trap nesr occurs.
W_RED |WDT_RED 01

Undefined. Should not be specified

Watchdog trap is processed ind€x state in case the
watchdog timer counts’2where n is dependent on
W_SEL

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

10

11
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Table 19: State Control Register (ASR31) Field Definitions Continued

Bits Abbre v Name Meaning

10:8 |W_SEL |WDT_SELECT[2:0] Selects the atchdog timer &lue that will cause a trap. If
watchdog_traps are disabled (WDT_EABLE = 0), the alue
of WDT_SELECT has no meaning. The encodings are:

000=212
001=216
010=218
011=2%0
100=2??
101=2>
110=228
111=2%0
If the watchdogtimer countsto 231, a RED_statdrapis taken

regardlessof the values of WDT_RED. This lets software
attempt to receer before entering error_state.

If thewatchdogtimer countsto 2%, the CPU enterserror_state
unconditionally and asserts CPU_HALTED, preserving as
much stateas possible.The CPU mustbe rescannedvith the
reset state beforexecution can resume.

See7.2.2, “Error statefor more information.

7 |TR SOFTWARE_TRIGGER Whenthis bit is set, the software_triggerbit going out on the
delug busis assertedThis allows softwareto determinewhen
to trigger equipment attached to the uighus.

6:3 |— unused —

2 PM PIPELINE_MODE When set, the processomwill executeall instructionssequent
tially, one-at-a-timejn pipeline mode. Specifically the CPU
attemptdo issueoneinstructionevery cycle. The CPUwill still
speculateandpredictbrancheslnstructionissueconstraintand
processoimperationis identicalto superscalapperation,with
the additionalconstraintthat a maximumof oneinstructionis
issued perycle.

1 1[0} INVALIDATE_IO A write-only bit; alvays reads as zero. When set, causes the
level-0 instruction cache (10) and all prefetalffbrs to be
invalidated.

0 SM SEQUENTIAL_MODE |When set, the processomwill executeall instructionssequenf
tially, one-at-a-time. Specifically before an instruction is
issuedthe previousinstructionmusthave beenretiredandhave
completedall modificationsto machinestate.The SM bit alsg
disables speculatie instruction prefetching. Instructior]
accessesccur only when an instruction can be issued.Note
that block prefetch around the instruction is still possible.
This modeof operationseverely cripplesCPU performanceso,
useit sparingly Whenthe SM bit is reset,normal superscalg
execution is taking place (unless the PM bit is set).

The SM bit (SEQUENTIAL_MODE) takes precedenceover
the PM bit (PIPELINE_MODE).

=

Whenthe CPUentersor exits from RED _statethelO cacheandprefetchbuffersareinval-
idated.
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Whenthe CPUentersRED _statedueto atrapor resetbit 0 (SM), bit 27 (D_UITLB), bit
28(D_UDTLB), bit 29 (D_MITLB), andbit 30 (D_MDTLB) aresetby thehardware.lIt is
the softwares responsibilityto resetthesebits whenrequired(for example whenthe CPU
exits from RED_state).

Whenthe CPUentersRED _statenot dueto atrapor reset(thatis, whensoftwaresetsthe
PSTATE.REDDbit usingWRPR),all of the SCRregisterbits areunchangedinlike the case
above.

Whenthe CPUis in RED_stateit behaesasif bit 0 (SM), bit 27 (D_UITLB), andbit 29
(D_MITLB) are set, rgardless of their actuablues in the SCR gister

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

The CPU doesnot containa Floating-PointDeferred-trapQueue An attemptto readFQ
with an RDPR instruction causesiteyal_instruction exception.

5.2.13 U Deferred-trap Queue
The CPU does not kia or need an U Deferred-trap Queue.

5.2.14 RSTV Register
The CPU implements RSTthe RED_Stater&p \ector as a constant address:

m VA =FFFF FFFF F0O00 0000 g

m PA =0000 O1FF FOOO 0000 1g

5.2.15 Emulation T rap Register s

TheCPU providesa mechanisnior the hardwareto trap or synccertaininstructionencod-
ings. This mechanisnwasdesignedo provide a way aroundhardwareerrorsthatmay be
foundin silicon during bringup. For example,if an instructionis failing on a particular
mask set, it can be trapped and emulated in so&w

The CPU implements the follong registers to support emulation traps:
m Four Emulation Tap Reister \alues (ETR's)

m Four Emulation Tap Reister Masks (ETRMs)

m Four sets of 2 control bits

All of theseregistersare“scan-only’ They canbescannedn by thedehug monitorduring
bringup.The ETRV andETRM registersareeach27 bits wide. The purposeof thesereg-
isters is to identify a pattern of instructions.

A pair of registers ETRV andETRM, form a“CAM” like patternmatcherTheassociated
Control bits determinewhat actionwill be takenon a match.Thereare4 pairsof ETRV
andETRM registersand4 pairsof control bits. Eachpair of registersappliesto instruc-
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tionsin all theissueslots® This requiresl6 simultaneousomparegor eachsetof instruc-
tions fetched from the 10 Cache.

The ETRM and ETRV register bits correspondo the upper27 bits in an instructiorf.
Whenabit in anETRM is setthatbit in aninstructionbeingissuedwill beignored(don’t
care). If it is reset, that bit of the EVRpecifies a alue to match. & example:

ETRM: 001111111111 0000 0011 1111 111- ----

ETRV: 0000 0000 0000 1010 1000 0000 000- ----

matches:  00xX XxXxX XXXX 1010 10OXX XXXX XXXX XXXX

Whenaninstructionmatchesthevaluein the Controlbitsis checlkedto seewhatactionto
take.

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.

If morethanoneETR pair matchesn the samecycle, the earliestinstructionthatmatches
(in program order) will cause the Action in the edoable to be initiated.

Also, if morethanoneETR pair matcheghe samenstructionthe controlbits will beor’ed
togetherandthe resultwill be usedto determinethe action.Syncingissuetrapswill wait
for all previous instructionsto commitandretire beforethe trapis taken. A non-syncing
issuetrapwill vectorto theappropriatdraptargetspeculatrely. It maylaterbeundoneby
a backup. If a trap is tak it is theprogrammed_emulation_trap (it = 62 g, priority = 6).

1. Thisisdifferentfrom the SFARC64-IIl whereeachETRV:ETRM paironly appliedto oneparticular
issue slot.
2. Thers2field was omitted from the comparison because of itsutlity.
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Instructionsare accessedby the processofrom memoryand are executed,annulled,or
trappedInstructionsareencodedn five majorformatsandpartitionedinto elevengeneral
cateories.

6.1 Instruction Ex ecution

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

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

If atrap doesnot occur and the instructionis not a control transfer the next program
counteris copiedinto the PC,andthenPCis incrementedy 4 (ignoringoverflow, if arny).

If the instructionis a control-transfeinstruction,the next programcounteris copiedinto

the PC andthe taget addresss written to nPC. Thus,the two programcountersprovide
for a delayed-branchxecution model.

For eachinstructionaccessandeachnormaldataaccessthe IlU appendsn 8-bit address
spaceidentifier, or ASI, to the 64-bit memoryaddressLoad/storealternateinstructions
(seeb.3.1.3,“AddressSpaceldentifiers(ASIs)”) canprovide an arbitrary ASI with their
data addresses, or use the A8lue currently contained in the ASbister

The CPU is a superscalaimplementationof SFARC-V9. Several instructionsmay be
issuedand executedin parallel. Although the CPU provides serial programexecution
semanticssomeof the implementationcharacteristicslescribedbelon are part of the
architecturevisible to softwarefor correctnessndefficiency considerationsThe affected
software includes optimizing compilers and supervisor code.
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6.1.1 Speculative Ex ecution

The CPU doesspeculatre (out of programorder)executionof instructions;the effect of
theseinstructionscanbe undoneif the speculatiorprovesto beincorrect.In generalthis
mechanismis transparento software,sincethe CPU maintainsserial programexecution
semanticdor all architecturallyvisible state.The exceptionto thisruleis theloadinstruc-
tion, which produces tartypes of side &cts visible to softare.

1. Speculatre loadsmaybeissuedo ary addressncludingamemory-mappetfO regis-
ter thatcausesideeffectsin anl/O device. The supervisorsoftware mustensurethat
all memory-mappegagescontainingregistersandmemorythat could be affectedby
speculatie loadsmusthave the“strongly ordered’bit setin the pagetableentry. If the
strongly ordered (SO) bit is not set for such pages, incorrectibeaay occur

2. Speculatie loads often are usefulto prefetchdata. Sometimeshowever, they may
causethe cache, MMU, and memorysubsystento make spuriousaccesseshat is,
someof thesdloadsmayreplace‘useful” linesin thecache.This simply degradessys-
tem throughput; it does not cause incorrect programviiaha

The CPU preides two mechanisms tovaid speculatie execution of a load:

1. Avoid speculatiorby disallaving speculatre accesseto certainmemorypagesor I/O
spacesThis canbe doneby settingthe SO (Strongly Ordered)bit in the PTE for all
memorypageghatshouldnot allow speculationAll accessemadeto memorypages
thathave the SO bit setin their PTEwill be delayeduntil they areno longerspecula-
tive or until thg are cancelled. SeppendixF, “MMU Architecture” for details.

2. Alternatespacdoadinstructionsthatforce programordersuchasASI_PO_Pwill not
bespeculatrely executed SeeAppendixL, “ASI Assignments’for detailsof the CPU
ASls.

Method one is preferredfor the SFARC644Il. Method two is supportedfor backward
compatibility with SRRC644 and SRRC644l systems.

6.1.2 Instruction Pref etch

The CPU prefetchesnstructionsin orderto minimize casesvherethe CPU mustwait for
instructionfetch. In combinationwith branchprediction,prefetchingmay causethe CPU
to accessnstructionsthat are not subsequentlyexecuted.In somecaseshe speculatre
instructionaccessesvill referencedatapages.In orderto avoid speculatie instruction
accesseto the areawhich hasside-efectsby the referencesthe software shouldnot set
ary executablepermissionbits (SX andUX) to the page.Thenthe datain thosepagesare
never referencedr cachedn the 10- or I1-Cache.The CPU doesnot generatea trap for
ary exceptionthatis causedy aninstructionfetchuntil all of theinstructionsbeforeit (in
program order) ha been committed.

1. Hardware errorsand other asynchronourrors may generatea trap even if the instructionthat
caused the trap is wer committed.
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Instructionsprefetchedby the CPU are cachedin aninternalcache,calledthe 10 cache.
The prefetchactionis independenbf the dataaccesgpathandis not directly affectedby
instructionsthat serializethe executionof instructionsor the datapath.The I0 cachecan
beinvalidatedbut notdisabled Seethe descriptionof the SCRregisterin 5.2.11.12;'State
Control Register (ASR 31)”, and the descriptionof the WRASR instructionin A.63,
“Write State Rgister”, for details.

Programming Note:
The I0 cachealsocachesdnstructionsthat causefaults,becausét cannotdeterminethat they will
fault whenexecutedlater. For example,aninstructionwith only one executablepermissionbit (SX or
UX) setmaybecachedn 10. If thekernelsoftwarechangeshe pages PTEto setboth executablepermis-
sion bits, it must also validate the 10 cache tw@id getting stale information

Instructioncachelines arealsoprefetchednto thelevel 1 instructioncache(I1) from the
Unified Cache.This prefetchingshouldimprove performanceof databaseapplications.
Prefetching into I1 is wmisible to the application programmer

6.1.3 Serializing Instructions

Serializinginstructionsare issuedone at a time and only when the CPU hasno other
uncommittedinstruction pending.After an instructionin this classis issued,the CPU
waitsuntil theinstructionis committedbeforeissuingthe next instruction.In otherwords,
the following sequence is obse.

1. All outstandingnstructionsmustcommit beforethe serializinginstructionis issued
(this is equralent to machine sync)

The serializing instruction is issued by itself
The serializing instruction isxecuted by itself

The serializing instruction is committed by itself

o & WD

Instructions follaving the serializing instruction ga to be issued an

Table 21lists the serializing RRSR and WRASR instructions:
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Table 21: SPARCG64-l1l Serializing RD ASR and WRASR Instructions
Number Name Piv2 | SReadng? | Wiing.
0 Y Register No No Yes
2 Condition Code Rgister No No No
3 ASI Register No No Yed?
4 Tick Register Yes/NgP) No —
5 Program Counter No No —
6 Floating-Point Rgister Status No No Yedd
15 Store BarrierMembay SIR®) Yes/NdY Yes/Nd®) Yes
18 Hardware Mode Register Yes No Yes
19 Graphic Status Rgster No No Yes
20 Set Bits in Sched_Int Réster Yes — Yes
21 Clear Bits in Sched_Int Réster Yes — Yes
22 Sched_Int Reister Yes No Yes
23 Tick Match Register Yes No Yes
24 Instruction Fwult Type Yes Yes —
25 Scratch Rgisters Yes No Yes
26 Data Breakpoint Rgsters Yes Yes Yes
28 Data Fault Address Yes Yes —
29 Data Fault Type Yes Yes —
30 Performance Monitor Rgsters Yes Yes Yes
31 System Control Rgster Yes No Yes

& Does not sync if address modéég0+ imm

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

¢ These are not really considered RD/WRASR instructions ByREPV9, but they share the
RD/WRASR opcode encoding so yhare listed here for clarity

d- SIR is treated as NOP ikecuted while PSATE.PRIV = 0.

€ Sync only for MEMBAR#Sync or MEMBAR#Memissue .

6.1.3.1 Other Serializing Instructions

Th

e folloving instructions also serialize the CPU:

WRPRfor CWE CANSAVE, CANRESTORE,CLEANWIN, WSTATE andOTHER-
WIN when the addressing mode is nalgd+ simm13.

WRPR for TPC, TNPC, TSANTE, TT, TICK, TBA, PSTATE and TL.
TCC! (except for A %go+ simm13.

LD(X)FSR and ST(X)FSR.

CAS(X)A

All TccinstructionsexceptTA (with %g0or immediateaddressingtanbe usedto causethe CPU
to sync. TN is suggested for forcing a sync.
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m MULScc, UMUL, UMULcc, SMUL, SMULcc (32-bit multiplies)
m FLUSH
m WRY

6.1.4 Issue Stalling Instructions

The following instructionsprevent new instructionsfrom issuing until they have com-
pleted:

m RDPR%PIL andWRPR%PIL (if thereis a pendingwrite to the PIL register).There
is a pendingwrite to the PIL registerif therewasa previous WRPR%PIL instruction
with a source mgister (other than %g0) that has not completed.

m DONE, RETRY andRDPRTSTATE stall until the TSTATE registeris updatedwith
thecorrectvalueof the conditioncodesWhenatrapoccursthe TSTATE registermay
not be updatedwith the conditioncodesif thereare pendinginstructionsthat modify
the condition codes. S&e2.6, “Trap State (TSATE) Rayister” for further details.

6.2 Instruction Formats

Instructionsareencodedn five major 32-bit formatsandseveral minor formats,asshavn
in Figure 62 Figure63 on page 112andFigure64 on page 113

Format 1 (op=1): CALL

op disp30

31 30 29 0

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

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

Figure 62: Summary of Instruction Formats: Formats 1 and 2 {/9=33)
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Format 3 (op=2 or 3): Arithmetic, Logical, MG, MEMBAR, Prefetch, Load, and Store

op rd op3 rsl i=0 — rs2
op rd op3 rsl i=1 simm13
op fcn op3 rsl i=0 — rs2
op fen op3 rsl i=1 simm13
op — op3 rsi i=0 — rs2
op — op3 rsl i=1 simm13
op rd op3 rsi i=0| rcond — rs2
op rd op3 rsl i=1| rcond simm10
op rd op3 rsl i=0 — rs2
op rd op3 rsl i=1 — cmask mmask
op rd op3 rsl i=0 imm_asi rs2
op impl-dep op3 impl-dep
op rd op3 rsl i=0| x — rs2
op rd op3 rsl i=1x=0) — shcnt32
op rd op3 rsl i=1x=1 — shcent64
op rd op3 — opf rs2
op 000 (ccliccO op3 rsl opf rs2
op rd op3 rsl opf rs2
op rd op3 rsl —
op fcn op3 —
op rd op3 —

31 30 29 19 18 14 13 12 11 10

0
Figure 63: Summary of Instruction Formats: Format 3 ((\/9 33) and (\/9 34))
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Format 4 (op=2): MOVcc, FMOVr, FMOVcc, and Tcc

op rd op3 rsi i=0|cclccOo — rs2
op rd op3 rsl i=1| cclccO simm1l

op rd op3 cc2) cond i=0|cclccO — rs2
op rd op3 cc2 cond i=1|ccjccO simm11l

op rd op3 rsl i=1{cclccOo — sw_trap#
op rd op3 rsl 0 rcond opf_low rs2
op rd op3 0 cond opf_cc opf_low rs2

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

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

op rd op3 rsl rs3 var | size rs2

31 30 29 25 24 19 18 17 1413 12 1110 9 8 7 6 5 4 0

Figure 64: Summary of Instruction Formats: Formats 4 and 5 {9=34)

6.2.1 Instruction Fields
The instruction fields are interpreted as fafo

a
The a bit annulsthe executionof the following instructionif the branchis condi-
tional and not tadn, or if it is unconditional and tak.

cc2, ccl, and ccO:

cc2cclccOspecifythe conditioncodes(icc, xcg fccQ fecl, fec2, fecd) to beused
in the instruction.Individual bits of the samelogical field are presentin several
other instructions: Branch on Floating-point Condition Codeswith Prediction
Instructiong(FBPfcc),Branchon Integer ConditionCodeswith Prediction(BPcc),
Floating-pointComparenstructions Move Integer RegisterIf Conditionls Satis-
fied (MOVcc), Move Floating-pointRegisterIf Conditionls Satisfied(FMOVcc),
andTrapon Integer ConditionCodes(Tcc). In instructionssuchasTcc thatdo not
containthe cc2 bit, the missingcc?2 bit takeson a default value.SeeTable77 on
page 365or a description of these fieldsiles.

cmask:
This 3-bit field specifiessequencingonstrainton the orderof memoryreferences
and the processing of instructions before and after a M&ERBstruction.
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cond:
This 4-bit field selectsthe condition tested by a branch instruction. See
AppendixE, “Opcode Maps for descriptions of itsalues.

d16hi and d16lo:
These2-bit and14-bitfieldstogethercomprisea word-aligned sign-extended PC-
relatve displacementfor a branch-on-rgistercontentswith prediction (BPr)
instruction.

disp19:
This 19-bitfield is aword-aligned sign-extended PC-relatve displacementor an
integer branch-with-predictio{BPcc)instructionor a floating-pointbranch-with-
prediction (FBPfcc) instruction.

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

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

Thei bit selectsthe secondoperandfor integer arithmeticandload/storeinstruc-
tions. If i =0, the operandis r[rs2]. If i =1, the operandis sSimm10Q simm11 or
simm13 depending on the instruction, sigxtended to 64 bits.

imm22:
This 22-bitfield is a constanthat SETHI placesn bits 31..100f a destinatiorreg-
ister.

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

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

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

op and op2:
These2- and3-bit fieldsencodehe threemajorformatsandthe Format2 instruc-
tions. SeAppendixE, “Opcode Mapsfor descriptions of theiralues.

op3:
This 6-bit field (togethemwith onebit from op) encodeghe Format3 instructions.
SeeAppendixE, “Opcode Mapsfor descriptions of itsalues.

opf:
This 9-bit field encodedhe operationfor a floating-pointoperate(FPop)instruc-
tion. SeeAppendixE, “Opcode Mapsfor possible @lues and their meanings.
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opf_cc:
Specifiesthe condition codesto be usedin FMOVcc instructions.SeeccO, ccl,
and cc2above for detalils.

opf_low:
This 6-bit field encodeshe specificoperatiorfor aMove Floating-pointRegisterif
Condition is satisfied(FMOVcc) or Move Floating-pointregister if contentsof
integer register match condition (FM@) instruction.

p:
This 1-bit field encodesstatic predictionfor BPcc and FBPfcc instructions,as
shav in Table 22
Table 22: Branch Prediction Bit (p) Encodings
p Branc h Prediction
0 Predict that branch will not be taik
1 Predict that branch will be tak
rcond:
This 3-bit field selectsthe registercontentsconditionto testfor a move basedon
register contents(MOVr or FMOVT) instructionor a branchon register contents
with prediction(BPr) instruction.SeeAppendixE, “Opcode Maps” for descrip-
tions of its \alues.
rd:
This 5-bit field is the addresof the destination(or source)r or f register(s)for a
load, arithmetic, or store instruction.
rsi:
This 5-bit field is the address of the firgir f register(s) source operand.
rs2:
This 5-bit field is the addresof the secondr or f register(s)sourceoperandwith
i=0.
rs3:
This 5-bit field is the addres®f thethird f registersourceoperandor thefloating-
point multiply-add and multiply-subtract instruction.
shcnt32:
This 5-bit field preides the shift count for 32-bit shift instructions.
shcnt64:
This 6-bit field preides the shift count for 64-bit shift instructions.
simm210:
This 10-bitfield is animmediatevaluethatis sign-ectendedto 64 bits andusedas
the second ALU operand for a M®@instruction when = 1.
simm11:

This 11-bitfield is animmediatevaluethatis sign-extendedto 64 bits andusedas
the second ALU operand for a M©c instruction whem = 1.
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simm13:
This 13-bitfield is animmediatevaluethatis sign-extendedto 64 bits andusedas
the secondALU operandfor an integer arithmeticinstructionor for a load/store
instruction when = 1.

size:
Specifieghesizeof theoperandgor thefloating-pointmultiply-addandmultiply-
subtract instructions.

Sw_trap#:
This 7-bit field is animmediatevaluethatis usedasthe secondALU operandor a
Trap on Condition Code instruction.

var:
Specifieswhich specific operation(variation) to perform for the floating-point
multiply-add and multiply-subtract instructions.

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

6.3 Instruction Categories
SFARC-V9 instructions can be grouped into the faling catgories:
m  Memory access

m  Memory synchronization

m Integer arithmetic

m  Control transfer (CTI)

m Conditional mees

m  Reister windev management
m State rgister access

m Privileged rgister access

m Floating-point operate

m Implementation-dependent

m Resered

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

6.3.1 Memory Access Instructions

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

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

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

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

Programming Note:

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

6.3.1.1 Memory Alignment Restrictions

Halfword accesseshall be aligned on 2-byte boundariesyord accessegwhich include
instructionfetches)shallbe alignedon 4-byteboundariesextendedword anddoublevord
accesseshallbealignedon 8-byteboundariesandquadvword accesseshallbealignedon
16-byte boundaries.

An improperly alignedaddressn a load, store,or load-storeinstructioncausesa mem_
address_not_aligned exception to occyrexcept:

m  An LDDF or LDDFA instructionaccessingan addresghat is word-alignedbut not
doublavord-aligned causes amDF _mem_address_not_aligned exception.

m  An STDFor STDRA instructionaccessingnaddresshatis word-alignedout notdou-
bleword-aligned causes &TDF_mem_address_not_aligned exception.

m An LDQF, LDQFA, STQF,or STQFA instructioncausesan illegal_instruction excep-
tion; all of these instructions are emulated in saftv
6.3.1.2 Addressing Con ventions

The CPU useshig-endianbyte orderfor all instructionaccesseand,by default, for data
accessedt is possibleto accesslatain little-endianformat by usingselectedASls. It is
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alsopossibleto changethe default byte orderfor implicit dataaccessesSee5.2.1,“Pro-
cessor State Rister (PSATE)”, for more informatiort.

6.3.1.2.1 Big-endian Ad dressing Con vention

Within a multiple-byteinteger, the byte with the smallestaddresss the mostsignificant;a
byte’s significancedecreaseasits addressncreasesThe big-endianaddressingonven-
tions are illustrated ikigure 65and defined as foles:

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

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

word:
For a load/storeword instruction,four bytesare accessedTIhe most significant
byte (bits 31..24) is accessedat the addresspecifiedin the instruction;the least
significant byte (bits 70) is accessed at the addresx

doub leword or e xtended w ord:
For a load/storeextendedor floating-point load/storedouble instruction, eight
bytes are accessedThe most significant byte (bits 63..56) is accessedat the
addresspecifiedn theinstruction;the leastsignificantbyte (bits 7..0) is accessed
at the address 7.

For the deprecatednteger load/storedouble instructions(LDD/STD), two big-
endianwordsareaccessedlheword attheaddresspecifiedn theinstructioncor-
responddgo the even register specifiedin the instruction;the word at address- 4
corresponds to the follang odd-numbered gister

quadword:
For aload/storequadwvord instruction,sixteenbytesareaccessedl he mostsignif-
icantbyte (bits 127..120)is accessedttheaddresspecifiedn theinstruction;the
least significant byte (bits..D) is accessed at the addreskb.

1. See Cohen, D., “On Holy 8¥s and a Plea for Pedc€omputerl4:10 (October 1981), pp. 48-54.
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Byte Address
7 0
Halfword Address<0> = 0 1
15 8|7 0
Word Address<1:0> = 00 01 10 11
31 24|23 16|15 8|7 0
Doubleword / Address<2:0> = 000 001 010 011
Extended w ord 63 56 55 48|47 40|39 32
Address<2:0> = 100 101 110 111
31 2423 16|15 8|7 0
Quadword Address<3:0> = 0000 0001 0010 0011
127 120 119 112|111 104|103 9
Address<3:0> = 0100 0101 0110 0111
95 88| 87 80|79 72|71 64
Address<3:0> = 1000 1001 1010 1011
63 56| 55 48|47 4039 32
Address<3:0> = 1100 1101 1110 1111
31 2423 16|15 8|7 0

Figure 65: Big-endian Addressing Cownentions (V9=35)

6.3.1.2.2 Little-endian Ad dressing Con vention

Within a multiple-byteinteger, the bytewith the smallestaddresss theleastsignificant;a
byte’s significancancreasessits addressncreasesT helittle-endianaddressingonven-
tions are illustrated ikigure 66and defined as foles:

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

halfw ord:

For aload/storenhalfword instruction,two bytesareaccessedrl'he leastsignificant
byte (bits 7..0) is accessedt the addresspecifiedn theinstruction;the mostsig-
nificant byte (bits 158) is accessed at the addresk
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word:
For a load/storeword instruction, four bytesare accessedThe leastsignificant
byte (bits 7..0) is accessedt the addresspecifiedn theinstruction;the mostsig-
nificant byte (bits 3124) is accessed at the address

doub leword or e xtended w ord:
For a load/storeextendedor floating-point load/storedouble instruction, eight
bytesareaccessedrlhe leastsignificantbyte (bits 7..0) is accesseat the address
specifiedn theinstruction;themostsignificantbyte (bits 63..56) is accessedtthe
address 7.
For the deprecatednteger load/storedoubleinstructions(LDD/STD), two little-
endianwordsareaccessedlheword attheaddresspecifiedn theinstruction+ 4
corresponds$o theevenregisterin theinstruction;theword attheaddresspecified
in the instruction corresponds to the fellog odd-numbered gister

quadword:
For aload/storequadword instruction,sixteenbytesareaccessedr he leastsignif-
icantbyte (bits 7..0) is accessedttheaddresspecifiedn theinstruction;themost
significant byte (bits 127120) is accessed at the addreds.
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Byte Address
7 0
Halfword Address<0> = 0 1
7 0| 15 8
Word Address<1:0> = 00 01 10 11
7 0|15 8| 23 16|31 24
Doubleword/ Address<2:0> = 000 001 010 011
Extended w ord 7 0|15 8| 23 1631 24
Address<2:0> = 100 101 110 111
39 32| 47 40| 55 48|63 56
Quadword Address<3:0> = 0000 0001 0010 0011
7 0|15 8| 23 16|31 24
Address<3:0> = 0100 0101 0110 0111
39 32| 47 40| 55 48|63 56
Address<3:0> = 1000 1001 1010 1011
71 64|79 72| 87 80|95 88
Address<3:0> = 1100 1101 1110 1111
103 96| 111 104| 119 112|127 120

Figure 66: Little-endian Addr essing Corentions (V9=36)

6.3.1.3 Address Space Identifier s (ASIs)

Load and store instructions provide 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 ASlIgister when = 1.

ASIs 00,4 through7F,¢ arerestricted;only privilegedsoftwareis allowedto accesghem.
An attemptto accessa restrictedASI by nonprvileged software resultsin a privileged_
action exception.ASlIs 80,5 throughFF,¢ are unrestrictedsoftwareis allowed to access
themwhetherthe processors operatingn privilegedor nonprvilegedmode.Thisis illus-
trated inTable 23
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Table 23: Allowed Accesses to ASI9/0=11)

Processor State
Value Access T ype (PSTATE.PRIV) Result of ASI Access
, Nonpriileged (0 rivileged_action exception
0046..7F6 Restricted p ged (0) P : 9ec_ P
Privileged (1) Valid access
i Nonpriileged (0) Valid access
80y¢..-FFig Unrestricted — :
Privileged (1) Valid access

The SFARC-V9 architecturedefinesthe following ASI assignmentss implementation-
dependentrestrictedASIs 00;4..03,4, 05;5..0B16, 0D1¢..0F6, 1246..17;4, and 1A 4. 7F 6

and unrestrictedASIs CO4.. FF . SFARC64-III's implementationof ASIs completely
conformsto the SFARC-V9 architecturespecificationSee6.3.1.3,*AddressSpacddenti-

fiers (ASIs)” in V9 for moreinformationaboutthe implementation-dependeaspectf

ASls. SeeAppendixL, “ASI Assignments’for the completelist of ASI assignments$or

SFRARC64-111.

6.3.1.4 Separate Instruction Memor y

The CPU usesseparatdevel-1 instructionand datacachegeferredto asthe |1 andD1
caches. These caches can be bypasse8;2éé.12, “State Control Bsster (ASR 31)”

In additionto thell andD1 cachesthe CPUcontainsaninternallevel O instructioncache,
calledthel0 cache.Thel0 cachecanbeinvalidatedbut it cannotbe disabledor bypassed.
Seeb.2.11.12, “State Control Rester (ASR 31)for details.

A programcontainingself-modifyingcodemusthave the FLUSH instructionsbeforethe
programexecutesits self-modifying code portionsto ensurethe consisteng of the pro-
gram eecution.

6.3.2 Memory Sync hronization Instructions

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

TheCPUsyncsandalsowaitsfor all pendingcacheabl@ndnon-cacheablstoreso reach
the global visibility before issuing MEM&R#Memlissue and MEMBR#Sync.

6.3.3 Integer Arithmetic Instructions

The integer arithmeticinstructionsare generallytriadic-registeraddressnstructionsthat
computearesultthatis a functionof two sourceoperandsThey eitherwrite theresultinto
thedestinatiorregisterr[rd] or discardit. Oneof the sourceoperandss alwaysr[rs1]. The
othersourceoperanddepend®nthei bit in theinstruction;if i = 0, theoperands r[rsZ;
if i =1, the operand is the constaimhm10simm21] or simm13sign-etended to 64 bits.
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Note: The \alue ofr[0] always reads as zero, and writes to it are ignored.

6.3.3.1 Setting Condition Codes

Most integer arithmetic instructionshave two versions:one setsthe integer condition
codeg(icc andxcc) asasideeffect; theotherdoesnot affecttheconditioncodesA special
comparisornnstructionfor integervaluesis not neededsinceit is easilysynthesizedising
the “subtractand setconditioncodes”(SUBcc)instruction.SeeG.3, “Synthetic Instruc-
tions”, for details.

6.3.3.2 Shift Instructions

Shift instructionsshift anr registerleft or right by a constanbr variableamount.None of
the shift instructions changes the condition codes.

6.3.3.3 Set High 22 Bits of Lo w Word

The“sethigh 22 bits of low word of anr register”instruction(SETHI) writesa 22-bitcon-
stantfrom the instructioninto bits 31 through10 of the destinatiorregister It clearsthe
low-order10 bits andhigh-order32 bits, andit doesnot affect the conditioncodeslts pri-
mary use is to construct constants igiseers.

6.3.3.4 Integer Multipl y/Divide

Theintegermultiply instructionperformsa 64 x 64 —. 64-bitoperationtheintegerdivide
instructionsperform 64 + 64 - 64-bit operations.For compatibility with SFARC-V8,
32x 32 - 64-bitmultiply instructionsp4 + 32 — 32-bitdivide instructionsandthe mul-
tiply step instruction are pvaded. Dvision by zero causesdision_by_zero exception.

6.3.3.5 Tagged Add/Subtract

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

6.3.4 Control-transf er Instructions (CTIS)

These are the basic control-transfer instruction types:
m Conditional branch (Bicc, BPcc, BH¥Bfcc, FBPfcc)
m  Unconditional branch

m Call and link (CALL)

m Jump and link (JMPL, RETURN)
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m Return from trap (DONE, RETR
m Trap (Tcc)

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

Programming Note:

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

Table24 belov defineghevalueof the programcounterandthevalueof the next program
counter after execution of each instruction. Conditional brancheshave two forms:
brancheghat testa condition, representedn the table by “Bcc,” and brancheghat are
unconditionalthatis, alwaysor never taken,representeth thetableby “B.” Theeffect of
anannulledbranchis shavn in the tablethroughexplicit transfersof control, ratherthan
by fetching and annulling the instruction.

The effective addressEA in Table 24, specifiesthe target of the control transferinstruc-
tion. The effective addresss computedin different ways, dependingon the particular
instruction.

PC-relative Eff ective Ad dress:
A PC-relatve effective addresss computedby sign extending the instructions
immediatefield to 64-bits,left-shifting theword displacemenby two bitsto create
a byte displacement, and adding the result to the contents of the PC.

Register -indirect Eff ective Ad dress:

A registerindirect effective addresscomputesits target addressas either
rirs+r[rs2 if i =0, orr[rs1]+sign_ext(simm13)f i = 1.

Trap Vector Eff ective Ad dress:
A trapvectoreffective addresdirst computeghe softwaretrapnumberastheleast
significant 7 bits of r[rs1+r[rs2 if i =0, or asthe leastsignificant7 bits of
rirsl]+sw_trap#if i = 1. Thetraplevel, TL, is incrementedThe hardwaretrap
typeis computedas256+ sw_tap#andstoredin TT[TL]. Theeffective addresss
generatedy concatenatinghe contentsof the TBA register the“TL > 0" bit, and
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the contentsof TT[TL]. Seeb5.2.8, “Trap Base Address(TBA) Ragister”, for
details.

Trap State Eff ective Ad dress:

A trap stateeffective addresss not computedbut is taken directly from either
TPC[TL] or TNPCJTL].

Compatibility Note:

SFARC-V8 specifiedthat the delayinstructionwas always fetched,even if annulled,andthatan
annulledinstructioncould not causeary traps.SFARC-V9 doesnotrequirethe delayinstructionto
be fetched if it is annulled.

Compatibility Note:

SFARC-V8 left asundefinedheresultof executinga delayedconditionalbranchthathada delayed
controltransferin its delayslot. For this reasonprogrammershouldavoid suchconstructsvhen
backwards compatibility is an issue.

Table 24: Control Transfer Characteristics V9=13)

Instruction Gr oup A?:g:(ra:s Delayed Taken Aré?tul New PC New nPC
Non-CTls — — — — nPC nPC+4
Bcc PC-relatve Yes Yes 0 nPC EA

Bcc PC-relatve Yes No 0 nPC nPC+4
Bcc PC-relatve Yes Yes 1 nPC EA

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

B PC-relatve Yes Yes 0 nPC EA

B PC-relatve Yes No 0 nPC nPC+4

B PC-relatve Yes Yes 1 EA EA+4

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

JMPL, RETURN Registerind. Yes — — nPC EA

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

Tcc Trap \ector No No — nPC nPC + 4

6.3.4.1 Conditional Branc hes

A conditionalbranchtransferscontrolif the specifiedconditionis true. If theannulbit is
0, theinstructionin thedelayslotis alwaysexecutedIf theannulbit is 1, theinstructionin
the delay slot is not executedunlessthe conditionalbranchis taken. Note: The annul
behaior of a talen conditional branch is d&rent from that of an unconditional branch.

See9.3, “BranchesandBranchPrediction”for detailedinformationaboutbranchpredic-
tion in SARC64-III.
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6.3.4.2 Unconditional Branc hes

An unconditionalbranchtransferscontrol unconditionallyif its specifiedcondition is
“always”; it nevertransferscontrolif its specifiedconditionis “never.” If theannulbit is O,
theinstructionin the delayslotis alwaysexecutedIf theannulbit is 1, the instructionin
thedelayslotis never executed Note: The annulbehaior of anunconditionalbranchis
different from that of a tadn conditional branch.

6.3.4.3 CALL and JMPL Instructions

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

The JMPL instructionwritesthe contentsof the PC,which pointsto the JIMPL instruction
itself, into r[rd] and then causesa registerindirect delayedtransferof control to the
addresgivenby “r[rs1] + r[rsZ” or “r[rs]] + asignedimmediatevalue”. Thevaluewrit-
ten intor[rd] is visible to the instruction in the delay slot.

TheCPUalwayswritesall 64 bits of the PCinto thedestinatiorregister Theupper32 bits
of r[15] (CALL) or tor[rd] (JMPL) arenot cleared when PRTE.AM = 1.

The CPUimplementsspecialJMPL andCALL predictionhardwarewhich is 4-entry 64-
bit FILO to make function returnsfaster This hardware is called the ReturnPrediction
Stack(RPS).Whena CALL or IMPL thatwritesto %07 (r[15]) occursthe CPUsavesthe
returnaddresgPC+8)into the RPSentry indexed by somehardware pointet Whenthe
syntheticinstructionsretl (JMPL [%078]) and ret (JMPL [%i7 +8]) are executed,the
return address is predicted to be the address stored in the RPS[CWP].

If the predictionin the RPSis incorrect,the CPU backsup andstartsissuinginstructions
from the correcttarget addressThis backuptakesa few extra cyclesbut doesnot affect
correctness.

Programming Note:

For maximumperformancesoftware and compilersmusttake into accounthow the RPSworks.

For example tricks thatdo nonstandardeturnsin hopesof boostingperformancenayrequiremore

cyclesif they causethe wrong RPSvalue to be usedfor predicting the addressof the return.

Heavily nestedcallswill alsocauseearlierentriesin the RPSto be overwrittenby newer entries,

sincethe RPShasonly four entries Eventually somereturnaddressewill bemispredictecbecause
of the wverflow of the RPS.

6.3.4.4 RETURN Instruction

The RETURNI nstructionis usedto returnfrom atrap handlerexecutingin nonprvileged
mode.RETURN combineghe control-transfecharacteristicef a JIMPL instructionwith
r[0] specified as the destination register and the registerwindow semanticsof a
RESTORE instruction.
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6.3.4.5 DONE and RETRY Instructions

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

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

6.3.4.6 Trap Instruction (Tcc)

The Tccinstructioninitiatesatrapif the conditionspecifiedby its condfield matcheghe
currentstateof theconditioncoderegisterspecifiedby its ccfield; otherwiset executesas
aNOR If thetrapis taken,it incrementghe TL register computesatraptypethatis stored
in TT[TL], andtransferso a computedaddressn the trap table pointedto by TBA. See
5.2.8, “Trap Base Address (A Register”.

A Tccinstructioncanspecifyone of 128 softwaretrap types.Whena Tcc is taken, 256
plus the 7 leastsignificantbits of the sum of the Tcc’s sourceoperandss written to
TT[TL]. Theonly visible differencebetweema softwaretrap generatedy a Tcc instruc-
tion anda hardwaretrapis thetrapnumberin the TT register SeeChapter7, “Traps”, for
more information.

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

6.3.5 Conditional Mo ve Instructions

6.3.5.1 MOVcc and FMO Vcc Instructions

The MOVcc andFMOVcc instructionscopy the contentsof ary integer or floating-point
registerto a destinationinteger or floating-pointregisterif a conditionis satisfied.The
conditionto testis specifiedn theinstructionandmaybeary of the conditionsallowedin

conditionaldelayedcontrol-transferinstructions.This conditionis testedagainst one of

thesix conditioncodeg(icc, xcg, fccQ, fccl, fecz, andfccd), asspecifiedoy theinstruction.
For example:

fmovdg %fcc2, %f20, %f22

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

The MOVcc and FMOVcc instructionscan be usedto eliminate somebranchesn pro-
grams.In mostimplementationsprancheswill be more expensve thanthe MOVcc or
FMOVcc instructions. Br example, the follaing C statement:
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if (A>B) X = 1;else X = 0;

can be coded as:

cmp %i0, %i2 I'(A>B)
or %g0, 0, %i3 Iset X =0
movg %xcc, %g0,1, %i3 I overwrite X with 1 if A>B

which eliminates the need for a branch.

6.3.5.2 MOVr and FMO Vr Instructions

The MOVr and FMOVr instructionsallow the contentsof ary integer or floating-point
registerto be movedto a destinatiorinteger or floating-pointregisterif a conditionspeci-
fied by the instruction is satisfied. The conditions to test are enumerdigden?5

Table 25: MOVr and FMO Vr T est Conditions

Condition Description

NZ Nonzero

Z Zero

GEzZ Greater than or equal to zero
Lz Less than zero

LEZ Less than or equal to zero
GZ Greater than zero

Any of theintegerregistersmay be testedfor oneof the conditionsandthe resultusedto
control the mee. For example,

movrnz %i2, %l4, %l6

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

MOVr and FMOVr canbe usedto eliminate somebranchesn programsor to emulate
multiple unsignedconditioncodesby usinganintegerregisterto hold theresultof acom-
parison.

6.3.6 Register Windo w Management Instructions

This subsection describesthe instructions used to manage register windows in
SFARCG6441l. The privileged registers affected by theseinstructionsare describedin
5.2.10, “ReisterWindow State Rgisters”.

6.3.6.1 SAVE Instruction

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

If CANSAVE = 0, execution of a SXE instruction causeswindow_spill exception.

If CANSAVE # 0, kut the number of clean winds is zero, that is:
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(CLEANWIN — CANRESTORE)=0
then SA/E causes alean_window exception.

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

6.3.6.2 RESTORE Instruction

The RESTORE instructionrestoresthe previous register window by decrementinghe
CWP rgjister

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

If RESTORE doesnot causean exception,it performsan ADD operation,decrements
CANRESTORE, andincrementsCANSAVE. The sourceregistersfor the ADD arefrom
theold window (the oneto which CWP pointedbeforethe RESTORE), while theresultis
writteninto aregisterin thenew window (theoneto which thedecremente@€WP points).

Programming Note:
This notedescribesa commoncornventionfor useof registerwindows, SAVE, RESTORE, CALL,
and JMPL instructions.

A procedurds invoked by executinga CALL (or a JMPL) instruction.If the procedureequiresa
registerwindow, it executesa SAVE instruction.A routinethatdoesnot allocatea registerwindow
of its own (possiblya leaf procedureshouldnot modify any windowed registersexceptout regis-

ters 0 through 6. Sd¢.1.2, “Leaf-Procedure Optimization” M9.

A procedurethat usesa register window returnsby executing both a RESTORE and a JMPL
instruction.A procedurghathasnotallocatedaregisterwindow returnsby executinga JMPL only.
Thetamgetaddressor the IMPL instructionis normally eight plusthe addressaved by the calling

instruction, that is, the instruction after the instruction in the delay slot of the calling instruction.

The SAVE and RESTORE instructionscan be usedto atomically establisha nev memorystack
pointerin anr registerandswitchto a new or previousregisterwindow. SeeH.1.4,“RegisterAllo-
cation within a Vihdow” in V9.

6.3.6.3 SAVED Instruction

The SAVED instructionshouldbe usedby a spill trap handlerto indicatethata window
spill has completed successfulliyincrements CANSYE:

CANSAVE — (CANSAVE + 1)

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

OTHERWIN ~ (OTHERWIN — 1)

Otherwise the saredwindow belongsto the currentaddresspace(OTHERWIN = 0), so
SAVED decrements CANRESIRE:
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CANRESTORE « (CANRESTORE - 1)

6.3.6.4 RESTORED Instruction

TheRESTORED instructionshouldbeusedby afill traphandlerto indicatethatawindow
has been filled successfullyincrements CANRESDRE:

CANRESTORE ~ (CANRESTORE+ 1)

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

OTHERWIN ~ (OTHERWIN - 1)

Otherwise the restoredwindow belongsto the currentaddresspace(OTHERWIN = 0),
so RESDRED decrements CANS/A:

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

The FLUSHW instructionflushesall of the registerwindows exceptthe currentwindow,

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

NWINDOWS — 2 — CANSXE

If this numberis nonzero,the FLUSHW instruction causesa spill trap. Otherwise,
FLUSHW hasno effect. If the spill trap handlerexits with a RETRY instruction, the
FLUSHW instruction will continue causingspill traps until all the register windows
except the current windo have been flushed.

6.3.7 State Register Access

Theread/writestateregisterinstructionsaccesgrogram-visiblestateandstatusregisters.
Theseinstructionsread/writethe stateregistersinto/fromr registers.A read/writeAncil-
lary State Reister instruction is pvileged only if the accessedyister is pvileged.

The supportedRDASR and WRASR instructionsare describedin Table 26; for more
information se&.2.11, Ancillary State Rgisters (ASRS)”

Table 26: Supported RDASR and WRASR Instructions

ASR
Number

0 Y Register No
2 Condition Code Rgister No

Name Priv?
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Table 26: Supported RDASR and WRASR Instructions

Nl?n?k?er Name Priv?
3 ASI Rgjister No
4 Tick Register Yes/Nd®
5 Program Counter No
6 Floating-Point Rgister Status No
15 Store BarrierMembay SIR?) Yes/Nd®)
18 Hardware Mode Rgister Yes
19 Graphic Status Rpster No
20 Set Bits in Sched_Int Réster Yes
21 Clear Bits in Sched_Int Réster Yes
22 Sched_Int Rgister Yes
23 Tick Match Regjister Yes
24 Instruction Fwult Type Yes
25 Scratch Rgisters Yes
26 Data Breakpoint Rgsters Yes
28 Data Fault Address Yes
29 Data Rult Type Yes
30 Performance Monitor Rysters Yes
31 System Control Rgster Yes
& Privileged if TICK.NPT = 1, otherwise it is not pii

leged.

These are not really considered RD/WRASR instruc-
tions by SRRC-V9, hut they share the RD/WRASR
opcode encoding so thare listed here for clarity

¢ SIR is treated as NOP ikecuted while PSATE.PRIV
=0.
6.3.8 Privileg ed Register Access

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

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

m Floating-point cowert operations, which use one source and one destination operand

m Floating-pointcompareoperationswhich do not write to anf registerbut updateone
of thefcenfields of the FSR instead
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Theterm “FPop” refersto thoseinstructionsencodedby the FPopland FPop2opcodes
and doesnot include branchesbasedon the floating-pointcondition codes(FBfcc and
FBPfcc) or the load/store floating-point instructions.

The FMOVcc instructionsfunction for the floating-pointregistersasthe MOVcc instruc-
tions do for the intger raisters. See 6.3.5.1MOVcc and FMcc Instructions

TheFMOVTr instructionsfunctionfor the floating-pointregistersasthe MOVr instructions
do for the intger raisters. See 6.3.5.2MOVr and FMO/r Instructions’

If no floating-pointunit is presentor if PSTATE.PEF=0 or FPRS.FEF= 0, ary instruc-
tion that attemptsto accessan FPU register, including an FPopinstruction,generatesin
fp_disabled exception.

All FPopinstructionsclear the ftt field and setthe cexc field, unlessthey generatean
exception.Floating-pointcomparenstructionsalsowrite oneof the fccnfields. All FPop
instructionsthat can generatd EEE exceptionssetthe cexc and aexc fields, unlessthey
generatean exception. FABS(s,d,q),FMOV(s,d,q), FMOVcc(s,d,q),FMOVIr(s,d,q),and
FNEG(s,d,q) cannot generatelEEE 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 animplemented_FPop exception.

The CPU-specificFMADD and FMSUB instructions(describedn 6.3.10,“Implementa-
tion-dependeninstructions’) arealsofloating-pointoperationsThey requirethefloating-
point unit to be enabled;otherwise an fp_disabled trapis generatedThey alsoaffect the
FSRIike FPopinstructionsHowever, thesenstructionsarenotincludedin the FPopcate-
gory and,hence resenedencodingsn theseopcodegesultin anillegal_instruction trap,as
defined in sectioB.3.11, “Reseryd Opcodes and Instruction Fields”

6.3.10 Implementation-dependent Instructions

SFARC-V9 provides two instructions that are entirely implementation-dependent:
IMPDEP1 and IMPDEP2.

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

SFARCG64-I1l hasusedthe IMPDEP2instructionto implementthe Floating-pointMulti-

ply-Add/Subtractand Negative Multiply-Add/Subtractinstructions;thesehave an op3
field = 37, (IMPDEP2). See A.23.1, “IMPDEP2 (Floating-point Multiply-Add/Sub-
tract)”, for more full definitions of theseinstructions. Opcode spaceis resened in

IMPDEP2for the quad-precisioiormsof theseinstructionsHowever, SFARC644Il does
not currentlyimplementthe quad-precisioriorms, andthe CPU takesanillegal_instruction

exceptionif a quadprecisionform is specified Sincetheseinstructionsarenot partof the
requiredSFARC-V9 architecturethe OS doesnot supplysoftwareemulationroutinesfor
the quad ersions of these instructions.
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6.3.11 Reserved Opcodes and Instruction Fields

An attemptto executean opcodeto which noinstructionis assignectauses trap. Specif-
ically, attemptingto execute a resered FPop causesan fp_exception_other trap (with

FSRftt = unimplemented_FPop); attemptingto executeary other resered opcodeshall

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

6.3.12 Summary of Unimplemented Instructions

CertainSFARC-V9 instructionsare not implementedn hardwarein the CPU. Executing
ary of thesenstructionsresultsin implementation-dependebehaior, describedn Table
27.

Table 27: SPARC64-11 Actions on Unimplemented Instructions

Instructions

Trap Taken

SPARCG64-llI-specific Beha vior

Quad FPops:

(including FAMULQ)

fp_exception_other

FSR.ftt= unimplemented_Fop

POPC illegal_instruction None

RDPR FPQ illegal_instruction® There is no FPQ
STQF(A) illegal_instruction No hardvare quad support
LDQF(A)

a8 SPARCG64HI causesnillegal_instruction exceptionratherthanthe optionalfp_exception_
other (with FSRItt set tosequence_error).

Programming Note:

The OSemulatesall of theseinstructionsexceptRDPRFQ (SFARCG6441l doesnot have or needan
FQ).

6.4 Register Windo w Management

The stateof theregisterwindowsis determinedy the contentf the setof privilegedreg-

istersdescribedn 5.2.10,“RegisterWindow StateRegisters” Thoseregistersareaffected
by theinstructionsdescribedn 6.3.6,“RegisterWindov Managemeninstructions’. Priv-

ileged software can read/write these state registers directly by using RDPR/WRPR
instructions.

6.4.1 Register Windo w State Definition

In orderfor the stateof the registerwindows to be consistentthe following mustalways
be true:

CANSAVE + CANRESTORE + OTHERWIN = NWINDOWS -2

Figure22 on page64 shavs how the registerwindows arepartitionedto obtainthe above
equation. The partitions are as folla
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m  The currentwindow andthe window that overlapstwo othervalid windows and so
mustnot beused(in Figure22, windows 0 and2, respectrely) arealwayspresentaand
account for the 2 subtracted from NWINRBG in the right side of the equation.

m  Windows that do not have valid contentsand can be used(via a SAVE instruction)
without causinga spill trap. Thesewindows (window 1 in Figure 22) are countedin
CANSAVE.

m  Windows that have valid contentsfor the currentaddresspaceand canbe used(via
the RESTORE instruction)without causinga fill trap. Thesewindows (window 4 in
Figure 22 are counted in CANRESJRE.

m  Windows that have valid contentsfor an addresspaceotherthanthe currentaddress
spaceAn attemptto usethesewindows via a SAVE (RESTORE)instructionresultsin
aspill (fill) trapto a separatesetof trap vectors,asdiscussedn thefollowing subsec-
tion. These windas (windav 3 in Figure 22 are counted in THERWIN.

In addition,
CLEANWIN > CANRESTORE

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

In orderto usethe window-managemenfeaturesof the architecturedescribedn this sec-
tion, the stateof the registerwindows mustbe kept consistentat all times, exceptwithin
the trap handlerdor window spilling, filling, andcleaning.While handlingwindow traps
the statemay be inconsistentWindow spill/fill straphandlersshouldbe written sothata
nested trap can be &k without destrging state.

Programming Note:

Systemsoftwareis responsibldor keepingthe stateof the registerwindows consistentt all times.
Failure to do so will causeundefinedbehaior. For example, CANSAVE, CANRESTORE, and
OTHERWIN must neer be greater than or equal to 4 (NWINBS-1).

6.4.2 Register Windo w Traps

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

6.4.2.1 Window Spill and Fill T raps

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

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

The CPU providesthe clean_window trap sothatsoftwarecancreatea securesrnvironment
in which it is guaranteedhat registerwindows containonly datafrom the sameaddress
space.

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

ters, containeither zero or dataassignedy software executingin the addressspaceto

which the window belongs A cleanwindow cannotcontainregistervaluesfrom another
process, that is, softwe operating in a dérent address space.

Supervisorsoftware specifiesthe numberof windows that are cleanwith respectto the
currentaddresspacean the CLEANWIN register This numberincludesregisterwindows
that canbe restored(the valuein the CANRESTORE register) andthe registerwindows
following CWP that can be usedwithout cleaning.Therefore the numberof cleanwin-
dows that are\ailable to be used by the 8B instruction is

CLEANWIN — CANRESTORE

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

6.4.2.3 Vectoring of Fill/Spill T raps

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

m  Supervisorsoftwarecanmarka setof contiguousegisterwindows asbelongingto an
addressspacedifferentfrom the currentone. The countof theseregisterwindows is
keptin the OTHERWIN register A separatesetof trapvectors(fill_n_other andspill_n_
other) is providedfor spill andfill trapsfor theseregisterwindows (asopposedo reg-
ister windavs that belong to the current address space).

m  Supervisosoftwarecanspecifythetrapvectorsfor fill andspill trapsby presettinghe
fields in the WSTATE register This register containstwo subfields,eachthree bits
wide. The WSTATE.NORMAL field is usedto determineone of eightspill (fill) vec-
torsto 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 eigfiit_n_other (spill_n_other) trap \ectors.

SeeChapter 7, “Taps”, for more details on hothe trap address is determined.

6.4.2.4 CWP on Windo w Traps

Onawindow trapthe CWPis setto pointto thewindow thatmustbe accessetly thetrap
handler as follavs (Note: All arithmetic on CWP is doneodulo NWINDOWS).

m If thespill trapoccursdueto a SAVE instruction(whenCANSAVE = 0), thereis an
overlap windaov between the CWP and thexheegister windav 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 the overlapwindow, betweerthe CWP andthe window to
be spilled:

CWP ~ (CWP+ CANSAVE + 2) mod NWINDOWS

Implementation Note:
All spill traps can use

CWP ~ (CWP+ CANSAVE + 2) mod NWINDOWS
since CANSAE is zero wheneer a trap occurs due to a\@A instruction.
m  On afill trap, the winde preceding CWP must be filled:
CWP ~ (CWP — 1)mod NWINDOWS

m On aclean_winde trap, the winda following CWP must be cleaned. Then
CWP — (CWP+ 1) mod NWINDOWS

6.4.2.5 Window Trap Handler s

Thetrap handlerdor fill, spill, andclean_window trapsmusthandlethe trap appropriately
andreturnusingthe RETRY instruction,to reexecutethe trappedinstruction.The stateof
the register windows must be updatedby the trap handler and the relationshipamong
CLEANWIN, CANSAVE, CANRESTORE, and OTHERWIN must remain consistent.
The folloving recommendations should be folied:

m A spill trap handlershould executethe SAVED instructionfor eachwindow that it
spills.

m A fill traphandlershouldexecutethe RESTORED instructionfor eachwindow thatit
fills.

®m A clean_window trap handlershouldincrementCLEANWIN for eachwindow that it
cleans:

CLEANWIN ~ (CLEANWIN + 1)

Window trap handlersin SFARC6441l canbe very efficient. SeeH.2.2, “Example Code
for Spill Handler” inV9 for details and sample code.
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7.1 Overview

A trapis avectoredransferof controlto supervisosoftwarethroughatraptablethatcon-
tainsthefirst eight(thirty-two for cleanwindow, spill, fill, 32i_instruction_access_MMU _
miss,32i_data_access MMU_mismd32i_data_access_protectitvaps)instructionsof
eachtrap handler The baseaddresf thetableis establishedy supervisorsoftware, by
writing the Trap BaseAddress(TBA) register The displacementvithin thetableis deter-
minedby thetraptype andthe currenttraplevel (TL). One-halfof thetableis resenedfor
hardwaretraps;one-quarteis resened for softwaretrapsgeneratedy Tcc instructions;
the remaining quarter is resed/for future use.

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

1. Save certainprocessorstate(programcounters,CWP, ASI, CCR, PSTATE, andthe
trap type) on a hardave r@gister stack

2. Enter prvileged xecution mode with a predefined P E
3. Begin executing trap handler code in the tragctor
Whenthetraphandlerhasfinished,it useseitheraDONE or RETRY instructionto return.

A trap may be causedby a Tcc instruction,an instruction-inducedxception,a reset,an
asynchronousrror, or aninterruptrequestnot directly relatedto a particularinstruction.
The processomust appearto behae as though, before executing eachinstruction, it
determinesf thereareary pendingexceptionsor interruptrequestslf thereare pending
exceptionsor interrupt requeststhe processorselectsthe highest-priorityexception or
interrupt request and causes a trap.

Thus,an exceptionis a conditionthat makesit impossiblefor the processoto continue
executing the current instruction streamwithout software intervention. A trap is the
actiontakenby the processowhenit changegheinstructionflow in responséo the pres-
ence of anxeeption, interrupt, or Tcc instruction.

7.2 Processor States, Normal and Special T raps

The processor isw&hys in one of three discrete states:
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m execute_state, which is the normaeeution state of the processor

m RED_state(Reset, Error, and Delug state), which is a restricted execution state
resened for processingrapsthat occurwhenTL = MAXTL -1, andfor processing
hardware- and softare-initiated resets

m error_state,which is a halted state that is enteredas a result of a trap when
TL = MAXTL

Trapsprocessedh execute_stat@arecallednormal traps. Trapsprocessedn RED_state
are calledspecial traps

Figure 67shavs the processor state diagram.

Trap @
TL = MAXTL

Trap @ Trap or SIR @
TL = MAXTL -1, TL = MAXTL
Trap or SIR @
TL< MAXTL,
RED=1
execute_state RED_state error_state

Trap or SIR @
TL < MAXTL

Trap @
TL < MAXTL -1

Any State
Including P ower Off

Figure 67: Processor State Diagram\(9=37)

7.2.1 RED_state

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

m Atrap is talken when TL sMAXTL -1.

m  Any of the four reset requests occurs (POR, XIR, SIR).
m System softare sets PSNTE.RED= 1.

RED_state sems two mutually eclusive purposes:

m Duringtrapprocessingit indicatesthatthereareno moreavailabletraplevels;thatis,
if anothemestedrapis taken,the processowill entererror_statendhalt. RED_state
provides system softare with a restrictedxecution emironment.

m |t provides the recution emironment for all reset processing.
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RED_statds indicatedby PSTATE.RED.Whenthis bit is set,the processois in RED _
state;whenthis bit is clear the processors notin RED _stateindependentf the valueof
TL. Executinga DONE or RETRY instructionin RED _stateestoreghe stacled copy of
the PSTATE register, which clearsthe PSTATE.RED flag if the stacled copy had it
cleared. Systemsoftware can also set or clear the PSTATE.RED flag with a WRPR
instruction,which alsoforcesthe processoto enteror exit RED _staterespectrely. In this
casethe WRPRinstructionshouldbe placedin thedelayslotof ajump, sothatthePCcan
be changed in concert with the state change.

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

Setting PSTATE.RED via a WRPR instruction causesthe CPU to executein RED_state.This
resultsin the executionervironment,asdefinedin 7.2.1.2,"RED_stateExecutionErvironment”.
However, it is differentfrom a RED_statdrapin the sensehatthereareno traprelatedchangesn
the machine state (e.g., TL does not change).

7.2.1.1 RED_state Trap Table

Trapsoccurringin RED _stateor trapsthat causethe processoto enterRED _statausean
abbreviatedtrapvector TheRED _statdrapvectoris constructedothatit canoverlaythe
normal trap ector if necessaryigure 68 illustrates the RED_state tragtor layout.

Offset TT Reason

006 0 ReservedSFRARC-V8 reset)

2046 1 Power-on reset (POR)

60,6 3* | Externally initiated reset (XIR)
806 4 Software-initiated reset (SIR)
AOq5 * All other exceptions in RED_state

TT=3ifan eternally initiated resetXIR) occurs while the processor is not in error_state;
TT =trap type of thexxeption that caused entry into error_state if ttteraally initiated reset
occurs in error_state.

"TT =trap type of thexception. Sedable 29%n pagel49
Figure 68: RED_state Trap Vector Layout (V9=39)

The RED_statdrap vectoris locatedat animplementation-dependeatidresseferredto
asRSTVaddr In SFARC6441l RSTVaddris implementedasa 49-bit wide registerin the
CPU. The value of RSTVaddr is a constant which, for SFARC644ll is
FFFFFFFFFO000000;6 This translatesdo physical address000001FFF0000000;¢ in
RED_state.

7.2.1.2 RED_state Ex ecution En vironment

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

Programming Note:
The walues are werridden, not set, allaing them to be switched atomically
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SFARCG6441l has the follaving implementation-dependent bela in RED_state.
m The CPU gecutes in sequential mode. Thigaides the setting in SCn

m Onentryto andexit from RED _statethe CPU invalidatesthe 10 cache prefetchbuff-
ers, and the instructiorufer (1B).

m On entry to RED_stateMain Instruction TLB, Micro Instruction TLB, Main Data
TLB, Micro DataTLB are disabledandthe correspondingASR31 bits <30:27>are
set. Havever, control functions like write to Main TLB are stilhailable.

m  While Main TLBs andMicro TLBs aredisabledall accesseareassumedo be non-
cacheablandstronglyorderedfor dataaccessSeeF.7.2,“TranslationOff Mode” for
details.

m The software can resetASR31 bits <30:27>during the RED_state By doing this,
Main Data TLB and Micro Data TLB can be re-enabledn RED_state.But Main
InstructionTLB and Micro Instruction TLB cannotbe re-enabledalthoughthe soft-
wareresettheir disablebits in RED_stateRED _stateoverridesASR31bits <27,29>
andassumeshey arealwaysone.The bits becomeeffective right after exiting RED _
state.

m XIR Errors are not magkl and can cause a trap.

Programming Note:
WhenRED _statds entereddueto componenfailures,the handlershouldattemptto recover from
potentially catastrophierror conditionsor to disablethe failing componentsWhenRED _states
enterechfteraresetthesoftwareshouldcreatetheervironmentnecessaryo restorethesystento a
running state.

7.2.1.3 RED_state Entr y Traps

The following traps are processed in RED_state in all cases.

m POR (Paver-on reset): Implemented by scan inARZ644Il; not really a trap
m WDR (Watchdog reset): Not implemented inARRC644 Il

In addition,thefollowing trapsareprocesseth RED_statef TL < MAXTL whenthetrap
is taken. Otherwise it is processed in error_state.

m SIR (Software-initiated Reset)
m XIR (Externally initiated reset)
The folloving SFARC64-I111 implementation-dependent traps cause entry into RED_ state.

m  Somewatchdogtimer overflows causeentry to RED_statewith the trap type setto
watchdog (TT = 7F,). Seeb.2.11.12, “State Control Rester (ASR 31); for details.

TrapsthatoccurwhenTL = MAXTL -1 alsosetPSTATE.RED= 1, thatis, ary traphan-
dler entered with Tl= MAXTL runs in RED_state.

Any nonresettrap that setsPSTATE.RED= 1, or that occurswhen PSTATE.RED=1,
branches to a special entry in the RED_state teapov at RST¥ddr+ AO4.
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In systemsn which it is desiredthat trapsnot enterRED_statethe RED_statehandler
may transfer to the normal trapator by &ecuting the follaing code:

I Assumptions:

! -- In RED_state handler, therefore we know that

! PSTATE.RED = 1, so a WRPR can directly toggle it to 0
! and, we don’t have to worry about intervening traps.

! -- Registers %g1 and %g?2 are available as scratch registers.

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

rdpr %tt,%g1 I Get the normal trap vector
rdpr %tba,%g2 ! address in %g2.

add %g1,%9g2,%g92

rdpr %pstate,%g1l I 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_stataeseresonelevel of thetrap stackfor recovery andresetprocessing.
Software shouldbe designedo requireonly MAXTL — 1 traplevelsfor normalprocess-
ing. Thatis, ary trap that causesI'L = MAXTL is an exceptionalconditionthat should
cause entry to RED_state.

Theminimumvaluefor MAXTL is 4; typical usageof thetraplevelsis shovn in Table28:

Table 28: Typical Usage 6r Trap Levels

TL Usage

0 Normal &ecution

1 System calls; interrupt handlers; instruction emulatjon
2 Window spill / fill

3 Page-fwult handler

4 RED_state handler

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

7.2.2 Error_state

The processoenterserror_statevhena trap occurswhile the processois alreadyat its
maximum supported trapvel, that is, when Tl= MAXTL.

The following implementation-dependenbndition causesSFARC644Il to entererror_
state:

m An internal CPU watchdogtime-out occursafter 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 tdAtiBai&IP
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Note:
Entry into error_statedue to watchdogtime-outs(see5.2.11.12 “State Control Register (ASR
31)") canbe disabledby resettingthe WDT_EN andWDT_RED bits in ASR31to 0. This feature
shouldonly beusedduringsystembringupin orderto allow single-steppingn oneprocessaqtwhile
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 causeg afithe folloving trap types:
m A precise trap

m A deferred trap

m A disrupting trap

m Aresettrap

7.3.1 Precise Traps

SFARCG6441l will generatea precisetrap for all traps inducedby instructionexecution,
except fordata_breakpoint traps.

SFARC6441l implementsprecisetrapsusingtwo differentapproachesheseapproaches
affect the performance of the CPUtmot the semantics of the trap.

Precise Issue T raps (Itraps):
Itraps(issuetraps)aredetectedvhentheinstructionis issued.The CPU treatsthe
trap asa branchto the trap handlerandstartsissuinginstructionsfrom the corre-
spondingtrap handler Itrap examplesinclude window_fill, window_spill, andillegal_
instruction exceptions, the trapwahys (TA) instruction, and so on.

Precise Ex ecution T raps (Etraps):

Etraps(executiontraps)are detectedvhenthe instructionis being executed.The
CPU cancelsall instructionsfollowing the trap-inducinginstructionandwaits for

all instructionsprior to the trap-inducingnstructionto completelf thetrapis still

pending(thereare no prior instructiontraps),the CPU takes the trap and starts
issuinginstructionsfrom the correspondindrap handler Etrap examplesinclude
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 alsoinducedby a particularinstruction,but unlike a precisetrap, a
deferredtrap may occur after program-visiblestate has beenchanged.Such statemay
have been changed by theeeution of the trap-inducing instruction.

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

m Aninstructionthatcauses potentiallyoutstandingleferred-traxceptionto betaken
as atrap
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m Privilegedinstructionsthataccesghe stateinformationneedecdy the supervisorsoft-
wareto emulatethe deferred-trap-inducin@structionandto resumeexecutionof the
trapped instruction stream.

Programming Note:
Among the actions that sofare can taf after a deferred trap are:

e Emulatethe instructionsthat causedhe exceptionanduseRETRY to returncon-
trol to the instruction at which the deferred tragswirvoked, or

e Terminate the program or process associated with the trap.

SFARC6441l implements a deferred trap for the fallg trap type.

data_breakpoint (SFARC644Il-specific):
The CPU completesall programvisible changedor the trap-inducinginstruction.
Privilegedsoftware canskip the trap-inducinginstructionto continueexecutionin
the context of the trap. The priority of the data_breakpoint is lower than all other
trapsthatcanbeinducedvia aload/storeoperationSee5.2.11.9,'Data Breakpoint
Rajisters (ASR26a and ASR26b¥or details.

For deferredtraps,the TPC pointsto thetrapinducinginstruction,which may have made
programvisible statechangesasdescribedabore. All instructionsprior to TPChave com-
pletedandall instructionsubsequenb TPCremainunexecuted Note: SFARC6441l does
not need a deferred-trapqueue as describedin SFARC-V9, since deferredtraps are
deferred only within the scope of the trap-inducing instruction.

7.3.3 Disrupting T raps

A disrupting trap is neitheraprecisetrapnoradeferredtrap.A disruptingtrapis caused
by a condition (for example,aninterrupt),ratherthandirectly by a particularinstruction;
this distinguishest from preciseanddeferredtraps.Whena disruptingtrap hasbeenser-
viced, programexecutionresumeswhereit left off. This differentiatesdisruptingtraps
from reset traps, which resumeeeution at the unique reset address.

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

A disruptingtrap may be dueeitherto aninterruptrequesiot directly relatedto a previ-
ously executedinstructionor to an exceptionrelatedto a previously executedinstruction.
Interruptrequestsmay be eitherinternalor external. An interruptrequesttanbeinduced
by theassertiorof asignalnotdirectly relatedto ary particularprocessoor memorystate.
Examples of this are the assertion of an “I/O done” signal.

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

Disrupting trap conditions should persist until the corresponding trapeis.tak

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

e Use RETF to return to the instruction at which the trapsarrvoked
(PC « old PC, nPC- old nPC), or
e Terminate the program or process associated with the trap.

SFARC6441l implementsdisruptingtrapsin responseo asynchronougventsthat are
detectedsia input signalsaswell asfor asynchronousrrorsdetectedvithin the CPU.The
SFARC6441l CPU recognizes tw catgories of disrupting traps.

Normal Disrupting T rap:

A normaldisruptingtrap is causedoy interruptsignalsfrom the UPA bus, setting
SCHED _INTregister(ASR22),or a watchdogtimer overflov whenWDT_EN=1
and WDT_RED=0 in the SCR register or by an asynchronouserror See
5.2.11.12, “State Control Bester (ASR 31); for details.

e Interrupts: When the CPU is ready to acceptan interrupt signal (basedon
PSTATE.IE andthePIL), it stopsissuinginstructionsandwaitsfor the CPUto qui-
escelt thenissuesnstructionsrom the correspondingrap handlerif theinterrupt
conditionis still valid. The TPC pointsto theinstructionthatwould have executed
in theabsenc®f the disruptingtrap. All instructionsprior to TPC have completed
and all instructions including and subsequent to TPC remaxeoun&d.

e Watchdog: The TPC points to the earliest uncommitted instruction.

e Asynchronougrror: The TPCpointsto theinstructionthatwould have executedn
theabsencef thedisruptingtrap.All instructionincludingandsubsequernto TPC
remain ungecuted.

RED_state Disrupting T rap:

A RED-statedisruptingtrapis causedy anexternalsignal(XIR). Watchdogimer
overflows can also causea RED _statedisruptingtrap if WDT_RED=1 in the
SCRregister Seeb.2.11.12'State Control Register (ASR 31)” for details.When
the CPUdetectssucha signal,it cancelsall instructionsthathave beenissuedand
waits for the CPU to quiesce.The CPU may not be ableto cancela storeinstruc-
tion thathasbeenissuedo the D1-CacheNote: The sameappliesto loads(to I/O
registers)thathave sideeffects. The TPCpointsto theinstructionthathasnot exe-
cuted(hasnot madeary program-visiblestatechange)The exceptionto this rule:
TPC pointsto a load/storeoperation,in which casethe load/storeoperationmay
have causedprogramvisible statechangesAll instructionsprior to TPC have
completed, and all instructions subsequent to TPC remaxecuied.




7.3.4 Reset Traps 145

7.3.4 Reset Traps

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

Paver-on Reset (POR) is implemented by scanning in the reset statéARCS&II.
The following reset traps are defined forAFRC644II:

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

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

Externall y initiated reset (XIR):
Initiatedin responsé¢o anexternalsignal.Thisresettrapis normally usedfor criti-
cal systemwents, such as peer failure.

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

1. Resetraps,exceptsoftware_initiated_reset traps,occurasynchronouslyo programexe-
cution.

2. Whenrecovery from an exceptioncanaffect the interpretationof subsequennstruc-
tions, such xceptions shall be precise. Thegeeaptions are:

e software_initiated reset

e instruction_access_exception

e privileged action

e privileged opcode

e trap_instruction

e instruction_access_error

e clean_window

e fp_disabled

e LDDF_mem_address_not_aligned
e STDF_mem_address_not_aligned
e tag overflow

e spill_n_normal

e spill_n_other

e fill_n_normal

e fill_n_other

3. All exceptions that occur as the result of program execution are precise in
SFARCG644Il, except fordata_breakpoint.
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4. An exceptioncausedaftertheinitial accesof a multiple-acces$oad or storeinstruc-
tion (load-storedoublevord, LDSTUB, CASA, CASXA, or SWAP) thatcauses cata-
strophic &ception is precise.

5. Exceptionsausedy externaleventsunrelatedo theinstructionstreamsuchasinter-
rupts, are disrupting.

A deferredrapmayoccuroneinstructionafterthetrap-inducingnstructionis dispatched.

Theonly deferredrapin SFARC644 I is data_breakpoint. Evenonadeferredrapthe TPC
pointsto the instructionthat causedhe trap andfollowing instructionshave not yet exe-
cuted. Thus SARC644I1l does not need an irder or floating-point deferred-trap queue.

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

m  Theinterruptenablg(IE) field in PSTATE andtheprocessomterruptlevel (PIL) regis-
ter control interrupt processing.

m The enablefloating-pointunit (FEF) field in FPRS,the floating-point unit enable
(PEF)field in PSTATE, andthe trap enablemask(TEM) in the FSR controlfloating-
point traps.

m The TL register which containsthe currentlevel of trap nesting,controlswhethera
trap causes entry txecute_state, RED_state, or error_state.

m PSTATE.TLE determineswhetherimplicit dataaccesse# the trap routine will be
performed using the big- or little-endian byte order

7.4.1 PIL Contr ol

SFARCG6441l receves external interruptsfrom the UPA interconnect.They causean
interrupt_vector_trap (TT=60,¢). Theinterruptvectortrap handlerreadsthe interruptinfor-
mation and then schedulesSFARC-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 registeris modified (with a WRPR instruction)using a sourceregister (other
than%g0+ imm), the CPUdoesnotrespondo interruptrequestantil the WRPRinstruc-
tion completes (that is, until thewevalue of PIL is gailable).

During handling of SFARC-V9 compatibleinterruptsby the CPU, the PIL register is
checledtwice. Thefirst checkcauseshe CPUto quiesceo a pointwhereno instructions
areactie. At this pointthe valueof the PIL registeris comparedagainstthe currentinter-
rupt level to determineif all criteriaarestill metfor the interrupt.If so,theinterruptwill
be talen.

Betweenthe executionof instructions,the IU prioritizesthe outstandingexceptionsand
interruptrequestsaccordingto Table30 on pagel50. At any giventime, only the highest
priority exceptionor interruptrequestis taken as a trap! When thereare multiple out-
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standingexceptionsor interruptrequestsSFARC-V9 assumethatlower-priority interrupt
requestswill persistand lower-priority exceptionswill recur if an exception-causing
instruction is regecuted.

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

ing.
SFARCG6441l takes a normal disrupting trap foxternal interrupt signals.

7.4.2 TEM Contr ol

The occurrenceof floating-pointtrapsof type IEEE_754_exception canbe controlledwith
theuseraccessiblerap enablemask(TEM) field of the FSR.If a particularbit of TEM is
1, the associatedEE_754_exception can cause afp_exception_ieee_754 trap.

If a particularbit of TEM is 0, the associatedEEE_754_exception doesnot causean fp_
exception_ieee_754 trap.Insteadthe occurrenceof the exceptionis recordedn the FSR's
accrued rception field &exc).

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

7.5 Trap-table Entry Addresses

Privilegedsoftwareinitializesthe trap baseaddresg TBA) registerto the upper49 bits of
thetrap-tablebaseaddressBit 14 of thevectoraddresgthe“TL >0” field) is setbasedn
thevalueof TL atthetime thetrapis taken;thatis,to O if TL =0 andto 1if TL > 0. Bits
13..5 of thetrapvectoraddressarethe contentsof the TT register Thelowestfive bits of
the trap addressbits 4..0, are always 0 (henceeachtrap-tableentry is at least2® or 32
bytes long). Figure 69 illustrates this.

TBA<63:15> TL>0 TT+. |00000

63 15 14 13 5 4 0

Figure 69: Trap Vector Address ¥9=39)

1. Thehighestpriority exceptionor interruptis the onewith the lowestpriority valuein Table30. For
example, a priority 2xception is processed before a priorityxg@eption.
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7.5.1 Trap Table Organization
The trap table layout is as illustratedFigure 70

Trap Table Contents Trap Type
Value of TL

Before the Trap Hardware traps 00044..07F ¢
_ Spillfill traps 0804¢..0FF ¢
TL=0 Software traps 10044..17F
Reserved 1804¢..1FF 14
Hardware traps 20044..27F ¢
L0 Spill/fill traps 28046..2FF 44
Software traps 30044..37F16
Reserved 38045..3FF 14

Figure 70: Trap Table Layout (V9=40)

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

7.5.2 Trap Type (TT)

Whena normaltrapoccurs,avaluethatuniquelyidentifiesthetrapis written into the cur-
rent9-bit TT register(TT[TL]) by hardware.Controlis thentransferrednto thetraptable
to an addresdormedby the TBA register (“TL >0”) and TT[TL] (see5.2.8,“Trap Base
Address(TBA) Register’). Thelowestfive bits of the addressarealwayszero;eachentry
in the trap table may contain the first eight instructions of the corresponding trap .handler

Programming Note:

Thespill/fill andclean_window traptypesarespacedsuchthattheir trap-tableentriesare128 bytes
(32 instructions)long. This allows the completecodefor one spill/fill or clean_window routineto
reside in one trap-table entry

Whena specialkrapoccurstheTT registeris setasdescribedn 7.2.1,“RED _state’; Con-
trol is thentransferrednto the RED _statetrap table to an addressormed by the RST-
Vaddr and an édet depending on the condition.

TT values 000,4..0FF4 are resened for hardware traps. TT values 1004..17F4 are
resened for software traps(trapscausedby executionof a Tcc instruction). TT values
180;¢..1FF ¢ arereseredfor futureusesTheassignmenof TT valuesto trapsis shovn in
Table 29; Table 30 lists the traps in priority order Traps marked with ‘t’ are the
SFARCG64-l111-specific traps.

Programming Note:

Thesetwo tables correspondto tables14 and 15 in V9, except that unimplementedtraps in
SFARCG644I11 are omitted from tables 29 and 30.

The trap type for the clean_window exceptionis 0245 Three subsequentrap vectors
(0255..027,¢) areresenedto allow for aninline (branchlessjrap handler Window spill/
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fill trapsaredescribedn 7.5.2.1.Threesubsequerttrapvectorsareresenedfor eachspill/
fill vector to allav for an inline (branchless) trap handle

Table 29: Exception and Interrupt Requests, by TT \alue (V9=14)

Exception or Interrupt Request TT Priority Comments
power_on_reset 00%¢ 0
externally_initiated_reset 0034 1
software_initiated_reset 0044 1
RED_state_exception 0054 1
instruction_access_exception 0084 5 MMU misses—protectionxeeptions only
instruction_access_error 00A6 3
illegal_instruction 010 7
privileged_opcode 014 6
fp_disabled 020, 8
fp_exception_ieee_754 0214 11
fp_exception_other 0224 11
tag_overflow 0234 14
clean_window 024,6..027,¢ 10
division_by_zero 0284 15
data_access_exception 0306 12
data_access_error 0325 12
mem_address_not_aligned 0346 10
LDDF_mem_address_not_aligned 0355 10
STDF_mem_address_not_aligned 0366 10
privileged_action 0376 11
interrupt_level_n (n=1..15) 041;6..04F | 32-n
interrupt_vector_trap 0604 16
data_breakpoint t 0614 14
programmed_emulation_trap 0624 6
async_error T 0634 2
32i_instruction_access_ MMU_miss 1 | 064;¢..067;4 2 32 instr trap for I-TLB miss
32i_data_access_MMU_miss t 0685..06B;5| 12 |32 instrtrap for DTLB miss
32i_data_access_protection T 06C.4..06F ¢ 12 |32 instr. trap for dataprotection,including
write to clean page.
Watchdog t 07F 1
spill_n_normal (n=0..7) 080,6..09F4 9
spill_n_other (n=0..7) 0AOQ44..0BF¢ 9
fil_n_normal (n=0..7) 0CO04..0DF¢ 9
fil_n_other (n=0..7) OEQ4..0FFg 9
trap_instruction 1005..17F5 16
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Table 30: Exception and Interrupt Requests, by Priority (0O = High; 31 = Lav) (V9=15)

Exception or Interrupt Request TT Priority
power_on_reset 00144 0
externally_initiated_reset 0034 1
software_initiated_reset 0044 1
RED_state_exception 0054 1
Watchdog 07F 1
asnc_error t 0634 2
32i_instruction_access_ MMU_miss T 0644..067; 2
instruction_access_error 00A¢ 3
instruction_access_exception 008, 5
privileged_opcode 014 6
programmed_emulation_trap T 0624 6
illegal_instruction 0104 7
fp_disabled 0205 8
spill_n_normal (n=0..7) 080;5..09F¢ 9
spill_n_other (n=10..7) 0AO44..0BFg 9
fill_n_normal (n =0..7) 0CO0..0DF¢ 9
fil_n_other (n=0..7) OEQ4..0FFg 9
clean_window 024,6..027,¢ 10
mem_address_not_aligned 0346 10
LDDF_mem_address_not_aligned 0354 10
STDF_mem_address_not_aligned 0364 10
fp_exception_ieee_754 0214 11
fp_exception_other 0224 11
privileged_action 0376 11
data_access_exception 0306 12
data_access_error 0324 12
32i_data_access_MMU_miss T 064,6..06B;¢ 12
32i_data_access_protection t 06C,¢..06F g 12
tag_overflow 0234 14
data_breakpoint T 0614 14
division_by_zero 0284 15
interrupt_vector_trap T 060;¢ 16
trap_instruction 1006..17F4 16
interrupt_level_n (n=1..15) 041¢..04F 32-n
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7.5.2.1 Trap Type for Spill/Fill T raps

Thetraptype for window spillffill trapsis determinedbasedon the contentsof the OTH-
ERWIN and WSRATE registers as shven in Figure 71

Trap Type SPILL_OR_FILL [OTHER WTYPE 0 0

8 6 5 4 2 1 0

Figure 71: Trap Type Encoding For Spill / Fill T raps

The fields hae the follaving values:

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

OTHER:
(OTHERWIN 20)

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

7.5.3 Details of Suppor ted Traps

7.5.3.1 New 32 Instruction Length T raps

SFARC6441l supportghree32 instructiontrapsfor handlingthe mostperformancesensi-
tive MMU traps:

1. 32i_instruction_access_MMU_miss
2. 32i_data_access_ MMU_miss

3. 32i_data_access_protection

Thefirst two trapsaretaken whenthe main TLBs misson aninstructionor 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 pageedak clean in the TLB.

Eachof thesetrap vectorstakesup 4 slotsin thetraptable;this meanghateachtrap han-
dlers can contain up to 32 instructions before a branch is needed.

7.5.3.2 Other SPARCG64-I1ll Implementation-Specific T raps
SFARCG644I1l supports the follaving implementation-specific trap types:

1. interrupt_vector_trap
2. data_breakpoint
3. async_error

4. watchdog
5

programmed_emulation_trap
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7.5.3.3 Unimplemented T raps in SPARC64-1lI
Watchdog reset

instruction_access_ MMU_miss

unimplemented_LDD

unimplemented_STD

internal_processor_error

data_access_MMU_miss

data_access_protection

LDQF_mem_address_not_aligned

© © N o g &M w N oPE

STQF_mem_address_not_aligned

10. async_data_error

7.5.4 Trap Priorities

Table29 on pagel49shaws the assignmenof trapsto TT valuesandtherelative priority
of trapsandinterruptrequestsPriority O is highest priority 31is lowest;thatis, if X<Y, a
pendingexceptionor interruptrequestvith priority X is takeninsteadof a pendingexcep-
tion or interrupt request with priority

However, the TT valuesfor the exceptionsandinterruptrequestshowvn in Table29 must
remain the same fowery implementation.

Thetrapprioritiesgivenabove alwaysneedto be consideredn light of how the CPUactu-
ally issuesand executesinstructions.For example,if an instruction_access_error 0Ccurs
(priority 3), it will be taken evenif the instructionwasan SIR (priority 1). This occurs
becausehe CPU getsthe instruction_access_error during I-fetch and never actuallyissues
or executegheinstruction,sothe SIR is never seenby the baclkendof the CPU. Thisis an
obvious case, Wt there are other more subtle cases.

In summary the trap priorities are usedto prioritize trapsthat occurin the sameclock
cycle. They do not take into consideratiorthat an instructionmay be alive for multiple
cyclesandthatatrapmaybedetectecandinitiatedearlyin thelife onaninstruction.Once
the early trap is taken, arny errorsthat might have occurredlater in the instructions life
will not be seen.

7.5.4.1 Priority Or dering of Priority 1 and 2 T raps

Sincemultiple priority 1 and2 trapscanoccursimultaneouslySFARC644Il enforceshe
following priority within the priority 1 and 2 traps:

1. XIR
2. SIR

3. async_error
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For example,if the SFARC6441l CPU detectsan async_error and sir simultaneouslyit
takes thesIR.

7.6 Trap Processing

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

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

Whena normaltrap or software-initiatedreset(SIR) occurswith TL = MAXTL, thereare
no morelevels on the trap stack,sothe processoenterserror_stateandhalts.In orderto
avoid this catastrophidailure, SFARC-V9 providesthe RED _statgrocessostate.Traps
processedn RED _stateusea specialtrap vectorand a specialtrap-vectoringalgorithm.
RED_statevectoringandthe settingof the TT valuefor RED _statdrapsaredescribedn

7.2.1, RED_staté

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

OncetheprocessohasenteredRED _stateno matterhow it gotthere all subsequertraps
areprocessedh RED _statauntil softwarereturnsthe processoto execute_stater a nor-
mal or SIR trap is taken when TL = MAXTL, which putsthe processolin error_state.
Tables31, 32, and 33 describethe processomodeandtrap-lesel transitionsinvolved in
handling traps:

Table 31: Trap Receved While in execute_state\(9=16)

New State, after receiving trap type
Original State No(r)rlmglr;lrj;atp POR |mp>|(.”§),ep. SIR
execute_state execute_state RED_state RED_state RED_state
TL < MAXTL -1 TL+1 MAXTL TL+1 TL+1
execute_state RED_state RED_state RED_state RED_state
TL =MAXTL -1 MAXTL MAXTL MAXTL MAXTL
execute_stafb error_state RED_state error_state error_state
TL =MAXTL MAXTL MAXTL MAXTL MAXTL

™This state occurs when sofive changes TL to MAXTL and does not set REH.RED, or if it
clears PSATE.RED while at MAXTL.
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Table 32: Trap Receved While in RED_state ¥9=17)
New State, after receiving trap type
. Normal Trap XIR,
Original State or Interrupt POR Impl. Dep. SIR
RED_state RED_state RED_state RED_state RED_state
TL < MAXTL -1 TL+1 MAXTL TL+1 TL+1
RED_state RED_state RED_state RED_state RED_state
TL =MAXTL -1 MAXTL MAXTL MAXTL MAXTL
RED_state error_state RED_state error_state error_state
TL =MAXTL MAXTL MAXTL MAXTL MAXTL
Table 33: Reset Receied While in error_state V9=18)
New State, after receiving trap type
- Normal Trap XIR,
Original State or Interrupt POR Impl. Dep. SIR
error_state RED_state RED_state
TL < MAXTL -1 MAXTL TL+1
error_state RED_state RED_state
TL =MAXTL -1 MAXTL MAXTL
error_state RED_state error_state
TL = MAXTL MAXTL MAXTL

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

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

m If theprocessors alreadyin RED_statethenew trapis processeth RED_stateunless
TL = MAXTL. See 7.6.2.6, Normal Traps When the Processor Is in RED _state

m If the processoiis in execute_statend the trap level is one lessthan its maximum
value,thatis, TL = MAXTL -1, the processorentersRED state.See7.2.1,“RED
staté and 7.6.2.1, Normal Traps with TL= MAXTL —1”

m If theprocessors in eitherexecute_stater RED_stateandthetraplevel is alreadyat
its maximumvalue,thatis, TL = MAXTL, theprocessoenterserror_stateSee7.2.2,
“Error_staté

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

m Thetraplevelis set.Thisprovidesaccesso afreshsetof privilegedtrap-stateegisters
used to see the current state, infe€t, pushing a frame on the trap stack.

TL « TL+1

m Existing state is presesd
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TSTATE[TL].CCR
TSTATE[TL].ASI
TSTATE[TL].PSTATE
TSTATE[TL].CWP
TPC[TL]
TNPC[TL]

m The trap type is presezd.
TT[TL]

«—

CCR
ASI
PSTATE
CWP
PC

nPC

the trap type

m The PSATE rgister is updated to a predefined state

PSTATE.MM
PSTATE.RED
PSTATE.PEF
PSTATE.AM
PSTATE.PRIV
PSTATE.IE
PSTATE.AG
PSTATE.CLE
PSTATE.TLE

is unchanged

«—

«—

«—

«—

0

1if FPU is present, 0 otherwise

0 (address masking is turned)of

1 (the processor enters\pkeged mode)

0 (interrupts are disabled)

1 (global rgs are replaced with alternate globals)

PSTATE.TLE (set endian mode for traps)

is unchanged

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

e If TT[TL] =024, (aclean_window trap), then CWR- CWP+ 1.
e If (080,5< TT[TL] < OBF,¢) (window spill trap), then CWR-

CWP+ CANSAVE + 2.

e If (0CO,;< TT[TL] < OFF,g) (window fill trap), then CWP— CWP-1.

For nonrgjisterwindow traps, CWP is not changed.

m  Control is transferred into the trap table:
PC « TBA<63:15>[] (TL>0) [] TT[TL] [] 00000
nPC « TBA<63:15>[] (TL>0) [] TT[TL] [/ 00100

where “(TL>0)"is 0 if TL=0, and 1 if TL> 0.

Interrupts are ignored as long as RSBE.IE = 0.
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Programming Note:
Statein TPCIn], TNPCJn], TSTATE[n], andTT[n] is only changecautonomoushpy the processor
whena trap is taken while TL = n—1; however, software can changeary of thesevalueswith a
WRPR instruction when TE n.

7.6.2 Special Trap Processing

The following conditions imoke special trap processing:

m  Traps takn with TL= MAXTL -1

m Power-on reset traps

m  Watchdog reset traps

m Externally initiated reset traps

m Software-initiated reset traps

m  Traps takn when the processor is already in RED_state

m Implementation-dependent traps

7.6.2.1 Normal Traps with TL = MAXTL -1

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

m The trap lgel is adanced.
TL —« MAXTL

m EXxisting state is presesd

TSTATE[TL].CCR ~ CCR
TSTATE[TL].ASI ~ ASI
TSTATE[TL].PSTATE ~ PSRTE
TSTATE[TL].CWP ~ CWP
TPC[TL] - PC
TNPC[TL] ~ nPC

m The trap type is presezd.
TT[TL] « the trap type
m The PSATE raister is set as folles:
PSTATE.MM ~ 00, (TSO)
PSTATE.RED — 1 (enter RED_state)
PSTATE.PEF ~ 1if FPU is present, O otherwise
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PSTATE.AM ~ 0 (address masking is turned)of

PSTATE.PRIV ~ 1 (the processor enters\pkeged mode)
PSTATE.IE « 0 (interrupts are disabled)

PSTATE.AG — 1 (global rgs are replaced with alternate globals)
PSTATE.CLE — 0 (big-endian mode for traps)

PSTATE.TLE ~ 0 (big-endian mode for traps)

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

e If TT[TL] = 024, (aclean_window trap), then CWR- CWP+ 1.

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

e |[f (0CO,5< TT[TL] < OFF¢)(window fill trap), then CWP- CWP-1.
For nonrgjisterwindow traps, CWP is not changed.
m Implementation-specific state changes; fareple, disabling an MMU

m Control is transferred into the RED _state trap table
PC ~ RST\addr<63:8>] 10100000,
nPC ~ RST\addr<63:8>] 10100100,

7.6.2.2 Power-On Reset (POR) Traps

PORtrapsoccurwhenpoweris appliedto the processarif the processors in error_state,
apower-onreset(POR)bringsthe processoput of error_statendplacest in RED_state.
Processor state is undefined after PO®Rept for the follaving:

m The trap leel is set.
TL —« MAXTL
m The trap type is set.
TT[TL] < 00,
m The PSATE raister is set as folles:

PSTATE.MM ~ 00, (TSO)

PSTATE.RED ~ 1 (enter RED_state)

PSTATE.PEF ~ 1if FPU is present, 0 otherwise
PSTATE.AM ~ 0 (address masking is turned)of
PSTATE.PRIV — 1 (the processor enters\pkeged mode)

PSTATE.IE ~ 0 (interrupts are disabled)
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PSTATE.AG ~ 1 (global rgs are replaced with alternate globals)
PSTATE.TLE — 0 (big-endian mode for traps)
PSTATE.CLE « 0 (big-endian mode for non-traps)

m The TICK raister is protected.
TICK.NPT ~ 1 (TICK unreadable by nonprieged softvare)
m Implementation-specific state changes; fareple, disabling an MMU

m  Control is transferred into the RED_state trap table
PC ~ RST\addr<63:8>] 00100000,
nPC ~ RST\addr<63:8>] 00100100,

For ary resetwhenTL = MAXTL, for all n<MAXTL, thevaluesin TPC|[n], TNPC|n],
and TSATE[n] are undefined.

In SFARC644Il PORstateis scannednto the CPU from the ScanPROM. After thescan
the CPU clock is started and the CP\gihs eecuting the POR trap handler

See0.1.1, “Paveron Reset (POR)for more information.

7.6.2.3 Watchdog Reset (WDR) T raps
SPARCG64-11l does not support Watchdog Reset (WDR) eset traps.

7.6.2.4 Externall y Initiated Reset (XIR) T raps

XIR trapsareinitiated by anexternalsignal. They behae like aninterruptthatcannotbe
masled by IE = 0 or PIL. Typically, XIR is usedfor critical systemeventssuchaspower
failure, resetbutton pressedfailure of externalcomponentshatdoesnot requirea WDR
(which aborts operations), or system-wide reset in a multiprocessor

The following state changes occur:
m |f TL = MAXTL, the CPU enterrror_state. Otherwise, it does the follong:
m The trap leel is set.

TL - TL+1

m Existing state is presezd.

TSTATE[TL].CCR ~ CCR
TSTATE[TL].ASI ~ ASI
TSTATE[TL].PSTATE ~ PSTATE
TSTATE[TL].CWP ~ CWP
TPCI[TL] - PC

TNPC[TL] - nPC
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m TT[TL] is set as described belo
m The PSATE rgister is set as folles:

PSTATE.MM — 00, (TSO)

PSTATE.RED — 1 (enter RED_state)
PSTATE.PEF ~ 1if FPU is present, O otherwise
PSTATE.AM — 0O (address masking is turned)of

PSTATE.PRIV -
PSTATE.IE -
PSTATE.AG -
PSTATE.CLE -

1 (the processor enters\pleged mode)
0 (interrupts are disabled)
1 (global rg@s are replaced with alternate globals)

0 (big endian mode for traps)

PSTATE.TLE «~ 0 (big endian mode for traps)

m Implementation-specific state changes; faraple, disabling an MMU.

m Control is transferred into the RED_state trap table.
PC ~ RST\addr<63:8>] 01100000,
nPC — RST\addr<63:8>] 01100100,

TT is setin the samemannerasfor watchdogreset.If the processois in execute_state
when the gternally initiated reset (XIR) occurs, H3.

For ary resetwhenTL = MAXTL, for all n<MAXTL, thevaluesin TPC[n], TNPC|n],
and TSATE[n] are undefined.

See0.1.3, “Externally Initiated Reset (XIRJor more information.

7.6.2.5 Software-initiated Reset (SIR) T raps

Normally in SFARC-V9 CPUs,SIR trapsareinitiated by executingan SIR instruction.In
SFARCG6441l, however, SIRis initiated by a WRASR#27 (WRSIR)instruction.Supervi-
sor softvare uses the SIR trap as a panic operation, or a meta-supervisor trap.

The following state changes occur:

m If TL = MAXTL, then enter error_state. Otherwise, do the foitay:

m The trap leel is set.
TL « TL+1

m Existing state is presesd
TSTATE[TL].CCR
TSTATE[TL].ASI
TSTATE[TL].PSTATE

~ CCR
~ ASI
~ PSTATE
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TSTATE[TL].CWP ~ CWP
TPC[TL] - PC
TNPC[TL] - nPC

m The trap type is set.
TT[TL] < 04

m The PSATE raister is set as folles:

PSTATE.MM -
PSTATE.RED -
PSTATE.PEF -
PSTATE.AM -
PSTATE.PRIV -
PSTATE.IE -
PSTATE.AG -
PSTATE.CLE -
PSTATE.TLE -

00, (TSO)

1 (enter RED_state)

1 if FPU is present, O otherwise

0 (address masking is turned)of

1 (the processor enters\pleged mode)

0 (interrupts are disabled)

1 (global rgs are replaced with alternate globals)

0 (big endian mode for traps)

0 (big endian mode for traps)

m Implementation-specific state changes; faraeple, disabling an MMU.

m Control is transferred into the RED_state trap table
PC ~ RST\addr<63:8>] 10000000,
nPC ~ RST\addr<63:8>] 10000100,

For ary resetwhenTL = MAXTL, for all n<MAXTL, thevaluesin TPCn], TNPC|n],

and TSATE[n] are undefined.

See0.1.4, “Softvare Initiated Reset (SIR¥or more information.

7.6.2.6 Normal Traps When the Pr ocessor Is in RED_state

Normal traps taken when the processolis alreadyin RED_stateare also processedn
RED_state, unless T£ MAXTL, in which case the processor enters error_state.

The processor state shall be set as\ialo

m The trap lgel is set.
TL -« TL+1

m EXxisting state is presesd.

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

m The trap type is presezd.
TT[TL] ~ trap type
m The PSATE raister is set as folles:

PSTATE.MM ~ 00, (TSO)

PSTATE.RED ~ 1 (enter RED_state)

PSTATE.PEF ~ 1if FPU is present, 0 otherwise

PSTATE.AM ~ 0 (address masking is turned)of

PSTATE.PRIV ~ 1 (the processor enters\pleged mode)
PSTATE.IE « 0 (interrupts are disabled)

PSTATE.AG ~ 1 (global rgs are replaced with alternate globals)
PSTATE.CLE ~ 0 (big endian mode for traps)

PSTATE.TLE ~ 0 (big endian mode for traps)

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

o If TT[TL] = 0244 (aclean_window trap), then CWR- CWP+ 1.

e [f (080,5< TT[TL] < OBF,¢) (window spill trap), then
CWP — CWP+ CANSAVE + 2.

e If (0CO,5< TT[TL] < OFFg) (window fill trap), then CWP—- CWP-1.
For nonrgjisterwindow traps, CWP is not changed.
m Implementation-specific state changes; fareple, disabling an MMU

m Control is transferred into the RED _state trap table
PC ~ RST\addr<63:8>] 10100000,
nPC ~ RST\addr<63:8>] 10100100,

7.7 Exception and Interrupt Descriptions

The following paragraphslescribethe variousexceptionsandinterruptrequestsandthe
conditionsthatcausehem.Eachexceptionandinterruptrequestlescribeshecorrespond-
ing trap type as definedby the trap model. Traps marked with a closedbullet ‘@’ are
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definedby SFARC-V9 andimplementedn SFARC6441l. Trapsmarkedwith adaggert’

are implementation-dependemind definedonly in SFARC6441l. Note: This encoding
differs from that shovn 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.

t 32i_data_access_MMU_misHt = 068, through 06B4] (Precise ETap)

This trap occurswhenthe MMU detectsa Main TLB misswhile makingan data
accessThis trap takes 4 trap vectors.This allows the main TLB misshandlerto
execute up to 32 instructions before needing to branch out of the trap handler

t 32i_data_access_pmtection [tt = 06Cz through 06k] (Precise Efap)

This trap occurswhenthe MMU detectsa Main TLB protectionviolation while
making a dataaccessThis trap takes 4 trap vectors.This allows the main TLB
miss handlerto executeup to 32 instructionsbeforeneedingto branchout of the
trap handler

t 32i_instruction_access_ MMU_mis$tt = 064, through 067 (Precise ITap)

This trap occurswhen the MMU detectsa Main TLB miss while making an
instructionaccessThis trap takes 4 trap vectors.This allows the main TLB miss
handlerto executeup to 32 instructionsbeforeneedingto branchout of the trap
handler

Tt async_eror [tt = 063,4 (Disrupting)
The CPU detectsan asynchronougrror. SeeP.7.1, “Read/Write TDU Error Log
Reagister”, P7.2, “Read/Write ICU Error Log Register”, and P.7.3, “Read/Write

DC Error Log Rajister” for detailsof the typesof hardware errorsthatcancause
this trap.

e clean_window [tt = 0245..027,4] (Precise)

A SAVE instructiondiscoveredthat the window aboutto be usedcontainsdata
from another address space; the wimaoust be cleaned before it can be used.

e data access_ewr [tt = 0324 (Precise)

An error occurredon a dataaccessThe detailedinformation of the dataaccess
erroris loggedinto the FTYPEfield of DataAccessFault Type Register(ASR29).
Below is thelist of errorsandtheir descriptionsvhich causeandata_access_error
trap.

uDTLB 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 Cacheaf occurs on a data access.
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D1 Cache Tag Multiple Hit:
A multiple hitin D1 Cache 8g 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 receed from the system controller for a data access.

UPA Time Out:
A S_RTO reply is recaied from the system controller for a data access.

See5.2.11.10.2Data AccessFault Type Register(ASR29)” for theTYPEencod-
ing and the error priority

e data_access_exceptiofit = 030,4] (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_accessxeeption trap.

Invalid ASI:
An attempt to do load or store with undefined or resgASI.

lllegal Access to Str ongly Ordered P age:

An attemptto accessa stronglyorderedpageby ary type of load instruc-
tion with non_&ulting ASI.

An attempt to access a strongly ordered page by FLUSH instruction.

lllegal Access to Non F aulting Onl y Page:
An attemptto accessa nonfaulting only pageby ary type of load or store
instruction or FLUSH instruction with ASI other than n@uiting ASI.

lllegal Access to Noncac heble Page:
An attemptto accessa noncacheablpageby atomicinstructions(CASA,
CASXA, SWAP, SWAPA, LDSTUB, LDSTURA).
An attemptto access noncacheablpageby atomicquadloadinstructions
(LDDA with ASI=24, 2c).
An attempt to access a honcacheable page by FLUSH instruction.

Seeb.2.11.10.2Data AccessFault Type Register(ASR29)” for the TYPE encod-
ing and the xception prioprity

Tt data_breakpoint [tt = 061;¢] (Deferred)

The virtual addressand accessrivilege of a committedload or storematchthe
address and accessvigge in the Data Breakpoint Bister
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division_by zeo [tt = 028,¢] (Precise)
An integer dvide instruction attempted touiile by zero

extemally_initiated_reset[tt = 003, (Reset)

An externalsignalwasassertedThis trap is usedfor catastrophieventssuchas
power failure, resetbutton pressedand system-wideresetin multiprocessosys-
tems.

fill_n_normal [tt = 0CO,4..0DF,4] (Precise)

fill_n_other [tt = 0EQ,,..0FF,¢ (Precise)

A RESTORE or RETURNInstructionhasdeterminedhatthe contentsof aregis-
ter windav must be restored from memory

Compatibility Note:
The SRRC-V9 fill_n_* exceptions supersede the A®C-V8 window_underflow exception.

fp_disabled|[tt = 020, (Precise)
An attemptwas madeto executean FPop,a floating-pointbranch,or a floating-

point load/storeinstructionwhile an FPU was not presentPSTATE.PEF= 0, or
FPRS.FEF 0.

e fp_exception_ieee_75#t =021, (Precise)
An FPopinstructiongenerate@&n IEEE_754 &ceptionandits correspondingrap
enablemask(TEM) bit was1. Thefloating-pointexceptiontype, |[EEE_754_excep-
tion, is encodedin the FSRftt, and specific IEEE_754_exception information is
encoded in FSRexc.

e fp_exception_other[tt = 022 4] (Precise)
An FPopinstructiongeneratecn exceptionotherthanan|EEE_754_exception. For

example,the FPopis unimplementedor therewasa sequencer hardwareerrorin
the FPU. The floating-poinkeeption type is encoded in the FSRt field.

e llegal_instruction [tt = 010,¢] (Precise)
An attemptwasmadeto executeaninstructionwith anunimplemente@pcode an
ILLTRAP instruction,aninstructionwith invalid field usagepr aninstructionthat
would resultin illegal processorstate.Note: Unimplemented=Pop instructions
generatép_exception_other traps.

e instruction_access_eror [tt = 00A;¢ (Precise)
An error occurredon an instruction access.The detailed information of the
instructionaccessrroris loggedinto the FTYPEfield of InstructionAccessFault
Type Register (ASR24).Below is the list of errorsandtheir descriptionswhich
cause an instruction_access_error trap.

I0 Cache Tag Parity Err or:
A parity error in 10 Cachealy occurs on an instruction access.

|0 Cache Data Parity Err or:
A parity error in 10 Cache Data occurs on an instruction access.
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MITLB Multiple Hit:
A mulitple hit in ulTLB 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 11 Cachealy occurs on an instruction access.

|1 Cache Tag Multiple Hit:
A multiple hit in I1 Cache 8g occurs on an instruction access.

|1 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 11 CacheData occurson an instruction
access.

UPA Bus Err or:

A S_ERRreply is receved from the systemcontroller for an instruction
access.

UPA Time Out:

A S_RIO reply is receved from the systemcontroller for an instruction
access.

Seeb.2.11.7,"Instruction AccessFault Type Ragister (ASR24)” for the TYPE
encoding and the error prioprity

e instruction_access_exceptiofit = 008,¢] (Precise)

A protectionexceptionoccurredon aninstructionaccessThatis, an MMU indi-
cated that the pageas not gecutable.

e interrupt_level n [tt =0414..04F, (Disrupting)

An interruptrequestevel of n waspresentedo thelU, while PSTATE.IE=1 and
(interrupt request el > PIL).

T interrupt_v ector_trap [tt = 060,¢] (Disrupting)
PSTATE.IE is setandaninterrupttransactioP_INT_REQ)andtheinterruptdata
are recaied from the UR bus.

e LDDF_mem_address_not_alignedtt = 0354 (Precise)

An attemptwas madeto executean LDDF instructionand the effective address
was not doubleord-aligned. Seé.25, “Load Floating-point”
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mem_address_not_alignedtt = 0344 (Precise)

A load/storenstructiongenerated memoryaddresshatwasnot properlyaligned
accordingto theinstruction,or a JMPL or RETURN instructiongenerated non-
word-aligned address.

power_on_reset[tt = 0014 (Reset)

An externalsignalwasassertedThis trapis issuedo bring a systenreliably from
the paver-off to the paver-on state.

privileged_action[tt = 0374 (Precise)
An actiondefinedto be privileged hasbeenattemptedwhile PSTATE.PRIV = 0.
Examples:a dataaccesshy nonprvileged software using an ASI value with its
mostsignificantbit = O (a restrictedASI), or an attemptto readthe TICK register
by nonprvileged softvare when TICK.NPE 1.

privileged_opcoddtt = 011;¢] (Precise)
An attempt vas made tox@cute a priileged instruction while PNTE.PRIV = 0.

Compatibility Note:
This trap typeis identicalto the SFARC-V8 privileged_instruction trap. The namewaschangedo
distinguish it from the ne privileged_action trap type.

t programmed_emulation_trap(tt = 0x062, priority = 6, Precise).
Allow emulationof certaininstructionsthat have not beenimplementeccorrectly
in aparticularrevision of the SFARC6441l CPU.Theencodingof instructionghat
will causehis trap canbe “scanned’into internalregisters(not visible to supervi-
sor software)via the detugging console.See5.2.15,“Emulation Trap Registers”
for details.

e software_initiated_reset[tt = 004,¢] (Reset)
Causedy theexecutionof the WRSIR,write to SIR register, instruction.It allows

system softwre to reset the processor
e spill_n_normal [tt = 080,5..09F,¢] (Precise)
e spill_n_other [tt = 0AO,¢..0BF;¢] (Precise)

A SAVE or FLUSHW instructionhasdeterminedhat the contentsof a register
window must be sa&ed to memory

Compatibility Note:
The SRRC-V9 spill_n_* exceptions supersede theARC-V8 window_overflow exception.

e STDF_mem_addess_not_alignedtt = 036,¢] (Precise)

An attemptwasmadeto executean STDFinstructionandthe effective addressvas
not doublevord-aligned. Seé.52, “Store Floating-point”

e tag_overflow [tt = 023,¢] (Precise)

A TADDccTV or TSUBccTV instructionwas executed,and either 32-bit arith-
meticoverflow occurredor atleastoneof thetagbits of the operandsvasnonzero.
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e trap_instruction [tt = 100,5..17F4 (Precise)
A Tcc instruction vas eecuted and the trap conditiovaduated to TRIE.

Tt watchdog|[tt = 07F,¢ (Disrupting)

This trap occurswhen the watchdogtimer (which will be increasedevery cycle
andreseton ary instructioncommitted)overflows a value specifiedin the SCR
register Whetherthis trapis handledin RED _stateor normalstateis determined
by theW_RED bit in the SCR.Seeb5.2.11.12State Control Register (ASR 31)”
for details on hev the watchdog timer is enabled and controlled.

All other trap types are resed.
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8 Memory Models

Althoughthis chaptercontainsa greatdealof theoreticainformation,we have includedit
sothatthe discussiorof the SFARC644I1I’ s memorymodelsin 8.1.1hassufficient back-
ground.

8.1 Introduction

The SFARC-V9 memory models define the semanticsof memory operations.The
instructionsetsemanticsequirethatloadsandstoresseento be performedn theorderin
which they appeaiin the dynamiccontrolflow of the program.The actual orderin which
they areprocessetby the memorymaybedifferent. The purposeof thememorymodelsis
to specify what constraints, if grare placed on the order of memory operations.

The memorymodelsapply both to uniprocessoandto shared-memorynultiprocessors.
Formalmemorymodelsarenecessarin orderto preciselydefinetheinteractiondbetween
multiple processorandinput/outputdevicesin a shared-memorgonfiguration Program-
ming shared-memorynultiprocessorsequiresa detailedunderstandingf the operatve
memory model and the ability to specify memoryoperationsat a low level in orderto
build programsthat can safely and reliably coordinatetheir actvities. See Appendix J,
“ProgrammingWith the Memory Models” in V9 for additionalinformationon the useof
the models in programming real systems.

The SFARC-V9 architecturas amodel thatspecifieghe behaior obsenableby software
on SFARC-V9 systemsTherefore accesso memorycanbeimplementedn ary manney
aslong asthe behaior obsered by software conformsto that of the modelsdescribed
here and defined iAppendix D, “Formal Specification of the Memory Models”W$.

The SFARC-V9 architecturedefinesthreedifferentmemorymodels:Total Store Order

(TSO), Partial Store Order (PSO), and Relaxed Memory Order (RMO). All

SFARC-V9 processorsustprovide Total StoreOrder(or amorestronglyorderedmodel,
for example, Sequential Consistgfid¢o ensure SARC-V8 compatibility

Whetherthe PSOor RMO modelsare supportedoy SFARC-V9 systemsds implementa-
tion-dependent;they are not supported as defined by SFARC644Il. See 8.1.1,
“SPARC644Il Hardware Memory Modelsfor details.
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Figure 72 shaws the relationshipof the various SFARC-V9 memory models,from the
leastrestrictve to themostrestrictve. Programswritten assumingonemodelwill function
correctly on ap included model.

RMO ( Pso

Figure 72: Memory Models: Least Restrictve (RMO) to Most Restrictive (TSO)
(V9=41)

SFARC-V9 provides multiple memory models so that:
m Implementations can schedule memory operations for high performance.
m Programmers can create synchronization pmestiusing shared memory

Thesemodelsare describedinformally in this subsectiorand formally in Appendix D,
“Formal Specificatiorof the MemoryModels” in V9. If thereis a conflictin interpretation
betweertheinformal descriptionprovided hereandthe formal models the formal models
supersede the informal description.

Thereis no preferrednmemorymodelfor SFARC-V9. Programswritten for RelaxedMem-
ory Orderwill work in both Partial StoreOrderand Total StoreOrder.Programswritten
for Partial StoreOrderwill work in Total StoreOrder Programswritten for aweakmodel,
such as RMO, may execute more quickly, since the model exposesmore scheduling
opportunities,but may also require extra instructionsto ensuresynchronizationMulti-
processomprogramswritten for a strongermodelwill behae unpredictablyif runin a
wealer model.

Machinesthat implementsequential consistency(also called strongorderingor strong
consistenyg) automaticallysupportprogramswritten for TSO,PSO,andRMO. Sequential
consisteng is not a SFARC-V9 memory model. In sequentialconsisteny, the loads,
stores andatomicload-store®f all processorareperformedoy memoryin a serialorder
thatconformsto the orderin which theseinstructionsareissuedby individual processors.
A machinethatimplementssequentiatonsisteng maydeliver lower performancehanan
eguialent machinethat implementsa weaker model. Although particular SFARC-V9
implementationsnay supportsequentiaconsisteny, portablesoftware mustnot rely on
having this model aailable.

Notes About the SP ARC64-11l Memory Models

Fromtheprogrammergoint of view SFARC644Il completelysupportshe memorymod-
els specified in SFRC-V9.

However, SFARC644Il makes a distinction betweenthe memory model chosenby the
programmetifor running his codeand the underlyingmemorymodelssupportedby the
hardware.Whena programmemritesapieceof codeheassumeshatthe codewill berun
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in oneof the SFARC-V9 memorymodels.His codewill bewritten with the propermem-
ory barriers and synchronization for the model he has selected.

SFARC-V9 does not specify exactly howv the hardware must support a particular
SFARC-V9 memorymodel,exceptthat the hardware supportfor the V9 memorymodel
mustguaranteghata correctprogramwritten for thatmemorymodelwill runcorrectlyon
the hardware.For example,a slightly stronger{morerestrictve) hardwarememorymodel
might be used than what is required by thABE-V9 memory model.

One problem with permanentlybinding a particular hardware memory model to a
SFARC-V9 modelis thatthe optimalhardwarememorymodelmayvary basedn the sys-
tem runningthe program.For example,the optimal binding for a uniprocessomight be
different from the optimal binding for a multiprocessor

Note:

For theremainderof this chapterthewords“V9 memorymodel” will be usedto denotethe mem-
ory model selectedby the programmerin PSTATE.MM, while the words “hardware memory
model” will be used to denote the underlying haadlevmemory models.

8.1.1 SPARCG64-1ll Hardware Memor y Models
The SRRRC6441l supports these hardwe memory models:

Load/Store Or der (HLSO)

The CPU ordersall loadsandstores.Thisis supersebf TSO,PSOandRMO, the
SFARC-V9 memorymodels.Therefore programswritten for TSO,PSOor RMO
will always work on SRRC644I1 if run under Load/Store Order

Total Store Or der (HTSO)

All loadsareorderedwith respecto loads,andall storesareorderedwith respect
to loadsand stores.This is supersebf PSOand RMO, the SFARC-V9 memory
models. Therefore, programswritten for PSO or RMO will always work on
SFARCG644I1 if run under Total Store Order

Store Order (HSTO)

All storesare orderedwith respectto eachother but loadsare not orderedwith
respectto storesor to otherloads.This is a supersebf RMO (Relaxed Memory
Order).Programswritten for RMO will alwayswork on SFARC64411 if rununder
Store Order

In uniprocessosystemsStoreOrdercanalsobe usedto run applicationprogramsaritten
for TSO or PSO,since“programconsisteng” guaranteeshata uniprocessowill not be
able to detect the dé@rence between LSO and QT
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Figure73illustratesthe generalelationshipamongthe five memorymodels;seethe note
following thepicture,however. As in Figure72, themodelsarelistedin orderfrom leastto
most restricire.

Figure 73: Hardware Memory Models from Least Restrictve to Most Restrictive

8.1.2 Mapping SP ARC-V9 Memory Models to Har dware Memor y Models

SFARCG644Il containsa registerthat mapsthe SFARC-V9 memorymodelsto the hard-
ware memory models. This register containsthree fields that map the corresponding
SFARC-V9 memory model as specifiedin PSTATE.MM into the Hardware Memory
Model. For detailsof the register containingthe mappingfields see5.2.11.1 *Hardware
Mode Reaister (ASR18)”

Below is the definition of the PRITE.MM bits:

PSTATE.MM Memory Model
00 TSO
01 PSO
10 RMO
11 reserved

The table bel has the encoding of har

dve memory models for BRC644II:

Encoding
00 HLSO
01 HTSO
10 HSTO
11 reserved

Thediagrambelov shav themappingfieldsin ASR18.During boot the operatingsystem
will write these bits with the mappings that are most appropriate for the current system.

PSTATE.MM = RMO PSO TSO
ASR18[5:0]

1. They can be changed atyatime, lut most likely they will only be written at boot time.
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For example, the mapping for a uniprocessarkstation might be:
PSTATE.MM = RMO PSO TSO
ASR18[5:0] HSTO HSTO HSTO
5 4 3 | 2 1 | 0

This mappingworksfor mostuniprocessorsincethe wealer HSTO canbe usedfor PSO
and TSO without causing programs written for PSO or TSa@iko f
The following could be used in a coherent multiprocessor system.
PSTATE.MM = RMO PSO TSO
ASR18[5:0] HSITO HTSO HTSO
5 4 3 | 2 1 | 0

In the MP caseTSO mustbe mappedto the hardware HTSO mode.PSOmustalso be
mapped to the stronger HTSO.

8.2 Memory, Real Memory, and I/O Locations

Memory is the collection of locations accessedby the load and store instructions
(describedin AppendixA, “Instruction Definitions”). Eachlocationis identified by an
addresonsistingof two elementsanaddressspaceidentifier (ASI), whichidentifiesan
addresspaceanda 64-bitaddress,whichis a byte offsetinto thataddresspace Mem-
ory addressemaybeinterpretedoy thememorysubsystento beeitherphysicaladdresses
or virtual addressesaddressemay be remappedandvaluescached provided that mem-
ory properties are presed transparently and cohergns maintained.

When two or more data addressesefer to the samedatum, the addressis said to be
aliased In this casethe processoandmemorysystemmustcooperatéo maintainconsis-
teng; that is, a store to an aliased address must changdwsdb\aliased to that address.

Memory addresses identify either real memory or I/O locations.

Real memory storesinformationwithout side effects. A load operationreturnsthe value
most recently stored. Operationsare side-efect-freein the sensethat a load, store, or
atomicload-storeto a locationin real memoryhasno program-obsemble effect, except
upon that location.

I/O locations may not behave like memoryand may have side effects. Load, store,and
atomicload-storeoperationgperformedon 1/O locationsmayhave obsenablesideeffects,
andloadsmaynotreturnthevaluemostrecentlystored.Thevaluesemantic®f operations
on1/O locationsarenot definedby the memorymodels but the constrainton the orderin
which operationsare performedis the sameasit would beif the I/O locationswerereal
memory ThestoragepropertiescontentssemanticsASI assignmentsgndaddressesf I/
O rgyisters are implementation-dependent.

Programming Note:

It is recommendethatall memorypagegshatcontainl/O registershaving sideeffectsor requiring
strongorderingbe mappedwith the MMU StronglyOrdered(SO) bit setin the TLB. All accesses
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to pageswith the SO bit setwill beforcedto occurin the orderthey werewritten by the program-
mer and will not be>ecuted speculately.

Compatibility Note:

Operationdo I/O locationsare not guaranteedo be sequentiallyconsisteneamongthemseles,as
they are in SRRC-V8.

SFARC-V9 doesnot distinguishreal memoryfrom I/O locationsin termsof ordering.All refer-

encespothto I/O locationsandreal memory conformto the memorymodels order constraints.
Referenceso I/O locationsmay needto be intersperseavith MEMBAR instructionsto guarantee
the desired ordering.

SystemssupportingSFARC-V8 applicationsthat usememorymappedl/O locationsmustensure
thatSFARC-V8 sequentiatonsisteng of I/O locationscanbe maintainedvhenthoselocationsare
referencedy a SFARC-V8 application.TheMMU eithermustenforcesuchconsisteng or cooper-
ate with system softare and/or the processor to yide it.

8.3 Addressing and Alternate Ad dress Spaces

An addressn SFARC-V9 is a tuple consistingof an 8-bit addressspacedentifier (ASI)
anda 64-bit byte-addressffsetin the specifiedaddresspaceMemoryis byte-addressed,
with halfword accessesligned on 2-byte boundariesword accessegwhich include
instruction fetches) aligned on 4-byte boundaries, extended-vord and doublevord
accessesligned on 8-byte boundaries,and quadword quantitiesaligned on 16-byte
boundariesWith the possibleexceptionof thecaseslescribedn 6.3.1.1,"Memory Align-
mentRestrictions; an improperly alignedaddressn a load, store,or load-storeinstruc-

tion alwayscausesa trap to occur The largestdatumthatis guaranteedo be atomically
reador writtenis analigneddoublevord. Also, memoryreferenceso differentbytes,half-
words,andwordsin agivendoublevord aretreatedfor orderingpurposessreferenceso
the same location. Thus, the unit of ordering for memory is a deatde

Programming Note:

While the doublevord is the cohereng unit for update programmershouldnot assumehat dou-
bleword floating-pointvaluesareupdatedasa unit unlessthey aredoublevord-alignedandalways
updatedusingdouble-precisiotoadsandstores Someprogramsausepairsof single-precisioroper-
ationsto loadandstoredouble-precisiotiloating-pointvalueswhenthe compilercannotdetermine
that they are doublevord-aligned. Also, while quad-precisionoperationsare defined in the
SFARC-V9 architecturethegranularityof loadsandstoresfor quad-precisioffloating-pointvalues
may be vord or doublevord.

Theprocessoprovidesanaddresspaceadentifierwith every addressThis ASI maysene
several purposes:

m Toidentify which of severaldistinguishedaddresspaceshe 64-bitaddres®ffsetis to

be interpreted as addressing

To provide additionalaccesscontrol and attribute information, for example,the pro-
cessingwhich is to be takenif anaccesgault occursor to specifythe endian-nessf
the reference

To specifythe addresof aninternalcontrolregisterin the processqrcache ,or mem-
ory management harde



8.3 Addressing and Alternate Address Spaces 175

The memory managementhardware can associatean independent26“-byte memory
addresspacewith eachASl. If thisis done,it becomegpossibleto allow systemsoftware
easyaccesdo theaddresspaceof thefaultingprogramwhenprocessingxceptionsor to
implement access to a client programiemory space by a seryprogram.

The architecturally specified ASls are listeddppendixL, “ASI Assignments”

When TL = 0, normal accesse$y the processoto memorywhen fetching instructions
and performingloadsandstoresimplicitly specifyASI_PRIMARY or ASI_PRIMARY _
LITTLE, depending on the setting of the PSE.CLE bit.

WhenTL > 0 theimplicit ASI for instructionanddatafetchesis ASI_NUCLEUS.Loads
andstoreswill useASI_NUCLEUSIf PSTATE.CLE =0 or ASI_NUCLEUS_LITTLEf
PSTATE.CLE = 1. (Impl. Dep. #124)

SFARC6441l  supports the PRIMARY{ LITTLE}, SECONDARY{ LITTLE}, and
NUCLEUS{ LITTLE} address spaces.

Accessesto other addressspacesuse the load/storealternateinstructions. For these
accessesheASl is eithercontainedn theinstruction(for theregisterregisteraddressing
mode) or takn from the ASI rgister (for rgisterimmediate addressing).

ASls are either nonrestrictecor restricted.A nonrestrictedASI is onethat may be used
independenbf the privilege level (PSTATE.PRIV) at which the processoris running.
RestrictedASIs require that the processorbe in privileged modefor a legal accessto
occur RestrictedASIs have their high-orderbit equalto zero. The relationshipbetween
processor state and ASI restriction iswghon Table23 on page 122

Several restricted ASIs must be provided: ASI_AS _IF_USER_PRIMAR{ LITTLE}
andASI_AS IF_USER_SECONBRY{ LITTLE}. Theintentof theseASIs is to give
system software eficient access to the memory space of a program.

The normal addressspaceis primary addressspace which is accessedy the unre-
stricted ASI_PRIMARY{_LITTLE}. The secondaryaddressspace which is accessed
by theunrestrictedASI_SECONDARY{ LITTLE}, is providedto allow asenerprogram
to access a client prograsraddress space.

ASI_PRIMARY_NOFAULT{ LITTLE} and ASI_SECONDARY_NOFAULT{ LIT-
TLE} supportnonfaulting loads. TheseASIs arealiasedto ASI_PRIMARY{ LITTLE}
andASI_SECONDARY{ LITTLE}, respecitrely, andhave exactlythesameaction.They
may be usedto color (thatis, distinguishinto classes)oadsin the instructionstreamso
that,in combinationwith a judiciousmappingof low memoryanda specializedrap han-
dler, an optimizing compiler can nae loads outside of conditional control structures.

Programming Note:
Nonfaultingloadsallow optimizationsthatmove loadsaheadof conditionalcontrol structureghat
guardtheir use;thus,they canminimizethe effectsof loadlateny by improving instructionsched-
uling. The semanticof nonfaulting loadsare the sameasfor ary otherload, exceptwhen non-
recoverablecatastrophidaultsoccur(for example,address-out-of-rangerrors).Whensucha fault
occurs,it is ignoredandthe hardware and systemsoftware cooperatdo make the load appearto
completenormally returning a zero result. The compilers optimizer generatedoad-alternate
instructionswith the ASI field or registersetto ASI_PRIMARY_NOFAULT{_LITTLE} or ASI_
SECONDARY_NOFAULT{_LITTLE} for thoseloadsit determinesshould be nonfaulting. To
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minimize unnecessarprocessingf a fault doesoccur it is desirableto maplow addresseéespe-
cially addreszero)to a pageof all zeros,sothatreferenceshrougha NULL pointerdo not cause
unnecessary traps.

8.4 SPARC-V9 Memory Model

The SFARC-V9 processorarchitecturespecifiesthe organization and structure of a
SFARC-V9 central processingunit but doesnot specify a memory systemarchitecture.
AppendixF, “MMU Architecture’;, summarizesthe MMU support required by a
SFARC-V9 central processing unit.

The memorymodelsspecify the possibleorderrelationshipsetweenmemory-reference
instructionsssuedby a processoandthe orderandvisibility of thoseinstructionsasseen
by otherprocessorsThememorymodelis intimatelyintertwinedwith the programexecu-
tion model for instructions.

8.4.1 SPARC-V9 Program Ex ecution Model

The SFARC-V9 processomodelconsistsof threeunits: anissueunit, a reorderunit, and
an ecute unit, as sk in Figure 74

Theissueunit readsnstructionsover theinstructionpathfrom memoryandissueghemin
program order. Programorderis preciselythe orderdeterminedby the control flow of
the programandthe instructionsemanticsunderthe assumptiorthat eachinstructionis
performed independently and sequentially

Issuedinstructionsare collected, reordered,and then dispatchedto the execute unit.
Instructionreorderingallows an implementationto perform someoperationsin parallel
andto betterallocateresourcesThereorderingof instructionds constrainedo ensurehat
the resultsof programexecutionare the sameasthey would be if the instructionswere
performed in program order. This property is capjedcessor self-consistency

Processor

Data Path

Issue [ Reorder [ Execute Memory

Instruction P ath

Figure 74: Processor Model: Unipocessor Systemy9=42)

Processorself-consisteng requiresthat the result of execution,in the absenceof ary
sharednemoryinteractionwith anothemprocessqgrbeidenticalto theresultthatwould be
obseredif theinstructionswereperformedin programorder.In the modelin Figure74,
instructionsareissuedn programorderandplacedin the reorderbuffer. The processors
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allowed to reorderinstructions,provided it doesnot violate arny of the data-flav con-
straints for rgisters or for memory

The data-flav order constraints for gister reference instructions are:

1. An instructioncannotbe performeduntil all earlierinstructionsthat seta register it
uses hee been performed (read-aftgrite hazard; write-aftewrite hazard).

2. An instructioncannotbe performeduntil all earlierinstructionsthat usea registerit
sets hae been performed (write-afteead hazard).

An implementatiorcanavoid blocking instructionexecutionin case2 by usinga renam-
ing mechanisnthat providesthe old value of the registerto earlierinstructionsandthe
new value to later uses.

The data-flav order constraintsfor memory-referencénstructionsare thosefor register
reference instructions, plus the follmg additional constraints:

1. A memory-referencénstructionthat sets(storesto) a location cannotbe performed
until all previous instructionsthat use (load from) the location have beenperformed
(write-afterread hazard).

2. A memory-referencestructionthatusegloads)thevalueatalocationcannotbe per-
formeduntil all earliermemory-referencenstructionsthat set(storeto) the location
have been performed (read-afterite hazard).

As with the casefor registers,jmplementationganavoid blockinginstructionsn case(2)
by providing an additionalmechanismin this case,a write buffer which guaranteeshat
thevaluereturnedby aloadis thatwhich would bereturnedoy the mostrecentstore,even
thoughthe storehasnot completed As aresult,the valueassociateavith anaddressnay
appeatto bedifferentwhenobsenedfrom a processothathaswritten the locationandis
holdingthevaluein its write buffer thanit would bewhenobsenedfrom a processothat
referencesnemory(or its own write buffer). Moreover, the load thatwassatisfiedby the
write buffer never appears at the memory

Memory-barrierinstructions(MEMBAR and STBAR) and the actve memory model
specifiedby PSTATE.MM alsoconstrainthe issueof memory-referencenstructions.See
8.4.3, 'MEMBAR Instruction’ and 8.4.4, Memory Models' for a detailed description.

The constrainton instructionexecutionasseria partial orderingon theinstructionsin the
reorderbuffer. Every oneof the severalpossibleorderingss alegal executionorderingfor
the program.SeeAppendix D, “Formal Specificationof the Memory Models” in V9 for
more information.

8.4.2 Processor / Memor vy Interface Model

Eachprocessom a multiprocessosystemis modeledasshavn in Figure75; thatis, hav-

ing two independenpathsto memory:onefor instructionsandonefor data.Cachesand
mappingsare consideredo be part of the memory Datacachesare maintainedby hard-
wareto be consisten{coherent)Instructioncacheseednot be kept consistentvith data
cachesand,therefore requireexplicit programactionto ensureconsisteng whena pro-
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gram modifies an executing instruction stream.Memory is sharedin termsof address
spaceput it may be inhomogeneouanddistributedin animplementationMappingand
cachesare ignoredin the model, since their functions are transparento the memory
model!

In real systemsaaddressemay have attributesthatthe processomustrespectThe proces-
sor executesloads, stores,and atomic load-storesn whatever orderit choosesas con-
strainedby programorder and the currentmemory model. The ASI address-couplet
generatesare translatedby a memory managementunit (MMU), which associates
attributeswith the addressandmay, in someinstancesabortthe memorytransactiorand
signalanexceptionto the CPU. For example,aregion of memorymaybe marked asnon-
prefetchablenoncacheableead-only or restrictedlt is the MMU'’ s responsibility work-
ing in conjunctionwith systemsoftware,to ensurethat memoryattribute constraintsare
not violated. SedppendixF, “MMU Architecture”, for more information.

Instructionsare performedin an order constrainedby local dependenciesUsing this

dependeng ordering,an executionunit submitsone or more pendingmemorytransac-
tionsto the memory The memoryperformstransactionsn memory order. The memory
unit may performtransactionsubmittedto it out of order;hence the executionunit must
not submit tve or more transactions concurrently that are required to be ordered.

Memory Transactions

In Memor rder
Processor s emory Orde

Instructions

Data

H H Memory

Figure 75: Data Memory Paths: Multipr ocessor System\J{9=43)

The memoryacceptdransactionsperformsthem, andthen acknavledgestheir comple-
tion. Multiple memoryoperationsnaybein progressatary time andmaybeinitiatedin a
nondeterministi¢ashionin ary ordet providedthatall transactions$o alocationpresere
the perprocessoipartial orders.Memory transactiongnay completein ary order Once
initiated, all memoryoperationsare performedatomically:loadsfrom onelocationall see
the samevalue,andthe resultof storesarevisible to all potentialrequestorat the same
instant.

1. The model describedhere is only a model; implementationsof SFARC-V9 systemsare
unconstrained, as long as their obabte behaiors match those of the model.
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The orderof memoryoperationsobsened at a singlelocationis a total order that pre-
senesthe partial orderingsof eachprocessos transactiongo this addressTheremay be
mary legal total orders for a gen prograns execution.

8.4.3 MEMBAR Instruction

MEMBAR senestwo distinctfunctionsin SFARC-V9. Onevariantof the MEMBAR, the
orderingMEMBAR, providesaway for the programmeto controlthe orderof loadsand
storesissuedby a processarThe othervariantof MEMBAR, the sequencind EMBAR,
allows the programmeto explicitly controlorderandcompletionfor memoryoperations.
SequencingMEMBARSs are neededonly whena programrequiresthat the effect of an
operatiorbecomeglobally visible, ratherthansimply beingscheduled. As bothformsare
bit-encodedinto the instruction, a single MEMBAR can function both as an ordering
MEMBAR and as a sequencing MEMRB.

MEMBAR#Lookaside MEMBAR#StoreStoreand MEMBAR#LoadStoreare treatedas
NOPsin SFARC644Il, sincethe hardwarememorymodelsalwaysenforcethe semantics
of these MEMBARs for all memory accessesMEMBAR#StoreLoad and MEM-
BAR#LoadLoadenforcethe orderingspecifiedoy theinstructionin the Load/StordJnit in
SFARC6441l. MEMBAR#Syncand MEMBAR#Memlssuecausethe processoito sync
andcauseheeffectsof all cacheabl@andnoncacheablemmemoryaccessemadebeforethe
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
processarSetsof loadsandstoresthatappeabeforethe MEMBAR in programorderare
orderedwith respectto setsof loadsand storesthat follow the MEMBAR in program
order Atomic operationdLDSTUB(A), SWAP(A), CASA, andCASXA) areorderedby

MEMBAR asif they werebothaloadanda store,sincethey sharethe semantic®of both.

An STBAR instruction,with semanticghat are a subsetof MEMBAR, is provided for

SFARC-V8 compatibility MEMBAR andSTBAR operateon all pendingmemoryopera-
tionsin thereorderbuffer, independenof theiraddres®r ASI, orderingthemwith respect
to all future memoryoperationsThis orderingappliesonly to memory-referencenstruc-
tions issuedby the processorissuing the MEMBAR. Memory-referencenstructions
issued by other processors are tewéd.

Theorderingrelationshipsarebit-encodedasshavn in Table34. For example, MEMBAR
01, written as“membar #LoadLoad ” in assemblylanguagerequiresthat all load
operationsappearingoeforethe MEMBAR in programordercompletebeforeary of the
load operationdollowing the MEMBAR in programordercomplete Storeoperationsare
unconstrainedh this case MEMBAR 08, (#StoreStor  e) is equialentto the STBAR
instruction;it requiresthat the valuesstoredby storeinstructionsappearingn program

1. SequencindEMBARsareneededor someinput/outputoperationsforcing storesnto specialized
stable storage,contect switching, and occasionalother systemsfunctions. Using a Sequencing
MEMBAR when oneis not neededmay causea degradationof performanceSeeAppendix J,
“Programming Vith the Memory Models” i'V9 for examples of their use.
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order prior to the STBAR instructionbe visible to other processorgrior to issuingary
store operations that appear in program ordenfatig the STRR.

In Table 34 theseorderingrelationshipsarespecifiedoy the ‘'<m’ symbol,which signifies
W memoryorder SeeAppendixD, “Formal Specificationof the Memory Models” in V9 for
a formal description of themrelationship.

Table 34: Ordering Relationships Selected by Mask\{(9=19)

Ordering Relation, Suggested Mask nmask
Earlier < Later Assemb ler Tag Value Bit #
Load <m Load #LoadLoad 016 0
Store m Load #StoreLoad 026 1
Load <n Store #LoadStore 0446 2
Store <n Store #StoreStore 086 3

Selectiongnay be combinedto form more powerful barriers.For example,a MEMBAR
instruction with a mask of 09,4 (#LoadLoad | #StoreStore ) ordersloads with
respecto loadsandstoreswith respecto storesput it doesnotorderloadswith respecto
stores or vice ersa.

Programming Note:
Future versionsof HAL machineswill supportseveral MEMBAR variations. Thus, programs
should use the correct MEMER encoding for upard compatibility

8.4.3.2 Sequencing MEMB AR Instructions

A sequencindEMBAR exertsexplicit control over the completionof operationsThere
arethreesequencingEMBAR options,eachwith a differentdegreeof controlanda dif-
ferent application.

Lookaside Barrier:

Ensuresthat loadsfollowing this MEMBAR are from memory and not from a
lookasideinto a write buffer. Lookaside Barrier requiresthat pending stores
issuedprior to the MEMBAR be completecbeforeary load from thataddresdgol-
lowing the MEMBAR may be issued.A Lookaside Barrier MEMBAR may be

neededo provide lock fairnessandto supportsomeplausiblel/O locationseman-
tics. See thexample inJ.14.1, “I/O Rgisters With Side Efects” inV9.
SFARCG6441l ensuresthis sequencingall the time. Thereforethis sequencing
MEMBAR is treated as a NOP in the CPU.

Memory Issue Barrier:
Ensuresthat all memory operationsappearingin program order before the
sequencindEMBAR completebeforeany new memoryoperationmay be initi-
ated. See thexample inJ.14.2, “The Control and Statusdiger (CSR)” inv9.
This sequencindEMBAR behaesin the sameway asthe SynchronizatiorBar-
rier MEMBAR in SFARC644II.

Sync hronization Barrier:
Ensureghatall instructions(memoryreferenceand others)precedingthe MEM-
BAR completeandthe effectsof ary fault or errorhave becomevisible beforeary
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instructionfollowing the MEMBAR in programorderis initiated.A Synchroniza-
tion Barrier MEMBAR fully synchronizes the processor that issues it.

Table 35 shas the encoding of these functions in the MEMBInstruction.

Table 35: Sequencing Barrier Selected by Masky9=20)

Sequencing Assemb ler Mask cmask

Function Tag Value Bit #
Lookaside Barrier #Lookaside 1046 0
Memory Issue Barrier #Memlssue 2046 1
Synchronization Barrier #Sync 40,6 2

8.4.4 Memory Models

The SFARC-V9 memorymodelsare definedbelown in termsof order constraintsplaced
uponmemory-referencenstructionexecution,in additionto the minimal setrequiredfor

self-consisteng Theseorderconstraintdake theform of MEMBAR operationsmplicitly

performed folloving some memory-reference instructions.

8.4.4.1 Relaxed Memory Order (RMO)

Relaxed Memory Order placesno orderingconstraintson memoryreferenceseyond
thoserequiredfor processoself-consistengc Whenorderingis required,it mustbe pro-
vided eplicitly in the programs using MEMBR instructions.

8.4.4.2 Partial Store Or der (PSO)

Partial Store Order may be provided for compatibility with existing SFARC-V8 pro-
grams.Programghatexecutecorrectlyin the RMO memorymodelwill executecorrectly
in the PSO model.

The rules for PSO are:

m Loads are blocking and ordered with respect to earlier loads.
m Atomic load-stores are ordered with respect to loads.

Thus, PSO ensures that:

m Eachloadandatomicload-storanstructionbehaesasif it werefollowedby a MEM-
BAR with a mask &lue of 05

m Explicit MEMBAR instructionsare requiredto 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 SFARC-V8 pro-
grams Programghatexecutecorrectlyin eitherRMO or PSOwill executecorrectlyin the
TSO model.
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The rules for TSO are:

m Loads are blocking and ordered with respect to earlier loads.

m Stores are ordered with respect to stores.

m Atomic load-stores are ordered with respect to loads and stores.
Thus, TSO ensures that:

m Eachloadinstructionbehaesasif it werefollowedby aMEMBAR with amaskvalue
of 05

m Eachstoreinstructionbehaesasif it werefollowed by a MEMBAR with a maskof

0846

m Eachatomicload-storebehaesasif it werefollowed by a MEMBAR with a maskof
0Dy

8.4.5 Mode Contr ol

Thememorymodelis specifiedoy the two-bit statein PSTATE.MM, describedn 5.2.1.3,
“PSTATE mem model (MM)”

Writing a new valueinto PSTATE.MM causesubsequentemoryreferencanstructions
to be performed with the order constraints of the specified memory model.

SFARC-V9 processorsieednot provide all three memory models;undefinedvaluesof
PSTATE.MM have implementation-dependenfesdts.

Exceptwhen a trap entersRED_state PSTATE.MM is left unchangedvhen a trap is
enteredcandtheold valueis stacled. WhenenteringRED _statethevalueof PSTATE.MM
is setto TSO.

8.4.6 Hardware Primitives f or Mutual Exc lusion

In additionto providing memory-orderingrimitivesthatallow programmerso construct
mutual-eclusionmechanism# software, SFARC-V9 providesthreehardwareprimitives
for mutual eclusion:

m Compare and Sap (CASA, CASXA)
m Load Store Unsigned Byte (LDSTUB, LDSTWB
m Swap (SVWAP, SWAPA)

Eachof thesenstructionshasthe semanticof bothaloadanda storein all threememory
models.They areall atomic, in thesensehatno otherstorecanbeperformedbetweerthe

loadandstoreelement®f theinstruction.All of thehardwaremutualexclusionoperations
conformto the memorymodelsandmay requirebarrierinstructionsto ensureproperdata
visibility.
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When the hardware mutual-exclusion primitives addressl/O locations, the resultsare
implementation-dependenh addition,theatomicity of hardwaremutual-exclusionprim-
itivesis guaranteeanly for processomemoryreferencesndnotwhenthe memoryloca-
tion is simultaneously being addressed by an IAdcdesuch as a channel or DMA.

The Compareand Swap instructions(CASA and CASXA) serializethe SFARC64411
CPU (see sectiof.1.3, “Serializing Instructiongor details).

The Load Store UnsignedByte (LDSTUB and LDSTUBA) and the Swap (SWAP and
SWAPA) instructionshave implementation-specifienemory ordering behaior in the
SFARC6441l CPU.If the CPUis runningwith the SFARC6441l HLSO model,thebehar-
ior is asexpected.Sincetheseinstructionshave both load and storesemanticsthey are
executed in order

8.4.6.1 Compare and Swap (CASA, CASXA)

Compare-and-sapis anatomicoperationthatcompares valuein a processoregisterto
avaluein memory and,if andonly if they areequal,swapsthevaluein memorywith the
valuein a secondorocessoregister Both 32-bit (CASA) and64-bit (CASXA) operations
areprovided. The compare-and-sap operationis atomicin the sensehatoncebegun,no
otherprocessocanaccesshe memorylocationspecifieduntil thecomparenascompleted
andthe swap (if ary) hasalsocompletedandis potentiallyvisible to all otherprocessors
in the system.

Compare-and-sap is substantiallymore powerful thanthe otherhardware synchroniza-
tion primitives. It hasaninfinite consensusiumber;thatis, it canresole, in a wait-free
fashion,aninfinite numberof contendingprocessesBecauseof this property compare-
and-svap can be usedto constructwait-free algorithmsthat do not require the use of

locks. SeAppendix J. “Programming W the Memory Models” irV9 for examples.

8.4.6.2 Swap (SWAP)

SWAP atomicallyexchangeshelower 32 bits in a processoregisterwith awordin mem-
ory. Swap hasa consensusiumberof two; thatis, it cannotresole morethantwo con-
tending processes in ait+free fashion.

8.4.6.3 Load Store Unsigned Byte (LDSTUB)

LDSTUB loadsa byte valuefrom memoryto a registerandwritesthe value FF;4 into the
addressethyte atomically LDSTUB is the classictest-and-seinstruction.Like SWAP, it
hasa consensusumberof two andso cannotresolve morethantwo contendingorocesses
in a wait-free ashion.

8.4.7 Synchronizing Instruction and Data Memor vy

The SFARC-V9 memorymodelsdo not requirethatinstructionanddatamemoryimages
be consistenat all times.Theinstructionanddatamemoryimagesmay becomeanconsis-
tentif a programwritesinto the instructionstream As a result,wheneer instructionsare
modifiedby a programin acontet wherethe data(thatis, theinstructions)n thememory
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andthedatacachehierarcly maybeinconsistentvith instructionsn theinstructioncache
hierarcly, some special programmatic action must benak

The FLUSH instructionwill ensureconsisteng betweenthe instruction streamand the
datareferencescrossary local cachedor a particulardoublevord valuein the processor
executingthe FLUSH. It will ensureeventualconsisteng acrossall cachesn a multipro-
cessorisystem.The programmemustbe carefulto ensurethatthe modificationsequence
is robust under multiple updatesand concurrentexecution. Since,in the generalcase,
loads and storesmay be performedout of order appropriateMEMBAR and FLUSH
instructionsmustbe intersperseds neededo control the orderin which the instruction
data is mutated.

The FLUSH instructionensureghat subsequenistructionfetchesfrom the doublevord
target of the FLUSH by the processoexecutingthe FLUSH appearto executeafter any
loads,stores,and atomicload-storesssuedby the processoto that addressrior to the
FLUSH. FLUSH actsasa barrierfor instructionfetchesin the processothat executest
and has the properties of a store with respect to MERIBperations.

FLUSH hasno lateng ontheissuingprocessorthe modifiedinstructionstreamis imme-
diately availablel

If all cachesn a system(uniprocessoor multiprocessorhave a unifiedcacheconsisteng
protocol, FLUSH need do nothing for correctness.

Useof FLUSH in a multiprocessoervironmentmay causeunexpectedperformanceleg-
radationin somesystemspecausevery processothatmay have a copy of the modified
datain its instructioncachemustinvalidatethat data.Iln the worst casenawe system all
processors mustvalidate the data.

Programming Note:
BecauseFLUSH is designedto act on a doublevord, and becausepn someimplementations,
FLUSH maytrapto systemsoftware, it is recommendethat systemsoftware provide a usercall-
able serviceroutine for flushing arbitrarily sizedregions of memory On someimplementations,
this routinewould issuea seriesof FLUSH instructions;on others,it might issuea singletrap to
system softare that wuld then flush the entiregen.

1. SFARC-V8 specifieda five-instructionlateng. Invalidation of instructionsin executionin the
instruction cache is lidy to force an instruction-cachauft.
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9.1 Introduction

SFARC644I1l is a SuperscalaRISC Processothatimplementsthe SFARC-V9 architec-
ture. It canissueat mostfour instructionsper clock; thatis, it is a four-way superscalar
machine.lt hasa dataflow back-endthat cancommitup to eightinstructionsper clock.
Up to 63 instructionscanbe in progressn the machineat ary time, where“in progress”
refersto instructionsthat have beenissuedbut not yet reclaimed (Termsthat describe
instructionstatesaredefinedin 9.1.1,"Life Cycleof anlInstruction”) Theaveragenumber
of instructionscommittedper clockis calledthe IPC (InstructionsPerCycle).All current
superscalaprocessordhiave constraintghat causethemto issueand commit fewer than
the maximum number of instructions per clock garage; SRRC644ll is no exception.

This chapteroutlinesstratgiesthatthe compilerwriter canuseto moreoptimally gener-
atecodefor SFARCG644Il. Thetext describesomeconstraint]imitation, or featureof the
CPU andthensuggeststratgiesto avoid the constraintor to utilize the feature.Before
proceedingyou shouldfamiliarizeyourselfwith the terminologyandconceptsntroduced
in 3.4, “SFARC6441l Processor Architecture”

Note:

In orderto determinethe versionof a SFARC64 CPU, codecanexaminethe Version(VER) regis-
ter, in particular bits <47:32> VER.impl; its valueis ‘3’ for a SFARC644Il CPU.TheentireVER
register is reproduced belo

VER: 0004 0003 XX00 0404 1

9.1.1 Life Cycle of an Instruction

The following termsdescribethe statesthat an instructiongoesthroughin its lifetime.
They are commonlyusedby the CPU designersvhen discussingSFARC64411 internal
states.

Fetched:

Instructionsarefetchedfrom memory the externalU2 cachetheinternalll cache,
or the internal 10 cache; thare then sent to the Issue Unit.

Issued:
An instruction isssuedwhen it is assigned a serial number
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Dispatc hed:
An instructionis dispattiedwhenit sentto a functionalunit queue For example,
anADD instructionis consideredlispatdhiedwhenit is sentto the queuefor oneof
the adders.

Initiated:
An instructionis initiated whenit hasall of theresource# needqfor example,its
sourceoperandspandit hasbeenselectedor execution(thatis, it entersanexecu-
tion unit).

Executed:
An instructionis executedby an executionunit suchasa Floating-pointMultiply
Adder (FMA). An instructionis in executionaslong asit is still beingprocessed
by an &ecution unit.

Finished:
An instructionis finishedwhenit hascompletedexecutionin anexecutionunit and
haswritten its resultsonto a resultbus. Resultson the resultbussegyo to register
files and to witing instructions in the in the instruction queues.

Completed:
An instructionis completedvhenit hasfinishedandhassenta non-errorstatusto
the Issue Unit (ISU).

Note:
Although the stateof the machinehasbeentemporarilyalteredwhenan instructionis completed
the statehasnot yet beenpermanentlychangedandthe old statecanberecoveredup until thetime
that the instruction isommitted

Committed:
An instructioncanbe committedbnly whenit hascompletedvithout error andall
prior instructionshave completedvithout error. Whenaninstructionis committed
the stateof the machineis permanentlychangedo reflecttheresultof theinstruc-
tion.

Reclaimed:
All resourceselatingto the instructionthatwereheld until it wascommittechave
beenreleasedand are available for use by subsequeninstructions.Instruction
resourcesisuallyarereclaimeda few cyclesaftertheinstructionis committedfor
example, the serial number can be reused).
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Figure 76 illustratesthe SFARC644Il pipeline as it relatesto the instruction states
described abee.

5 >

-
Integer | ke | ISIDIIEXICPIDE|CM|RC|

Instructions
/ FE Fetch

Additional Pipe Stage IS Issue
as compared to SPARC64-I| DI Dispatch
EX Execute
CP Complete

DP Data Cache Priority

DA Data Cache Access

DX Data Cache Transfer
DE Deallocate

CM Commit

RC Reclaim

- 7 >

mf'ucﬁonsl FE | 1s | or Jop ] oafox]ce]oEjomre

Figure 76: SPARCG64-11l Pipeline Diagram with Instruction States

9.2 Instruction Fetc h

During the fetch phase the Fetch Unit fetches instructions from one of these locations:
m The internal Leel-0 Instruction Cache (10)

m The Prefetch Bdiérs

m The internal Leel-1 Instruction Cache (11)

m The eternal Level-2 Unified Cache (U2)

®m Memory

It thenpresentghe IssueUnit (ISU) with four candidateinstructions.The FetchUnit is
also responsiblefor predicting branchesand fetching and issuinginstructionsfrom the
predicted branch path.

Note:
Only instructiongthatarecommittedarecountedn the IPC; instructionsthatarecompletecbut are
later found to be from mispredicted branch paths do fettahe IPC.

9.2.1 Internal Le vel-0 Instruction Cac he (10)

The 10 Cacheis direct mappedand contains 4,096 recodedinstructions (occugying
approximatelyl6K bytes). The I0 cacheline size is 16 instructions(64-bytesbefore
recoding).The logic that sendsinstructionsfrom the 10 Cacheto the IssueUnit (ISU)
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attemptgo fetch four instructionsat the currentpredictedfetch PC. The 10 Cacheallows
the setof four instructionsto be on ary arbitrary alignmentin the I0 Cache;thatis, the
four instructionsarenot requiredto be alignedmodulo4 instructions.Thereis oneexcep-
tion to this, however; if the setof four instructionswould crossthe boundaryinto a differ-
ent 10 Cacheline, only the instructionsremainingin the currentl0 Cacheline canbe

supplied in one clock.

Table 36: 10 Accesses Need Not be Aligned orobr-instruction Boundaries

inst 0 inst 1 inst 2 inst 3

I0 Line 1: | inst4 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

In theexampleshown in Table36 instructionss through9 aresentto thelSU in oneclock.

Table 37: 10 Accesses Cannot Spanwo 10 Cache Lines

inst 0 inst 1 inst 2 inst 3
0 Line 1: | inst4 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
[OLine2: | inst4 inst5 inst 6 inst 7

inst 8 inst 9 inst 10 inst 11

inst 12 inst 13 inst 14 inst 15

In the examplein Table37 only two instructionscanbe sentto the ISU on thefirst cycle.
InstructionsO and 1 in Line 2 cannotbe sentin cycle 1, becausehey arein a different
cache line. In the secongde instructions 0 through 3 in line 2 could be sent to the ISU.

This is called the “I10 Line Break” constraint.

9.2.2 10 Cache Strategies

Thefollowing subsectionsontainstratgiesfor handlingconstraintsandfeaturesof thelO
instruction cache.

9.2.2.1 Avoid I0 Cac he Thrashing

Sincethe 10 Cacheis directmappedthe compilerandlinker shouldavoid placingmajor
codeblocks16K apart(thatis, at addressethatareequalmodulo16K) or thrashingmay
occurin thel0 Cache For example,if themainloop of a programanda procedurecalled
from within thatloop aremappedmnodulo16K bytes,thetwo blockswill constantlyover-
write each othes lines in the 10 cache.



9.2.3 Internal Level 1 Instruction Cache (11) 189

9.2.2.2 Align Shor t Loops to A void 64-b yte Boundaries.

Many shortloopsfit within 16 instructions.If theseloopsareall in one cacheline, they
incuronly onecachemissatthestartof theloop. Also theloop will notsuffer from the“l0

Line Break” constraintasdescribedn 9.2.1.Note: Theline breakpenaltyis paidfor each
iterationof theloop; thus,it is advisableto align shortloopssothattheentireloopis con-
tainedwithin one64-bytel0 Cacheline. The compilermay needto generatesomeNOPs
to make theloopfall in onecachdine, or it couldputtheloopinto onecachdine andthen
branch to that cache line.

Theabove canbe extendedo loopswith greaterthan16 instructions For example,aloop
with 32 instructionsor lesswould only causewo cachemissesandoneline breakif it is
alignedwithin two cachelines. If unaligned,it might causethreecachemissesandtwo
line breaks.But asthe loopsgetbigget the percentag®f the loop time thatis saved by
aligningtheloopsgetssmaller For large loops64-bytealignmentprovidesvery little per-
formance gin.

9.2.2.3 Align the Star t of Code Sections on 64-b yte Boundaries

Aligning the start of all programcode sectionson 64-byte boundariesmay avoid extra
cachemissesAlign all proceduresandlibrary routinesto startmodulo 64-bytes(but not
modulo 16K bytes).

It may appearthatthesealignmentadjustmentslo not help very much.However, perfor-
mancemeasurementand code analysishave shavn that the optimizationsdescribedn
this subsectionprovide significantgains in throughput.Keepingthe path from the 10
Cache to the ISU as full as possibleyides significant performancaigs.

9.2.3 Internal Le vel 1 Instruction Cac he (I11)

Instructionsare fetchedfrom the 11-Cachewheneer the 10-Cachedoesnot containthe
desiredcachelines. The I1-Cachesizeis 64K bytes;theline sizeis 64 bytes(16 instruc-
tions). The I1-Cachehasa 3-cycle lateng but it is pipelined,soit cansendnew instruc-
tions to the CPU during each clockcte.

Thereis little that the compiler or assemblylanguageprogrammemustdo for the 11-
Cache.Sincethe compilerandlinkersshouldalreadybe trying to align major codesey-
mentson 64-byteboundariegasdescribedn 9.2.1above) this will alsobe anadequate
alignment for the 11-Cache.

Thell-Caches four-way setassociatie, soit is notnecessaryor thelinkerto betoo con-
cerned about placement of routinesvoid thrashing in the 11-Cache.

Note:

I0 stratgiesto avoid thrashing,which are describedin 9.2.2, also prevent thrashingin the 11-
Cache.
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9.2.4 External Unified Cac he (U2)

Instructionsare fetchedfrom the U2-Cachewhenever the I1-Cachedoesnot containthe
desiredcachelines. The U2-Cachesizeis betweenl Mbyte and 16 Mbytes;it is direct
mapped,and the line sizeis 64 bytes (16 instructions).The U2-Cachehasan 8 cycle
lateng, and is shared for both instructions and data.

Thereis little thatthe compileror assemblylanguageprogrammemustdo for the U2-
Cache.Sincethe compilerandlinker shouldalreadyby trying to align major code seg-
mentson 64 byte boundariegasdescribedabove), thiswill alsobeanadequatalignment
for the U2-Cache.

9.3 Branc hes and Branc h Prediction

Branchesare always expensve for ary superscalaprocessorthey causeseveral prob-
lems:

The CPU branchpredictionlogic mayincorrectlypredictthe branchandstartspecula-
tively issuinginstructionsfrom the wrong path. Oncethe correctpathis determined
the speculatre instructionsmustbe cancellecandthe machinemustresetitself to the
statethat existed beforethe branch.This causedrom oneto several clocksof delay
Also, the instructions that were discarded cannot be counted in the committed IPC.

Speculatie instructionsthatarelater cancellednay have sideaffects.For example,a
speculatre load that causesa cachemiss createmeedlessvork for the memorysys-
tem. Thus, future nonspeculatre cachemissesmay needto wait for the memoryto
becomefree. Speculatre missescanalso pollute the cachedy replacinggood data/
instructionswith data/instructionghat will not be used.However, in mary caseghe
speculatre data/instructions act as prefetches for futureiacti

SFARC6441l implementgwo differentbranchpredictionschemes2-bit corventionaland
2-level adaptie, one of which is selected through ASR18<9:8>.

Note:

ChangingASR18<9:8>causedhe currentBranchHistory Table (BHT) to be discardedpecause
bothbranchpredictionmechanismsisethesamephysicalBHT RAM. Thereforejt is notadvisable
to change these bits frequently

9.3.1 Two-Bit Con ventional Branc h Prediction

This schemas selectedvhenASR18<9:8>aresetto 01, or 11,. The branchpredictionis
donethrougha 2-bit saturatingup-down counterkeptin an 8K x 2 entry BHT RAM,
indexed by Fetch Program Counter (FPC) bits <14:2>.
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If ASR18<9:8>is 11, andthe branchis with prediction,the instruction prediction bit
alwayshashigherpriority in thepredictionthanthe hardwarecounter Figure77 illustrates
2-bit Corventional Branch Prediction

Branc h Histor y Table (BHT)
(2bits x 8K-entries = 2KByte)

Fetch PC<14:2>

Index

>/

BPR<1:0> /

2-bit  saturating  up-
down counter

00 Strongly not taken
01 Weakly not taken
10 Weakly taken
11 Strongly taken

Figure 77: 2-Bit Conventional Branch Prediction

9.3.2 2-Level Adaptive Branc h Prediction
This scheme is selected when ASR18<9:8> 5 00

The adaptve branchpredictionalgorithmshaws betterpredictionaccurag thancorven-
tional 2-bit prediction.In 1991 Yale N. Patt et al at Michigan University introducedthe
new 2-level adaptve branchpredictionschemeThis scheméyoastghe highestprediction
accurag of all schemes that tia been proposed sarf

Thereare somevariationsin the 2-level adaptve scheme SFARC644Il usesone called
“global-branch-history-mgisterandglobal-pattern-history-tableith branchaddres$ash-
ing” Thisis easierto implementandcostslessthanothervariations,andyet still provides
good prediction accurgcSFARC64411 contains a 2K Byte Branch Historyalble (BHT).

The Branch-History-Rgister (BHR) accumulateshe recenttaken/not-talken information
of predictedbranchesThe BHT is madeof RAM which is indexed by the concatenated
resultof BHR andFPC<9:4>Eachentryof BHT consistf a cornventional2-bit saturat-
ing up-davn counter Figure78illustratesthe SFARC644Il 2-Level Adaptive BranchPre-
diction scheme.
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Fetch PC<11:4> Branc h Histor y Table (BHT)
(2bits x 8K-entries = 2KByte)
Index
v >
A
BHR<4:0>
BPR<1:0>
> 0[0[1]/0]1 2-bit  saturating  up-
down counter

Shift 00 Strongly not taken

01 Weakly not taken
Branc h Histor y Register 5 not taken 10 Weakly taken
(BHR) 1 Taken 11 Strongly taken

Figure 78: 2-Level Adaptive Branch Prediction

9.3.3 Computed Branc hes

ComputedbranchesisingJMPLs causeissueto stall until the IMPL targetis calculated.
Specialhardwareis providedto handlethe casewhenthe JMPL functionsasa subroutine
return.

Whena CALL or IMPL with adestinatiorregisterof %o07is issued JMPL call) thereturn
addresss calculatecandpushedntoaninternalhardware4-level stackcalledthe Return
Prediction Stack (RPS). When a JMPL with the addressspecifiedas [%07+8] or
[2%i7+8] (which usuallyaresubroutinereturns)is encounteredthe returnaddresss pre-
dicted to be thealue stored in the RPS.

Thus,if a subroutinereturnsthrough[%o07+8] or [%i7+8] , the next PC will be pre-
dictedmuchlike a conditionalbranch.Also like a conditionalbranch,if the actualtarget
addresss eventuallydeterminedo be differentfrom the predictedaddressthe CPU must
discard the incorrect instructions andyipefetching the correct ones.

9.3.4 Branc h and Branc h Prediction Strategies

The following subsections describe stigits 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 SFARC6441l compiler or assemblylan-
guage programmer can do is to eliminate asynbaanches as possible.

Thereare several techniqueghat canbe usedto remove branchesandcreatelarger basic
blocks:

1. Replacebrancheswith conditional moves. Sometimessimple basic blocks can be
removed by doing one or several conditionalmoves. The CPU can perform several
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conditionalmovesfor the price of onebranch MOVcc, FMOVcc, MOVr, andFMOVr
all take the same amount of time txeeute.

2. LoopUnrolling: Evenamodesiamountof loop unrolling canbe abig benefit.Unroll-
ing by two mightdoublethesizeof abasicblock andgreatlyimprove theefficiengy of
SFARC64411.

3. Procedurelnlining : Mostcompilersimplementsomeinlining. A lot of non-supersca-
lar compliersinline mostly to prevent pipeline stalls, to cover cachelatencies,to
remove prologue and epilog code, and to allow better register allocation. On
SFARCG6441l all of thesereasonsapply In addition, SFARC6441l benefitsby the
removal of the subroutinecalls andreturnsand by 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.
Recentliterature containsexamplesof this kind of code movement.Someof these
techniquegequirecompensatiortodein the lesslikely pathsin orderto expandthe
size of the more Iy paths.

5. All of this not withstanding,it is still a goodideafor the compilerto use standard
strengthreductiontechniquego remaove redundantinstructions.That is, do not use
redundant or useless instructions simply to creagetdrasic blocks.

Many processorsbenefit from these techniques,but a superscalarprocessorlike
SFARCG644I1l benefits @en more.

9.3.4.2 Arrang e Code for the F all-thr ough Case

SinceSFARC644Il doesnotissuepastthe delayslot of a predictedtakenbranch thereis
anadwantagef thecodecanbereomanizedsothatthemostlik ely paththroughthe codeis
in the branchnot taken path (the fall throughpath). The compileror assemblylanguage
programmeicando thisif it is possibleto staticallypredictthe directionof a branchwith
reasonable@ccurag. Using this static predictionthe compileror programmeicanensure
that in most cases the predicted code is indhd¢hrough path.

The compileror assemblylanguageprogrammershouldavoid using anulledbranchesf
thesebranchesreusuallynottakenbecaus&SPFARC64-111 will createhardware“glitches”
to annul instructions and thereby cause some performance loss.

9.3.4.3 Calculate Condition Codes Earl vy

Attempt to placethe comparisonghat setcondition codesas far as possiblebeforethe

brancheghat usethe condition codes.The hardware still predictsthe branchusingthe

branchpredictionhardwareinsteadof the conditioncodebits, but it looks atthe condition

codebits in the next cycle or assoonasthey areavailable.If the conditioncodebits are

not valid at the time of the branch,the CPU cannottell if the branchwas mispredicted
until they are aailable.

Note:
Settingthe conditioncodeor registervalueearlybenefitghe CPU, but it is notasgreata benefitfor
SFARCG6441l asit is for scalaror pipelinedprocessorsThis is becauseSFARC6441l performs
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branchpredictionandthereforedoesnot stall waiting for the branchconditionto beset.However, if
the branchpredictionis incorrect,the speculatre instructionsmust be cancelledand the correct
pathfetched.The soonerthe CPU discovers it mispredictedthe branch,the fewer cyclesit will
waste gecuting the wrong instructions.

9.3.4.4 Subroutine Returns

Usea CALL instructionor a JMPL with a destinationof %07 for all procedurecalls. For
subroutinereturns,usea JMPL with [%i7+8] if theroutinedid a SAVE or a JMPL with
[%007+8] if it wasaleafroutine.Avoid usingJMPLswith %07 or %i7 exceptfor sub-
routinecallsor returns sincethey corruptthe RPS.For example,avoid usinga JMPL %07
for a switch statementpecauset corruptsthe RPSandmight causea futurereturnto be
mispredicted.

9.3.4.5 Align Shor t Loops to Make “Dela y Slot” the Last Instruction

It may be difficult or impossibleto align shortloopsto starton anl0 cacheline boundary
In thesecasesan alternateandequallyefficient methodis to align theloop sothatthe last
instructionin acacheline is thedelayslot of abranch.Thisimprovesthroughputpecause
it putsthedelayslotin aknown 10 cacheline break;thatis, therewasgoingto bea code
break caused by the end of the cache lirysvag

9.4 Instruction Issue

The stratgiesoutlinedabove shouldproducea regular streamof instructionsto the Issue
Unit (ISU). At this point the compilershouldadjustthe orderandmix of theinstructions
to maximizeperformanceThe CPU canissueat mostfour instructionsper clock. How-

ever, variousissueconstraintsmay make this impossiblein somecases.The following

sectionsdescribetheseissue constraintsand presentsome stratgies to reducetheir

effects.

9.4.1 Issue Strategies

If the compileror assemblylanguageprogrammeicould alwaysdetermineexactly which
instructionsweregoingto beissuedn oneclock, it would be easierto determinghe opti-
muminstructionmix to generatdor the next clock. But thisisn’t alwayspossible pecause
of SFARC644I1I’ s dataflow nature.For example,the compilermight generatéwo integer
instructionsandtwo loadsandexpectthat they would issuein oneclock, sincethereare
enoughportsto the queuedor theseinstructionsHowever, if the Load/StoreUnit (LSU)
gueuehas11 of its queueslots occupiedwhenthe CPU attemptsto issuetheseinstruc-
tions, only oneof theloadscould actuallybeissuedlf the compilerassumeshatall four
were issued, it is “out of sync” with the harais.

Sometimeshowever, the compiler or assemblylanguageprogrammethasa fairly good
ideawhich instructionswill beissuednext. For example,after a branchto an 10 aligned
(64-bytealigned)location,the compilercanbe fairly certainthatthe CPUwill attemptto
issue the nd four instructions if there are no static or dynamic issue constraints.
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It is not possibleto schedulanstructionsperfectly However, therearesomegroundrules
for scheduling a basic block. First, break the instructions into thevialipbasic classes:

INT only:
Shifts, normalintegerinstructionsjnteger multipliesanddivides,andinstructions
with a condition codei¢c or xcc) source.

INT / AGEN:

Normal intger instructions, M®r, 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 can be executedin
each gecution unit.

Now, assumehat the compiler mustschedulean instructionof one class.For example,
assumehatthefirst instructionin the dependenggraphis a shift. We know thatthe shift
will besenttotheINT queuesincethatis theonly placewhereit canbe executed For the
next instructionthe compilershouldcheckthe dependeng graphto seeif it canfind an
instructionthat canbe issuedinto one of the otherclassesfor example,an FMUL. The
compilerrepeatshis processalwayslooking for an instructionthatis not in the same
class.This algorithmattemptsto ensurethatno two adjaceninstructionsarein the same
class;it guaranteethatno morethantwo instructionsareissuedo ary classin oneclock,
regardless of where the CPU starts issuing the instructions.

It maynotalwaysbepossibleto find aninstructionfor adifferentclassthatcanbeinserted
into the codestream At this point the compilermustdo someexperimentatiorto find an

algorithmthat gives the bestperformanceLarger basic blocks always help, since they

give the algorithm more instructions to choose from for scheduling.

9.5 Instruction Dispatc h, and the DFM Queue
Figure79 on page 196havs a block diagram of the SRC644II Data Flov Unit.

Up to 4 instructionsareissuedanddispatchedn eachcycle from the IssueUnit andarrive
atthe DataFlow Unit. Theseinstructionsaresentto the Queuesvherethey await all their
sourceoperandgif they arenot alreadyavailablefrom previousinstructions) Onceall of
the sourceoperandsreavailablethe instructionsareeligible to be sentto oneof the exe-
cutionunits.(If all thesourceoperandsireavailablewhenaninstructionis issuedanddis-
patchedandif the appropriatequeueis empty thenthe instructioncango directly from
the Issue Unit to the appropriateseution unit.)

Whenthe resultsaregeneratedy the executionunits, they aresenton the ResultBusses
to the Register File andalso sentto the Queuesvherethey are capturedby any waiting
instructionthat needsthe resultasan input operand Whenmoreinstructionsareeligible
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for executionthanthereareexecutionunitssenedby theinstructions queuethentheold-
est eligible instructions are selected feeeution.

Renamed / Ar chitected Register File

<

FP QUEUE
| | | | | | |

FPMul/Add
FPDiv/Sqr t

FP Add

ALS1
IMul/IDiv

INT QUEUE

ALS2

UL

R RURIRE(N

ALU3

ALU4

ARV

Even Cache

N N/

Odd Cache

LOAD/STORE QUEUE

WATCHPOINT QUEUE
[ I B B R A A I

U UL VU YU LU

WP x 16

SYS

Four Instructions fr om the
Result Busses

Issue / Dispatc h Unit

Figure 79: SPARCG64-I1l Data Flo w Unit

This collection of queuesand executionunits is called a “data flow” unit, becausehe
orderof executionof theinstructionsis determinedoy the availability of the dataneeded
to startexecution(theflow of the data)andnot by the original orderof theinstructionsin

the program.

The SFARC6441l CPU containsfive instruction queues Each queuemay feed one or
moreexecutionunits. Table38 on pagel97 describeghe queuestheir ports,the number
of queueentries,andthe numberandtype of functionalunits they feedwith instructions,
and the latencof the functional units.
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Table 38: DFM Queue Structures

WPorts/
Queue Name Entries/ Execution Units Supplied fr om the Queue Execution Latenc y
RPorts
Floating P oint (FP) | 2/8/2 | 1 Floating Point Multiply Add Unit (FMA) | 4 (FMA)®
1 (FMOV)

1 Floating Point Diide/Sqrt Unit 12(FDIVs)
22(FDIVd)
12(FSQRs)
22(FSQR)

1 Floating Point Add Unit (%) 3 (FADD)@

Integ er (INT) 2/8/2 | 2 ALS (Arithmetic/Logical/Shift) Units 1

1 Integer Multiply/Divide Unit 4 (32bits multiply)
6 (64bits multiply)
2-37(13 ag divide)

Integ er and 2/8/2 | 2 ALU (Arithmetic/Logical Units) 1
Address Note: ALUs used for Address Generation
Generation
(INT/AGEN)
Load/Store (LSU) 200 /12/2 | Even and Odd Data Caches 3 (hit)®
Watc hpoint (WP) 1/16/16 | Watchpoint x 16 1
(branch condition calculation)
a Pipelined

b1 for STDF, STDRA, STF, ST, and STFSR

The“WPorts” columndefinesthe maximumnumberof instructionsthatcanbe sentfrom
the ISU to that queueon eachcycle. This is one of the issueconstraintsThe numberof
gueueportsis a staticconstraintthatis, the CPU cannever issuemoreinstructionsto any
gueuein ary oneclockthantherearequeueports.The“RPorts” columndefineshe maxi-
mumnumberof instructionghatcanbe sentfrom the queueo the executionunitson each

cycle.

The“Entries” columndefineshe maximumnumberof instructionsthatcanberesidentn
eachqueuelf the queueis full, theISU cannotissuemoreinstructionsto this queueuntil
atleastoneinstructionfinishesits execution.Instructiondeave their queuesandaresentto
the executionunits whenall of their sourceoperandsare available. The numberof free
gueueentriesis a dynamicconstraint;it is difficult for the compilerto know beforean
instruction is issued whether or not the required queue is full.

The“ExecutionLateny” columndefinesgheamountof time it takesto executethe opera-
tion onceit hasbeendispatchedassuminghatit neednotwait in aqueuefor its operands.
The FP divide/sqrtand the integer multiply/divide instructionscanrun in parallel with
otherFP or integer operationsHowever, they sharea resultbus andmuststealoneclock
from the FloatingPointMultiply/Add unit or oneof theinteger ALS’s whenthey generate
a result.

The Floating point Multiply-Add Unit and Floating point Divide/Sqrt Unit sharethe
source/resultlatabus. Thus,they canneitherstartnor finish their executionat the same
time. But the Floating point Multiply-Add Unit can startor finish a nev multiply-add
while the Floating point Mde/Sqrt Unit is in the middle ofxecution.
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The Floatingpoint Multiply-Add Unit, Floatingpoint Add unit, and DataCacheUnit are
pipelined.They canstartanew multiply/add,load/storeesachclock andcompleteoneeach
clock. Floatingpoint movesbypasghe pipelineandcancompletein 1 cycle, if thereis no
Floatingpoint Multiply-Add instructionin the pipelinewhich will producea resultin the
next cycle.

The Floating point Divide/SqrtUnit, the Integer Multiply/Add Unit are not pipelined.
They cannot start n&v operations while theare lusy.

Anything issuedto the Load Store Unit (LSU) queuemust also be issuedto the INT/

AGEN gueueto have its addresggeneratedThe INT/AGEN units cando addresgienera-
tions or mostinteger instructions.However, they cannotdo shifts, multiplies, divides, or

instructiongthathave a conditioncoderegisterasa sourceoperandfor example,MOVcc,

ADDC, or SUBC.TheINT units cannotdo MOVTr instructions.For a completelisting of

what integer instructioncan be issuedto INT or INT/AGEN see9.6.3,“Where Instruc-
tions Are Executed?

9.6 Data Flow Unit

9.6.1 Data Dependencies

Therearethreetypesof datadependeng true dependeng outputdependeng andanti-
dependeng The following code fragmentcontainsan example of eachtype; they are
described further in the subsections that fello

1. add r1,r2 [r3 True Dependenc
2. sub r3,r4 [r5 Output Dependenyc
3. or r7,r8 [r3 Anti-Dependeng

All three of these instructions can be issued into the queues in one clock.

9.6.1.1 True Dependencies

Instruction1 writes a resultto r3 andinstruction2 usesthat resultasa sourceoperand.
Thisis calleda“true dependeng” It is impossibleto executeinstruction2 beforeinstruc-
tion 1 and obtain the correct answdo computer can remae true dependencies.

9.6.1.2 Output Dependencies

Instruction1 writes a resultto r3. Instruction3 alsowrites a resultto r3. It appearghat
instructiona cannot executebeforeor in parallelwith instructionl, or elseinstruction2
might get the wrong source value in r3. However, register renaming as found on
SFARCG6441l canremove thisrestriction.Registerrenamingwvorksby “renaming”all des-
tination registersfrom their architecturalregisternameto an internal “physical” register
name.Therenamings doneatdispatchtime. To make renamingwork efficiently the CPU
needsmore physical registersthan architectedregisters. For instance,assumethat the
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exampleabove were renamedn the following manner (Here we usethe notationp,, to
mean plgsical raister n”.)

1. add p;, pp; U psg
2. sub pzg ps Upy

3. or p7, pg U pas

Firstthe destinatiorof 1 is renamedo p,g. This alsocauseghe sourceregisterin 2 to be
renamedo p,g. After renamingthe programis logically equivalentto the original. How-
ever, now thereis no reasonthat instruction3 could not be executedbeforeor simulta-
neouslywith 1, becausethey now write different destinationregisters. Thus, register
renaming remeed the output dependgnbetween instructions 1 and 3.

9.6.1.3 Anti-dependencies

In the original exampleinstruction2 usesr3 asa sourceandinstruction3 writesits result
into r3. It appearghatinstruction3 cannot executebeforeinstruction2, becausenstruc-
tion 3 would overwrite the sourceregister (r3) neededn instruction2. This is calledan
anti-dependenc

The renamedregisterversionin 9.6.1.2above illustrateshov SFARC644Il handlesthis
problem. Since the destinationof 3 was renamedto p;, and instruction 2 needsp;g,
instruction3 cannow be executedbeforeor with instruction2b. Thusregisterrenaming
also remges anti-dependencies.

9.6.2 True Dependenc y Strategies

Sinceregisterrenamingremovesoutputandanti dependencieshe compileror assembly
languaggorogrammemneedonly be concernedabouttrue dependenciesihesecannotbe
removed by registerrenaming.In fact, thereis no way to remove true dependencieand
have a correctly operating program.

For shortsequencesf codeor for codethatis notin aloop, it is probablynot worthwhile
to worry abouttrue dependenciesSFARC6441l can have up to 64 instructionsin its
instructionqueuesat ary time. This allows enoughbuffering so thatmosttrue dependen-
ciesareresoled beforethey causeary 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 malke a big differencein performancelf oneiterationof a loop generatesnultiple
floating-pointresultsthat are usedin the next iteration of the loop, the FP queuecan
becoméfilled. Thatis, the ISU canissuetwo instructionsper clock to the FP Queueand
eachoperationhasat leastthreeclocks of lateng. In thesecasest is possiblefor true
dependencieto stall the machinebecauseahe FP queuels full. If possiblethe compiler
should schedule these loops tovere the FP queue from filling.
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9.6.3 Where Instructions Are Ex ecuted

Table 39 lists the queuedgo which instructionscanbeissued A checkmark (O) in a col-
umn indicatesthat the instruction(s)can be executedin the associatedinit; an ‘[0’ indi-
catesthat it usesmultiple executionunits. ‘L’ indicatesthat it usesEven/OddCachein
addition to ALU1/2 attached to the INTGEN 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/
Sqrt

FA

WP

SYS

ADD, ADDcc

O

O

O

O

ADDC, ADDCcc

O

O

AND, ANDcc, ANDN, ANDNcc

O

O

O

O

BPcc, Bicc, BPr

O

CALL

CASA, CASXA

DONE

FABS

O

FADD

FBfcc, FBPfcc

FCMP, FCMPE, Fi(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)

FSQR

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

O

MULX

NOP

UMUL, SMUL, UMULcc, SMULcc
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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 '“Si”v" ALS2 | ALU3 | ALU4 | FMA Fsch"r’{ FA | WP | SYs
OR, ORcc, ORN, ORNcec ad a O 0
PREFETCH, PREFETCHA L | L
RDASI, RDASR, RDCCR, RDFPRS 0 0
RDPC, RDPR, RDTICK, R
RESTORE 0 0
RESTORED 0| O
RETRY 0 0 0
RETURN 0 0
SAVE 0 0 O
SAVED 0| o
SDIV, SDIVce, SDIVX 0
SETHI 0 0| o | o
SIR 0
SLL, SLLX 0 0
SDIV, SDIVXcc, SDIVX 0
SLL, SRL 0 0
SMUL, SMULcc 0
SRA, SRAX, SRL, SRLX 0 O
STB, STB\, STBAR L | L
STD, STDA L | L 0
STDF STDR, STF, STR, STFSR L | L
STH, STHA, STW, STWA, STX, L | L
STXA, STXFSR
SUB, SUBcc O O 0 [l
SUBC, SUBCcc 0 0
SWAP, SWAPA L | L
TADDcc, TADDccTV O 0
Tcc O a
TSUBcc, TSUBCCTV 0 O
UDIV, UDIVce, UDIVX 0
UMUL, UMULcc 0
WRASI, WRASR, WRCCR, WRF- 0 O
PRS, WRPR, WR
XOR, XORcc, XNOR, XNORCC 0 AENE

9.6.4 Loads and Stores

SFARC6441l containsa 64K byte DataCachewhichis dividedinto two banks,evenand
odd,with 8 bytesboundaryThe DataCaches indexed by virtual addressit <13:6>.The
datacachedave aline sizeof 64 bytesandarefour-way setassociatie. The associatiity
meansthat cachethrashingis minimized. Neverthelessthe compiler should not align
large data arrays modulo 16K bytes apart.
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Note:
This is 16K byes instead of 64K, because of the-feay set associafity.

The cachesare“non-blocking”. Thatis, while the cacheis waiting for datafrom memory
becaus®f a cachemiss,it canstill procesdurthercacheaccessesnostof which will be
hits. The cacheonly blocks further accessesvhenit encountersa miss that requiresa
fourth datacachdine to beloadedfrom memory (Missesto a datacachdine thatis in the
procesf beingloadedfrom memorydo not block otherdataaccessew the cache.)The
non-blockingnatureof the cachesallows the CPU to performa greatdeal of work while
waiting for cache misses.

SFARCG6441l has a large (256 entry, fully associatie) Translation Lookaside Buffer
(TLB). Neverthelessit is importantto avoid TLB missesasmuchaspossible sincethey
are handled in softare and tad a great deal of time, typically 80-10gctes or more.

The SFARC644Il Load/StoreUnit (LSU) canstarttwo loadsor two storesin eachclock,
aslongasonehasanevenaddresandtheotherhasanoddaddressTheseaccessesanbe
totally independent; tlyecan @en be a mixture of loads and stores.

The datacacherequiresa load/storelateng of threecycles, but it is pipelinedand can
accepttwo new load or storerequestsevery clock and cancompletetwo loadsor stores
every clock.

The SFARC644I1l level 2 cachesystemhasabouta 13 clock lateng for loadsthatmissin
the datacache.Fortunately the dataflow natureof SFARC644I11 allows the CPU to do
otherusefulwork while waiting for a cachemiss.However, it is hardfor the CPUaloneto
find enoughwork to dofill 13 clocksof lateng. Subsequeribadmissego thesamecache
line are queuedin the datacacheandwill completeas soonasthe dataarrives (usually
only afew cycle afterthe 13 cyclesto getthedatafor thefirst miss).Too mary datacache
misses to dierent cache lines in a short period of tivergually cause the CPU to stall.

The next sectiondescribestratgjiesthe compilercanuseto avoid the cachemisslateng
penalty

9.6.4.1 Load and Store Latencies

Table 40shavs the Data Cache latencies (in clocks) faraus load and storeents:

Table 40: Data Cache Latencies

Latency® Latency®

Type (load) (store) Comments
Hit at D1$ 3 3 Pipelined
Miss at D1$, bt Hit in U2$ 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 Softare

a All latencies are approximate; mafactors determine the actual numberyafles of lateng
that will occur
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9.6.4.2 Load and Store Or dering Constraints

SFARC6441l doesnot allow storesto executeout of order evenwhenthe CPU is using
the Relaxed Memory Order (RMO) memory model. SFARC644Il doesallow loadsto
executeout of orderin RMO mode,however. It alsoallows loadsto passstoresjf theload
is notto the samepageoffsetasary storethatis alsoin the Load/StoreQueue Explicitly,
in orderfor aloadto passa storein the Load/StoreQueue addressits 13..00f the load
and store must d#r.

Speculatre storeswhich arestoresthatareencounterean a predicted but not yet veri-
fied, branchpath,arenot allowedto executeuntil they areno longerspeculatre. Storesin
anonspeculatie patharealsonot executeduntil it is known thatall instructionsbeforethe
storewill completewithout error This preventsa store from erroneouslymodifying a
cache or memory location.

Speculatie loads,which areloadson a predictedbranchpath,are allowed to execute.If
the CPUlaterdetermineshatthe branchwasmispredictedall speculatre loadsandspec-
ulative storesthatarestill in the LSU queuearecancelledLoadsthathave alreadystarted
execution(thatis, they arein the processf loadingdatafrom the U2-Cacheor memory)
arenotcancelledjnsteadthe datais loadedinto thelevel-1 datacache put the datais not
sent to the DFMLSU.

9.6.5 Load and Store Strategies

The following sections discuss strgtes for hiding data cache latencies.

9.6.5.1 Schedule Loads as Earl y as Possib le

It is agoodideato scheduldoadsasearlyaspossibleithatis, try to scheduldoadsasfar
beforeary instructionsthat usesthe resultof the load as possible.This may cover the
entirelateny of a datacachehit, andit will definitely helpif thereis a datacachemiss.
Loop unrolling or software pipeliningmay allow aloadto be startedong beforethe data
is needed. Larer basic blocks also malt easier to schedule loads earlier

Several factorsmay make it difficult or undesirabldo scheduldoadstoo far beforethe
data is used:

m Theload instructionstie up an architectedregister until the datais used.Too mary
“early” loadswould tie up all of thearchitectedegistersandpreventlaterinstructions
from issuing.

m Oftenloadscannotbe moved from a later basicblock to an earlierone, becausehe
intervening branchmight be checkingto determineif it is valid to do the load. For
example,while traversinga linkedlist, it would speedhingsup if the compilercould
startto accesshedatain thenext list nodebeforecheckingto seeif thenodepointeris
null. However, with normalloadsusinga null pointercauses data_access_exception,
so this load cannot be med before the branch.

The next sectionsdiscusstwo techniquesavailablein SFARC6441l that can circumvent
some of these restrictions.
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9.6.5.2 Data Prefetches

SFARC-V9 providesa setof dataprefetchinstructions.Theseinstructionsare definedto
“attempt” to prefetchdata.The prefetchinstructionsspecifyanaddresdik e anormalload
or store,but do notrequirea destinationsource)egister The prefetchoperationattempts
to move the dataascloseaspossibleto the CPU.For SFARC644I11 the prefetchloadsthe
data into the leel-1 data cache, if it is not already there.

If adata_access_exception occursduring the prefetch,theinstructionis treatedasa NOP;
thatis, thedatais not loadedandno exceptionoccurs.This allows the compilerto sched-
ule prefetches before it is certain that the source addreakds v

On SFARCG644I11 the compiler needsto scheduleonly one prefetchper cacheline (64
bytes), since the prefetchnalys loads an entire cache line into the cache.

SFARC-V9 definesfive different prefetchtypes, but SFARC6441l supportsonly two

types: “Prefetch for Several Reads” and “Prefetch for Several Writes” (See A.42,

“PrefetchData”, for moreinformation.)Both typescausea cachdine to beloadedinto the

datacachef it is notalreadythere.The“write” versionalsoinformsthe coherencenech-
anismthat the requestomusthave exclusive ownershipof the cacheline. All prefetches
are non-blocking;that is, the data cachecan processother cacheaccessesvhile the

prefetch is loading the cache line from the Unified Cache (U2) or memory

A Prefetchthatmissesn the DataCachecauses cachereloadbuffer to be busywhenthe
datareturnsfrom the U2 cacheor memory If too mary prefetchesniss,thensubsequent
realloads(or stores)will be delayedbecausall availableprefetchbufferswill bein use.
From 2 to 4 prefetcheqdependingon their address)can miss beforea subsequenipad
miss will be stalled.

9.6.5.3 Non-Faulting Loads

Non-Faulting Loads are similar to prefetchesept that:

m They are only gailable for loads,

m They load data into an architectedyjigter as well as the data cache.

If any dataaccesgprotectionviolation occursduringtheload,zerois returnedo the desti-
nation rgister ut no error trap is ta.

Note:
Error traps are tan for hardvare errors such as ECC.

The compilermustverify thatthe addressisedfor a non-faultingload wasvalid beforeit
attemptdo usethe loadeddata.For example,in traversingalinkedlist the compilercould
usenon-faulting loadsto accesghe datain the next nodebeforecheckingfor a null node
pointer However, thecompiledcodemust checkthe pointerbeforeusingthedatathatwas
loaded, since naxeeption occurs if the pointeras irvalid.

9.6.5.4 Non-Faulting Loads vs. Data Pref etches
Prefetch has the folang benefits:
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m |t does not require agester for the result.

m |t can be made before the prefetch addresalidated.
m  Only one Prefetch is needed per data cache line.
m |t can be used for loads and stores.

Prefetch has the folang disadantages:

m Thedatais loadedonly into the datacache.The prefetchmustbefollowedby a“real”
load in orderto get the datafrom the cacheand to ensurethat the addressof the
prefetch vas \alid.

m  Too mary prefetchmissesmay make all of the datacachereloadbuffers busy This
may then block nonprefetchedoadsand storesthat are more importantfor making
forward progress in the program.

Non-Faulting Loads hee the follaving adantage:

m The data is loaded into agister, therefore, a follw-up load is not needed.
Non-Faulting Loads hee the follaving disadantages:

m The address must balidated before the data can be used.

m An architected rgister is tied up until the data is used.

m They are @ailable only for loads.

m Too maly non-faulting loads that miss can neathe data cache reloadfters husy.

9.7 Some Implementation Specifics

In additionto the topicsdiscussedbove a few topicsrelateto the particularimplementa-
tion of the SFARC6441l machinethatthe compilerwriter or assemblyanguageprogram-
mer shouldbe aware of to generateefficient code.Theseareall coveredin othersections
of this manual. In addition, tlgeare collected and summarized belo

9.7.1 Unimplemented Instructions

SFARC6441l doesnotimplementsomeSFARC-V9 instructionsin hardware.If the com-
piler issuestheseinstructions the machinetrapsandthe kernelemulateghe instruction.
Avoid theseinstructionswhenpossible because&ernelemulationis slow. Table41 enu-
merates the non-pileged instructions that are unimplemented iABE64411.

Table 41: Unimplemented instructions

Unimplemented Instructions Notes
All Quad FPops Kernel emulation
LDQF/STQF
POPC Kernel emulation
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9.7.2 Overloaded Instructions

The following instructionsare overloadedin SFARC6441l. Thatis, the instructionsare
mapped onto otheralid instructions.

Table 42: SPARCG64-IIl Unimplemented Non-pri vileged Instructions

Overloaded Instructions Overload to:
PREFETCH (one read) Mapped to PREFETCH (geral reads)
PREFETCH (one write) Mapped to PREFETCH (geral writes)
PREFETCH (page) Mapped to PREFETCH (geral reads)

9.7.3 Register Windo ws

SFARC6441l implementsfive register windows (NWINDOWS = 5). This is fewer win-
dows thanmostSFARC machinesHowever, the costof additionalregistersin a register
renamed superscalaprocessoisuchas SFARC644I1 is very high. (More register win-
dows take morespaceon the chip andareslower.) However, thewindow spill andfill rou-
tinesare muchfasterin SFARC-V9 thanin SFARC-V8, becausef the nev SFARC-V9
instructions.Also SFARC6441l speculatrely executesinto the spill/fill routines,which
allows the spills andfills to startearly Thus,the costof awindow spill or fill is muchless
for SFARC-V9 implementations lik SRRC644II than it is for SRRC-V8 machines.

To keepthe spill/fill costlow the compiler shouldnot generateunnecessargAVE and
RESTOREInstructions sincethesemight causeaxtrawindow spills or fills. Inlining small
functionshelps,sincethis remoresthe SAVE and RETURN instructions.Similarly, The
compiler should generate routines as leaf routines wieepessible.

9.7.4 Deprecated Instructions

Table43 on page 207 lists the SFARC-V8 instructionsthat have beendeprecatedn
SFARCG6441l. Thedeprecatethstructionsamaynotbesupportedr mayperformpoorlyin
future SFARC-V9 hardwareand may be droppedin SFARC-V10; new compilersshould
not generate deprecated instructions.
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Table 43: Deprecated instructions

Deprecated Instructions Comments
Bicc No performance penaltilo branch prediction bit.
FBFcc No performance penaltilo branch prediction bit.
LDD(A) Single issue instruction
LDFSR Syncs the CPU
MULScc Syncs the CPU
SDIV, SDIVce 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 penaltiseless in non-tagged programs
TSUBccTV No performance penaltiseless in non-tagged programs
UDIV,UDIVce No performance penalty
UMUL, UMULcc Sync the CPU
WRY Sync the CPU

9.8 Grouping Rules

A maximumof 4 instructionscanbeissuedn acycle, dependingn restrictionsdescribed
as follows.

Any datadependeng(true,output,anti-dependeng betweennstructionsdoesnot affect
the number of instruction being issued, because AREB4II’ s renaming capability
9.8.1 Fetch limitation

Instructionissueis limited to the numberof instructionsavailablein the 12-entryinstruc-
tion buffer. The numberof instructionsthat canbe fetched(max 4) is dependentn the
conditions described in the folling subsections.

9.8.1.1 Instruction Lookaside T able (ILT) Miss

The next fetch addresss always predictedthroughthe 4k entry Instruction Lookaside
Table (ILT). The mispredict penalty is yde.

9.8.1.2 10 cache Miss

Thel0 Cacheis 16KB-direct;thell Cacheis 64Kb, 4-way setassociatie. The |0 Cache
miss penaltyis 3 cycles, and betweenl0 and 56 (U2 Cachehit/miss) more cycles are
required if the I1 Cache misses as well.
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9.8.1.3 10 Cache Line Break

EachlO Cacheline includesl6 instructions;instructionsthat crossa cacheline boundary
cannotbe fetchedin the samecycle. See9.2.1,"Internal Level-0 InstructionCache(l0)”
for the details.

9.8.1.4 Control Transfer Instruction (CTI) Fetc h

Instructionaddresseblave to be contiguousto be issuedin the samecycle. A taken CTI
andthe target of that CTl cannotboth be fetchedin the samecycle. A non-talen DCTI
with theannulbit on andthe next instructioncannotbefetchedin the samecycle. In addi-
tion, multiple CTls cannot be fetched in the sayde

Every CTI except DCTI requires2 cycle bubblesfor the subsequeninstructionsto be
issued.

9.8.2 Syncing Instructions

Several instructionscauseSFARC6441l to sync;thatis, they causethe machineto stop
issuinginstructionsuntil all previously issuedinstructionscommit. The CPU then exe-
cutesthe syncinginstructionby itself andwaitsfor it to commitbeforeproceedingFortu-
nately only afew of theseanstructionamightbegeneratedby a compiler Table44 liststhe
instructions that cause the ARC6441l to sync.

Table 44: SPARC64-I1l 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 %asrl8, %asrl9, %asr20, %asr21, %asr22, %asr23,
%asr25, %asr26, %asr30, %asr31

WRPR ecept
%pil

‘%g0+imm  %cwp/%cansee/%canrestore/%cleanwin/%otherwin/
%wstate’

LDFSR/LDXFSR
STFSR/STXFSR
CASA/CASXA
SIR

WRY

WRASI
WRFPRS
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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 currentissuinginstructionwindow. An instruction
marked asboth slot0_only and last_to_be_issued is a single-issue instruction.

Table 45lists the SRRC644Il slotd_only andlast_to_be_issued instructions.

Table 45: slot0_only andlast_to_be_issued Instructions.

Instructions slot0_onl y last_to_be_issued
FMOVrval 0
JMPL (except ret/retl) O
LDD, LDDA 0 [l
RDASI, RDASR, RDFPRS, RDPC, RDPR, RDTICK a
RESTORE O 0
RESTORED 0
SAVE a
SAVED O
STD, STOA 0 [l
Tcc a 0
WRASI, WRASR, WRCCR, WRFPRS, WRPR, WR O
RETURN [l

9.8.4 DFM Q Write Port

Eachinstruction has attributes indicating to which DFM queuethe instruction can be
issuedand dispatchedSinceeachDFM queuecan accepta limited numberof instruc-
tions,the numberof issuinginstructionds dependenbnthetypeof theinstructions.Table
46 indicateseachinstructions type. A checkmark (0) in the columnindicatesthat the
instruction(s)can be 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 whenthe instructionis retired except
DFM LSU.
Table 46: Where Instructions are Queued
INT/ Load/
Instructions QL’:E e SSeEu'g QSLthéTe QuF gu e QXY:J e SYS
ADD, ADDcc a 0
ADDC, ADDCcc 0
AND, ANDcc, ANDN, ANDNcc a 0
BPcc, Bicc, BPr O
CALL 0 0
CASA, CASXA 0
DONE O 0
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Table 46: Where Instructions are Queued Continued

INT/ Load/
Instructions INT AGEN Store FP WP SYS

Queue Queue Queue Queue Queue

FABS d

FADD d

FBfcc, FBPfcc O

O

FCMP, FCMPE, FiD(s,d)

FDIV d

FLUSH u U

FLUSHW d

FMOV, FMOvcc, FMOVr, FMOVr, O
FMUL, FNEG, FsMULd,
F(s,d)TOi, F(s,d)TO(s,d),
F(s,d)TOx, FXTO(s,d)

FSQR

O

FSUB d

ILLTRAP d

IMPDEP2(FMA) 0

JMPL

O
O

LDD, LDDA

O
O
O

LDDF, LDDF, LDDFA, LDF, u U
LDFA, LDFSR

LDSB, LDSBA, LDSH, LDSHA, u U
LDSTUB, LDSTUBA, LDSW,
LDSWA, LDUB, LDUBA, LDUH,
LDUHA, LDUW, LDUWA, LDX,
LDXA, LDXFSR

MEMBAR g 0

MOVcc

O

MOVr O

MULScc

MULX

NOP

UMUL,SMUL,UMULcc,SMULcc

OogoQga|i.
[

OR, ORcc, ORN, ORNcc

O

PREFETCH, PREFETCHA O 0

RDASI, RDASR, RDCCR, RDF-
PRS, RDPC, RDPR, RDTICK,
RDY

O
O

RESTORE g

RESTORED

RETRY U

RETURN

SAVE O

O
Oogooi-g

SAVED

SDIV, SDIVce, SDIVX

O

SETHI a d

SIR u

SLL, SLLX O
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Table 46: Where Instructions are Queued Continued

INT/ Load/
Instructions INT AGEN Store FP WP SYS

Queue Queue Queue Queue Queue

SDIV, SDIVXcc, SDIVX O
SLL, SRL a
SMUL, SMULcc u
SRA, SRAX, SRL, SRLX g
STB, STBA, STBAR

STD, STOA

STDFE STDFA, STE STFA, STFSR

STH, STHA, STW, STWA, STX,
STXA, STXFSR

SUB, SUBcc
SUBC, SUBCcc
SWAP, SWAPA O O
TADDcc, TADDccTV
Tcc

TSUBcc, TSUBccTV
UDIV, UDIVcc, UDIVX
UMUL, UMULcc

WRASI, WRASR, WRCCR,WRF-
PRS, WRPR, WR

XOR,XORcc,XNOR,XNORcc

OOojga|Qd
Ooojg|o

O
O

O

OoOooQgQga

O
O

9.8.5 Mixture of Normal Integ er Instructions

Whenissuinga mixture of normalinteger instructions(for example,ADD and SHIFT),
the CPU exhibits a specificbehaior. If anissuewindow contains4 integer/shiftinstruc-
tions, they couldbeissuedn 2 possibleways,basedon the orderof the operationsTable
47 andTable 48illustrate the tw possible issue orderings:

Table 47: Order = shiftl, shift2, add1, add2

Execution Unit Operation Cycle #
ALS1 shift 1 1
ALS2 shift 2 1
ALU3 add 1 1
ALU4 add 2 1
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Table 48: Order = add1, add?2, shiftl, shift2

Execution Unit Operation Cycle #
ALS1 add 1 1
ALS2 add 2 1
ALS1 shift 1 2
ALS2 shift 2 2

Thesecondcasetakestwo clocks. This anomalyoccursbecausehefirst 2 integeror shift
instructionsare always sentto the INT queueandthe remaininginteger instructionsare
checledto seeif they cango to the INT/AGEN queue Sinceshift cannotgo to the INT/
AGEN queue the secondcasecannotexecutethe shiftsin the sameclock asthe ADDs.
Thisissueconstraintis causedy a critical speedpath,which doesnot allow enoughtime
to switch the order of the instructions so thaytbeuld all issue in a single clock.

Note:
Althoughthe numberof instructionsbeingissuedis calculatedassuminghefirst 2 integerinstruc-
tionsarealwayssentto the INT queuejt is notguaranteethatthefirst two integerinstructionswill
bedispatchedo theINT queuegexceptshift andsomeotherinstructiongseeTable46 on page209
for details).SFARC644I11 triesto issueanddispatchinstructionsto the INT queueandINT/AGEN
gueue in turn to prent ALU3/ALU4 from being idle.

9.8.6 Dynamic Resour ces

An instructioncannotbeissuedf correspondinglynamicresourcesrenotavailable. The
instructionwill stall until previousinstructionsusingthe sameresourceareretiredandthe
resource agn becomeswailable.

9.8.6.1 Serial Number

Every issuedinstructionis taggedwith a serialnumber The numberof available serial
numbers is 63.

9.8.7 Rename Register

Any instructionwhich will write into anintegerregister(except%g0, %ag0),a condition
coderegister or floating point registerrequiresan availablerenameregister The number
of availablerenameregistersis 34 for integer, 27 for cc,and32 (even)+32(odd)for float-
ing point reyisters.



A Instruction Definitions

A.1 Overview

This appendixdescribeseachSFARC644I1l instruction.Relatedinstructionsare grouped
into subsections. Each subsection consists of these parts:

1.

A table of the opcodesdefinedin the subsectionwith the valuesof the field(s) that
uniquely identify the instruction(s).

An illustrationof theapplicableinstructionformat(s).In theseillustrationsa dash'—’
indicatesthatthe field is resewed for future versionsof the architectureandshall be
zeroin ary instanceof the instruction.If a conforming SFARC-V9 implementation
encountersionzerovaluesin thesefields, its behaior is undefined SeeAppendix|,
“Extendingthe SFARC-V9 Architecture”in V9 for information aboutextendingthe
SFARC-V9 instruction set.

A list of the suggestedssemblyanguagesyntax;the syntaxnotationis describedn
AppendixG, “Assembly Language Syntax”

A description of the features, restrictions, ardeption-causing conditions.

(5) A list of exceptionsthatcanoccurasa consequencef attemptingto executethe
instruction(s). Exceptions  due to an instruction_access_aor,
instruction_access xeeption, 32i_instruction_access_MMU_miss, async_erroy
watchdog, andinterruptsare not listed sincethey canoccuron ary instruction.Also
ary instruction that is not implemented in hardware shall generate an
illegal_instruction exception (or fp_exception_other exception  with
ftt=unimplemented_F&p for floating-point instructions)when it is executed.The
data_breakpointtrap can occur on ary data memory accessinstruction and the
programmed_emulation_trapanoccurduringchip delug on ary instructionthathas
beenprogrammednto oneof the CPU’s EmulationTrap Registers(ETR). Thesetraps
are also not listed under each instruction.

The following trapsnever occur in SRRC64-III:

m watchdog_reset

instruction_access_ MMU_miss

internal_processor_error
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m data_access MMU_miss

m data_access_protection

m unimplemented LDD

m unimplemented_STD

m LDQF _mem_address_not_aligned

m STQF _mem_address_not_aligned

m async_data_error

m fp_exception_other (ftt = valid_fp_register)

The descriptionsin this Appendix list the trapsthat will not occurfor eachinstruction
group.However, trapsin the list above are omitted from the lists in the following pages
since thg can neer occur in SRRC64-I11.

This appendixdoesnot include ary timing information (in either cyclesor clock time),
since timing is implementation-dependent.

Table 50 summarizesthe instruction set; the instruction definitions follow the table.
Within Table 50, throughoutthis appendix,andin AppendixE, “OpcodeMaps” certain
opcodesaremarkedwith mnemonicsuperscriptsThe superscriptandtheir meaningsare
defined inTable 49

Table 49: Opcode Superscripts ¥9=21)

Super script Meaning

D Deprecated instruction

P Privileged opcode

P.si Privileged action if bit 7 of the referenced ASI is zero
Pasr Privileged opcode if the referenced ASRjister is pwileged
Pupr Privileged action if PSATE.PRIV = 0 and TICK.NPT =1

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 intger condition codes with prediction 229
BiccP Branch on intger condition codes 227
BPr Branch on contents of irder ragister with prediction 219
CALL Call and link 232
CASAPss Compare and sap word in alternate space 233
CASXAPss! Compare and sap doublevord in alternate space 233
DONEP Return from trap 238
FABS(s,d,q) Floating-point absolutealue 246
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Table 50: Instruction Set (Continued(V9=22)

Opcode Name Page
FADD(s,d,q) Floating-point add 239
FBfcc® 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 xeeption if unordered) 240
FDIV(s,d,q) Floating-point dvide 248
FdMULq Floating-point multiply double to quad 248
FiTO(s,d,q) Corvert intgger to floating-point 245
FLUSH Flush instruction memory 251
FLUSHW Flush rgister windavs 253
FMOV(s,d,q) Floating-point mge 246
FMOV(s,d,qg)cc Move floating-point rgister if condition is satisfied 275
FMOV(s,d,q) Move f-p ra. if integer re. contents satisfy condition 279
FMUL(s,d,q) Floating-point multiply 248
FNEG(s,d,q) Floating-point ngate 246
FsMULd Floating-point multiply single to double 248
FSQR(s,d,q) Floating-point square root 250
F(s,d,q)Oi Corvert floating point to intger 242
F(s,d,q)O(s,d,q) Corvert between floating-point formats 243
F(s,d,q)Ox Corvert floating point to 64-bit ingger 242
FSUB(s,d,q) Floating-point subtract 239
FXTO(s,d,q) Corvert 64-bit intger to floating-point 245
ILLTRAP lllegal instruction 254
IMPDEP1 Implementation-dependent instruction 255
IMPDEP2 Implementation-dependent instruction 255
JMPL Jump and link 258
LDDP Load doublevord 263
LDDAD: Pasi Load doublevord from alternate space 265
LDDF Load double floating-point 259
LDDFAPssi Load double floating-point from alternate space 261
LDF Load floating-point 259
LDFAPas! Load floating-point from alternate space 261
LDFSRP Load floating-point state géster laver 259
LDQF Load quad floating-point 259
LDQFAPss! Load quad floating-point from alternate space 261
LDSB Load signed byte 263
LDSBAPs Load signed byte from alternate space 265
LDSH Load signed halfard 263
LDSHARs! Load signed halfard from alternate space 265
LDSTUB Load-store unsigned byte 268
LDSTUBAPs! Load-store unsigned byte in alternate space 269
LDSW Load signed wrd 263
LDSWAPsi Load signed wrd from alternate space 265
LDUB Load unsigned byte 263
LDUBAPss! Load unsigned byte from alternate space 265
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Table 50: Instruction Set (Continued(V9=22)

Opcode Name Page

LDUH Load unsigned halfard 263
LDUHAPasi Load unsigned halfard from alternate space 265
LDUW Load unsigned ward 263
LDUWAPss! Load unsigned wrd from alternate space 265
LDX Load tended 263
LDXA Pasi Load etended from alternate space 265
LDXFSR Load floating-point state géster 259
MEMBAR Memory barrier 272
MOVcc Move integer rajister if condition is satisfied 281
MOVr Move integer reister on contents of inger register 285
MULScc® 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 (ORNCcc) Inclusive-or not (and modify condition codes) 270
POPC Population count 293
PREFETCH Prefetch data 295
PREFETCHA®s! Prefetch data from alternate space 295
RDASI Read ASI rgister 303
RDASR™sR Read ancillary state gester 303
RDCCR Read condition codesgister 303
RDFPRS Read floating-point gisters state ggster 303
RDPC Read program counter 303
RDPR’ Read pnileged rejister 301
RDTICKPveT Read TICK register 303
RDYP Read Y rgister 303
RESTORE Restore calles windav 307
RESTORED’ Window has been restored 309
RETRyP Return from trap and retry 238
RETURN Return 306
SAVE Save callers windaw 307
SAVEDP Window has been sad 309
SDIVP (SDIVedP) 32-bit signed intger dvide (and modify condition codes) 235
SDIVX 64-bit signed intger dvide 287
SETHI Set high 22 bits of lo word of integer reyister 310
SIR Software-initiated reset 313
SLL Shift left logical 311
SLLX Shift left logical, tended 311
SMULP (SMULc®) Signed intger multiply (and modify condition codes) 288
SRA Shift right arithmetic 311
SRAX Shift right arithmetic, etended 311
SRL Shift right logical 311
SRLX Shift right logical, &tended 311
STB Store byte 319
STBAPs! Store byte into alternate space 321
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Table 50: Instruction Set (Continued(V9=22)

Opcode Name Page
STBARP Store barrier 314
STDP Store doubleord 319
STDAD: Pasi Store doubleord into alternate space 321
STDF Store double floating-point 315
STDFAPsS! Store double floating-point into alternate space 317
STF Store floating-point 315
STFAPss! Store floating-point into alternate space 317
STFSR Store floating-point stategester 315
STH Store halfverd 319
STHAPs! Store halfvord into alternate space 321
STQF Store quad floating-point 315
STQRA s Store quad floating-point into alternate space 317
STW Store vord 319
STWAPss Store vord into alternate space 321
STX Store atended 319
STXAPs! Store &tended into alternate space 321
STXFSR Store atended floating-point stategister 315
SUB (SUBcc) Subtract (and modify condition codes) 323
SUBC (SUBCcc) Subtract with carry (and modify condition codes) 323
SWAPP Swap intgyer rayister with memory 324
SWAPAD: Pasi Swap inteer reggister with memory in alternate space 325
TADDcc (TADDccTVP) | Tagged add and modify condition codes (trap werftow) 327
Tcc Trap on intger condition codes 331
TSUBcc (TSUBccTVY) Tagged subtract and modify condition codes (trapvenflmw) 329
UDIVP (UDIVccP) Unsigned intger divide (and modify condition codes) 235
UDIVX 64-bit unsigned intger divide 287
UMULP (UMULccP) Unsigned intger multiply (and modify condition codes) 287
WRASI Write ASI register 337
WRASR™ SR Write ancillary state igister 337
WRCCR Write condition codes gister 337
WRFPRS Write floating-point rgisters state ggster 337
WRPR’ Write privileged rgister 334
WRYP Write Y register 337
XNOR (XNORcc) Exclusive-nor (and modify condition codes) 270
XOR (XORcc) Exclusive-or (and modify condition codes) 270
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A.2 Add
Opcode Op3 Operation
ADD 000000 Add
ADDcc 010000 Add and modify cs
ADDC 001000 Add with Carry
ADDCcc 011000 Add with Carry and modify ce’
Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Assemb ly Langua ge Syntax
add Qg1 €J_Or_imm reg,qy
addcc regrsy, F€J_Or_imm regyy
addc Qg1 €J_Or_imm regyqy
addccc regrsy, F€J_Or_imm regyy
Description:

ADD and ADDcc compute“r[rs1] +r[rsZ” if i =0, or “r[rs]] + sign_et(simm13" if
i =1, and write the sum intgrd].

ADDC andADDCcc (“ADD with carry”) alsoaddthe CCR registers 32-bit carry (icc.c)
bit; thatis, they compute“r[rs]] + r[rsg + icc.c’ or “r[rs]] + sign_et(simm13 + icc.c’
and write the sum intqrd].

ADDcc andADDCcc modify theinteger conditioncodes(CCRicc andCCRxcq). Over-
flow occurson additionif bothoperand$iave the samesignandthe signof thesumis dif-
ferent.

Programming Note:
ADDC and ADDCcc readthe 32-bit conditioncodes’carry bit (CCRicc.c), not the 64-bit condi-
tion codes’ carry bit (CCRcc.c).

Compatibility Note:
ADDC and ADDCcc were named ADDX and ADDXcc, respeslti, in SARC-V8.

Exceptions:
(none)
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A.3 Branc h on Integ er Register with Prediction (BPr)

Opcode rcond Operation Corﬁetee%itsst?l'r est
— 000 Reserved —
BRzZ 001 Branch on Reister Zero rirs]] =0
BRLEZ 010 Branch on Reister Less Than or Equal to Zero rirs <0
BRLZ 011 Branch on Register Less Than Zero rirs <0
— 100 Reserved —
BRNZ 101 Branch on Register Not Zero rirs #0
BRGz 110 Branch on Reister Greater Than Zero rirs] >0
BRGEZ 111 Branch on Register Greater Than or Equal to Zero rirs =0
Format (2):
00 [a|0O| rcond 011 diéhi | p rsl d16lo
3130 29 28 27 25 24 22 21 20 19 18 14 13 0

Assemb ly Langua ge Syntax
brz {,a { .pt |,pn } reg;sy, label
briez {,a }{,pt |,pn} reg;sy, label
briz {,a {.,pt |,pn} reg;sy, label
brnz {,a { ,pt |,pn } reg;sy, label
brgz {,a X{ ,pt |pn } regrsy, label
brgez {,a ¥{ ,pt |,pn} reg;sy, label

Programming Note:
To setthe annulbit for BPrinstructionsappend‘,a ” to the opcodemnemonic.For example,use
“brz,a  %i3,label” The precedingtableindicatesthatthe “,a ” is optional by enclosingit in
braces.To setthe branchpredictionbit “p,” appendeither”,pt ” for predicttakenor “,pn ” for
predictnot takento the opcodemnemoniclf neither“,pt " nor“,pn ” is specified the assembler
shall de#wult to “p t".

Description:

Theseinstructionsbranchbasedon the contentsof r[rs1]. They treatthe registercontents
as a signed inger \alue.

A BPrinstructionexaminesall 64 bits of r[rs1] accordingo thercondfield of theinstruc-
tion, producingeithera TRUE or FALSE result.If TRUE, the branchis taken;thatis, the
instruction causesa PC-relatve, delayed control transferto the address"PC + (4 *
sign_et(d16hi[] d16l9).” If FALSE, the branch is not tak.

If the branchis taken, the delayinstructionis alwaysexecuted regardlessof the value of
the annulbit. If the branchis not taken andthe annulbit (a) is 1, the delayinstructionis
annulled (not gecuted).
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Thepredictbit (p) is usedto give the hardwarea hint aboutwhetherthe branchis expected
to betaken.A 1 in thep bit indicatesthatthe branchis expectedto betaken; a0 indicates
that the branch isxpected not to be tak.

See6.3.4.1,“Conditional Branchesfor detailson hov SFARC64-111 interpretsthe “p”

(branch prediction) bit.

Annulment,delayinstructions prediction,anddelayedcontroltransfersaredescribedur-

ther inChapter 6, “Instructions”

Implementation Note:

If this instructionis implementedby taggingeachregister value with an N (negative) bit and Z

(zero) bit, use the table baldo determine ifcondis TRUE:

Branc h Test
BRNZzZ not Z
BRzZ Z
BRGEZ not N
BRLZ N
BRLEZ NorZ
BRGZz not (N or Z2)

Exceptions:

illegal_instruction (if rcond= 000, or 100Q)

A Instruction Definitions
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A.4 Branc h on Floating-point Condition Codes (FBfcc)

The FBfcc instructionsare deprecatedthey are provided only for compatibility
with previous versions of the architecture.They should not be usedin new
SFARC-V9 software. It is recommendedhat the FBPfcc instructionsbe usedin
their place.

Opcode cond Operation fcc Test
FBAP 1000 Branch Alvays 1
FBNP 0000 Branch Neer 0
FBUP 0111 Branch on Unordered u
FBGP 0110 Branch on Greater G
FBUGP 0101 Branch on Unordered or Greater GorU
FBLP 0100 Branch on Less L
FBULP 0011 Branch on Unordered or Less LoruU
FBLGP 0010 Branch on Less or Greater LorG
FBNEP 0001 Branch on Not Equal LorGoru
FBEP 1001 Branch on Equal E
FBUEP 1010 Branch on Unordered or Equal EoruU
FBGE’ 1011 Branch on Greater or Equal Eor G
FBUGEP 1100 Branch on Unordered or Greater or Equal Eor Gor U
FBLEP 1101 Branch on Less or Equal EorL
FBULEP 1110 Branch on Unordered or Less or Equal EorLorVu
FBOP 1111 Branch on Ordered EorLorG

Format (2):
00 |a cond 110 disp22
3130 29 28 2524 2221 0
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Assemb ly Langua ge Syntax

fba {,a} label

fon {,a} label

fou {,a} label

fbg {,a} label

foug {,a} label

fol {,a} label

foul {,a} label

fblg {,a} label

fbne {,a} label (synonymfbnz )
fbe {,a} label (synonymfbz )
foue {,a} label

fbge {,a} label

fouge {,a} label

fble {,a} label

foule {,a} label

fbo {,a} label

Programming Note:

To settheannulbit for FBfccinstructionsappend‘,a ” to theopcodemnemonicFor example,use
“fbl,a  label” The preceding table indicates that the " is optional by enclosing it in braces.

Description:
Unconditional Branc hes (FBA, FBN):

If its annulfield is 0, an FBN (BranchNever) instructionactslike a NOR If its
annulfield is 1, the following (delay)instructionis annulled(not executed)when
the FBN is &ecuted. In neither case does a transfer of contrelp&ice.

FBA (BranchAlways)causes PC-relatve, delayedcontroltransferto theaddress
“PC + (4 x sign_et(disp29),” regardlessof the value of the floating-pointcondi-
tion codebits. If theannulfield of the branchinstructionis 1, thedelayinstruction
is annulled (notxeecuted). If the annul field is O, the delay instructiorxecated.

Fcc-Conditional Branc hes:

ConditionalFBfccinstructiongexceptFBA andFBN) evaluatefloating-pointcon-

dition codezero(fccO) accordingto the condfield of theinstruction.Suchevalua-

tion produceseithera TRUE or FALSE result.If TRUE, the branchis taken, that

is, the instruction causesa PC-relatve, delayedcontrol transferto the address
“PC + (4 x sign_e&t(disp29).” If FALSE, the branch is not tak.

If a conditionalbranchis taken, the delayinstructionis always executed regard-
lessof the value of the annulfield. If a conditionalbranchis not takenandthe a
(annubfield is 1, the delayinstructionis annulled(not executed) Note: The annul
bit hasa differ ent effect on conditionalbrancheghanit doeson unconditional
branches.
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Annulment,delayinstructions,anddelayedcontrol transfersaredescribedurther
in Chapter 6, “Instructions”

Compatibility Note:
Unlike SFARC-V8, SFARC-V9 doesnot requirean instructionbetweena floating-pointcompare
operation and a floating-point branch (FBfcc, FBPfcc).

If FPRS.FEF= 0 or PSTATE.PEF= 0, or if anFPUis not presentthe FBfccinstructionis
not executed and instead, generatespadisabled exception.

Exceptions:
fp_disabled
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A.5 Branch on Floating-point Condition Codes with Prediction
(FBPfcc)

Opcode cond Operation fcc Test
FBPA 1000 Branch Alvays 1
FBPN 0000 Branch Neer 0
FBPU 0111 Branch on Unordered U
FBPG 0110 Branch on Greater G
FBPUG 0101 Branch on Unordered or Greater GorU
FBPL 0100 Branch on Less L
FBPUL 0011 Branch on Unordered or Less LoruU
FBPLG 0010 Branch on Less or Greater LorG
FBPNE 0001 Branch on Not Equal Lor Gor U
FBPE 1001 Branch on Equal E
FBPUE 1010 Branch on Unordered or Equal Eor U
FBPGE 1011 Branch on Greater or Equal Eor G
FBPUGE 1100 Branch on Unordered or Greater or Equal Eor Gor U
FBPLE 1101 Branch on Less or Equal EorL
FBPULE 1110 Branch on Unordered or Less or Equal EorLorU
FBPO 1111 Branch on Ordered EorLorG

Format (2):
00 | a cond 101 |cclccO| p disp19
3130 29 28 25 24 22 21 20 19 18 0

ccl U ccO Condition Code

00 fccO
01 fccl
10 fcc2

11 fcc3
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Assemb ly Langua ge Syntax

fba {,a {.pt |pn} %fcc n, label

fon {,a }{ .pt |pn} %fcc n, label

fou {,a }{,pt |pn} %fcc n, label

fbg {,a }{ .pt |pn} %fcc n, label

foug {,a { ,pt |,pn } %fcc n, label

fol {,a }{.pt |pn} %fcc n, label

foul {,a { ,pt [pn} %fcc n, label

fblg {,a {.pt |.pn} %fcc n, label

fone {,a { ,pt |,pn} %fcc n, label (synonymfbnz )
fbe {,a }{ .pt |pn} %fcc n, label (synonymfbz )
foue {,a { ,pt |,pn } %fcc n, label

fbge {,a { .pt |.pn} %fcc n, label

fouge {,a { .pt |,pn } %fcc n, label

fble {,a { .pt |.pn} %fcc n, label

fbule {,a {.pt |,pn} %fcc n, label

fbo {,a }{.pt |pn} %fcc n, label

Programming Note:
To setthe annulbit for FBPfccinstructions,append‘,a ” to the opcodemnemonic.For example,
use“fblla  %fcc3,label " Theprecedingableindicatesthatthe“,a ” is optionalby enclos-
ing it in braces.To setthe branchpredictionbit, appendeither”,pt ” (for predicttaken)or “pn”
(for predict not taken) to the opcodemnemonic.If neither”,pt ” nor “,pn ” is specified,the
assembleshall default to “,p t”. To selectthe appropriatefloating-pointcondition code,include
"%fccO ", "%fccl ", "%fcc2" , or "%fcc3 " before the label.

Description:

Unconditional Branc hes (FBPA, FBPN):
If its annulfield is 0, an FBPN (Floating-PointBranch Never with Prediction)
instructionactslike a NOP If the BranchNever’s annulfield is 0, the following
(delay)instructionis executed;if the annulfield is 1, the following instructionis
annulled(not executed).In no casedoesan FBPN causea transferof control to
take place.

FBPA (Floating-PointBranch Always with Prediction)causesan unconditional
PC-relatve, delayedcontroltransferto the addressPC + (4 x sign_et(displ19).”
If the annulfield of the branchinstructionis 1, the delayinstructionis annulled
(not executed). If the annul field is 0, the delay instructiorkecated.

Fcc-Conditional Branc hes:
ConditionalFBPfccinstructiongexceptFBPA andFBPN)evaluateoneof thefour
floating-pointcondition codes(fccO fccl, fcc2 fce3d) asselectedby ccOandccl,
accordingto the condfield of theinstruction,producingeithera TRUE or FALSE
result.If TRUE, the branchis taken, thatis, the instructioncausesa PC-relatve,
delayedcontrol transferto the address’PC + (4 x sign_et(disp19).” If FALSE,
the branch is not tak.
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If a conditionalbranchis taken, the delayinstructionis always executed regard-
lessof the value of the annulfield. If a conditionalbranchis not taken andthe a
(annul)field is 1, the delayinstructionis annulled(not executed) Note: The annul
bit hasa different effect on conditionalbrancheghanit doeson unconditional
branches.

The predictbit (p) is usedto give the hardwarea hint aboutwhetherthe branchis
expectedto be taken. A 1 in the p bit indicatesthat the branchis expectedto be
taken. A 0 indicatesthat the branchis expectednot to be taken. See5.2.11.1,
“Hardware Mode Reagister (ASR18)” and 9.3, “Branchesand BranchPrediction”
for the details of the predict bit handling in/AFRC64-I11.

Annulment,delayinstructions,anddelayedcontrol transfersaredescribedurther
in Chapter 6, “Instructions”

If FPRS.FEFE 0 or PSTATE.PEF= 0, or if anFPUis notpresentan FBPfccinstructionis
not executed and instead, generatespadisabled exception.

Compatibility Note:

Unlike SFARC-V8, SFARC-V9 doesnot requirean instructionbetweena floating-pointcompare
operation and a floating-point branch (FBfcc, FBPfcc).

Exceptions:

fp_disabled
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A.6 Branc h on Integ er Condition Codes (Bicc)
TheBicc instructionsaredeprecatedthey areprovidedonly for compatibility with
previous versionsof the architectureThey shouldnot be usedin nev SFARC-V9
software. It is recommended that the BPcc instructions be used in their place.
Opcode cond Operation icc Test
BAP 1000 | Branch Alvays 1
BNP 0000 | Branch Neer 0
BNEP 1001 | Branch on Not Equal not Z
BEP 0001 | Branch on Equal z
BGP 1010 | Branch on Greater not (Z or (N xor V))
BLEP 0010 | Branch on Less or Equal Z or (N xor V)
BGEP 1011 | Branch on Greater or Equal not (N xor V)
BLP 0011 | Branch on Less N xor V
BGUP 1100 | Branch on Greater Unsigned not (Cor 2)
BLEUP 0100 | Branch on Less or Equal Unsigned CorZz
BCCP 1101 | Branchon CarryClear(Greatetthanor Equal,Unsigned not C
BCS 0101 | Branch on Carry Set (Less than, Unsigned) C
BPOS 1110 | Branch on Positie not N
BNEG® | 0110 | Branch on Ngative N
BvCP 1111 | Branch on Oerflow Clear not V
BVSP 0111 | Branch on Oerflow Set \Y
Format (2):
00 |a cond 010 disp22
3130 29 28 25 24 22 21 0
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Assemb ly Langua ge Syntax
ba{,a} label
bn{,a} label
bne{,a} label (synonymbnz)
be{,a} label (synonymbz)
bg{,a} label
ble{,a} label
bge{,a} label
bl{,a} label
bgu{,a} label
bleu{,a} label
bcc{,a} label (synonymbgeu)
bcs{,a} label (synonymblu)
bpos{,a} label
bneg{,a} label
bvc{,a} label
bvs{,a} label

Programming Note:

To setthe annulbit for Bicc instructionsappend‘,a ” to the opcodemnemonicFor example,use
“bgu,a label” The preceding table indicates that the " is optional by enclosing it in braces.

Description:
Unconditional Branc hes (BA, BN):

If its annulfield is 0, a BN (Branch Never) instructionis treatedas a NOP by
SFARCG644II. If its annulfield is 1, the following (delay) instructionis annulled
(not executed). In neither case does a transfer of contrelfkdce.

BA (BranchAlways)causesnunconditionalPC-relatve, delayedcontroltransfer
to the address*PC + (4 x sign_et(disp23).” If the annul field of the branch
instructionis 1, thedelayinstructionis annulled(notexecuted)lIf theannulfield is
0, the delay instruction ixecuted.

Icc-Conditional Branc hes:

ConditionalBicc instructions(all exceptBA and BN) evaluatethe 32-bit integer
condition codes(icc), accordingto the cond field of the instruction, producing
eithera TRUE or FALSE result.If TRUE, the branchis taken,thatis, theinstruc-
tion causes a PC-relatve, delayed control transfer to the address
“PC + (4 x sign_et(disp29).” If FALSE, the branch is not tak.

If aconditionalbranchis taken,thedelayinstructionis alwaysexecutedregardless
of thevalueof theannulfield. If aconditionalbranchis nottakenandthea (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 transfersaredescribedurther
in Chapter 6, “Instructions”

Exceptions:

(none)
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A.7 Branc h on Integ er Condition Codes with Prediction (BPcc)
Opcode | cond Operation icc Test
BPA 1000 | Branch Alvays 1
BPN 0000 | Branch Neer 0
BPNE 1001 | Branch on Not Equal not Z
BPE 0001 | Branch on Equal Z
BPG 1010 | Branch on Greater not (Z or (N xor V))
BPLE 0010 | Branch on Less or Equal Z or (N xor V)
BPGE 1011 | Branch on Greater or Equal not (N xor V)
BPL 0011 | Branch on Less N xor V
BPGU 1100 | Branch on Greater Unsigned not (Cor 2)
BPLEU | 0100 | Branch on Less or Equal Unsigned Corz
BPCC 1101 | Branchon CarryClear(GreatefThanor Equal,Unsigneq not C
BPCS 0101 | Branch on Carry Set (Less than, Unsigned) C
BPPOS | 1110 | Branch on Posite not N
BPNEG | 0110 | Branch on Ngative N
BPVC 1111 | Branch on Oerflow Clear not V
BPVS 0111 | Branch on Oerflow Set \Y,

Format (2):
00 | a cond 001  [ccliccO| p disp19

3130 29 28 25 24 22 21 20 19 18 0

ccl D cco Condition Code
00 icc
01 —
10 Xcc
11 —
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Assemb ly Langua ge Syntax
ba{,a { .pt |,pn} i_or_x_cg label
bn{,a ¥ .pt |,pn} i_or_x_c¢ label (or: iprefetch label)
bne{,a { ,pt |,pn} i_or_x_cg label (synonymbnz)
be{,a { .pt |,pn} i_or_x_c¢ label (synonymbz)
bg{,a {.pt |,pn} i_or_x_c¢ label
ble {,a { .,pt |.pn} i_or_x_c¢ label
bge{,a { .,pt |.pn} i_or_x_cg label
bl {,a {.pt |pn} i_or_x_c¢ label
bgu{,a { .,pt |,pn} i_or_x_cg label
bleu {,a { .,pt |,pn} i_or_x_c¢ label
bece{,a { .pt |,pn} i_or_x_cg label (synonymbgeu)
bes{,a { .pt |.pn} i_or_x_c¢ label (synonymblu )
bpos{,a { .,pt |,pn } i_or_x_cg label
bneg{,a { .pt |.pn} i_or_x_c¢ label
bvc {,a { .,pt |.pn} i_or_x_c¢ label
bvs{,a { .pt |.pn} i_or_x_c¢ label

Programming Note:

To settheannulbit for BPccinstructionsappend',a ” to theopcodemnemonicFor example,use
“bgu,a %icc,label " Theprecedingableindicatesghatthe“,a " is optionalby enclosingt in
braces.To setthe branchpredictionbit, appendio an opcodemnemoniceither®,pt ” for predict
takenor “,pn ” for predictnot taken.If neither*,pt " nor“,pn ” is specified the assembleshall
default to “,p t”. To selectthe appropriateinteger condition code, include “%icc " or “%xcc”
before the label.

Description:
Unconditional Branc hes (BPA, BPN):

A BPN (BranchNeverwith Prediction)instructionfor this branchtype (op2=1) is
usedin SFARC-V9 as an instruction prefetch; that is, the effective address
(PC+ (4 x sign_et(disp19)) specifiesanaddres®f aninstructionthatis expected
to beexecutedsoon.Note: SFARC6441l treatsthis instructionasa NOP;it cannot
be usedasaninstructionprefetch.If the BranchNever's annulfield is 1, the fol-
lowing (delay)instructionis annulled(not executed)If theannulfield is 0, thefol-
lowing instructionis executed.In no casedoesa BranchNever causea transferof
control to tale place.

BPA (Branch Always with Prediction) causesan unconditional PC-relatve,
delayedcontroltransferto the addressPC + (4 x sign_e&t(disp19)).” If theannul
field of the branchinstructionis 1, thedelayinstructionis annulled(not executed).
If the annul field is 0, the delay instruction ieeuted.

Conditional Branc hes:

ConditionalBPccinstructiongexceptBPA andBPN) evaluateoneof thetwo inte-
gerconditioncodes(icc or xcc), asselectedy ccOandccl, accordingto the cond
field of the instruction,producingeithera TRUE or FALSE result.If TRUE, the
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branchis taken;thatis, theinstructioncauses PC-relatve, delayedcontroltrans-
fer to the address'PC + (4 x sign_e&t(disp19).” If FALSE, the branchis not
taken.

If aconditionalbranchis taken,thedelayinstructionis alwaysexecutedregardless
of thevalueof theannulfield. If aconditionalbranchis nottakenandthea (annul)
field is 1, thedelayinstructionis annulled(not executed) Note: Theannulbit hasa
differ ent effect for conditional branches than it does for unconditional branches.

The predictbit (p) is usedto give the hardwarea hint aboutwhetherthe branchis
expectedto be taken. A 1 in the p bit indicatesthat the branchis expectedto be
taken; a O indicatesthat the branchis expectednot to be taken. See5.2.11.1,
“Hardware Mode Reagister (ASR18)” and 9.3, “Branchesand BranchPrediction”
for the details of the predict bit handling in/AFRC64-111.

Annulment, delay instructions, prediction, and delayed control transfersare
described further ihapter 6, “Instructions”

Exceptions:
illegal_instruction (ccl [] ccO=01, or 11,
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A.8 Call and Link

Opcode op Operation

CALL 01 Call and Link

Format (1):

01 disp30
3130 29 0
Assemb ly Langua ge Syntax

call label

Description:

The CALL instructioncausesan unconditional,delayed,PC-relatve control transferto
addres$C+ (4 x sign_et(disp30). Sincetheword displacemenfdisp3Q field is 30 bits
wide, thetargetaddresdies within a rangeof —23! to +23! — 4 bytes.The PC-relatve dis-
placements formedby sign-etendingthe 30-bit word displacementield to 62 bits and
appending tw low-order zeros to obtain a 64-bit byte displacement.

The CALL instructionalso writes the value of PC, which containsthe addressof the
CALL, intor[15] (outregister7). Note: SFARC644II storesall 64 bits of the PCvaluein
r[15], regardlessof the settingof PSTATE.AM. The valuewritten into r[15] is visible to
the instruction in the delay slot.

Programming Note:
In SFARC6441l thereturnaddresof the CALL (PC+ 8) is storedin a hardwaretable.Whenaret
or retl is executedthe valuein thetableis usedto predictthe returnaddressSee6.3.4.3,“CALL
and JMPL Instructionsfor details of hw this hardvare table works.

Exceptions:
(none)
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A.9 Compare and Swap

Opcode op3 Operation
CASAPss 111100 | Compare and Sap Wbord from Alternate space
CASXAPs! | 111110 | Compare and Sap Extended from Alternate space

Format (3):
11 rd op3 rsi i=0 imm_asi rs2
11 rd op3 rsi i=1] — rs2
3130 29 25 24 19 18 14 13 12 5 4 0
Assemb ly Langua ge Syntax
casa [regrsd imm_asj regysp, regrq
casa [regrs] %0asi, regrsy regeg
casxa [regrsd imm_asj regysp, régeq
casxa [regrsil %0asi, regrsp regrg
Description:

Theseinstructionsare usedfor synchronizatiorand memoryupdateshy concurrentpro-
cesses.Uses of compare-and-sap include spin-lock operations,updatesof shared
countersandupdatef linked-listpointers.Thelattertwo canusewait-free(nonlocking)
protocols.

The CASXA instruction comparesthe value in register r[rsZ] with the doublevord in
memorypointedto by the doublevord addressn r[rs]]. If thevaluesareequal,the value
in r[rd] is swappedwith thedoublevord pointedto by thedoublevord addressn r[rs]]. If
the valuesarenot equal,the contentsof the doublevord pointedto by r[rs1] replaceghe
value inr[rd], but the memory location remains unchanged.

The CASA instructioncompareshe low-order 32 bits of registerr[rsZ with a word in

memorypointedto by theword addressn r[rs]]. If thevaluesareequal,thelow-order32
bits of registerr[rd] areswappedwith the contentsof the memoryword pointedto by the
addressn r[rs1] andthehigh-order32 bits of registerr[rd] aresetto zero.If thevaluesare
not equal,the memorylocationremainsunchangedbut the zero-extendedcontentsof the
memoryword pointedto by r[rs1] replacethelow-order32 bits of r[rd] andthehigh-order
32 bits of rgisterr[rd] are set to zero.

A compare-and-sap instruction comprisesthree operations:a load, a compare,and a
swap. The overall instructionis atomic;thatis, no interveninginterruptsor deferredtraps
arerecognizedy the processqrandno interveningupdateresultingfrom a compare-and-
swap,swap,load,load-storeunsignedoyte,or storeinstructionto thedoublevord contain-
ing the addressed location, oygrortion of it, is performed by the memory system.

A compare-and-sap operationdoesnot imply any memory barrier semanticsWhen
compare-and-sapis usedfor synchronizationthe sameconsideratiorshouldbe givento
memory barriers as if a load, store, oapvinstruction were used.
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A compare-and-sap operationbehaesasif it performsa store,eitherof a new value
from r[rd] or of the previous valuein memory The addressedbcationmustbe writable,
even if the alues in memory andrsZ are not equal.

If i =0, theaddresspaceof thememorylocationis specifiedn theimm_asifield; if i = 1,
the address space is specified in the Afister

A mem_address_not_aligned exceptionis generatedf the addressn r[rs]] is not properly
aligned.CASXA andCASA causea privileged_action exceptionif PSTATE.PRIV =0 and
bit 7 of the ASI is zero. CASXA and CASA also cause the CPU to sync.

The coherenceand atomicity of memory operationsbetweenprocessorand I/O DMA
memory accesses are implementation-dependent (impl. dep #120).

Implementation Note:
An implementatiormight causean exceptiondueto anerrorduringthe storememoryaccesseven
though there as no error during the load memory access.

Programming Note:
Compareand Swap (CAS) and Compareand Swap Extended(CASX) syntheticinstructionsare
availablefor “big endian”memoryaccessesCompareand Swap Little (CASL) andCompareand
Swap ExtendedLittle (CASXL) syntheticinstructionsare available for “little endian” memory
accesses. Ség 3, “Synthetic Instructiong’for these synthetic instructions’ syntax.

The compare-and-ayp instructions do notfakct 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)

The UDIV, UDIVcc, SDIV, andSDIVcc instructionsaredeprecatedthey arepro-
videdonly for compatibilitywith previousversionsof thearchitectureThey should
not be usedin new SFARC-V9 software. It is recommendedhat the UDIVX and
SDIVX instructions be used in their place.

Opcode op3 Operation
uDIVP 001110 | Unsigned Intger Diide
SDIVP 001111 | Signed Intger Dvide

UDIVeeP | 011110 | Unsigned Intger Divide and modify c@
SDIVed® 011111 | Signed Intger Dvide and modify cs

Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Assemb ly Langua ge Syntax
udiv redrsy, F€g_Or_imm, €Jeq
sdiv regys, '€g_Or_imm, gy
udivce redrsy, F€g_Or_imm, €Jeq
sdivce reg,sy, '€g_Or_imm, gy
Description:

The divide instructionsperform 64-bit by 32-bit division, producinga 32-bit result. If

i =0, they compute“(Y [] lower 32 bits of r[rs1]) + lower 32 bits of r[rsZ.” Otherwise
(thatis, if i = 1), thedivide instructionscompute‘(Y [] lower 32 bitsof r[rs1]) + lower 32
bits of sign_ext(simm13.” In eithercasejf overflow doesnotoccur thelesssignificant32
bits of the intger quotient are sign-or zeratended to 64 bits and are written imfod].

The contentsf the Y registerareundefinedafterarny 64-bit by 32-bitintegerdivide oper-
ation.

Unsigned Dvide:

Unsigneddivide (UDIV, UDIVcc) assumesan unsignedinteger doublevord dividend
(Y [J lower 32 bits of r[rs1]) andanunsignedntegerword divisor (lower 32 bits of r[rs2

or lower 32 bits of sign_ext(simm13) and computesan unsignedinteger word quotient
(r[rd]). Immediatevaluesin simml13arein the ranges0..2*>—1 and 232—-212,.2%2—1 for

unsigned diide instructions.

Unsigned drision rounds an inect rational quotient teard zero.
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Programming Note:
Therational quotient is the infinitely preciseresultquotient.It includesboththeinteger partand
thefractionalpartof theresult.For example therationalquotientof 11/4 = 2.75(Integerpart = 2,
fractional part=.75).

Theresultof anunsignedlivide instructioncanoverflow the low-order32 bits of the des-
tinationregisterr[rd] undercertainconditions Whenoverflov occursthelargestappropri-
ate unsignedinteger is returnedas the quotientin r[rd]. The condition under which
overflow occursandthe valuereturnedin r[rd] underthis conditionis specifiedin Table
51

Table 51: UDIV / UDIVcc Overflow Detection and \alue Retumed (V9=23)

Condition under Whic h Overflo w Occur s Value Returned in r[rd]
32
. . 32 2°°-1
Rational quotient 2 (00000000FFFFFFFF,)

Whenno overflow occurs the 32-bitresultis zero-extendedo 64 bits andwritten into reg-
isterr[rd].

UDIV doesnot affect the condition codebits. UDIVcc writes the integer conditioncode
bits asshavn in Table52. Note: Negative (N) andzero(Z) aresetaccordingto the value
of r[rd] after it has been set to reflecteoflow, if any.

Table 52: Integer Condition Code Bits or UDIVcc

Bit UDIVce
iccN | Setifr[rd]<31>=1
icc.Z | Setifr[rd]<31:0> =0
icc.V | Setif overflow (per Table 53
icc.C | Zero
xccN | Setifr[rd]<63>=1
xceZ | Set ifr[rd]<63:0>=0
xceV | Zero
xccC | Zero

Signed Dvide:

Signeddivide (SDIV, SDIVcc) assumesa signedintegerdoublavord dividend(Y [] lower
32bitsof r[rs1]) andasignedintegerword divisor (lower 32 bits of r[rs2 or lower 32 bits
of sign_e&t(simm13) and computes a signed ig& word quotient ([rd]).

Signeddivision roundsan inexact quotienttoward zero. For example,—7 + 4 equalsthe
rational quotient of —1.75, which rounds to —1 (not —2) when roundivey tiozero.

Theresultof a signeddivide canoverflow thelow-order32 bits of the destinatiorregister
r[rd] undercertainconditions.Whenoverflow occursthe largestappropriatesignedinte-
geris returnedasthe quotientin r[rd]. The conditionsunderwhich overflow occursand
the \alue returned im[rd] under those conditions are specifiedable 53
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Table 53: SDIV / SDIVcc Overflow Detection and \&lue Retumed (V9=24)

Condition under Whic h Overflo w Occur s

Value Returned in r[rd]

31
. = 211
Rational quotiens 2 (000000007FFFFFFF; g
31
. —— -2
Rational quotient -231-1 (FFFFFFFF80000000,)

Whenno overflow occurs the 32-bitresultis sign-extendedo 64 bits andwritten into reg-

isterr[rd].

SDIV doesnot affect the condition codebits. SDIVcc writes the integer conditioncode
bits asshavn in Table54. Note: Negative (N) andzero(Z) aresetaccordingto the value

of r[rd] after it has been set to reflecteoflow, if any.

Table 54: Integer Condition Code Bits br SDIVcc

Bit SDIVce

icc.N | Setifr[rd]<31>=1

icc.Z | Setifr[rd]<31:0>=0

icc.V | Setif overflow (per Table 53

icc.C | Zero

xccN | Setifr[rd]<63]>=1

xceZ | Set ifr[rd]<63:0>=0

xccV | Zero

xccC | Zero

Exceptions:
division_by_zero
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A.11 DONE and RETRY

Opcode op3 fcn Operation
DONE® 111110 0 Return from Tap (skip trapped instruction)
RETRYP 111110 1 Return from Tap (retry trapped instruction)
— 111110 | 2..31 | Reserved
Format (3):
10 fcn op3 —
31 30 29 25 24 19 18 0
Assemb ly Langua ge Syntax
done
retry
Description:

The DONE and RETRY instructionsrestorethe saved statefrom TSTATE (CWP, ASl,
CCR, and PSATE), set PC and nPC, and decrement TL.

The RETRY instruction resumesexecution with the trapped instruction by setting
PC~ TPC[TL] (thesaredvalueof PContrap)andnPC— TNPC[TL] (the saved valueof
nPC on trap).

The DONE instruction skips the trappedinstruction by setting PC— TNPCJ[TL] and
NnPC— TNPC[TL]+4.

Executionof aDONE or RETRY instructionin the delayslot of a control-transfeinstruc-
tion produces undefined results.

Programming Note:
The DONE and RETRInstructions should be used to return fronviigged trap handlers.

Exceptions:
privileged_opcode
illegal_instruction (if TL =0 orfcn=2..31)
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A.12 Floating-point Ad d and Subtract

Format (3):

Opcode op3

opf

Operation

FADDs

110100

001000001

Add Single

FADDd

110100

001000010

Add Double

FADDq

110100

001000011

Add Quad

FSUBs

110100

001000101

Subtract Single

FSUBd

110100

001000110

Subtract Double

FSUBq

110100

001000111

Subtract Quad

10

rd

op3

rsl

opf

rs2

31 30 29

Description:

25 24

19 18

14 13

Assemb ly Langua ge Syntax

fadds fregrsy, fregrso fregrg

faddd fregrsy, fregrsy fregy

faddq fregrsy, fregrsy fregyg

fsubs fregrsy, fregrsy fregg

fsubd fregrsy, fregrso fregrg

fsubq fregrsy, fregrso fregrg

The floating-pointadd instructionsadd the floating-pointregister(s)specifiedby the rs1
field andthe floating-pointregister(s)specifiedby the rs2 field, andthey write the sum
into the floating-point mgister(s) specified by threl field.

The floating-pointsubtractinstructionssubtractthe floating-pointregister(s)specifiedby
thers2field from thefloating-pointregister(s)specifiedby therslfield, andwrite the dif-
ference into the floating-pointgister(s) specified by thel field.

Rounding is performed as specified by the FSR.RD field.

Note: SFARC644Il doesnotimplementin hardwarethe instructionsthat specifya quad

floating-point

Exceptions:
fp_disabled
fp_exception_ieee_754 (OF, UF, NX, NV)
fp_exception_other (ftt = unimplemented_FPop (FADDQ and FSUBQ only))

register; it  traps
ftt = unimplemented_FPop). Supervisor softare then emulates these instructions.

them with

fp_exception_other

(with
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A.13 Floating-point Compare
Opcode op3 opf Operation
FCMPs 110101 | 001010001 | Compare Single
FCMPd 110101 | 001010010 | Compare Double
FCMPq 110101 | 001010011 | Compare Quad
FCMPEs | 110101 | 001010101 | Compare Single and Exception if Unorderefl
FCMPEd | 110101 | 001010110 | Compare Double and Exception if Unorder¢d
FCMPEqQ | 110101 | 001010111 | Compare Quad and Exception if Unordereq
Format (3):
10 000 |cclfccO op3 rsl opf rs2
31 30 29 27 26 25 24 19 18 14 13 5 4 0
Assemb ly Langua ge Syntax
fcmps %fcc n, freg,sy, fregrso
fcmpd %fcc n, freg,sy, fregiso
fcmpq %fcc n, freg,sy, fregrso
fcmpes %fcc n, fregysy, fregiso
fcmped %fcc n, freg,sy, fregrso
fcmpeq %fcc n, fregeg;, fregess
ccl []ccO | Condition Code
00 fccO
01 fccl
10 fcc2
11 fcc3
Description:

Theseinstructionscomparethefloating-pointregister(s)specifiedoy thers1field with the
floating-pointregister(s)specifiedby thers2field, andsetthe selectedloating-pointcon-
dition code f{cc n) according tdlable 55

Table 55: Floating-point Condition Code Values

fcc value Relation
0 fregrsy = fregrso
1 fregrsy < fregrso
2 fregrsy > fregrso
3 freg g1 ? freg,so (Unomdered)

The“?” in theabove tableindicateshatthe comparisons unorderedThe unorderedon-
dition occurswhenoneor bothof theoperandso thecomparas asignalingor quietNaN.
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The “compareand causeexceptionif unordered”(FCMPEs,FCMPEd,and FCMPEQ)
instructions cause anvalid (NV) exception if either operand is a NaN.

FCMP causes anvalid (NV) exception if either operand is a signaling NaN.

Compatibility Note:
Unlike SFARC-V8, SFARC-V9 doesnot requirean instructionbetweena floating-pointcompare
operation and a floating-point branch (FBfcc, FBPfcc).

Compatibility Note:
SFARC-V8 floating-pointcompareinstructionsare requiredto have a zeroin the r[rd] field. In
SFARC-V9, bits 26 and25 of ther[rd] field areusedto specifythe floating-pointconditioncodeto
be set.Legal SFARC-V8 codewill work on SFARC-V9 becausehe zeroesin the r[rd] field are
interpreted ag ccO, and the FBfcc instruction branches baseé or0.

Note: SFARC644Il doesnotimplementin hardwarethe instructionsthat specifya quad
floating-point  register; it traps them with  fp_exception_other  (with
ftt = unimplemented_FPop). Supervisor softare then emulates these instructions.

Exceptions:
fp_disabled
fp_exception_ieee_754 (NV)
fp_exception_other (ftt = unimplemented_FPop (FCMPq, FCMPE(Q only))
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A.14 Convert Floating-point to Integ er

Opcode op3 opf Operation

FsTOx 110100 | 010000001 | Corvert Single to 64-bit Inger
FdTOx 110100 | 010000010 | Corvert Double to 64-bit Inger
FqTOx 110100 | 010000011 | Corvert Quad to 64-bit Intger

FsTOI 110100 | 011010001 | Corwvert Single to 32-bit Iniger
FdTOI 110100 | 011010010 | Corvert Double to 32-bit Ingger
FqTOI 110100 | 011010011 | Corvert Quad to 32-bit Intger
Format (3):
10 rd op3 — opf rs2
31 30 29 25 24 19 18 14 13 5 4 0
Assemb ly Langua ge Syntax
fstox fregisy fregg
fdtox fregrso, fregg
fqtox fregrsy fregg
fstoi fregrso, fregg
fdtoi fregrsy fregg
fgtoi fregrso, fregg
Description:

FsTOx, FdTOx, andFqTOx corvert the floating-pointoperandn thefloating-pointregis-
ter(s) specified bys2to a 64-bit intger in the floating-point gaster(s) specified bxd.

FsTOi, FdTOI, and FgTOi corvert the floating-pointoperandin the floating-pointregis-
ter(s) specified bys2to a 32-bit intger in the floating-point mgster specified byd.

Theresultis alwaysroundedtoward zero;thatis, the roundingdirection(RD) field of the
FSR regjister is ignored.

If the floating-pointoperands valueis too largeto be corvertedto anintegerof the speci-
fied size,or is aNaN or infinity, aninvalid (NV) exceptionoccurs.The valuewritten into
thefloating-pointregister(s)specifiedby rd in thesecasess definedin B.5, “Integer Over-
flow Definition”.

Note:
SFARCG6441l doesnot implementin hardware the instructionsthat specify a quadfloating-point
register; it trapsthemwith 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, FqTOXx only))
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A.15 Convert between Floating-point Formats

Opcode op3 opf Operation

FsSTOd | 110100 | 011001001 | Corvert Single to Double
FsTOgq | 110100 | 011001101 | Corwvert Single to Quad
FdTOs | 110100 | 011000110 | Corvert Double to Single
FdTOq | 110100 | 011001110 | Corvert Double to Quad
FgTOs | 110100 | 011000111 | Corvert Quad to Single
FgTOd | 110100 | 011001011 | Corvert Quad to Double

Format (3):
10 rd op3 — opf rs2
31 30 29 25 24 19 18 14 13 5 4 0
Assemb ly Langua ge Syntax
fstod fregrsy fregeg
fstoq fregrsa fregrg
fdtos fregrsy fregeg
fdtog fregrsa fregrg
fqtos fregrsy fregeg
fgtod fregrsa fregrg
Description:

Theseinstructionsconvert the floating-pointoperandn thefloating-pointregister(s)spec-
ified by rs2to afloating-pointnumberin the destinatiorformat. They write theresultinto
the floating-point rgister(s) specified bxd.

Rounding is performed as specified by the FSR.RD field.

FgTOd, FqTOs, and FdTOs (the “narrowing” corversioninstructions)canraise OF, UF,
andNX exceptions FAdTOq, FsTOq, andFsTOd (the “widening” corversioninstructions)
cannot.

Any of thesesix instructionscantriggeranNV exceptionif the sourceoperands asignal-
ing NaN.

B.2.1,“UntrappedResultin DifferentFormatfrom Operands, definesthe rulesfor con-
verting NaNs from one floating-point format to another

Note:
SFARCG6441l doesnot implementin hardware the instructionsthat specify a quadfloating-point
register; it trapsthemwith fp_exception_other (with ftt = unimplemented_FPop). Supervisor
software then emulates these instructions.
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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 Convert Integ er to Floating-point

Opcode op3 opf Operation

FxTOs 110100 | 010000100 | Corwvert 64-bit Intger to Single
FxTOd 110100 | 010001000 | Corwvert 64-bit Intger to Double
FXTOq 110100 | 010001100 | Corwvert 64-bit Intger to Quad

FiTOs 110100 | 011000100 | Corwvert 32-bit Intger to Single
FiTOd 110100 | 011001000 | Corwvert 32-bit Intger to Double
FiTOq 110100 | 011001100 | Corwvert 32-hit Intger to Quad
Format (3):
10 rd op3 — opf rs2
31 30 29 25 24 19 18 14 13 5 4 0

Assemb ly Langua ge Syntax
fxtos fregisy fregg
fxtod fregrso, fregg
fxtoq fregrsa fregg
fitos fregrso, fregg
fitod fregisy fregg
fitoq fregrsa fregrg

Description:

FxTOs, FxTOd, andFxTO(q corvert the 64-bit signedintegeroperandn thefloating-point
register(s)specifiedby rs2 into a floating-pointnumberin the destinationformat. The
sourceregister floating-pointregister(s)specifiedoy rs2, mustbeaneven-numberedthat
is, double-precision) floating-pointgister

FiTOs,FiTOd, andFiTOq corvert the 32-bit signedintegeroperandn floating-pointreg-
ister(s)specifiedby rs2 into a floating-pointnumberin the destinationformat. All write
their result into the floating-pointgester(s) specified brd.

FiTOs, FxTOs, and FxDd round as specified by the FSR.RD field.

Note: SFARC644Il doesnotimplementin hardwarethe instructionsthat specifya quad
floating-point  register; it traps them with  fp_exception_other  (with
ftt = unimplemented_FPop). Supervisor softare then emulates these instructions.

Exceptions:
fp_disabled
fp_exception_ieee_754 (NX (FITOs, FxTOs, FxTOd only))
fp_exception_other (ftt = unimplemented_FPop (FiITOq, FXTOg only))
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A.17 Floating-point Mo ve

Opcode op3 opf Operation
FMOVs | 110100 | 000000001 | Move Single

FMOvVd | 110100 | 000000010 | Move Double

FMOvVg | 110100 | 000000011 | Move Quad

FNEGs | 110100 | 000000101 | Negate Single

FNEGd | 110100 | 000000110 | Negate Double
FNEGq | 110100 | 000000111 | Negate Quad

FABSs 110100 | 000001001 | Absolute \Alue Single
FABSd 110100 | 000001010 | Absolute \alue Double
FABSq 110100 | 000001011 | Absolute \alue Quad

Format (3):
10 rd op3 — opf rs2
31 30 29 25 24 19 18 14 13 5 4 0
Assemb ly Langua ge Syntax
fmovs fregrsy fregeg
fmovd fregrsy fregeg
fmovq fregrsy fregeg
fnegs fregrs fregrg
fnegd fregrsy fregeg
fnegq fregrso fregrg
fabss fregrsy fregeg
fabsd fregrsy fregeg
fabsq fregrsy fregeg
Description:

The single-precisiorversionsof theseinstructionscopy the contentsof a single-precision
floating-pointregisterto the destinationThe double-precisioriorms copy the contentsof
a double-precisiorfloating-pointregisterto the destination.The quad-precisiorversions
copy a quad-precisionalue in floating-point mgisters 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:
SFARCG6441l doesnot implementin hardware the instructionsthat specify a quadfloating-point
register; it trapsthemwith fp_exception_other (with ftt = unimplemented_FPop). Supervisor
software then emulates these instructions.
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Exceptions:
fp_disabled
fp_exception_other (ftt = unimplemented_FPop (FMOVQq, FNEG(q, ARBSq only))
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A.18 Floating-point Multipl y and Divide

Opcode op3 opf Operation
FMULs 110100 | 001001001 | Multiply Single
FMULd 110100 | 001001010 | Multiply Double
FMULq 110100 | 001001011 | Multiply Quad
FsMULd 110100 | 001101001 | Multiply Single to Double
FdMULq 110100 | 001101110 | Multiply Double to Quad

FDIVs 110100 | 001001101 | Divide Single
FDIVd 110100 | 001001110 | Divide Double
FDIVq 110100 | 001001111 | Divide Quad
Format (3):
10 rd op3 rsl opf rs2
31 30 29 25 24 19 18 14 13 5 4 0
Assemb ly Langua ge Syntax
fmuls fregrsy, fredrso fregeg
fmuld fregrsy, fregrsn fregyg
fmulqg fregrsy, fregrso fregrg
fsmuld fregrsy, fregrso fregeg
fdmulg fregrsy, fregrso fregrg
fdivs fregrsy, fregrsn fregyg
fdivd fregrsy, fredrso fredeg
fdivg fregrsy, fregrsp fregg
Description:

The floating-pointmultiply instructionsmultiply the contentsof the floating-pointregis-
ter(s)specifiedby therslfield by the contentsof thefloating-pointregister(s)specifiecby
thers2field, andthey write the productinto the floating-pointregister(s)specifiedby the
rd field.

The FsMULd instructionprovidesthe exactdouble-precisiomproductof two single-preci-
sion operandswithout underflav, overflow, or roundingerror. Similarly, FAMUL(q pro-
vides the ract quad-precision product of avdouble-precision operands.

The floating-pointdivide instructionsdivide the contentsof the floating-pointregister(s)
specifiedby the rs1field by the contentsof the floating-pointregister(s)specifiedby the
rs2field, and write the quotient into the floating-poirdgister(s) specified by thel field.

Rounding is performed as specified by the FSR.RD field.

Note:
SFARCG6441l doesnot implementin hardware the instructionsthat specify a quadfloating-point
register; it trapsthemwith fp_exception_other (with ftt = unimplemented_FPop). Supervisor
software then emulates these instructions.
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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 typéft)”,
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

Opcode op3 opf Operation
FSQR's 110100 | 000101001 | Square Root Single
FSQRd 110100 | 000101010 | Square Root Double
FSQRq 110100 | 000101011 | Square Root Quad

Format (3):
10 rd op3 — opf rs2
31 30 29 25 24 19 18 14 13 5 4 0
Assemb ly Langua ge Syntax

fsqrts fregrso regg
fsqrtd fregiso fregg
fsqrtq fregrso fregrg

Description:

TheseSFARC-V9 instructionggeneratehe squareroot of thefloating-pointoperandn the
floating-pointregister(s)specifiedby the rs2 field, andplacethe resultin the destination
floating-pointregister(s)specifiedby therd field. In SFARC-V9 roundingis performedas
specified by the FSR.RD field.

Note:
SFARCG6441l doesnot implementin hardware the instructionsthat specify a quadfloating-point
register; it trapsthemwith fp_exception_other (with ftt = unimplemented_FPop). Supervisor
software then emulates these instructions.

For FSQRI'sandFSQRd afp_exception_othefwith .ftt = unfinished_FBp) canoccurif
the operandto the squareroot is possitve 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)
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A.20 Flush Instruction Memor vy

Opcode op3 Operation
FLUSH 111011 | Flush Instruction Memory

Format (3):

10 — op3 rsl i=0 — rs2

10 — op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0

Assemb ly Langua ge Syntax
flush address

Description:

FLUSH ensureghatthe doublevord specifiedasthe effective addresss consistenticross
ary localcachesand,in amultiprocessosystemwill eventuallybecomeconsistenevery-
where.

In the following discussionP sy refersto the processorthat executedthe FLUSH

instruction.FLUSH ensureshatinstructionfetchesrom the specifiedeffective addresdy

PrLush appearto executeafter arny loads, stores,and atomic load-storedo that address
issuedby Pg, sy prior to the FLUSH. In a multiprocessosystem,FLUSH alsoensures
thatthesevalueswill eventuallybecomeuvisible to the instructionfetchesof all otherpro-

cessorsFLUSH behaesasif it werea storewith respectto MEMBAR-inducedorder-

ings. Seé\.32, “Memory Batrrier”

The effective addresoperandfor the FLUSH instructionis “r[rs]] +r[rs2" if i =0, or
“r[rs]] + sign_et(simml13” if i = 1. Theleastsignificanttwo addresits of the effective
addressare unusedand shouldbe suppliedas zerosby software.Bit 2 of the addresss
ignored, because FLUSH operates on at least a dooitale

On SFARC644ll FLUSH operateson the full cacheline (64 bytes) containingthe
addressed location.

Programming Notes:

1. Typically, FLUSHis usedin self-modifyingcode.SeeH.1.6,"“Self-Modifying Code”in V9for informa-
tion aboutuseof the FLUSH instructionin portableself-modifying code.The useof self-modifying
code is discouraged.

2. Theorderin which memoryis modifiedcanbe controlledby usingFLUSH andMEMBAR instructions
interspersedppropriatelybetweenstoresand atomic load-storesFLUSH is neededonly betweena
storeanda subsequennstructionfetchfrom the modifiedlocation.Whenmultiple processesmay con-
currentlymodify live (thatis, potentiallyexecuting)code,caremustbetakento ensurethatthe orderof
update maintains the program in a semantically correct form at all times.

3. Thememorymodelguaranteef a uniprocessothatdata loadsobsene the resultsof the mostrecent
store, gen if there is no inteening FLUSH.
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4. FLUSH may be time-consuming.

5. In amultiprocessosystem thetime it takesfor a FLUSH to take effect is implementation-dependent.
No mechanism is pwided to ensure or test completion.

6. Becausd-LUSH is designedo acton a doublavord, andbecausepn someimplementationsFLUSH
may trap to systemsoftware, it is recommendedhat systemsoftware provide a usercallableservice
routinefor flushingarbitrarily sizedregionsof memory On someimplementationsthis routinewould
issuea seriesof FLUSH instructions;on others,it might issuea single trap to systemsoftware that
would then flush the entiregi®n.

Implementation Notes:
The effect of a FLUSH instructionasobsened from Pg sy is immediate.Other processorsn a
multiprocessosystemeventuallywill seethe effect of the FLUSH, but the lateng is implementa
tion-dependent.

Exceptions:

Sincethe FLUSH instructionaccessethe TLB’s in SFARC64-I11, the trapslisted below
canoccuronaFLUSH. However, it is expectedhatthe kerneltraphandlerswill make the
FLUSH appeato have nottrappedto a nonprivilegedprogrammerThereforeto thenon
privilegedprogrammethe FLUSH appeargo conformwith the SFARC V9 definition of
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

Opcode op3 Operation
FLUSHW 101011 | Flush Register Windows

Format (3):
10 — op3 — i=0 —
31 30 29 25 24 19 18 14 13 12 0
Assemb ly Langua ge Syntax
flushw
Description:

FLUSHW causesll active registerwindows exceptthe currentwindow to be flushedto
memoryat locationsdeterminedoy privileged software. FLUSHW behaesasa NOP if
there are no actve windows other than the currentwindow. At the completionof the
FLUSHW instruction, the only ae® register windav is the current one.

Programming Note:
The FLUSHW nstructioncanbe usedby applicationsoftwareto switchmemorystacksor examine
register contents for pwus stack frames.

FLUSHW actsasaNOPif CANSAVE = NWINDOWS - 2. Otherwisethereis morethan
one actve window, so FLUSHW causesa spill exception.The trap vector for the spill
exceptionis basedn the contentsof OTHERWIN andWSTATE. Thespill traphandleris
invoked with the CWP setto the window to be spilled (thatis, (CWP+ CANSAVE + 2)
mod NWINDOWS). See5.3.6, “Reister Wndow Management Instructions”

Programming Note:
Typically, the spill handlersaves a window on a memory stack and returnsto reexecute the
FLUSHW instruction.Thus,FLUSHW trapsandreexecuteauntil all active windows otherthanthe
current windav have been spilled.

Exceptions:
spill_n_normal
spill_n_other



254

A Instruction Definitions

A.22 lllegal Instruction T rap

Opcode op op2 Operation
ILLTRAP 00 000 illegal_instruction trap
Format (2):
00 — 000 const22
3130 29 2524 2221 0
Assemb ly Langua ge Syntax
illtrap const22

Description:

The ILLTRAP instruction causesan illegal_instruction exception. The const22value is
ignoredby the hardware;specifically this field is not resered by the architecturdor ary

future use.

Compatibility Note:

Except for its name, this instruction is identical to thARBE-V8 UNIMP instruction.

Exceptions:
illegal_instruction
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A.23 Implementation-dependent Instructions

Opcode op3 Operation
IMPDEP1 110110 | Implementation-Dependent Instruction 1
IMPDEP2 110111 | Implementation-Dependent Instruction 2

Format (3):

10 impl-dep op3 impl-dep

31 30 29 25 24 19 18 0

Description:

The IMPDEP1 and IMPDEP?2 instructionsare completely implementation-dependent.
Implementation-dependerdspectsinclude their operation, the interpretationof bits
29..25 and 180 in their encodings, and which (ifygrexceptions thg may cause.

Seel.1l.2, “Implementation-Dependerdnd Resered Opcodes”in V9 for information
about extending the SFARC-V9 instruction set using the implementation-dependent
instructions.

Compatibility Note:
These instructions replace the CRapstructions in SRRC-V8.

Note: SFARC644Il usesIMPDEP2to encodethe Floating-pointMultiply Add/Subtract
instructions. Seé.23.1, “IMPDEP2 (Floating-point Multiply-Add/Subtract)for details.

SFARC6441l doesnotuselMPDEP1;attemptdo executean IMPDEP1opcodecausean
illegal_instruction exception.

Exceptions:
illegal_instruction (IMPDEP1)
implementation-dependent (IMPDEP2)

A.23.1 IMPDEPZ2 (Floating-point Multipl y-Ad d/Subtract)

Opcode Variation Sizet 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

T 11 is resemd for quad.



256 A Instruction Definitions

Format (5):
10 rd 110111 rsl rs3 var | size rs2
31 30 29 25 24 1918 1413 98 76 54 0
Operation Implementation
Multiply-Add rslxrs2+rs3 - rd
Multiply-Subtract rslxrs2-rs3 - rd
Negative Multiply-Subtract| —(rs1xrs2-rs3 - rd
Negative Multiple-Add —(rslxrs2+rs3 - rd
Assemb ly Langua ge Syntax
fmadds fregys1, fregrso fregrss fregrg
fmaddd fregrsq, fregeso, freg,gs fregyg
fmsubs fregygy, fregrso fregrss fregrg
fmsubd fregrsq, fregeso, freg,gs fregrg
fnmadds fregrsq, fregeso, fregess fregrq
fnmaddd fregrsq, fregeso, freg,gs fregyg
fnmsubs fregrsy, fregeso, fregess fregrg
fnmsubd fregrsq, fregego, freg g3 fregyg
Description:

The floating-point multiply-add instructionsmultiply the registersspecifiedby the rsl
field by theregistersspecifiedby thers2field, thenaddthatproductto theregistersspeci-
fied by thers3field and write the result into thegisters specified by thel field.

Thefloating-pointmultiply-subtracinstructionamultiply theregistersspecifiedoy thersl
field by theregistersspecifiedby thers2field, thensubtractrom thatproducttheregisters
specified by thes3field and write the result into thegisters specified by thel field.

The floating-pointnegative multiply-add instructionsmultiply the registersspecifiedby
thersifield by theregistersspecifiedby thers2field, thenaddthatproductto theregisters
specifiedby thers3field andwrite the negationof theresultinto theregistersspecifiedoy
therd field.

The floating-pointnegative multiply-subtractinstructionsmultiply the registersspecified
by therslfield by theregistersspecifiedby the rs2field, thensubtractfrom thatproduct
theregistersspecifiedby thers3field andwrite the negationof theresultinto theregisters
specified by thed field.

All of the operations abh@ can incur at most one rounding error

Programming Note:
The Multiply Add/Subtractinstructionsusethe SFARC-V9 IMPDEP2 opcode,andthey are spe-
cific to the SFARC6441l implementationThey cannot be usedin ary programshatwill be exe-
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cuted on ary other SFARC-V9 processqr unless that implementationexactly matchesthe
SFARCG6441l for the IMPDEP2 opcode.

Traps:

fp_disabled
fp_exception_ieee_754 (NV,NX,OFUF)
illegal_instruction (Size= 00, or 11,) (fp_disabled is not checledfor theseencodings)



258 A Instruction Definitions

A.24 Jump and Link

Opcode op3 Operation
JMPL 111000 | Jump and Link
Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Assemb ly Langua ge Syntax
jmpl address, reg ¢
Description:

The JMPL instruction causesa registerindirect delayedcontrol transferto the address
given by ‘t[rs1] +r[rs2” if i field=0, or “r[rs]] + sign_ext(simm13” if i = 1.

The JMPL instructioncopiesthe PC,which containsthe addres®f the IMPL instruction,
into registerr[rd]. All 64 bits of the PC are storedinto r[rd] regardlessof the stateof
PSTATE.AM. The \alue written inta[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 IMPL instructionhasr[rd] = 15, SFARC644Il storesPC+ 8 in a hardwaretable.
Whena ret (jmpl %i7+8, %g0) or retl (jmpl %07+8, %g0) is executedthe valuein the
tableis usedto predictthereturnaddressSee6.3.4.3,"CALL andJMPL Instructions’, for
details of hav this hardvare table wrks.

Programming Note:
A JMPL instructionwith rd = 15 functionsasa registerindirectcall usingthe standardink regis-
ter.

JMPL with rd =0 can be usedto return from a subroutine.The typical return addressis
“r[31] + 8," if anonleafroutine(onethatusesthe SAVE instruction)is enterecby a CALL instruc-
tion, or “r[15] + 8” if aleaf routine (onethatdoesnot usethe SAVE instruction)is enteredby a
CALL instruction or by a JMPL instruction wittd = 15.

Exceptions:
mem_address_not_aligned
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A.25 Load Floating-point

The LDFSR instructionis deprecatedit is provided only for compatibility with
previousversionsof thearchitecturelt shouldnot be usedin new SFARC-V9 soft-
ware. It is recommended that the LDXFSR instruction be used in its place.

Opcode op3 rd Operation
LDF 100000 0..31 | Load Floating-point Rgister
LDDF 100011 T Load Double Floating-point Rster
LDQF 100010 T Load Quad Floating-point Réster
LDFSRP 100001 0 Load Floating-point State Rister Laver
LDXFSR 100001 1 Load Floating-point State Rister
— 100001 2..31 | Reserved

T Encoded floating-point gister \alue, as described 511.4.1

Format (3):
11 rd op3 rsl i=0 — rs2
11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Assemb ly Langua ge Syntax
Id [addresd, freg,qy
ldd [addresy, freg,qy
Idg [addresd, freg,qy
Id [addres$, %fsr
ldx [addres$, %fsr
Description:

The load single floating-point instruction (LDF) copies@avfrom memory intd[rd].

The load doublevord floating-pointinstruction (LDDF) copiesa word-aligneddouble-
word from memory into a double-precision floating-poimfister

The load quadfloating-pointinstruction(LDQF) copiesa word-alignedquadword from
memory into a quad-precision floating-poingister

Note:
SPARCG6441l doesnot implementin hardware the instructionsthat specify a quadfloating-point
register; an attemptto executethis instructioncausesan illegal instructionexception.Supervisor
software then emulates these instructions.
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Theloadfloating-pointstateregisterlower instruction(LDFSR)waitsfor all FPopinstruc-
tions that have not finishedexecutionto complete, andthenloadsa word from memory
into the laver 32 bits of the FSR. The upper 32 bits of FSR ardegtatl by LDFSR.

Theloadfloating-pointstateregisterinstruction(LDXFSR) waitsfor all FPopinstructions
that have not finishedexecutionto complete, andthenloadsa doublevord from memory
into the FSR.

Compatibility Note:
SFARC-V9 supportdwo differentinstructionsto loadthe FSR;the SFARC-V8 LDFSRinstruction
is definedto load only the lower 32 bits into the FSR,wheread . DXFSR allows SFARC-V9 pro-
grams to load all 64 bits of the FSR.

Loadfloating-pointinstructionsaccesshe primaryaddresspacgASI = 80,¢). Theeffec-
tive address for these instructions is “r[rsi +r[rsq” if i=0, or
“r[rs]] + sign_et(simml13’ if i = 1.

LDF and LDFSR causea mem_address_not_aligned exceptionif the effective memory
addresss notword-aligned L. DDF cause®nLDDF_mem_address_not_aligned exceptionif
the effectve memory addressis not doublevord-aligned; LDXFSR causes a
mem_address_not_aligned exceptionif the addresss not doublevord-aligned.If the float-
ing-pointunitis notenabledper FPRS.FERANdPSTATE.PEF),or if no FPUis presenta
load floating-pointinstruction causesan fp_disabled exception.Note: This checkis not
made for LDQF

Programming Note:
In SFARC-V8, somecompilersissuedsequencesf single-precisioloadswhenthey could not
determinghatdouble-or quadword operandsvereproperlyaligned.For SFARC-V9, sinceemula-
tion of misalignedoadsis expectedto befast,it is recommendethat compilersissuesetsof sin-
gle-precisionloads only when they can determinethat double- or quadvord operandsare not
properly aligned.

Implementation Note:
If aloadfloating-pointinstructiontrapswith ary typeof acces®rror, the contentsof thedestination
floating-point rgister(s) remain unchanged.

Exceptions:
illegal_instruction (0p3=21,5 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

Opcode op3 rd Operation
LDFAPss! 110000 0..31 | Load Floating-Point Rgster from Alternate space
LDDFAPss! 110011 T Load Double Floating-Point Rester from Alternate space
LDQFAP»s! 110010 T Load QuadFloating-Point Rester from Alternate space
T Encoded floating-point géster \alue, as described ;11.4.1
Format (3):
11 rd op3 rsl i=0 imm_asi rs2
11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0

Assemb ly Langua ge Syntax
Ida [regadd imm_asi, feg,q
Ida [reg_plus_imrh %asi, freg,q
ldda [regadd] imm_asi, feg,q
ldda [reg_plus_imrh %asi, freg,q
ldga [regadd imm_asi, feg,q
ldga [reg_plus_imrh %asi, freg,q

Description:

Theloadsinglefloating-pointfrom alternatespacanstruction(LDFA) copiesaword from
memory intof[rd].

The load doublevord floating-pointfrom alternatespaceinstruction (LDDFA) copiesa
word-aligned doublgord from memory into a double-precision floating-poimfister

The load quadfloating-pointfrom alternatespaceinstruction (LDQFA) copiesa word-
aligned quadwrd from memory into a quad-precision floating-poimfiseer

Implementation Note:
SFARCG6441l doesnot implementthe LDQFA instructionin hardware;an attemptto executethis
instruction causesan illegal_instruction exception. Supervisorsoftware will then emulatethe
LDQFA.

Load floating-pointfrom alternatespaceinstructionscontainthe addresspaceidentifier
(ASI) to beusedfor theloadin theimm_asffield if i = 0, or in the ASI registerif i = 1. The
accesss privilegedif bit 7 of the ASI is zero;otherwisejt is not privileged.The effective
addresgor thesenstructiongs “r[rs1] + r[rs2” if i =0, or “r[rs]] + sign_et(simm13” if
i=1.

LDFA causes mem_address_not_aligned exceptionif the effective memoryaddresss not
word-aligned;LDDFA causesan LDDF_mem_address_not_aligned exceptionif the effec-
tive memoryaddresss not doublevord-aligned.If the floating-pointunit is not enabled
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(perFPRS.FERRNdPSTATE.PEF),or if no FPUis present/oadfloating-pointfrom alter-
nate space instructions causeadisabled exception.

Implementation Note:
This checkis not madefor LDQFA. LDFA, and LDDFA causea privileged_action exceptionif
PSTATE.PRIV=0 and bit 7 of the ASl is zero.

Programming Note:
In SFARC-V8, somecompilersissuedsequencesf single-precisioloadswhenthey could not
determinghatdouble-or quadword operandsvereproperlyaligned.For SFARC-V9, sinceemula-
tion of misalignedoadsis expectedto befast,it is recommendethat compilersissuesetsof sin-
gle-precisionloads only when they can determinethat double- or quadvord operandsare not
properly aligned.

Implementation Note:
If aloadfloating-pointinstructiontrapswith ary type of acces®rror, the destinatiorfloating-point
register(s) remain unchanged.

Exceptions:
lllegal_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

TheLDD instructionis deprecatedit is providedonly for compatibility with previ-
ousversionsof the architecturelt shouldnot be usedin nev SFARC-V9 software.
It is recommended that the LDX instruction be used in its place.

Opcode op3 Operation
LDSB 001001 | Load Signed Byte
LDSH 001010 | Load Signed Halfwrd
LDSW 001000 | Load Signed \Wfrd
LDUB 000001 | Load Unsigned Byte
LDUH 000010 | Load Unsigned Halfard
LDUW 000000 | Load Unsigned \atd
LDX 001011 | Load Extended \Wwd
LDDP 000011 | Load Doublevord
Format (3):
11 rd op3 rsl i=0 — rs2
11 rd op3 rsi i=1 simm13
31 30 29 25 24 19 18 14 13 12 0
Assemb ly Langua ge Syntax
Idsb [addresd, reg,q
Idsh [addresd, reg,q
Idsw [addresd, reg,q
Idub [addresd, reg,q
Iduh [addresd, reg,q
Iduw [addresd, reg,q (synonymld )
ldx [addresd, reg,q
ldd [addresd, reg,q
Description:

Theloadintegerinstructionscopy abyte,a halfword, aword, anextendedword, or adou-
bleword from memory All exceptLDD copy thefetchedvalueinto rrd]. A fetchedbyte,
halfword, or word is right-justified in the destinationregister r[rd]; it is either sign-
extendedor zero-filledon the left, dependingon whetherthe opcodespecifiesa signedor
unsigned operation, respeetiy.

Theloaddoublevord integerinstructions(LDD) copy a doublevord from memoryinto an
r-registerpair. Theword at the effective memoryaddresss copiedinto theevenr register
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Theword atthe effective memoryaddress 4 is copiedinto thefollowing odd-numbered
register The upper32 bits of boththe even-numbere@nd odd-numbered registersare
zero-filled.Note: A load doublevord with rd = 0 modifiesonly r[1]. The leastsignificant
bit of therd field in anLDD instructionis unusedandshouldbe setto zeroby software.
An attemptto executealoaddoublevord instructionthatrefersto a misaligned/odd-num-
bered) destination gister causes dlegal_instruction exception.

Load integer instructionsaccesshe primary addressspace(ASI = 80,4). The effective
address isr{rs]] +r[rs” if i =0, or r[rs]] + sign_et(simml13”if i = 1.

A successfulload (notably load extendedand load doublevord) instruction operates
atomically

LDUH andLDSH causea mem_address_not_aligned exceptionif the addresss not half-
word-aligned LDUW andLDSW causeamem_address_not_aligned exceptionif the effec-
tive addressis not word-aligned.LDX and LDD causea mem_address_not_aligned
exception if the address is not doultegd-aligned.

Programming Note:
LDD is provided for compatibility with SFARC-V8. It may execute slowly on SFARC-V9
machines because of data path aigisteraccess dffculties.

Compatibility Note:
TheSFRARC-V8 LD instructionhasbeenrenamed_.DUW in SFARC-V9. The LDSW instructionis
new in SARC-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 from Alternate Space

The LDDA instructionis deprecatedit is provided only for compatibility with pre-
vious versionsof the architecturelt shouldnot be usedin nev SFARC-V9 soft-
ware. It is recommended that the LDXA instruction be used in its place.

Opcode op3 Operation
LDSBAP-s! 011001 | Load Signed Byte from Alternate space
LDSHAPss! 011010 | Load Signed Halfwrd from Alternate space
LDSWAP-s! 011000 | Load Signed Wrd from Alternate space
LDUBAPss! 010001 | Load Unsigned Byte from Alternate space
LDUHA Pasi 010010 | Load Unsigned Halfard from Alternate spacHd
LDUWAPss! 010000 | Load Unsigned \Wrd from Alternate space
LDXA Pasi 011011 | Load Extended \Wd from Alternate space
LDDAD: Prsi 010011 | Load Doublgvord from Alternate space
Format (3):
11 rd op3 rsl i=0 imm_asi rs2
11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4
Assemb ly Langua ge Syntax
Idsba [regaddd imm_asjreg
Idsha [regaddd] imm_asjreg
[dswa  [regaddf imm_asjreg q
l[duba [regaddd] imm_asjreg
I[duha [regaddd] imm_asjreg
[duwa  [regaddf imm_asjreg g (synonymida )
ldxa [regaddd imm_asjreg
ldda [regaddd] imm_asjreg g
Idsba [reg_plus_imrh %asi, reg 4
Idsha [reg_plus_imrh %asi , reg 4
[dswa  [reg_plus_imrh %asi, reg 4
l[duba [reg_plus_imrh %asi , reg 4
I[duha [reg_plus_imrh %asi, reg 4
[duwa  [reg_plus_imrh %asi, reg 4 (synonymida )
ldxa [reg_plus_imrh %asi, reg 4
ldda [reg_plus_imrh %asi , reg 4
Description:

The load integer from alternatespaceinstructionscopy a byte, a halfword, a word, an
extendedword, or a doublevord from memory All exceptLDDA copy the fetchedvalue
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into r[rd]. A fetchedbyte, halfword, or word is right-justifiedin the destinationregister
r[rd]; it is eithersign-extendedor zero-filledon theleft, dependingon whetherthe opcode
specifies a signed or unsigned operation, resgti

The load doublevord integer from alternatespaceinstruction(LDDA) copiesa double-
word from memoryinto an r-register pair. The word at the effective memoryaddresss
copiedinto theevenr register Theword atthe effective memoryaddress- 4 is copiedinto
thefollowing odd-numbered register The upper32 bits of boththe even-numberedénd
odd-numbered registersare zero-filled. Note: A load doublevord with rd = 0 modifies
only r[1]. The leastsignificantbit of the rd field in an LDDA instructionis unusedand
shouldbesetto zeroby software.An attemptto executealoaddoublevord instructionthat
refersto a misaligned(odd-numbered)Yestinationregister causesan illegal_instruction
exception.

The load integer from alternatespaceinstructionscontainthe addressspaceidentifier
(ASI) to beusedfor theloadin theimm_asffield if i = 0, or in the ASI registerif i = 1. The
accesss privilegedif bit seven of the ASI is zero; otherwise,it is not privileged. The
effective address for these instructions is “r[rs1 +r[rs” if =0, or
“r[rs]] + sign_et(simm13’ if i = 1.

A successfulload (notably load extendedand load doublevord) instruction operates
atomically

LDUHA and LDSHA causea mem_address_not_aligned exceptionif the addresss not
halfword-aligned.LDUWA and LDSWA causea mem_address_not_aligned exception if
the effective address is not word-aligned; LDXA and LDDA cause a
mem_address_not_aligned exception if the address is not doultad-aligned.

Theseinstructionscausea privileged_action exceptionif PSTATE.PRIV = 0 andbit 7 of the
ASl is zero.

LDDA with ASI=24,¢0r 2C,¢ hasa specialfeature.SeeA.28.1,“Atomic QuadLoad” for
details.

Programming Note:
LDDA is provided for compatibility with SFARC-V8. It may execute slovly on SFARC-V9
machines because of data path aigisteraccess dffculties.

If LDDA is emulatedn software,an LDXA instructionshouldbe usedfor the memoryaccessn
order to preseryatomicity

Compatibility Note:
The SFARC-V8 instructionLDA hasbeenrenamed_ DUWA in SFARC-V9. The LDSWA instruc-
tion is nev in SFARC-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

opcode ASI operation

LDDA 0x24 Cacheable, 128-bit atomic load

LDDA 0x2c Cacheable, 128-bit atomic load, little endian
Description:

SFARCG64-111 treatsan LDDA with an ASI value of 0x24 or 0x2c differently from other
LDDA's. An LDDA madewith an ASI of 0x24 or 0x2c will do a cacheable128-bit,
atomic load from memory and store the result ilvemédd 64-bit intger ragister pair

ASI| 0x24 causeshe 128-bitacces$o be madein big endianmodeusingthe nucleuscon-
text. The doublevord at the effective memoryaddresss copiedinto the evenr registerin
big endianmode.The doublevord at the effective memoryaddresst+ 8 is copiedinto the
following odd-numbered r gister in big endian mode.

ASI 0x2c causeghe 128-bit accesdo be madein little endianmodeusingthe nucleus
contet. Thedoublevord at the effective memoryaddresss copiedinto theevenr register
in little endianmode.The doublevord at the effective memoryaddresst+ 8 is copiedinto
the folloving odd-numbered r gister in little endian mode.

TheseprivilegedASIswill causeaprivileged_actiortrapif executedvhenPSTATE.PRIV
=0.

Accessesto non cacheablelocations will causea data_access xeeption trap with
ftype=E;¢ (illegal accesgo Noncacheabl®age).Accessedo addressethatarenot 128-
bit aligned will cause emem_addess_not_alignetrap.

Programming Note:
If ASI's 0x24 or Ox2careusedwith ary instructionotherthananLDDA, adata_access xeeption
trap with ftype=Fg (invalid ASI) will be talen.

Thequadwordlitlle endianaddressonventionin LDDA with ASI Ox2cdiffersfrom theonewhich
SFARC 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.)
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A.29 Load-store Unsigned Byte

Opcode op3 Operation
LDSTUB 001101 | Load-Store Unsigned Byte

Format (3):

11 rd op3 rsl i=0 — rs2

11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0

Assemb ly Langua ge Syntax
Idstub [addresd, regq

Description:

The load-storeunsignedbyte instructioncopiesa byte from memoryinto r[rd], andthen
rewritestheaddressetlytein memoryto all ones.Thefetchedbyteis right-justifiedin the
destination rgisterr[rd] and zero-filled on the left.

The operationis performedatomically thatis, without allowing interveninginterruptsor
deferredtraps.In a multiprocessosystem,two or more processorgxecutingLDSTUB,
LDSTUBA, CASA, CASXA, SWAP, or SWAPA instructionsaddressingll or partsof the
samedoublevord simultaneouslyare guaranteedo executethem in an undefinedbut
serial order

The effective address for these instructions is “r[rs] +r[rsZq” if i=0, or
“r[rs]] + sign_et(simm13’ if i = 1.

The coherenceand atomicity of memory operationsbetweenprocessorand /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
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A.30 Load-store Unsigned Byte to Alternate Space

Opcode op3 Operation
LDSTUBAP:S! 011101 | Load-Store Unsigned Byte into Alternate spacq

Format (3):
11 rd op3 rsl i=0 imm_asi rs2
11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Assemb ly Langua ge Syntax
Idstuba [regaddd] imm_asj regq
ldstuba [reg_plus_imrh %asi, regq
Description:

Theload-storeunsignedbyte into alternatespaceinstructioncopiesa byte from memory
into r[rd], thenrewrites the addressedbyte in memoryto all ones.The fetchedbyte is
right-justified in the destinationgesterr[rd] and zero-filled on the left.

The operationis performedatomically thatis, without allowing interveninginterruptsor
deferredtraps.In a multiprocessosystem,two or more processorgxecutingLDSTUB,
LDSTUBA, CASA, CASXA, SWAP, or SWAPA instructionsaddressingll or partsof the
samedoublaevord simultaneouslyare guaranteedo executethemin an undefined,but
serial order

LDSTUBA containsthe addressspaceidentifier (ASI) to be usedfor the load in the
imm_asifield if i =0, orin the ASI registerif i = 1. Theaccesss privilegedif bit 7 of the
ASI is zero; otherwise,it is not privileged. The effective addresss “r[rs1] + r[rs2]” if
i =0, orr[rs]] +sign_et(simml13”if i = 1.

LDSTUBA causesa privileged_action exceptionif PSTATE.PRIV= 0 andbit 7 of the ASI
IS zero.

For informationaboutthe coherencendatomicity of memoryoperationdetweemroces-
sorsandl/O DMA memoryaccesseseeHal-specificdocumentsiescribedn the Bibli-

ograply.

Exceptions:
privileged_action
data_access_exception
data_access_error
32i_data_access_ MMU_miss
32i_data_access_protection
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A.31 Logical Operations

Opcode op3 Operation
AND 000001 And
ANDcc 010001 And and modify cc
ANDN 000101 And Not
ANDNCcc 010101 And Not and modify cs
OR 000010 Inclusive Or
ORcc 010010 Inclusive Or and modify ce
ORN 000110 Inclusive Or Not
ORNCcc 010110 Inclusive Or Not and modify cs’
XOR 000011 Exclusie Or
XORcc 010011 Exclusive Or and modify c&'
XNOR 000111 Exclusive Nor
XNORcc 010111 Exclusve Nor and modify cs
Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Assemb ly Langua ge Syntax
and regrsy, M€Y_Or_imm regyy
andcc regysy, €Y_Or_imm regq
andn regrsy, M€Y_Or_imm regyy
andncc regysy, €Y_Or_imm regq
or regrs1, reg_or_imm regyg
orcc r€grsy, €Y_Or_imm regq
orn reQrsy, €Y_Or_imm regq
orncc r€grsy, €Y_Or_imm regq
xor regrsy, M€Y_Or_imm regyy
xorcc r€gysy, €Y_Or_imm regq
xnor reQrsy, €Y_Or_imm regq
Xnorcc regysy, r€y_Or_imm regq
Description:

Theseinstructionamplementbitwise logical operationsThey compute‘r[rs1] op r[rsZ”
if i =0, or “r[rs] op sign_et(simml13’ if i =1, and write the result intgrd].

ANDcc, ANDNcc, ORcc, ORNcc, XORcc, and XNORcc modify the integer condition
codes(icc andxcc). They seticc.y, icc.c, xcc.y andxcc.cto zero,icc.n to bit 31 of the
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result,xcc.nto bit 63 of theresult,icc.zto 1 if bits 31:00f theresultarezero(otherwiseto
0), andxcc.zto 1 if all 64 bits of the result are zero (otherwise to 0).

ANDN, ANDNcc, ORN, andORNcclogically negatetheir secondoperandoeforeapply-
ing the main (AND or OR) operation.

Programming Note:

XNOR and XNORcc areidentical to the XOR-Not and XOR-Not-cc logical operationsyespec-
tively.

Exceptions:
(none)
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A.32 Memory Barrier

Opcode op3 Operation
MEMBAR 101000 Memory Barrier
Format (3):
10 0 op3 01111 i=1 — cmask mmask
31 30 29 25 24 19 18 14 13 12 76 43 0
Assemb ly Langua ge Syntax
membar membar_mask
Description:

Thememorybarrierinstruction MEMBAR, hastwo complementaryunctions:to express
orderconstraintdbetweenmemoryreferencesandto provide explicit control of memory-
referencecompletion.The membar_maskKeld in the suggeste@ssemblylanguages the
bitwise OR of themaskandmmasknstruction fields.

MEMBAR introducesan orderconstraintbetweenclasseof memoryreferencesppear-
ing beforethe MEMBAR andmemoryreferencesollowing 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). The mmaskfield specifieshe classef memoryreferencesub-
ject to ordering,as describedoelov. MEMBAR appliesto all memoryoperationsin all

addresspaceseferencedy theissuingprocessarbut it hasno effect on memoryrefer-
encesby otherprocessorsWwhenthe cmaskfield is nonzero,completionaswell asorder
constraintareimposedandthe orderimposedcanbe morestringentthanthatspecifiable
by themmaskield alone.

A loadhasbeenperformedwhenthe valueloadedhasbeentransmittedrom memoryand
cannotbe modified by anotherprocessarA store hasbeenperformedwhen the value
storedhasbecomevisible, thatis, whenthe previous value canno longerbe readby ary
processarln specifyingthe effect of MEMBAR, instructionsare consideredo be exe-
cutedasif they wereprocessedh a strictly sequentiafashion,with eachinstructioncom-
pleted before the méhas bgun.

The mmaskfield is encodedn bits 3 throughO of the instruction.Table 56 specifiesthe
orderconstrainthateachbit of mmask(selectedvhensetto 1) imposeson memoryrefer-
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encesappearingbefore and after the MEMBAR. From zero to four maskbits may be
selected in thenmaskield

Table 56: MEMB AR mmaskEncodings §/9=25)

Mask Bit Name Description

mmask3> | #StoreStore The effects of all storesappearingprior to the MEMBAR instruction
mustbevisibleto all processorbeforethe effect of any storesfollowing
the MEMBAR. Equialent to the deprecated SAR instruction

mmask2> |#LoadStore All loadsappearingprior to the MEMBAR instructionmusthave been
performedbeforethe effectsof ary storesfollowing the MEMBAR are
visible to ary other processor

mmask1> |#StoreLoad The effects of all storesappearingprior to the MEMBAR instruction
mustbe visible to all processordeforeloadsfollowing the MEMBAR
may be performed.

mmask0> |#LoadLoad All loadsappearingprior to the MEMBAR instructionmusthave been
performedbeforeary loadsfollowing the MEMBAR maybe performed

The cmaskfield is encodedn bits 6 through4 of the instruction.Bits in the cmaskfield,
illustratedin Table57, specify additionalconstraintson the orderof memoryreferences
andthe processingf instructions.If cmaskis zero,thenMEMBAR enforcesthe partial
orderingspecifiedoy themmasKield; if cmaskis nonzerothencompletionaswell aspar-
tial order constraints are applied.

Table 57: MEMB AR cmaskEncodings (V9=26)

Mask Bit Function Name Description
cmask2>| Synchronization#Sync All operationgincluding nonmemaoryreferenceoperations
barrier appearingrior to the MEMBAR musthave beenperformeq

andthe effectsof ary exceptionsbecomevisible beforeary
instruction after the MEMEBR may be initiated.

cmask1>| Memory issue |#Memlssue |All memory referenceoperationsappearingprior to the
barrier MEMBAR musthave beenperformedbeforeany memory
operation after the MEMBR may be initiated.

cmask0>| Lookaside |#Lookaside |A storeappearingprior to the MEMBAR must completd
barrier before ary load following the MEMBAR referencingthe]
same address can be initiated.

For informationon the useof MEMBAR, see8.4.3,"“MEMB AR Instruction”in V9, and
AppendixJ, “Programmingwith the Memory Models” in V9. Chapter8, “Memory Mod-
els” contains additional information about the memory models theesselv

The encodingof MEMBAR is identical to that of the RDASR instruction, except that
rs1=15,rd=0, andi = 1.

The coherenceand atomicity of memory operationsbetweenprocessorand /O DMA
memory accesses are implementation-dependent.

Note:
MEMBAR#Lookaside MEMBAR#StoreStoreand MEMBAR#LoadStorearetreatedasNOPsin
SFARCG64-1I sincethe hardware memory modelsalways enforcethe semanticsof theseMEM-
BAR’s for all memory accessesMEMBAR#StoreLoadand MEMBAR#LoadLoadenforcethe
orderingspecifiedby the instruction. MEMBAR#Syncand MEMBAR#Memlssuecausethe pro-
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cessorto sync and causethe effects of all cacheableand noncacheablenemoryaccessesnade
before the MEMB\R to be visible from the other processors in the system.

Compatibility Note:
MEMBAR with mmask= 8, andcmask= 0;¢ (“membar #StoreStore ") is identicalin func-
tion to the SRRC-V8 STBAR instruction, which is deprecated.

Exceptions:
(none)
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A.33 Move Floating-point Register on Condition (FMO  Vcc)
For Integer 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 (Cor 2)
FMOVLEU | 110101| 0100 | Move if Less or Equal Unsigned (Cor2)
FMOVCC | 110101| 1101 |Moveif CarryClear(Greateror Equal,Unsigned not C
FMOVCS | 110101 0101 |Move if Carry Set (Less than, Unsigned) C
FMOVPOS | 110101 | 1110 Move if Positve not N
FMOVNEG | 110101 0110 | Move if Negative N
FMOVVC 110101 1111 | Move if Owerflow Clear not V
FMOVVS 110101| 0111 | Move if Owerflow Set \%
For Floating-point Condition Codes
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 Gor U
FMOVFL 110101 | 0100 | Move if Less L
FMOVFUL 110101 | 0011 | Move if Unordered or Less Loru
FMOVFLG 110101 | 0010 | Move if Less or Greater LorG
FMOVFNE 110101 | 0001 | Move if Not Equal LorGorU
FMOVFE 110101 | 1001 | Move if Equal E
FMOVFUE 110101 | 1010 | Move if Unordered or Equal Eor U
FMOVFGE 110101 | 1011 | Move if Greater or Equal Eor G
FMOVFUGE | 110101 | 1100 | Moveif Unorderedor Greateror Equal Eor Gor U
FMOVFLE 110101 | 1101 | Move if Less or Equal EorL
FMOVFULE | 110101 | 1110 | Move if Unordered or Less or Equal EorLorU
FMOVFO 110101 | 1211 | Move if Ordered EorLorG
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Format (4):
10 rd op3 0 cond opf_cc opf_low rs2
31 30 29 25 24 19 18 17 14 13 11 10 5

Encoding of theopf_ccfield (also sedable77 on page 365

Table 58: Floating-point Move on Conditionopf_ccField

opf_cc Condition Code
000 fccO
001 fccl
010 fcc2
011 fcc3
100 icc
101 —
110 Xcc
111 —

Encoding of opf field (opf_cc [| opf_low):

Table 59: Floating-point Move on Conditionopf Field

Instruction V ariation opf_cc opf_low opf
FMOVScc | %fccn,rs2rd Onn 000001 0nn000001
FMOVDcc | %fcc n,rs2rd Onn 000010 0nn000010
FMOVQcc | %fccn,rs2rd Onn 000011 0nn000011
FMOVScc | %icc, rs2rd 100 000001 100000001
FMOVDcc | %icc, rs2rd 100 000010 100000010
FMOVQcc | %icc, rs2rd 100 000011 100000011
FMOVScc | %xcc, rs2rd 110 000001 110000001
FMOVDcc | %xcc, rs2rd 110 000010 110000010
FMOVQcc | %xcc, rs2rd 110 000011 110000011
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For Integer Condition Codes

Assemb ly Langua ge Syntax

fmov{s,d,q}a

i_or_x_cc fregsy,

fregrg

fmov{s,d,q}n

i_or_x_cg fregsy,

fregrq

fmov{s,d,q}ne

i_or_x_cc fregsy,

fregrg

(synonymsfmov {s,d,q }nz)

fmov{s,d,q}e

i_or_x_cg fregsy,

fregyq

(synonymsfmov {s,d,q }z)

fmov{s,d,q}g

i_or_x_cc fregsy,

fregrg

fmov{s,d,q}le

i_or_x_c¢ fregsy,

fregyq

fmov{s,d,q}ge

i_or_x_cc fregsy,

fregrg

fmov{s,d,q}l

i_or_x_c¢ fregsy,

fregyq

fmov{s,d,q}gu

i_or_x_cc fregsy,

fregrg

fmov{s,d,q}leu

i_or_x_cg fregsy,

fregyq

fmov{s,d,q}cc

i_or_x_cc fregsy,

fregrg

(synonymsfmov {s,d,q }geu)

fmov{s,d,q}cs

i_or_x_c¢ fregsy,

fregyq

(synonymsfmov {s,d,q }Ilu)

fmov{s,d,q}pos

i_or_x_cc fregsy,

fregrg

fmov{s,d,q}neg

i_or_x_c¢ fregsy,

fregyq

fmov{s,d,q}vc

i_or_x_cc fregsy,

fregrg

fmov{s,d,q}vs

i_or_x_cg fregsy,

fregyg

Programming Note:
To select the appropriate condition code, incluldéct ” or “%xcc” before the rgisters.

For Floating-point Condition Codes:

Assemb ly Langua ge Syntax
%fce n, freg,sy fregyg
%fcc n, freg gy fregg
%fce n, freg,sy fregyg
%fcc n, freg gy fregg
%fce n, freg,sy fregyg
%fcc n, freg gy fregg
%fce n, freg,sy fregyg
%fcc n, freg gy fregg
%fce n, freg,sy fregyg
%fcc n, freg gy fregg
%fce n, freg,sy fregyg
%fcc n, freg gy fregg
%fce n, freg,sy fregyg
%fcc n, freg gy fregg
%fce n, freg,sy fregyg
%fcc n, freg gy freg g

fmov{s,d,q}a
fmov{s,d,q}n
fmov{s,d,q}u
fmov{s,d,q}g
fmov{s,d,q}ug
fmov{s,d,q}l
fmov{s,d,q}ul
fmov{s,d,q}lg
fmov{s,d,q}ne
fmov{s,d,q}e
fmov{s,d,q}ue
fmov{s,d,q}ge
fmov{s,d,q}uge
fmov{s,d,q}le
fmov{s,d,q}ule
fmov{s,d,q}o

(synonymsfmov {s,d,q }nz)
(synonymsfmov {s,d,q }z)




278

Description:

Theseinstructionscopy the floating-pointregister(s)specifiedby rs2to the floating-point
register(s)specifiedby rd if the conditionindicatedby the condfield is satisfiedby the
selectedcondition code. The condition codeusedis specifiedby the opf_ccfield of the
instruction. If the condition isALSE, then the destinationgister(s) are not changed.

These instructions do not modifyyacondition codes.

Note: SFARCG644Il doesnotimplementin hardwareary instructionsthat specifya quad
floating-point  register; it traps them with  fp_exception_other  (with
ftt = unimplemented_FPop). Supervisor softare then emulates the FMQcc.

Programming Note:
Branchescause most implementations’performanceto degrade significantly Frequently the
MOVcc and FMOVcc instructionscan be usedto avoid branchesFor example,the following C
language sgment:

double A, B, X;
if (A > B) then X = 1.03; else X = 0.0;

can be coded as

I'assume A is in %f0; B is in %f2; %xx points to constant area
lad [Yoxx+C_1.03],%f4 IX =108
fcmpd %fcc3,%f0,%f2 1A>B
fble ,a %fcc3,label
I following only executed if the branch is taken
fsubd %f4,%f4,%f4 IX =00

label:...

This tales four instructions including a branch.

Using FMQO/cc, this could be coded as

ldd [Yoxx+C_1.03],%f4 IX = 1.03
fsubd %f4,%f4,%f6 X = 0.0
fcmpd %fcc3,%f0,%f2 1A>B
fmovdle %fcc3,%f6,%f4 I'X = 0.0

This alsotakesfour instructionsbut requiresno branchesandmayboostperformancesignificantly
It is suggestedhat MOVcc and FMOVcc be usedinsteadof brancheswherever they would
improve performance.

Exceptions:
fp_disabled
fp_exception_other (ftt = unimplemented_FPop (opf_cc= 101, or 111, and quad
forms))
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A.34 Move F-P Register on Integ er Register Condition (FMOVr)

Opcode op3 rcond Operation Test

— 110101 | 000 Reserved —
FMOVRZ 110101 | o001 Move if Register Zero rirsl] =0
FMOVRLEZ | 110101| 010 Move if Register Less Than or Equal to Zero rirs] <0
FMOVRLZ 110101, o011 Move if Register Less Than Zero rirs]] <0

— 110101, 100 Reserved —
FMOVRNZ 110101, 101 Move if Register Not Zero rirs] #0
FMOVRGZ 110101, 110 Move if Register Greater Than Zero rirs]1>0
FMOVRGEZ | 110101| 111 Move if Register Greater Than or Equal to Zerg r[rs1 =0

Format (4):
10 rd op3 rsl 0 rcond opf_low rs2
31 30 29 25 24 19 18 14 13 12 10 9 5 4 0

Encoding ofopf_low field:

Table 60: Floating-point Move on Integer Register Conditionopf_low Field

Instruction v ariation opf_low
FMOVSrcond rsl,rs2 rd 00101
FMOVDrcond rs1,rs2 rd 00110
FMOVQrcond rsl,rs2rd 00111

Assemb ly Langua ge Syntax

fmovr{s,d,q}e regest, fregrso fregrg (synonymfmovr{s,d,q}z )
fmovr{s,d,q}lez regrsy, fregrso fregeg

fmovr{s,d,q}iz regrsa, fregrs fregrg

fmovr{s,d,q}ne regrsy, fregrso fregrg (synonymfmovr{s,d,q}nz )
fmovr{s,d,q}gz regrsa, fregrsa fregg

fmovr{s,d,q}gez regrsy, fregrso fregrg

Description:

If the contentsof integerregisterr[rs]] satisfythe conditionspecifiedin the rcondfield,
theseinstructionscopy the contentsof the floating-pointregister(s)specifiedby the rs2
field to the floating-pointregister(s)specifiedby the rd field. If the contentsof r[rs1] do
not satisfy the condition, the floating-pointregister(s)specifiedby the rd field are not
modified.

Theseinstructionstreatthe integer registercontentsasa signedintegervalue;they do not
modify ary condition codes.
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Note: SFARC644Il doesnotimplementin hardwarethe instructionsthat specifya quad

floating-point  register; it  traps

them with  fp_exception_other  (with

ftt = unimplemented_FPop). Supervisor softare then emulates the FMQrcond.

Implementation Note:

If thisinstructionis implementedy taggingeachregistervaluewith anN (negative) anda Z (zero)
bit, use the follwing table to determine whetherondis TRUE:

Branc h

Test

FMOVRNZ

not Z

FMOVRZ

z

FMOVGEZ

not N

FMOVRLZ

N

FMOVRLEZ

Nor Z

FMOVRGZ

N nor Z

Exceptions:
fp_disabled

fp_exception_other (unimplemented_FPop (rcond= 000, or 10G and quad forms))
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A.35 Move Integ er Register on Condition (MO Vcc)
For Integer Condition Codes
Opcode op3 cond Operation icc /xcc test
MOVA 101100| 1000 | Move Always 1
MOVN 101100 0000 | Move Nerer 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 (Cor2)
MOVCC |101100| 1101 |Moveif CarryClear(Greateror Equal,Unsigned not C
MOVCS |101100| 0101 |Move if Carry Set (Less than, Unsigned) C
MOVPOS | 101100 1110 | Move if Positve not N
MOVNEG | 101100 0110 | Move if Negative N
MOVVC | 101100 1111 |Move if Overflow Clear not V
MOVVS | 101100| 0111 |Move if Overflow Set \%
For Floating-point Condition Codes
Opcode op3 cond Operation fcc test
MOVFA 101100 1000 | Move Always 1
MOVFN 101100 | 0000 | Move Never 0
MOVFU 101100 | 0111 | Move if Unordered U
MOVFG 101100 | 0110 | Move if Greater G
MOVFUG 101100 | 0101 | Move if Unordered or Greater GorU
MOVFL 101100 | 0100 | Move if Less L
MOVFUL 101100 | 0011 | Move if Unordered or Less LorU
MOVFLG 101100 0010 | Move if Less or Greater LorG
MOVFNE 101100 | 0001 | Move if Not Equal LorGor U
MOVFE 101100 | 1001 | Move if Equal E
MOVFUE 101100 1010 | Move if Unordered or Equal Eor U
MOVFGE 101100 1011 | Move if Greater or Equal Eor G
MOVFUGE | 101100 1100 | Move if Unordered or Greater or Equal Eor Gor U
MOVFLE 101100 1101 | Move if Less or Equal EorL
MOVFULE 101100 1110 | Move if Unordered or Less or Equal EorLorUuU
MOVFO 101100 | 1111 | Move if Ordered EorLorG
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Format (4):
10 rd op3 cc2 cond i=0|ccjccO — rs2
10 rd op3 cc2 cond i=1|ccliccO simm11l
31 30 29 25 24 19 18 17 14 13 12 11 10 5 4 0

Table 61: Move Integer Register on Conditionccn Encodings

cc2 [] ccl [] cco Condition code

000 fccO

001 fccl

010 fcc2

011 fcc3

100 icc

101 Reserved

110 Xcc

111 Reserved

For Integer Condition Codes

Assemb ly Langua ge Syntax
mova i_or_x_cc, eg_or_imm11, &gq
movn i_or_x_cc, eg_or_imm11, &g,q
movne i_or_x_cc, eg_or_immll,eg,y (Synonymmovnz)
move i_or_x_cc, eg_or_immll,eg,y (Synonymmovz)
movg i_or_x_cc, eg_or_imm11, &gq
movle i_or_x_cc, eg_or_imm11, &g,q
movge i_or_x_cc, eg_or_imm11, &gq
movl i_or_x_cc, eg_or_imm11, &g,q
movgu i_or_x_cc, eg_or_imm11, &gq
movleu i_or_x_cc, eg_or_imm11, &gq
movcc i_or_x_cc, eg_or_imm11, &gq (synonymmovgeu)
movcs i_or_x_cc, eg_or_immll, &g,y (Synonymmoviu )
MOovVpPOoS  i_Or_x_cc, eg_or_imm11, &g,q
movneg  i_or_x_cc, eg_or_imml1, &g,q
movvc i_or_x_cc, eg_or_imm11, &gq
mowvvs i_or_x_cc, eg_or_imm11, &g,q

Programming Note:
To selecttheappropriateeonditioncode,include” %icc " or “%xcc” beforetheregisterorimmedi-
ate field.
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For Floating-point Condition Codes

Assemb ly Langua ge Syntax

mova %fce n, reg_or_immilreg,q

movn %fce n, reg_or_immllreg,y

movu %fce n, reg_or_immilreg,qy

movg %fce n, reg_or_immllreg,y

movug %fce n, reg_or_immilreg,qy

movl %fce n, reg_or_immllreg,y

movul %fce n, reg_or_immilreg,qy

movlg %fce n, reg_or_immllreg,y

movne %fce n, reg_or_immilreg,q (synonymmovnz)
move %fce n, reg_or_immllreg,y (synonymmovz)

movue %fcc n,

reg_or_immallreg,y

movge %fccn,

reg_or_imm1llreg.y

movuge  %fcc n,

reg_or_immallreg,y

movle %fce n, reg_or_immllreg,y
movule %fce n, reg_or_immilreg,qy
movo %fce n, reg_or_immllreg,y

Programming Note:

To selectthe appropriatecondition code, include “%fcc0 ;" “%fccl " “%fcc2 ” or “%fcc3 ”
before the rgister or immediate field.

Description:

Theseinstructionstestto seeif condis TRUE for the selectecconditioncodes|f so,they
copy thevaluein r[rsZ if i field = 0, or “sign_ext(simm1)” if i = 1 into r[rd]. The condi-
tion codeusedis specifiedby the cc2, ccl, andccOfields of theinstruction.If the condi-
tion is FALSE, thenr[rd] is not changed.

Theseinstructionscopy an integer registerto anotherinteger registerif the conditionis
TRUE. The conditioncodethatis usedto determinewhetherthe move will occurcanbe
eitherinteger conditioncode(icc or xcc) or ary floating-pointconditioncode(fccO, fccl,

fccz, orfccd).

These instructions do not modifyyacondition codes.

Programming Note:

Branchescausemary implementations’performanceto degrade significantly Frequently the
MOVcc andFMOVcc instructionscanbe usedto avoid branchesFor example,the C languagef-

then-else statement

if (A > B) then X = 1;else X =
can be coded as
cmp %i0,%:i2
bg,a %xcc,label
or %.g0,1,%i3

or %g0,0,%i3

I'X
I'X
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label:...

This tales four instructions including a branch. Using W0 this could be coded as

cmp %i0,%:i2
or %g0,1,%i3 lassume X =1
movle %xcc,0,%i3 ! overwrite with X =0

This takesonly threeinstructionsand no branchesand may boostperformancesignificantly It is
suggestedhat MOVcc and FMOVcc be usedinsteadof branchesvherever they would increase
performance.

Exceptions:

illegal_instruction (cc2 [] ccl [] ccO= 101, or 111)
fp_disabled (cc2 [] ccl [] ccO=000,, 001, 010,, or 011, andthe FPU is dis-
abled)
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A.36 Move Integ er Register on Register Condition (MO VR)

Opcode op3 rcond Operation Test
— 101111 | 000 | Reserved —
MOVRZ 101111 | 001 | Move if Register Zero rirsl] =0
MOVRLEZ | 101111 | 010 | Move if Ragister Less Than or Equal to Zero | r[rs]] <0
MOVRLZ 101111 | 011 | Move if Register Less Than Zero rirs] <0
— 101111 | 100 | Reserved —
MOVRNZ 101111 | 101 | Move if Register Not Zero rirsi] #0
MOVRGZ 101111 | 110 | Move if Register Greater Than Zero rirs] >0
MOVRGEZ | 101111 | 111 | Moveif RegisterGreatefThanor Equalto Zero | r[rs]] =0
Format (3):
10 rd op3 rsl i=0| rcond — rs2
10 rd op3 rsl i=1| rcond simm10
31 30 29 25 24 19 18 14 13 12 10 9 5 4 0
Assemb ly Langua ge Syntax
movrz regesy, eg_or_immioreg,y (synonymmovre )
movrlez regrsy, reg_or_immailQreg,y
movrlz regesy, reg_or_immioreg,y
movrnz regrsy, reg_or_immaiQreg,y (synonymmovrne )
movrgz regesy, reg_or_immioreg,y
movrgez regrsy, r€g_or_immlQreg,y
Description:

If the contentsof integerregisterr[rs]] satisfieghe conditionspecifiedin the rcondfield,
theseinstructionscopy r[rs? (if i = 0) or sign_et(simm10 (if i = 1) into r[rd]. If thecon-
tentsof r[rs1] doesnot satisfythe conditionthenr[rd] is not modified. Theseinstructions
treat the register contentsas a signedinteger value; they do not modify ary condition
codes.
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Implementation Note:
If thisinstructionis implementedy taggingeachregistervaluewith anN (negative) anda Z (zero)
bit, use the table beblto determine ifcondis TRUE:

Move Test
MOVRNZ not Z
MOVRZ VA
MOVRGEZ not N
MOVRLZ N
MOVRLEZ NorZz
MOVRGZ N nor Z

Exceptions:
illegal_instruction (rcond= 000, or 10Q)
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A.37 Multipl y and Divide (64-bit)

Opcode op3 Operation
MULX 001001 Multiply (signed or unsigned)
SDIVX 101101 Signed Dvide
UDIVX 001101 Unsigned Diyide
Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 0
Assemb ly Langua ge Syntax
mulx redrsy, F€J_Or_imm, g,y
sdivx redrsy, '€J_Or_imm, €,y
udivx redrsy, F€J_Or_imm, €J,q
Description:

MULX computes‘r[rs]] xr[rs2” if i =0 or “r[rs]] x sign_et(simm13}’ if i =1, and
writesthe 64-bit productinto r[rd]. MULX canbeusedto calculatethe 64-bit productfor
signed or unsigned operands (the product is the same).

SDIVX andUDIVX compute“r[rsl] +r[rs2” if i =0 or “r[rs]] + sign_e&t(simm13" if
i =1, and write the 64-bit resultinto r[rd]. SDIVX operateson the operandsas signed
integersandproducesa correspondingignedresult. UDIVX operate®nthe operandss
unsigned intgers and produces a corresponding unsigned result.

For SDIVX, if thelargestnegative numberis dividedby —1,theresultshouldbethelargest
negative numberThat is:

8000000000000000 4 + FFFFFFFFFFFFFFFF,, = 8000000000000000 4.

These instructions do not modifyyacondition codes.

Exceptions:
division_by_zero
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A.38 Multipl y (32-bit)

The UMUL, UMULcc, SMUL, andSMULcc instructionsaredeprecatedthey are
provided only for compatibility with previous versionsof the architecture.They
shouldnotbeusedin new SFARC-V9 software.lt is recommendethatthe MULX

instruction be used in their place.

Opcode op3 Operation
UMULP 001010 | Unsigned Intger Multiply
SMULP 001011 | Signed Intger Multiply
UMULccP 011010 | Unsigned Intger Multiply and modify cs
SMULccP 011011 | Signed Intger Multiply and modify cs
Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12
Assemb ly Langua ge Syntax
umul regrsy, r€g_or_imm regyqy
smul régrsy, F€g_or_imm regyy
umulcc regrsy, r€g_or_imm regyqy
smulcc régrsy, F€g_or_imm regyy
Description:

The multiply instructions perform 32-bit by 32-bit multiplications, producing 64-bit
results. They compute “r[rs3]<31:0> x r[rsZ<31:0>" if i =0, or “r[rs1<31:0> x
sign_et(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 infod].

Unsignedmultiply (UMUL, UMULcc) operateon unsignednteger word operandsand
computesan unsignedinteger doublevord product. Signedmultiply (SMUL, SMULcc)
operateson signedinteger word operandsand computesa signedinteger doublevord

product.

UMUL andSMUL do not affectthe conditioncodebits. UMULcc andSMULcc write the
integer condition code bits, icc and xc¢ as shavn in Table 62. Note: 32-bit negative
(icc.N) andzero(icc.Z) conditioncodesare setaccordingto the lesssignificantword of

the product, and not according to the full 64-bit result.
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Table 62: UMULcc / SMULcc Condition Code Settings

Bit

UMULcc / SMULcc

icc.N

Set if product[31F 1

icc.Z

Set if product[31:0F 0

icc.V

Zero

icc.C

Zero

xccN

Set if product[63F 1

xce”Z

Set if product[63:0F 0

xccV

Zero

xccC

Zero

Programming Note:

32-bit overflov after UMUL / UMULcc is indicated by ¥ O.

32-bitoverflow afterSMUL / SMULccis indicatedby Y # (r[rd] >> 31),where “>>" indicates32-

bit arithmetic right shift.

Implementation Notes:

An implementation may assume that the smaller operand typically wilt4# or simm13

Theseinstructionsare executedin hardware in the SFARC644I1l; however, they syncthe CPU
before a&ecuting. It is recommended that scdi® use 64-bit multiplies if possible.

Exceptions:
(none)
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A.39 Multipl y Step

The MULScc instructionis deprecatedit is provided only for compatibility with
previousversionsof thearchitecturelt shouldnotbe usedin nev SFARC-V9 soft-
ware. It is recommended that the MULX instruction be used in its place.

Opcode op3 Operation
MULSccP 100100 | Multiply Step and modify ce

Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Assemb ly Langua ge Syntax
mulscc regsy, M€J_Or_imm regq
Description:

MULScc treatsthe lower 32 bits of bothr[rs1] andtheY registerasa single64-bit, right-
shiftabledoublevordregister Theleastsignificantbit of r[rs]] is treatedasif it wereadja-
centto bit 31 of the Y register The MULScc instructionadds,basedon the leastsignifi-
cant bit of Y

Multiplication assumeshatthe Y registerinitially containsthe multiplier, r[rs1] contains
the mostsignificantbits of the product,andr[rs2 containsthe multiplicand.Upon com-
pletion of the multiplication,the Y registercontainsthe leastsignificantbits of the prod-
uct.

Note: A standard MULScc instruction hasl = rd.
MULScc operates as folles:
1. The multiplicand ig[rsZ if i =0, or sign_gt(simm13if i = 1.

2. A 32-bit value is computed by shifting r[rs1 right by one bit with
“CCRu.icc.nxor CCRicc.V' replacingbit 31 of r[rs1]. (Thisis the propersignfor the
previous partial product.)

3. If theleastsignificantbit of Y = 1, theshiftedvaluefrom step(2) andthe multiplicand
areaddedIf theleastsignificantbit of theY =0, thenO is addedto the shiftedvalue
from step (2).
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The sumfrom step(3) is written into r[rd]. The upper32-bitsof r[rd] areundefined.
The integer condition codesare updatedaccordingto the addition performedin step
(3). The alues of the x@ended condition codes are undefined.

TheY registeris shiftedright by onebit, with the leastsignificantbit of the unshifted
r[rs]] replacing bit 31of Y

Note: Theseinstructionssyncthe CPU beforeexecuting;therefore,it is recommendhat
software use 64-bit multiplies if possible.

Exceptions:
(none)
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A.40 No Operation

Opcode op op2 Operation

NOP 00 100 No Operation
Format (2):

00 op op2 0000000000000000000000
31 30 29 25 24 22 21
Assemb ly Langua ge Syntax
nop

Description:

The NOP instruction changes no program-visible stxiee(® the PC and nPC).
Note: NOP is a special case of the SETHI instruction, witin22= 0 andrd = 0.

Exceptions:
(none)
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A.41 Population Count

Opcode op3 Operation
POPC 101110 Population Count
Format (3):
10 rd op3 0 0000 i=0 — rs2
10 rd op3 0 0000 i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Assemb ly Langua ge Syntax
popc reg_or_imm regyq
Description:

POPC countsthe numberof one bits in r[rsZ if i =0, or the numberof one bits in
sign_et(simm13 if i = 1, andstoresthe countin r[rd]. This instructiondoesnot modify
the condition codes.Note: SFARC644Il doesnot implementthis instruction; insteadit
generatesn illegal_instruction exception. The instructionis emulatedin supervisorsoft-
ware.

Implementation Note:
Instructionbits 18 through14 mustbe zerofor POPC.Otherencodingof this field (rs1) may be
used in future @rsions of the SMRC architecture for other instructions.

Programming Note:
POPCcanbe usedto “find first bit set” in a register A C programillustratinghov POPCcanbe
used for this purpose folls:

int ffs(zz) [* finds first 1 bit, counting from the LSB */
unsigned zz;
{
return popc ( zz A ( O(-z2))); /* for nonzero zz */
}
Inline assembly language code fta{ ) is
neg %IN, %M_IN I —zz(2's complement)
xnor %IN, %M_IN, % TEMP I A [O-zz (exclusive nor)
popc %TEMP,%RESULT I result = popc(zz " O-zz)
movrz %IN,%g0,%RESULT I %RESULT should be 0 for %IN=0

wherelN , M_IN, TEMPandRESULTare intger rejisters.
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Example:

IN

—IN

O -IN

IN ~ O-IN
popc(IN~ O —IN)

Exceptions:
illegal_instruction

...00101000
...11011000
...00100111
...00001111

I 1st 1 bit from rt is 4th bit
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A.42 Prefetch Data

Opcode op3 Operation
PREFETCH 101101 Prefetch Data
PREFETCHA®S! 111101 Prefetch Data from Alternate Space

Format (3) PREFETCH:

11 fcn op3 rsl i=0 — rs2
11 fcn op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0

Format (3) PREFETCHA:

11 fcn op3 rsl i=0 imm_asi rs2
11 fcn op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0

Table 63: SPARC-V9 and SRARC64-11l Pr efetch Functions

fcn SPARC-V9 Prefetch Function SPAR%?J?{(:'H ol:refetch
0 Prefetch for seeral reads Prefetch for seeral reads
1 Prefetch for one read Prefetch for seeral reads
2 Prefetch for seeral writes Prefetch for seeral writes
3 Prefetch for one write Prefetch for seeral writes
4 Prefetch page Prefetch for seeral reads
5-15 Reserved illegal_instruction trap
16-31 | Implementation-dependent NOP
Assemb ly Langua ge Syntax
prefetch [addres§, prefetd_fcn
prefetcha [regaddil imm_asj prefetd_fcn
prefetcha [reg_plus_imrh %asi, prefetd_fcn

Description:

In nonprvilegedcode,a prefetchinstructionhasthe sameobsenableeffectasa NOP; its
executionis nonblockingand cannotcausean obserable trap. In particular a prefetch
instruction shall not trap if it is applied to an gé or nongistent memory address.
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Implementation Note:
Any effectsof prefetchin privilegedcodeshouldbereasonabléfor example,handlingeCCerrors,
no page prefetchingallowed within codethat handlespagefaults). The benefitsof prefetching
should be eailable to most pvileged code.

Executionof a prefetchinstructioninitiatesdatamovement(or preparatiorfor future data
movementor addressnapping)to reducethe lateng of subsequeribadsandstoresto the
specified address range.

A successfuprefetchinitiatesmovementof a block of datacontainingthe addressethyte
from memorytoward the processarin SFARC644Il the block of datais one 64-byte
cache line.

Programming Note:
Software may prefetch64 bytesbeginning at an arbitrary addressaddressby issuingthe instruc-

tions
prefetch [ address, prefeth fcn
prefetch [ address + 63], prefetd_fcn

Implementation Note:
Prefetchingmay be usedto help managememory cache(s)A prefetchfrom a nonprefetchable
locationhasno effect. It is up to memorymanagementhardwareto determinehow locationsare
identified as not prefetchable.

Prefetchinstructionsthatdo not load from an alternateaddresspaceaccesghe primary
addressspace(ASI_PRIMARY{ LITTLE}). Prefetchinstructionsthatdo load from an
alternateaddresspacecontaintheaddresspacadentifier (ASI) to be usedfor theloadin

theimm_asifield if i =0, or in the ASI registerif i = 1. Theaccesss privilegedif bit 7 of

the ASl is zero;otherwiseijt is not privileged. The effective addresgor theseinstructions
is “r[rsq] +r[rs"if i =0, or *r[rs]] + sign_et(simm13"if i = 1.

Variantsof the prefetchinstructioncanbe usedto preparehe memorysystenfor different
types of accesses.

Note: EventhoughSPFARC644Il doesnotdistinguishamongprefetchegor oneor several
readsor writes and doesnot distinguishprefetchpage,programmershouldchoosethe
correctvariation;future revisionsof the CPU will distinguishsomeor all of the variants.
For thatreasonall of the SFARC-V9 variantsare documentedn the following subsec-
tions. For SFARCG64-11l behaior, seeA.42.3,“SPARC644ll PREFETCHBehavior” for
details.

A.42.1 SPARC-V9 Prefetch Variants

The prefetchvariantis selectedby the fcn field of the instruction.fcn values5..15 are
resened for future gtensions of the architecture.

PREFETCHfcn valuesof 16..31 areimplementation-dependeritiey aretreatedasNOPs
on SRARC64II.

Eachprefetchvariantreflectsanintenton the partof the compileror programmerThisiis
differentfrom otherinstructionan SFARC-V9 (exceptBPN), all of which specifyspecific
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actions An implementatiormayimplementa prefetchvariantby any techniqueaslongas
the intent of the ariant is achieed.

The prefetchinstructionis designedto treatthe commoncaseswell. The variantsare
intendedo provide scalabilityfor futureimprovementsn bothhardwareandcompilers If
avariantis implementedthenit shouldhave the effectsdescribedelon. In casesomeof
thevariantslistedbelon areimplementecandsomearenot, thereis arecommendedver-
loading of the unimplementedvariants(seethe ImplementationNote labeled“Recom-
mended Ogrloadings” in A.42.2).

A.42.1.1 Prefetch for Several Reads ( fcn =0)

Theintentof this variantis to causemovementof datainto the datacachenearesthe pro-
cessorwith “reasonable” ébrts made to obtain the data.

Implementation Note:
If, for example,someTLB missesare handledin hardware,thenthey shouldbe handled.On the
other hand, a multiple ECC error is reasonable cause for cancellation of a prefetch.

If the addressedlatais alreadypresent(andowned,if necessaryin the cache thenthis
variant has no é&ct.

A.42.1.2 Prefetch for One Read (fcn =1)

Thisvariantindicateghat,if possiblethe datacacheshouldbeminimally disturbedby the
datareadfrom the given addresspecausehat datais expectedto be readonceand not
reused (read or written) soon after that.

If the data is already present in the cache, then #niant has no é&ct.

Programming Note:
The intendeduseof this variantis in streaminglarge amountsof datainto the processomwithout
overwriting data in cache memory

A.42.1.3 Prefetch for Several Writes (and P ossib ly Reads) (fcn = 2)
The intent of this &riant is to cause mement of data in preparation for writing.

If the addressed data is already present in the data cache, thamittmshas no &ct.

Programming Note:
An example use of thisariant is to initialize a cache line in preparation for a partial write.

Implementation Note:
Onamultiprocessorthis variantindicateshatexclusive ownershipof theaddressedatais needed,
so it may hae the additional éct of obtaining eclusive avnership of the addressed cache line.

A.42.1.4 Prefetch for One Write ( fcn = 3)

Thisvariantindicateghat,if possiblethe datacacheshouldbeminimally disturbedby the
datawritten to this addresshbecausehatdatais not expectedto bereusedreador written)
soon after it has been written once.
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A.42.1.5 Prefetch Page (fcn =4)

In a virtual-memorysystem the intendedactionof this variantis for the supervisorsoft-
ware or hardware to initiate asynchronousnappingof the referencedvirtual address,
assuming that it is ¢@l to do so.

Programming Note:
Thedesireis to avoid a later pagefault for the givenaddressor at leastto shortenthe lateng of a
page ault

In a norvirtual-memorysystem,or if the addresseghageis alreadymappedthis variant
has no déct.

The referencedpage neednot be mappedwhen the instruction completes.Loads and
storesgssuedbeforethe pageis mappedshouldblockjustasthey wouldif the prefetchhad
never beenissued.When the actvity associatedvith the mappinghas completed,the
loads and stores may proceed.

Implementation Note:
An example of mapping actity is DMA from secondary storage.

Implementation Note:
Use of this variantmay be disabledor restrictedin privileged codethatis not permittedto cause
page &ults.

A.42.1.6 Implementation-dependent Pref etch (fcn = 16..31)

Thesevaluesareavailablefor implementationgo use.An implementatiorshall treatarny
unimplemented prefetdien values as NOPs (impl. dep. #103).

A.42.2 General Comments

Thereis no variant of PREFETCHfor instruction prefetching.Instruction prefetching
shouldbe encodedusingthe BranchNever (BPN) form of the BPccinstruction(seeA.7,
“Branch on Intger Condition Codes with Prediction (BPdc)”

Oneerrorto avoid in thinking aboutprefetchinstructionss thatthey shouldhave “no cost
to execute. As long asthe costof executinga prefetchinstructionis well lessthanone-
third the cost of a cachemiss, use of prefetchingis a net win. It doesnot appearthat
prefetchingcausesa significantnumberof uselesdetchesfrom memory thoughit may
increasehe rate of useful fetches(andhencethe bandwidth),becauset moreefficiently
overlaps computing with fetching.

Implementation Note:
RecommendedOverloadings. Therearefour recommendedetsof overloadingsfor the prefetch
variants,basedon a simplistic classificationof SFARC-V9 systemsnto cost (low-costvs. high-
cost) and processomultiplicity (uniprocessors multiprocessorxateyories. Theseoverloadings
are chosen to help ensuréi@ént portability of softvare across a range of implementations.

In a uniprocessaqrthereis no needto supportmultiprocessorcacheprotocols;hence Prefetchfor
Several Readsand Prefetchfor Several Writes may behae identically. In a low-costimplementa-
tion, Prefetchfor One Readand Prefetchfor One Write may be identicalto Prefetchfor Several
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Readsand Prefetchfor Several Writes, respectiely. The following table shavs potentialPrefetch
overloadings.

Could Be Overloaded
Multiplicity Cost Prefetch for .. to Mean the Same as
Prefetch for ..
One read Several reads
. Several reads Several reads
Uniprocessor Low - -
One write Several writes
Several writes —
One read —
. . Several reads Several reads
Uniprocessor High -
One write —
Several writes —
One read Several reads
. Several reads —
Multiprocessor Low - -
One write Several writes
Several writes —
One read —
. . Several reads —
Multiprocessor High -
One write —
Several writes —

Programming Note:
A SFARC-V9 compilerthat generate$?REFETCHinstructionsshouldgenerateesachof the four
variantswhereit is mostappropriate The overloadingssuggestedh the previous Implementation
Note ensurethat suchcodewill be portableand reasonablyefficient acrossa rangeof hardware
configurations.

Implementation Note:
The Prefetchfor One Readand Prefetchfor OneWrite variantsassumehe existenceof a “bypass
caché, sothatthe bulk of the “real cache"remainsundisturbed!f sucha bypasscacheis used,it
shouldbelarge enoughto properlyshieldthe processofrom memorylateng. Sucha cacheshould
probably be small, highly associatj and use a FIFO replacement polic

A.42.3 SPARCG64-IIl PREFETCH Behavior
Prefetch types 0..4 are mapped into tvases: Prefetch for read, Prefetch for Write.

A prefetchwill try to load the cacheline that containsthe effective addressof the
PREFETCHnto theD1-CacheBelow is adescriptionof whatwill actuallyhapperin the
CPU for prefetches:

1. The prefetchaddresds sentto the uDTLB for translation.lf a miss occursin the
UDTLB thenthe addressis sentto the Main TLB (MTLB) for translation.If the
MTLB misses then the prefetch will be dropped.

2. If any protection violation occurs in theDTLB or MTLB the access will be dropped.
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3. If translationsucceedsindif the requestedctacheline is alreadyin the D1 cachethe
D1 cache will complete the PREFETCH.

4. If therequestedacheline is notin the D1 cacheandthereareno freereloadbuffers,
the D1 cache will retry the PREFETCH until a reloadfdy is available.

5. If therequestedachedine is notin the D1 cacheandthereis a freereloadbuffer then
the cachewill sendthe prefetchto the unified secondevel cache(UC). If the UC is
busy or unableto receve a cacheableommandat thattime, the D1 cachewill retry
the prefetch.

6. If theUC acceptgherequestindhits, therequestedachédine is sentto theD1 cache.

7. If theUC cachedoesnot have the cachdine it will sendtherequesbnto the UPA bus
which will supplythe datafrom memory Whenthe datais returnedfrom the UPA it
will be sent to the UC and D1 caches.

If aPrefett for Write hitsin theD1 cachebut the D1 cachedoesnt have ownershipof the
line, the UC may ge the ovnership 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

Opcode op3 Operation
RDPR’ 101010 | Read Prileged Reister
Format (3):
10 rd op3 rsl —
31 30 29 25 24 19 18 14 13 0

rsl 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

Note: SFARC6441l doesnot needor have a floating-pointdeferredtrap queue(FQ). An
attempt to read from the FQ causesllegnl_instruction exception.
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Assemb ly Langua ge Syntax
rdpr %tpe,  regyg
rdpr %tnpc, regyg
rdpr Y%tstate,  regqg
rdpr %tt, regyg
rdpr %tick,  regyg
rdpr %tba, regyy
rdpr Y%pstate, regqg
rdpr %tl,  regyg
rdpr %pil,  regyg
rdpr %CwWp, regyy
rdpr %cansave, reg
rdpr %canrestore, r€0q
rdpr %cleanwin,  reg
rdpr %otherwin,  regy
rdpr Y%wstate, regyq
rdpr %fq, regy
rdpr d%ver, regyg

Description:

Therslfield in the instructiondetermineghe privilegedregisterthatis read.Thereare
MAXTL copiesof the TPC, TNPC, TT, andTSTATE registers.A readfrom oneof these
registersreturnsthevaluein theregisterindexed by the currentvaluein thetraplevel reg-
ister (TL). A readof TPC, TNPC, TT, or TSTATE whenthe trap level is zero(TL = 0)
causes aifflegal_instruction exception.

RDPRinstructionswith rslin therangel6..30 areresenred; executinga RDPRinstruc-
tion withrslin that range causes #lagal_instruction exception.

Programming Note:
Onanimplementatiorwith precisefloating-pointtraps,theaddres®f atrappinginstructionwill be
in the TPC[TL] registerwhenthetrap codebegins execution.On animplementatiorwith deferred
floating-point traps, the address of the trapping instruction might alia ebtained from the FQ.

Exceptions:
privileged_opcode
illegal_instruction ((rs1=16..30) or ((rsk3) and (TL=0)))
illegal_instruction (RDPR of FQ)
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A.44 Read State Register

TheRDY instructionis deprecatedit is providedonly for compatibility with previ-
ousversionsof the architecturelt shouldnot be usedin nev SFARC-V9 software.
It is recommended that all instructions which reference theyiétes be woided.

Opcode op3 rsl [12:8] Operation
RDYP 101000 0 Read Y Rgister
— 101000 1 reserved
RDCCR 101000 2 --- Read Condition Codes Bister
RDASI 101000 3 Read ASI Rgister
RDTICKPNPT 101000 4 Read Tck Register
RDPC 101000 5 Read Program Counter
RDFPRS 101000 6 --- Read Floating-Point Rgsters Status Ryister
— 101000| 7-14 reserved
See trt 101000 15 See trt
— 101000 | 16-17 reserved
RHDW_MODE | 101000 18 --- Read Hardwre Mode Rgister
RGSR 101000 19 Read Graphic Status Ester
— 101000 | 20-21 reserved
RSCHED_INT | 101000 22 Read SCHED_INT Rgister
RTICK_MATCH | 101000 23 Read Tck Match Regjister
RIFTYPE 101000 24 Read Instruction &ult Type Reister
RSCRACH 101000 25 0-3 Read CPU Scratch Bisters
RBRKPT_ADDR | 101000 26 0 Read Data Breakpoint AddressgRe
RBRKPT_MASK | 101000 26 1 Read Data Breakpoint Mask e
— 101000 27 reserved
RDFAULT_ADDR | 101000 28 --- Read Data Fault Address Register
RDFTYPE 101000 29 Read Data &ult Type Reister
RD_PM_VN 101000 30 0 Read Perf Monitor dw Number
RD_PM_REGO | 101000 30 1 Read Perf Monitor Rg #0
RD_PM_REG1 | 101000 30 2 Read Perf Monitor Re #1
RD_PM_REG2 | 101000 30 3 Read Perf Monitor Re #2
RD_PM_REG3 | 101000 30 4 Read Perf Monitor Rg #3
RD_PM_REG4 | 101000 30 5 Read Perf Monitor Rg #4
RD_PM_REG5 | 101000 30 6 Read Perf Monitor Rg #5
RDSCR 101000 31 Read State Control RQister

RDPM (ASR30) please refer &gppendixQ, “Performance Monitoring”
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Format (3):
10 rd op3 rsl i=0 —
31 30 29 25 24 19 18 14 13 12
Format 3 (rd %asr25 (SCRRCH) only):
10 rd 101000 | rs1=11001 i=0 | register # [7:0]=00000000

31

29

24

18

12

Format 3 (rd %asr26 only (Data Breakpoint gieters) ):

10

rd

101000

rs1=11010

i=0

register #

[7:0]=00000000

31

29

24

18

13

12

Format 3 (rd %asr30 only (Performance Monitors) ):

10 rd 101000 | rs1=11110| i=0 | pm rey. # [7:0]=00000000
31 29 24 18 13 12
Assemb ly Langua ge Syntax

rd  %yregy
rd %ccr, regyq
rd %asi, regyy
rd %tick , regeg
rd %PG, regrg
rd %fprs , regey
rd %hardware_mode, reg,q
rd %graphic_status, =o'
rd %sched_int, reg.q
rd %tick_match, regq
rd %iftype, regyq
rd %scratch[0-3], =o'
rd %dbreak_addr, regq
rd %dbreak_mask, regqy
rd %dfaddr, regyq
rd %dftype ,regq
rd %pm[0-6], regyy
rd %scCr, regeq
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Description:
These instructions read the specified stajester intor[rd].

Note: RDY, RDCCR, RDASI, RDPC, RDTICK, RDFPRS,RDASR, RHDW_MODE,
RGSR, RSCHED_INT RTICK_MATCH, RIFTYPE, RSCRA'CH, RBRKPT_ADDR,
RBRKPT_MASK, DRFAULT_ADDR, RDFYPE, RD_PMs, and RDSCR are distin-
guished only by thealue in thers1field.

If rs1> 7, anancillary stateregisteris read.The following valuesof rs1 areresenred for
future versionsof the architecture:7..14, and 16..17. An RDASR instruction with
rs1=15,rd =0, andi =0 is definedto be a STBAR instruction(seeA.51). An RDASR
instructionwith rs1=15,rd =0, andi = 1 is definedto be a MEMBAR instruction(see
A.32). RDASR with rs1=15andrd#0 is reseredfor future versionsof the architecture;
it causes aillegal_instruction exception.

RDTICK causes arivileged_action exception if PSATE.PRIV=0 and TICK.NPT= 1.

For RDPC, all 64 bits of the PC value are storedin r[rd], regardlessof the setting of
PSTATE.AM.

RDFPRSwaits for all pendingFPopsand loads of floating-pointregistersto complete
before reading the FPRSyister

SFARC644ll  implements these additional ASRs: RHDW_MODE, RGSR,
RSCHED_INT RTICK_MATCH, RIFTYPE, RSCRACH, RBRKPT_ADDR,
RBRKPT_MASK, DRFAULT_ADDR, RDFYPE,RD_PMs,and RDSCR.AIl of these
registersare privileged; an attemptto readary of theseregistersin nonprvileged mode
causes arivileged_opcode exception.

A rd %pm|[0-6], rd %dbreak_addyrd %dbreak_maskor rd %scratch[0-3] which usesa
resenedor undocumentedaluefor bits [12:8] or doesnot containall zeroesn bits [7:0]
will cause arillegal_ instructiontrap.

Seel.1.1.“Read/WriteAncillary StateRegisters(ASRs)”in V9 for adiscussiorof extend-
ing the SRRC-V9 instruction set using read/write ASR instructions

Implementation Note:
Ancillary stateregistersmay include (for example)timer, counter diagnostic,self-test,andtrap-
controlregisters.SeelmplementatiorCharacteristicsof Current SFARC-V9-base&roducts,Revi-
sion 9.x, a documentavailablefrom SFARC International for informationon implementedancil-
lary state rgisters.

Compatibility Note:
The SFARC-V8 RDPSR,RDWIM, andRDTBR instructionsdo not exist in SFARC-V9 sincethe
PSR, WIM, and TBR misters do notxast in SARC-V9.

Exceptions:
privileged_opcode (RDASR withrs1= 15, 18, 22..26, 28..30)
illegal_instruction (RDASR with rs1=1 or 7..14; RDASR with rs1= 15 andrd#0;
RDASR withrs1=16..17, 20..21, 27)
privileged_action (RDTICK only)
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A.45 RETURN

Opcode op3 Operation
RETURN 111001 RETURN

Format (3):
10 — op3 rsl i=0 — rs2
10 — op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Assemb ly Langua ge Syntax
return address
Description:

TheRETURNInstructioncauses delayedransferof controlto thetargetaddresandhas
thewindow semanticof a RESTORE instruction;thatis, it restoreghe registerwindow
prior to the last SAVE instruction. The target addressis “r[rs1] +r[rsZ” if i =0, or
“r[rs]] + sign_et(simml13” if i = 1. Registersr[rs]1] andr[rs2 comefrom the old win-
dow.

The RETURNI instructionmay causean exception.lt may causea window_fill exceptionas
part of its RESTORE semanticor it may causea mem_address_not_aligned exceptionif
either of the tw low-order bits of the tgiet address are nonzero.

Programming Note:
To reexecutethe trappedinstructionwhenreturningfrom a usertrap handler usethe RETURN
instruction in the delay slot of a JMPL instruction, feample:

jmpl %I16,%90 ! Trapped PC supplied to user trap handler
return %lI7 I Trapped nPC supplied to user trap handler

Programming Note:
A routine that uses agister windov may be structured either as

save %sp,- framesize%sp

ret I Same as jmpl %i7 + 8, %g0

restore I Something useful like “restore %02,%I12,%00”
or as

save %sp,- framesize%sp

return %i7 +8

nop I Could do some useful work in the caller's

' window e.g. “or %01, %02,%00"

Exceptions:
mem_address_not_aligned
fill_n_normal (n =0..7)
fill_n_other (N =0..7)
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A.46 SAVE and RESTORE

Opcode op3 Operation
SAVE 111100 Save callers windav
RESTORE 111101 Restore calles windav
Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0

Assemb ly Langua ge Syntax
save regsy, r€g_or_imm regy
restore regysy, €Y_Or_imm regy

Description (Effect on Nonprivileged State):

The SAVE instructionprovidesthe routine executingit with a new registerwindow. The
out registersfrom the old window becomethe in registersof the new window. The con-
tentsof the out andthelocal registersin the new window arezeroor containvaluesfrom
the executing process; that is, the process sees a cleanwindo

The RESTORE instructionrestoreshe registerwindow saved by the last SAVE instruc-
tion executedby the currentprocessThe in registersof the old window becomethe out
registersof thenew window. Thein andlocal registersin the new window containthe pre-
vious \alues.

Furthermore|jf andonly if a spill or fill trap is not generatedSAVE and RESTORE
behae like normalADD instructions gxceptthatthe sourceoperands[rsi] and/orr[rs2
arereadfrom theold window (thatis, thewindow addressedy theoriginal CWP)andthe
sumis written into r[rd] of the new window (thatis, the window addressedy the new
CWP).

Note: CWP arithmeticis performedmodulothe numberof implementedvindows, NWIN-
DOWS.

Programming Note:
Typically, if aSAVE (RESTORE)instructiontraps,thespill (fill) traphandlereturnsto thetrapped
instructionto reexecuteit. So, althoughthe ADD operationis not performedthe first time (when
theinstructiontraps),it is performedthe secondime the instructionexecutesThe sameappliesto
changing the CWP

Programming Note:
The SAVE instructioncanbe usedto atomically allocatea nev window in the registerfile anda
new software stack frame in memorgeeH.1.2, “Leaf-Procedure Optimization” M9 for details.

Programming Note:
Thereis a performancetrade-of to considerbetweenusing SAVE/RESTORE and saving and
restoring selected gesters &plicitly.
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Description (effect on prvileged state):

If the SAVE instructiondoesnottrap, it incrementghe CWP (mod NWINDOWS)to pro-
vide anew registerwindow andupdateghe stateof theregisterwindows by decrementing
CANSAVE and incrementing CANRESIRE.

If the new registerwindow is occupied(thatis, CANSAVE = 0), a spill trapis generated.
Thetrapvectorfor the spill trapis basedon thevalueof OTHERWIN andWSTATE. The
spill traphandleris invokedwith the CWP setto pointto thewindow to be spilled (thatis,
old CWP+ 2).

If CANSAVE # 0, the SAVE instruction checkswhetherthe nev windowv needsto be
cleanedlt causes clean_window trapif thenumberof unusedcleanwindows s zero,that
is, (CLEANWIN — CANRESTORE)= 0. The clean_window trap handleris invoked with
the CWP set to point to the wingdo be cleaned (that is, old CWHL).

If theRESTORE instructiondoesnottrap,it decrementthe CWP (mod NWINDOWS)to
restorethe registerwindow thatwasin useprior to thelast SAVE instructionexecutedby
the currentprocess.t also updatesthe stateof the register windows by decrementing
CANRESTORE and incrementing CANS/A.

If the registerwindow to be restoredhasbeenspilled (CANRESTORE= 0), afill trapis
generatedThe trap vector for the fill trap is basedon the valuesof OTHERWIN and
WSTATE, asdescribedn 7.5.2.1 “Trap Typefor Spill/Fill Traps” Thefill traphandleris
invoked with CWP set to point to the winsldo be filled, that is, old CWPR 1.

Programming Note:
The vectoringof spill andfill trapscanbe controlledby settingthe value of the OTHERWIN and
WSTATE registersappropriately For details,seethe unnumberedsubsectiortitled “Splitting the
Register Wndows” in H.2.3, “Client-Serer Model” 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 onlyn=20..7)
spill_n_normal (SAVE only,n=0..7)
spill_n_other (SAVE only,n=0..7)
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A.47 SAVED and RESTORED

Opcode op3 fcn Operation
SAVEDP 110001 0 Window has been Sad
RESTORED® 110001 1 Window has been Restored
— 110001 2..31 | Reserved
Format (3):
10 fcn op3 —
31 30 29 25 24 19 18 0
Assemb ly Langua ge Syntax
saved
restored
Description:

SAVED and RESORED adjust the state of thegisterwindows control rgisters.

SAVED increments CANSYE. If OTHERWIN =0, it decrements CANRESIRE.
If OTHERWIN 20, it decrements THERWIN.

RESTORED increments CANRESTORE. If CLEANWIN <(NWINDOWS-1),
RESTORED increments CLEANWIN. If DHERWIN =0, it decrements CANSAE.
If OTHERWIN # 0, it decrements THERWIN.

Programming Note:
The spill (fill) handlersusethe SAVED (RESTORED) instructionto indicatethat a window has
been spilled (filled) successfullgeeH.2.2, “Example Code for Spill Handler” W9 for details.

Programming Note:
Normal privilegedsoftwarewould probablynot do a SAVED or RESTORED from traplevel zero
(TL =0). However, it is not illegal to do so, and does not cause a trap.

Programming Note:
Executinga SAVED (RESTORED)instructionoutsideof awindow spill (fill) traphandleris likely
to createaninconsistentvindow state Hardwarewill notsignalanexceptionhowever, sincemain-
taining a consistent winelostate is the responsibility of pilleged softvare.

Exceptions:
privileged_opcode
illegal_instruction (fcn=2..31)
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A.48 SETHI
Opcode op op2 Operation
SETHI 00 100 Set High 22 Bits of Lev Word
Format (2):
00 rd 100 imm22
31 30 29 2524 2221 0
Assemb ly Langua ge Syntax
sethi const22 regq
sethi %hi (value, regq
Description:

SETHI zeroesthe leastsignificant 10 bits and the most significant32 bits of r[rd], and
replaces bits 31 through 10gfd] with the value from itsmmz22field.

SETHI does not &kct the condition codes.

A SETHI instructionwith rd = 0 andimm22= 0 is definedto bea NOP instruction,which
is defined in A.40.

Programming Note:
The mostcommonform of 64-bit constangeneratioris creatingstackoffsetswhosemagnitudeis
less than 2. The code belw can be used to create the constant @IDD ABCD 12344

sethi %hi(Oxabcd1234),%00
or %00, 0x234, %00

Thefollowing codeshavs how to createa negative constantNote: Theimmediatefield of the xor
instructionis signextendedandcanbeusedto get1sin all of theupper32 bits. For example,to set
the ngative constant FFFFFFFABCD 12344

sethi %hi(0x5432edcb),%00 ! note 0x5432EDCB, not 0OXABCD1234
xor %00, Ox1e34, %00 I part of imm. overlaps upper bits
Exceptions:

(none)
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A.49 Shift
Opcode op3 X Operation
SLL 100101 0 Shift Left Logical - 32 Bits
SRL 100110 0 Shift Right Logical - 32 Bits
SRA 100111 0 Shift Right Arithmetic - 32 Bits
SLLX 100101 1 Shift Left Logical - 64 Bits
SRLX 100110 1 Shift Right Logical - 64 Bits
SRAX 100111 1 Shift Right Arithmetic - 64 Bits
Format (3):
10 rd op3 rsl i=0| x — rs2
10 rd op3 rsl i=1{x=0 — shcnt32
10 rd op3 rsl i=1{x=1 — shcnt64
31 30 29 25 24 19 18 14 13 12 6 5 4 0
Assemb ly Langua ge Syntax
sll regrsy, reg_or_shent regy
srl regrsy, reg_or_shent regg
sra regrsy, reg_or_shent regy
slix regrsy, reg_or_shcent regey
srix regrsy, reg_or_shent regy
srax regrsy, reg_or_shent regy
Description:

Wheni = 0 andx = 0, the shift countis the leastsignificantfive bits of r[rs2. Wheni =0
andx = 1, theshift countis theleastsignificantsix bits of r[rs2. Wheni = 1 andx = 0, the
shift countis the immediatevalue specifiedin bits O through4 of the instruction.When
i =1 andx =1, the shift countis the immediatevalue specifiedin bits O through5 of the
instruction.Table 64shaws the shift count encodings for alllues ofi andx.

Table 64: Shift Count Encodings

Shift Count
bits 4..0 ofr[rsg
bits 5..0 of r[rs2
bits 4..0 of instruction
bits 5..0 of instruction

Rlr|lo|lo]|-
Rlo|r|o|x

SLL andSLLX shift all 64 bits of thevaluein r[rs]] left by thenumberof bits specifiedoy
the shift count,replacingthe vacatedpositionswith zeroesandwrite the shiftedresultto
r(rd].
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SRL shiftsthelow 32 bits of thevaluein r[rs]] right by thenumberof bits specifiedby the
shift count.Zeroesareshiftedinto bit 31. Theupper32 bits aresetto zero,andtheresultis
written tor[rd].

SRLX shiftsall 64 bits of the valuein r[rs]] right by the numberof bits specifiedby the
shift count. Zeroesare shifted into the vacatedhigh-orderbit positions,and the shifted
result is written ta[rd].

SRA shiftsthe low 32 bits of the valuein r[rs]] right by the numberof bits specifiedby
the shift count,andreplaceghe vacatedpositionswith bit 31 of r[rs1]. The high order32
bits of the result are all set with bit 31rpfs1], and the result is written grd].

SRAX shiftsall 64 bits of the valuein r[rs]] right by the numberof bits specifiedby the
shift count,andreplaceghe vacatedpositionswith bit 63 of r[rs]]. The shiftedresultis
written tor[rd].

No shift occurswhenthe shift countis zero,but the high-orderbits areaffectedby the 32-
bit shifts as noted abe.

These instructions do not modify the condition codes.

Programming Note:
“Arithmetic left shift by 1 (and calculatererflow)” can be efected with the ADDcc instruction.

Programming Note:
Theinstruction“sra rs1,0, rd” canbeusedto corverta 32-bitvalueto 64 bits, with signexten-
sion into the upper ard. “srl  rs1,0, rd” can be used to clear the upper 32 bits[i)].

Exceptions:
software_initiated_reset
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A.50 Software-initiated Reset

Opcode op3 rd Operation
SIR 110000 15 Software-initiated reset

Format (3):

10 01111 op3 0 0000 i=1 simm13
31 30 29 25 24 19 18 14 13 12 0
Assemb ly Langua ge Syntax
Sir simm13
Description:

On SFRARC-V9 systemsSIR is usedto generatea software-initiatedreset(SIR). As with
othertraps,a software-initiatedresetperformsdifferentactionswhenTL = MAXTL than
it does when Tl MAXTL.

See7.6.2.5,"Software-initiatedResef(SIR) Traps”, for moreinformationaboutsoftware-
initiated resets.

Whenexecutedin usermode,the actionof SIR is conditionalon the SIR_enablecontrol
flag.

The location of the SIR_enablecontrol flag and the meansof accessinghe SIR_enable
controlflag areimplementation-dependenth SFARCG644Il it is permanentlyzero,there-
fore an SIR recutes without ééct (as a NOP) in user mode.

A privileged WRSIR instructioncanbe usedto causea softwareinitiated reset(SIR) on
SFARC6441l. The SIR instructionis actuallya WRASRwith rd = 15,rs1= 0, andi = 1.
SeeA.63, “Write State Rgister”, for more information.

Exceptions:
(none)
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A.51 Store Barrier

The STBAR instructionis deprecatedit is provided only for compatibility with
previousversionsof thearchitecturelt shouldnotbeusedin nev SFARC-V9 soft-
ware. It is recommended that the MEKIB instruction be used in its place.

Opcode op3 Operation
STBRARP 101000 | Store Barrier

Format (3):
10 0 op3 01111 0 —
31 30 29 25 24 19 18 14 13 12 0
Assemb ly Langua ge Syntax
stbar
Description:

The storebarrierinstruction(STBAR) forcesall storeand atomicload-storeoperations
issuedby aprocessoprior to the STBAR to completetheir effectson memorybeforeany
storeor atomicload-storeoperationsssuedby that processosubsequento the STBAR
are ecuted by memory

Note: The encodingof STBAR is identicalto that of the RDASR instructionexceptthat
rsl=15andrd =0, andit is identicalto that of the MEMBAR instructionexceptthatbit
13 () =0.

Compatibility Note:
In SFARC64-11l, STBAR behaesasNOP sincethe hardware memorymodelsalwaysenforcethe
semantics of these MEMERSs for all memory accesses.

STBAR is identicalin functionto a MEMBAR instructionwith mmask= 8,45 STBAR s retained
for compatibility with SRRC-V8.

Implementation Note:
For correctnesst is sufiicientfor aprocessoto stopissuingnew storeandatomicload-storeoper-
ationswhen an STBAR is encounteredhnd to resumeatfter all storeshave completedand are
obsenedin memoryby all processorsMore efficient implementationsnay take advantageof the
factthatthe processoris allowedto issuestoreandload-storeoperationsafterthe STBAR, aslong
asthoseoperationsare guaranteedot to becomevisible beforeall the earlier storesand atomic
load-stores hae become visible to all processors.

Exceptions:
(none)
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A.52 Store Floating-point

The STFSRinstructionis deprecatedit is providedonly for compatibilitywith pre-
vious versionsof the architecturelt shouldnot be usedin nev SFARC-V9 soft-
ware. It is recommended that the STXFSR instruction be used in its place.

Opcode op3 rd Operation
STF 100100 0..31 Store Floating-point Rgster
STDF 100111 T Store Double Floating-point Rister
STQF 100110 T Store Quad Floating-point Bester
STFSR 100101 0 Store Floating-point State Bister Laver
STXFSR 100101 1 Store Floating-point State Bister
— 100101 2.31 Reserved

T Encoded floating-point géster \alue, as described in 5.1.4.1

Format (3):
11 rd op3 rsl i=0 — rs2
11 rd op3 rsi i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 0
Assemb ly Langua ge Syntax
st freg,q, [address
std freg,q, [addres$
stq freg,q, [address
st %fsr, [addres$
stx %fsr, [addres$
Description:

The store single floating-point instruction (STF) copied] into memory

The storedouble floating-pointinstruction (STDF) copiesa doublevord from a double
floating-point rgister into a wrd-aligned doubleord in memory

The storequadfloating-pointinstruction(STQF) copiesthe contentsof a quadfloating-
point registerinto a word-alignedquadword in memory Note: SFARC6441l doesnot
implementin hardware the instructionsthat specify a quad floating-point register; an
attemptto executethis instructioncausesanillegal_instruction exception.Supervisorsoft-

ware then emulates these instructions.

The storefloating-pointstateregister lower instruction (STFSR)waits for ary currently
executingFPopinstructionsto complete,andthenit writes the lower 32 bits of the FSR
into memory
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The storefloating-pointstateregisterinstruction(STXFSR)waits for any currently exe-
cuting FPopinstructionsto complete andthenit writes all 64 bits of the FSRinto mem-
ory.
Compatibility Note:

SFARC-V9 needgwo store-FSRnstructions sincethe SFARC-V8 STFSRinstructionis definedto

storeonly 32 bits of the FSRinto memory STXFSRallows SFARC-V9 programsto storeall 64
bits of the FSR.

STFSR and STXFSR zero F3tRafter writing the FSR to memary

Implementation Note:
FSRftt should not be zeroed until it is kmo that the store will not cause a precise trap.

The effective address for these instructions is “r[rsi] +r[rsZ” if i=0, or
“r[rs] + sign_et(simml13”if i = 1.

STF and STFSR causea mem_address_not_aligned exceptionif the effective memory
addresss notword-aligned, STDF causesan STDF_mem_address_not_aligned exceptionif

the effectve address is not doublevord-aligned;STXFSR causes a
mem_address_not_aligned exceptionif the addresss not doublevord-aligned.If the float-
ing-pointunit is not enabledor the sourceregisterrd (per FPRS.FERANdPSTATE.PEF),
or if the FPU s not presenta storefloating-pointinstructioncausesanfp_disabled excep-
tion.

Programming Note:
In SFARC-V8, somecompilersissuedsetsof single-precisiorstoreswhenthey could not deter-
minethatdouble-or quadvord operandsvereproperlyaligned.For SFARC-V9, sinceemulationof
misalignedstoress expectedo befast,it is recommendethatcompilersissuesetsof single-preci-
sion storesonly whenthey can determinethat double-or quadword operandsare not properly
aligned.

Exceptions:
fp_disabled
mem_address_not_aligned
STDF_mem_address_not_aligned (STDF only)
data_access_exception
data_access_error
illegal_instruction (0p3= 25,5 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

Opcode op3 rd Operation
STEAPAs! 110100 0..31 Store Floating-point Rgster to Alternate Space
STDRAPAS! 110111 T Store Double Floating-point Bister to Alternate Spacsd
STQFAPAS| 110110 T Store Quad Floating-point Bister to Alternate Space
T Encoded floating-point gister \alue, as described in 5.1.4.1
Format (3):
11 rd op3 rsl i=0 imm_asi rs2
11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0

Assemb ly Langua ge Syntax
sta freg,q, [regadd] imm_asi
sta freg,q, [reg_plus_imm %asi
stda freg,q, [regadd] imm_asi
stda freg,q, [reg_plus_imm %asi
stqa freg,q, [regadd] imm_asi
stga freg,q, [reg_plus_imm %asi

Description:

The storesingle floating-pointinto alternatespaceinstruction (STFA) copiesf[rd] into
memory

The storedoublefloating-pointinto alternatespaceanstruction(STDFA) copiesa double-
word from a double floating-pointgester into a wrd-aligned doubleord in memory

The storequadfloating-pointinto alternatespaceanstruction(STQFA) copiesthe contents
of a quad floating-point register into a word-aligned quadword in memory Note:

SFARC6441l doesnotimplementin hardware the instructionsthat specify a quadfloat-

ing-pointregister; an attemptto executethis instructioncausesanillegal_intruction excep-
tion. Supervisor softare then emulates these instructions.

Storefloating-pointinto alternatespaceinstructionscontainthe addressspaceidentifier
(ASI) to beusedfor theloadin theimm_asifield if i = 0, orin the ASI registerif i = 1. The
accesds privilegedif bit seven of the ASI is zero; otherwise,it is not privileged. The
effective address for these instructions is “r[rs1 +r[rsq” if i=0, or
“r[rs]] + sign_et(simml13” if i = 1.

STFA causes mem_address_not_aligned exceptionif the effective memoryaddresss not
word-aligned, STDFA cause®nSTDF_mem_address_not_aligned exceptionif the effective
addresss not doublevord-aligned.f the floating-pointunit is not enabledfor the source
registerrd (per FPRS.FERARNdPSTATE.PEF),or if the FPU s not presentstorefloating-
point into alternate space instructions causfp atsabled exception.
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STFA, STDFA, and STQFA causea privileged_action exceptionif PSTATE.PRIV=0 and
bit 7 of the ASI is zero.

Programming Note:
In SFARC-V8, somecompilersissuedsetsof single-precisiorstoreswhenthey could not deter-
minethatdouble-or quadvord operandsvereproperlyaligned.For SFARC-V9, sinceemulationof
misalignedstoress expectedo befast,it is recommendethatcompilersissuesetsof single-preci-
sion storesonly whenthey can determinethat double-or quadword operandsare not properly
aligned.

Exceptions:
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

The STD instructionis deprecatedi is providedonly for compatibility with previ-
ousversionsof thearchitecturelt shouldnot be usedin nev SFARC-V9 software.
It is recommended that the STX instruction be used in its place.

Opcode op3 Operation
STB 000101 | Store Byte
STH 000110 | Store Halfword
STW 000100 | Store Wrd
STX 001110 | Store Extended ‘dtd
STDP 000111 | Store Doublword
Format (3):
11 rd op3 rsl i=0 — rs2
11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Assemb ly Langua ge Syntax
stb regdrg, [addres$ (synonymsstub , stsb )
sth regdg, [addres$ (synonymsstuh , stsh )
stw regdrg, [addres$ (synonymsst , stuw , stsw )
stx regdg, [addres$
std regdrg, [addres$
Description:

The storeintegerinstructions(exceptstoredoublavord) copy thewhole extended(64-bit)
integer, the less-significantword, the leastsignificanthalfword, or the leastsignificant
byte ofr[rd] into memory

The storedoublevord integer instruction(STD) copiestwo wordsfrom anr registerpair
into memory The leastsignificant32 bits of the even-numbered registerarewritten into
memory at the effective addressand the leastsignificant32 bits of the following odd-
numbered registerarewritten into memoryat the “effective address 4 The leastsig-
nificantbit of therd field of a storedoublavord instructionis unusedandshouldalwaysbe
setto zeroby software.An attemptto executea storedoublevord instructionthatrefersto
a misaligned (odd-numberent) causes affiegal_instruction exception.

The effective address for these instructions is “r[rsi] +r[rsZ” if i=0, or
“r[rs]] + sign_et(simm13” if i = 1.

A successfuktore (notably store extendedand store doublevord) instruction operates
atomically
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STH causesa mem_address_not_aligned exceptionif the effective addresss not halfword-
aligned.STW causesa mem_address_not_aligned exceptionif the effective addresss not
word-aligned.STX andSTD causes mem_address_not_aligned exceptionif the effective
address is not doublerd-aligned.

Programming Notes:
STDis providedfor compatibilitywith SFARC-V8. It mayexecuteslonly on SFARC-V9 machines
because of data path andisteraccess difculties. Therefore, STD should becéded.

If STD is emulated in softare, STX should be used in order to presetomicity

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

The STDA instructionis deprecatedit is provided only for compatibility with pre-
vious versionsof the architecturelt shouldnot be usedin nev SFARC-V9 soft-
ware. It is recommended that the STXA instruction be used in its place.

Opcode op3 Operation
STRAMS! 010101 | Store Byte into Alternate space
STHAPAS! 010110 | Store Halfvord into Alternate space
STWAPASI 010100 | Store Wrd into Alternate space
STXAPAs! 011110 | Store Extended Wrd into Alternate space
STDAP-Psi | 010111 | Store Doubleord into Alternate space
Format (3):
11 rd op3 rsl i=0 imm_asi rs2
11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Assemb ly Langua ge Syntax
stba regrg. [regaddi imm_asi (synonymsstuba , stsha )
stha regyg. [regaddi imm_asi (synonymsstuha , stsha )
stwa regrg. [regaddi imm_asi (synonymssta , stuwa , stswa )
stxa regyg. [regaddi imm_asi
stda regrg. [regaddi imm_asi
stba regrg. [reg_plus_imrh %asi (synonymsstuba , stsba )
stha regrg: [reg_plus_imrh %asi (synonymsstuha , stsha )
stwa regrg. [reg_plus_imrh %asi (synonymssta , stuwa , stswa )
stxa regrg: [reg_plus_imrh %asi
stda regrg. [reg_plus_imrh %asi
Description:

The store integer into alternatespaceinstructions(except store doublevord) copy the
whole extended(64-bit) integer, the less-significantvord, the least-significanhalfword,
or the least-significant byte dfird] into memory

Thestoredoublavord integerinstruction(STDA) copiestwo wordsfrom anr registerpair
into memory Theleast-significanB82 bits of theeven-numbered registerarewritten into
memory at the effective addressand the least-significanBB2 bits of the following odd-
numbered registerarewritten into memoryat the “effective address 4 The leastsig-
nificantbit of therd field of a storedoublavord instructionis unusedcandshouldalwaysbe
setto zeroby software.An attemptto executea storedoublevord instructionthatrefersto
a misaligned (odd-numberent) causes affiegal_instruction exception.
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Storeintegerto alternatespacdnstructionscontaintheaddresspacddentifier (ASI) to be
usedfor the storein theimm_asifield if i = 0, or in the ASI registerif i = 1. Theaccesss
privilegedif bit 7 of the ASI is zero;otherwisejt is not privileged. The effective address
for these instructions igfrsl + r[rs” if i =0, or “r[rs1 +sign_et(simm13”if i = 1.

A successfuktore (notably store extendedand store doublevord) instruction operates
atomically

STHA causesa mem_address_not_aligned exceptionif the effective addresds not half-
word-aligned STWA causes mem_address_not_aligned exceptionif the effective address
is not word-aligned.STXA and STDA causea mem_address_not_aligned exceptionif the
effective address is not doublerd-aligned.

A store integer into alternatespaceinstruction causesa privileged_action exception if
PSTATE.PRIV=0 and bit 7 of the ASl is zero.

Programming Notes:
STDA is provided for compatibility with SFARC-V8. It may execute slovly on SFARC-V9
machinedecausef datapathandregisteraccesslifficulties. Therefore STDA shouldbe avoided.

Compatibility Note:
The SRRC-V8 STA instruction is renamed STAMn SPARC-V9.

Exceptions:
unimplemented_STD (STDA only)
illegal_instruction (STDA with oddrd)
privileged_action
mem_address_not_aligned (all except STR\)
data_access_exception
data_access_error
32i_data_access_ MMU_miss
32i_data_access_protection
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A.56 Subtract

Opcode op3 Operation

SUB 000100 | Subtract

SUBcc 010100 | Subtract and modify cs’

SUBC 001100 | Subtract with Carry

SUBCcc 011100 | Subtract with Carry and modify &’

Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Assemb ly Langua ge Syntax
sub regs1, M€J_Or_imm reg.q
subcc regsy, M€J_Or_imm reg.q
subc regs1, M€J_Or_imm reg.q
subccc regsy, M€J_Or_imm reg.q
Description:

Theseinstructionscompute“r[rsi] —r[rs2” if i =0, or “r[rs1] —sign_et(simm13" if
i =1, and write the diérence inta[rd].

SUBCandSUBCcc(“SUBtractwith carry”) alsosubtracthe CCRregisters 32-bit carry
(icc.g bit; thatis, they compute“r[rsl] —r[rsZ —icc.c’ or “r[rs]] —sign_et(simm13 —
icc.c” and write the diference inta[rd].

SUBccand SUBCccmodify the integer conditioncodes(CCRicc and CCRxcq). 32-bit
overflow (CCRicc.v) occurson subtractionf bit 31 (the sign) of the operandgiffer and
bit 31 (the sign) of the differencediffers from r[rs1<31>. 64-bit overflov (CCRxccv)
occurson subtractionf bit 63 (the sign) of the operandgliffer andbit 63 (the sign) of the
difference difers fromr[rs1<63>.

Programming Note:

A SUBccwith rd = 0 canbe usedto effect a signedor unsignednteger comparisonSeethe CMP
synthetic instruction ilppendixG, “Assembly Language Syntax”

Programming Note:
SUBCandSUBCccreadthe 32-bit conditioncodes’carrybit (CCRicc.c), notthe 64-bit condition
codes’ carry bit (CCRccc).

Compatibility Note:
SUBC and SUBCcc were named SUBX and SUBXcc, respdgtin SARC-V8.

Exceptions:
(none)
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A.57 Swap Register with Memor vy

The SWAP instructionis deprecatedit is providedonly for compatibility with pre-
vious versionsof the architecturelt shouldnot be usedin nev SFARC-V9 soft-
ware.lt is recommendethatthe CASA or CASXA instructionbe usedin its place.

Opcode op3 Operation
SWAPP 001111 SWAP register with memory

Format (3):

11 rd op3 rsl i=0 — rs2

11 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0

Assemb ly Langua ge Syntax
swap [addresd, regyy

Description:

SWAP exchangeghelower 32 bits of r[rd] with the contentsof theword attheaddressed
memorylocation. The upper32 bits of r[rd] aresetto zero.The operationis performed
atomically thatis, without allowing interveninginterruptsor deferredraps.In amultipro-
cessorsystem,two or more processorsexecuting CASA, CASXA, SWAP, SWAPA,
LDSTUB, or LDSTUBA instructionsaddressingury or all of thesamedoublevord simul-
taneously are guaranteed t@eute them in an undefinedttserial order

The effective address for these instructions is “r[rsi] +r[rsZ” if i=0, or
“r[rs]] + sign_et(simm13” if i = 1. This instruction causesa mem_address_not_aligned
exception if the dective address is notavd-aligned.

The coherenceand atomicity of memory operationsbetweenprocessorand /0O DMA
memory accesses are implementation-dependent (impl. dep #120).

Implementation Note:
SeelmplementatiorCharacteristicsof Current SFARC-V9-basedProducts,Revision 9.x, a docu-
mentavailablefrom SFARC Internationalfor informationon the presencef hardwaresupportfor
these instructions in thaxious SRRC-V9 implementations.

Exceptions:
mem_address_not_aligned
data_access_exception
data_access_error
32i_data_access_MMU_miss
32i_data_access_protection
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A.58 Swap Register with Alternate Space Memor vy

The SWAPA instructionis deprecatedit is provided only for compatibility with
previousversionsof thearchitecturelt shouldnotbeusedin nev SFARC-V9 soft-
ware. It is recommended that the CASXA instruction be used in its place.

Opcode op3 Operation
SWAPAD:Past | 011111 | SWAP register with Alternate space memory

Format (3):
11 rd op3 rsi i=0 imm_asi rs2
11 rd op3 rsi i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Assemb ly Langua ge Syntax
swapa [regaddd imm_asj regq
swapa [reg_plus_imrh %asi, reg
Description:

SWAPA exchangesthe lower 32 bits of r[rd] with the contentsof the word at the
addresseanemorylocation. The upper32 bits of r[rd] aresetto zero. The operationis
performedatomically thatis, without allowing interveninginterruptsor deferredraps.In
a multiprocessorsystem,two or more processorsexecuting CASA, CASXA, SWAP,
SWAPA, LDSTUB, or LDSTUBA instructionsaddressingry or all of the samedouble-
word simultaneously are guaranteedxeceite them in an undefinedjtiserial order

The SWAPA instructioncontainshe addresspacedentifier (ASI) to be usedfor theload
in theimm_asifield if i = O, or in the ASI registerif i = 1. Theaccesss privilegedif bit 7
of the ASI is zero;otherwise|t is not privileged. The effective addresdor this instruction
is “r[rs1] +r[rs”if i =0, or “r[rs]] + sign_et(simm13”if i = 1.

This instructioncauses mem_address_not_aligned exceptionif the effective addresss not
word-aligned It causes privileged_action exceptionif PSTATE.PRIV =0 andbit 7 of the
ASl is zero.

The coherenceand atomicity of memory operationsbetweenprocessorand /0O DMA
memory accesses are implementation-dependent (impl. dep #120).
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Implementation Note:
SeelmplementatiorCharacteristicsof Current SFARC-V9-basedProducts,Revision 9.x, a docu-
mentavailablefrom SFARC Internationalfor informationon the presencef hardwaresupportfor
this instruction in thearious SRRC-V9 implementations.

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 Add

The TADDccTV instructionis deprecatedit is provided only for compatibility
with previousversionsof thearchitecturelt shouldnot be usedin nev SFARC-V9

software. It is recommendethat TADDcc followed by BPVS be usedin its place
(with instructions to s& the pre-ADDcc integer condition codes, if necessary).

Opcode op3 Operation
TADDcc 100000 | Tagged Add and modify &’
TADDccTVP 100010 | Tagged Add and modify &' or Trap on Oerflov

Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Assemb ly Langua ge Syntax
taddcc regs1, M€Q_Or_imm regy
taddcctv regisy, M€g_Or_imm regq
Description:
These instructions compute a sum that is “r[rsl +r[rsq” if i=0, or

“r[rs]] + sign_et(simml13 if i = 1.

TADDcc modifiestheintegerconditioncodegicc andxcc), andTADDccTV doessoalso,
if it does not trap.

A tag_overflow exceptionoccursif bit 1 or bit O of eitheroperands nonzeropr if theaddi-
tion generate82-bitarithmeticoverflow (thatis, bothoperandfiave the samevaluein bit
31, and bit 31 of the sum is fifent).

If TADDccTV causesatagoverflow, atag_overflow exceptionis generatedandr[rd] and
theintegerconditioncodesremainunchangedif a TADDccTV doeshot causeatagover-
flow, the sumis writteninto r[rd], andtheintegerconditioncodesareupdated CCRicc.v
is setto 0 to indicateno 32-bit overflow. If a TADDcc causesa tag overflow, the 32-bit
overflov bit (CCRicc.v) is setto 1; if it doesnot causea tag overflow, CCRicc.v is
cleared.

In eithercase the remaininginteger conditioncodes(both the other CCRicc bits andall
the CCRxccbhits) arealsoupdatedasthey would befor anormalADD instruction.In par-
ticular, the settingof the CCRxcc.vbit is not determinedby the tag overflow condition
(tagoverflow is usedonly to setthe 32-bit overflow bit). CCRxccv is setonly basedon
the normal 64-bit arithmeticverflov condition, like a normal 64-bit add.
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Compatibility Note:
TADDccTV trapsbasedon the 32-bit overflov condition, just asin SFARC-V8. Although the
tagged-addnstructionssetthe 64-bit conditioncodesCCRxcg, thereis no form of theinstruction
that traps the 64-bitverflov condition.

Exceptions:
tag_overflow (TADDccTV only)
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A.60 Tagged Subtract

TheTSUBccTVinstructionis deprecatedt is providedonly for compatibilitywith
previousversionsof thearchitecturelt shouldnotbeusedin nev SFARC-V9 soft-
ware.lt is recommendethat TSUBccfollowedby BPVSbeusedin its place(with
instructions to s& the pre-TSUBcc inger condition codes, if necessary).

Opcode op3 Operation
TSUBcc 100001 | Tagged Subtract and modify sc’
TSUBccTWP 100011 | Tagged Subtract and modify scor Tap on Oerflow

Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
Assemb ly Langua ge Syntax
tsubcc rédrs1, F€g_or_imm regyy
tsubcctv regrs1, F€g_or_imm regyqy
Description:

Theseinstructionscompute“r[rs1] — r[rsZ” if i =0, or “r[rs]] — sign_et(simm13” if
i=1.

TSUBccmodifiestheinteger conditioncodes(icc andxcc); TSUBccTV alsomodifiesthe
integer condition codes, if it does not trap.

A tagoverflow occursif bit 1 or bit O of eitheroperands nonzero,or if the subtraction
generate82-bit arithmeticoverflow; thatis, the operandsave differentvaluesin bit 31

(the 32-bit sign bit) andthe sign of the 32-bit differencein bit 31 differs from bit 31 of

r(rsi.

If TSUBCcCTV causesa tag overflow, a tag_overflow exceptionis generatecandr[rd] and
theinteger conditioncodesremainunchangedlf a TSUBccTV doesnot causea tagover-
flow condition, the differenceis written into r[rd], and the integer condition codesare
updated.CCRicc.vis setto O to indicateno 32-bit overflow. If a TSUBcc causesa tag
overflow, the 32-bit overflow bit (CCRicc.V) is setto 1; if it doesnot causeatagoverflow,
CCRIicc.vis cleared.

In eithercase the remaininginteger conditioncodes(both the other CCRicc bits andall
the CCRxcc bits) arealsoupdatedasthey would be for a normalsubtractinstruction.In
particular the settingof the CCRxcc.vbit is notdeterminedy thetagoverflon condition
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(tagoverflow is usedonly to setthe 32-bit overflow bit). CCRxccv is setbasedonly on
the normal 64-bit arithmeticverflov condition, likk a normal 64-bit subtract.
Compatibility Note:

TSUBccTV trapsare basedon the 32-bit overflow condition,just asin SFARC-V8. Althoughthe

tagged-subtraghstructionssetthe 64-bit conditioncodesCCRxcg thereis no form of theinstruc-
tion that traps on 64-bitverflow.

Exceptions:
tag_overflow (TSUBccTV only)
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A.61 Trap on Integ er Condition Codes (Tcc)
Opcode op3 cond Operation icc test
TA 111010| 1000 | Trap Always 1
TN 111010| 0000 | Trap Never 0
TNE 111010| 1001 | Trap on Not Equal not Z
TE 111010| 0001 | Trap on Equal 4
TG 111010| 1010 | Trap on Greater not (Z or (N xor V))
TLE 111010| 0010 | Trap on Less or Equal Z 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 (Cor 2
TCC 111010| 1101 | TraponCarryClear(Greatetthanor Equal,Unsigned not C
TCS 111010| 0101 | Trap on Carry Set (Less Than, Unsigned) C
TPOS |111010| 1110 | Trap on Positie or zero not N
TNEG |111010| 0110 | Trap on Neative N
TVC 111010| 1111 | Trap on Oerflow Clear not V
TVS 111010| 0111 | Trap on Oerflow Set \%
Format (4):
10 |— cond op3 rsl i=0|cclicco — rs2
10 |— cond op3 rsl i=1|cclicco — sw_trap_#
3130 29 28 25 24 19 18 1413 12 11 10 7 65 4 0

Table 65: Tcc Encodings br ccn

ccl [] ccO | Condition Codes
00 icc
01 —
10 Xcc
11 —
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Assemb ly Langua ge Syntax
ta i_or_x_cc, softwag_trap_number
tn i_or_x_cc, softwag_trap_number
tne i_or_x_cc, softwag_trap_number (synonymtnz )
te i_or_x_cc, softwag_trap_number (synonymtz )
tg i_or_x_cc, softwag_trap_number
tle i_or_x_cc, softwag_trap_number
tge i_or_x_cc, softwag_trap_number
tl i_or_x_cc, softwag_trap_number
tgu i_or_x_cc, softwag_trap_number
tleu i_or_x_cc, softwag_trap_number
tcc i_or_x_cc, softwag_trap_number (synonymtgeu )
tcs i_or_x_cc, softwag_trap_number (synonymtlu )
tpos i_or_x_cc, softwag_trap_number
tneg i_or_x_cc, softwag_trap_number
tvc i_or_x_cc, softwag_trap_number
tvs i_or_x_cc, softwag_trap_number

Description:

TheTccinstructionevaluateghe selectedntegerconditioncodes(icc or xcg accordingo
the condfield of theinstruction,producingeithera TRUE or FALSE result.If TRUE and
no higherpriority exceptionsor interrupt requestsare pending,then a trap_instruction
exceptionis generatedlf FALSE, a trap_instruction exception doesnot occur and the
instruction behees like a NOP

The software trap number is specified by the least significant seven bits of
“r[rs]] +r[rs2” if i = 0, or theleastsignificantsevenbits of “r[rs1] + sw_tap # if i = 1.

Wheni = 1, bits 7 through 10 areresened andshouldbe suppliedas zerosby software.
When i =0, bits 5 through 10 are resered, and the most significant 57 bits of
“r[rs]] + r[rs2” are unused, and both should be supplied as zeros byaseftw

Description (Effect on Privileged State):

If atrap_instruction traps,256 plus the softwaretrap numberis writteninto TT[TL]. Then
thetrapis taken,andthe processoperformsthe normaltrapentry procedureasdescribed
in Chapter 7, “Taps”

Programming Note:
Tcc canbe usedto implementbreakpointingtracing,andcalls to supervisorsoftware.It canalso
be used for run-time checks, such as out-of-range arrayasgdetger oerflov, and so on.

Compatibility Note:
Tccis upward compatiblewith the SFARC-V8 Ticc instruction,with onequalification:a Ticc with
i =1 andsimm13< 0 may executedifferently on a SFARC-V9 processarUseof thei = 1 form of
Ticc is believedto berarein SFARC-V8 software,andsimm13< 0 is probablynot usedat all, soit
is believed that, in practice, full softave compatibility will be achied.

Note: In SFARC644I1 all TccinstructionsexceptTA with “%g0 + sof t war e_t r ap#”
addressing, serialize the CPU.
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Programming Note:
UsingaTN (trapnever)instructionis the preferredway to synchronizgserialize)the SFARC644I
CPU.SoftwareshoulduseTN to synchronizéhe machine Futureversionsof HAL's CPUwill syn-
chronizethe CPUwhena TN is executed;however, future versionsmay not serializethe machine
for other Tcc instructions.

Exceptions:
trap_instruction
illegal_instruction (ccl [] ccO=01, or 11,
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A.62 Write Privileg ed Register

Opcode op3 Operation
WRPR’ 110010 | Write Privileged Reister
Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4

_‘
o

Privileg ed Register
TPC

TNPC

TSTATE

TT

TICK

TBA

PSTATE

TL

PIL

CWP
CANSAVE
CANRESTORE
CLEANWIN
OTHERWIN
WSTATE
15..31 | Reserved
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Assemb ly Langua ge Syntax
wrpr regrsy, eg_or_imm %tpc
wrpr regrsy, reg_or_imm %tnpc
wrpr regrsy, reg_or_imm %tstate
wrpr regrsy, reg_or_imm %tt
wrpr regrsy, reg_or_imm %tick
wrpr regrsy, reg_or_imm %tba
wrpr regrsy, reg_or_imm %pstate
wrpr regrsy, reg_or_imm %itl
wrpr regrsy, reg_or_imm %pil
wrpr regrsy, eg_or_imm %cwp
wrpr regrsy, €g_or_imm %cansave
wrpr regrsy, reg_or_imm %canrestore
wrpr regrsy, reg_or_imm %cleanwin
wrpr regrsy, reg_or_imm %otherwin
wrpr regrsy, €g_or_imm %wstate

Description:

This instruction stores the value “r[rsl] xor r[rsZ” if i=0, or “r[rs] xor
sign_et(simm13’ if i =1 to the writable fields of the specifiedprivileged stateregister
Note: The operation isxelusive-or.

Therdfield in theinstructiondetermineshe privilegedregisterthatis written. Thereareat
leastfour copiesof the TPC, TNPC, TT, andTSTATE registers,onefor eachtraplevel. A
write to oneof theseregisterssetstheregisterindexed by the currentvaluein thetraplevel
register(TL). A write to TPC, TNPC, TT, or TSTATE whenthetraplevel is zero(TL = 0)
causes aifflegal_instruction exception.

A WRPRof TL doesnot causea trap or returnfrom trap; it doesnot alter ary other
machine state.
Programming Note:

A WRPRof TL canbeusedto readthevaluesof TPC, TNPC,andTSTATE for ary traplevel; how-
ever, care must be tak that traps do not occur while the Tigister is modified.

TheWRPRIinstructionis a nondelayed-writanstruction.Theinstructionimmediatelyfol-
lowing the WRPR obsees aly changes made to processor state made by the WRPR.

WRPR instructionswith rd in the range15..31 are resered for future versionsof the
architecture; executing a WRPR instruction with rd in that range causes an
illegal_instruction exception.

Programming Note:

SFARCG6441l doesnot have or needa floating-point deferred-trapqueue.PSTATE.PEF can be
changed from 0 to 1 atptime.

On SFARCG644I1l theTL registeris 3 bits wide, however, the maximumvaluethatcanbe
storedin the TL registeris 4 (to coincidewith MAXTL). A write to the TL registerwith
values 5, 6, or 7 will result in thele 4 being stored in TL.
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Implementation Note:
SomeWRPRinstructionsserializethe CPU or have otherissuerestrictions See6.1.3,“Serializing
Instructions’; and6.1.4, “Issue Stalling Instructionsfor detalils.

Exceptions:
privileged_opcode
illegal_instruction ((rd = 15..31) or (¢d < 3) and (TL=0)))
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A.63 Write State Register

TheWRY instructionis deprecatedt is providedonly for compatibilitywith previ-
ousversionsof thearchitecturelt shouldnot be usedin nev SFARC-V9 software.
It is recommended that all instructions which reference theyiéter be woided.

Opcode op3 rd [12:8] Operation

WRYP 110000 0 - | Write Y register

— 110000 1 Reserved
WRCCR 110000 2 Write Condition Codes Ryster
WRASI 110000 3 Write ASI register

— 110000 4,5 Reserved
WRFPRS 110000 6 Write Floating-Point Rgisters Status gister

— 110000 | 7..14 Reserved
See trt 110000 15 See trt

— 110000 | 16..17 Reserved
WR_HDW_MODE™SR 110000 18 --- | Write Hardware Mode rg.
WRGSR 110000 19 Write Graphic Status Rster
SET_SCHED_INTASR 110000 20 Set bits in SCHED_INT Re
CLEAR_SCHED_INTASR | 110000 21 Clear bits in SCHED_INT Re
WR_SCHED_INTASR 110000 22 --- Write SCHED _INT register
WR_TICK_MATCHFASR 110000 23 Write Tick Match Rgister

— 110000 24 Reserved
WR_SCRACH™SR 110000 25 0-3 Write CPU Scratch Rgster N
WR_BRK_ADDR™SR 110000 26 0 Write Data Brkpt. Address Re
WR_BRK_MASKFASR 110000 26 1 Write Data Breakpt. Mask Re

— 110000 | 27..29 Reserved
WR_PM_DISAsR 110000 30 0 Disable all performance ctrs.
WR_PM_CLR_DI$AsR 110000 30 1 Clear and disable all perf. ctrs.
WR_PM_EN™SR 110000 30 2 Enable all perf, ctrs.
WR_PM_CLR_EN®sR 110000 30 3 Clear and enable all perf. ctrs.
WR_PM_VN™sR 110000 30 4 Write PM Mew Number
WRSCRASR 110000 31 Write State Control Rgster

Format (3):
10 rd op3 rsl i=0 — rs2
10 rd op3 rsl i=1 simm13
31 30 29 25 24 19 18 14 13 12 5 4 0
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Format 3 (wr %asr25 (SCRACH) only):

10 | rd=11001| op3 rsl i=0 | register # | [7:5]=000 rs2
31 29 24 18 13 12 7
Format (3) (wr %asr26 only (Breakpoint gesters)):
10 | rd=11010, op3 rsl i=0 | register # | [7:5]=000 rs2
31 29 24 18 13 12 7
Format (3) (wr %asr30 only (Performance monitors)):
10 | rd=11110 op3 rsl i=0 | operation | [7:5]=000 rs2
31 29 24 18 13 12 7
Assemb ly Langua ge Syntax
wr regrsy, F€g_or_imm %y
wr regrsy, €g_or_imm %ccr
wr regysy, r€g_or_imm %asi
wr regesy, reg_or_imm %fprs
wr regrsy, reg_or_imm,%hardware_mode
wr regest, feg_or_immgraphic_status
wr regrsy, eg_or_imm%set_sched_int
wr regest, reg_or_immclear_sched_int
wr regesy, reg_or_imm,%sched_int
wr regest, reg_or_imm%tick_match
wr redrsy, M€0rs2, %scratch[0-3]
wr rérs1, M€0rs2 %brk_addr
wr %pm_dis
wr %pm_clr_dis
wr %pm_en
wr %pm_clr_en
wr rrs1 Mrs2 %pm_vn
wr reges), reg_or_imm, %scr
Description:

These instructions store the value “r[rs1] xor r[rsZ” if i=0, or “r[rsi xor
sign_et(simml13’ if i = 1, to the writablefields of the specifiedstateregister Note: The
operation is xclusive-or.

WRASRwritesavalueto theancillary stateregister(ASR) indicatedby rd. Theoperation
performedto generatehe value written may be rd-dependentr implementation-depen-
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dent(seebelow). A WRASR instructionis indicatedby op= 2,4, rd=4, 5, or 2 7 and
op3= 306

Seel.1.1,"Read/WriteAncillary StateRegisters(ASRs)”in V9 for adiscussiorof extend-
ing the SRRC-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 WRSCR obsenes the new value of the Y, CCR,
FPRS, ASI, SIR, and or SCRyister

WRFPRSwaits for ary pendingfloating-pointoperationgo completebeforewriting the
FPRS rgister

See sectioh.2.11, Ancillary State Rgisters (ASRs)Tor details of the ASR mgsters.

Thewr &scratch|[0..3], wr %brk_addrwr %brk_maskandwr pminstructionsmaynotbe
usedwith theimmediateaddressingnode,sincethetop 5 bits of thesimm13ield areused
to select a mgister number or operation.

Implementation Note:
Ancillary stateregistersmay include (for example)timer, counter diagnostic,self-test,and trap-
controlregisters.SeelmplementatiorCharacteristicsof Current SFARC-V9-baseéProducts,Revi-
sion 9.x, a documentavailablefrom SFARC Internationalfor informationon ancillary stateregis-
ters provided by specific implementations.

Compatibility Note:
TheSRARC-V8 WRIER, WRPSR WRWIM, andWRTBR instructionsdo not exist in SFARC-V9,
since the IER, PSR, TBR, and WIMgisters do notxast in SARC-V9.

Implementation Note:
SomeWRASR instructionsserializethe CPU or 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_SCRACH, 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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B IEEE Std 754-1985 Requirements f or SPARC-V9

The IEEE Std 754-1985floating-point standardcontainsa numberof implementation-
dependencies his appendixspecifieschoicesfor theseimplementation-dependencids,
ensure that SFIRC-V9 implementations are as consistent as possible.

B.1 Traps Inhibit Results

As describedn 5.1.7,"“Floating-pointStateRegister(FSR)”, andelsavhere whena float-
ing-point trap occurs:

m  The destination floating-pointgester(s) (the registers) are unchanged.
m The floating-point condition code&€0, fccl, fcc2, andfcc3) are unchanged.
m The FSRaexc (accrued xceptions) field is unchanged.

m TheFSRcexc (currentexceptions)field is unchangedxceptfor IEEE_754_exceptions;
in that casecexc containsa bit setto “1” correspondindo the exceptionthat caused
the trap. Only one bit shall be setciexc.

Instructionscausingan fp_exception_other trap dueto unfinishedor unimplemented-Pops
executeasif by hardware;thatis, atrapis undetectablédy usersoftware,exceptthattim-
ing may be affected. A usermode trap handler invoked for an IEEE_754_exception,
whetherasa directresultof a hardwarefp_exception_ieee_754 trap or asanindirectresult
of supervisothandlingof an unfinished_FPop or unimplemented_FPop, canrely on the fol-
lowing:

m The address of the instruction that caused xcepion will be aailable.

m The destinationfloating-pointregister(s)are unchangedrom their stateprior to that
instructions execution.

m  The floating-point condition code&€0, fccl, fcc2, andfcc3) are unchanged.
m The FSRaexcfield is unchanged.

m The FSRcexc field containsexactly onebit setto 1, correspondingo the exception
that caused the trap.

m The FSRt, gne andreservedields are zero.
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The SFARC644II hardwarein conjunctionwith kernelfixup or emulationcodeproduces
the results required in this section.

B.2 NaN Operand and Result Definitions

An untrappedloating-pointresultcanbein aformatthatis eitherthe sameas,or different
from, the format of the source operands. Thesedases are described separatelyvaelo

B.2.1 Untrapped Result in Diff erent Format fr om Operands

F[sdq]T O[sdq] with a quiet NaN operand:
No exceptioncausedresultis aquietNaN. The operands transformedasfollows:

NaN transformation: The mostsignificantbits of the operandfraction are copiedto
the mostsignificantbits of the resultfraction. Whencornvertingto a narrover format,
excesslow-order bits of the operandfraction are discarded When corverting to a
wider format, excesdow-orderbits of theresultfractionaresetto 0. Thequietbit (the
mostsignificantbit of theresultfraction)is alwayssetto 1, sothe NaN transformation
always producesa 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 operandprocessedoy the NaN
transformation above to produce a quiet NaN.

FCMPE[sdqg] 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 signis zeroto
distinguish such results from storage initialized to all ones.

One operand, a quiet NaN:
No exception; result is the quiet NaN operand.

One operand, a signaling NaN:
Invalid exception;resultis the signalingNaN with its quietbit (mostsignificantbit
of fraction field) set to 1.

Two operands, both quiet NaNs:
No exception; result is thes2 (second source) operand.
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Two operands, both signaling NaNs:
Invalid exception; result is thes2 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 66NaNn means that the NaN is imgQ means quiet, S signaling.

Table 66: Untrapped Floating-point Results ¥9=27)

rs2 Operand
Number QNaN2 SNaN2
None IEEE 754 QNaN2 QSNaN2
rsi Number IEEE 754 QNaN2 QSNaN2
Operand QNaN1 QNaN1 QNaN2 QSNaN2
SNaN1 QSNaN1 QSNaN1 QSNaN2

QSNaMN meansa quiet NaN producedby the NaN transformation on a signalingNaN
from rsn; theinvalid exceptionis alwaysindicated.The QNaNnh 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)

Underflov occursif theexactunroundedesulthasmagnitudebetweerzeroandthesmall-
est normalized number in the destination format.

In the SFARC644Il CPU, tininessis always detectedbefore rounding. See 5.1.7.6,
“FSR_floating-point_trap typé€ftt)”, for details on how the divider handlestrapped
underflavs.

Note:
The wrappedexponentresultsintendedto be deliveredon trappedunderflavs and overflows in
IEEE 754 areirrelevantto SFARC-V9 at the hardware and supervisorsoftware levels; if they are
created at all, it wuld be by user softave in a usemode trap handler

B.4 Untrapped Underflo w Definition (UFM = 0)

Underflav occursif theexactunroundedesulthasmagnitudebetweerzeroandthesmall-
estnormalizednumberin the destinationformat, and the correctlyroundedresultin the
destination format is in@&ct.

Table 67summarizes what happens when saceunrounded valueu satisfying
0 < |u| € smallest normalized number

would round,if notrapintervenedto aroundedvaluer which might be zero,subnormal,
or thesmallesinormalizedvalue.“UF” meansunderflav trap (with ufc setin cexc), “NX”
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meansnexacttrap (with nxc setin cexc), “uf” meansuntrappedinderflav exception(with
ufc setin cexcandufain aexc), and“nx” meansuntrappednexactexception(with nxc set
in cexc and nxa iraexc).

Table 67: Untrapped Floating-Point Underflow (V9=28)

Underflo w trap: UFM =1 UFM =0 UFM =0

Inexact trap: NXM = ? NXM =1 NXM =0
r is minimum normal None None None
u=r | rissubnormal UF None None
ris zero None None None
r is minimum normal UF NX uf nx
uzr | rissubnormal UF NX uf nx
ris zero UF NX uf nx

Seeb.1.7.6.2,ftt = unfinished FPop”for detailson how the divider handlesuntrapped
underflavs.

B.5 Integ er Overflo w Definition

F[sdq]T Oi:
Whena NaN, infinity, large positve argument> 2147483648.0¢r large negative
arguments —2147483649.06s corvertedto aninteger, theinvalid_current(nvc) bit
of FSRcexc shouldbe setandfp_exception_IEEE_754 shouldberaised.If thefloat-
ing-point invalid trap is disabled(FSR.TEM.NVM = 0), no trap occursand a
numericalresult is generatedif the sign bit of the operandis 0, the resultis
2147483647; if the sign bit of the operand is 1, the result is —2147483648.

F[sdq]T Ox:
WhenaNaN, infinity, large positive agument= 263, or large negative aguments —
(253+ 1), is corvertedto an extendedinteger, the invalid_current(nvc) bit of
FSRcexc shouldbesetandfp_exception_IEEE_754 shouldberaised.If thefloating-
pointinvalid trapis disabled(FSR.TEM.NVM = 0), no trap occursanda numeri-
calresultis generatedif thesignbit of theoperands 0, theresultis 262 — 1; if the
sign bit of the operand is 1, the result i§%-2

B.6 Floating-P oint Nonstandar d Mode

SFARCG6441l doesnot implementary nonstandardEEE operationsand, thus, doesnot
support a nonstandard mode.
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This appendixprovidesa summaryof all implementatiordependencies the SFARC-V9

standardin SFARC-V9 thenotation“IMPL. DEP. #nn:” is usedto identify the definition of

animplementatiordependeng the notation“(impl. dep.#nn)” is usedto identify arefer-
enceto animplementatiordependeng Thesedependenciearedescribedy theirnumber
nnin Table68 on page347. Thesenumbershave beenremovedfrom thebody of this doc-
umentfor SFARC6441l to make thedocumenmorereadableTable68 hasbeenmodified
to include a descriptionof the mannerin which SFARC6441l hasresohed eachimple-

mentation dependenc

SFARC Internationalmaintainsa document,implementationCharacteristicsof Current
SFARC-V9-basedroducts,Revision 9.x, which describeghe implementation-dependent
designfeaturesof all SFARC-V9-compliantimplementationsContactSFARC Interna-
tional for this document at

SFARC International, Inc.
535 Middlefield Rd, Suite 210
Menlo Rark, CA 94025
(415) 321-8692

C.1 Definition of an Implementation Dependenc vy

The SFARC-V9 architectureis a model that specifiesunambiguouslythe behaior
obsered by software on SFARC-V9 systemsTherefore|jt doesnot necessarilydescribe
the operation of theardware of ary actual implementation.

An implementationis not requiredto executeevery instructionin hardware.An attemptto
executea SFARC-V9 instructionthatis not implementedn hardware generates trap.
Whetheran instructionis implementeddirectly by hardware, simulatedby software, or
emulated by firmare is implementation-dependent.

The two levels of SFARC-V9 complianceare describedn 1.2.6,“SPARC-V9 Compli-
ance” inVa.

Someelementf thearchitecturearedefinedto beimplementation-dependentheseele-
mentsinclude certain registers and operationsthat may vary from implementationto
implementation, and areglicitly identified as such in this appendix.
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Implementatiorelementgsuchasinstructionsor registers)thatappeain animplementa-
tion but are not definedin this document(or its updates)are not consideredto be
SFARC-V9 elements of that implementation.

C.2 Hardware Characteristics

Hardware characteristicsthat do not affect the behaior obsered by software on
SFARC-V9 systemsare not consideredarchitecturalimplementationdependenciesA
hardwarecharacteristienay berelevantto the usersystemdesign(for example,the speed
of executionof aninstruction)or may be transparento the user(for example,the method
usedfor achiezing cacheconsisteng). The SFARC InternationaldocumentJmplementa-
tion Characteristicsof Current SFARC-V9-base®roducts Revision9.x, providesauseful
list of thesehardware characteristicsalong with the list of implementation-dependent
design features of SIRC-V9-compliant implementations.

In general, hardere characteristics deal with
m Instruction éecution speed
m  Whether instructions are implemented in haadsv

m The natureand degree of concurreng of the various hardware units comprisinga
SFARC-V9 implementation.

C.3 Implementation Dependenc y Categories

Marny of the implementatiordependenciesanbe groupedinto four cateyories,abbrevi-
ated by their first letters throughout this appendix:

Value (v):
Thesemantic®f anarchitecturafeaturearewell-defined exceptthatavalueasso-
ciatedwith it maydiffer acrossmplementationsA typical exampleis the number
of implemented rgister windavs (Implementation dependsn?2).

Assigned V alue (a):
Thesemantic®f anarchitecturafeaturearewell-defined exceptthatavalueasso-
ciatedwith it may differ acrossmplementationsandthe actualvalueis assigned
by SFARC International.Typical examplesare the impl field of Versionregister
(VER) (Implementatiordependeng #13) andthe FSRver field (Implementation
dependengc#19).

Functional Choice (f):
The SFARC-V9 architectureallows implementordo chooseamongsereral possi-
ble semanticgelatedto an architecturaffunction. A typical exampleis the treat-
ment of a catastrophicerror exception,which may causeeither a deferredor a
disrupting trap (Implementation dependg#81).

Total Unit (t):
Theexistenceof thearchitecturalnit or functionis recognizedbut detailsareleft
to eachimplementation Examplesinclude the handlingof 1/0 registers(Imple-
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mentationdependeng #7) and some alternateaddressspaces(Implementation
dependenc#29).

C.4 List of Implementation Dependencies

Table68 providesa completelist of theimplementatiordependenciem the architecture,
the definition of each,andreferencedo the pagenumbersin the standardvhereeachis
definedor referencedMost implementationdependenciesccur becausenf the address
spaces|/O registers,registers(including ASRs), the type of trappingusedfor an excep-
tion, the handlingof errors,or miscellaneousion-SRARC-V9-architecturalunits suchas
the MMU or caches (which fafct the FLUSH instruction).

Table 68: SPARC64-I1l Implementation Dependencies {/9=29)

Nbr Description SPARCG64-l1I Implementation Notes

1 | Software emulation of instructions
Whetheran instructionis implementeddirectly| See 6.3.12, “Summary of Unimplementedl
by hardware, simulatedby software, or emu- Instructions’; for details of unimplementegl
latedby firmwareis implementation-dependeninstructions. The operatingsystememulatesall
instructionsthat generatelllegal_instruction or
unimplemented_FPop exceptions.

2 |Number of IU registers
An implementatiorof thelU maycontainfrom|The CPU has 5 register windows
64 to 528 general-purposé4-bit r registers| (NWINDOWS = 5) for atotal of 96 integerregis-
This correspondgo a groupingof the registers ters.

into two setsof eight globalr registers,plus a
circular stackof from threeto 32 setsof 16 reg-
isterseach,known as register windows. Since
the number of register windows present
(NWINDOWS) is implementation-dependen
thetotal numberof registersis alsoimplementa-
tion-dependent.

—

3 |Incorr ect IEEE Std 754-1985 esults
An implementatiormayindicatethatafloating-| FDIV andFSQR generatainfinished_FPop an
pointinstructiondid not producea correctlEEE| exceptionundercertainconditions.Seeb5.1.7.6.2
Std 754-1985result by generatinga special “ftt = unfinished FPopfor details.

floating-point unfinished or unimplemente
exception. In this case,privileged mode soft-
wareshallemulateary functionality not present
in the hardware.

Iall of thequadfloating-pointinstructionsarenot
implemented, and they generatean unimple-
mented gception.

4-5 |Resered —

6 |1/O registers privileged status
Whetherl/O registerscanbe accessedby non-| This is beyond the scopeof this publication. It
privileged code is implementation-dependentshould be defined in a system which used
SFARC64-111.

7 |1/O register definitions
The contentsand addressesf I/O registersare| This is beyond the scopeof this publication. It
implementation-dependent. should be defined in a system which useq
SRARC64-III.
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Table 68: SPARC64-111 Implementation Dependencies ¥/9=29) (Continued
Nbr Description SPARC64-11l Implementation Notes
8 |RDASR/WRASR target registers
Software canuseread/writeancillary statereg-| See A.44, “Read State Register”, and A.63,
ister instructionsto read/writeimplementation-“Write StateRegister”, for detailsof implementa:
dependent processomisters (ASRs 1631). |[tion-dependent RBSR/WRASR instructions.
9 |RDASR/WRASR privileged status
Whether each of the implementation-depenSee A.44, “Read State Register”, and A.63,
dent read/writeancillary stateregister instruc- “Write StateRegister”, for detailsof implementa
tions (for ASRs 16-31) is privileged is|tion-dependent RBSR/WRASR instructions.
implementation-dependent.
10-12 |Resered —
13 |VER.impl
VER.impl uniquely identifies an implementa:VER.impl = 3 for the SRRC64411 CPU.
tion or classof software-compatiblémplemen-
tations of the architecture. Values
FFFO,g..FFFF g areresered andarenot avail-
able for assignment.
14-15|Resered —
16 |IU deferred-trap queue
The existence contentsandoperationof anlU | SFARC644Il does not have or need an IU
deferred-trapjueueare implementation-depenedeferred-trap queue.
dent; it is not visible to userapplicationpro-
grams under normal operating conditions.
17 |Resered —
18 |Nonstandard IEEE 754-1985 esults
Bit 22 of the FSR,FSR_nonstandard_f{iNS),| SFARC6441l always produces correct ANSI/
whensetto 1, causeshe FPUto produceimple-| IEEE-754results;thus, writes to the NS bit are
mentation-definedesults that may not corre- ignored and reads from itvedys return zero.
spond to IEEE Standard 754-1985.
19 |FPU version, FSR.er
Bits 19:17of the FSR,FSRver, identify oneor| FSRver= 0 for SARC64II.
more implementations of the FPU architecture.
20-21 |Resered —
22 |FPU TEM, cexc, and aexc
An implementationmay chooseto implement SFARC644Il implementsall bits in the TEM,
the TEM, cexc, and aexc fields in hardware in | cexc, andaexc fields in hardwre
either of two ways (seé.1.7.1for details).
23 |Floating-point traps
Floating-pointtrapsmay be preciseor deferred}In SFARC6441l floating-pointtraps are always
If deferreda floating-pointdeferred-tragjueue precise; no FQ is needed.
(FQ) must be present.
24 |FPU deferred-trap queue (FQ)

Thepresencegontentf, andoperationonthe
floating-point deferred-trap queue (FQ) are
implementation-dependent.

SFARCG6441l doesnot have or needa floating-
point deferred-trap queue.
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Table 68: SPARC64-111 Implementation Dependencies /9=29) (Continued

Nbr

Description

SPARC64-11l Implementation Notes

25

RDPR of FQ with nonexistent FQ

On implementationswithout a floating-point
gueue anattemptto readthe FQ with anRDPR
instruction  shall cause either an
illegal_instruction exception  or an
fp_exception_other exceptionwith FSRftt set
to 4 (sequence_error).

Attemptingto executeanRDPRof the FQ cause$
anillegal_instruction exception.

26-28

Resered

29

Addr ess space identifier (ASI) definitions
The following ASI assignmentsire implemen-
tation-dependentrestricted ASIs 00;5..03;6,
0516"0816' OD16..OF16, 1216"1716’ and
1A16..7F6 and unrestricted ASIs Gf).. FFg.

The ASls thataresupportedoy SFARC64411 are|
defined inAppendixL, “ASI Assignments”

30

ASI address decoding

An implementatiormay chooseto 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_PRIMAR,
ASI_AS_IF_USER_PRIMAR_LITTLE,
ASI|_PRIMARY_NOFAULT,
ASI_PRIMARY_NOFAULT_LITTLE,
AS|_SECONDARY, ASI_SECONNRY_LITTLE,
ASI_AS_IF_USER_SECONARY,
ASI_AS_IF_USER_SECONBRY_LITTLE,
AS|_SECONDARY_NOFAULT, and
AS|_SECONDARY_NOFAULT_LITTLE. If
ASI_NUCLEUSandASI_NUCLEUS_LITTLEare
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.

SFARCG644I11 supports all of the listed ASls.

31

Catastrophic error exceptions

The causesand effects of catastrophicerror
exceptionsareimplementation-dependerithey
may causeprecisedeferredor disruptingtraps.

SPARCG644Il contains a watchdog timer that
timesout afterno 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 ary deferred traps (and associate
deferred-trapqueues)are presentis implemen-
tation-dependent.

dSee7.3.2,"Deferred Traps”. SFARC6441l does

not contain a deferred trap queue.
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Table 68: SPARC64-I11 Implementation Dependencies ¥/9=29) (Continued
Nbr Description SPARC64-11l Implementation Notes
33 |Trap precision
Exceptionsthat occurasthe resultof program The only deferredtrap in SFARC644I1l is the
executionmay be preciseor deferred,although data_breakpoint trap. All othertrapsthatoccun
it is recommendedhat suchexceptionsbe pre-| as the result of progranxecution are precise
cise. Examples include
mem_address_not_aligned and
division_by_zero.
34 |Interrupt clearing
How quickly a processorespondgo an inter-| For detailsof interrupthandlingseeAppendixN,
rupt requestandthe methodby which aninter-| “Interrupt Handling”
rupt requestis removed are implementationr
dependent.
35 |Implementation-dependent traps
Trap type (TT) values 060;5..07F g are/ SFARC644Il supportsthe following implemen
resened for implementation-dependemkcep-|tation-dependent traps:
tions. The existence of | — interrupt_vector (tt = 06Q¢)
implementation_dependent_n traps and — data_breakpoint (tt = 061¢)
whetherary thatdo exist are precise deferred| — programmed_emulation_trap (tt = 062¢)
or disrupting is implementation-dependent. | — async_error (tt = 063¢)
— 32i_instruction_access_ MMU_miss
(tt = 064, through 067e)
— 32i_data_access_ MMU_miss
(tt = 068 ¢ through 06Bg)
— 32i_data_access_protection
(tt = 06G ¢ through 06k)
— watchdog (tt = 07Rg)
36 |Trap priorities
The priorities of particulartrapsarerelative and| SFARC64411’ s implementation-dependeritaps
areimplementation-dependertecause future| have the follaving priorities:
version of. the archite(_:ture may dgfing NN | _ interrupt_vector (priority=16)
traps,gnd implementationsmay def|n§|mple- _ data_breakpoint (priority=14)
menFatlon.—d.ependertraps that establishnew| _ programmed_emulation_trap (priority=6)
relative priorities. — 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 |Resettrap
Someof a processos behaior during a reset SFARC6441l  implements Pover On Rese
trap is implementation-dependent. (POR) through SCAN. WatchdogReset(WDR)
is not implemented.Externally Initiated Rese
(XIR) with TL=MAXTL causesthe CPU to
enter error_state.
38 |Effect of reset trap on implementation-

dependent egisters
Implementation-dependentegisters may or
may not be décted by the arious reset traps.

See 0.3, “Processor State after Resetand in
RED state”
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Table 68: SPARC64-111 Implementation Dependencies ¥/9=29) (Continued

Nbr

Description

SPARC64-11l Implementation Notes

39

Entering error_state on implementation-
dependent eriors

The processomay enter error_statewhen an
implementation-dependent error  condition
occurs.

A CPU watchdog timeout or ary trap with
TL=MAXTL cause entry to error_state.

40

Err or_state processor state

What occurs after error_stateis enteredis
implementation-dependenthut it is recom-
mendedhatasmuchprocessostateaspossible
be presergd upon entry to error_state.

SFARC6441l  outputs P_FERR on entry to
error_stateMost error logging register statewill
be presered and can be readafter a Powver On
Reset.

41

Resered

42

FLUSH instruction

If FLUSH is not implementedin hardware, it
causesnillegal_instruction exception,andits
function is performed by system software.

Whether FLUSH traps is implementation:

dependent.

SFARCG6441l implementghe FLUSH instruction
in hardvare.

43

Resered

44

Data access FPU trap

If a load floating-point instruction traps with
ary type of accessrror exception,the contents
of the destination floating-point register(s
either remain unchanged or are undefined.

The destinationregister(s) are unchangedf an
access error occurs.

45 - 46

Resered

a7

RDASR

RDASR instructionswith rd in therangel6..31
are available for implementation-depende
uses(impl. dep.#8). For anRDASR instruc-
tion with rslin therangel6..31, the following
are implementation-dependenthe interpretas
tion of bits 13:0 and 29:25in the instruction,
whetherthe instructionis privileged(impl. dep.
#9), and whether it causes an
illegal_instruction trap.

SeeA.44, “Read State Rpster”, for details.
nt

48

WRASR
WRASR instructions with rd in the range
16..31 areavailablefor implementation-depert
dent uses (impl. dep. #8). For a WRASR
instructionwith rd in the range16..31, the fol-
lowing are implementation-dependentthe
interpretatiorof bits 18:0in theinstruction,the
operation(s)performed (for example, xor) to
generatdhe valuewritten to the ASR, whethetr
theinstructionis privileged(impl. dep.#9),and
whether it causes alfegal_instruction trap.

SeeA.63, “Write State Reister”, for details.

n

49-54

Resered




352 C SPARC-V9 Implementation Dependencies
Table 68: SPARC64-111 Implementation Dependencies ¥/9=29) (Continued
Nbr Description SPARC64-11l Implementation Notes
55 | Floating-point underflow detection
Whether "tininess" (in IEEE 754 terms) is| SFARC644II detects “tininess” before rounding.
detectedbeforeor after roundingis implemen-
tation-dependentlt is recommendedhat tini-
ness be detected before rounding.
56-100 Resered —
101 |Maximum trap level
It is implementation-dependehbw mary addi- MAXTL =4.
tional levels, if ary, past leel 4 are supported.
102 |Clean windows trap
An implementatiormay chooseeitherto imple-| SFARC64-111 generates elean_window trap.
mentautomatic‘cleaning” of registerwindows
in hardware,or generatea clean_window trap,
when needed for window(s) to be cleanedby
software.
103 |Prefetch instructions
The following aspectof the PREFETCHand SFARC644Il implementsPREFETCHvariations
PREFETCHAInstructionsareimplementationtO thru 4 with the following implementation
dependent{1) whetherthey have anobsenablel dependent characteristics:
effect in privileged code;(2) whetherthey can|— Theprefetchedave obsenableaffectsin priv-
causea data_access_ MMU_miss exception; ileged code.
(3) the attributes of the block of memory— A prefetch does not cause a
prefetchedits size (minimum= 64 bytes)and data_access_MMU_miss trap, becausehe
its alignment(minimum= 64-byte alignment)] prefetch is dropped  when a
(4) whethereachvariantis implementedasa| data_access_ MMU_miss condition hap-
NOP with its full semanticspr with common-  pens.
case prefetching semantics;(5) whether and/— All prefetchesare for 64-byte cache lines,
how variants 16.31 are implemented. which are aligned on a 64-byte boundary
— SeeA.42, “Prefetch Data”, for implementeq
variations and their characteristics.
— Variants 16..31 are treated as NOPs.
Prefetcheswill work normally if the ASI is
ASI_PRIMARY, ASI|_SECONIARY, or
ASI_NUCLEUS.
104 |VER.manuf

VER.manuf contains a 16-bit semiconducto
manufcturercode.This field is optional,andif
not presentreadsaszero.VER.manufmayindi-
catethe original supplier of a second-source

chip in casesinvolving mask-leel second:

sourcing. It is intendedthat the contents of
VER.manuf track the JEDEC semiconducto
manufcturercodeascloselyaspossibleIf the
manufcturerdoesnot have a JEDECsemicon
ductormanuficturercode, SFARC Internationa
will assign a VERmanufvalue.

VER.manuf = 0004 The lower 8 bits are
Fujitsu’s JEDEC manuaicturing code.

d
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Table 68: SPARC64-111 Implementation Dependencies /9=29) (Continued

Nbr

Description

SPARC64-11l Implementation Notes

105

TICK r egister
Thedifferencebetweerthevaluesreadfrom the
TICK register on two readsshouldreflect the
numberof processorcycles executedbetween
thereadslf anaccuratecountcannotalwaysbe
returned, ary inaccurag should be small,
boundedand documentedAn implementatior
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.

N

SPARCG6441l implements63 bits of the TICK
register; it increments orvery clock gcle.

106

IMPDEP n instructions

The IMPDEP1 and IMPDEP2 instructionsare
completely implementation-dependentmple-
mentation-dependenspectsncludetheir oper-
ation, the interpretationof bits 29:25and 18:0
in their encodings,and which (if ary) excep-
tions they may cause.

SPARCG6441l usesthe IMPDEP2 opcodefor the
Multiply Add/Subtract instructions.

107

Unimplemented LDD trap
It is implementation-dependenthether LDD
andLDDA areimplementedn hardware.If not,
an attempt to execute either will cause an
unimplemented_LDD trap.

SFARCG6441l implements LDD in hardware.

108

Unimplemented STD trap
It is implementation-dependenthether STD
andSTDA areimplementedn hardware.If not,
an attempt to execute either will cause an
unimplemented_STD trap.

SFARCG6441l implements STD in hardare.

109

LDDF_mem_address_not_aligned

LDDF and LDDFA require only word align-
ment.However, if the effective addresss word-
alignedbut not doublavord-aligned eithermay
causean LDDF_mem_address_not_aligned
trap, in which casethe trap handler software
shall emulatethe LDDF (or LDDFA) instruc-
tion and return.

If the addressis word-alignedbut not double
word aligned, SFARCG644Il generates the
LDDF_mem_address_not_aligned excep-
tion. The trap handler software emulatesthe
instruction.

110

STDF_mem_addess_not_aligned

STDFandSTDFA requireonly word alignment
in memory However, if the effective addresss
word-aligned but not doublavord-aligned
either may cause an
STDF_mem_address_not_aligned trap, in
which casethetrap handlersoftwareshallemu-

late the STDF or STDKinstruction and return.

If the addressis word-alignedbut not double
word aligned, SFARC644ll generates the
STDF_mem_address_not_aligned excep-
tion. The trap handler software emulatesthe
instruction.
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Table 68: SPARC64-111 Implementation Dependencies ¥/9=29) (Continued

Nbr

Description

SPARC64-11l Implementation Notes

111

LDQF_mem_address_not_aligned

LDQF and LDQFA require only word align-
ment.However, if the effective addresss word-
aligned but not quadvword-aligned,either may
causean LDQF_mem_address_not_aligned
trap, in which casethe trap handler software
shall emulatethe LDQF (or LDQFA) instruc-
tion and return.

SPARCG6441l generatesan illegal_instruction
exceptionfor all LDQFs. The CPU doesnot per-
form the checkfor fp_disabled. Thetraphandlel
software emulates the instruction.

112

STQF_mem_addess_not_aligned

STQFandSTQFA requireonly word alignment
in memory However, if the effective addresss
word-alignedbut not quadword-aligned,either
may cause an
STQF_mem_address_not_aligned trap, in
which casethetrap handlersoftwareshallemu-
latethe STQFor STQFA instructionandreturn.

SPARCG644Il generatesan illegal_instruction
exceptionfor all STQFs.The CPU doesnot per-
form thecheckfor fp_disabled. Thetraphandlef
software emulates the instruction.

113

Implemented memory models

Whether the Partial Store Order (PSO) or
RelaxedMemoryOrder(RMO) modelsaresup-
ported is implementation-dependent.

SFARC6441l implementsPSOwith Total Store
Order (TSO) or Load/StoreOrder (LSO), which
are strongermodels. See Chapter8, “Memory
Models”, for details.

114

RED_state trap \ector address (RST\Addr)
The RED_statetrap vector is located at an
implementation-dependerstddressreferred to
as RSTddr

RST\addr is a constant, where:
VA =FFFFFFFFF0000000, and
PA=1FFF0000000;¢

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 contol flag

Thelocationof the SIR_enableontrolflag and
the meansof accessinghe SIR_enablecontrol
flag are implementation-dependentn some

implementations, it may be permanently zerp.

In SFARC6441l the SIR_enablecontrol flag is
hard-wiredto O; thus it always treatsthe SIR
instruction as a NOP if PATE.PRIV=0.

117

MMU disabled prefetch behaior

Whether Prefetch and Non-faulting Load
always succeedvhenthe MMU is disabledis
implementation-dependent.

Prefetchand Non-faulting Load always succeed
when the MMU is disabled.

118

Identifying 1/O locations
The mannerin which 1/O locationsare identi-
fied is implementation-dependent.

This is beyond the scopeof this publication. It
should be defined in a system which useq
SRARC64-III.

119

Unimplemented \alues br PSTATE.MM

The effect of writing an unimplementednem-
ory-mode designation into PSTATE.MM is
implementation-dependent.

Writing 11, into PSTATE.MM causes the
machineto usethe STO memory model. How-
ever, the encodingll, shouldnot be used,since
future versionsof SFARC644Il may use this
encoding for a n@ memory model.
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Table 68: SPARC64-I11 Implementation Dependencies ¥/9=29) (Continued

Nbr

Description

SPARC64-11l Implementation Notes

120

Coherenceand atomicity of memory opera-

tions

The coherencandatomicity of memoryopera-

tions betweenprocessorand I/O D
ory accesses are implementation-

MA mem-
dependen

This is beyond the scopeof this publication. It
should be defined in a system which useq
[SPRC64-I1I.

121

Implementation-dependent memo

ry model

An implementatiormay chooseto identify cer-

tain addressesand use an imple

mentation

dependentmemory model for referencesto

them.

SFARCG6441l  implements Load/Store Order
+(LSO), Total StoreOrder(TSO),andStoreOrder
(STO) memorymodels.SeeChapter8, “Memory
Models”, for details.

Accessesto pages with the SO (Strongly]
Ordered)bit of their MMU pagetable entry sef]
are also made in Program Order

122

FLUSH latency

The lateny betweenthe executionof FLUSH

on one processorand the point at

modified instructions have replaced outdateq
instructionsin a multiprocessois implementa:

tion-dependent.

which the

This is beyond the scopeof this publication. It
should be defined in a system which useq
SRARC64-111.

123

Input /output (1/0) semantics

The semanticeffect of accessingnput/output

(I/O) registers is implementation-d

ependent.

This is beyond the scopeof this publication. It
should be defined in a system which useq
SRARC64-III.

124

Implicit ASI when TL >0
When TL > 0, the implicit ASI for
fetches, loads, and storesis imple

instruction
mentation

dependentSeeF.4.4,“Contexts” in V9for more

information.

SFARC6441l usesASI_NUCLEUS for instruc-
+tion fetchesand ASI_NUCLEUS{_LITTLE} for
data fetches as the implicit ASI when %10.

125

Address masking

When PSTATE.AM = 1, the value of the high-

order32-bitsof the PCtransmittedo the speci-

fied destinationregister(s) by CALL, JMPL,

RDPC,andon a trapis implementation-deper

dent.

When PSTATE.AM=1, SFARC6441l does not
maskout the high-order32 bits of the PC when
transmittingit to the destinationregister; all 64-
nbits of the PC are transmitted.

126

Register Windows State Registers \Wdth
Privileged registers CWP, CANSAVE, CAN-
RESTORE, OTHERWIN, and CLEANWIN

containvaluesin the range0. NWIN
The effect of writing a value gr

DOWS-1.
eater than

NWINDOWS-1 to ary of these registersis
undefined.Althoughhe width of eachof these
five registersis nominally 5 bits, the width is

implementation-dependent and
betweerilog,(NWINDOWS)Oand5

shall be
bits, inclu-

sive. If fewer than5 bits areimplementedthe

unimplementedupper bits shall rea
writes to them shall have no effect.

das 0 and
All five

NWINDOWS for SFARC6441l is 5, thereforg
only 3 bits are implementedfor the following
registers: CWP, CANSAVE, CANRESTORE,
OTHERWIN. If an attemptis madeto write a
value greaterthan NWINDOWS-1 to ary of
theseregisters,the extraneousupperbits aredis-
carded.The CLEANWIN registercontains3 bits,
but software mustnot write the values5, 6, or 7
to the register SettingCLEANWIN > 4 violateq
the register window state definition in 6.4.1,
“RegisterWindow StateDefinition”, Note: Hard-,
ware does not enforce this restriction; systen

registers should he the same width.

software must kep the winde state consistent
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D Formal Specification of the Memor y Models

Consult V9 for the t& of this appendix.
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E Opcode Maps

E.1 Overview
This appendix contains the ARC644Il instruction opcode maps.

Opcodesmarked with a dash'—' areresened; an attemptto executea resened opcode
shall causea trap, unlessit is animplementation-specifiextensionto the instructionset.
See6.3.11, “Resermwd Opcodes and Instruction Field&r more information.

In thisappendixandin AppendixA, “Instruction Definitions”, certainopcodesaremarked
with mnemonic superscripts.These superscriptsand their meaningsare defined in
Table49 on page214 For deprecatesbpcodesseethe appropriateinstructionpagesin
Appendix Afor preferred substitute instructions.

E.2 Tables

In the tablesin this appendixreserved—) andshadedentriesindicateopcodeghatare
not implemented in SARC64II.

Table 69: op[1:0] (V9=30)

op [1:0]
0 1 2 3
Branches & SETHI CALL Arithmetic & Misc. Loads/Stores
SeeTable 70 SeeTlable 71 SeeTlable 72

Table 70: opZ2:0] (op=0) (V9=31)

op2 [2:0]
0 1 2 3 4 5 6 7
ILLTRAP BPcc BiccP BPr SETHI| FBPfcc FBfc® L
SeeTable 75| SeeTable 75| SeeTable 76| NOP' | SeeTable 75| SeeTable 75

Trd=0,imm22=0

The ILLTRAP andreserved—) encodings generate #lagal_instruction trap.
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Table 71: op35:0] (op=2) (V9=32)

op3 [5:4]
0 1 2 3
WRYP (rd=0)
— (rd=1)
WRCCR (rd=2)
WRASI (rd=3)
0 ADD ADDcc TADDcc
— (rd=4,5)
WRFPRS (rd=6)
WRASR™SR (7<rd<14)
SIR (rd=15,rs1=0,i=1)
SAVEDP (fcn =0),
1 AND ANDcc TSUBcc RESTOREDF (fen = 1)
2 OR ORcc TADDccTVP WRPR’
3 XOR XORcc TSUBccTW —
FPopl
4 SUB SUBcc MULSc® SeeTable 73
5 | ANDN | ANDNcc SLL (x=0), SLLX (x= 1) FPop2
' SeeTable 74
6 ORN ORNcc SRL (x=0), SRLX &= 1) IMPDEP1
_ _ IMPDEP2
. 7 | XNOR XNORcc SRA (x=0), SRAX (&= 1) (FMADD / FMSUB)
(0]
(3.0] RDYP (rs1=0)
— (rs1=1)
RDCCR (rs1=2)
RDASI (rs1=3)
RDTICK™T (rs1=4)
8 | ADDC ADDCcc RDPC (rs1=5) JMPL
RDFPRS (rs1=6)
RDASR™SR (7<rd<14)
MEMBAR (rs1=15,d=0,i = 1)
STBARP (rs1=15,d=0,i = 0)
9 | MULX — — RETURN
Tcc
D D
A | UMUL UMULcc RDPR SeeTable 75
B | SMULP | SMULc® FLUSHW FLUSH
C SUBC SUBCcc MOVcc SAVE
D | UDIVX — SDIVX RESTORE
POPC (s1=0) DONEP (fcn = 0)
D D
£ | Upive | Ublvee — (1s1>0) RETRYP (fcn = 1)
MOVr
D R
F | SDIV SDIVed® SeeTable 76

POPC and the reseast (—) opcodes cause an g _instruction trap.
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Table 72: op35:0] (op=3) (V9=33)

op3 [5:4]
0 1 2 3

0 LDUW LDUWAPss! LDF LDFAPss!

1 LDUB LDUBAPss! LDFSR®, LDXFSR —

2 LDUH LDUHAFPssi LDQF LDQFAPs!

3 LDDP LDDAD: Ps LDDF LDDFAPs!

4 STW STWAPs! STF STFAPs!

5 STB STBAP:s STFSP, STXFSR —

6 STH STHAPs! STQF STQRAPs!

7 STDP STDAPss! STDF STDFRAPs!
oo | e LDSW LDSWAPss _ _

9 LDSB LDSBAPs! — _

A LDSH LDSHAPs! — _

B LDX LDXA Past — _

C — — — CASAPss

D LDSTUB LDSTUBAPs! PREFETCH PREFETCHA»s!

E STX STXAPs! — CASXAPs!

F SWAPP SWAPAD: Prsi — —

LDQF, LDQFA, STQF, STQF, andthereserved—) opcodesauseanillegal_instruction
trap.
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Table 73: opf[8:3] (op = 2,0p3= 34,5=FPopl) (V9=39)

opf[3:0]

opf[8:3] 0 1 2 3 4 5 6 7
0046 — FMOVs | FMOvVd | FMOV(q — FNEGs | FNEGd | FNEGq
016 — FABSs | FABSd | FABSq — — — —

0% | — | — | — | - | - | - | - | —
03 | — | — | — | = | =] =1 =1 =

0416 — — — — — — — —
056 — | FSQR's|FSQRd|FSQRq| — — — —

oo | — | — | — [ — | =1 — 1 =1 =

0716 — — — — — — — —

0846 — FADDs | FADDd | FADDq — FSUBs | FSUBd | FSUBq
096 — FMULs | FMULd | FMULq — FDIVs | FDIVd | FDIVqg

oag | — | — | = | = = =] =1=

By | — | — | —  — | — | = — ] —

0Cs6 - - - - - - - -

0Dyg —  |FsMULd| — — — —  |FdMULq] —

OE6 — — — — — — — —

OFy6 — — — — — — — —
106 — FsTOx | FdTOx | FqTOx | FxTOs — — —

116 FxTOd — — — FXTOq — — —

1246 - - - - - - - -

1B | — | — [ = [ =1 =1 —=—1=1=
e | — | — | — | — | — [ =1 =1 —
5 | — | — | — [ =T =1 —=—1-=1-=

6 | — | — | — | = | = = =1=

1716 - - - - - - - -

185 — — — — | FiTos | — | FdTOs | FqTOs
196 | FiTOod | FsTod | — | FqTod | FiTOq | FsTOq | FdTOq | —
1A46 — | FsTOi | FdTOi | FqTOi | — — — —

1816"3F16 —_ _— _— —_ —_ J— J— J—

Shaded boxes and reserved (—) opcodes cause an fp_exception_other trap with
ftt = unimplemented_FPop.
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Table 75: cond3:0] (V9=36)

BPcc Bicc P FBPfcc FBfcc P Tce
op=0 op=0 op=0 op=0 op =2
op2 =1 op2 =2 op2 =5 op2==6 op3 =3Aq5

0 BPN BNP FBPN FBNP TN
1 BPE BEP FBPNE FBNEP TE
2 BPLE BLEP FBPLG FBLGP TLE
3 BPL BLP FBPUL FBULP TL
4 BPLEU BLEUP FBPL FBLP TLEU
5 BPCS BCS FBPUG FBUGP TCS
6 BPNEG BNEGP FBPG FBGP TNEG
cond 7 BPVS BVSP FBPU FBUP TVS
[3:0] 8 BPA BAD FBPA FBAP TA
9 BPNE BNEP FBPE FBEP TNE
A BPG BGP FBPUE FBUEP TG
B BPGE BGEP FBPGE FBGE’ TGE
c BPGU BGUP FBPUGE FBUGEP TGU
D BPCC BCCP FBPLE FBLEP TCC
E BPPOS BPOS FBPULE FBULEP TPOS
F BPVC BvCP FBPO FBOP TVC
Table 76: Encoding ofrcond2:0] Instruction Field (V9=37)
BPr MOVr FMOVr
op=0 op =2 op =2
op2 =3 op3 = 2F4¢ op3 =3544
0 — — —
1 BRZ MOVRZ FMOVRZ
2 BRLEZ MOVRLEZ FMOVRLEZ
r[czog]d 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_ccFields (MOVcc and FMOVcc) (V9=398)

opf_cc Condition Code
cc2 | ccl | ccO Selected

0 0 0 fcco
0 0 1 fccl
0 1 0 fcc2
0 1 1 fcc3
1 0 0 icc

1 0 1 —

1 1 0 XcC
1 1 1 —_

Table 78: ccFields (FBPfcc, FCMP and FCMPE) ¥9=39)

0 0 fccO
0 1 fccl
1 0 fcc2
1 1 fcc3

Table 79: ccFields (BPcc and Tcc)Y9=40)

Condition Code

cel cco Selected
0 0 icc
0 1 —
1 0 Xcc
1 1
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F MMU Architecture

F.1 Introduction

AppendixF, “SPARC-V9 MMU Requirementsin V9, describeghe boundaryconditions
thatall SFARC-V9 MMUs mustsatisfy This versionof the appendixdescribeghe archi-
tectureof HAL's SFARC644Il memory managementnit. It is intendedto provide the
information needed to port the Solaris O/S to thaFRBE644Il.

You should read and understandhe conceptsintroducedin Appendix F, “SPARC-V9
MMU Requirements” irV9 before proceeding.

F.1.1 Abbre viations and Acr onyms
The following abbreiations and acrorms are usedxéensvely throughout this appendix.

uITLB
InstructionMicro TranslationLook-asideBuffer. A 32-entryfully-associatve TLB
used to translate virtual instruction addresses ysipal instruction addresses.

MDTLB:
DataMicro TranslationLook-asideBuffer. A 32-entryfully-associatve TLB used
to translate virtual operand addresses ysal operand addresses.

MTLB:
Main TranslationLook-asideBuffer. A 256 entryfully-associatve TLB thatholds
the addresstranslationsfor both instruction and operandreferencesMTLB is
accessed oplTLB or uDTLB misses.

VA:
Virtual Address.

PA:
Physical Address.

PTE:
Page Bble Entry

TR:
Translation rgion. A Portion of the MMU containing the MTLB hardve.
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F.2 MMU and TLB Over view
The SRRC6441l MMU comprises:

® An instruction micro-TLB QITLB)
m A data micro-TLB pDTLB) and
m A main TLB (MTLB).

TheuTLBs aresmall (32 entry),fully associatie TLBs; they performtranslationin paral-
lel with cacheaccesslf anaccessannotbe translatedoy the uTLB, the hardwarerefer-
enceshe MTLB. The MTLB is arelatively large (256 entries),fully associatie TLB. If
the MTLB containsthe PTE for anaccessMMU hardware copiesit into the appropriate
MTLB. The uTLBs areinvisible to software, exceptfor instructionsthat invalidate the
entire WITLB and uDTLB. Both the uITLB and uDTLB should be invalidatedbefore
enablingvirtual addresgranslationThesoftwareoperate®ntheMTLB andthehardware
takescareof reflectingchangesn uTLBs dueto operationgperformedontheMTLB. The
hardwareensureghatall entriesin the uTLBs (bothuITLB anduDTLB) arealsopresent
in the MTLB.

This appendix concentrates on MTLB operations.

Figure 80 illustratesthe MMU hardware. The pITLB, uDTLB and D1 Cacheare con-
nectedto the MTLB. Activities relatedto translationare carried over the interfaces
betweertheuTLBs andthe MTLB. The MTLB recevesits instructionsvia theD1 Cache
interfaceandsendsbackits response$o the D1 Cacheinterface.The D1 Cacheinterface
exists simply to preide a plysical path to xecute MMU related load and stores.

UITLB pDTLB D1
(32 entries) (32 entries) Cache
Translation i Translation i i Instructions and
Responses
MTLB

(256 entries)

Figure 80: SPARCG64-11l MMU Or ganization

The following are the main features of the MMU:

m  Full 64-bitvirtual addresgVA) supportAll virtual addressearequalifiedby a 12-bit
contet. Taken togethey thesetwo items make up a completereferenceof “con-
text:VA”.

m  Primary SecondanandNucleuscontets aresupportedA context is representetly a
12-bit number



F.3 MTLB Organization 369

m 2 terabytef physicalmemorymaybe addressethroughthe supportedt1 bit physi-
cal addressSFARC6441I-basedmulti-processosystemswill be basedupona shared
main memory

m TheMTLB is aunified, 256 entry, fully associatie TLB. It hastranslationentriesfor
bothinstructionanddataaccessesachentry translatesa page,which may be of 15
different sizes.

m Software tablevalk is used to update the MTLB with am®TE on an MTLB miss.

F.3 MTLB Organization

The MTLB cachesmappingsof contet:VA to PA. It is organizedas a 256 entry fully
associatie structure. Comparison is performed as fedio

If the Univer sal (U) bit is not set (= 0) for a page:
Translate contd:VA [0 PA

If the Univer sal (U) bit is set (= 1) for a page:
Translate YA [0 PA

In simpleterms,the Universalbit meanghatthetranslationis valid for all contectsin the
system.

TheMTLB supportsvariablesizedpagesandhasafacility to lock entries.Thecontiguous
block of lockableentriesalways startsat entry 0. Entriescan be locked or unlocked by
privilegedsoftwareonly. Lockedentriesareexcludedfrom thenormalinsertionalgorithm.
Privileged software has the capability of reading, writing or invalidating the MTLB
entries, including the lo@d entries.

Figure 8lillustrates the MTLB internal ganization.

CAM Valid RAM
[ context:VA O ] Entry O
context:VA 1 Entry 1
context:VA 2 Entry 2
Er21t5ri?es ) >
L context:VA 255 : Entry 255

Figure 81: 256 Entry Fully Associatve Main TLB (MTLB) Or ganization
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F.3.1 Contexts
Contets provide a set of 64-bit address spaces ame tfge follaving properties:
m Contets are 12-bit &lues in SRRC64HII; that is, there are 4,096 distinct coxie
m Contt:VA is the fully qualified virtual address for translation.
m  The MMU supports three contetypes:
A. Primary Contet
B. Secondary Conia
C. Nucleus Contet

Eachof the contets is storedin aregister Only oneof thesecontexts is usedfor a given
translatioroperation A context switch—thats, awrite into the context register—doesot
causeinvalidation of the MTLB or uTLBs. Whena context numberis reused—thats,.
whenthe context rolls over from its maximumvalue of 212 to 0—the softwaretakesthe
responsibilityof invalidatingthe MTLB. The hardwareis responsibldor invalidatingthe
correspondingntryin eitherthe uITLB or theuDTLB. The hardwaremakessurethatall
entriespresentn theplTLB anduDTLB arealsopresenin the MTLB. Thereis no mech-
anismto invalidatethe entire MTLB usinga singleinstruction;if the entire MTLB must
beinvalidated,softwareinvalidatesit oneentry at atime. An entryis invalidatedby first
writing a0 into thetlb_dataregisterandthenissuingawrite_data_mtlb_specified_entoy
write_data_mtlb_fifo_counter instruction.

Figure 82illustrates the MTLB access mechanism.

MTLB

Primary Secondary Nucleus Context | VA
Context Context Context Context | VA
Context VA

\ Conte xt +
Conte xt Selection +
VA
Context | VA

Figure 82: MTLB Access

F.3.2 Page Table Entry (PTE) Format

The SFARC6441l processohardware doesnot assumeary particulardatastructurein
memoryfor the MMU to work correctly To speedup the TLB miss handler however,
SFARC6441l doesprovide the hardware calculationof pointers.Operatingsystemsoft-
ware can either usethe hardware supportor ignoreit. If systemsoftware usesthe TLB
miss hardwre support, the folleing data structure should be used in memory:
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OnanMTLB miss,the misstrap handleris invoked. This accessethe TranslationMem-
ory Buffer (TMB), which is resident in memary

m TMB isorganizedasadirectmappedcache Theindex consistof thelower bits of the
miss \A. The tag consists of the remaining upper bits of the mAss V

m The TMB contains between 512 and 64&gE Bble Entries (PTES).

m The TMB canhave 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 mofeient.

m Accesses to the TMB are optimized for 8Kb and 64Kb page sizes.

m EachPTEis 16 byteslong. Thesel6 bytescanbe accessedtomicallyusingthe quad
load (LDDA) instruction.

m If aPTEisnotfoundin the TMB, aslow, but detailed traphandleris invoked. Thereis
no restriction for the data structure accessed by tielsdodler
F.3.2.1 PTE Format (within TMB)

Figure83illustratesthe PageTableEntry (PTE)asit is storedin the TMB. Thefollowing
subsections describe each PTE field in detail.

63 62616059 4847 4241 0
V|U —| CONTEXT<11:.0> — VA<63:22>
TAG
6362 5655545352 4948 47 46 4140 1211109 65 0
Vv — —|ul sizE|ESQ  — PA<4012> E'ﬁ — PROT
0
DATA

Figure 83: PTE Format Within the TMB

V=1 indicateghatthe PTEis valid. This bit is presenin bothTAG andDATA por-
tions of the PTE to speed up the TLB miss handler

Universalbit. If U=1, the context is ignored;thatis, this associate&A is valid for
all contexts, andis thus,universal.The U bit is presentin both TAG and DATA
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 anaddress
matches the TMB entry
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SIZE<3:.0>
Encodes the page size associated with this PTE, as specifiolén80

Table 80: Page Size Encoding in PTE.SIZE

SIZE Page Size Page Size (2™
0000, 4Kb 212
0001, 8Kb 213
0010, 16 Kb 214
0011, 32Kb 215
0100, 64 Kb 216
0101, 128Kb 217
0110, 256 Kb 218
011% 512Kb 219
1000, 1 Mb 220
100% 4Mb 222
10106, 16 Mb 224
101% 64 Mb 226
11006, 256 Mb 228
110% 1Gb 280
1116, 4Gb 232
111 4 Gb 2%2
IE
Invert EndiannesslE=1 meansthat the endiannes®f dataaccessedhroughthis
PTE is to be imerted. This does not imply that the associated data is little-endian.
SO
Strongly ordered.SO=1 meansthat the accesseshroughthis PTE are strongly
ordered.
PA<40:12>
Physical Address.
NFO
Non-Faulting-Onlybit, usedfor loads.If NFO=1,protectionviolationsdo notgen-
erateexceptions.Theonly sideeffectthey have is thatthey causethe datareturned
to be zero.
CH

CacheableWhen CH=1, the information at the associatecaddresds cacheable;
whenCH=0, it is notcacheableSincethe SFARC64411 followsthe SunMicrosys-
tems’ UPA protocol, when CH=0, not only are the accessesion cacheablebut
they mustalsocomefrom thel/O spaceln otherwords,it is not possibleto access
information from memory when CH=0.
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PROT<5:0>
Protectionbits. The tablebelon shaws the bit definition. Whena protectionbit is
zero,the accesss denied.Whena protectionbit is set(=1), the associate@dccess
is alloved.Table 8lenumerates the encodings for the PTEDPReld.

Table 81: PTE.PROT Field Encoding

PROT Meaning

Bit5 | Supervisor Read Permission
Bit4 | Supervisor Write Permission
Bit3 | Supervisor Egcute Permission
Bit 2 User Read Permission

Bit1 | User Write Permission

Bit 0 User Execute Permission

All fields marked with a ‘—' arereservedThe softvare should write zero to these fields.

F.3.3 Translation Lookaside Buff er (TLB) Entry Format (within MTLB)
Figure 8d4illustrates the TLB entry format.

63 5251 0
CONTEXT<11:0> VA<63:12>
TAG
6362 5655545352 4948 4746 4140 121109 65 0
V| — — |U] SIZE |IESO — PA<40:12> ’|\:l ﬁ — PROT
0
DATA

Figure 84: TLB Entry F ormat

The TranslationLookasideBuffer Entry hasalmostexactly the sameformat asthe Page
Table Entry. Becauseof this, the TLB Entry fields are not documentedere;referto the
PTE fields abee for their definitions.

All fields marked with a‘—' arereservedThey arereadaszeroandwritesto themare
ignored.

This format is used in the follng instruction:

m  Write Instruction Main TLB Into Specified Entry (ASI=33, W)
m  Write Instruction Main TLB Into FIFO Entry (ASI=34, W)

m  Write Data Main TLB Into Specified Entry (ASI=35, W)

m  Write Data Main TLB Into FIFO Entry (ASI=36, W)

m Read Main TLB Contd and \A X (ASI=37, R)
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m Read Main TLB Contd and \A Y (ASI=41, R)

F.4 MMU Register s

The tablebelaw lists the MMU-relatedregistersaccessedisingspecialASIs. A write to
theseregistersshouldtake placeusingappropriatememorybarriersor using syncingor
serializing instructions.

Table 82: MMU Registers

ASI/ Addr VA

Register Name asr hex hex Function
primary_contgt ASI | 40(r/w) | 10 |12-bit primary contet register
secondary_conxe ASI | 40(r/w) | 20 |12-bit secondary conteregister
nucleus_contd ASI | 40(r/w) | 30 |12-bit nucleus cone register
inst_tmb_base ASI | 3F(r/w) | 30 |Base address A of the instruction TMB
data_tmb_base ASI | 3F(rlw) | 40 |Base address A of the data TMB
inst_tlb_match_data ASI | 3F(r/w) | 10 |Instruction contet:va for an MTLB miss
data_tlb_match_data ASI | 3F(rlw) | 20 |Data contgt:va for an MTLB miss
tlb_lock_entries ASI | 40(r/'w) | 50 |Entries 0 to (tlb_lock_entries - 1) are leck
tlb_fifo_counter ASI | 40(r/'w) | 60 |MTLB entry number to be written into.

inst_tmb_tag ASI 39(n) inst_tlb_match_data reformatted for comparisqn

data_tmb_tag ASI | 3A(n data_tlb_match_data reformatted for comparigon

inst_ 8KB_tmb_pointer ASI 3B(r) inst TMB pointer (M) for 8KB page size

inst_64KB_tmb_pointer ASI 3C(n) inst TMB pointer (M) for 64KB page size

0
0
0
data_8KB_tmb_pointer ASI | 3D(n) 0 |data TMB pointer (¥X) for 8KB page size
0
0

data_64KB_tmb_pointer | ASI 3E(r) data TMB pointer (¥) for 64KB page size

asi_scratch_gp ASI | 44 (r/w)| 5:3 |8 Scratch rgisters for software use. address [5:3]

F.5 MMU Instructions

The table below lists the instructionsassociatedvith MMU processingSTXA/STDFA
mustbe usedto sendthesenstructionso MMU andLDXA/LDDFA mustbeusedto read
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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

Addr
Instruction ASI
(hex)

VA

(hex) Description

match_and_ivalidate tlb_entry| 30(w) 0 Match the context:VVA with all entriesof the MTLB
andinvalidatethe matchedentry, This includesboth
lockedandunlockedentries All matchedentriesare
invalidated.The contet:VA againstwhich matchis
to be performedis sentas the dataportion of the

instruction.

invalidate_udtlb 31(w) 0 Invalidatesall entriesof the uDTLB. Datais unde-
fined.

invalidate_uitlb 32(w) 0 Invalidatesall entriesof the pITLB. Datais unde-
fined.

write_instr_mtlb_specified_entry 33(w) 11:4 |Contentsof instr_tlb_match_dataegister and datg|
specified in the instruction are written into the
MTLB entry specified in the A{11:4].

write_instr_mtlb_fifo_counter | 34(w) 0 Contentsof instr_tlb_match_dataegister and datg|
specified in the instruction are written into the
MTLB entry specifiedin thetlb_fifo_counterregis-
ter.

write_data_mtlb_specified_entry 35(w) 11:4 |Contentsof data_tlb_match_dateegister and datg|
specified in the instruction are written into the
MTLB entry specified in the A{11:4].

write_data_mtlb_fifo_counter | 36(w) 0 Contentsof data_tlb_match_dateegister and datg|
specified in the instruction are written into the
MTLB entry specifiedin thetlb_fifo_counterregis-

ter.
read_mtlb_contd_va_Xx 37(n 11:4 |Thex-field of the contet:vapartof theMTLB entry
specified in the X[11:4] is reac?
read_mtlb_contd_va_y 41(r) 11:4 | For diagnosticonly. Readthe y-field of the MTLB
CAM entry specified in theA{11:4].
read_mtlb_pa_attriltes 38(n) 11:4 |ThePA andattributespartof the MTLB entryspeci

fied in the W[11:4] is read.

a. The information about COrREVa IS stored In the MTLB In a format terent than the
one specified by the programmehis is transparent to the soétwe except when read-
ing the contents of the comteva portion of an entryEach bit of conte:va is encoded
by 2 bits as follws:

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 needcontet[11:0] and VA[40:13], but the contet:va field
holdscontet[11:0] andVVA[40:12]; VA[12] is adon't care.The don't carestateis repre-
sented by setting bits in both x and y fields to be 0.

F.6 MMU Exceptions
Table 85lists the MMU &ceptions:

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 pag
data_access_exception 0x30 ASR 29 specifies the cause ateption.
instruction_access_exception 0x08 PTE cached in MMU. Eecute permission is denied.
data_access_error 0x32 DataFault AccessType Ragister (ASR 29) specifieghe

cause of error
instruction_access_error Ox0A Instruction Fault Type Register (ASR 24) specifiesthe
cause of error

F.7 Disable Main and Micr o TLB Function

F.7.1 Disable 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 describethe modeswhich arespecifiedby thebit. (Thetableis common
to the D_MITLB and D_UITLB bit pair and the D_MDTLB andD_UDTLB bit phair

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 df Micro TLB is enabled.
(For bringup use only
1 1 Translation is df Micro TLB is disabled.
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The pattern“01” and“10” in the above table shouldnot be usedin normal operations.
They areprovided only for bringupjustin casewhereMain/Micro TLB’s have problems
in hardwvare.

F.7.2 Translation Off Mode
When the translation ispthe following things are done by the harahs.

m VA[40:0] is passedto PA[40:0], and VA[63:41] and CONTEXT valuesare disre-
garded.

m  Memory accesses by instruction fetch and data load/storeebabdollavs:
CH (Cacheable) = ‘0’
SO (Strong Order) =1’
IE (Invert Endianness) = ‘0’
NFO (Nonfulting Only) = ‘0’
PROT (SR/SW/SX/UR/UW/UX) = ‘111111
in the page table entry

F.7.3 Notes
The micro TLBS are iwisible from the softare.

WhenD_MITLB valueis goingto bechangedthe hardwareinvalidatesall of instructions
from 10-Cache and Instruction-Bef.

On the entry of RED_stateD MITLB, D_UITLB, D_MDTLB, andD_UDTLB bits in
SCR are set to “1” by the hardve.

In RED_stateregardlessof D_MITLB, D_UITLB valuesin SCR,the hardware behaes
asif thesebits are“1”. Thereforethe softwarecant turn on the translationfor instruction
fetch in RED_state by gmrmeans.

It's the software’s responsibility of resettingD_MITLB, D_UITLB, D_MDTLB, and
D_UDTLB bitsin SCRon the exit of or during RED_statef the translationneedsto be
turned on agin.

Any operation®therthantranslationdy instructionfetchanddataaccessrenotdisabled
by Main/Micro TLB disablebits. For example,Main TLB write operationsr Micro TLB
invalidationoperationsdy STXA/STDFA arestill operationalwhenMain or Micro TLB
are disabled.

F.8 Locking Entries

A mechanisn(illustratedin Figure 85) hasbeenprovided to lock a setof entriesin the
MTLB. Whenthetlb_lodk_entries_eg is programmedvith avaluei (0<=i <= 255),0to
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(i-1) entriesarelocked. If tlb_lock _entries_mgis 0, no entry is locked. Note that there
should be at least one entry that remains uldck

Thetlb_fifo_counter_gg thattakes careof the MTLB entry replacemenshouldbe pro-
grammedsuchthat it doesnot matchan entry that hasbeenlocked. When entriesare
replacedthe tlb_fifo_counter_eg is incrementedill it reacheghe max_tlb_entry count
(255in this case).For the next replacementthe tlb_fifo_counter_eg acquiresthe value
programmed irtlb_lodk_entries_eg.

0
1 LOCKED ENTRIES
2
~ -« tlb_lock_entries_rg
| Replaceable Entries
\ / <« tb_fifo_counter_rg
254 \_/
255

Figure 85: Locking Entries
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F.9 Data MTLB Miss

This sectiongivesan overview of the DataMTLB Miss operation.The dataMTLB miss
causeghe 32i_data_access_mmu_msseption.The trap handlerconsistsof the steps
shavn in Figure 86

Load the TMB Pointer
from MMU

Load thetag for miss ctx:&
from MMU

load the PTE from memory|
using the TMB pointer

TAG NO
MATCH?

YES
Insert the PTE

FLUSH

RETRY

Execute the sl handler

Figure 86: Data MMU Miss Trap Handler

We assumadn the above examplethat we are operatingin trap level 0 and have enough
ASR/ASI scratch rgisters &ailable so that a sa and restore of gésters is not required.

The first stepis to load the TMB pointerinto an integer register usingan MMU ASI

instruction.The pointergivesa 16-bytealignedvirtual addressFor adirectmapped MB,

if the desiredPTE is residentin the TMB, it is presentin the 16-byte memory space
pointedto by thistmb_pointer Dependingon whetherthe pagesizeis 8KB or 64KB, this
pointeris referredto asdata_8KB_tmb_pointeor data_64KB_tmb_pointerespectiely

in this document.



380

F MMU Architecture

Formation of the TMB P ointer

Whenthe processoentersthe 32i_data_mmu_access_misap handley the MMU hard-
warestoresthe context andthe virtual operandaddresshat causedhe MMU missin the
data_tlb_math_dataregister Softwarehasalreadyinitialized thedata_tmb_baseegister
beforethe first MMU missis detectedThe data_tmb_baseegistercontainsinformation
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 Vigglto

If (split == 0)

e data 8KB_tmb_pointer =ASE[63:13+N] [] VA[21+N:13][]J0000
e data 64KB_tmb_pointer =ASE[63:13+N][] VA[24+N:16][]0000

If (split == 1)

e data 8KB_tmb_pointer =ASE[63:14+N][] O [] VA[21+N:13][J0000
e data_64KB_tmb_pointer =ASE[63:14+N][] 1 [] VA[24+N:16][]J0000

The secondstepis to load the tag associatedvith the miss VA into an integer register
using the MMU ASI instruction to read the data_tmb_tagster

In the third step,the TMB pointeris usedto fetch 16-byte information from memory
atomically Thefirst 8 bytesprovide the TAG of the VA andthe next 8 bytesthe physical
address and attnilbes associated with theé\v

Thenext stepis to comparehetagof themissVA with theoneloadedfrom memory The
figure below illustratesthe formatsof the data_tmb_tagegisterandthe tag loadedfrom
memory The valid bit for the data_tmb_tag rgsteris alwaysa ‘1l’. To ensurea tag
match:

Thevalid bit of the TAG readfrom memoryshouldbea‘1’; thatis, the PTEshouldbe
valid.

The U-bit of the TAG readfrom memoryshouldbe a ‘0’; thatis, the matchis per-
formedagainstboth context and VA. This is requiredaswe do not know whetheror
not the pagehasthe U-bit setwhenwe 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.

Contet and \A should match.
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v]o 0 | CONTEXT[11:0] 0 VA[63:22]

63 62 61 6059 48 47 4241 0
data_tmb_tag_ogster

vV |U 0 CONTEXT[11:0] 0 VA[63:22]

63 62 61 6059 48 47 4241 0
TAG

Table 86: Tag Comparison

If the TAG matcheghe PTEis insertedn the MTLB usingthewrite_data_mtlb_specified
entry or write_data_mtlb_fifo_countanstruction.In the former instruction,the entry to
be written into is specifiedin the instructionitself. In the latter instruction,fifo counter
valueis usedto insertthe PTE. Thefifo counteris incrementedfterinsertion.TheMTLB
entriesarereplacedn FIFO fashion.Thereforethereis no needfor softwareto keeptrack
of the replacement poljc

It shouldbe notedthatthe missVA is alsopresentin the ASR28and context numberin
ASR29.To assistthe software in tablevalk, 4 ASR and 8 ASI registershave beenpro-
vided.

F.10 Instruction MTLB Miss

The descriptionfor handlingthe instructionMTLB missis similar to the one for data
MTLB miss ecept that:

1. The word “data” is replaced by “instruction” for instruction andister names.

2. MissVA canbereadoutfrom the TPC.The programwasexecutingin primarycontext
if thetraplevel is O (TL = 0) andin nucleuscontext if thetraplevel is greaterthanQ
(TL > 0). The context numbercan be readusingthe read_primary_contd_register
instructionif the programwasexecutingwith TL=0 or read_nucleus_conte register
instruction if the program as eecuting with TL>0.

F.11 Programming Notes

The softwareshouldnot alterthe PrimaryContect RegisterwhentheinstructionMTLB is
enabledcandthetraplevel is “0”. In otherwords,the softwareshouldnot alterthe Primary
Contet Registerwhentheregisteris beingusedto fetchinstructions|f it is alteredin this
condition, an unpredictable result is produced.
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The softwareshouldnot alterthe NucleusContext RegisterwhentheinstructionMTLB is
enabledandthe trap level is not “0”. In otherwords, 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 softare is writing a conte register using the follving 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 folleed 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 10)
(<- normally not recommended due to performance reason.)

to make the effectsvisible to thefollowing instructionfetch,andhasto befollowedby TN
instructionor ary other syncinginstructionto make the effectsvisible to the following
data access.

Whenthe softwareis writing anev MTLB entryinto MTLB usingthe following 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 folleed 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 10)
(<- normally not recommended due to performance reason.)

to make the effectsvisible to the following instructionfetch, andhasto be followed by a
TN instructionor any othersyncinginstructionto make the effectsvisible to the following
data access.

When the software is invalidating or modifying a MTLB entry which alreadyexists in
MTLB using the follaving instructions,

STXA ASI=30 (Match And Ivalidate 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 folNwing steps.
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1) Irvalidate or modify TMB in the memory
2) Irvalidate or modify MTLB
3) WRASR %31 with bit-1 = 1 (lialidate 10)

to male the eflects visible to the follwing 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 = 40,6, VA = 104
Access ModesSupervisor read/write.
Function: CONTEXT[11:0].
Data Format: Resenred bits ignored on write, read as ‘0'.
Resered CONTEXT
63 12 11 0

F.12.1.2 SECONDARY_CONTEXT Register

Address: ASI| = 40,5 VA = 2044
Access ModesSupervisor read/write.
Function: CONTEXT[11:0].
Data Format: Resered bits ignored on write, read as ‘0'.
Resered CONTEXT
63 12 11 0

F.12.1.3 NUCLEUS_CONTEXT Register
Address: ASI = 40,5, VA = 3046
Access ModesSupervisor read/write.
Function: CONTEXT[11:0].
Data Format: Resered bits ignored on write, read as ‘0'..

Resered CONTEXT

63 12 11 0
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F.12.1.4

Address:

Function:

Data Format:

INST_TMB_BASE Register

ASI| = 3F16’ VA = 3016
Access ModesSupervisor read/write.
Containsinformation about an instruction TranslationMemory Buffer

(TMB) entry.

Reseredbitsignoredonwrite, readas’'0’. If SPLIT = 1, thelower half 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

TMB_BASE

SPLIT

RESER/ED

SIZE

63

13 12

11

SIZE # of TMB Entries
000 512

001 1024

010 2K

011 4K

100 8K

101 16K

110 32K

111 64K

Table 87: TMB Sizes

F.12.1.5 DATA_TMB_BASE Register
ASI| = 3F16’ VA = 4016
Access ModesSupervisor read/write.

Address

3 2

0

Function: Contains information about a data TMB entry
Data Format: Reseredbitsignoredonwrite, readas‘0’. If SPLIT = 1, thelower half of
the TMB is 8K pages,and the upperhalf is 64K pages.TMB_BASE
points to the base of the TMB structure in memory
TMB_BASE SPLIT RESER/ED SIZE
63 13 12 11 32 0
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Table 88: TMB Sizes

SIZE # of TMB ENTRIES
000 512

001 1024

010 2K

011 4K

100 8K

101 16K

110 32K

111 64K

F.12.1.6 INST_TLB_MATCH_DATA Register

Address: ASI = 3R VA = 1044
Access ModesSupervisorread/write.Also loadedby hardwarewhena trap for instruc-
tion MTLB miss is takn

Function: Data used for matching an entry in the TLB.
Data Format:
CONTEXT[11:0] VA[63:12]
63 52 51 0

F.12.1.7 DATA_TLB_MATCH_DATA Register

Address: ASI| = 3R VA = 2015
Access ModesSupervisorread/write. Also loaded by hardware when a trap for data
MTLB miss is talen.

Function: Data used for matching an entry in the TLB.
Data Format:
CONTEXT[11:0] VA[63:12]
63 52 51 0

F.12.1.8 TLB_LOCK_ENTRIES Register

Address: ASI = 40,6, VA = 506
Access ModesSupervisor read/write
Function: Numberof TLB entriesto lock.(e.g.’8 meansentries0-7 are“locked”).

This register is initialized by hardware to the value of OxFFE Seealso
TLB_FIFO_COUNTER_REG bela
Data Format: Resered bits ignored on write, read as ‘0.

Resered Number_of_entries

63 8 7 0
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F.12.1.9 TLB_FIFO_COUNTER Register

Address: ASI| = 40,6, VA = 60y
Access ModesSupervisor read/write
Function: This registeris initialized to Oxff by hardware.It incrementdy onewhen

the WRITE_TLB_ENTR Y registeris written to with the V bit setto 1,
exceptwhenwrappingfrom Oxff. Insteadof wrappingto 0x0, it loadsthe
valuefrom the TLB_LOCK_ ENTRIESRggister Software shouldmake
sure that this TLB_FIFO_COUNTER Register is greater than the
TLB_LOCK_ENTRIES Register when changing the
TLB_LOCK_ENTRIES walue.

Data Format: Resered bits ignored on write, read as ‘0'.

Resered TLB Address

63 8 7 0

F.12.1.10 INST_TMB_TAG Register (Not A Real Register)
Address: ASI =39 VA=0
Access ModesSupervisor read
Function: Used to assist in ina@éng instruction TMB.
Data Format:

VALID 0 CONTEXT 0 VATAG

63 62 60 59 48 47 42 41 0

F.12.1.11 DATA_TMB_TAG Register (Not A Real Register)
Address: ASI =3A5, VA=0
Access ModesSupervisor read
Function: Used to assist in ind@ng data TMB.
Data Format:

VALID 0 CONTEXT 0 VATAG

63 62 60 59 48 47 42 41 0
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F.12.1.12 INST_8KB_TMB_POINTER Register (Not A Real Register)
Address: AS| =3B VA=0
Access ModesSupervisor read
Function: Pointerto the entry in TMB that may containthe translationfor 8KB

pages for an instruction MTLB miss.
Data Format:

VA

63

F.12.1.13 DATA_8KB_TMB_POINTER Register (Not A Real Register)
Address: ASI = 3Dy VA=0
Access ModesSupervisor read
Function: Pointerto the entry in TMB that may containthe translationfor 8KB
pages for a data MTLB miss.
Data Format:

VA

63

F.12.1.14 INST_64KB_TMB_POINTER Register (Not A Real Register)
Address: ASI =3C VA=0
Access ModesSupervisor read
Function: Pointerto the entry in TMB that may containthe translationfor 64KB
pages for an instruction MTLB miss.
Data Format. Resered bits ignored on write, read as ‘0.

VA

63

F.12.1.15 DATA_64KB_TMB_POINTER Register (Not A Real Register)
Address: AS| =3Eg VA=0
Access ModesSupervisor read

Function: Pointerto the entry in TMB that may containthe translationfor 64KB
pages for a data MTLB miss.

Data Format:

VA

63
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F.12.1.16 ASI Scratc h Register s 0-7

Address: ASI = 44,6, VA[5:3] = ASI ScratchRegisterNumber(0-7). OtherVA bits
have to be zero.

Access ModesSupervisor read/write

Function: Scratch rgisters.

Data Format:

DATA
63 0

F.12.2 ASI MMU Instructions

Theseinstructionsare mappednto the ASI_ MMU addresspace.They are executedfor
their “side-efects” rather than loading/storing a specifigis¢er in the TR.

F.12.2.1 MATCH_AND_INVALIDATE_TLB_ENTRY Instruction

Address: ASI =30, VA=0
Access ModesSupervisor write only
Function: Match the contect:va with all the entriesof MTLB and invalidate the

matchecdentries.This includesbothlocked andunlocked entries.If more
than one entries match, it is a haedtesor softvare tug.

Data Format:

Context[11:0] VA[63:12]
63 52 51 0

F.12.2.2 INVALIDATE_UDTLB Instruction

Address: ASI =314 VA=0

Access ModesSupervisor write only

Function: Invalidate all the data micro TLB entries.
Data Format:

undefined

63 0
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F.12.2.3 INVALIDATE_UITLB Instruction

Address: ASI =324 VA=0

Access ModesSupervisor write only

Function: Invalidate all the instruction micro TLB entries.

Data Format:

undefined
63 0

F.12.2.4 WRITE_INSTR_MTLB_SPECIFIED_ENTRY Instruction

Address: ASI = 335 VA = [11:4]

Access ModesSupervisor write only

Function: Inserts the TLB entry specified in the VA[11:4]. Contents of the

instr_tlb_match_dateegisterspecifythe contect:va. The datafield of the
instruction specifies theARand attrilutes associated with it.
Data Format:

see TLB entry format

63

0
F.12.25 WRITE_INSTR_MTLB_FIFO_COUNTER Instruction
Address: ASI =345 VA=0
Access ModesSupervisor write only
Function: Insertsthe TLB entry specifiedin the fifo_counter_rgister Contentsof

theinstr_tlb_match_dateegisterspecifythe contect:va. The datafield of
the instruction specifies thé\Rnd attrilutes associated with it.
Data Format:

see TLB entry format

63 0
F.12.2.6 WRITE_DATA MTLB_SPECIFIED_ENTRY Instruction
Address: ASI = 35/ VA = [11:4]
Access ModesSupervisor write only
Function: Inserts the TLB entry specified in the VA[11:4]. Contents of the

data_tlb_match_datagisterspecifythe contet:va. The datafield of the
instruction specifies theARand attrilutes associated with it.
Data Format:

see TLB entry format

63
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F.12.2.7 WRITE_DATA MTLB_FIFO_COUNTER Instruction

Address: ASI = 36,5 VA=0
Access ModesSupervisor write only
Function: Insertsthe TLB entry specifiedin the fifo_counter_rgister Contentsof

thedata_tlb_match_datagisterspecifythe context:va. The datafield of
the instruction specifies thé\Rind attrilutes associated with it.
Data Format:

see TLB entry format

63 0

F.12.2.8 READ_MTLB_CONTEXT_VA_X Instruction

Address: AS| =375 VA =[11:4]
Access ModesSupervisor read only
Function: Readthe x-field of the context:va portionof the MTLB entry specifiedin
the \A[11:4].
Data Format:
Context[11:0] VA[63:12]
63 52 51 0
F.12.2.9 READ_MTLB_CONTEXT_VA Y Instruction
Address: AS| = 4155 VA = [11:4]
Access ModesSupervisor read only
Function: Readthe y-field of the contet:va portion of the MTLB entry specifiedin
the \A[11:4].
Data Format:
Context[11:0] VA[63:12]
63 52 51
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F.12.2.10 READ_MTLB _PA ATRIBUTES Instruction
Address: ASI = 385 VA = [11:4]
Access ModesSupervisor read only
Function: Read the R and attrilutes of the MTLB entry specified in thé\M 1:4].
Data Format:
DATA
V1|VO|CPRTYRPRTY — |U|[SIZE[3:.0] IE [SO| — PA[40:12] INFO|CH| — |PROTI[5:0
63 62 61 5857 56555453 52 49 48 4746 4140 1211 10 9 65 0

V1: valid bit in Main TLB

VO0: 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][O]: 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[O0]: 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 describeghe suggestedssemblyanguageor-

mat for that instruction. This appendixdescribesthe notation usedin thoseassembly
language syntax descriptionsand lists some synthetic instructions provided by the

SFARC6441l assembler for the carenience of assembly language programmers.

G.1 Notation Used
The notations defined here are also used in the syntax descriptiypzandixA.

Itemsin typewriter font areliteralsto be written exactly asthey appearltemsin
italic fontaremetasymbolshatareto bereplacedy numericor symbolicvaluesin actual
SFARCG6441l assemblylanguagecode.For example,“imm_asi would be replacedby a
numberin therange0 to 255 (thevalueof theimm_asibitsin thebinaryinstruction),or by
a symbol bound to such a number

Subscripton metasymbolg$urtheridentify the placemenbf the operandn the generated
binaryinstruction.For example,reg,,, is a reg (registername)whosebinary valuewill be
placed in thes2field of the resulting instruction.

G.1.1 Register Names
reg:
A reg is an intger rgjister name. It may ha ary of the folloving values!
%r0..%r31
%g0..%g7 (global registers; same &%r0..%r7)
%00..%07 (out registers; same &%r8..%r15)

%I0 ..%I7 (local registers; same &%r16..%r23)
%i0 ..%i7 (in rgisters; same &%r24..%r31)
%fp (frame pointer; corentionally same a%i6)
%sp (stack pointer; corentionally same a%o06)

1. In actual usage, tHsp, %fp, %o, %m, %lIn, and%in forms are preferredver %rn.
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Subscriptsdentify the placementf the operandn the binaryinstructionasoneof

the following:

redrs1 (rsifield)

redrso (rs2field)

&g (rd field)

freg:
An freg is a floating-point rgister name. It may ka the follaving values:

%f0, %f1, %f2 .. %f63 Seeb5.1.4, “Floating-point Rgisters”
Subscriptdurtheridentify the placemenbf theoperandn thebinaryinstructionas
one of the follaving:

fregrs: (rs1field)

fregrs, (rs2field)

fregss (rs3field)

fregrg (rd field)

asr_reg:
An asr_reg is an Ancillary StateRegistername.lt may have one of the following
values:

%asrl6 ..%asr31
Subscriptdurtheridentify the placemenbf theoperandn thebinaryinstructionas
one of the follaving:

asr_reg,s; (rslfield)

asr_regeq (rd field)

i_or_x cc:
An i_or_x_ccspecifiesa setof integer conditioncodes thosebasedon eitherthe
32-bitresultof anoperation(icc ) or onthefull 64-bitresult(xcc ). It may have
either of the follaving values:

%icc

%xcc

fcen :
An fcenspecifiesa setof floating-pointconditioncodeslt mayhave ary of thefol-
lowing values:

%fccO

%fccl

%fcc2

%fcc3

G.1.2 Special Symbol Names

Certainspecialsymbolsappeaiin the syntaxtablein typewriter font . They mustbe
written exactly as thg are shwn, including the leading percent sigr.(

The symbol names and thayigters or operators to which theefer are as follos:
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%asi
%canrestore
%cansave
%cleanwin
%cwp
%fsr
%otherwin
%pc

%pil
%pstate
%tba
%tick

%tl

%tnpc
%tpc
%tstate
Oott

%ccr
%fprs
%ver
%owstate
%y

Address Space Identifiergister
Restorable Whdows register
Savable Wndows register

Clean Whdows register

Current Wndow Pointer rgister
Floating-point State Rgster
Other Windows register
Program Counter ggster
Processor Interrupt el register
Processor Stategester

Trap Base Addressgester

Tick (cycle count) rgister

Trap Level rggister

Trap Net Program Counter gister
Trap Program Countergester
Trap State rgister

Trap Type raister

Condition Codes Rgster
Floating-point Rgisters State mgster
Version rgister

Window State rgister

Y register

The following special symbol namesare unary operatorsthat perform the functions

described:
%uhi
%ulo

%hi

%lo

Extracts bits 6342 (high 22 bits of upperavd) of its operand
Extractsbits 41..32 (low-order 10 bits of upperword) of its
operand

Extractsbits 31..10 (high-order22 bits of low-orderword) of
its operand

Extracts bits 90 (low-order 10 bits) of its operand

Certainpredefinedraluenamesappeaiin the syntaxtablein typewriter font . They
must be writtenyeactly as thg are shawn, including the leading sharp sigh)(

The value names and thalues to which therefer are as folles:

#n_reads
#one_read
#n_writes
#one_write
#page
#Sync
#Memlssue
#Lookaside

0 (for PREFETCH instruction)
1 (for PREFETCH instruction)
2 (for PREFETCH instruction)
3 (for PREFETCH instruction)
4 (for PREFETCH instruction)
40,6 (for MEMBAR instructioncmaskfield)
2045 (for MEMBAR instructioncmaskfield)

104 (for MEMBAR instructioncmaskfield)
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#StoreStore 085 (for MEMBAR instructionmmaskfield)
#LoadStore 04,4 (for MEMBAR instructionmmaskield)
#StoreLoad 02 (for MEMBAR instructionmmaskield)
#lLoadLoad 016 (for MEMBAR instructionmmaskfield)

#AS|_AIUP 10,4 ASI_AS_IF_USER_PRIMAR
#ASI_AIUS 114 ASI_AS_IF_USER_SECONBRY
#AS|_AIUP_L 18 ASI_AS IF_USER_PRIMAR_LITTLE
#ASI_AIUS L 19 AS|_AS_IF_USER_SECONBRY_LITTLE

#AS|_P 80, AS|_PRIMARY

#ASI|_S 81, AS|_SECONDARY
#AS|_PNF 82 AS|_PRIMARY_NOFAULT
#AS|_SNF 83, AS|_SECONDARY_NOFAULT
#ASI P L 88, ASI_PRIMARY_LITTLE
#ASI_S_L 89 AS|_SECONDARY_LITTLE

#ASI_PNF_L  8Aj ASI_PRIMARY_NOFAULT_LITTLE
#ASI SNF_L 8B ASI_SECONMARY_NOFAULT _LITTLE
The full names of the ASIs may also be defined:
#AS|_AS_IF_USER_PRIMARY 10,6
#ASI_AS_IF_USER_SECONDARY 11,6
#AS|_AS_IF_USER_PRIMARY_LITTLE 184
#AS|_AS_IF_USER_SECONDARY_LITTLE19

#AS|_PRIMARY 80,
#AS|_SECONDARY 81,
#AS|_PRIMARY_NOFAULT 82
#AS|_SECONDARY_NOFAULT 83,
#AS|_PRIMARY_LITTLE 88,
#AS|_SECONDARY_LITTLE 89
#AS|_PRIMARY_NOFAULT_LITTLE 8Ay,

#ASI_SECONDARY_NOFAULT_LITTLE 8By

G.1.3 Values

Some instructions use operaralues as follas:
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 identifierdB5)
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 \alue

shcnt32 A shift count from 0.31
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shcnt64 A shift count from 0.63

G.1.4 Labels

A labelis asequencef charactershatcomprisesalphabetidetters(a—z,A—Z [with upper
andlower casedistinct]), underscore$ ), dollar signs($), periods(.), anddecimaldigits
(0-9). A labelmaycontaindecimaldigits, but it maynotbegin with one.A locallabelcon-
tains digits only

G.1.5 Other Operand Syntax
Some instructions alw several operand syntas, as follas:

reg_plus_imm may be any of the f ollo wing:
rédrs1 (equialent toreg,qq + %90
regrgy + SImm13
regrgy— Simmi3
simm13 (equivalent to%g0+ simm13
simm13+ reg,g; (equialent toreg,g + SImmM13

address may be any of the f ollo wing:
rédrs1 (equialent toreg,qq + %90
regrgy + SImm13
regrgy— Simmi3
simm13 (equivalent to%g0+ simm13
simm13+ reg,g; (equialent toreg,g + SImm13
rers1t rrs2

membar_mask is the f ollo wing:

const7 A constanthatcanberepresentech 7 bits. Typically, thisis an
expressioninvolving the logical or of some combinationof
#Lookaside , #Memissue, #Sync, #StoreStore
#LoadStore ,#StoreLoad , and#LoadlLoad .

prefetch_fcn (prefetch function) ma y be any of the f ollo wing:
#n_reads
#one_read
#n_writes
#one_write
#page
0..31

regaddr (register -only address) may be any of the f ollo wing:

rédrs1 (equwalent toreg,qq + %90
r€Qrs1+ reYys2
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reg_or_imm (register or immediate v alue) may be either of:

r€rs2
simm13

reg_or_imm10 (register or immediate v alue) may be either of:

r€rs2
simm10

reg_or_immll (register or immediate v alue) may be either of:

r€rs2
simml11l

reg_or_shcnt (register or shift countv alue) may be any of:
rrs2
shcnt32
shcnt64

software_trap_n umber may be any of the f ollo wing:
rédrs1 (equialent toreg,qq + %90
regegy + Simm7
regrsy — Simm?
simm7 (equivalent to%g0+ simm7
simm7+reg,s;  (equivalent toreg,gq + Simm7
rers1t rrs2

The resultingoperandvalue (softwaretrap number)mustbe in the range0..127,
inclusive.

G.1.6 Comments

Two typesof commentsareacceptedy the SFARC6441l assemblerC-style®/*...*/
commentsywhich mayspanmultiplelines,and®!... " commentswhich extendfrom the
“1” to the end of the line.

G.2 Syntax Design
The SRRC644Il assembly language syntax is designed so that

m Thedestinationoperand(if ary) is consistentlyspecifiedasthe last (rightmost)oper-
and in an assembly language instruction.

m A referenceo the contentsof a memorylocation(in a Load, Store,CASA, CASXA,
LDSTUB(A), or SWAP(A) instruction)is alwaysindicatedby squarebraclets([]); a
referenceo the addressof amemorylocation(suchasin aJMPL, CALL, or SETHI)
is specified directlywithout square braeks.
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G.3 Synthetic Instructions

Table 89 describegshe mappingof a setof synthetic(or “pseudo”)instructionsto actual
instructions.Thesesyntheticinstructionsare provided by the SFARC6441l assemblefor
the cowenience of assembly language programmers.

Note: Syntheticinstructionsshouldnot be confusedwith “pseudo-op$, which typically
provide informationto the assemblebut do not generatanstructions.Syntheticinstruc-
tions always generateinstructions;they provide more mnemonicsyntax for standard

SFARC644ll instructions.

Table 89: Mapping Synthetic to SFARC64-111 Instructions (V9=43)

Synthetic Instruction SPARCG64-11I Instruction(s) Comment
cmp regesy, reg_or_imm |subcc regesy, reg_or_imm %go compare
jmp address jmpl address %g0
call address jmpl address %07
iprefetch label bn,a,pt %xcc, label instruction prefetch
tst regrs1 orcc %90, regyg1, %90 test
ret jmpl %i7+8, %g0 return from subroutine
retl jmpl %07+8, %g0 return from leaf subroutine
restore restore %40, %g0, %g0 trivial restore
save save %40, %g0, %g0 trivial save
(Warning: trivial save
should only be used ireknel
code)
setuw value regyq sethi %hi(val ue), regy (when ((alue&3FFRg) = =0))
—or—
or %g0, value regy (when Osvalue<4095)
— or—
sethi %hi(value), regq; (otherwise)
or regg, %lo(value, regy Warning: do not ussetuw in
the delay slot of a DCTI.
set value reg,q synorym for setuw
setsw valug regyqy sethi %hi(val ue), regy (when (\alue> = 0) and
((value & 3FFRg) = =0))
—or—
or %g0, value regy (when -409&value<4095)
—or—
sethi %hi(val ue), regy (otherwise, if (@lue < 0) and
((value & 3FRg) = =0))
sra regrg, %90, regey
—or—
sethi %hi(value, regq; (otherwise, if alue> = 0)
or regrg, %lo(value, regyq
—or—
sethi %hi(value), regg; (otherwise, if alue<0)
or regyq, %lo(valug, regyq
sra regrg: %90, regyy Warning: do not useetsw in
the delay slot of a CTI.
setx value reg, reg.q sethi %uhi( val ue), reg create 64-bit constant
or reg, %ulo( valug, reg (“reg” is used as a temporary
slix reg,32, reg register)
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Table 89: Mapping Synthetic to SFARC64-11I Instructions (Continued(V9=43)

Synthetic Instruction

SPARCG64-11I Instruction(s)

Comment

sethi %hi( valug, regyq Note:set x optimizations ag
or regrg, 'ed, regq possible but not enumer-
o e (v, rm, | fedhee Tnewortcase
set x in the delay slot of a
CTIL.
signx redrst, g sra reges;; %090, regyg sign-extend 32-bit alue to
signx redrg sra regrg %90, regyg 64 bits
not regrsy, g xnor regrsy, %90, regyg ones complement
not redrg xnor regeg, %90, regyy one’s complement
neg regrso g sub %00, regrsy g two’s complement
neg redq sub %90, reg,q, regyq two’s complement
cas [regrsq, regesy regyq |casa [regrsd#ASI_P, regsy regyy |compare and sap
casl [regrsy, regrsy regyq |casa [regrsJ#ASI_P_L, regsy regyq |compare and sap, little-endian
casx [regrsy). regrsn reégrq |Casxa [regs]#ASI_P, regsy regy |compare and sap etended
casxl [regrsl]s regrsy regrg |casxa [regrs]#ASI_P_L, reg.sy regyg|compare and sap extended,
little-endian
inc redq add redeg: 1, regyg increment by 1
inc constl3 regyy add regeg: Constl3l regy increment by const13
inccc redq addcc regrg: 1, regyg incr by 1; set icc & xcc
inccc constl3 regyqy addcc regeg, COnstl3l regyq incr by const13; set icc & xcc
dec &g sub redeg: 1, regyg decrement by 1
dec constl3 regq sub regeg, Constl3 regy decrement by const13
deccc redq subcc redeg: 1, regyg decr by 1; set icc & xcc
deccc constl3 regq subcc regeg, Constl3l regy decr by const13; set icc & xcc
btst reg_or_imm reg,s; |andcc regrsy, reg_or_imm %go bit test
bset reg_or_imm reg,y |Or regg, €g_Or_imm regq bit set
bclr reg_or_imm reg,y |andn regrg, r€g_Or_imm regyy bit clear
btog reg_or_imm reg,y |Xor regg, r€g_Or_imm regyy bit toggle
clr regrqg or %90, %g0, regq clear (zero) rgister
clrb [addresd stb %g0, [addres$ clear byte
clrh [addresd sth %g0, [addres$ clear halfvord
clr [addres$ stw %g0, [addres$ clear word
clrx [addresd Stx %g0, [addres$ clear extended vord
clruw regrs1, g srl reges;; %90, regqg copy and clear upper ard
clruw g sl regeg: %90, regyy clear upper wrd
mov reg_or_imm reg,y |Or %gO0, reg_or_imm regq
mov %Y, regq rd %Y, regyq
mov %asrn, regy rd %asrn, regy
mov reg_or_imm %y wr %0g0, reg_or_imm %y
mov reg_or_imm %asrn |wr %g0, reg_or_imm %asrn
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Consult V9 for the t& of this appendix.
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| Extending the SP ARC-V9 Ar chitecture

Consult V9 for the t& of this appendix.
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J Programming With the Memor y Models

Consult V9 for the t& of this appendix.
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K Chang es From SPARC-V8 to SPARC-V9

Consult V9 for the t& of this appendix.
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L ASI Assignments

L.1 Intr oduction

Every load or storeaddressn a SFARC V9 processohasan 8-bit AddressSpaceldenti-
fier (ASI) appendedo the VA. TheVA plusthe ASI fully specifytheaddressFor instruc-
tion loads and for data loads or storesthat do not use the load or store alternate
instructions the ASI is animplicit ASI generatedy the hardware.If aload alternateor
storealternatanstructionis usedthevalueof the ASI canbespecifiedn the %asiregister
or asanimmediatevaluein theinstruction.In practice ASIs arenotonly usedto differen-
tiateaddresspacesut areusedfor otherfunctionslik e referencingegistersin the MMU
unit.

L.2 ASI Assignments

For SFARCG644Il all accessesnade with ASI valuesin the range 00,4..7F ¢ When
PSTATE.PRIV =0 will cause arivileged_action exception.

Warning:
The software should follow the ASI assignmentsand VA assignmentsin the following
SFARCG6441l ASI assignmentsSomeillegal ASI or VA accessewill causethe machineto enter
unknawn states.

Table 90: SFARCG6441l ASI Assignments

ASlg RIW | VA6 Description Reference
00..03 — — — —
04 R/W — ASI_NUCLEUS 8.3
05..0B — — — —
0oC R/W — ASI_NUCLEUS_LITTLE 8.3
0D..OF — — — —
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




410 L ASI Assignments
Table 90: SFARCG644Il ASI Assignments Continued
ASlqg RIW | VA Description Reference
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 @
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 F12.2.1
31 w — ASI_INVALIDATE_MICRO_DATA_TLB F12.2.2
32 w — ASI_INVALIDATE_MICRO_INSTRUCTION_TLB F12.2.3
33 w — ASI_INSTRUCTION_MAIN_TLB_INTO_SPECIFIED_ENTRY F12.2.4
34 w — ASI_INSTRUCTION_MAIN_TLB_INTO_FIFO_ENTRY F12.2.5
35 w — ASI_DATA_MAIN_TLB_INTO_SPECIFIED_ENTRY F12.2.6
36 w — ASI_DATA_MAIN_TLB_INTO_FIFO_ENTRY F12.2.7
37 R — ASI_MAIN_TLB_CONTEXT_AND_VA_X F12.2.8
38 R — ASI_MAIN_TLB_PA_AND_ATTRIBUTES F12.2.10
39 R — ASI_INSTRUCTION_TMB_TAG_REGISTER F.12.1.10
3A R — ASI_DATA_TMB_TAG_REGISTER F12.1.11
3B R — ASI_INSTRUCTION_8KB_TMB_POINTER F12.1.12
3C R — ASI_INSTRUCTION_64KB_TMB_POINTER M4
3D R — ASI_DATA_8KB_TMB_POINTER F.12.1.13
3E R — ASI_DATA_64KB_TMB_POINTER F12.1.15
10 ASI_INSTRUCTION_TLB_MATCH_DATA_REGISTER F12.1.6
20 ASI_DATA_TLB_MATCH_DATA_REGISTER F.12.1.7
3F RIW 30 ASI_INSTRUCTION_TMB_BASE_REGISTER F12.1.4
40 ASI_DATA_TMB_BASE_REGISTER F.12.1.5
10 ASI_PRIMARY_CONTEXT_REGISTER F12.1.1
20 ASI_SECONDARY_CONTEXT_REGISTER F12.1.2
40 R/W 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 F12.1.9
42..43 — — — _
44 R/W — ASI_SCRATCH_REGISTER F12.1.16
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_N4 4
4A R/W — ASI|_UPA_CONFIGURATION_REGISTER R4.1

4B..5F
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Table 90: SFARCG644Il ASI Assignments Continued

ASlqg RIW | VA Description Reference
60 R/W — ASI_PRIMARY_STRONG_ORDER_RESTRICTED L.3.5
61..67 — — — —
0* ASI_U2_CACHE_TAG M.7.1
RIW 1* ASI_U2_CACHE_DATA M.7.2
2% ASI_FLUSH_U2_CACHE_TO_MEMORY_USING_U2_CACHE_INDEX M.7.3
68 w 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
6* ASI_U2_CACHE_BUFFER_REGISTER_0 M.7.7
RIW 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 P7.1
6d R/W — ASI_ICU_ERROR_LOG_REGISTER pP7.2
6e R/W — ASI_DC_ERROR_LOG_REGISTER P7.3
6f R/W — ASI_UC_ECC_ERROR_INJECTION_REGISTER P7.4
70-76 | — — — —
40 ASI_OUTGOING_INTERRUPT_VECTOR_DATA_REGISTER_0
50 ASI_OUTGOING_INTERRUPT_VECTOR_DATA_REGISTER_1 N.4.5
" w 60 ASI_OUTGOING_INTERRUPT_VECTOR_DATA_REGISTER_2
70 ASI_DISPATCH_INTERRUPT_VECTOR N.4.1
78-Te — — — —
40 ASI_INCOMING_INTERRUPT_VECTOR_DATA_REGISTER 0
7F R 50 ASI_INCOMING_INTERRUPT_VECTOR_DATA_REGISTER_1 N.4.6
60 ASI_INCOMING_INTERRUPT_VECTOR_DATA_REGISTER 2
80 R/W — ASI_PRIMARY
81 R/W — ASI_SECONDARY
82 R — ASI_PRIMARY_NO_FAULT 83
83 R — ASI_SECONDARY_NO_FAULT
84-87 — — — —
88 R/W — ASI_PRIMARY_LITTLE
89 R/W — ASI_SECONDARY_LITTLE
8A R — ASI_PRIMARY_NO_FAULT_LITTLE 8.3
8B R — ASI_SECONDARY_NO_FAULT_LITTLE
8C-E1 — — — —
E2 R/W — ASI_PRIMARY_STRONG_ORDER L.3.6
E3-FF — — — —
Note:

In the ASI 3Fg 4016 7716 7Fy definitions,there are sub definitions which are specifiedby
VA[63:0] values.
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Note:
In the ASI 6§ definitions, there are sub definitions which are specified¥80728] values.

Note:
“Flush U2 CacheTo Memory Using U2 Cachelndex” (ASI=68;¢ VA[30:28]=2;¢ and“Flush U2
CacheTo Memory Using PA” (ASI=69,¢) operationsmay corruptsystemmemorycohereng if
issuedduringothermemoryactuities, or overlappedwith otherrequestsTheseoperationshallnot
be usedn the system programs. Thare only for bringup/diagnostic purposes.

L.3 Special Memor y Access ASI’ s

This section describesspecial memory accessASI’'s which are not specified in
SRARC-V9.

L.3.1 ASI 14,4 (ASI_PHYSICAL_CA CHEABLE)

Whenthis ASI is specifiedin any memoryaccessnstructions,the following thingsare
done by the hardare.

m VA[40:0] is passedto PA[40:0], and VA[63:41] and CONTEXT valuesare disre-
garded.

m  Memory access bebes as if:
e CH (Cacheable) = “1”
e SO (Strong Order) = “0”
e NFO (Nontulting Only) = “0”
e PROT (SR/SW/SX/UR/UW/UX) =“111111"
e Big Endian

Evenif D_MDTLB (DisableMain DataTLB) bit in SCRis set,theaccessvith thisASl is
still a cacheable access.

L.3.2 ASI 1544 (ASI_PHYSICAL_NONCA CHEABLE_STRONG_ORDER)

Whenthis ASI is specifiedin any memoryaccessanstructions,the following thingsare
done by the hardavre.

m VA[40:0] is passedio PA[40:0], and VA[63:41] and CONTEXT valuesare disre-
garded.

m Memory access bebes as if:
e CH (Cacheable) =*“0”
e SO (Strong Order) =“1”
e NFO (Nonhulting Only) = “0”
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e PROT (SR/SW/SX/UR/UW/UX) = “111111"
e Big Endian

L.3.3 ASI 1Cg (ASI_PHYSICAL_CA CHEABLE_LITTLE)

Whenthis ASI is specifiedin any memoryaccessanstructions,the following thingsare
done by the hardavre.

m VA[40:0] is passedio PA[40:0], and VA[63:41] and CONTEXT valuesare disre-
garded.

m Memory access bebes as if:
e CH (Cacheable) =1
e SO (Strong Order) =*“0”
e NFO (Nonhulting Only) = “0”
e PROT (SR/SW/SX/UR/UW/UX) = “111111"
e Little Endian

L.3.4 ASI 1D (ASI_PHYSICAL_NONCA CHEABLE_LITTLE_STR ONG_ORDER)

Whenthis ASI is specifiedin ary memoryaccessnstructions,the following things are
done by the hardare.

m VA[40:0] is passedio PA[40:0], and VA[63:41] and CONTEXT valuesare disre-
garded.

m  Memory access bebes as if:
e CH (Cacheable) =*“0”
e SO (Strong Order) =“1”
e NFO (Nonhulting Only) = “0”
e PROT (SR/SW/SX/UR/UW/UX) = “111111"
e Little Endian

L.3.5 ASI 60,4 (ASI_PRIMARY_STRONG_ORDER_RESTRICTED)

Whenthis ASI is specifiedin any memoryaccessnstructions,the following thingsare
done by the hardare.

m Primary Contgt is used for the address translation.

m The access is strongly orderedasdless of load or store, and the memory model.
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L.3.6 ASIE2,5 (ASI_PRIMARY_STRONG_ORDER)

Whenthis ASI is specifiedin any memoryaccessnstructions,the following thingsare
done by the hardavre.

m Primary Contgt is used for the address translation.

m The access is strongly orderedardless of load or store, and the memory model.



M Cache Organization

M.1 Introduction

All cachedan the CPU keeponecacheline size,thatis, 64 bytes.All cachesn the CPU
keepinclusiverelationsby hardware,thatis, if a cacheline residesin Level-0, it must
residein Level-1 andLevel-2. Oncea cacheline is evicted from Level-2 Cachethe hard-
ware is responsible for flush-andridating Level-1 and Leel-0 Caches.

M.2 Level-0 Instruction Cac he (10 Cache)

The 10 Cacheis virtually-indexed virtually-tagged (VIVT), 16 KBytes direct-mapped
cache.An 10 cachetag containsvirtual addressand contet-ID. An 10 Cachehit occurs
when both virtual address and cotitenatch.

Thel0 Cachecannot be bypassedWhenthe Invalidate _10bit in ASR3L1is set,thewhole
I0 cache is imalidated.

|0 Cache &g and |0 Cache Data are parity-protected.

M.3 Level-1 Instruction Cac he (11 Cache)

Thell Cacheis avirtually-indexed physically-tagged VIPT), 64 KBytes 4-way set-asso-
ciative cache.

Instructionfetchesbypasshell Cachewhenthey arenoncacheablaccessedNoncache-
able accesses are specified under the condiamsB 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 11 Cache dg is parity-protected and the 11 Cache Data is ECC-protected.

M.4 Level-1 Data Cac he (D1 Cache)

The D1 Caches avirtually-indexed physically-tagged VIPT), write-back,allocating-on-
write-miss, 64 KBytes 4-ay set-associate cache.
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Dataaccessebypasshe D1 Cachewhenthey arenoncacheablaccessesNoncacheable
accesses are specified under the condionsDd (B orR C OR D), where:

A. The ASI used for the accessis neither ASI_PHYSICAL_CACHEABLE (ASI 14,) nor
ASI_PHYSICAL_CACHEABLE_LITTLE (ASI 1Cg).

B. The ASI usedfor the accesss either ASI_PHYSICAL_NONCACHEABLE_STRONG_ORDER
(15,6) Or AS|_PHYSICAL_NONCACHEABLE_LITTLE_STRONG_ORDER (ASI 1D4g).

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 &g is parity-protected and the D1 Cache Data is ECC-protected.

M.5 Level-2 External Unified Cac he (U2 Cache)

The CPU's level-2 ExternalCacheis a physically-indexed physically-taggedPIPT), uni-
fied, write-back, allocating, direct-mappedcacheof variable size (1M, 2M, 4M, 8M,
16M). The U2 Cache has no references to virtual address andtdaafaemation.

Whentheaccesss noncacheableéhe U2 Caches bypassedThe U2 CacheTagis parity-
protected and U2 Cache Data is ECC-protected.

M.6 Cache Coherenc y Protocols

The CPUusesthe UPA MOESI Cachecoherencerotocol;theselettersareacrorymsfor
cache line states as fois:

Exclusive Modified
Shared Modified (@ned)
Exclusve clean

Shared clean

Invalid

—|lnwmo|Z

A subsebf the MOESI protocolis usedin thel1-Cache the D1-CacheandD-Tagin the
system controllerThe table bel shavs the relations between the protocols.

U2-Cache D-Tag in SC D1-Cache 11-Cache
Invalid (1) Invalid (1) Invalid (1) Invalid (1)
Shared Clean (S)
Shared Maodified (O)
Shared Modified (O) Shared Modified (O)
Exclusive Clean (E)

Shared Clean (S)

Clean (C)

Clean (C)

Exclusive Modified (M) Clean (C)
Exclusve Modified (M) Exclusve Modified (M)
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The table bele shavs the encoding of the MOESI states in the U2 Cache.

Bit 2 (Valid) Bit 1 (Exc lusive) Bit 0 (Modified) State
0 — — Invalid (1)
1 0 0 Shared Clean (S)
1 1 0 Exclusve Clean (E)
1 0 1 Shared Modified (O)
1 1 1 Exclusive Modified (M)

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 Idx(@) , lddf(a) , stx(a) , or
stdf(a) . Otherwise, @ata_access_exception With FTYPE=Rg (Invalid ASI) is talen.

No address translation is performed for these instructions.

VA[3:0] of all of the instructionsshouldbe 0. Otherwise,a mem_not_aligned trap is
taken.

Thedon't-carebits (describedas'—’ in theformat)in VA canbeof ary value.But it
is recommended that the softse use zero for these bits.

The don't-care bits (describedas‘—' in the format) in DATA arereadaszeroand
ignored on write.

Theinstructionoperationsarenot affectedby PSTATE.CLE. They arealwaystreated
as in a big endian mode.

The instructions do not cause the processor to sync.

Theinstructionsareall strongly orderedregardlessof load or store,andthe memory
model. Therefore, no speculaiexecutions are performed.

In the following casessomeof the U2 CachelNDEX bits areignoredandtreatedas
zero by the hardare depending on U2 Cache size.

e Read/Write U2 Cacheafj (ASI=6§¢, VA[30:28]=0)

e Read/Write U2 Cache Data To/From U2 Cache Buffer Registers (ASI=68;¢,
VA[30:28]=001)

e Flush U2 CachedMemory Using U2 Cache Ind€¢ASI=68,¢5 VA[30:28]=010,)
e Flush L1 Cached@ U2 Cache Using U2 Cache Ind@SI=6A;¢)

When U2 Cacheis configuredas 1Mb, INDEX[23:20] is ignoredand treatedas
zero.
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When U2 Cacheis configuredas 2Mb, INDEX[23:21] is ignoredand treatedas
zero.

When U2 Cacheis configuredas4Mb, INDEX[23:22] is ignoredand treatedas
zero.

When U2 Cacheis configuredas 8Mb, 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 Caclag T
ASI: 686
RW: Supervisor Read, Supervisor Write
VA: See belw for details.

— 000 — INDEX — (0000
63 31 30 28 27 24 23 65 43 0

INDEX[23:6]
U2-Cache line inde(physical address).

DATA: Below is the format of the U2 Cachag:

— PRTY| DVA | IVA PA DWY| IWY| DIN| IIN |MOESI

63 36 35 34 33 3231 3029 98 76 5 4 3 2 0
PRTY[1:0]
Parity bits. Bit-1 is the parity for bits 33-17,andbit-0 is the parity
for bits 16-0.
DVA[13:12]
D1 Cache ¥ bits 13-12.
IVA[13:12]
|1 Cache WA bits 13-12.
PA[40:20]
Physical address bits 40-20.
DWY][1:0]
D1 Cache wy number
IWY[1:0]

|1 Cache vy number

DIN
D1 Cache inclusion bit.
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1IN
|1 Cache inclusion bit.

MOESI[2:0]
MOESI state of the cacheline in U2 Cache.See M.6, “Cache
Cohereng Protocols’for the encoding.

Note:
During this read operation, the read data of U2 CaelgesTnot parity-che@d.

Beforeexecutingthis instruction,U2-CacheDataECC checkshouldbe disabled(ASR31
bit 50 shouldbe‘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 Caclier Rejisters 0 and 1.
Write the specifiedl 6 byte U2 Cachedatafrom U2 CacheBuffer RegistersO and
1. U2 Cache BUiér Ragister 0 corresponds to the upper 8 bytes (bit 127-64), and
U2 Cache Buer Raister 1 corresponds to thener 8 bytes (bit 63-0).

ASI: 686
RW: Supervisor Read, Supervisor Write.
VA: See belw.
. . OFF
001 INDEX SeT| 0004
63 31 30 28 27 24 23 65 43 0
INDEX[23:6]
U2 Cache line inde(physical address).
OFFSETI[1:0]

Offset in the cache line (equal t&[B: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 EC@gatheck
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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: 686
RW: Supervisor Read (in the read case, it simply befias a nop), Supervisor Write.
VA: See bela.
— 010 | — INDEX — 10000
63 31 30 28 27 24 23 65 43 0
INDEX[23:6]

U2 Cache line inde(physical address).
DATA: The data in load and store instructions are not used in this operation.

Note:
This operationmay corrupt systemmemory cohereng if issuedduring other memory
actiities, or overlappedwith otherrequestslt shallnot be usedin the systemprogram;it
is intended for bringup/diagnostic purposes only

M.7.4 Invalidate 11 Cac he Using 11 Cac he Index and W ay

Function: Invalidateanll Cachdine specifiecby its way numberandindex. TheU2 Cache
is not updated by this operation.

ASI: 6816
RW: Supervisor Read (in read case, it simply vekaas a nop), Supervisor Write.
VA: See belu.
— 011 — | WAY — INDEX | — |000(Q
63 31 30 28 27 18 17 16 15 14 13 65 43 0
WAY[1:0]
|1 Cache vy number
INDEX[13:6]

I1 Cache line inde (virtual address)
DATA: The data in load and store instructions are not used in this operation.

Note:
This operationcorruptssystemmemorycohereny if usedin thenormalOS ervironment.
This is only for 11 and D1 Cache initialization by the OBP saftwv
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M.7.5 Invalidate D1 Cac he Using D1 Cac he Inde x and W ay

Function: InvalidateaD1 Cachdine specifiedby its way numberandindex. U2 Caches not
updated by this operation.
ASI: 686
RW: Supervisor Read (in read case, it simply vekaas a nop), Supervisor Write.
VA: See bela.
— 100 — WAY | — INDEX | — |000(Q
63 31 30 28 27 18 17 16 15 14 13 65 43 0
WAY/[1:0]
D1 Cache wy number
INDEX[13:6]
D1 Cache line inde (virtual address)
DATA: The data in load and store instructions are not used in this operation.
Note:

This operationcorruptssystemmemorycohereng if usedin thenormalOServironment.
This is only for 11 and D1 Cache initialization by the OBP safav
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M.7.6 Nop
Function:  No operation.
RW: Supervisor Read, Supervisor Write.
ASI: 6816
VA: See belo.
— 101 — 0000
63 31 30 28 27 43 0
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 Biglr Ragister 0. Read from U2 Cache Barf Register O.
Write into U2 Cache Bér Ragister 0.
ASI: 6816
RW: Supervisor Read, Supervisor Write.
VA: See belu.
— 110 — 0000
63 31 30 28 27 43 0
DATA: See belw.
DATA
63 0
DATA

Bits[63:0] are the data to be read or written by this operation.
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M.7.8 Read/Write U2 Cac he Buff er Register 1

Function: Read U2 Cache Bigr Ragister 1. Write U2 Cache Bigir Register 1.
ASI: 686
RW: Supervisor Read, Supervisor Write.
VA: See belw.
— 111 — 000¢
63 31 30 28 27 43 0
DATA: See belu.
DATA
63 0
DATA

Bits [63:0] contain the data to be read or written in this operation.

M.7.9 Flush U2 Cac he To Memory Using P A

Function:  Flush the specified®U2 Cache data to the memory
ASI: 6916
RW: Supervisor Write.
VA: See bela.
— PA — 10000
63 41 40 65 43 0
PA[40:6]
Cache line pysical address to be flushed
DATA: The data in load and store instruction is not used in this operation.
Note:

This operationmay corrupt systemmemory cohereng if issuedduring other memory
activities, or overlappedwvith otherrequestsTheseoperationshallnotbe usedin the sys-
tem program. I8 only for bringup/diagnostic purposes.
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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 11 and D1 Cache line to U2 Cache.

ASI: GA]_G
RW: Supervisor Write.
VA: See belw.
— INDEX — |4h0
63 24 23 65 43 0
INDEX[23:6]

U2 Cache line inde (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 Rester This rayister holds the configuration
informationfor U2 CacheDataSRAM andTag SRAM. Theregisteris readonly;
values are scanned into thgister during initialization.

ASI: 6Bqg
RW: Supervisor Read.
VA: See bela.
— 0000
63 43 0

DATA: See belw.

L2 2BANKS NEEDS_ |UC_DATA_ |UC_ADDR | SRAM_K_| SRAM_ |TAG_RDY_|DATA_RDY
— - DEAD_CY(C DLY_SEL | DLY_SEL |FREE_RUN| TCYC LTNCY _LTNCY
63 20 19 18 17 10 9 8 7 6 5 32 0
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 deaytte.
1: SRAM needs dead/cle.

UC_DATA_DLY_SEL[7:0]
Max. 8 SRAMS. Each 2 SRAM are defined belo

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
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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 clock only for read/writesthenstopclock (logi-
cal 0).
1: Free running SRAM clock.

SRAM_TCYC
SRAM Clock Cycle.
1. SRAM Tg/c = 1x CPU Tygc.
0: SRAM Tg/c = 2x CPU Tgc.

TAG_RDY_LTNCY[2:0]
Tag ready latencas a multiple of CPU clockycles.
001: (unused)
010: (unused)
011: 3 gcles
100: 4 gcles
101: 5 gcles
110: 6 gcles
111: 7 gcles
000: 8 gcles

DATA_RDY_LTNCY[2:0]
Data ready laterycas a multiple of CPU clockycles.
001: (unused)
010: (unused)
011: 3 gcles
100: 4 gcles
101: 5 gcles
110: 6 gcles
111: 7 gcles
000: 8 gcles
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N Interrupt Handling

N.1 Interrupt Dispatc h

When a processomwantsto dispatchan interruptto anotherUPA port it first setsup the
interrupt dataregistersINTR_DATA_WO0, W1, and W2 using ASI instructions.It then
sendsan INTR_VECTOR_DISRATCH instruction. The interrupt paclet and the associ-
ateddatais forwardedto the target UPA by the systemcontroller The processopolls the
BUSY bit in the INTR_DISFATCH_STATUS registerto determinewhetherthe interrupt
hasbeendispatchedsuccessfullyor not. Below is an example of the interruptdispatch

flow.

|

readINTR_DISRATCH_STATUS
if <Busy > Error

begin atomic sequence
PSTTE.IE <-0
Write INTR_DATA_WO0
Write INTR_DATA_W1

Write INTR_DATA_W2

INTR_VECTOR_DISRATCH
MEMBAR

readiINTR_DISPATCH_STATUS

if < Busy >

PSRTE.IE <-1
end atomic sequence
if < Nack>
else dispatch complete

l

N.2 Interrupt Receive

When an interrupt paclet is receved, threeinterrupt dataregistersare updatedwith the
associatedlataand the BUSY bit in the INTR_RCV_STRTUS is set. If interruptsare
enabledtheprocessotakesatrapandtheinterruptdataregistersarereadby the software
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to determinethe appropriatetrap handler The handler may reprioritize this interrupt
paclet to a laver priority. Belav is an @ample of the interrupt recas flow.

|

readINTR_RECEIVE_SATUS
if <! Busy > Error

Read INTR_ATA_RO
Read INTR_ATA_R1
Read INTR_ATA_R2

Determine Tap Handler

Handle Interrupt
or
Reprioritize : Set SCHED_INT_REG

CLEAR_INTR_RCV_SATUS

|

done

N.3 Interrupt ASI Register s

Interrupt Receive Register

This ragister reports the status of incoming interrupts.

— BUSY MID[4:0]

63 6 5 4 0

BUSY (read/write)
This bit is setwhenaninterruptvectoris receved. Softwarehasto clearthis bit 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.

— NACK BUSY

63 2 1 0
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NACK (read onl y)
Setwhenaninterruptdispatchhasfailed. Thisis clearedat the startof every inter-
rupt attempt.

BUSY (read only)
Set if there is an outstanding dispatch
Interrupt Data Register s

Threeinterruptdatawrite registersINTR_DATA_WO0-2 andthreeinterruptdatareadreg-
isters INTR_DATA _RO-2 are maintained by the UC.

Data

63 0

N.4 ASI Instructions f or Interrupt Pr ocessing

N.4.1 INTR_VECTOR_DISPATCH Instruction
Function:  Trigger an interruptector dispatch to the @&t CPU residing at slot MID along
with the contents of the three interrugictor data rgisters
Address: VA<63:19>=dont-care, VW<18:14>=Tamget-MID, VA<13:6>=dont-care,
VA<5:0>=0x3Q(Thesoftwareshouldnormallyspecifyall zerofor VA<63:19>and
VA<13:7> and one for A<6> even though thg are dort-care.

Target-MID| — |0x30

63 1918 1413 65 0

ASI: 7716
Instr:  STXA
Data: Not used

N.4.2 READ_INTR_DISPATCH_STATUS Instruction
Function: Read the contents of the Interrupctor Dispatch Statusgister

Address: VA<63:4>=dont-care, VA<3:0>=0x0 (The softare should normally specify all
zero for VA<63:4> e/en though thg are dont-care.

0x0
63 43 O
ASI: 486

Instr:  LDXA
Data: See Interrupt ¥ctor Status Rgster description iN.3, “Interrupt ASI Registers”.




430

N Interrupt Handling

N.4.3

READ_INTR_RCV_STATUS Instruction

Function: Returns the contents of the Interrugictor Receie Status rgister
Address: VA<63:4>=dont-care, VA<3:0>=0x0 (The softare should normally specify all

zero for \A<63:4> even though theg are dont-care.

0x0

63

N.4.4

43 0

ASI: 4916
Instr:  LDXA
Data: See Interrupt Receg Raister description ifN.3, “Interrupt ASI Rgisters”

CLEAR_INTR_RCV_STATUS Instruction

Function: When bit 5 of the write data is zero, it clears thsybbit in the Interrupt &ctor

Receve Status rgister When bit 5 of the write data is one, it does nothing.

Address: VA<63:4>=dont-care, VA<3:0>=0x0 (The softare should normally specify all

zero for VA<63:4> eren though thg are dont-care.

0x0

63

N.4.5

43 0

ASI: 4916
Instr:  STXA
Data: Only bit 5 is used.

Instructions to Write Interrupt Data Register 0-2

Function: These instructions are used to modify the contents of the three interrupt dispatch

data rgisters, INTR_[ATA_ WO to 2.

Address: VA<63:6>=dont-care,VA<5:4>=0x0for register0, VA<5:4>=0x1for registerl,

VA<5:4>=0x2 for rgister2, VA<3:0>=0x0 (The softare should normally
specify all zero for X<63:6> e/en though thgare dont-care.

0x0 for register-0
0x1 for register-1 | Ox0

0x2 for register-2

63

N.4.6

6 5 43 0

ASI: 7716
Instr:  STXA
Data: Data[63:0] to be written to the interrupt datgister

Instructions to Read Interrupt Data Register s

Function: These instructions are used to read the contents of the three interru dedei

registers: INTR_[ATA RO,1, 2.

Address: VA<63:6>=dont-care,VA<5:4>=0x0for register0, VA<5:4>=0x1for registerl,
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VA<5:4>=0x2 for rgister2, VA<3:0>=0x0 (The softare should normally
specify all zero for X<63:6> esen though thgare dont-care.

0x0 for register-0
0x1 for register-1 | Ox0

0x2 for register-2
63 6 5 43 0
ASI: 7F16

Instr:  LDXA
Data: Data <63:0> to be read from the interrupt dataster

N.5 Interrupt-Related ASR register s

Therefollowing subsectionslescribethe ASR registersthat arerelatedto interrupthan-
dling.

N.5.1 Set SCHED_INT (ASR20)

WR ASR20setsbitsin the SCHED_INTregister See5.2.11.3,'Set SCHED INTR&gis-
ter (ASR20)"for a complete description.

N.5.2 Clear SCHED_INT (ASR21)

WR ASR21clearsbhitsin SCHED _INTregister See5.2.11.4,'Clear SCHED INTR&gis-
ter (ASR21)"for a complete description.

N.5.3 Schedule Interrupt (SCHED_INT) Register (ASR22)

The software usesthis registerto schedulenterrupts.See5.2.11.5,"Schedulelnterrupt
(SCHED _INT) Register (ASR22)for a complete description.

N.5.4 TICK Match Register (ASR23)

This registeris comparedvith the TICK Register andwhenthey match,aninterruptcan
be generated. S&2.11.6, “TICK Match Rgister (ASR23)for a complete description.
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O Reset, RED_state , and Err or_state

0.1 Reset
0.1.1 Power-on Reset (POR)

The CPU hasa Paver-On Reset(PORpin namedUPA_RESET_L (assertedow). This
pin mustbe assertedafter the power supply reachedull operationalvoltage.Whenthis
signalis assertedall otherresetsandtrapsareignored.Any pendingexternaltransactions
are cancelled.

Assertionof PORgeneratesitrapof TT=1 andcauseshe processoto transferexecution
to RST\addr + 0x20. This signal must be asserted for at least 4 mS.

PORis supported¢hroughScanby embeddedAP andPROM in the CPUprocessomod-
ule.0.4, “Hardvare Paver On Reset Sequenceéscribes this process in detail.

0.1.2 Watchdog Reset (WDR)
Not supported.
SFARC-V9 says that WDR is optional and possibly implementation-dependent.

0.1.3 Externall y Initiated Reset (XIR)

The CPU hasan ExternallyInitiated Reset(XIR) pin namedUPA_XIR_L (assertedow).
This pin mustbe assertedvhile the power supplyis at full operationalvoltageandthe
UPA clock is running.

If TL (Trap Level) < MAXTL (4), the assertionof XIR generates trap of TT=3 and
causes the processor to transferaaition to RST®ddr + 0x60.

If the processorecevesan XIR while TL = 4, it will enterto error_stateThe CPU sends
P_FERR to UR, and &entually the URA system controller will RESET all processors.

0.1.4 Software Initiated Reset (SIR)
A Software-Initiated RESET is initiated byyaprocessor with a SIR instruction.
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If TL (TrapLevel) < MAXTL (4), aSIRinstructioncauses trapof TT=4 andcauseshe
processor toxecute instructions from RSHBddr + 0x80.

If aprocessoexecutesanSIR instructionwhile TL =4, it will enterto error_stateThe CPU
sends P_FERR to the BPand eentually the URA system controller will RESET all processors.

0.2 RED_state and Err or_state
0.2.1 Processor State T ransition Dia gram

Figure 87contains the processor state transition diagram.

TRAP@<MAXTL
SIR@<MAXTL
TRAP TRAP@MAXTL-1 XIR@<MAXTL TRAP@MAXTL
@<MAXTL-1 SIR@<MAXTL POR SIR@MAXTL
Watchdog* XIR@<MAXTL RED=1 TRAP@MAXTL XIR@MAXTL
POR SIR@MAXTL Watchdog*
RED=1 XIR@MAXTL
Watchdog* Watchdog* — -
e
N /E\ v \
Exec T Red \ Error** |
¢ ¢ POR \ /
DONE/RETRY - _ 7
RED=0 POR

Watchdog*

* Behavior on Watchdog trap is dependent on ASR31.
** Error state immediately generates P_FERR and results in POR. Thus the state is transient.

Figure 87: Processor State Diagram

0.2.2 RED_state

Oncethe processoentersRED _statdor any reasonexceptwhena power on reset(POR)
is performedthe softwareshouldnot attemptto returnto Execute_statéaf thisis doneby
software, the state of the processorns unpredictable.The sequenceof getting out of
RED_stateafter a power on resetis describedin 0.4, “Hardware Pover On Reset

Sequence”

Whenthe processoprocessesa resetor atrapthatentersRED _statejt takesatrapatan

offsetrelative to the RED_state_trap actorbaseaddresgRSTVaddr);in the CPUthisis

at virtual address VA=FFFF FFFF FO00 000014 and physical address
PA = 0000 O1FF FO00 0000 1.
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Thefollowing furtherdescribethe processobehaior ontheentryof RED_stateanddur-
ing the RED_ state:

m  Wheneer the processorentersor exits from RED_statethe 10 cacheand prefetch
buffers are imalidated.

m  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)presetby the hardware.lt is softwares responsibilityto resetthesebits
when required (for>ample, when the processaits from RED_state).

m  Whenthe 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 unli the case abe.

m  Whenthe processois in RED_statejt behaesasif bit-0 (SM), bit-27 (D_UITLB),
andbit-29 (D_MITLB) aresetregardlesof theactualthesevaluesin the SCRregistet

0.2.3 Error_state

The processorenters error_statewhen a trap occurs and TL = MAXTL (4). The
SFARC644Il sendsP_FERRto the UPA, andeventually UPA systemcontrollerwill RESETall
processors.

0.3 Processor State after Reset and in RED _state
Table 91shaws the warious 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 happenduy settingthe PSTATE.RED bit using WRPR instruction,no
CPU statewill be changedexceptthe PSTATE.RED bit itself; the effects of this are
described irD.2.2, “RED _state”

Table 91: CPU State after Reset and in RED_state

Name POR XIR SIR RED_state
Integer rayisters Unknown Unchanged
Floating Point rgisters Unknown Unchanged
RSTV value VA = 0xffff ffff f000 0000
PA = 0x1ff f000 0000
PC RSTV | 0x20 RSTV | 0x60 RSTV | 0x80 | RSTV | 0xAO
nPC RSTV | 0x24 RSTV | 0x64 RSTV | 0x84 | RSTV | 0xA4
PSTE AG 1 (Alternate Globals)
IE 0 (Interrupt disable)
PRIV 1 (Prvileged mode)
AM 0 (Full 64-bit address)
PEF 1 (FPU on)
RED 1 (Red_state)
MM 00 (LSO)
TLE 0 (Trap little endian)
CLE 0 (Current little endian)
TBA[63:15] Unknown ‘ Unchanged
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Table 91: CPU State after Reset and in RED_stateCpntinued

Name POR XIR | SIR | RED_state
Y Unknown Unchanged
PIL Unknown Unchanged
CWP Unknown Unchangedept for rgister windev traps
TT[TL] ox1 0x3 | x4 trap_type
CCR Unknown Unchanged
ASI Unknown Unchanged
TL MAXTL min(TL+1, MAXTL)
TPC[TL] Unknown PC
TNPC[TL] Unknown nPC
TSTATE CCR Unknown CCR
ASI ASI
PSTATE PSTATE
CWP CWP
PC PC
nPC nPC
TICK NPT 1 Unchanged Unchanged
Counter Restart at 0 Restart at 0 Unchanged (&ep counting)
CANSAVE Unknown Unchanged
CANRESTORE Unknown Unchanged
CANWIN Unknown Unchanged
CELARWIN Unknown Unchanged
WSTATE OTHER Unknown Unchanged
NORMAL Unknown Unchanged
VER 0x0004
0x3
mask-dependent
Ox4
0x4
FSR 0 Unchanged
FPRS Unknown Unchanged
HW MODE TSO 00 (HLSO) Unchanged
(ASR18) PSO 00 (HLSO) Unchanged
RMO 00 (HLSO) Unchanged
BRM 01(2bit br pred) Unchanged
DPE 00 (Enable DPrefetch 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 1 Unchanged
(ASR23) M_VAL Unknown Unchanged
Data Break Point Unknown Unchanged
(ASR26)
Data Fault Address Unknown Unchanged Unchanged
(ASR28) or
Address of
Data fwult
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Table 91: CPU State after Reset and in RED_stateCpntinued

Name POR XIR | SIR RED_state
Data Rult Type Unknown Unchanged Unchanged
(ASR29) or
Type of Data
fault
Performance (ASR30) Unknown Unchanged
SCR SM 1 (Sequential Mode)| 1 (Sequential Mode)
(ASR31) 110 0 Unchanged
PM 0 Unchanged
TR 0 Unchanged
W_SEL 000 Unchanged
W_EN/RED 00 Unchanged
PM_US 0 Unchanged
DB_GSEL Unknown Unchanged
DB_CSEL Unknown Unchanged
E_CSE 0 Unchanged
D_UITLB 1 (Disable ulTLB) 1 (Disable ulTLB)
D_UDTLB 1 (Disable uDTLB) | 1 (Disable uDTLB)
D_MITLB 1 (Disable MITLB) | 1 (Disable MITLB)
D_MDTLB 1 (Disable MDTLB) | 1 (Disable MDTLB)
D_UAE 1 Unchanged
D_ICW3:0 0000 Unchanged
D_DCW3:0 0000 Unchanged
D_loP 1 Unchanged
D_I1P 1 Unchanged
D_D1P 1 Unchanged
D_U2P 1 Unchanged
D_UITM 1 Unchanged
D_UITP 1 Unchanged
D_MTP 1 Unchanged
D_URA 1 Unchanged
D_I1E 1 Unchanged
D_D1E 1 Unchanged
D_U2E 1 Unchanged
D_AET 1 Unchanged
D_ASEET 1 Unchanged

0.4 Hardware Power On Reset Sequence

Whenthe processodetectsassertiorof the PORpin, the TAP controllerin the processor
resetsall registersin the scanring to ‘0’ (by makingboth scanclock andL2 high). Then
the TAP controllerreadsnitialization informationfrom serialPROM andscanst into the
scan initialization ring.

Eachregion of the processohas‘0’ initialized scanring(s) callednormal scanring and
scanring(s)whichrequireatleastonebit to besetto ‘1’ calledscan-initring. All thescan-
init ringsareconnectednto onescanring within the TAP controller Thisis thering which
the TAP controller scans serial BRI data into.

During the processabove, all 10 Cachedataareinvalidated,andthe BranchHistory Table
(BHT) andInstructionLookasideTable(ILT) areinitialized. The Micro InstructionTLB,
Micro DataTLB, Main TLB, I1-Cache,D1-CacheandU2-Cacheare not invalidatedor
initialized by paver on reset.
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The TAP controller then generatesa POR trap, dependingon which pins are asserted.
SincePOR hashigher priority than XIR, PORtrap shouldbe raisedwhenboth pins are
asserted.

Due to the time limitation available for reset(5mS), the numberof bits which can be
scanneds limited to around16Kbits. The processohasbeendesignedo limit thenumber
of bits which must be scaninitialized within this limit. The processorhas also been
designed to be in reset state by thevalsran reset sequence.

0.5 Firmware Initialization Sequence

The firmwareinitialization sequenceén this sectionshouldbe donein the openboot pro-
gram (OBP) immediately after the harale pever on reset sequence.

When hardware resetis complete,the processoris in RED_state,which disablesall
Cachegexceptl0 which cannot be disabled)and TLBs. This meansVA=RA and UPA
accessesanonly goto I/0O spacgsincememoryaccessieedto be cacheablaueto UPA
limitation).

With the POR trap, the processorstartsfetching instructionsfrom RSTVaddr + 0x20
which is located 1/0 space and must contain the necessary initialization sequence.

With the hardware resetsequencalescribedn the previous section,only the minimum
processoresourcesreinitialized to make it run in RED_state Following initialization,
the firmware should perform the folbng operations in the sequence\sho

1. TLB Initialization

2. Cache Initialization
3. MSU Initialization
4. Exit from RED_state

0.5.1 TLB Initialization

FirstbothplTLB anduDTLB mustbeinvalidatedwith a STXA instructionwith ASI 30,6
and 3%

Next, the Main TLB must be initialized in the follang way.

1. Write all 0 value to “Data TLB Match Data Register” using STXA (ASI=3F,
VA=20,¢, “Write Data TLB Match Rgister”).

2. Write all 0 valuesto all of Main TLB entries (total of 256 entries)using STXA
(ASI=35,¢, “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_statenustbewritten,andTLB Lock Entry RegisterandTLB FIFO counterregister
should be properly set.
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0.5.2 Cache Initialization

|1 Caches invalidatedby using“Invalidatel1 CacheUsingl1l Cachelndex andWay” ASI

instruction(ASI=68, 5 VA[30:28]=011). Sincethis instructioninvalidatesonly onecache
line entryatatime, for the whole 64KBytesl1 Cacheinvalidation,it needgo issuel,024
instructions.Total time requiredto invalidatell is aboutl5 thousandyclesandis 61.5uS
with 250MHz clock. Similarly, D1 cacheis invalidatedby using “Invalidate D1 Cache
Using D1 Cache Indeand Way” ASI instructions (ASI=6&;, VA[30:28]=100,).

U2 Cachelis invalidatedby writing its tag datawith valid bit off into U2 CacheTag with
“Write U2 CacheTag” ASI instruction(ASI1=68;5 VA[30:28]=000,) instruction.Since
this instructionwrites only oneentry at a time (onefor every 64 byte cacheline), a write
loopis requiredto invalidatethe entireU2 Cache A 1MB U2 Cacherequiresl6K writes;
a 4MB cacherequires64K writes. Eachwrite takes ~15 cycles (since instructionsare
cachedn 10 Cache-fetch to PROM occursonly once).Total time requiredto invalidate
all U2 Cache is about 1Mycles in case of 4MB cache and is 4 mS with 250MHz clock.

0.5.3 MSU Initalization
The MSU is initialized with a series of stores, as fofio

Set “Disable U2 CacheData Error” (D_UZ2E, bit 50) and “Disable UPA Data Error”
(D_URA, bit47)in SCR(ASR31)Thendo aseriesof 8-bytestorego all of memoryusing
STXA with ASI=14,¢ to initialize it to zero.Next, reset‘Disable U2 CacheDataError”
(D_UZ2E, bit 50) and “Disable WPData Error” (D_UR, bit 47) in SCR (ASR31).

Thesestorescalculatethe correctECC and so the memorycontentsareinitialized to all-
zero \alues with correct ECC.

It is advisableto set“Enable Next Line Data Prefetch”(DPE) bit in ASR19during the
operations abee. This enables meline prefetch and impxe speed of writes.

Without the prefetch,cacheline (64 byte) read/writefrom/to MSU takesabout15 UPA
cycles(about200nS).Sincewriting zeroednto 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 accesanisses.This
makesload completein 20 cyclesfor every 2 lines. 128 byte/ 600nS= 210MB/S.This is
about 5 Seconds/GB.



440 O Reset, RED_state, and Error_state

0.5.4 Exitfrom RED_state

After the TLBs, Cachesand memory are initialized, the processorcan exit from
RED_state and enable TLB and Caches by theWollp instruction sequence.
(one of DCTI instructions) tget_address ! Jump to non_RED program

wrpr %pstate I Reset PSATE.RED bit

The abee is the only alid 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 instructionaddresss translatedhrough TLBs and/orthe TMB in
memory
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P.1 Overview

The SFARC64-111 providesall error checkingfor all MMU translationpathsand cache/
memoryaccesgathsbetweenthe CPU, 2nd level Cache andthe systembus. Errorsare
reportedin threecateyories,synchronousccesserrors,asynchronousiccessrrors,and
system &tal errors.

A synchronou®rroris detectedvhenthe CPU canrecognizea particularerrorassociated
with a particular request (either instruction fetch or data load/store).

For asynchronous errors, it isfitult to determine which request caused the error

Whena systemfatal erroris reported the systemmustbe resetbeforecontinuing.A syn-
chronouserror canbe recoverableor non-receerable.An asynchronous_access_error trap
is supported only for an error logging purpose.

Synchronouserrors that can be recoverable must be logged. Non-recwerablefailures
require immediateattentionand logging, but not systemreset. Software trap handlers
decidesactionsof different recoveries basedon the error trap types. For systemfatal
errors,CPUsends?_REPL of typeP_FERR0 UPA. Thesystenshouldgenerate UPA
PORRESETto all processorsThe error registerwhich recordsa systemfatal error will
not be cleared during a BAPowver-on RESET

P.1.1 Synchronous Access Err ors

Thefollowing errorscould happeroninstructionfetchesandthey belongto this cateyory.
When these errors happen,the CPU will generatean instruction_access_error trap
(tt=0x00a, priority=3), and the fault instructionaddresswill be setinto TPC in the trap
stack.For 11 CacheDataECC Single or Multiple Error caseshowever, the trap may be
taken at a differentaddressBut even in thosecasesthe instructionaddresdhat hasthe
error and the trap addresswhich is designatedoy TPC are within the samecacheline
addresgthesame64 byteboundaryaddress)andthereareno problemswith its errorhan-
dling process described later

m pITLB Multiple Hit (ftype=0x1, priority=03, receerable)
m MTLB Parity Error (ftype=0x2, priority=05, reogerable)
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m  MTLB Multiple Hit (ftype=0x3, priority=04, receerable)
m |1 Cache &g Rarity Error (ftype=0x4, priority=06, receerable)
m |1 Cache &g Multiple Hit (ftype=0x5, priority=07, reogerable)
m |1 Cache Data ECC Single Error ftype=0x6, priority=09, receerable)
m |1 Cache Data ECC Multiple Error  (ftype=0x7, priority=08, recgerable)

m  UPA Bus Error (ftype=0x8, priority=10, non-recerable)
m  UPA Time-out (ftype=0x9, priority=11, non-rec@rable)
m |0 Cache &g Rarity Error (ftype=0xe, priority=12, receerable)
m |0 Cache Datadity Error (ftype=0xf, priority=13, receerable)

The following errorscould happenon dataloads/storesndthey belongto this cateyory.
Whentheseerrorshappenthe CPUwill generatea data_access_error trap (tt=0x032,pri-
ority=12).

m uDTLB Multiple Hit (ftype=0x1, priority=1, receerable)
m MTLB Parity Error (ftype=0x2, priority=3, receerable)
m  MTLB Multiple Hit (ftype=0x3, priority=2, receerable)
m D1 Cache &g Rarity Error (ftype=0x4, priority=4, receerable)
m D1 Cache &g Multiple Hit (ftype=0x5, priority=5, receerable)

m D1 Cache Data ECC Single Error  (ftype=0x6, priority=7, receerable)

m D1 Cache Data ECC Multiple Error (ftype=0x7, priority=6, non-rec@rable)
m  UPA Bus Error (ftype=0x8, priority=8, non-reaerable)
m UPA Time-out (ftype=0x9, priority=9, non-reaerable)

In boththeinstructionanddataaccessrrorcasesMTLB multiple hit erroris not always
detectedby the hardware whenthe conditionexists in the Main TLB. Becausdhe hard-
warecachesomeof MTLB entriesinto theuTLB’swhich areinvisible from the software,
the error detectiondependon the uTLB entries.The software always shouldavoid the
MTLB multiple hit condition and should not rely on the haadeverror detection.

P.1.2 Async hronous Access Err ors

Thefollowing errorsbelongto this category. Whentheseerrorshappenthe CPUwill gen-
erate arasync_access_error trap (tt=0x063, priority=2).

m D1 Cache Data ECC Multiple Error (copyback only) (logging)
m U2 Cache Data ECC Multiple Error (logging)
m U2 Cache Data ECC Single Error  (logging)



P.1.3 System Fatal Errors 443

m  UPA data ECC Multiple Error (logging)
m UPA data ECC Single Error (logging)

P.1.3 System F atal Errors

m U2-Cache tag parity error

m  UPA system address parity error
m Trap at MAXTL

m  Watchdog Tme-out

P.2 MMU Errors

P.2.1 uTLB Errors

For uITLB, thepossibleerroris aulITLB multiple hit. For uDTLB, the possibleerroris a
UDTLB multiple hit.

The above errors are synchronous errors. When a UTLB error occurs, an
instruction_access_error Or data_access_error trap is generatedThe error handlershould
issuean INVALID ATE_UITLB (or INVALID ATE_UDTLB) ASI instructionto invalidate
all LITLB (or uDTLB). Whenthe missedrequests retried,the uTLB is missed;the cor-
rect translation will be refilled from the MTLB.

P.2.2 Main TLB Err ors

For MTLB, the possible errors are:
m MTLB parity error

m  MTLB multiple hit

Thesearesynchronougrrors.WhenanMTLB erroroccurs,aninstruction_access_error Or
data_access_error trap is generated. The error handler should issue
INVALIDATE_TLB_ENTRY ASI_instructionto invalidatethe erroneouentry Whenthe
missedrequests retried,the MTLB is missedthecorrecttranslationwill be performedas
MTLB miss.

P.3 Memory Errors

All cachesand memoriesare protectedby either ODD parity or ECC. All of the ECC

codesn L1/U2/UPA arethesameThe64-bit ECCcodespecificatiorcanbefoundin Shi-

geo Kanedas correspondenceaote: “A Classof Odd-Weight-ColumnSEC-DED-SbED
Codes for Memory System Application$EEE Trans. on ComputersAugust 1984,
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P.3.1 10 Cache Parity Err ors
m |0-Cache-&g parity error

m |0-Cache-Data parity error

P.3.2 11/D1 Caches TAG Errors
m |1-Cache-&g parity error

m |1-Cache-&g multiple hit

m DI1-Cache-&g parity error

m DI1-Cache-ag multiple hit

P.3.3 11/D1 Caches Data ECC Err ors
m |1-Cache-Data ECC error

m D1-Cache-Data ECC error

m D1-Cache-Data ECC multiple error
m |1-Cache-Data ECC multiple error

P.3.4 U2 Cache TAG Parity Err ors
m U2-Cache tag parity error

P.3.5 U2 Caches Data ECC Err ors
m U2-Cache-Data SECC error
m U2-Cache-Data MECC error

P.4 System Err ors
P.4.1 System ECC Err ors
m UPA SECC errors

m UPA MECC errors

P.4.2 System UPA Errors
m S ERRthatis reportedo a UPA masterfor anerrorassociateavith anoncachedead.

m S RIO is readtime out from a slave port for anaccesgo anunimplementecddress
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.

When detectedthe error is loggedinto DC/TDU/ICU Error Log Register Thenthe
CPU takesan asynchronous_error trap. Software logs the errorinformationandclears
the error log rgistet

e Whenupdatingthe errorlog in the memory software shouldusethe lock mecha-
nism because it is used by all of processors in the system.

The error datais sentwith DATA_ERR signalto U2-Cache1-Cache,D1-Cachepr
ICU.

Whenthedataarestoredor sentinto U2-Cache]1-Cache D1-Cachepr UPA, thedata
and ECC bits which indicatesmultiple ECC errorsare storedor sent(ECC multiple
errors are propaged).

e To write ECC multiple error datainto thoseCacheor UPA for the error propag-
tion purpose, bit-63, 35, and 22 are flipped.

e Thegranularityof ECCerrorpropagtionis 16 byte. Thismeandf anECCerroris
detectedn oneof 8 byte data,the ECC multiple error datais generatedor the 8
byte dataandalsothe other8 byte datawhichis within thesamel6 byteboundary
Althoughthe granularityis 16 byte, the softwarecanknow the exactoriginal error
bit location by looking at ECC syndrome bits from the error |ggsters.

Whentheerrordatais beingusedfor realinstructionfetch or execution,CPUtakesan
instruction_access_error Or data_access_error trap (synchronous trap).

e The hardware guaranteeshat this synchronousrrortrap is taken after the asyn-
chronous error trap whichas the cause of the synchronous erras talen.

In the synchronougrrortrap, the softwareinvestigatesthe causeof the error by look-
ing at error log informationstoredin memory thenkills the processor go to PANIC
and fix the error

e Beforelooking at the error log to investigate the causeof the error, the software
shouldwait for several mS becauseother processorhaven't logged error logs
which may be the cause of the error

P.5.2 How to Fix the MECC Err or

This schemecanbe usedfor ary kind of ECC multiple errorswhich canbe arywherein
thesystem(i.e. memory U2-Cache)1-CacheD1-Cacheof arny processor thesystem).

1.

Disable theasynchronous_error_trap (ASR31).

2. Do two 8-byte stores to the error location.
3.
4

Do STXA, ASI=6A¢ (Flush L1 Cache to U2 Cache Using U2 Cachexpde

. Clear the error log masters.
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5. Enableasynchronous_error_trap (ASR31).

P.5.3 U2-Cache/UPA SECC Error

1. If it's detectedthe erroris loggedinto TDU/ICU Error Log Register Thenthe CPU
takes an asynchronous_error trap. Software logs the error information and clearsthe
error log r@isters.

2. The error is corrected by hardve, and doesn't propatg to ag other place.

3. Software correctsthe original error (The original erroris not correctedby the hard-
ware.)

P.5.4 How to Fix the SECC Err or

This schemecanbe usedfor ary kind of ECC singleerrorswhich canbe anywherein the
system (i.e. memoyy2-Cache, I1-Cache, D1-Cache of amnocessors in the system).

1. Disable theasynchronous_error_trap (ASR31).

2. Do LDXA,ASI=14. The addresshouldusethe sameU2-Cacheindex PA addressof
theerror (PA[23:6]), but otheraddresits (PA[40:24]) shouldbe differentwith those
of the erroraddressBy doing this way, the dataof the error addresss correctedand
evicted from 11/D1/U2-Cache.

3. Clear the error log msters.

4. Enable theasynchronous_error_trap (ASR31).

P.5.5 Permanent or Intermittent SECC Err or

This schemecanbe usedto checkwhetherthe ECCsingleerroris permanenbr intermit-
tentin U2-Cacheor thememory This shouldbe doneaftertheerroris fixedby thescheme
above.

1. Disableasynchronous_error_trap (ASR31).

2. Do LDXA,ASI=14. Theaddresshouldbe the sameerrorlocationaddressBY fixing
the ECC single error, the error datahasbeenalreadyevicted from 11/D1/U2-Cache.
Thereforeto checkwhetherpermanenor intermittent, just reloadthe datainto U2
Cache.

Check the error log gesters.
If UPA ECC single error is logged, this is a memory permanent error
If U2 ECC single error is logged, this is a U2 Cache permanent error

If no error is logged, this is an intermittent error

N o g b~ w

Clear the error log ggsters.
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8. Enableasynchronous_error_trap (ASR31).

Whenthereis a permanenECC single-biterrorin the memory the programcanadwance
becausehe correcteddatais still in the U2-Cacheafterthe asynchronousrror handling.
Whenthereis a permanenECC single-biterror in U2-Cacheand the accesds not an
instruction fetch, the program can adwance becausethe correcteddatais still in the
D1-Cacheafterthe asynchronousrror handling.Whenthereis a permanenECC single-
bit errorin U2-Cacheandthe accesss aninstructionfetch,the programcannot advance
becausehe correcteddatais notin thell-Cacheaftertheasynchronousrrorhandling.To
deal with this problem, there aredwhoices for the softave to aoid the loop situation:

m WhenaU2 CacheECCsingleerroris reportedby anasynchronousrrortrap, the soft-
ware should check whetherthe error location has beenlogged as a permanentU2
Cachesingleerrorbeforefixing theerror. If it is the casethe softwareshouldjust skip
theerrorfix andtheinvestigationof theerrorpermaneny andthenjust cleartheerror
log anddo RETRY. By doingthis way, the correctednstructioncanremainin the I1
Cache, and we canaid the softvare loop.

m |f thesoftwaredetectsaninfinite synchronou&CCsingleerrortraploop, it shouldset
“Disable Asynchronou€ECC Single Error Trap” (D_ASEET)bit in ASR31.1t might
be betterfor the softwareto checkwhetherthis bit is setat somefixed interval (per-
hapsoncean hour),andresetit if it's set;the bit shouldnot be setfor along time in
order to preent ECC single errors from becoming ECC multiple errors.

P.6 Hardware Error Trap Processing
P.6.1 Instruction_access_err or trap (tt=00a 1¢)
m  When this error condition is reported, the CP&lta/for sync.

m  After thesync,if it is the earliestandhighesttrap condition,the CPUis goingto take
this trap.

m If TL=MAXTL alreadythe CPUlogs TRAP@MAXTL occurrencento TDU Error
Log Raister and assert P_FERR to ABus.

m After takingthetrapandbeforeissuingtrap routineinstructionsall of instructionsin
|0-Cache and Instruction-Bfeir are ivalidated.

P.6.2 Data_access_err or trap (tt=032 1¢)
m  When this error condition is reported, the CP&lta/for sync.

m  After thesync,if it is the earliestandhighesttrap condition,the CPUis goingto take
this trap.

m If TL=MAXTL already the CPUlogs TRAP@MAXTL occurrencanto TDU Error
Log Raister and assert P_FERR to ABus.



448 P Error Handling

P.6.3 Async hronous_err or trap (tt=063 1)

m  Whentheerrorconditionis detectedthe errorinformation(errortype, PA, ECCsyn-
drome) is logged into one of DC/TDU/ICU Error Logdisers.

m In ary dataECCsingleerrorcasesthe datais correctedhroughECC correctionlogic
by the hardwareandthe errordoesn'propagtewith the dataarny more.But in the U2
cachesingle ECC error case the errorin U2 cacheitself isn't correctedby the hard-
ware and still will be there.

m UC startsandkeepsassertingasynchronousrrorsignalto CPUcoreuntil theerrorlog
register gets cleared by the soéine.

m  The CPU waits for sync.

m  After thesync,if it is the earliestandhighesttrap condition,the CPUis goingto take
this trap.

m If TL=MAXTL already the CPUlogs TRAP@MAXTL occurrencanto TDU Error
Log Raister and assert P_FERR to ABus.

m Immediatelyafter taking the trap, the CPU setsthe “Disable AsynchronousError
Trap” bit in ASR31to avoid takingthe sametrap again beforethe softwareclearsthe
errorlog registers It's the software'sresponsibilityto resetthe “Disable Asynchronous
Error Trap” bit usingWRASR31instructionafter the asynchronougrror handlingis
done. The softare also can set this bit using WRASRS3L1 instruction.

P.7 ASI Instructions f or Err or Handling

This sectiondescribeghe ASI instructionsthat are designedor error handling.The fol-
lowing things are common to all of the ASI instructions defined in this section:

m The opcode of the instructions should be either ldx(a) , Iddf(a) , stx(@) , or
stdf(a) . Otherwise,a data_access_exception trap with FTYPE=F4 (Invalid ASI) is
taken.

m No address translation is performed for the instructions.

m VA[3:0] of all of the instructionsshouldbe 0; otherwisea mem_not_aligned trap is
taken.

m Thedon't-carebits (describedas‘—' in theformat)in VA canbeary value.But it is
recommended that the sofive should use zero for these bits.

m The don‘t-carebits (describedas‘—' in the format) in DATA arereadaszeroand
ignored on write.

m Theinstructionoperationsarenot affectedby PSTATE.CLE. They arealwaystreated
as in a big endian mode.

m The instructions do not cause the processor to sync.
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m Theinstructionsareall stronglyorderedregardlessof load or store,andthe memory
model. Therefore no speculatiexecutions are performed.

The following subsections describe each operation in detail.

P.7.1

Read/Write TDU Err or Log Register

Function: Read/WriteTDU Error Log Register This registeris usedto log U2 Cacheparity/

ECCerrors.lt is alsousedto log “trap atmaxtraplevel” and“watchdogime-out”
errors.

ASI: GQI_G
RW: Supervisor Read, Supervisor Write.
VA: VA:See belw.

— 0000
63 3 0
Data: See belw.
ngg U2M [U2MM| U2S |U2SM | U2TG|TRPM|WDTO PA _
63 48 47 46 45 44 43 42 41 40 4 3 0

SYNDROME[15:0]

U2Mm:

U2MM

uz2s

ECCError Syndrome ECCerrorsyndromebits aresetwhenU2-CacheeCCmul-

tiple or singleerroris detectedor ary kinds of U2-Cacheread.Bit 15-8 arethe

syndromebits for byte 0-7 (bit 127-64)data,andbit 7-0 arethe syndromebits for

byte 8-f (bit 63-0) data.|f U2-CacheECC multiple error bit is alreadysetand
anotherU2-CacheECC multiple error is detectedthis value won't be changed
(keeptheoldestvalue).If U2-CacheECCsingleerrorbit is alreadysetandanother
U2-CacheECCsingleerroris detectedthis valuewon'’t be changedkeeptheold-

estvalue).If U2-CacheECCmultiple errorbit is notsetandU2-CacheECCsingle
errorbit is setandU2-CacheECC multiple erroris detectedthis valueis updated
(ECC multiple error has a higher priorityay ECC single error).

U2-CacheeCCMultiple Error. SetwhenU2-CacheeCCmultiple erroris detected
for ary kinds of U2-Cache read.

U2-CacheECC Multiple Error Multiple Occurrence Setwhen U2-CacheECC
Multiple Error bit is alreadyset and anotherU2-CacheECC multiple error is
detected for ankinds of U2-Cache read.

U2-CacheECC SingleError. SetwhenU2-CacheECCsingleerroris detectedor
ary kinds of U2-Cache read.
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U2SM
U2-CacheECC Single Error Multiple OccurrenceSetwhenU2-CacheECC Sin-
gle Error bit is alreadysetandanotherU2-CacheECC singleerroris detectedor
ary kinds of U2-Cache read.

U2T1G
U2-CacheTag Parity Error. Setwhen U2-CacheTag Parity Error is detectedor
ary kinds of U2-Cache tag read.

TRPM
Trap At MAXTL. Set when a trap at MAXTL is detected.

WDTO
Watchdog Tme-out. Set when aatchdog time-out is detected.

PA[40:4]

Error PhysicaladdressTheerrorPA is setwhenU2-CacheeCCmultiple or single
erroris detectedor ary kinds of U2-Cacheead.If U2-CacheECC multiple error
bit is alreadysetandanotherU2-CacheECC multiple erroris detectedthis value
won't be changed(keepthe oldestvalue). If U2-CacheECC single error bit is
alreadysetandanotheU2-CacheECCsingleerroris detectedthis valuewon'’t be
changedkeeptheoldestvalue).If U2-CacheECC multiple errorbit is not setand
U2-Cache ECC single error bit is set and U2-Cache ECC multiple error is
detectedthis valueis updated ECC multiple errorhasa higherpriority over ECC
single error).

Note:
If bothupperandlower 8 byte datawithin the samel6 bytedatahave ECCmultiple or singleerrors
simultaneouslyit is loggedasonly oneerror occurrenceln the caseof singleandmultiple error
combinations, it is logged as an ECC multiple erftwat is, U2M bit is set, U2S bit is unchanged.

This ragister is reset on a cold WER_ON_RESET
This register isnotreset by UR_POR.

The SYNDROME 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)areunchange@n
write when the corresponding write data is “0”.
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P.7.2 Read/Write ICU Err or Log Register

Function: FunctionRead/Writd CU ErrorLog Register Thisregisteris usedto log UPA bus
parity/ECC errors.

ASI: 6D16

RW: Supervisor Read, Supervisor Write.

VA: See belw.

— 4h0

63 43 0

Data: DATA:See belw.
Sgk'/l[é UPM |UPMM| UPS |UPSM|UPAD| — | INTR PA —
63 48 47 46 45 44 43 42 41 40 43 0

SYNDROME[15:0]

ECCError Syndrome ECC error syndromebits aresetwhenUPA ECC multiple
or singleerroris detectedBit 15-8arethe syndromebits for byte 0-7 (bit 127-64)
data,andbit 7-0 arethe syndromebits for byte 8-f (bit 63-0) data.If UPA ECC
Multiple Error bit is alreadysetandanothertJPA ECC multiple erroris detected,
thisvaluewon’t bechangedkeeptheoldestvalue).If UPA ECCSingleErrorbit is
alreadyset and anotherUPA ECC single error is detectedthis value won't be
changedkeeptheoldestvalue).If UPA ECCMultiple Error bit is notsetandUPA
ECC singleerrorbit is setandUPA ECC multiple error is detectedthis valueis
updated (ECC multiple error has a higher prioritlgroECC single error).

UPM
UPA ECC Multiple Error Set when UR ECC multiple error is detected.

UPMM
UPA ECC Multiple Error Multiple Occurrence.Set when UPA ECC Multiple
Error bit is already set and anotherAJPCC multiple error is detected.

UPS
UPA ECC Single ErrarSet when UR ECC single error is detected.

UPSM
UPA ECCSingleError Multiple OccurrenceSetwhenUPA ECC SingleError bit
is already set and another AJECC single error is detected.

UPAD
UPA Address Rrity Error Set when UR address parity error is detected.

INTR
Interrupt Vector Data Error. Set when UPA ECC multiple or single error is
detectedandthe datais oneof interruptvectordata.lf UPA ECCmultiple errorbit
is alreadysetandanothetUPA ECC multiple erroris detectedthis valuewon'tbe
changedkeepthe oldestvalue).If UPA ECC single error bit is alreadysetand
anotherUPA ECC singleerroris detectedthis valuewon't be changedkeepthe
oldestvalue).If UPA ECC multiple error bit is not setandUPA ECC singleerror
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bit is setandUPA ECCmultiple erroris detectedthis valueis updatedECC mul-
tiple error has a higher prioritwer ECC single error).

PA[40:4]

Error Physical Address.The error PA is setwhen UPA ECC multiple or single
erroris detectedlf UPA ECC multiple error bit is alreadysetand anotherUPA
ECC multiple error is detected,this value won't be changed(keep the oldest
value).If UPA ECC singleerror bit is alreadysetand anotherUPA ECC single
erroris detectedthis valuewon't be changedkeepthe oldestvalue).lf UPA ECC
multiple errorbit is notsetandUPA ECCsingleerrorbit is setandUPA ECCmul-
tiple erroris detectedthis valueis updated ECC multiple errorhasa higherprior-
ity over ECCsingleerror).Whentheerroris ontheinterruptvectordata,PA[40:4]
is either 37h0 (Interrupt Vector Data0), 37h1 (InterruptVector Data 1), or 37h2
(Interrupt \ector Data 2).

Note:
If bothupperandlower 8 bytedatawithin the samel6 byte datahave ECCmultiple or singleerrors
simultaneouslyit is loggedasonly oneerror occurrenceln the caseof singleand multiple error
combinations, it is logged as an ECC multiple erftiat is, UPM bit is set, UPS bit is unchanged.

This ragister is reset on the cold WER_ON_RESET
This ragister isnotreset by UR_POR.

The SYNDROME bits (bit 63-48),INTR bit (bit 41),andPA bits (bit 40-4)areresetto “0”
on write, rgardless 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)areunchangeadn write whenthe
corresponding write data is “0”.

When one of the interrupt data has an ECC error, the processorstill tries to take
interrupt_vector trap regardlessof the error. But in this case the processoalwaystakesan
asynchronous_error trapfirst. It’s up to the softwarewhetherto kill theinterruptrequesby
resettingthe busy bit of interruptdatareceve registerwhenit recognizedhatthereis an
ECC erroron the interruptdataby readinglCU Error Log Registerin the asynchronous
error trap routine.

P.7.3 Read/Write DC Err or Log Register

Function: Read/Write DC Error Log Rypster This raister is used to log D1 Cache ECC
error on cogback.

ASI: 6E16
RW: Supervisor Read, Supervisor Write.
VA: See belu.

— 4h0
63 43 0
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Data: See belw.

— D1M [D1MM — PA —_
63 48 47 46 45 41 40 43 0

D1IM

D1-CacheECCMultiple ECCError. SetwhenD1-CacheECCmultiple ECCerror
is detected during a cgpack from D1-Cache to U2-Cache orAJP

D1MM
D1-CacheECC Multiple Error Multiple Occurrence Setwhen D1-CacheECC
Multiple Error bit is alreadyset and anotherD1-CacheECC multiple error is
detected during a cgpack from D1-Cache to U2-Cache orAJP

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-CacheECC multiple erroris
detectedduringa copybackfrom D1-Cacheo U2-Cacheor UPA, this valuewon't
be changed @ep the oldestalue).

Note:
If bothupperandlower 8 byte datawithin the samel6 byte datahave ECC multiple errorssimulta-
neously it is logged as only one error occurrence.

This register is reset on cold RZER_ON_RESET
This register isnotreset by UR_POR.
The A bits (bit 40-4) are reset to “0” on write gardless of the write data.

TheD1M, D1MM bits (bit 47-46)areresetto “0” on write whenthe correspondingvrite
data is “1” (“echo reset”).

The D1M, D1MM bits (bit 47-46)areunchangedn write whenthe correspondingvrite
data is “0".
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P.7.4

Read/Write UC Err or Injection Register

Function: Read/WriteUC Error Injection Register Thisregisteris usedto inject ECCerrors

into U2 Cache and U¥bus.
ASI: 6Fg
RW: Supervisor Read, Supervisor Write.
VA: See belu.

— 4h0

63

43 0
Data: See belw.

— DEI UPA u2

63
DEI

33 32 31 16 15 0

DisableError Injection ExceptU2 Flush.If this bit is “0”, ary kinds of outgoing
datato UPA areerrorinjectedby flipping ECC checkbits using“UPA ECC Check
Bit Flip” valuein thisregister If thisbit is “1”, theoutgoingdatato UPA causedy
thefollowing ASI instructionsareerrorinjectedby flipping ECC checkbits using
“UPA ECC CheckBit Flip” valuein this register andthe outgoingdatato UPA
causedby other than the following ASI instructionsare not errorinjected and
“UPA ECC Check Bit Flip” alues in this rgister are ignored.

Flush U2 Cache to Memory Using U2 CachefBufndex (ASI=68;4, VA[30:28]=010,)
Flush U2 Cache to Memory Usiné\RASI=69,)

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 ECC checkbits of UPA Databit 63-
0. ECCcheckbit flipping happensiependingnthesebit valuesandDEI bit value.

U2[15:0]

U2 CacheECC CheckBit Flip. Bit 15-8areusedto flip U2 CacheECC checkbits
of U2 CacheDatabit 127-64.Bit 7-0 areusedto flip U2 CacheECC checkbits of
U2 CacheDatabit 63-0. ECC checkbit flipping happenglependingon thesebit
valuesandonly whenthe write to U2 CacheDatais causedyy the following ASI
instruction:

Write U2 Cache Data From U2 Cache BuRaisters (ASI=68 VA[30:28]=001)
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Q.1 Introduction

This appendixdescribesandspecifiegperformancemonitorsthat have beenimplemented
in the SFARC644Il CPU. Performancemonitorshave beenaddedin orderto improve
softwaretuningandallow cursorysystemdehug. Systemdelug may be performedduring
bring-up or at customer sites.

Becauseof complity relatedto speculatre out-of-orderexecution,retry andblock con-
ditions betweerthe Load StoreUnit (LSU) andCache andinstructionanddataprefetch,
performancemonitors are difficult to specify and implement. For example, consider
instructionprefetching.The CPU attemptdo prefetchthe next cacheline from thelevel-1
instructioncache(l1). This prefetchmay missin the 1. If this cacheline is later usedby
the CPU,I1 missis countedgventhoughit maynothave resultedn anissuebubblein the
CPU. Additionally, the aggressie useof instructionspeculationn the CPU complicates
performancemonitoring. Shouldstall conditionswhich occurduring an incorrectly exe-
cutedinstructionsequencée counted'How do we measureachepollution dueto specu-
lation? Additionally, we would like to minimize the impactto the processorchip. The
CPUhaslimited siliconresourcesandadditionalfunctionalitymustbetestedandverified.

Therefore we have attemptedo minimize compleity while still providing performance
obsenrability. Specifically:

m  No timing paths ha been introduced.

m In somecaseshew functionality is leveragedoff existing logic in the SFARC64-11
CPU.

m |n casesvherespeculatiorwould complicateperformancanonitoringdesignandver-
ification, we hae chosen to simplify the monitor

Q.2 Performance Monitor Description
Q.2.1 Overview

All performancenonitorsare 32-bitslong in SFARC64-111 CPU. The performanceamoni-
tors can be dided into the follaving groups:

1. Memory Access LaterycCounters



456 Q Performance Monitoring

These counters measure the layeoiccertain types of memory accesses.
2. Memory Access Eant Counters

Thesemeasurdghefrequeng of certaintypesof memoryaccesseBom LSU’s point of
view.

3. L1 Cache Access ent Counters

The frequeng of L1 cache misses can be ded from this set of counters.
4. L2 Cache Access Ent Counters

All kinds of accesswents to the L2 cache are recorded.
5. UPA Access Eent Counters

Non-cacheable and cacheableAUBquests are counted separately
6. Cache Coherenyd=vent Counters

L1 cache coheregcevents (ivalidation, retag and cgpack) are counted separately
7. MMU Event Counters

TLB misses are counted with respecpiid.B or main TLB, data or instruction side.
8. Instruction Execution Rate Counters

This setcomprisegheissueandcommitcountersvhich measurenstructionexecution
rate.

9. Issue Stall Counters

The mixture and number o&xious issue stall conditions are monitored.
10.Branch Prediction Counters

The branch mispredict ratio can be calculated from these counters.
11.Machine Sync Counters

The frequeng and lateng of machine syncing instructions are measured.

With the exceptionof the committedinstructioncounterandmain TLB misscountersall

othermonitorsandcountersareupdatedspeculatrely. For example,issuestalls(aswell as
memoryaccessesyvhich occurin mispredictedoathsmay be accumulatednto the stall

(frequeng andlateng) countergespectiely. Instructionswhich areissuedspeculatrely

may not alwaysmodify performancemonitors.Considedoad/storeinstructionswhich are
issuedto the LSU resenation station,but arenot selectedor executiondueto scheduling
constraints.Theseinstructionsmay later be killed beforethey are requestedrom the
cache chips.

Finally, countersare not disabledduring backupsand backstepsalthoughin somecases
(memoryaccessventandlateny counters)instructionskilled by the PreciseStateUnit
will not update the counteRefer to the follaing sections for more detail.
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Notes:
Upon saturation,all counterswill remainat the maximumvalue. The maximumvalue indicates
counter oerflow.

All performance monitor igasters are 32-bits long in BRC64-111 CPU.

Q.2.2 Memory Access Latenc y Counter s

Memory accesdateny countersmeasuregiotal lateng for differenttypesof load/store
accessewhichdonot“HIT”. A “HIT” is definedasa requestrom the DFMLSU which
returnsdataand CACHE_HIT the third cycle aftera memoryacceshasbeenrequested.
Hence, a “HIT” may occur on a number offdient conditions:

m ThedatacachehasassertedLOCK, andtheLSU hasinhibitedary memoryrequests.
After negationof BLOCK, any memoryrequesivhich “HITs” will incrementhedata
cache hit counter

m ThedatacachehasassertedRETRY afterthe LSU hassenta memoryrequestAfter
one or more attempts,ary memory requestwhich “HITs” will incrementthe data
cache hit counter

Lateng is definedfrom initiation of amemoryrequesfrom the LSU to completionstatus
from the datacache Completionstatuscanbe successfutlatatransferor ary errorcondi-
tion.

In orderto implementthe memory accesdateny counters,eachpotential outstanding
load/storeequesfrom the LSU (maximumof 12) hasanassociate@ounter The counter
is 12-bitsanduponsaturationwill maintainits maximumvalue.Althoughthe maximum
limit for memoryaccessess theoreticallyinfinite, the maximumlateny which canbe

measuredoer memory miss is 4096 cycles. Lateny measurementgreaterthan 4096
cycleswill belost. Uponcompletionof thememoryaccesstheindividual lateng countis

added to the total latepcount for the appropriate memory type.

All lateny countersareupdatedspeculatrely, but load/storenstructionswhich arekilled
dueto backtrackgnitiated by the PreciseStateUnit (PSU)will not be accumulatednto
the lateng counters.

Counter 0: Memory Total Latenc y Counter

Description:  Total lateng count of all memory access which complatédre not defined as a
“HIT”". From the memory gent counter and the memory latgrmountey the
average latencfor memory accesses can be calculated.

Q.2.3 Memory Access Event Counter s

Memory accessvent countersmeasurehe numberof certaintypesof load/storeaccess
from LSU’s point of viev. All updates to these monitors are performed specalgti

All memoryeventcountersareupdatedspeculatrely, but load/storanstructionswhich are
killed dueto backtracksnitiated by the PreciseStateUnit (PSU)will not beaccumulated
into the @ent counters.
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Counter 1: L1 Data Cac he Hit Counter
Description:  Incrementedvhenaload/storeequesto thedatacachereturnswith “HIT”. This
counter may be incremented a maximum of@rg g/cle.
Counter 2: Memory Access Event Counter
Description:  Any memory access which completes Is not defined as a “HJTwill result be

counted in the memory acces®rt counterThis counter may be incremented a
maximum of 2 gery gscle.

Q.2.4 L1 Cache Access Event Counter s

Level-1 cacheaccessvent countersecordaccessventswhich take placein thelevel-1
data and instruction caches.

Counter 3:
Description:

Counter 4.
Description:

Counter 5:
Description:

Counter 6:
Description:

L1 Data Cac he Reload f or Load Event Counter

IncrementedvhenUC sendseloadrequestwhichis correspondingo aloadmiss,
to DC. This counter also indicates theiet of a L1 data cache miss for load
request, ¥cludinguTLB miss.

L1 Data Cac he Reload f or Store Event Counter

Incremented when UC sends reload request, which is corresponding to a store
miss,to DC. Thiscounteralsoindicatesheeventof aL1 datacachemissfor store
request, xcluding uTLB miss.

L1 Data Cac he Victim Cop yback Counter
Accumulates the number of misses that do victinmybapk in level-1 data cache.

L1 Instruction Cac he Reload Event Counter

IncrementedvhenUC sendgeloadrequestso IC. This counteralsoindicateshe
event of a L1 instruction cache misgcidinguTLB miss.

Q.2.5 L2 Cache Access Event Counter s

Counter 7:
Description:

Counter 8:
Description:

Counter 9:
Description:

U2 Cache Miss Fr om Instruction Fetc h Counter
Incremented when a read request from IC misses in UC.

U2 Cache Miss Fr om Data Load Counter
Incremented when a load request from DC misses in UC.

U2 Cache Miss Fr om Data Store Counter
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 ofents of U2 cache miss that do writeback.

Counter 11: U2 Cache Invalidate fr om UPA Transaction Counter

Description:  Incremented when a U2 cache line igiidated due to the folaing UPA
transactions: S_INV_REQ, S_CPI_REQ.

Counter 12: U2 Cache Unsolicited Cop yback Counter

Description:  Incremented when an unsolicited gbpck occurs in U2 cache due to the
following URA 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 “reaavit’ & PA

Counter 14: 10 Instruction Cac he Miss Counter

Description:  Incremented when¥el-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 U@\tbusP
Counter 16: Non-cac heable Store Counter

Description:  Accumulates the number of non-cacheable store requests from U@ toudP
Counter 17: UPA Access Counter

Description:  Incremented when UC sendsyadind of request to the system contraller

Q.2.7 Cache Coherenc y Event Counter s

CacheCohereng EventCounteramonitorthe actwvities relatedto the cohereng requests.
The eventsthat trigger the incrementof thesecountersare certaintype of requestfrom
UC to DC or IC. Thesecountersareincrementedpeculatiely, sothe eventrecordednay
be related to instructions on a mispredicted path.

Counter 18: L1 Data Cac he Invalidate Event Counter
Description:  Incremented when UC sendsafidate 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 sendsafidate request to IC.

Counter 21: L1 Data Cache Unsolicited Cop yback Counter

Description:  Incremented when UC sends DC an unsolicited/loapk request.

Q.2.8 MMU Event Counter s

Counter 22:
Description:

Counter 23:
Description:

Counter 24:
Description:

Counter 25:
Description:

Q.2.9

Instruction UTLB Miss Counter

Incremented when instructiu LB miss occurs. On main TLB hit, this counter
maybeupdatedspeculatrely. Onmain TLB miss,it is updatechon-speculatiely.

Data puTLB Miss Counter

IncrementedvhendatauTLB missoccurs.OnmainTLB hit, thiscountemaybe
updated speculagly. On main TLB miss, it is updated non-specukl.

Instruction Main TLB Miss Counter
Incremented when instruction main TLB miss occurs. Non-speaeilati

Data Main TLB Miss Counter
Incremented when data main TLB miss occurs. Non-speeeilati

Instruction Ex ecution Rate Counter s

The following counters all measurement of instructiomexution rates.

Counter 26:
Description:

Counter 27:
Description:

Performance Monitoring Cyc le Counter

Accumulates the number ofdes the performance monitorsveabeen enabled.
Provides a precise measurement inéérit is separate from the TICKgister
accessed through the %tick instruction because it can be enabled and disabled
through softvare. At 250Mhz, 32-bits will result in a monitoring intakv

exceeding 10 seconds. When monitoring User or System time sepdtately
counter gies a measure of mdong the processor spends with RSE.PRIV

either O (User) or 1 (System) (s&ppendixQ.3.5, “Performance Counter

Enable)).

Instruction Issue Counter

Accumulateshenumberof instructiondgssuedavery cycle. Assuminghemachine
isrunningat250MHZ atthetheoreticapeakof 4 IPC,a32-bitcountemwill provide
amonitoringinterval of 4 secondsvithoutoverflow. GenerallyprocessotPC will
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be closer to ~1.8wer long benchmarksubthe theoretical peak may be reached
for short periods. From the performance monitoriypgjes counter and the
instruction issue countethe speculate IPC can be obtained.

The instruction issue counter will beder than the instruction commit counter
Generally this is due to branch mispredictiorfiestts, lut can also be due to
executiontraps(for example,mainTLB misstraps).In thelattercasejnstructions
onthecorrectlypredictedpathmaybekilled andreissuedn returnfrom thetrap.

Special considerations are needed when measuring User and System counts
separately (seRppendixQ.3.5, “Performance Counter Enabfet a discussion)

Counter 28: Instruction Commit Counter

Description:  Accumulateshenumbetrof instructionsccommittedevery cycle. Dueto speculatie
instructionissue thevaluestoredin thecommittedinstructioncountermaybeless
thanthatof theissuecounter Fromtheperformancenonitoringcycle counterand
the instruction commit countaie true IPC can be obtained.

Q.2.10 Issue Stall Counter s

Issuestall countersmeasurehe frequeng of instructionstalls. On ary cycle wherethe
machineis unableto meetits peakissuerateof 4 instructionsthefirst stallinginstruction
is checled againsta prioritized list of stall conditions.Only one out of the seven stall
counters is incrementedoFexample:

¢ issued

—

|inst3; | inst2 |instl) | instQ

stall(s)

In the above case the CPUwasableto issuethefirst 2 instructions but the third instruc-
tion (inst2) stalls. In orderto decidewhich one of the stall monitors should be incre-
mented,the stall(s) relatedto inst2 are checled against the first stall counter If the
instructionstalleddueto thefirst stall type, the counteris incrementecand no otherstall
counteris incrementedOtherwise the CPU proceedgo the secondandso on, until the
last stall monitor is reachedIf the last stall monitor is reachedjt will alwaysbe incre-
mented.Although inst2 may have generatednultiple stalls, the prioritized list assuresa
unique stall count. For example, if the primary instruction cachemisses,whetherthe
instruction would have stalled due to lack of freegisters is immaterial.

All stall countersareincrementedspeculatrely. They correspondvith eventsin theissue
cycle of the SFARC6441l CPU. Instructionsareissuedin-order so modificationsto stall
monitors will occur in program order

A specialnoteis requiredfor issue_traps. Althoughthey areloggedin thelaststall counter
(Counter34), they areprioritized beforeCounter29. On anissue_trap, Counter34 will be
incrementedf theinstructiondid 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.
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The sumtotal of all the stall countersgivesa measuref cycleswhenlessthan4 instruc-
tions were issued.Subractingthis total from the performancemonitoring cycle counter
givesthe total numberof 4-issue(speculatre IPC 4) cycles. Subsequentlythe average
speculatre IPC for the stallycles can be computed.

Counter 29: Fetch Stall Counter

Description:  Incremented when an instructions stalls during the isgtle due to a fetch
bubble. These cases include:

O primary instruction cache miss
prefetch line miss

cache-line discontinuity
control transfer instruction
DONE/RETRY

O 0O o0Ooad

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 ¥ not occurred. The PSU Kills instruction
issue due to

[0 exception (interrupts,@cution trap) handling
0 during the DO_BCKUP gscle as a result of machine backups.

Counter 31: Reservation Station Queue Stall Counter

Description:  Incrementedvhenaninstructionstallsdueto insufficientresenationstationqueue
entries, and higher prioritized stallsvieanot occurred. Resetion stations
comprise:

0 DFMLSU - load/store instructions

0 DFMFXU - fixed-point instructions

0 DFMAGEN - load/store instructions and certairefixpoint instructions
0 DFMFPU - floating-point instructions

Counter 32: Free Register Resour ce Stall Counter

Description:  Incrementedvhenaninstructionstallsdueto insufficientfreeregistersfor register
renaming, and higher prioritized stallsseanot occurred. The folang registers
are renamed:

O fixed-point rgisters
O floating-point rgisters
0 condition code (icc,xcc,fcc0-4) gisters

Counter 33: Checkpoint, Serial Number , or Trap Stac k Resour ce Stall

Description:  Incremented when an instruction stalls due to ficdaht checkpoints, serial
numbersoprtrap_staclentriesandhigherprioritizedstallshase notoccurredThe
following instructions require checkpoints:

0 BPr(a)
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Counter 34:
Description:

FBcc(a)/FBPcc(a)
Bcc(a)/BPcc(a)
BAa/BPAa/FBAa/FBPAa
flushw

integer Idd/std(a)
saved/restored
call

jmpl

ret/retl

return
save/restore
done/retry

ta [%g0+imm]

tcc

tn

rd %asr

rd %pr

wr %asr

OooOoocooooooooooooogooono

wr %pr

All instructiongrequireserialnumberdor issue Only instructionswvhich generate
exceptions require trap_stack entries. ThAB@6441l CPU contains 16
checkpoints, 64 serial numbers, andktétatrap_stack entries for renaming.

Other Stall Counter

Incrementedvhenaninstructionstallsdueto all otherissuestall conditionsanda
higher prioritized stalls ha& not occurred. These other stalls include:

O syncingstallsdueto sequentiamode,or instructionswhich mustbeissuedat
machine sync

O %pil registerstall - following a wr %pil instruction,ary furtherreador write
of %pil registerwill resultin a stall until the PIL registerhasbeencorrectly
updated

O last _tobe issued certain instructionsmust be the last instruction in the
instruction windav to be issued.

O slot0_only - certain instructions must the first instruction in the issue windo
O issue_traps
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Q.2.11 Branc h Prediction Counter s

Counter 35: Branc h Issue Counter

Description:  Thenumberof branchinstructionswhich have beenissuedjncludingspeculatie
branches. If the processor is operating in sequential mode, an accurate non-
speculatre branch count can be obtained.

Counter 36: Branc h Mispredict Counter

Description:  Accumulateshenumberof branchmispredictevents By dividing thevalueof this
countery thevalueof “BranchissueCountef’ thebranchmispredictratiocanbe
obtained.

Counter 37: Instruction Lookup T able (ILT) Miss Counter
Description:  Accumulates the number of TL(next fetch PC) misses.

Q.2.12 Machine Sync Counter

Counter 38: Sync Event Counter

Description:  Accumulategshenumberof syncinginstructions Doesnotincludemachinesyncs
due to eceptions (for gample, main TLB missxeeption).

Counter 39:  Sync Cyc le Counter

Description:  Counts the number of/cles when the machine isaiting for sync to complete.
From this counter and the Syncden Counterthe aerage latencper syncing
instruction can be calculated.

Q.3 Software Interface
Q.3.1 Reading P erformance Counter s

All performancemonitorregistersaresoftwarevisible throughtherd %asr30 instruction
(see 6.2, “Instruction Formats” for details of instruction formats). Bits [12:8] of the
instruction (pm_rey_#) are usedto selectthe register numberwithin a particularview,
which is defined by thealue in the Vew Number Rgister

Table 92: Inter pretation of bits[12:8]

pm_reg_# Operation
00000 View Number Rgister
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 NumberRegistercanbe updatedoy wr asr%30with pm_op=“00100"
The format of Vew Number Rgister is:

pml_view # | pmO_view #

7 3 0

Thepml_viev_# indicatesthe view numberselectingthe registergroupto be visible for
groupl, whichis composef register#3 to 5. ThepmO_viev_#indicatestheview num-
ber selectingthe registergroupto be visible for group0, whichis composedf registerO
to 2. The countergto be selectedaccordingto pm1_viev_# areshavn in Table93. Table
94 shaws the counterselectionaccordingto pmO_viev_#. Whenundefinedoml1_viev_#
or pmO_viev_# is specified, the countealue is undefined.

Table 93: View Selection ér Monitor Gr oup 1

Register # ‘ Monitor ‘ Counter #

pml_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
pml_view_# = 0011

3 Data uTLB Miss Counter 23

4 Data main TLB Miss Counter 25

5 UPA Access Counter 17
pml_view_# = 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
pml_view_# = 0101

3 U2 Cache Miss with Writeback Counter 10

4 U2 Cache Invalidate from UPA Transaction 11

5 U2 Cache Unsolicited Copyback Counter 12
pml_view_#=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




466 Q Performance Monitoring

Table 94: View Selection ér Monitor Gr oup 0

Register # Monitor Counter #

pmO0_vie w_# = 0000

0 Instruction Commit Counter 28

1 Instruction Issue Counter 27

2 Performance Monitoring Cycle Counter 26
pmO_vie w_# = 0001

0 Instruction Commit Counter 28

1 Instruction uTLB Miss Counter 22

2 Instruction main TLB Miss Counter 24
pmO0_vie w_# = 0010

0 Instruction Commit Counter 28

1 Fetch Stall Counter 29

2 PSU_KILL Stall Counter 30
pmO_vie w_# = 0011

0 Instruction Commit Counter 28

1 Reseration Queue Stall Counter 31

2 Free Register Resource Stall Counter 32
pmO_view_# = 0100

0 Instruction Commit Counter 28

1 Checkpoint, Serial Numbeor Trap Stack Resource Stall Counter 33

2 Other Stall Counter 34
pmO_view_# = 0101

0 Instruction Commit Counter 28

1 Branch Issue Counter 35

2 Branch Mispredict Counter 36
pmO0_view_# = 0110

0 Instruction Commit Counter 28

1 ILT Miss Counter 37

10 Instruction Cache Miss Counter 14
pmO_view_#=0111

0 Instruction Commit Counter 28

1 L1 Instruction Cache Reload Counter 6

2 L1 Instruction Cache lralidate Counter 20
pmO0_vie w_# = 1000

0 Instruction Commit Counter 28

1 Sync Eent Counter 38

2 Sync Cycle Counter 39
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Q.3.2 Writing to P erformance Register s

Performancenonitorsmay be written by thewr %asr30 instructionin arestrictedopera-
tion. Seeb.2, “Instruction Formats”for a detaileddescriptionof theformat. The bits[12:8]
are interpreted as the opcode or pm_op field, which is defiriebla 95

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 viev number selecting counter group

The wr %asr30will not modify software visible register unlessthe opcodefield is
‘00100, With the PM_OPfield equalto ‘00100,", the exclusie-or'edvalueof rs1and
rs2 will be written to “WYew Number Rgister” All writes to %asr30 are syncing.

Q.3.3 Privileg e Protection

In orderto controlaccesgo sensitve performancevalues,readingandwriting to %asr30
may berestrictedto privilegedcodeby settingthe PM_USfield (bit-13) in the StateCon-
trol Register (ASR31) (seb.2.11.12, “State Control Rester (ASR 31)).

Q.3.4 User Access to Monitor s

Useraccesdo monitorsis mosteasily accomplishedria an operatingsysteminterface.
This may be donevia a loadablemodule on the Solaris operatingsystem.To prevent
counteroverflow, the loadablemodule should periodically accumulatehe 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 both Userand Supervisomodethroughthe PMEN_SELfield (bits 15:14) of
the StateControl Register (ASR31) (see5.2.11.12 “State Control Register (ASR 31)").
This feature allovs the separate measurement of User and Supervisotyacti

Caremustbe taken wheninterpretingthe separatedesults.Considerthe caseof a mea-
suremenbf Supervisolctvity andthe switchfrom Userto Supervisomodeoccuringvia
awindow spill or fill trap (non-syncing) SFARC6441l canhave up to 64 actve instruc-
tionsin the machine jssuedbeforethetrapis taken, for example.Theseinstructionswill

have beenissuedin User modeand so will not have incrementedhe Supervisormode
issuecount. The processomay stall during the spill or fill trap, dueto full queuesfor
example.Or a main TLB miss may be generatedwhich will syncthe machine.In this
casejnstructionswhichwereissuedn Usermodewill becommittedn Supervisomode.
This effect also occurswhen transitioningfrom Supervisormodeto User mode,when



468 Q Performance Monitoring

instructionsissuedin Supervisormodewill be committedin User mode.However, the
effectsmay not balanceout dueto the differentnatureof UserandSupervisorcode.Typi-
cally Supervisorcodecontainsmore syncinginstructionson the averagethanUsercode
which meanghatthe averagenumberof actie instructionsin the machinein Supervisor
modewill be lessthanUsermode.Also the amountof time spentin Supervisomodeis
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 the performanceanonitorsareperformedthrough
rd/wr %asr30instructionswhich syncthe machine.The actualtime requiredto syncthe
CPUis not deterministicandis dependenbn the numberandtype of outstandingnstruc-
tions. Additionally, during the period from detectionof a rd/wr %asr30instruction to
whenthe machineis finally syncedand the rd/wr %asr30is executed,the performance
monitors will continue to log specifiedents.

i waiting for machine sync

wr %asr30

waiting for wr %asr30 to write

insto @

instl

inst2 high-performance
superscalar
execution

instn-1

instn ~ -4——

i waiting for machine sync
wr %asr30

As aresult,the syncingoverheadrom rd/wr %asr30instructionsmay affect theaccurag
of IPC measurement$Ve suggest largeenoughmonitoringinterval sothattheimpactof
syncing rd/wr %asr38’'is ngligible in these cases.

For performancecountersbasedon executionandissueeventsthereis no impactfrom
syncing rd/wr %asr30.
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Q.4.2 Monitoring Inter val

All CPU performancemonitorsareenabledanddisabledthroughwr %asr30instructions.
For purpose®f performanceneasurementhewr %asr30instructionmarksthe measure-
mentregion. Thewr %asr30nstructionitself is never counted For example thefollowing
code sequence:

wr %asr30 ! enable
-
add measurement
period
add
load -
wr %asr30 I disable

would result in 3 instructions being logged in the committed instruction counter

When performancemonitors are cleared,the value in all performancemonitors will
remain at O until theare enabled.

Q.5 Other Notes:

Q.5.1 Out-of-Or der Ex ecution

TheSFARC6441l CPUimplementsout-of-orderexecutionthroughrestricteddataflav. As
a result, performancemonitorswhich are updateddueto instructionexecution(memory
eventcountersmemorylateng counterswill beupdatedut-of-order Sinceexecutionof
rd %asr30will syncthe machine,contentsof performancemonitorswill appearto have
been updated in program order when reads are initiated.
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R UPA Programmer’ s Model

R.1 Introduction

This chapterdescribeghe programmersnodel of the UC. The different registersmain-
tained by the UC are described. Instructions which are handled by the U laraesl.

R.2 UPA PortID Register

Thisis astandardeadonly register whichis accessibldy a slave readfrom anothetUPA
port. This registeris locatedat word addres€9x0 in the slave physicaladdresof the UPA
port. This rgister cannot be read or written by ASI instruction.

E[QRl PREQ |PREQ
— C|IN >
FCis C EB DQ | RQ UPACAHR ID
63 56 55 3534333130 25 24 21 20 16 15 0
Bit[63:56]
Value:Fq6.
Reserved

Resered bits, read as 0.

ECC = ECCNotValid
Indicates that this URport does not support ECC. Set to zero.

ONE = ONE_READ
Indicatethatthis UPA port supportonly oneoutstandingslave readP_REQtrans-
action at a time. Set to zero.

RDQ = PINT_RDQI1:0]
Encodeghessizeof the PINT_RQandPINT_DQ queuesSpecifiegshe numberof
incomingP_INT_REQrequestshatthe slave port canreceve. Specifiegshe num-
ber of 64-byteinterruptdatumsthe UPA slave port canreceve. Setto one,since
only one interrupt transaction can be outstanding to UC at a time.

PREQ_DQI5:0]
Encodesthe size of PREQ_DQqueue.Specifiesthe numberof incoming quad
wordsthe UPA slave port canreceve in its P_REQwrite dataqueue.Setto zero,
since incoming shk&e data writes are not supported by UC.
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PREQ_RQI[3:0]
Encodeghe sizeof PREQ _RQqueue.Specifiesthe numberof incomingP_REQ
transactiorrequestpacletsthe UPA slave canreceve. Setto one,sinceonly one
incoming P_REQ to the UC can be outstanding at a time.

UPACAP[4:0]
Indicates the UR module capability type:
UPACAP[4]
Set, CPU is an interrupt handler
UPACAPI[3]
Set, CPU is an interrupter
UPACAPI[2]
Clear CPU does not use BFSlave_Int_L signal.
UPACAPI[1]
Set, CPU is a cache master
UPACAPIO0]
Set, since CPU has a master irde€.
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

Thisis animplementatiorspecificread- write register Thisis only accessibléo themas-
ter and,not accessibldor a slave read. The PCONfield is readableandwritable andthe
rest of the fields are either scanned in or hard wired.

uc
— Size MCAF‘C — PCON | MID UC_CAP

63 46 45434239 36 29 28 22 21 17 16 0
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UC_Size [2:0]
Specifies the UC size. Thalues are scanned in.
UC_Size[2:0] Cache Size (bytes)

000 reserved
001 1Mb
010 2 Mb
011 4 Mb
100 8 Mb
101 16 Mb
110 reserved
111 reserved

MCAP
The CPU module speed; italue is scanned in.

C = CLK_MODE
Read-only field; specifies the ratio between the CPU clock and thelogk

CLK_MODE Ratio
00 2:1
01 31
10 4:1
11 51

PCON
Processor Configuration.

SCIQ1[3:0] (UPA_CONFIG bits[28:25])
Sizeof theinput requesgueuefor masterequestlassl, implementecbn
the System Controller to which this Alort is connected.

SCIQ1[3:0] Queue Size
0000 1
0001 2
0010 3
0011 4
0100 5
0101 6
0110 7
0111 8
IXXX undefined
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SCIQO0[2:0] (UPA_CONFIG bits[24:22])
Sizeof theinput requesueuefor masterrequestlass0, implementecdbn
the System Controller to which this Alort is connected.

SCIQO0[2:0] Queue Size
000 1
001 2
010 3
011 4
1XX undefined

MIDI[4:0]
Module (Processor)D register Identifiesthe slot in which the moduleresides;
hardwired to the slot number from the connector

UC_CAPJ[16:0]
Mirrors the follawving fields in the UR Port ID ragister:

0 [16:15] PINT_RDQ
O [14:9] PREQ_DQ
0 [8:5] PREQ_RQ
0 [4:0] UPA_CAP

R.4 ASI Instructions f or UPA Related Register s

This sectiondescribeghe ASI instructionsdefinedfor UPA relatedregisters.The follow-
ing things are common to all of the ASI instructions defined in this section.

m The opcode of the instructions should be either Idx(a) , Iddf(a) , stx(@ , or
stdf(a) . Otherwise,a data_access_exception trap with FTYPE=Fg (Invalid ASI) is
taken.

m No address translation is performed for the instructions.

m  VA[3:0] of all of theinstructionsshouldbe 4h0. Otherwisea mem_not_aligned trapis
taken.

m Thedon't-carebits (describedas‘—' in theformat)in VA canbeary value.But it is
recommended that the sofive should use zero for these bits.

m The don't-carebits (describedas‘—' in the format) in DATA arereadaszeroand
ignored on write.

m Theinstructionoperationsarenot affectedby PSTATE.CLE. They arealwaystreated
as in a big endian mode.

m The instructions do not cause the processor to sync.
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m Theinstructionsareall stronglyorderedregardlessof load or store,andthe memory
model. Therefore no speculatiexecutions are performed.

R.4.1 Read/Write UP A Configuration Register
Function: Read/Write UR Configuration Rgistet SeeR.3, “UPA Config Raister” for

details.
ASIl: 4Aq6
RW: Supervisor Read, Supervisor Write.
VA: See belw.
— 0000
63 43 O

Data: SeeR.3, "URA Config Rajister” for details.
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Inde x

A

afield of instructions 113, 219, 222, 225, 228,
229 233

A_Assylang 393

ABI, seeSPARC-V9 Application Binary Interface
(ABI)

accruedexception(aexq field of FSRregister 77,
79, 147, 341, 348

activation record, sestack 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 registg4,
232, 305

address masking (AM) field of PSTATE
register 355

address spacéd?7
addresspacddentifier (ASI ) field of fault_access_
type register (ASR29)100
addresspacedentifier (ASI) 21, 32, 33, 81, 107,
114, 117, 121, 173, 174, 260, 264, 296, 318,
349
architecturally specifiedlL75
implicit 355
restricted 122, 175, 349
unrestricted 122, 175, 349
addresspacedentifier (ASI) register 32, 37, 81,
88, 121, 137, 175, 238, 261, 266, 269, 296,
317, 322, 325, 339
addressing convention34, 117
addressing mode& 7
ADDX instruction (SPARC-V8)218

ADDXcc instruction (SPARC-V8)218

aexg seeaccruedexceptiorn(aexc)field of FSRreg-
ister

AG, seealternate globals enable (AG) field of
PSTATE register

aggregate data values, sk#a aggregates

alias
address173
floating-point registers67

alignaddr_offsefield of Graphic Status Register
(ASR19) 95

alignment
data (load/store33, 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 spa@96
alternate globakegisters 32, 60, 60
alternate globals enable (AG) field of PSTATE
register 60, 61, 85
alternate space instructior4, 81

AM, seeaddresamask(AM) field of PSTATEegis-
ter

ancillary state register
Clear SCHED_INT Register (ASR2195

Data Breakpoint Address Register
(ASR26A) 98

Data Breakpoint Mask Register (ASR26BY
DataFaultAccessTypeRegistefASR29) 100
Data Fault Address Register (ASR28)
Graphic Status Register (GSR) (ASR19}
Hardware Mode Register (ASR1&)3
Instruction Fault Type Register (ASR2496
Performance Monitor Registers (ASR3@p1

Schedule Interrupt (SCHED_INT) Register
(ASR22) 95
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Set SCHED_INT Register (ASR205
software-initiated reset (SIR99
State Control Register (ASR31)01
state control register (SCR)01
TICK Match Register (ASR23p6
ancillary state registers (ASR$4, 65, 66, 93,
305, 338, 339, 347, 348 394
AND instruction 270
ANDcc instruction 270, 400
ANDN instruction 270, 400
ANDNCcc instruction 270
annul bit 65, 219
in conditional branche22
annulled branchef19
application program21, 32, 60, 81
arithmetic overflow 73

ASI register,seeaddressspacedentifier (ASI) reg-
ister

ASI, seeaddress space identifier (ASI)
ASI_AS_IF_USER_PRIMARY 175, 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) regist&9
ASR31

state control register (SCR)01
assembler

synthetic instructions399
assigned value

implementation-depender246

async_data_error exception 260, 262, 266, 267,
268

atomic 182, 319, 322
memory operationsl79, 182
atomic load-store instruction$16, 233
compare and swap46, 233
load-store unsigned byt@68, 324, 325
load-storaunsignedyteto 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 instructior400
BCS instruction227, 363
BE instruction 227, 363
Berkeley RISCs19
BG instruction 227, 363
BGE instruction 227, 363
BGU instruction 227, 363
bibliography 477
Bicc instructions 66, 73, 227, 359, 363
big-endian byte orde1, 34, 83, 117
binary compatibility 19
bit vector concatenatiori4
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 instruction 229, 364
BPG instruction 229, 364
BPGE instruction229, 364
BPGU instruction 229, 364
BPL instruction 229, 364
BPLE instruction 229, 364
BPLEU instruction 229, 364
BPN instruction 229, 364
BPNE instruction 229, 364
BPNEG instruction229, 364
BPOS instruction227, 363
BPPOS instruction229, 364
BPr instructions66, 114, 115, 219, 359, 364
BPVC instruction 229, 364
BPVS instruction 229, 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 instructions 219

branch on floating-point condition codes
instructions 221

branch on floating-point condition codes with pre-
diction instructions224

branch on integer condition codes instructicq2®7

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 (ILTH4
Instruction Prefetch Buffergl3
Branch Unit components
Instruction Recode Unié3
BRGEZ instruction 219
BRGZ instruction 219
BRLEZ instruction 219
BRLZ instruction 219
BRNZ instruction 219
BRZ instruction 219
BSET synthetic instructiord00
BTOG synthetic instructiord00
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, semrry (C) bit of condition
fields of CCR
cache
data 177
instruction 27, 84, 177
memory 347
miss 298
non-consistent instruction cacher7
system 19
CALL instruction 36, 63, 65, 66, 232, 258
CALL synthetic instruction399
CANRESTORE, seeestorable windows (CANRE-
STORE) register

CANSAVE, seesavable windows (CANSAVE) reg-
ister

carry (C) bit of condition fields of CCR73
CAS synthetic instructionl79, 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

ccOfield of instructions 113, 225, 229, 240, 282
cclfield of instructions 113, 225, 229, 240, 282
cc2field of instructions 113, 282

CCR, seeondition codes (CCR) register

cexg 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) registe®2, 129,
134, 135, 136, 301, 334, 355

clean_window exception 92, 129, 135, 145, 148,
162, 308 352

Clear SCHED_INT Register (ASR2195

clock cycle 81

clock-tickregister(TICK) 81, 166, 301, 334, 353

CLR synthetic instructior400

CMP synthetic instructiorn323, 399

coherencel73, 355
unit, memory 174

committed 26

committed instruction stat&9, 186

compare and swap instructiorigi6, 233

comparison instructionl23, 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 stat89, 186

compliant SPARC-V9 implementatio20

concatenation of bit vector§4

condfield of instructions 113, 114, 222, 225, 228,
229, 276, 282

condition codes234
floating-point 222
integer 72
conditioncodegCCR)register 37, 88, 137, 218,
238, 290, 339
renamed on SPARC6488
conditional branche22, 225, 228
conditional move instructions86
conforming SPARC-V9 implementatio20
const22field of instructions 254
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constants Floating-point Functional Unit (FPUX7
generating310 Load/Store Functional Unit (LSU%7

control and status registe®b
control-transfer instructions (CTIs35, 238

convert between floating-point formats
instructions 243, 342

convert floating-point to integer instructior42,
344

convert integer to floating-point instructior45
counterfield of TICK register 81
CPom 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
CTl, seecontrol-transfer instructions (CTISs)
current exceptioncgexq 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, seeurrent window pointer (CWP) register

D

d16hifield of instructions 114, 219

di16lofield of instructions 114, 219

data alignment, sesdignment

Data Breakpoint Address Register (ASR2698

Data Breakpoint Mask Register (ASR26BY

data cachel77

Data Fault Access Type Register (ASR2H)0

Data Fault Address Register (ASR289

data flow order constraints
memory reference instructions77
register reference instructionk/7

Data Flow Unit 195

Data Flow Unit (DFU) 43, 46

Data Flow Unit (DFU) Components
Floating-point Register Rename Maj¥
Integer Register Rename Mag6
Physical Floating-point Register Filé7
Physical Integer Register Fildé6

Data Flow Unit (DFU) components
Fixed-point Integer Functional Unit (FXU37

Fixed-point Integer/Address Generation Func-
tional Unit (FX/AGEN) 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 integersl
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 instructiord00
DECcc synthetic instructior00
deferred trap142, 142, 143, 349
floating-point 302
deferred-trap queud 05, 143
floating-point (FQ) 301
integer unit 348
delayinstruction 35, 65, 219, 222, 225, 231, 238,
306
delayed branchl07
delayed control transfe65, 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
SDIVce 235
SMUL 288
SMULcc 288
STFSR 315
SWAP 324
SWAPA 325
TSUBccTV 327, 329
UDIV 235
UDIVce 235
UMUL 288
UMULcc 288
destination registe25
dirty bits, sedower and upper registers dirty (DL
and DU) fields of FPRS register
disp19field of instructions 114, 225, 229
disp22field of instructions 114, 222, 228
disp30field of instructions 114, 232
Dispatch 44
dispatched instruction stat&86, 187
disrupting traps142, 143 144, 145, 146, 349
divide instructions 35, 235, 287
divide-by-zero maskiiZM) bit of TEM field of
FSR register80
division_by_zero exception 123, 145, 164, 237,
287
division-by-zero accruedi¢g bit of aexcfield of
FSR register81
division-by-zero currentdzq bit of cexcfield 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 formab1

DU, seeupper registers dirty (DU) field of FPRS
register

dzg seedivision-by-zero accrued (dza) bit of aexc
field of FSR register

dzg 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 cod&g8

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

exceptions 37, 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

filln_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



486 — F

Index

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
persistencel47
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 semp types
execute unit1l76
execute_statel38 153, 154, 159
executed27
executed instruction statd9, 186
execution
speculative 108
execution traps (Etrapsl42
extended word addressingjl8, 120
extended word data formail
externally_initiated_reset exception 138, 139,
140, 145, 156, 158 159, 164

F

f registers 32, 66, 147, 341, 351
FABSd instruction 246, 361, 362, 363
FABSq instruction 246, 361, 362, 363

FABSs instruction246, 361
FADDd instruction 239, 361
FADDq instruction 239, 361
FADDs instruction 239, 361
fast trap handlersl8

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 instruction 224, 364
FBPLG instruction 224, 364
FBPN instruction 224, 225, 364
FBPNE instruction224, 364
FBPO instruction224, 364
FBPU instruction 224, 364
FBPUE instruction224, 364
FBPUG instruction224, 364
FBPUGE instruction224, 364
FBPUL instruction 224, 364
FBPULE instruction 224, 364
FBU instruction 221, 363
FBUE instruction 221, 363
FBUG instruction 221, 363
FBUGE instruction 221, 363
FBUL instruction 221, 363
FBULE instruction 221, 363

fcc, seefloating-pointconditioncodeqfcc) fieldsof
FSR register

fcc-conditional branche®222, 225
FCMP* instructions 75, 240
FCMPd instruction240, 342, 363
FCMPE?* instructions 75, 240
FCMPEd instruction240, 342, 363
FCMPE(q instruction240, 342, 363
FCMPEs instruction240, 342, 363
FCMPq instruction240, 342, 363
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FCMPs instruction240, 342, 363
fenfield of instructions 238, 295
FDIVd instruction 248, 361

FDIVq instruction 248, 361

FDIVs instruction 248, 361

FdMUL(q instruction 248, 361

FdTOi instruction 242, 344, 361
FdTOq instruction243, 342, 361
FdTOs instruction243, 342, 361
FdTOXx instruction 242, 361, 362, 363

FEF,seeenablefloating-point(FEF) field of FPRS
register

Fetch Unit 44

fetched 27

Fetched instruction stat&85
fetched instruction stat&9

fill registewindow 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 instruction 245, 361

Fixed-point Integer Functional Unit (FXU37, 49

Fixed-pointinteger/Addres§&eneratiorFunctional
Unit (FX/AGEN) 47, 49

floating-point add and subtract instructio289

floating-pointcomparenstructions 75, 240, 240,
342

floating-point condition code bit222

floating-point condition codeddc) fields of FSR
register 74, 77, 147, 222, 225, 240, 341, 394

floating-point data types1

floating-point deferred-trap queue (FQP, 105
301, 302, 348

floating-point divider (FDIV) 48

Floating-point Functional Unit (FPU%7, 48

floating-point move instruction®246

floating-point multiply and divide instruction248

floating-point multiply-adder (FMA)48

floating-point operate (FPop) instructior2, 36,
67, 76, 79, 114, 131, 132, 164, 260

floating-point queue, sdating-point deferred-
trap queue (FQ)

Floating-point Register Rename Maj¥

floating-point registers71, 341, 351

floating-point registers state (FPRS) regisis,
305, 339

floating-point square root instruction50

floating-pointstate(FSR)register 74, 79, 81, 260,
315, 316, 341, 348

floating-point trap typeftt) 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_regqister 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 environmeni84
flush instruction memory instructio251
FLUSH latency 355
flush register windows instructio253
FLUSHW nstruction 37, 130, 134, 136, 166, 253
FMADDd instruction 255
FMADDSs instruction 255
FMOVA instruction 275
FMOVCC instruction 275
FMOVccinstructions 73, 75, 113, 115, 127, 132,
275, 278, 283, 284, 364
FMOVccd instruction 363
FMOVccq instruction 363
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
FMOVEFLE 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

FMOV(q 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 instruction 255

FMSUBSs instruction255

FMULd instruction 248, 361

FMUL(q instruction 248, 361

FMULSs instruction 248, 361

FNEGd instruction246, 361, 362, 363

FNEGq instruction246, 361, 362, 363

FNEGSs instruction246, 361

FNMADDd instruction 255

FNMADDs instruction 255

FNMSUBUd instruction 255

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

FPopinstructionssedloating-pointoperateg(FPop)
instructions

FPop_unimplemented floating-point trap
type 132

FPRS, sedfloating-point register state (FPRS) reg-

ister
FPU, sedloating-point unit

FQ, sedloating-point deferred-trap queue (FQ)
FgTOd instruction243, 342, 361
FgTOi instruction 242, 344, 361
FgTOs instruction243, 342, 361
FgTOx instruction242, 361, 362, 363
freg 394

FsMULd instruction 248, 361
FSQRTd instruction250, 361
FSQRT(q instruction250, 361
FSQRTs instruction250, 361

FsTOd instruction243, 342, 361
FsTOi instruction 242, 344, 361
FsTOq instruction243, 342, 361
FsTOx instruction242, 361, 362, 363
FSUBdA instruction239, 361

FSUBq instruction239, 361

FSUBs instruction239, 361

ftt, seefloating-pointtrap type(ftt) field of FSRreg-
ister

functional choice
implementation-depender46
FxTOd instruction 245, 361, 362, 363
FxTOq instruction 245, 361, 362, 363
FxTOs instruction245, 361, 362, 363

G

generating constant810
globalregisters 18, 32, 60, 60, 60
Graphic Status Register (GSR) (ASR19}

H

halfword 33, 117, 174
addressing118, 119, 120
data format51
halt 153
hardware
dependency346
traps 148
Hardware Mode Register (ASR183
hardware_error floating-point trap type22, 77

i field of instructions 114, 218, 235, 251, 253,
258, 259, 261, 263, 265, 268, 269, 270, 282,
285, 287, 288, 290, 293, 295, 304, 306

I/0, seeinput/output (1/0O)

i_or_x_cc 394

10 cache 27, 43, 84, 109

10 Line Break constraintl88

11 cache 43
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icc field of CCR reqister72, 73, 218, 228, 230,
236, 237, 270, 283, 288, 290, 291, 323, 327,
332

icc-conditional branche28

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

imm22field of instructions 114

IMPDEP1 instruction255

IMPDEP?2 instruction255, 353

IMPDEP instructions, seanplementation-depen-

dent (IMPDEPN) instructions
impl field of VER register 76

Implementationifmpl) field of Version (VER)
register 185

implementation dependenc§45
implementation notel?
implementation numbeingpl) field of VER

register 348
implementation_dependent_n exception 350
implementation-dependent

assigned value (ag46

functional choice (c)346

total unit (t) 346

trap 156

value (v) 346

implementation-dependent (IMPDEP2)
instruction 132

implementation-dependent (IMPDEP
instructions 132, 255, 353

implicit
ASI 121, 355
byte order 83

in registers 32, 60, 63, 307

INC synthetic instruction400

INCcc synthetic instructiond00

inexact accruednka) bit of aexcfield of FSR
register 81, 344

inexact currentr(xc) bit of cexcfield of FSR
register 81, 344

inexact maskNIXM) bit of TEM field of FSR
register 80

inexact quotient235, 236

infinity 344
initiated 23, 27
initiated instruction state39, 186
input/output (1/0) 19, 34
input/output (1/O) locationsl73, 174, 183, 347,
354, 355
order 173
value semanticsl73
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 cacheg84
level-0 109
Instruction Fault Type Register (ASR2496
instruction fields 23
a 113 219 222 228 229, 233
cc0 113 225, 229, 240, 282
ccl 113 225, 229, 240, 282
cc2 113 282
cond 113, 114, 222, 225, 228, 229, 276, 282
const22 254
dieéhi 114, 219
di6lo 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
shent32 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}4, 207
instruction packet (IPY0
Instruction Packet Queue (IPQ)7
instruction packetizingd0
Instruction Prefetch Buffergt3
Instruction Recode Unié3
instruction recoding40
instruction set architecturé8, 22, 23
instruction states
committed 39
completed 39
executed 39
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-storel16, 146, 233, 268, 269,
324, 325

branch if contents of integer register match
condition 219

branch on floating-point condition codé1

branch on floating-point condition codes with
prediction 224

branch on integer condition cod&27

branch on integer condition codes with
prediction 229

compare and swafi46, 233
comparison123, 323
conditional move 36
control-transfer (CTlIs)35, 238

convert between floating-point forma43,
342

convert floating-point to integep42, 344
convert integer to floating-poin45

divide 35, 235, 287

floating-point add and subtra@39
floating-point compare75, 240, 240, 342
floating-point move 246

floating-point multiply and divide248
floating-point operate (FPop36, 76, 79, 260
floating-point square roo250

FLUSH 351

flush instruction memory251

flush register windows253

IMPDEP2 353
implementation-dependent (IMPDEP232

implementation-dependent (IMPDBP 132,
255

issue stalling111

jump and link 36, 258

load floating-point 116, 259

load floating-point from alternate spa@s1
load integer116, 263

load integer from alternate spa@s5

load-storaunsignedbyte 146, 233, 268, 324,
325

load-storaunsignedbyteto alternatespace 269

logical 270

move floating-point register if condition is
true 275

move floating-point register if contents of inte-
ger register satisfy conditio279

move integer register if condition is
satisfied 281

moveintegerregisterif contentf integerreg-
ister satisfies conditior285

move on condition18

multiply 35, 287, 288, 288

multiply step 35, 290

ordering MEMBAR 122

prefetch data295

read privileged registeB01

read state registeB6, 303

register window managemerg7

reserved133

reserved fields213

sequencing MEMBAR122

shift 35, 311

SIR 354

software-initiated reseB813
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store floating point116

store floating-point315

store floating-point into alternate spagd7
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 code331

unimplemented133

write privileged register334

write state registe337
integerconditioncodesseeicc field of CCRregister
integer divide instructions, sekévide instructions

integer multiply instructions, sewaultiply instruc-
tions

Integer Register Rename Maf6

integer unit (1U) 23, 31

integer unit deferred-trap queuz48

interruptenable(IE) field of PSTATEregister 85,
143 146, 165

interrupt level 86

interrupt request23, 37, 137

interrupts 86

invalid accruedrfva) bit of aexcfield of FSR
register 80

invalid current Qv bit of cexcfield 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_IO (110) field of state control regis-
ter (ASR31) 104

IP, sednstruction packet

IPREFETCH synthetic instructioi399

ISA, seenstruction set architecture

issue stalling instructiond 11

issue traps (Itrapsl42

Issue Unit 42

issue unit26, 176, 176

Issue Unit (ISU) 44

Issue Unit Components
Dispatch 44
[-Matrix 44
Precise State Unit (PSU}4
Register Rename/Freelist Unit4

issue window 27

issued 23

Issued instruction staté85
issued instruction stat89
issue-stalling instructior27
italic font

in assembly language synteé893
IU, seeinteger unit

J

JMP synthetic instructiorB99
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 instruction 74, 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 cachel 09
little-endian byte order23, 34, 83

load floating-point from alternate space
instructions 261

load floating-point instruction2259
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load instructions116

load integer from alternate space instructidéb
load integer instruction263

Load/Store Functional Unit (LSU%7, 50

load/store order (LSO) memory mod&lrl, 354,
355

LoadLoad MEMBAR relationshipl80, 273
LoadLoad predefined constai®97
loads
non-faulting 175, 175
loads from alternate spac#4, 81, 121
load-store alignmenB3, 117, 174
load-store instructions83, 146
compare and swag46, 233
load-store unsigned byt233, 268, 324, 325
load-storaunsignedbyteto alternatespace 269

swapr register with alternate space
memory 325

swapr register with memory233, 324
LoadStore MEMBAR relationshipl80, 181, 273
LoadStore predefined constaB97
local registers 32, 60, 63, 307
logical instructions270
Lookaside MEMBAR relationshi@273
Lookaside predefined constaB97
lowerregisterdirty (DL) field of FPRSregister 74

M

machine stalling88
machine sync27, 97, 109, 122
manual
fonts 13
manufacturerrhanuj field of VER register 352
MAXTL 85, 138, 140, 154, 313 352
for SPARC64 85
maxtl seemaximuntrap levels(maxtl)field of VER
register
may 23
mem_address_not_aligned exception 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
Memlissue MEMBAR relationshi273
Memissue predefined constaB97
memory
alignment 174
atomicity 355
coherencel73, 355
coherency unitl74
data 183
instruction 183
ordering unit 174

real 173, 174
memory access instruction33
memory management unit (MMU]9, 347, 393
memory model169-184
load/store order (LSON71, 354, 355
mode control 182
overview 169
partial store order (PSQO169, 181, 354
relaxed memory order (RMOL69, 181, 354
sequential consistencg70
SPARC-V9 181
store order (STO)171, 354, 355
strong 170
strong consistencyl 70
total store order (TSOL69, 181, 182
weak 170
MemoryModel (MM) field of PSTATEregister 94
memory operations
atomic 182
memory order178
program order176
memory reference instructions
data flow order constraintd 77
memory_model (MM) field of PSTATE
register 83, 177, 182, 354
MM, seememory_model (MM) field of PSTATE
register
mmaskKield of instructions 114, 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 conditior279

MOVE instruction 281

move integer register if condition is satisfied
instructions 281

move integer register if contents of integer register
satisfies condition instruction285

move on condition instruction48
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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MOVEFN instruction 281
MOVENE 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
MOVRG?Z 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, sedULScc (multiply
step) instruction

multiply/divide register, se¥ register

multiprocessor synchronization instructiods,
233 324, 325

multiprocessor systeni8, 177, 251, 297, 298,
324, 325, 355

MULX instruction 287
must 23

N

N condition code bit, seegative (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 instructiord00
negative K) bit of condition fields of CCR72
negative infinity 344
nested trapsl8

next program counter (nPQJ3, 37, 65, 65, 87,
107, 144, 238, 292

non-faulting load 24, 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 instructiond00

note
implementation17
programming 17

nPC, seamext program counter (nPC)

NPT, seeonprivileged trap (NPT) field of TICK
register)

NS, semonstandard floating-point (NS) field of
FSR register

number of windowsrgaxwin field of VER
register 135

nva, seeinvalid accrued (nva) bit of aexc field of
FSR register

nvg seeinvalid current(nvc)bit of cexcfield of FSR
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

nxg seeinexactcurrent(nxc)bit of cexcfield of FSR
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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opffield of instructions 114, 239, 240, 242, 243
245, 246, 248, 250

opf_ccfield of instructions 115, 276

opf_lowfield of instructions 115, 276, 279

optimized leaf procedure, skmaf 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) registe®2, 129,
130, 134, 135, 253, 301, 308, 334, 355

outregister #765, 232

outregisters 32, 60, 63, 307

overflow 134

overflow (V) bit of conditionfieldsof CCR 73, 123

overflow accrueddfa) bit of aexcfield of FSR
register 80

overflow current ¢fc) bit of cexcfield of FSR
register 80

overflow mask QFM) bit of TEM field of FSR
register 80

P
p field of instructions 115, 219, 220, 225, 229
packetizing
instruction 40
page fault 298

partial store order (PSO) memory moda#d, 169,
170, 181, 354

PC, segrogram counter (PC)
PDC, segage descriptor cache (PDC)

PEF, seenable floating-point (PEF) field of
PSTATE register

Performance Monitor Registers (ASR3QD1
physical addressl73

Physical Floating-point Register Filé7
Physical Integer Register Fild6

PIL, seeprocessor interrupt level (PIL) register
POPC instruction293

positive infinity 344

power failure 145, 158

power_on_reset (POR) trap56

power-on reset82, 140, 145
power-on_resetl38

power-on_reset (POR) trap50

precise floating-point trap802

Precise State Unit (PSW34

precise trapl42, 143 349

predefined constants

LoadLoad 397
lookaside 397
Memlssue 397
StoreLoad 397
StoreStore397
Sync 397
predict bit 220
prefetch
for one read297
for one write 297
for several read297
for several writes297
implementation dependerz98
instruction 298
page 298
prefetch buffer43, 84
prefetch data instructior295
PREFETCH instruction117, 295, 352
prefetch_fcn397
PREFETCHA instruction295, 352
PRIV, seeprivileged(PRIV)field of PSTATEegis-
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 registeR6,
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 unit176, 176
model 176
reorder unit176
self-consistencyl76
state diagram138
processor interrupt level (PIL) regist&6, 143,
146, 147, 165, 301, 334
SPARCG64 pending write86
processostate(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_statel53 154, 159
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RED_state104, 138, 139, 140, 148, 153,
154, 156, 157, 158, 160, 182, 354

program counter (PCB7, 65, 65, 87, 107, 137,
144, 232, 238, 258, 292

program counter (PC) registe&855

program orderl76, 176

programming notel?

PSO seepartial storeordering(PSO)memorymod-
el

PSR register (SPARC-V8339

PTD, seegage table descriptor (PTD)

PTE, segage table entry (PTE)

Q

gne seequeuenotempty(gne)field of FSRregister
quadword 24, 33, 117, 174

addressing118, 120

data format51

gueue not emptyghe field of FSR register79,
341

quiet NaN (not-a-numbery5, 240, 241, 342

R

r register
#15 65, 232

r register 60

r register
alignment 264, 266

r registers 347

rational quotient236

rcondfield of instructions 115, 219, 279, 285

rd field of instructions 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

RD, seeroundingdirection (RD) field of FSRregis-
ter

RDASI instruction 303

RDASR instruction 34, 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 instructioB01
read state register instructiorgs, 303
read-after-write memory hazartl77
real memory 173, 174

reclaimed 28

reclaimed instruction stat89, 186

recoding
instruction 40
RED,seeenableRED_statdRED)field of PSTATE
register
RED_state25, 104, 138, 139, 140, 148, 153,
154, 156, 157, 158, 160, 182, 354
restricted environmenil39
RED_state (RED) field of PSTATE regist&s3,
138 139
RED_state trap tabld.48
RED_state trap vectofL39, 354
RED_state trap vector (RSTV) registéd5
RED_state trap vector address (RSTVadaby
reference MMU 19, 393
references477
reg 393
reg_or_immfield of instructions 398
reg_plus_imm397
regaddr 397
register reference instructions
data flow order constraintd 77
Register Rename/Freelist Undt4
register renaming40
register window management instructio8g
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
addresspaceddentifier (ASI) 137, 175, 238,
261, 266, 269, 296, 317, 322, 325, 339
alternate global 32, 60, 60

ancillary state registers (ASR$4, 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 status9, 65

current window pointer (CWPB2, 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 (F@P2

floating-pointregistersstate(FPRS) 73, 305,
339

floating-point state (FSRY4, 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 (1/0O) 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 (PIL36, 301, 334

processor state (PSTATHQ, 82, 83, 88,
137, 139, 238, 301, 334

PSR (SPARC-V8)339

r 347

r register
#15 65, 232

RED_state trap vector (RSTV)05

renaming 41

renaming mechanismi77

restorablevindows(CANRESTORE) 32, 63,
92, 93, 129, 130, 134, 135, 301, 308,
309, 334, 355

rMCurrPagel 60

savable windows (CANSAVER2, 63, 91,
128, 129, 130, 134, 135, 253, 301, 308
309, 334, 355

TBR (SPARC-V8) 339

TICK 81, 301, 334

trap base address (TBAJ6, 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 (TNP@y7, 301,
334

trap program counter (TPC37, 143 301,
02 334

trap state (TSTATE)8S, 238, 301, 334
trap type (TT) 89, 89, 92, 148, 153, 159,
301, 332 334, 350
version register (VER)Q, 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 mod8,
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-initiated 140, 145, 153
trap 82, 142, 145 153, 350
trap table 25
watchdog 140, 158, 159
Reset, Error, and Debug stai38

restorablevindows(CANRESTORE)egister 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 instructio899

RESTORED instruction37, 130, 136, 308, 309

restricted address space identifie?1, 122, 349

RET synthetic instructiorB99

RETL synthetic instruction399

RETRY instruction 36, 73, 136, 137, 139, 144,
238, 308

returnfrom trap (DONE) instruction,seeDONE in-
struction

return from trap (RETRY) instruction, sSBETRY
instruction

RETURN instruction 36, 66, 164, 166, 306

Return Prediction Stack (RP)92

RMO, seeaelaxed memory ordering (RMO) memo-

ry model
rounding
in signed division236
rounding direction (RD) field of FSR registéib,
239, 242, 243, 245, 248, 250
routine
non-leaf 258
RPS, se®eturn Prediction Stack (RP3)81

rsifield 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

savablevindows(CANSAVE)register 32, 63, 91,
128, 129, 130, 134, 135, 253, 301, 308, 309,
334, 355

SAVE instruction 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_factoffield 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
processorl76

self-modifying code251

sequence_error floating-point trap type22, 77,
78, 164, 349

sequencing MEMBAR instructiond 22
sequential consistency memory modet0
sequential execution mod&40

SEQUENTIAL_MODE (SM) field of state control
register (ASR31)104, 140

Serial Number Queue (SNQ9
serializing instruction109

Set SCHED_INT Register (ASR2(05
SET synthetic instructiorB99

SETHI instruction 35, 114, 123 292 310, 359,
399

shall (special term)25

shared memoryl69

shent32field of instructions 115

shent64field of instructions 115

shift instructions 35, 123, 311

side effects108, 173
and MMU 108
and speculative executioh08

signal handler, seteap handler

signal monitor instruction313

signalingNaN (not-a-number) 75, 240, 241, 243,
342

signed integer data typs1

sign-extended 64-bit constaritl6

sign-extension400

SIGNX synthetic instructiond00

simm10field of instructions 115, 285

simm11field of instructions 115, 282

simm13field of instructions 116, 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 flagd13, 354

sizefield of instructions 116

SLL instruction 311

SLLX instruction 311, 399

SMUL instruction 66, 288

SMULcc instruction 66, 288

Software Scratch Registe!®7

software trap148, 148 332

software_initiated_reset (SIR) exception138,
140, 145, 153 156, 159, 166, 313

software_trap_numbe398

software-initiated reset (SIR) regist&9

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 compatiblity 132

SPARC-V9ApplicationBinary Interface(ABI) 19

SPARC-V9 featuresl?

SPARC-V9 memory modeld81

special terms
shall 25

special traps138, 148

speculative executiori08

spill registewindow 63, 128, 129, 130, 134, 135,
136, 166, 308, 309

spill windows 307

spill_n_normal exception145, 166, 253 308

spill_n_other exceptionl66, 253, 308

SRA instruction 311, 400

SRAX instruction 311

SRL instruction 311

SRLX instruction 311

ST instruction 400

stack frame307

State Control Register (ASR31)01

state control register (SCR)01

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 instruction 117, 166, 315

STDF_mem_address_not_aligned
exception 117, 145, 166, 316, 318 353

STDFA instruction 117, 146, 317

STF instruction 315

STFSR instruction74, 75, 76, 315

STH instruction 319, 321, 400

STHA instruction 319, 321

store floating-point instruction815

store floating-point into alternate space
instructions 317

store instructions116
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store integer instruction819, 321
store order (STO) memory modéi71, 354, 355
StoreLoad MEMBAR relationshipl80, 273
StoreLoad predefined constaBd7
stores to alternate spa@, 81, 121
StoreStore MEMBAR relationshid 80, 273
StoreStore predefined constaB97
STQF instruction117, 315
STQF_mem_address_not_aligned
exception 354
STQFA instruction117, 317
strong consistency memory mod&r0
strong ordering, sesrong 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 instruction 323

SUBcc instruction123, 323, 399

SUBCcc instruction323

subtract instructions323

SUBX instruction (SPARC-V8)323

SUBXcc instruction (SPARC-V8)323

supervisosoftware 34, 60, 61, 77, 78, 137, 153,
159, 343, 347

supervisor-mode trap handl€r48

sw_trap#field of instructions 116

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 constarg97
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 assembl889

system softwarel66, 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 instruction827

tagged arithmeticl23

tagged arithmetic instruction85
tagged word data formabl

tagged words51

task switching, seeontext switching
TBR register (SPARC-V8)339

Tccinstructions 37, 73, 113, 137, 148, 167, 331,
363, 364

TCS instruction 363
TE instruction 363

TEM, seetrap enablemask(TEM)field of FSRreg-
ister

test-and-set instructiori83
TG instruction 363
TGE instruction 363
TGU instruction 363
threads, semultithreaded software
Ticc instruction (SPARC-V8)332
TICK Match Register (ASR2306
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 mode#, 169,
170, 181, 182

total unit
implementation-depender46
TPOS instruction363

Translation Lookaside Buffer (TLB), spage de-
scriptor cache (PDC)

Translation Memory Buffer (TMB)384
trap 37, 37, 137
trapbaseaddres¢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 registes,
79, 80, 146, 147, 164, 348
trap handler238
fast 18
supervisor-model48
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) regist&r,
301, 334
trap on integer condition codes instructioB31
trap processingl38, 153

trapprogramcounterTPC)register 87, 143 301,
302 334

trap stack 18, 154
trap state (TSTATE) registe88, 238, 301, 334
traptype(TT) register 89, 89, 92, 148, 153, 159,
301, 332, 334, 350
trap types, also sexceptions
trap vector
RED_state 139
trap_instruction exception 145, 167, 332, 333
trap_little_endian (TLE) field of PSTATE
register 83, 83
traps
also seexceptions
causes37
deferred 142, 349
disrupting 142, 349
hardware 148
implementation-dependert56
nested 18
normal 138, 148, 154, 154, 156
precise 142, 349
precise execution (Etraps)42
precise issue (Itrapsl42

reset 89, 142, 143 145, 153 350
software 148, 332
software-initiated reset (SIR156
special 138, 148
window fill 148
window spill 148
TSO, sedotal store ordering (TSO) memory model
TST synthetic instructiorn399
TSUBcc instruction123
TSUBccTV instruction 123, 166
TVC instruction 363
TVS instruction 363
typewriter font
in assembly language synté893

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 branche222, 225, 228, 230

underflow 134

underflow accruedufa) bit of aexcfield of FSR
register 80, 344

underflow currentyfc) bit of cexcfield of FSR
register 80, 343, 344

underflow maskFM) 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 instruction4 33

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 identifis22, 349
unsigned integer data typgl
upperregisterdirty (DU) field of FPRSregister 74
user

mode 60, 81

program 348

trap handler77, 343
user application program, sapplication program
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Index

V

V condition code bit, seaverflow (V) bit of condi-
tion fields of CCR

value

implementation-depender246
valuesemantic®f input/output(l/O) locations 173
var field of instructions 116
ver, seeversion (ver) field of FSR register
version yer) field of FSR register348
version register (VER)QQ, 301
virtual address173
virtual address (VA)368
virtual memory 298
Visual Instruction Set (VIS)94

W

watchdog exception 140, 167, 350
watchdog resetl40, 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 handler 37
window overflow 63, 134
window spill trap 148
window spill trap handler37
window state (WSTATE) registe®0, 92, 135,
253, 301, 308, 334
window underflow 63, 134
window_fill exception 129, 306
window_spill exception 91, 92
windows, seeegister windows
word 33, 117, 174
word data format51
WRASI instruction 337
WRASR instruction 34, 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 instructior334

write state register instruction837
write-after-read memory hazarti77
write-after-write memory hazard 77

WRPR instruction82, 83, 90, 133 139, 334
WRPSR instruction (SPARC-V8339
WRTBR instruction (SPARC-V8)339

WRWIM instruction (SPARC-V8)339
WRY instruction 66, 337, 400
WTYPE subfield field of trap type field.51

X

x field of instructions 116

xccfield of CCRregister 73, 218, 230, 236, 237,
270, 283, 288, 291, 323, 327

XIR, seeexternally_initiated_reset (XIR)

XNOR instruction 270, 400

XNORcec instruction 270

XOR instruction 270, 400

XORcc instruction 270

Y

Y register 65, 66, 235, 288, 290, 339

Z

Z condition code bit, sesero (Z) bit of condition
fields of CCR

zero ) bit of condition fields of CCR72



