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1 INTRODUCTION 2

1 Introduction

This document specifies the SPARC-V9 instruction set syntax, adapted by Bill Clarke franmtbi-v0.5
SPARC-V8 instruction set [1, ch.2]. For more info regarding the special commands used herein, see that code/document.
For more information on the New Jersey Machine Code Toolkit, see [2].

The context of this specification is with regard to simulating SPARC-V9 cpu’s, and hence may be different to
other contexts. All valid instructions in SPARC-V9 ought to be recognised by this specification. Any instruction
not directly matched ought to generateiegal  _instruction trap when executed or emulated. Some
instructions matched may later generateillegal  _instruction trap. Any instruction that could cause
some other trap and could be detected here (possibly in equations, e.g., the quad-precision floating-point encoding
of registers) will have an constructor that accepts these invalid instructions and a constructor that accepts only the
truly “valid” instructions.

This specification also includes implementation-dependent instructions, such as the VIS instruction-set imple-
mented by the UltraSPARC family of CPUs.

This specification also includes special constructors for simulation. For example, &@Pthepcodes are
matched with a singlBPr constructor with the condition type as an extra field.
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2 Fields

The SPARC-V9 is a RISC architecture and thus uses a single token class for all of its fields.
(fields.speaa) =

# fields.spec

# this goes first

fields of instruction (32) (field specificationshb)

Information about instruction formats and fields is taken from Chapter 6 of the SPARC-V9 architecture man-
ual [3].

2.1 Field specifications

Working from top to bottom of pages 64 and 65 of the SPARC-V9 architecture manual, we have format 1,
(field specificationsh)= (32) 30
inst 0:31 op 30:31 disp30 0:29

Defines:
disp30 , used in chunk 28.
inst , never used.
op, used in chunk 13d.

format 2,

(field specificationsb)+= (3a) 43b 4a
rd 25:29 op2 22:24 imm22 0:21 a 29:29 icond_f2 25:28 fcond_f2 25:28
disp22 0:21 icc_f2 20:21 fcc_f2 20:21 p 19:19
disp19 0:18 mbz_f2 28:28 rcond_f2 25:27 d16hi 20:21 di6lo 0:13

Defines:
a, used in chunks 6c¢, 27, 29, 30c, 47-49, 52, and 53.
d16hi , used in chunk 29.
disp19 , used in chunk 27.
disp22 , used in chunk 27.
d16lo , used in chunk 29.
fcc _f2 , used in chunks 6b and 27.
fcond _f2 , used in chunks 6d and 27.
icc _f2 ,used in chunks 6b and 27.
icond _f2 , used in chunks 6d, 27, and 28.
imm22, used in chunks 13e, 27a, and 31.
mbz.f2 , used in chunk 14.
op2, used in chunk 13e.
p, used in chunks 6c¢, 27, and 29.
rcond _f2 , used in chunks 7 and 29.
rd , used in chunks 5¢, 11a, 13e, 16, 19a, 23, 25, 26, 28, 30-33, 393, 42, 44, and 47.
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format 3,

4a (field specificationsb)+= (3a) <3¢ 4b>
op3 19:24 rsl 14:18 i 13:13 imm_asi 5:12 rs2 0:4
simm13 0:12 rcond_f3 10:12 simm10 0:9 membar_mask 0:6
impldepl 25:29 impldep2 0:18 x 12:12 shcnt32 0:4
shcent64 0:5 opf 5:13 mbz_f3 27:29 fcc f3 25:26 fcn 25:29

Defines:
fcc f3 , used in chunks 6b and 31a.
fcn , used in chunks 17a and 24.
i , used in chunks 8, 10b, 16, and 44.
imm_asi , used in chunk 10.
impldepl , never used.
impldep2 , never used.
mbz_f3 , used in chunk 22a.
membar_mask, used in chunk 25a.
op3, used in chunks 15 and 18.
opf , used in chunks 20, 22a, and 33b.
rcond _f3 , used in chunks 7 and 30.
rs1 , used in chunks 5¢, 9, 11a, 16, 17d, 23e, 25, 26, 29, 30, 32b, 33a, 39a, 42, 44, and 47.
rs2 , used in chunks 5c, 8, 9, 11a, 23e, 39a, 44, and 47.
shent32 |, used in chunk 8c.
shent64 |, used in chunk 8c.
simm10, used in chunk 8c.
simm13, used in chunks 8, 9, and 25a.
X, used in chunk 17b.

and format 4

4b (field specificationsb)+= (3a) «<4a 5d>
icc_f4 11:12 fcc_f4 11:12 simm1l 0:10 cc2_f4 18:18 mbz_f4_18 18:18
icond_f4 14:17 fcond f4 14:17
simm7 0:6 mbz_f4 13 13:13 rcond_f4 10:12 opf low5 5:9 opf cc 11:13
opf_low6 5:10
Defines:
cc2 f4 , used in chunk 28.
fcc _f4 , used in chunks 6b and 28e.
fcond _f4 , used in chunks 6d, 28e, and 29a.
icc _f4 , used in chunks 6b and 28.
icond _f4 , used in chunks 6d, 28, and 29.
mbzf4 _13, used in chunk 22a.
mbzf4 _18, used in chunk 22a.
opf _cc, used in chunks 6b and 29.
opf _low5 , used in chunk 22a.
opf _low6 , used in chunk 22a.
rcond _f4 , used in chunks 7 and 30.
simm11, used in chunk 8c.
simm7, used in chunks 8c and 9b.

Unfortunately, some of the new (V9) instructions have similarly named bitfields but are located in different
places ¢ond , cc, rcond andopf _low ): these are labelled here instead by suffixifty, -f3 or _f4 depending
on whether the field is defined in Format 2, 3 or 4. This convention breaks dowpffalow since they are both
in format 4, so they are labellepf _low5 andopf _low6 (ick!).

Thecc fields are also sometimes labelied orfcc to identify whether they're using the integer or floating-
point condition codes, and also to aid in generating assembly language.

Like thecc fields, thecond fields are also labelled with anor f prefix to indicate which condition-code the
condition is to be tested against.

We have also added som&hz f{2,3,4 {18,13}} fields which Must-Be-Zero for some instructions (the
mbz_f4 _Xfields identify which bit must-be-zero).

Other fields, such as floating-point registers and specialised register fields are defined elsewhere.
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2.2 Names and subfields

To aid in generating assembly language, we identify names to particular fields. This way they will print according
to the format specified in the SPARC-V9 manual. Some of the hames/assembly syntax are identified by typed
constructors in section 3 (such g _or _imm and floating-point registers), or explicitly in the generating con-
structors (such as thheg _plus _imm/%asi variants of the load and store instructions in section 5.1), or converted
from opcode syntax to assembler syntax in section 11.

We store theséeldinfo specifications in a separate file, so that we can concatenate other field specifica-
tions with the above ones.

(fields-names.spee)=
# fields-names.spec
# requires fields.spec
(fieldinfo specificationsc)

2.2.1 |Integer registers

Firstly, we have the integer registers which are separatedjiotmal s, out s,local s andin s. Additionally,
out register 6 is specified as the stack pointgr), andin register 6 is specified as the frame pointer ) [3,
pp291-292].
(properties of integer-register fields)= (5c)
names [ "%g0" "%gl" "%g2" "%g3" "%g4" "%g5" "%g6" "%g7"

"%00" "%01" "%02" "%03" "%o04" "%o05" "%sp" "%o07"

"%I0"  "%I1"  "%I2" "%I3" "%I4" "%I5" "%I6" "%lI7"

"%i0"  "%il"  "%i2" "%i3" "%i4" "%i5" "%fp" "%i7" ]

(fieldinfo specificationsc)= (5a) 6a
fieldinfo
[ rd rs1 rs2 ]is [ (properties of integer-register fields) ]

Usesrd 3c,rsl 4a, ands2 4a.

There are several related “integer-register-like” sets of registers, including floating-point registers, ancillary
state registersar s) and privileged registers.

Floating-point registers are encoded (including their assembly encoding) using typed constructors in sec-
tion 3.3.

2.2.2 Ancillary state registers

Ancillary state registers are only manipulated usiR®,WR}ASR, and are identified b%asrX whereXis the
number of the register. Since the encoding is so simple, we let the toolkit deal with printiXgathe: explicitly
include theY%asr in the instructions’ constructors (see section 5.2). Hence we need register-like fields that don't
have explicit names (theimpliesinteger ):
(field specificationsb)+= (3a) <4b 5e>

rsli 14:18 rdi 25:29

Defines:
rdi , used in chunk 25.
rsli , used in chunk 25.

2.2.3 Privileged registers

The privileged registers are encoded in the same sort of field as plain registers, and are identified by appending a
p to the register identifiers. TH&pX! in the specification are illegal values (which are enforced in the pattern or
constructor).
(field specificationsb)+= (3a) <5d

rslp 14:18 rdp 25:29

Defines:
rdp , used in chunks 6a and 26.
rslp , used in chunks 6a and 26.
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(fieldinfo specificationsc)+= (5a) <5¢ 6b>
fieldinfo
[ rslp rdp ] is [ names [
"%tpc" "%tnpc" "Optstate”  "%ott"
"%%otick" "%tba" "%pstate”  "%itl"
"%pil" "%cwp" "%cansave" "%canrestore”
"%cleanwin" "%otherwin" "%wstate" "%fq"
"%pl6! "%pl7!" "%pl8!" "%pl1o"
"%p20!" "%op21!" "%p22!" "%p23!"
"%p24!" "%p25!" "%p26!" "%op27!"
"%p28!" "%p29!" "%p30!" "%over" ] ]

Usesrdp 5e andrslp 5e.

2.2.4 Condition code registers

The condition code registers are identified (like the other registers) by names precedét fjhare are two
integer condition code registerige¢ andxcc ), which are represented by a two-bit field, so two values are not
used (and are illegal; this is identified by restrictions in patterns or equations in constructc¥si ahck! in

the names). There are four floating-point condition code registers, and are just labeteX byhereX is the
value of the field. Other condition code values are a combination of the two.

(fieldinfo specificationsc)+= (5a) <6a 60>
fieldinfo
[ icc_f2 icc_f4 ] is [ names [ "%icc" "%icc!" "%xcc" "%xcc!" ] ]
[ fcc_f2 fcc_f3 fcc _f4 ]
is [ names [ "%fccO" "%fccl" "%fcc2" "%fcc3" ] ]
opf_cc is [ names [ "%fcc0" "%fccl" "%fcc2" "%fcc3”
"%%icc" "%icc!" "%xcc" "%xcc!" ] ]

Usesfcc f2 3c,fcc f3 4a,fcc _f4 4b,icc f2 3c,icc _f4 4b, andopf _cc 4b.

2.2.5 Annul and predict fields

The annul and predict fields of various branch instructions are specified by suffixaig and{"pn","pt"}
respectively, depending on whether the field is not or is set. We can use field nhames to identify these, for which the
instructions are declared in section 5.4.

(fieldinfo specificationsc)+= (5a) <6b 60>
fieldinfo
ais [ names [ "™ at 11

p is [ names [ ",pn" "pt" ] ]
Usesa 3c andp 3c.

2.2.6 Condition fields

The{i,f}cond f{2,4} fields specify the condition to check for a given condition code register (see above for

the condition code registers). Each of these conditions is given a name which is used as a suffix for opcodes and
assembly language and which is enumerated here. We can then use these fields as parts of constructors to produce
the various instructions that depend on the fields.

(fieldinfo specificationsc)+= (5a) <6¢C 7o
fieldinfo
[ icond_f2 icond_f4 ] is
[ names [ N E LE L LEU CS NEG VS A NE G GE GU CC POS VC ] ]

[ fcond_f2 fcond _f4 ] is
[ names [ N NE LG UL L UG G U A E UE GE UGE LE ULE O ] ]
Usesfcond _f2 3c,fcond _f4 4b,icond _f2 3c, andicond _f4 4b.
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Thercond _f{2,3,4} fields specify the integer register value condition to check, and likg,fheond *
fields the names of that condition give a name for the opcode. Two of the possible values are invalid and are labelled
with ! .
(fieldinfo specificationsc)+= (5a) < 6d

fieldinfo
[ rcond_f2 rcond f3 rcond _f4 ] is
[ names [ "0!" Z LEZ LZ "4!" NZ GZ GEZ ] ]

Usesrcond f2 3c,rcond _f3 4a, andcond _f4 4b.
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3 Structured operands and typed constructors

SPARC-V9 has instructions whose operands are not simple integers or fields. For example, the integer-arithmetic
instructions take an operand that may be a register or an immediate value, and the load and store instructions take
an operand that computes an address. The formats for these operands appear on pages 295-296 in Appendix G of
the SPARC-V9 manual.

(types.spega)=
# types.spec
# requires fields.spec
(type specificationsb)

3.1 Register-or-immediate structured operands

We specify such operands by creating a constructor type for them, giving a constructor for each format. We use
the “operand syntax” name in the SPARC-V9 manual as the name of the type; for example, the constructors for a
“register or immediate” operand are:

(type specificationsb)= (8a) 8o
constructors
immROI simm13! : reg_or_imm is i =1 & simml3
regROI rs2 s reg_or_imm is i =0 & rs2
Defines:

immROlI, used in chunks 9 and 47.
reg _or _.imm, used in chunks 9a, 25, 26, 33a, 44, and 47.
regROI , used in chunks 9 and 47.

Usesi 4a,rs2 4a, andsimm13 4a.

Similarly, we define constructors for other register-or-immediate operand syntax:

(type specificationsb)+= (8a) «8b 9a
constructors

immROI10 simm10! : reg_or_imm10 is i = 1 & simm10
regROI10 rs2 : reg_or_imm10 is i = 0 & rs2
immROI11l simm11! : reg_or_immll is i = 1 & simmll
regROI11 rs2 creg_or_immll is i = 0 & rs2
immROS32 shcnt32 : reg_or_shent32 is i = 1 & shent32
regROS32 rs2 : reg_or_shent32 is i = 0 & rs2
immROS64 shcnt64 : reg_or_shcnt64 is i = 1 & shcnt64
regROS64 rs2 . reg_or_shenté4 is i = 0 & rs2
immROI7 simm7! :reg_or_imm7 is i = 1 & simm7
regROI7 rs2 creg_or_imm7 is i = 0 & rs2

Defines:

immROI1, never used.
immROI7, used in chunk 9b.
immROS3never used.
immROS6 never used.
reg _or .imm10, used in chunk 30.
reg _or .imm11, used in chunk 28.
reg _or .imm7, used in chunk 9b.
reg _or _shcnt32 , used in chunk 26c¢.
reg _or _shcnt64 , used in chunk 26c¢.
regROI1 , never used.
regROI7 , used in chunk 9b.
regROS3, never used.
regROS6, never used.

Usesi 4a,rs2 4a,shcnt32 4a,shcnté4  4a,simml10 4a,simmll 4b, andsimm?7 4b.
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3.2 Addresses and other address-like structured operands

Specifying addresses is a bit problematic because it's not clear what convention to follow. The underlying general
mechanism is that a register is added to a value of tgge.or _imm, but there are many useful abbreviations:
(type specificationsb)+= (8a) «8c 9b>
constructors
# ogeneralA rsl + reg_or_imm : address_
generalA rsl + reg_or_imm : address_ is rsl & reg_or_imm

dispA rsl + simml13! . address_ is generalA(rsl, immROI(simm13!))
absoluteA simm13! . address_ is generalA(0, immROI(simm13!))
indexA rsl + rs2 : address_ is generalA(rs1, regROI(rs2))
indirectA rsl . address_ is generalA(rs1, regROI(0))

Defines:

absoluteA |, never used.

address _, used in chunks 23, 24, 31c, and 47.

dispA , used in chunk 47.

generalA |, never used.

indexA |, never used.

indirectA  , never used.
UsesimmROI 8b,reg _or .imm8b,regROI 8b,rs1 4a,rs2 4a, andsimm13 4a.
(the commented-out line is what should be used; the second is a workaround for a bugninviasion of the
toolkit!!!).

Unfortunately we can'’t call the typaddress becauseddress is reserved for the toolkit to describe the
treatment of addresses in decoding specifications.

There are several other operand syntax specificationsatikeess _, given below (names taken froad-
dress _, even if they don’'t make much sense if they're not addresseg)._plus _imm andregaddr are only
used in conjuction with alternate space instructioeg (_plus _imm uses theASI| register,regaddr has an
immediate asi)software _trap _number is used for a software trag ¢c).

(type specificationsb)+= (8a) «9a 10a
constructors
dispRPI rsl1 + simml3! : reg_plus_imm is rsl & immROI(simm13!)
absoluteRPI simm13! . reg_plus_imm is dispRPI(O, simm13!)
indirectRPI rsl . reg_plus_imm is dispRPI(rs1, 0)
indexRA rsl + rs2 : regaddr is rsl & regROI(rs2)
indirectRA  rsl . regaddr is indexRA(rs1, 0)

# generalSTN rsl + reg_or_imm7 : software_trap_number
generalSTN rsl + reg_or_imm7 : software_trap_number is rsl & reg_or_imm7

dispSTN rsl + simm7! . software_trap_number is generalSTN(rs1, immROI7(simm7!)

absoluteSTN simm7! . software_trap_number is generalSTN(O, immROI7(simm7!))

indexSTN rsl + rs2 . software_trap_number is generalSTN(rs1, regROI7(rs2))

indirectSTN rsl . software_trap_number is generalSTN(rs1, regROI7(0))
Defines:

absoluteRPI , never used.

absoluteSTN , never used.

dispRPI , never used.

dispSTN , never used.

generalSTN , never used.

indexRA |, never used.

indexSTN , never used.

indirectRA | never used.

indirectRPl | never used.

indirectSTN , never used.

regaddr , used in chunk 10a.

reg _plus _imm, used in chunk 10a.

software _trap _number, used in chunk 28.
UsesimmROI 8b,immROI7 8c,reg _or .imm7 8c,regROI 8b,regROI7 8c,rs1 4a,rs2 4a,simml3 4a, andsimm7 4b.
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One operand syntax not defined in the assembly language syntax is the asi alternative instructions. Since SLED
cannot handle overloaded constructors, we could either specialise each instruction for either immediate or implicit
asi's (ugly), or add a constructor to switch between them (slightly less ugly). So we do the latter:

(type specificationsb)+= (8a) «9b 10b>
constructors
# imm_asi_address [regaddr] imm_asi . asi_address
imm_asi_address [regaddr] imm_asi . asi_address is regaddr & imm_asi

# imp_asi_address [reg_plus_imm] "%asi" : asi_address
imp_asi_address [reg_plus_imm] "%asi" : asi_address is reg_plus_imm

Defines:
asi _address , used in chunks 23 and 24.
imm.asi _address , never used.
imp _asi _address , never used.
Usesimm.asi 4a,regaddr 9b, andreg _plus _.imm9b.

The compare-and-swap instructions have their own specialised asi-related syntax. Strangely, it seems con-

tradictory with thereg _or _imm specification:reg _or _imm definesi=1 to have an immediate value whereas
casa _asi defines=0 to have an immediate asi.

(type specificationsb)+= (8a) «10a
constructors
imm_casa_asi imm_asi : casa asi is i = 0 & imm_asi
imp_casa_asi "%asi" : casa asiisi =1
Defines:

casa -asi , used in chunk 23e.

imm_casa _asi , used in chunk 47.

imp _casa _asi , never used.
Usesi 4aandmm.asi 4a.

3.3 Floating-point register encoding

SPARC-V9 also has an encoded representation for floating-point registers. The actual register number is a 6-bit
number, but is stored in the instruction as a 5-bit encoded value. The actual encoding is:

Type 6-bit actual register (5to 0)  5-bit encoding (4 to 0)

single [0 b4 b3 b2 bl b0] [b4 b3 b2 bl bO]

double [b5 b4 b3 b2 bl 0] [b4 b3 b2 bl b5]

quad [b5 b4 b3 b2 0 0] [b4 b3 b2 0 b5]

The single and double encodings are effectively foolproof for decoding: all possible values are valid. The
guad encoding requires that bit 1 of the encoded field be zero, and hence the decoded field is divisible by 4;
however, illegal encodings of quad fields do not result inllegal  _instruction trap, they result in an
fp _exception _other trap, withFSR.fit = 6 (invalid _fp _register ) [3, p.40]. One could use the
same encoding as for double, and then test elsewhere that the resultant register is divisible by 4, or, as I've done
here, apply an extra constructor which allows for the explicit (de/en)coding of an invalid régister

We store the floating-point register encoding in a separate file so we can use a hon-decoding version for speed.

(types-fpre.spetod=
# types-fpre.spec
# after types.spec (requires fields.spec)
(fpre type specificationsLa

The single encoding is straightforward: a direct copy of the bits required.

(fsegnviod)= (11a)
{ fr@[5:31] = 0 }

Iwhile the Solaris 2.6/7 assemblers (WorkShop Compilers 4.X dev 18 Sep 1996/5.0 Alpha 03/27/98 Build) do not allow invalid (ie. divisible
by 2, but not by 4) quad registers to be assembled, it seems that when binary encoded and run (on an UltraSPARC) it works as expected (not
fully checked); | have not attempted to determine what traps occur however. Indeed, all the UltraSPARC processors trap on executing a quad
instruction and emulate the instruction in software; this software may not even check for invalid quad encoding. A note on page 240/246 of [4]
states that UltraSPARC does not detect or generatevatid  _fp _register  trap directly in hardware.
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(fpre type specificationslg = (10c) 12b>
constructors
rsifsv "%f"frl : rslfs (fseqnviod) is rs1 = fr
rs2fsv "%f"frl : rs2fs (fsegnviod) is rs2 = fr
rdfsv  "%f"fr! : rdfs (fsegnviod) is rd = fr
Defines:

rdfs , used in chunks 24a, 29-31, 39a, and 46a.
rdfsv , never used.
rslfs , used in chunks 31a, 39a, and 46a.
rs2fs , used in chunks 29-31, 39a, and 46a.
rslfsv , never used.
rs2fsv , never used.

Usesrd 3c,rsl 4a, ands2 4a.

The "%f" is for generating assembly language for testing purposes, and for disassembly. Alsospieeify
that the field is signed: it stops the toolkit complaining; the equafiegfy ensures that only positive fields are
accepted/generated anyway.

The double and quad encodings are less simple.

Firstly, we define some helper equatiofis: is the decoded register value, which must be in range and even
(frdglegal; fhi andflo are temporary variables which hold the encoded parts of the redistgtgmyp).
(frdglegaliibn)= (11)

fr@[6:31] = 0, fr@[0] = O
(frdgtempiio= (€]
fhi = fr@[1:4], flo = fr@[5]
The next three chunks define the equations that satisfy double, valid-quad, and invalid-quad encoding respectively
(fdeqgnv, fqeqnv, fgegni
(fdeqnviid= (12b)
{ (frdglegaliib), (frdgtempiic) }

(fgegnvile= (12b)
{ (frdglegalii), (frdgtempiid), fr@[1] = O }

(fgeqniiif)= (12b)
{ (frdglegal11b), (frdgtempi1id), fr@[1] = 1 }

In order to simplify the actual field assignments, we define some helper fields which cover the standard registers.
(types-fpre-fields.spacg)=

# types-fpre-fields.spec

# this goes after fields.spec (in fields declaration)

rslfhi 15:18 rsiflo 14:14

rs2fthi  1:4 rs2flo 0:0

rdfhi  26:29 rdflo 25:25

Defines:
rdfhi , used in chunk 12a.
rdflo , used in chunk 12a.
rslfhi , used in chunk 11h.
rs2fhi , used in chunk 11i.
rsiflo , used in chunk 11h.
rs2flo  , used in chunk 11i.

These last three chunks do the required field assignments from the tempéitziries to the actual fields

r{s{1,2},d}{hi,lo}

(rslfassiih= (12b)
rsifhi = fhi & rslflo = flo

Usesrslfhi 11g andsiflo  11g.

(rs2fassiiiy= (12b)
rs2fhi = fhi & rs2flo = flo
Usesrs2fhi  11g andrs2flo 11g.



3 STRUCTURED OPERANDS AND TYPED CONSTRUCTORS 12

12a (rdfass12g = (12b)
rdthi = fhi & rdflo = flo
Usesrdfhi 11g andrdflo  11g.

All that remains is to specify the constructors for double and quad registers.

12b (fpre type specificationslg += (10c) «11a
constructors
rsifdv "%f"fr! : rslfd (fdegnviid) is (rslfassiih
rs2fdv "%f"fr! : rs2fd (fdegnviid) is (rs2fassiii)
rdfdv  "%f"fr! : rdfd (fdegnviid) is (rdfassizg
rsifqv "%f"fr! : rslfq (fgeqnviie is (rslfassiih)
rs2fqv "%f"fr! : rs2fq (fgegnvile is (rs2fassiii)
rdfqv. "%f"fr! : rdfq (fgeqnvile is (rdfassi2q)
rsifgi "%f"fr! : rsifq (fgeqniiif) is (rslfassiih)
rs2fqi "%f"fr! : rs2fq (fgeqniiif) is (rs2fassiii)
rdfgi  "%f"fr! : rdfq (fgeqniiif) is (rdfassi2q)
Defines:

rdfd , used in chunks 24a, 29-31, 39a, and 46a.
rdfdv , never used.

rdfg , used in chunks 24a and 29-31.

rdfgi , never used.

rdfqv , never used.

rslfd , used in chunks 31a, 39a, and 46a.
rs2fd , used in chunks 29-31, 39a, and 46a.
rslfdv , never used.

rs2fdv , never used.

rsifq ,used in chunk 31a.

rs2fq , used in chunks 29-31.

rsifgi , never used.

rs2fqi , never used.

rsifgv , never used.

rs2fqv , never used.

3.3.1 Non-decoding floating-point registers

If we do not want to use the floating-point encoding types (for example, to speed up generation of decoders) then
we can specify alternate fields instead, which are equivalent to the integer registers. Since these are true fields and
not typed constructors, their values can be used immediately in matching statements.

12¢ (types-nofpre-fields.speec =
# types-nofpre-fields.spec
# this goes after fields.spec (in fields declaration)
# incompatible with types-fpre*.spec
rsifs 14:18 rs2fs 0:4 rdfs 25:29
rsifd 14:18 rs2fd 0:4 rdfd 25:29
rslfq 14:18 rs2fq 0:4 rdfg 25:29

Defines:

rdfd , used in chunks 24a, 29-31, 39a, and 46a.
rdfg , used in chunks 24a and 29-31.
rdfs , used in chunks 24a, 29-31, 39a, and 46a.
rslfd , used in chunks 31a, 39a, and 46a.
rs2fd , used in chunks 29-31, 39a, and 46a.
rsifg ,used in chunk 31la.
rs2fq , used in chunks 29-31.
rslfs , used in chunks 31a, 39a, and 46a.
rs2fs , used in chunks 29-31, 39a, and 46a.

Clearly, if we want to use the values of the registers, then we need to transform them into floating-point register
values, as described above.
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4 Opcodes

(core.speasg=
# core.spec
# requires fields.spec and types.spec
(pattern and constructor specification®)

We also use two additional files, one that contains specifications for simulation, and one that contains the full
specifications for usual purposes; these files cannot be used together.

(core-sim.spee3b) =
# core-sim.spec
# goes after core.spec (incompatible with core-full.spec)
(sim pattern and constructor specificatiores)

(core-full.speasq=
# core-full.spec
# goes after core.spec (incompatible with core-sim.spec)
(full pattern and constructor specificationsc)

The following opcode tables are derived from the tables in Appendix E of the SPARC-V9 manual [3].

Where an entry in a table refers to another table, we define a pattern with the name of that tablé\{e.qg.,
BLE_31). That pattern is not useful by itself, but is used to define more opcodes in a pattern-binding statement
that resembles the eponymous table.

The SPARC-V9 opcode tables are organized hierarchically; the first table in Appendix E is at the top of the
hierarchy, and it has four entries corresponding to the four possible values of the (tvep-tii€id. Only one of
these entriesGQALL) is an opcode; the others refer the reader to subsequent tables.

(pattern and constructor specification®) = (13a) 13e
patterns
[ TABLE_31 CALL TABLE 32 TABLE 33 ] is op = {0 to 3}
Defines:
CALL, used in chunk 28.
TABLE.31, used in chunk 13e.
TABLE_32, used in chunk 15.
TABLE_33, used in chunk 18.
Usesop 3b.

TABLE{31,32,33} are further reduced in sections 4.1, 4.2 and 4.3 respectively.

4.1 Branches and related opcodes

Table 31 is short, but it presents an oddity: an opcode with two na&teEHI meandNOPwhenrd andimm22
are zero. On the MIPS, no-ops were treated as synthetic instructions, but here wé@#area separate opcode,
reflecting the presentation in the manual.

(pattern and constructor specification®) += (13a) <13d 14
patterns
[ ILLTRAP BPcc Bicc BPrx SETHI FBPfcc FBfcc ]
is TABLE_31 & op2 = {0 to 6}
NOP is SETHI & rd = 0 & imm22 = 0

Defines:

Bicc , used in chunk 27.

BPcc, used in chunk 27.

BPrx, used in chunk 14.

FBfcc , used in chunk 27.

FBPfcc , used in chunk 27.

ILLTRAP, used in chunks 27a, 31c, and 53.

NOR used in chunks 31b and 53.

SETHI, used in chunks 31d and 53.
Usesimm?22 3c,op2 3c,rd 3c, andTABLE 31 13d.
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SincelLLTRAP is defined to always produce dlegal  _instruction trap, and because of our deliberate
design decision to avoid matching instructions that are illegal, we could possibly not match it here. We do match
it to make placeholders easier to define.

BPrx is a placeholder for thBPr instructions, which also require a particular bit to be zero:

(pattern and constructor specification®) += (13a) «13e 15
patterns
BPr is BPrx & mbz_f2 = 0
Defines:

BPr, used in chunks 29 and 53.
UsesBPrx 13e andmbzf2 3c.

Table 36 includes the branch and trap opcodesTtwe pattern is defined below in section 4.2). The rows of
each table vary with the values of thid}cond _f2 fields but they are similar in many ways, and so we have
aggressively reduced the table into two patterns based on the suffixes to the names; to reduce hamespace pollution
(and to allow overloading) we udkeldinfo to label the values dfi,filcond  _f2 . These names are defined
in section 2.2. This reduction means that all the production occurs in the constructors: see section 5.4. Since all
the patterns have been reduced in preceding sections nothing more needs to be done.

Table 37 shows the encoding of theond instruction field for the integer register condition opcod8B(,
MOVrandFMOVr, the latter two are defined below in sections 4.2 and 4.4). Liketmel fields for the branch
and trap opcodes, the value of ttend field depends on a suffix of the opcode so we can use the falohe
info /constructor trick. The fields are named in section 2.2. Unlike the branch opcodesotite field is not
fully populated, so the illegal values (0 and 4, named®s’“and “4! ") must be disallowed in the constructors:
see section 5.5.
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4.2 Arithmetic and logical opcodes

Table 32 includes most of the arithmetic and logical opcodes._Elage illegal. Any patterns suffixed with an
must be reduced further (below).

(pattern and constructor specification®)) += (13a) <14 16>
patterns
[ ADD ADDcc TADDcc  WRxxx
AND ANDcc TSUBcc  SAVEDX
OR ORcc  TADDccTV WRPRx
XOR XORcc TSUBccTV _
SUB SUBcc MULScc FPopl

ANDN ANDNcc SLLx FPop2
ORN ORNcc SRLx IMPDEP1
XNOR XNORcc SRAX IMPDEP2
ADDC ADDCcc RDxxx JMPL
MULX _ RETURN

UMUL UMULcc RDPRx Tce
SMUL SMULcc FLUSHW  FLUSH
SUBC SUBCcc MOVcce SAVE

UDIVX _ SDIVX RESTORE
UDIV UDIVcec POPCx DONEX
SDIV SDIVcc MOVr _ ]

is TABLE_32 & op3 = {0 to 63 columns 4}

Defines:
ADD used in chunks 26c¢, 47, and 53.
ADDCused in chunks 26c and 53.
ADDcec, used in chunks 26c, 47, and 53.
ADDCcq used in chunks 26c¢ and 53.
AND used in chunks 26¢ and 53.
ANDcc, used in chunks 26c, 47, and 53.
ANDNused in chunks 26¢, 47, and 53.
ANDNCcg used in chunks 26¢ and 53.
DONExused in chunk 17a.
FLUSH used in chunks 31c and 53.
FLUSHWused in chunks 31b and 53.
FPop1, used in chunk 20.
FPop2, used in chunk 22a.
IMPDEPY, used in chunks 33b and 34a.
IMPDEP2, used in chunk 46a.
JMPL, used in chunks 31c, 47, and 53.
MOVcg used in chunk 28.
MOVr, used in chunk 17e.
MULScg used in chunks 26¢ and 53.
MULX used in chunks 26¢ and 53.
OR used in chunks 26¢, 47, and 53.
ORcec, used in chunks 26¢, 47, and 53.
ORNused in chunks 26¢ and 53.
ORNCcg used in chunks 26¢ and 53.
POPCx used in chunk 17d.
RDPRx used in chunk 17c.
RDxxx, used in chunk 16.
RESTOREused in chunks 26c, 47, and 53.
RETURNused in chunks 31c and 53.
SAVE used in chunks 26c¢, 47, and 53.
SAVEDX used in chunk 17a.
SDIV, used in chunks 26c¢ and 53.
SDIVcc, used in chunks 26¢ and 53.
SDIVX, used in chunks 26c¢ and 53.
SLLx, used in chunk 17b.
SMUL, used in chunks 26c¢ and 53.
SMULcc used in chunks 26¢ and 53.
SRAX used in chunk 17b.
SRLX, used in chunk 17b.
SUB used in chunks 26c, 47, and 53.
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SUBG used in chunks 26c¢ and 53.
SUBceg, used in chunks 26¢, 47, and 53.
SUBCcg, used in chunk 26c.
TADDcc, used in chunks 26¢ and 53.
TADDccTV, used in chunks 26¢ and 53.
Tcc, used in chunk 28.
TSUBcec, used in chunks 26¢ and 53.
TSUBccTYV, used in chunks 26¢ and 53.
UDIV, used in chunks 26¢ and 53.
UDIVcce, used in chunks 26c¢ and 53.
UDIVX, used in chunks 26¢ and 53.
UMUL used in chunks 26¢ and 53.
UMULcg used in chunks 26c and 53.
WRPRxused in chunk 17c.
WRxxx used in chunk 16.
XNORused in chunks 26¢, 47, and 53.
XNORCcg used in chunks 26c¢ and 53.
XOR used in chunks 26c, 47, and 53.
XORcg, used in chunks 26c¢ and 53.
Usesop3 4a andTABLE 32 13d.

We have usetlVRxxxandRDxxx to stand for the groups of opcodes that appear in the corresponding positions
in Table 32. These opcodes define variants ofitheandrd instructions, which are overloaded. The overloading
is resolved by looking at the values of operands, as shown by the details in Table 32. It probably would have been
simpler to specify these purely as synthetic instructions, but we've chosen to be slaves to the SPARC-V9 manual.
The_'s are illegal. ThRD,WR}ASR constructors define which values are legal.

(pattern and constructor specification®)) +=

patterns
[ WRY _ WRCCR WRASI

WRASR is WRxxx

SIR is WRxxx & rd = 15 & rs1 =0 & i =1
[ RDY _ RDCCR RDASI RDTICK RDPC RDFPRS ]
is RDxxx & rs1 = {0 to 6} & i = 0

RDASR is RDxxx & i = 0
[ STBAR MEMBAR ]

is RDXxx & rs1 = 15 & rd = 0 & i = [0 1]

Defines:
MEMBARused in chunks 25a and 53.
RDASI, used in chunks 25a and 53.
RDASRused in chunks 25, 32b, 42, and 53.
RDCCRused in chunks 25a and 53.
RDFPRSused in chunks 25a and 53.
RDPCused in chunks 25a and 53.
RDTICK, used in chunks 25a and 53.
RDY, used in chunks 25a and 53.
SIR, used in chunks 25a and 53.
STBAR used in chunks 25a and 53.
WRAS| used in chunks 25a and 53.
WRASRused in chunks 25, 33a, 44, and 53.
WRCCRused in chunk 25a.
WRFPR&used in chunks 25a and 53.
WRYused in chunks 25a and 53.

Usesi 4a,rd 3c,RDxxx 15,rs1 4a, andWRxxx15.

__ WRFPRS ]
is WRxxx & rd = {0 to 6}

16

(13a) <15 17a
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SAVEDxrepresents th8 AVEDand RESTOREInstructions, which depend don . Similarly, DONExrep-
resents th© ONEandRETRYinstructions. All other patterns één are illegal. Note thaDONEandRETRYare
illegal if TL = O (but that's not specifiable here since that’s a runtime constraint).

17a (pattern and constructor specification®) += (13a) <16 17b>
patterns
[ SAVED RESTORED ] is SAVEDx & fcn = [0 1]
[ DONE RETRY ] is DONEx & fcn = [0 1]

Defines:
DONEused in chunks 31b and 53.
RESTOREDused in chunks 31b and 53.
RETRY used in chunks 31b and 53.
SAVEDused in chunks 31b and 53.
UsesDONEXL5,fcn 4a, andSAVEDX15.

SLLx, SRLx andSRAxare shifts on double or single words dependingon

17b (pattern and constructor specification®) += (13a) «17a 170
patterns
[ SLL SLLX ] is SLLx & x = [0 1]
[ SRL SRLX ] is SRLx & x = [0 1]
[ SRA SRAX ] is SRAx & x = [0 1]

Defines:
SLL, used in chunks 26c and 53.
SLLX, used in chunks 26c and 53.
SRA used in chunks 26c¢, 47, and 53.
SRAX used in chunks 26c and 53.
SRL, used in chunks 26c¢, 47, and 53.
SRLX used in chunks 26c¢ and 53.
UsesSLLx 15,SRAx15,SRLx 15, andx 4a.

RDPRxand WRPRxdepend on values of encoded registers being valid for the correpofRIMYVR}IPR
opcode. Reads are legal for registers in the radhgs , and 31, and writes are legal for registers in the range
0..14 ; unfortunately, due to restrictions in the toolkit we cannot check these patterns so we add some equations
to the constructors in section 5.2. The registefi andrdp are versionsofsl andrd that have special names

related to the registers (see section 2.2).

17c (pattern and constructor specification®) += (13a) «17b 17d>
patterns
RDPR is RDPRXx
WRPR is WRPRx

Defines:
RDPRused in chunks 26 and 53.
WRPRused in chunks 26 and 53.
UsesRDPRx15 andWRPRAL5.
POPCXxis a placeholder foPOPCwhich is only defined ifrs1 is 0. All other encodings ofsl are illegal.
Note that all known implementations of SPARC-V9 do not impleni®@Pdn hardware, but generateegal
instruction and are emulated in kernel software.

17d (pattern and constructor specification®) += (13a) <«17c 17e
patterns
POPC is POPCx & rs1 = 0

Defines:
POPCused in chunks 26¢ and 53.
UsesPOPCx15 andrs1 4a.

MOVris the name for the family dfiIOVRpcodes. For this specification, they are the same thing.

17e (pattern and constructor specification®) += (13a) <17d 18
patterns
MOVR is MOVr

Defines:
MOVRused in chunk 30.
UsesMOVr15.
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4.3 Load and store opcodes

Table 33 includes the load and store opcodes. Ehare illegal. Patterns suffixed with anare reduced further
below.

(pattern and constructor specification®)) += (13a) <«17e 19a
patterns

[ LDUW  LDUWA LDF LDFA
LDUB LDUBA  LDFSRx _
LDUH LDUHA LDQF LDQFA
LDD LDDA LDDF LDDFA
STW STWA STF STFA
STB STBA STFSRXx _
STH STHA STQF STQFA
STD STDA STDF STDFA

LDSW  LDSWA
LDSB LDSBA
LDSH LDSHA

LDX LDXA _

_ _ _ CASA

LDSTUB LDSTUBA PREFETCHx PREFETCHAXx

STX STXA _ CASXA

SWAP  SWAPA  _ _ ]
is TABLE_33 & op3 = {0 to 63 columns 4}

Defines:
CASA used in chunks 19c and 47.
CASXAused in chunks 19c, 47, and 53.
LDD, used in chunks 23 and 53.
LDDA used in chunks 23 and 53.
LDDF, used in chunks 24a and 53.
LDDFA used in chunks 24a and 53.
LDF, used in chunks 24a and 53.
LDFA used in chunks 24a and 53.
LDFSRX, used in chunk 19a.
LDQF used in chunks 24a and 53.
LDQFA used in chunks 24a and 53.
LDSRB used in chunk 22b.
LDSBA used in chunks 22b and 53.
LDSH used in chunks 22b and 53.
LDSHA used in chunks 22b and 53.
LDSTUB used in chunks 22b and 53.
LDSTUBAused in chunks 22b and 53.
LDSWused in chunks 22b and 53.
LDSWAused in chunks 22b and 53.
LDUB used in chunks 22b and 53.
LDUBA used in chunks 22b and 53.
LDUH used in chunks 22b and 53.
LDUHAused in chunks 22b and 53.
LDUWused in chunks 22b and 53.
LDUWAused in chunks 22b and 53.
LDX, used in chunks 22b, 50b, and 53.
LDXA used in chunks 22b and 53.
PREFETCHAXxused in chunk 19b.
PREFETCHXxused in chunk 19b.
STB, used in chunks 22b, 47, and 53.
STBA used in chunks 22b and 53.
STD, used in chunks 23 and 53.
STDA used in chunks 23 and 53.
STDF, used in chunks 24a and 53.
STDFA used in chunks 24a and 53.
STF, used in chunks 24a and 53.
STFA used in chunks 24a and 53.
STFSRX used in chunk 19a.
STH used in chunks 22b, 47, and 53.
STHA used in chunks 22b and 53.
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STQEF used in chunks 24a and 53.
STQFA used in chunks 24a and 53.
STWused in chunks 22b, 47, and 53.
STWAused in chunks 22b and 53.
STX used in chunks 22b, 47, 50b, and 53.
STXA used in chunks 22b and 53.
SWAPused in chunks 22b and 53.
SWAPAused in chunks 22b and 53.
Usesop3 4a andTABLE 33 13d.

Actual LDFSRxandSTFSRxinstructions depend oml . All other encodings ofd are illegal. We group the
LD{,X}FSR andST{,X}FSR instructions together for generating constructors in section 5.1.

(pattern and constructor specification®) += (13a) <18 19b>
patterns
Idfsr is any of [ LDFSR LDXFSR ],
which is LDFSRx & rd = [0 1]
stfsr is any of [ STFSR STXFSR ],
which is STFSRx & rd = [0 1]

Defines:

LDFSR used in chunk 53.

Idfsr , used in chunk 24b.

LDXFSR used in chunk 53.

stfsr , used in chunk 24b.

STFSR used in chunk 53.

STXFSR used in chunk 53.
UsesLDFSRx18,rd 3c, andSTFSRx18.

ThePREFETCHindPREFETCHAnstructions depend dien . fcn values in the ranges..15 are reserved
and are illegal.fcn values in the rangé6..31 are implementation-dependent (and Al®F if not defined).
These checks are performed in the constructors (section 5.1).

(pattern and constructor specification®) += (13a) «19a 19¢
patterns
[ PREFETCH PREFETCHA ] is
[ PREFETCHx PREFETCHAX ]

Defines:
PREFETCHused in chunks 24 and 53.
PREFETCHAused in chunks 24 and 53.
UsesPREFETCHAX.8 andPREFETCHXL8.

We group theCASAandCASXAinstructions together because they have the same syntax.

(pattern and constructor specification®)) += (13a) <19b 20>
patterns
casa is CASA | CASXA
Defines:

casa, used in chunk 23e.
UsesCASA18 andCASXA18.
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4.4 Floating-point opcodes

Unlike the SPARC-V8 specification, the SPARC-V9 specification of the floating-point arithmetic and conversion
opcodes is a full table (Table 34). We use the SPARC-V8 way here, since the table is very similar (only a few extra
ops). We've also chosen to divide the opcodes into two groups: two-operand and three-operand instructions.

We further divide the opcodes based on their operand types. This division makes it easy to use the names
float2 ,float3s , etc. to refer to the groups, without having to re-enumerate the members of each group; these
names are used later in the specification to specify complete instructions.

(pattern and constructor specification®)) += (13a) <19c 22a
patterns
float2 is any of
[ FMOVs FMOVd FMOVq FNEGs FNEGd FNEGq
FABSs FABSd FABSq FSQRTs FSQRTd FSQRT(q
FSTOx FATOx FqTOx FxTOs FxTOd FxTOq
FiTOs FdTOs FqTOs FiTOd FsTOd FqTOd
FITOq FsTOg FATOq FsTOi FdTOi FqTOi ],
which is FPopl & opf =
[ Ox1 0x2 0x3 0x5 0x6 0x7
0x9 Oxa  Oxb 0x29 O0x2a O0x2b
0x81 0x82 0x83 0x84 0x88 0x8c
Oxc4 Oxc6 Oxc7 O0xc8 O0xc9 Oxcb
Oxcc Oxcd Oxce Oxdl Oxd2 O0xd3 ]

funarys is FMOVs | FNEGs | FABSs | FSQRTs
funaryd is FMOVd | FNEGd | FABSd | FSQRTd
funaryq is FMOVqg | FNEGq | FABSq | FSQRTq

f2sTOs is funarys | FsTOi | FiTOs
f2sTOd is FsTOx | FiTOd | FsTOd
f2sTOq is FiTOq | FsTOq

f2dTOs is FxXTOs | FdTOi | FdTOs
f2dTOd is funaryd | FATOx | FxTOd
f2dTOq is FxTOq | FdTOq

f2qTOs is FQTOi | FqTOs

f2qTOd is FqQTOx | FqTOd

f2qTOq is funaryq

float3 is any of
[ FADDs FADDd FADDq FSUBs FSUBd FSUBq
FMULs FMULd FMULq FDIVs FDIVd FDIVq
FsMULd FdMULq ],
which is FPopl & opf =
[ Ox41 O0x42 0x43 O0x45 O0x46 O0x47
0x49 Oxd4a Ox4b O0x4d Ox4e Ox4f
0x69 Ox6e ]
float3s is FADDs | FSUBs | FMULs | FDIVs
float3d is FADDd | FSUBd | FMULd | FDIVd
float3q is FADDq | FSUBq | FMULq | FDIVq

Defines:

FABSd used in chunk 53.
FABSq used in chunk 53.
FABSSs, used in chunk 53.
FADDd never used.

FADDq used in chunk 53.
FADDs used in chunk 53.
FDIVd, used in chunk 53.
FDIVq, used in chunk 53.
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FDIVs , used in chunk 53.
FdMULq used in chunks 31a and 53.
f2dTOd , used in chunk 30d.
FdTOi, used in chunk 53.
f2dTOq , used in chunk 30d.
FdTOq, used in chunk 53.
f2dTOs , used in chunk 30d.
FdTOs, used in chunk 53.
FdTOX, used in chunk 53.
FiTOd , used in chunk 53.
FiTOq, used in chunk 53.
FiTOs , never used.
float2 , never used.
float3 , never used.
float3d , used in chunk 31a.
float3q , used in chunk 31a.
float3s , used in chunk 31a.
FMOVdused in chunk 53.
FMOVgqused in chunk 53.
FMOVsused in chunk 53.
FMULJ used in chunk 53.
FMULQq used in chunk 53.
FMULS used in chunk 53.
FNEGd used in chunk 53.
FNEGq used in chunk 53.
FNEGs used in chunk 53.
f29TOd , used in chunk 30d.
FgTOd, used in chunk 53.
FgTOi, used in chunk 53.
f2qTOq , used in chunk 30d.
f29TOs , used in chunk 30d.
FgTOs, used in chunk 53.
FgTOXx, used in chunk 53.
FsMULd, used in chunks 31a and 53.
FSQRTd used in chunk 53.
FSQRTqused in chunk 53.
FSQRTSs used in chunk 53.
f2sTOd , used in chunk 30d.
FsTOd, used in chunk 53.
FsTOi , used in chunk 53.
f2sTOq , used in chunk 30d.
FsTOq, used in chunk 53.
f2sTOs , used in chunk 30d.
FsTOXx, used in chunk 53.
FSUBA used in chunk 53.
FSUBg used in chunk 53.
FSUBs used in chunk 53.
funaryd , never used.
funaryg , never used.
funarys , never used.
FXTOd, used in chunk 53.
FXTOq, used in chunk 53.
FXTOs, used in chunk 53.
UsesFPopl 15 andopf 4a.
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Table 35 includes the floating-point comparison opcodes, but it is too explicit, expanding out fields that are not
necessary; we can use thef _low{5,6} fields to get all the information we need.

(pattern and constructor specification®)) += (13a) <20 22b»

patterns
fcompares is any of [ FCMPs FCMPEs ],

which is FPop2 & opf = [ Ox51 Ox55 ] & mbz_f3 = 0
fcompared is any of [ FCMPd FCMPEd ],

which is FPop2 & opf = [ 0x52 0x56 ] & mbz_f3 = 0
fcompareq is any of [ FCMPgq FCMPEQ ],

which is FPop2 & opf = [ Ox53 O0x57 ] & mbz_f3 = 0
[ FMOVScc FMOVDcc FMOVQcc |

is FPop2 & opf lowé = { 1 to 3} & mbz f4 18 = 0
[ FMOVSR FMOVDR FMOVQR ]

is FPop2 & opf lows5 = { 5to 7} & mbz f4 13 =0

Defines:
FCMPdused in chunk 53.
FCMPEdused in chunk 53.
FCMPEgqused in chunk 53.
FCMPqused in chunk 53.
fcompared , used in chunk 31a.
fcompareq , used in chunk 31a.
fcompares , used in chunk 31a.
FCPESs never used.
FCPs, never used.
FMOVDcgused in chunk 29.
FMOVDRused in chunk 30.
FMOVQcgused in chunk 29.
FMOVQRused in chunk 30.
FMOVSc¢ used in chunk 29.
FMOVSRused in chunk 30.

UsesFPop2 15,mbzf3 4a,mbzf4 _13 4b,mbzf4 _18 4b,opf 4a,opf _low5 4b, andopf _low6 4b.

5 Constructors

5.1 Load and store constructors

We group the load and store opcodes by their assembly syntax. These groupings reflect the information provided
on pages 178-183 for the load instructions and pages 229-232 for the stores. Each group uses a different set of
names for their register operands. Those names are defined below.

(pattern and constructor specification®) += (13a) <22a 23a
patterns
loadg is LDSB | LDSH | LDSW | LDUB | LDUH | LDUW | LDX |

LDSTUB | SWAP
loada is LDSBA | LDSHA | LDSWA | LDUBA | LDUHA | LDUWA | LDXA |
LDSTUBA | SWAPA

storeg is STB | STH | STW | STX
storea is STBA | STHA | STWA | STXA
Defines:

loada , used in chunk 23b.
loadg , used in chunk 23a.
storea , used in chunk 23b.
storeg , used in chunk 23a.

UsesLDSB18,LDSBA18, LDSH18, LDSHA18,LDSTUB18, LDSTUBA18, LDSW18, LDSWAL8, LDUB18, LDUBA18, LDUH18,
LDUHA18,LDUW8,LDUWAS,LDX18,LDXA18,STB18,STBA18,STH18,STHA18,STW18,STWAL8, STX 18, STXA18, SWAFLS8,
andSWAPAS.
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The constructors for the load and store instructions illustrate the use of the typed constdarss _ as an
operand. Addresses are bracketed, as in SPARC-V9 assembly language. Because the constructors’ output patterns
are the conjunctions of the opcodes and operands, they can be omitted.

(pattern and constructor specification®) += (13a) <22b 23b>
constructors
loadg [address ], rd
storeg rd, [address_]
Usesaddress _9a,loadg 22b,rd 3c, andstoreg 22b.

Theloada andstorea only acceptamsi _address (constructor defined in section 3.2).

(pattern and constructor specification®) += (13a) «23a 23e-
constructors
loada asi_address, rd
storea rd, asi_address
Usesasi _address 10a,loada 22b,rd 3c, andstorea 22b.
Loads and stores of double words (for the deprechizid STD, LDDAandSTDA require even-odd register

pairs for the destination and source registers; their equations specify that constraint. We move these constructors
to another file so we can have different specifications for simulation.

(full pattern and constructor specificationsd= (13c) 240
constructors
LDD [address_], rd {rd =2 * _}
STD rd, [address ] {rd =2 * _}
LDDA asi_address, rd { rd = 2 * _}
STDA rd, asi_address { rd = 2 * _}

Usesaddress _9a,asi _address 10a,LDD18,LDDA18,rd 3c,STD18, andSTDA18.

For simulation, we don’t check the register pairing (it is checked later). (is this correct??? if not, just use the
full version)

(sim pattern and constructor specificaticzss) = (13b) 24d>
constructors
LDD [address_], rd
STD rd, [address_]
LDDA  asi_address, rd
STDA  rd, asi_address
Usesaddress _9a,asi _address 10a,LDD18,LDDA18,rd 3c,STD18, andSTDA18.
CASAandCASXAhave their own special syntax, using all three registers explicitly, and an optional immediate
asi (casa _asi ).
(pattern and constructor specification®) += (13a) <23b 24a
constructors
casa [rsl] casa asi, rs2, rd
Usescasa 19c,casa -asi 10b,rd 3c,rsl 4a, ands2 4a.
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Floating-point loads and stores use the encoded forms of register access. In SPARIBY¥&Nd STDF
required an even register to store into; this is handled in SPARC-V9 by the encoding mechanism.

(pattern and constructor specification®)) += (13a) <23e 24b>
constructors
LDF [address_], rdfs
LDDF [address_], rdfd
LDQF [address_], rdfq
STF rdfs, [address_]
STDF rdfd, [address_]
STQF rdfg, [address ]
LDFA asi_address, rdfs
LDDFA asi_address, rdfd
LDQFA asi_address, rdfq
STFA rdfs, asi_address
STDFA rdfd, asi_address
STQFA rdfg, asi_address
Usesaddress _9a,asi _address 10a,LDDF18,LDDFA18,LDF 18,LDFA18,LDQF18,LDQFA18,rdfd 12b 12crdfq 12b 12c,
rdfs 1la 12cSTDF18,STDFA18,STF 18, STFA18,STQF18, andSTQFA18.

The SPARC-V9 also has a couple of specialized load and store instructions, related to the floating-point state
register (FSR). The registers loaded and stored are implicit in the opcodes, but we put them into the specifications
as “assembly-language syntax.” This technique helps us generate a disassembler, but more importantly, it makes
the specification easier to read and understand.

(pattern and constructor specification®) += (13a) <24a 25a
constructors
Idfsr [address_], "%fsr"
stfsr  "%fsr", [address_]
Usesaddress _9a,ldfsr 19a, andstfsr  19a.

The PREFETCH{,A} instructions look like loads, but without any observable effects. Due to restrictions in

the toolkit, the checks oftn must be performed here instead of in the patterns (the equations must be commented
out when doing checking). We do not do the checking in simulation.

(full pattern and constructor specificationsd) += (13c) <23c 250>
constructors
PREFETCH [address_], fcn
when { fcn < 5 } is PREFETCH & address_ & fcn
when { fcn > 15 } is PREFETCH & address_ & fcn

PREFETCHA asi_address, fcn
when { fcn < 5 } is PREFETCHA & asi_address & fcn
when { fcn > 15 } is PREFETCHA & asi_address & fcn
Usesaddress _9a,asi _address 10a,fcn 4a,PREFETCHO9b, andPREFETCHA9b.

(sim pattern and constructor specificaticass)+= (13b) «23d 25¢-
constructors
PREFETCH [address ], fcn
PREFETCHA asi_address, fcn

Usesaddress _9a,asi _address 10a,fcn 4a,PREFETCHO9b, andPREFETCHASb.
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5.2 Read and write constructors

The RDxxx and WRxxx group of instructions move information between special-purpose registers and general-
purpose registers, instead of special-purpose registers and memory (ld)EKdsr ). Several other miscel-
laneous instructions are also defined by the same opcodes and are defined here (it is not cleasimneil3en

SIR is signed or not, despite its name, nor what it is used for, but we assume it is signed since that is svirat the
simm13 stands forl!).

(pattern and constructor specification®)) += (13a) <24b 260
constructors
RDY "%0y", rd

RDCCR "%ccr", rd
RDASI "%asi", rd
RDTICK "%tick", rd
RDPC "%pc", rd
RDFPRS "%fprs", rd
STBAR

MEMBAR membar_mask

WRY rsl, reg_or_imm, "%y"
WRCCR rsl, reg_or_imm, "%ccr"
WRASI rsl, reg_or_imm, "%asi"
WRFPRS rs1, reg_or_imm, "%fprs"
SIR simm13!
UsesMEMBARG6, membar_mask 4a,rd 3c,RDASI 16, RDCCR6,RDFPRSL6,RDPCL6,RDTICK16,RDY16,reg _or .imm8b,rs1 4a,
simm13 4a,SIR 16, STBAR16, WRASI16, WRCCR6, WRFPR36, andWRYL6.
The instructions that read and write the ancillary state regisésrs)(have their own special syntax.

(full pattern and constructor specificationsd) += (13c) <24c 26a
constructors
RDASR "%asr"rsli, rd { rsli > 15 }
WRASR rsl, reg_or_imm, "%asr'rdi { rdi > 15 }
Usesrd 3c,RDASRL6,rdi 5d,reg -or .imm8b,rs1 4a,rsli 5d, andWRASRS6.

The registerssli andrdi are versions ofsl andrd that print as integers (so ri@ldinfo specifications)
and are defined in section 2.2.
The equations are not needed for simulation.

(sim pattern and constructor specificaticrss) += (13b) «24d 26b>
constructors
RDASR "%asr"rsli, rd
WRASR rsl, reg_or_imm, "%asr"rdi
Usesrd 3c,RDASRL6,rdi 5d,reg -or .imm8b,rs1 4a,rsli 5d, andWRASRS6.

It may be easier to changBD,WR}xxx to {RD,WR}ASR and specialise the names, and also specialise for
{ST,MEM}BAR andSIR; the names specialisation should also include implementation-dependent ASR’s. The
only problem with this idea is that implementations are free to specify special syntax for each ASR in impl deps
47 and 48. In fact, UltraSPARC seems to specify a slightly alternate syntax for reading ASR'’s [4, p152], in which
noreg _or _imm is allowed (implying thatreg _or _.imm is in factregROI(0) ). Contradicting itself, it also
specifies that thgsr (graphics status register) may be written to includieg _or _imm [4, p192]. | suspect
that the UltraSPARC chips will accept stand&vRnstructions for all the writable ASR’s (and operate as per the
standardVRnstructions), but if it does it is not documented.
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The {RD,WR}PR instructions are for reading and writing privileged registers. Notice the useheh to
check thatslp is legal (this is not in the pattern equations due to restrictions in the toolkit). The equations are
not needed in simulation.

(full pattern and constructor specificationsd) += (13c) <25b 27a
constructors
RDPR rslp, rd when { rslp < 16 } is RDPR & rslp & rd
when { rslp = 31 } is RDPR & rslp & rd
WRPR rs1, reg_or_imm, rdp { rdp < 15 }
Usesrd 3c,rdp 5e,RDPRL7c,reg _or .imm8b,rs1 4a,rslp 5e, andNVRPRT7c.

(sim pattern and constructor specificaticass)+= (13b) «25¢ 270
constructors
RDPR rslp, rd
WRPR rs1, reg_or_imm, rdp
Usesrd 3c,rdp 5e,RDPRL7c,reg _or .imm8b,rs1 4a,rslp 5e, andNVRPRT7c.

See section 2.2 for the definitionsrsflp andrdp .

5.3 Shift, logic, and arithmetic

The logical and arithmetic instructions share identical assembly language syntax, so we can get away with only
a single constructor declaration. Unlike SPARC-V8, we cannot include the shift instructions as well since the
SPARC-V9 shift instructions have an extra kithat coincides with the most-significasitnm13 bit.

(pattern and constructor specification®)) += (13a) «25a 30d
patterns

logical is AND | ANDcc | ANDN | ANDNcc | OR | ORcc | ORN | ORNcc |
XOR | XORcc | XNOR | XNORcc

arith is ADD | ADDcc | ADDC | ADDCcc | TADDcc | TADDccTV |
SUB | SUBcc | SUBC | SUBCcc | TSUBcc | TSUBccTV |
MULScc | UMUL | SMUL | UMULcc | SMULcc |
UDIV | SDIV | UDIVce | SDiIvcece |
MULX | SDIVX | UDIVX |
SAVE | RESTORE

alu is logical | arith

shift32 is SLL | SRL | SRA
shifté4 is SLLX | SRLX | SRAX

constructors
alu rsl, reg_or_imm, rd
shift32 rsl, reg_or_shcnt32, rd
shifté4 rsl, reg_or_shcnt64, rd
POPC reg_or_imm, rd

Defines:
alu , never used.
arith , never used.
logical , never used.
shift32 , never used.
shifté4 , never used.

UsesADD15, ADDCL15, ADDcc 15, ADDCcc15, AND15, ANDcc 15, ANDNL5, ANDNcc15, MULScc 15, MULX15, OR15, ORcc 15,
ORNL5,0RNcc15,POPCL7d,rd 3c,reg _or .imm8b,reg _or _shcnt32 8c,reg -or _shcnt64 8c, RESTORHEDS,rs1 4a,SAVE1S5,
SDIV 15,SDIVce 15,SDIVX 15,SLL 17b,SLLX 17b,SMUL15, SMULcc 15, SRA17b, SRAX17b,SRL 17b, SRLX17b, SUB15,
SUBCI15, SUBcc 15, SUBCcc 15, TADDcc 15, TADDccTV 15, TSUBcc 15, TSUBccTV 15, UDIV 15, UDIVee 15, UDIVX 15,
UMUL15,UMULcc15, XNORL5, XNORcc15, XOR15, andXORcc 15.
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5.4 Branches and call

A placeholder pattern must be specified before the declaration of any constructor that refers to relocatable ad-
dresses; such a constructor may emit a placeholder in lieu of the relocated instruction. We chddseRA¢>
instruction because it causes an illegal-instruction trap if executed. We also deine to be a relocatable
variable so it can be used with the various branching instructions (it is the absolute address of the destination). For
simulation, we only use displacements since the toolkit is not foolproof with 64-bit addresses.

27a (full pattern and constructor specificationsd) += (13c) «26a 27b-

#fields of addrtoken (64) reloc 0:63
placeholder for instruction is ILLTRAP & imm22 = Oxbad
relocatable reloc

Defines:
reloc , used in chunks 27-29, 47, and 48a.

UseslLLTRAP 13e andmm22 3c.

The commented-out line is a (failed) attempt to get the toolkit to deal with addresses as 64 bits.

All of the condition-code branch instructions depend on{tliond _f2 fields, which have special names
used to identify them (see section 2.2). We use those names as a suffix to identify each of the branch variations,
except in simulation where we use the top-level opcode and pass the fields as parameters.

All these branches also come in two variants depending on the setting of the ahbitl (In the assembly
language, the bit is notated with the suffixa when set, and with no suffix when clear (defined in section 2.2.
We then usa as a suffix to the branch instructions.

The deprecated SPARC-V8 branch instructions (simpler than the new predicted branch instrBatmnahd
FBfcc have a fixed condition-code to check.

27b (full pattern and constructor specificationsd) += (13c) «27a 27d
constructors
Bicond _f2"a reloc { reloc = label + 4 * disp22! } is
label: Bicc & icond_f2 & a & disp22

FB*fcond_f2"a reloc { reloc = label + 4 * disp22! } is
label: FBfcc & fcond f2 & a & disp22
Usesa 3c,Bicc 13e,disp22 3c,FBfcc 13e,fcond _f2 3c,icond _f2 3c, andreloc 27a.

27¢c (sim pattern and constructor specificaticass)+= (13b) «26b 27e-
constructors
Bicc icond_f2 a disp22!
FBfcc fcond_f2 a disp22!
Usesa 3c,Bicc 13e,disp22 3c,FBfcc 13e,fcond _f2 3c, andicond f2 3c.

The prediction-based branches depend on the predigtiobif (as well as the annul bit), which in assembly
are indicated by eithepn or,pt . These branches also depend on particular condition dofles 2 (see
tables 39 and 40 respectively).

27d (full pattern and constructor specificationsd += (13c) <27b 28a
constructors
BP%icond_f2"a"p icc_f2, reloc {
icc_f2@[0] = O,

reloc = label + 4 * displ19!
} is label: BPcc & icond f2 & a & p & icc_f2 & displ9

FBP"fcond_f2"a’p fcc_f2, reloc { reloc = label + 4 * disp19! } is
label: FBPfcc & fcond f2 & a & p & fcc_f2 & displ9
Usesa 3c,BPcc 13e,disp19 3c,FBPfcc 13e,fcc f2 3c,fcond _f2 3c,icc f2 3c,icond _f2 3c,p 3c, andreloc 27a.

27e (sim pattern and constructor specificaticass)+= (13b) «27c 28hb>
constructors
BPcc icond_f2 a p icc_f2 displ9!
FBPfcc fcond_f2 a p fcc_f2 displ9!
Usesa 3c,BPcc 13e,disp19 3c,FBPfcc 13e,fcc f2 3c,fcond _f2 3c,icc _f2 3c,icond _f2 3c, andp 3c.
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TheTcc instructions depend on thec _f4 field to determine which condition code to check (see Table 40),
and on thécond _f2 field to determine how to check it:

(full pattern and constructor specificationsd) += (13c) <27d 280
constructors
Ticond_f2 icc_f4, software_trap_number { icc fA@[0] = 0 }
is Tcc & icond_f2 & icc_f4 & software_trap_number
Usesicc _f4 4b,icond _f2 3c,software _trap _number 9b, andTcc 15.

(sim pattern and constructor specificaticass)+= (13b) «27e 28d>
constructors
Tcc icond_f2 icc_f4 software_trap_number
Usesicc f4 4b,icond _f2 3c,software _trap _number 9b, andTcc 15.

TheCALL instruction is like the branches, except it uses a 30-bit displacement, and there is no annul bit.

(full pattern and constructor specificationsd) += (13c) <28a 28e
constructors
CALL reloc { reloc = label + 4 * disp30! } is label: CALL & disp30
UsesCALL 13d,disp30 3b, andreloc 27a.

(sim pattern and constructor specificaticass)+= (13b) «28b 28f>
constructors
CALL disp30!
UsesCALL 13d anddisp30 3b.

5.5 Conditional moves and integer register conditions

The condition-code instructioMOVccandFMOVccare very similar to the branch instructions, but the organisa-
tion of the{i,ffcond _f4 fields are not expanded out nicely like it is for the branches (i.e., there is no separate
table like Table 36). Firstly, we split them into two parts, depending on whether we are checking an integer or
floating-point condition code (hence tfid} ).

By inspection of the definitions ¢fF}MOVcc and Table 36, we can see there is a direct correspondence. The
integer condition code ordering is equivalent to that in Table 36 columns 1, 2 @¥lce (Bicc andTcc). The
floating-point condition code ordering is equivalent to Table 36 columns 3 arR8Rf¢cc andFBfcc ). Hence
{i,ffcond f4 are directly equivalent t§i,ficond f2 (and hence are named just like them in section 2.2).

We specialise constructors fddOVccdepending on whether we are checking an integer or floating-point
condition code. For integer condition-codes, we also ensure that the condition code is legac2The is
implied by (and distinguishes between) the conditions (integer or floating-point condition code).

(full pattern and constructor specificationsd += (13c) <28¢ 29a
constructors
MOV’icond_f4 icc_f4, reg_or_ immi11, rd { icc f4@[0] = 0 } is
MOVcc & cc2 f4 = 1 & icond_f4 & icc_ f4 & reg_or_immll & rd
MOVFfcond_f4 fcc_f4, reg_or_imm11, rd is
MOVcc & cc2 f4 = 0 & fcond_f4 & fcc f4 & reg_or_immll & rd
Usescc2 f4 4b,fcc f4 4b,fcond _f4 4b,icc _f4 4b,icond _f4 4b,MOVccl5,rd 3c, andreg _or .imm11 8c.
For simulation, we pass all fields as parameters, including the switch for floating-point or integer condition-
codes (note thatond _f4 is not necessarily an integer condition-code!).
(sim pattern and constructor specificaticrss) += (13b) <28d 29b>
constructors
MOVcc cc2_f4 icond_f4 icc_f4 reg_or_immll rd
Usescc2 f4 4b,icc _f4 4b,icond _f4 4b,MOVccl5,rd 3c, andreg _or .imm11 8c.
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As for MOVc¢ we specialise constructors BMOV{S,D,Q}cc in a similar fashion. This time, however, the
opf _cc is one field instead of two.

(full pattern and constructor specificationsd) += (13c) <28e 29¢
constructors
FMOVSTicond_f4 opf_cc, rs2fs, rdfs {
opf cc@[2] = 1, opf_cc@[0] = O
} is FMOVScc & icond _f4 & opf cc & rs2fs & rdfs
FMOVSF*fcond f4 opf cc, rs2fs, rdfs { opf cc@[2] = 0 }
is FMOVScc & fcond f4 & opf cc & rs2fs & rdfs

FMOVD’icond_f4 opf_cc, rs2fd, rdfd {
opf_cc@[2] = 1, opf cc@[0] = O
} is FMOVDcc & icond_f4 & opf cc & rs2fd & rdfd
FMOVDFfcond_f4 opf cc, rs2fd, rdfd { opf cc@[2] = 0 }
is FMOVDcc & fcond f4 & opf cc & rs2fd & rdfd

FMOVQ“icond_f4 opf cc, rs2fq, rdfg {
opf_ cc@[2] = 1, opf cc@[0] = O
} is FMOVQcc & icond_f4 & opf cc & rs2fq & rdfq
FMOVQFfcond_f4 opf_cc, rs2fq, rdfq { opf_cc@[2] = 0 }
is FMOVQcc & fcond _f4 & opf cc & rs2fq & rdfg

Usesfcond _f4 4b, FMOVDcc22a,FMOVQc22a, FMOVScc22a,icond _f4 4b,opf _cc 4b,rdfd 12b 12c,rdfq 12b 12c,
rdfs 1la 12cys2fd 12b 12crs2fq 12b 12c, ands2fs 1la12c.

(sim pattern and constructor specificaticass)+= (13b) < 28f 29d>
constructors
FMOVScc icond_f4 opf cc rs2fs rdfs
FMOVDcc icond_f4 opf_cc rs2fd rdfd
FMOVQcc icond_f4 opf _cc rs2fq rdfq

UsesFMOVDcc22a, FMOVQc22a, FMOVScc22a,icond _f4 4b,opf _cc 4b,rdfd 12b 12c,rdfq 12b 12c,rdfs 1la 12c,
rs2fd 12b 12crs2fq 12b 12c, ands2fs 1la 12c.

Integer register condition branches: the difficulty wBRr is that the displacement is assigned in two parts:
d16{hi,lo} . We want to ensure that the displacement is not too large, but it is difficult to ensure that the toolkit
will do the right thing. After many iterations, we have arrived at this: note the use of a typed constdispa6( )
to simplify things (it is only used internally so does not belong with the other types in section 3).

(full pattern and constructor specificationsd) += (13c) <29a 30a
constructors
displ6 disp! : displ6t {
disp@][0:1] = O,
dl6lo = disp@[2:15],
d1éhil = disp@[16:31]!
} is d16lo & d16hi
BR"rcond_f2"a"p rsi, reloc #{ rcond_f2 != 0, rcond_f2 != 4 }
is label: BPr & rcond f2 & a & p & rsl & displ6(reloc - label)
Usesa 3c,BPr 14,d16hi 3c,d16lo 3c,p 3c,rcond _f2 3c,reloc 27a, andsl 4a.

Thedisp@[0:1] = 0 line can be commented out for speed in encoding if it doesn’t need to be checked (it
is equivalent to sayindisp = 4 * ). Thercond _f2 equations are commented out since they confuse the
toolkit; the user must ensure that only the correct conditions are used.

(sim pattern and constructor specificaticass)+= (13b) ©29b 30b>
constructors
BPr rcond_f2 a p rsl displ6!
{ di16lo = displ6@][0:13], d16hi! = displ6@[14:31] }
is BPr & rcond f2 & a & p & rsl & d16lo & d16hi
Usesa 3c,BPr 14,d16hi 3c,d16lo 3c,p 3c,rcond f2 3c, andrsl 4a.
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The integer register condition moves are fairly trivial. The equations are commented out since they confuse the

toolkit.

(full pattern and constructor specificationsd) +=

constructors

MOVRrcond_f3  rsl, reg_or_imm10, rd #{ rcond_f3 != 0, rcond_f3 = 4 }
FMOVSRrcond_f4 rsl, rs2fs, rdfs #{ rcond_f4 !'= 0, rcond_f4 1= 4}
FMOVDR’rcond_f4 rsl, rs2fd, rdfd #{ rcond f4 != 0, rcond f4 = 4 }
FMOVQR"rcond_f4 rsl, rs2fq, rdfq #{ rcond f4 = 0, rcond f4 = 4 }

UsesFMOVDR2a,FMOVQR2a,FMOVSR2a,MOVRL7e,rcond _f3 4a,rcond _f4 4b,rd 3c,rdfd 12b 12c,rdfq 12b 12c,
rdfs 1la 12creg _or .imm10 8c,rsl 4a,rs2fd 12b 12crs2fq 12b 12c, ands2fs 1la 12c.

(13c) «29c 30c

(sim pattern and constructor specificaticass)+=
constructors
MOVR rcond_f3 rsl reg_or_imm1l0 rd
FMOVSR rcond_f4 rsl1 rs2fs rdfs
FMOVDR rcond_f4 rs1 rs2fd rdfd
FMOVQR rcond_f4 rsl rs2fq rdfg

UsesFMOVDR2a,FMOVQR2a,FMOVSR2a,MOVRL7e,rcond _f3 4a,rcond _f4 4b,rd 3c,rdfd 12b 12c,rdfq 12b 12c,
rdfs 1l1a12creg -or .imm10 8c,rs1 4a,rs2fd 12b 12crs2fq 12b 12c, ands2fs 1la 12c.

Due to the toolkit problems with not checking the validityrobnd , we discard the illegal constructors.
(full pattern and constructor specificationsd) +=
discard
"BRO!,pt" "BRO!,pn" "BRO!,a,pt" "BRO!,a,pn"
"BR4!,pt" "BR4!,pn" "BRA4!,a,pt" "BR4!,a,pn"
"MOVRO!" "MOVR4!"

"FMOVSRO!" "FMOVSR4!" "FMOVDRO!" "FMOVDR4!" "FMOVQRO!" "FMOVQR4!"
Usesa 3c.

(13b) «29d

(13c) «30a

5.6 Floating point

Floating-point arithmetic instructions include two-operand and three-operand variants. Their output patterns are

the implicit conjunctions of their opcodes and operands so the output pattern is omitted. We use the floating-point
register constructor to enforce the encoding.

Firstly we enumerate the two-operand variants, based on their operand types.
(pattern and constructor specification®)) +=

constructors

f2sTOs rs2fs, rdfs

f2sTOd rs2fs, rdfd

f2sTOq rs2fs, rdfq

f2dTOs rs2fd, rdfs

f2dTOd rs2fd, rdfd

f2dTOq rs2fd, rdfq

f2qTOs rs2fq, rdfs

f2qTOd rs2fq, rdfd

f2qTOq rs2fq, rdfq

Usesf2dTOd 20,f2dTOq 20,f2dTOs 20,f2qTOd 20,f2qTOq 20,f29gTOs 20,f2sTOd 20,f2sTOq 20,f2sTOs 20,rdfd 12b 12c,
rdfq 12b 12crdfs 1la 12cys2fd 12b12crs2fq 12b 12c, ands2fs 1la 12c.

(13a) «26c 3la
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The three-operand variants, based on their operand types are listed here.

3la (pattern and constructor specification®)) += (13a) <30d 31b-
constructors
float3s rslfs, rs2fs, rdfs
float3d rsifd, rs2fd, rdfd
float3q rslfq, rs2fq, rdfq
FsMULd rsifs, rs2fs, rdfd
FdMULq rsifd, rs2fd, rdfg

fcompares fcc_f3, rsifs, rs2fs
fcompared fcc_f3, rsifd, rs2fd
fcompareq fcc_f3, rslfq, rs2fq

Usesfcc _f3 4a,fcompared 22a,fcompareq 22a,fcompares 22a,FdMULQ20,float3d 20, float3q 20, float3s 20,
FsMULd20,rdfd 12b 12crdfq 12b 12c,rdfs 1l1a 12crsifd 12b 12crs2fd 12b 12crsifq 12b 12c,rs2fq 12b 12c,
rslfs 1la1l2c, ands2fs 1la12c.

5.7 Miscellany

The remaining instructions don’t belong to any particular grouping. Firstly there are the instructions which don’t
take any operands:

31b (pattern and constructor specification®)) += (13a) <31a 3le
patterns

nooperands is NOP | DONE | RETRY | SAVED | RESTORED | FLUSHW

constructors
nooperands

Defines:
nooperands , never used.
UsesDONEL7a,FLUSHWL5,NOP13e,RESTORER7a,RETRY17a, andSAVEDL7a.

Then some of the remaining instructions:

31c (pattern and constructor specification®) += (13a) «31b 31d>
constructors
FLUSH address__
JMPL address_, rd
RETURN address_
ILLTRAP imm22

Usesaddress _9a,FLUSH15,ILLTRAP 13e,imm22 3c,JMPL15,rd 3c, andRETURNL5.

The SPARC-V9 architecture manual defirseghi  such that it destroys the least significant ten bits on en-
coding. Therefore, no single bi-directional definitionsethi can be written without loss of information. The
SPARC-V8 spec used two constructors; our solution is to provide the simpler constructor, with an explicitimme-
diate value.

31d (pattern and constructor specification®) += (13a) «31c
constructors
SETHI imm22, rd
Usesimm?22 3c,rd 3c, andSETHI 13e.
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6 UltraSPARC implementation-dependent instructions

The SPARC-V9 manual specifies that t(MPDEP{1,2} instructions are completely implementation dependent,
and that their dependency on tingpldep{1,2}  fields is implementation dependent. If the implementation does
not define the instruction, then dtegal  _instruction trap occurs. Hence we do not define constructors
for IMPDEP{1,2} ;implementation-dependentinstructions should be defined explicitly here.

All of the UltraSPARC “extended instructions” are defined here. These incktldTDOWNthe additional
ancillary state registers (ASR’s) and the graphics instructions. Most of the extra instructions are defined in Chapter
13 of the UltraSPARC User’s Manual [4].

(ultrasparc.spe@2g =
# requires fields.spec and core.spec
# (depends on table 32 and fp register encoding)
(ultrasparc patterns and constructozsh)

Worthy of note is the fact that all the UltraSPARC extended instructions are basbtP@EP1

6.1 Ancillary state registers
The ancillary state registers used by the UltraSPARC chips are:

ASR Value Name Assembler Access
0x10 PERECONTROIREG %pcr RW

Ox11 PERFECOUNTER %pic RW

0x12 DISPATCHCONTROIREG %dcr RwW

0x13 GRAPHICSTATUSREG %gsr RwW

0x14 SET.SOFTINT %set _softint W

0x15 CLEARSOFTINT %clear _softint W

0x16 SOFTINT_REG %softint RW

0x17 TICK_CMPRREG %tick _cmpr RwW

Other registers used to control and monitor the UltraSPARC are manipulated using implementation-dependent
address space identifiers (ASI's). This is not interesting for specification of the instruction syntax, but does need
to be addressed for simulation.

(ultrasparc patterns and constructassb) = (32a) 33a
patterns
[ RDPCR RDPIC RDDCR RDGSR _ _ RDSOFTINT RDTICK_CMPR ]
is RDASR & rsl = {Ox10 to Ox17}
constructors
RDPCR "%pcr", rd
RDPIC "%pic", rd
RDDCR "%dcr", rd
RDGSR "%gsr", rd
RDSOFTINT "%softint", rd
RDTICK_CMPR "%tick_cmpr", rd

Defines:
RDDCRused in chunk 40.
RDGSRused in chunk 40.
RDPCRnever used.
RDPIC, used in chunk 40.
RDSOFTINT used in chunk 40.
RDTICK.CMPRused in chunk 40.
Usesrd 3c,RDASRL6, andrs1 4a.

| have given each ASR an opcode name, which is not necessary, but tidies up the specification. For simulation, it
may be easier to just use tRDASRconstructor.
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For some strange reason, the suggested assembly language syntax for the writing to the ASR’s [4, p.152/158]
(second page number is new edition) specifies no second source register, except in the ca8S&vwthich
is separately allowed to haverag -or _imm second source register [4, p.192/p.198]. Currently, we ignore the
specification and use the standaed _or _imm syntax.

(ultrasparc patterns and constructassh) += (32a) «32b 33b>
patterns
[ WRPCR WRPIC WRDCR WRGSR
WRSET_SOFTINT WRCLEAR_SOFTINT WRSOFTINT WRTICK_CMPR ]
is WRASR & rd = {Ox10 to 0x17}
constructors
WRPCR rsl, reg_or_imm, "%pcr"
WRPIC rs1, reg_or_imm, "%pic"
WRDCR rsl, reg_or_imm, "%dcr"
WRGSR rsl, reg_or_imm, "%gsr"
WRSET_SOFTINT rs1, reg_or_imm, "%set_softint"
WRCLEAR_SOFTINT rsl, reg_or_imm, "%clear_softint"
WRSOFTINT rsl, reg_or_imm, "%softint"
WRTICK_CMPR rsl, reg_or_imm, "%tick_cmpr"

Defines:
WRCLEASOFTINT, used in chunk 40.
WRDCRused in chunk 40.
WRGSRised in chunk 40.
WRPCRused in chunk 40.
WRPIG used in chunk 40.
WRSETSOFTINT, never used.
WRSOFTINTused in chunk 40.
WRTICKCMPRused in chunk 40.

Usesrd 3c,reg _or .imm8b,rs1 4a, andWRASRS6.

6.2 Shutdown

The SHUTDOWINSstruction is decidedly simple.

(ultrasparc patterns and constructosst) += (32a) <33a 34a
patterns
SHUTDOWN is IMPDEP1 & opf = 0x80
constructors
SHUTDOWN

Defines:
SHUTDOWNsed in chunk 40.
UsesIMPDEP115 andopf 4a.

6.3 Graphics instructions

All the graphics instructions (also known¥kS instructions) have the same structure as floating-pointinstructions,
with three register fields and an instruction switch based owiiefield. For the VIS instructionggpf must be
less tharOx80 .

To enable easy reading and decoding of the VIS instructions, we spliqthédield into pieces —vismbz ,
visopl andvisop2 — oftwo, two and five bits respectively.

(ultrasparc-fields.spegsd =
# ultrasparc-fields.spec
# goes after fields.spec (in fields declaration)
vismbz 12:13 visopl 10:11 visop2 5:9
Defines:
vismbz , used in chunk 34a.

visopl , used in chunk 34a.
visop2 , used in chunks 34-37.
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(ultrasparc patterns and constructassh) +=
patterns
[ VISOPO VISOP1 VISOP2 VISOP3 ] is
IMPDEP1 & vismbz = 0 & visopl = {0 to 3}

Defines:

VISOPO, used in chunk 34b.

VISOP1, used in chunk 35.

VISOP2, used in chunk 36.

VISOPS3, used in chunk 37.
UsesIMPDEP115,vismbz 33c, andvisopl 33c.

6.3.1 Edge handling, array and align address

(ultrasparc patterns and constructassh) +=
patterns
visopOrrr is any of
[ EDGE8 EDGE32 ARRAY8 ALIGNADDRESS

EDGESL EDGE32L ARRAY16 ALIGNADDRESS LITTLE

EDGE16 "ARRAY32 _

EDGE16L _

_ _ _ _ I,
which is VISOPO & visop2 = {0 to 31 columns 4}

Defines:
ALIGNADDRESSused in chunk 40.
ALIGNADDRESS.ITTLE , never used.
ARRAY16 used in chunk 40.
ARRAY32 used in chunk 40.
ARRAY8used in chunk 40.
EDGE16 used in chunk 40.
EDGE32 used in chunk 40.
EDGE8used in chunk 40.
EDGEL16L, used in chunk 40.
EDGES32L, used in chunk 40.
EDGESL, used in chunk 40.
visopOrrr , used in chunk 38.

UsesVISOPO 34a andvisop2 33c.

34

(32a) <33b 34b>

(32a) <34a 35

We group the instructions by their parameter types. ihén visopOrrr  refer to a plain integer register; three

r’s indicates that all three registers are used.
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6.3.2 Pixel compare, partitioned multiply, pack and pixel distance

35 (ultrasparc patterns and constructassh) += (32a) <34b 36>
patterns
[ FCMPLE16 FCMPGT16 _ FMULD8SUx16
_ _ FMULS8x16 FMULD8ULXx16
FCMPNE16 FCMPEQ16 _ FPACK32

_ _ FMUL8x16AU FPACK16
FCMPLE32 FCMPGT32 _ _

_ _ FMUL8x16AL FPACKFIX
FCMPNE32 FCMPEQ32 FMUL8SUx16 PDIST

_ _ FMUL8ULXx16 _ ]
is VISOP1 & visop2 = {0 to 31 columns 4}

visoplddr is FCMPLE16 | FCMPGT16 | FCMPNE16 | FCMPEQ16 |
FCMPLE32 | FCMPGT32 | FCMPNE32 | FCMPEQ32

visoplsdd is FMUL8x16 | FMUL8x16

visoplssd is FMUL8x16AU | FMUL8x16AL | FMULD8SUx16 | FMULD8ULXx16

visoplddd is FMUL8SUx16 | FMUL8ULx16 | FPACK32 | PDIST
visoplds is FPACK16 | FPACKFIX
Defines:
FCMPEQ16used in chunk 40.
FCMPEQ32never used.

FCMPGT16used in chunk 40.
FCMPGT32used in chunk 40.
FCMPLE16 used in chunk 40.
FCMPLE32 used in chunk 40.
FCMPNE16used in chunk 40.
FCMPNE32used in chunk 40.
FMULD8SUx16 used in chunk 40.
FMULD8ULX16 used in chunk 40.
FMUL8SUx16 never used.
FMULBULX16, used in chunk 40.
FMULB8Xx16, used in chunk 40.
FMULB8x16AL, used in chunk 40.
FMUL8x16AU never used.
FPACK16 used in chunk 40.
FPACK32 used in chunk 40.
FPACKFIX, used in chunk 40.
PDIST, used in chunk 40.
visoplddd , used in chunk 38.
visoplddr ,used in chunk 38.
visoplds ,used in chunk 38.
visoplsdd |, used in chunk 38.
visoplssd |, used in chunk 38.
UsesVISOP1 34a andvisop2 33c.

As above, we group by parameter typsgiefers to a single-precision floating-point parameter dmdfers to a
double-precision floating-point parameter (the orddrasurce 1, source 2, destinatjoand is right-associative).
The duplicate ofFMUL8x16 in the pattern definition ofisoplsdd is a workaround to force expansion of
constructors; ignore any warnings when the constructor is generated.



6 ULTRASPARC IMPLEMENTATION-DEPENDENT INSTRUCTIONS 36

6.3.3 Align data, merge, expand and partitioned add

36 (ultrasparc patterns and constructassh) += (32a) «35 37>
patterns
[ _ FALIGNDATA FPADD16 _

FPADD16S _
o FPADD32
_ FPMERGE FPADD32S _

B FPSUB16 _
_ FEXPAND FPSUB16S _
FPSUB32 _
B FPSUB32S _ ]
is VISOP2 & visop2 = {0 to 31 columns 4}

visop2ddd is FALIGNDATA | FPADD16 | FPADD32 | FPSUB16 | FPSUB32
visop2ssd is FPMERGE | FPMERGE

visop2sd is FEXPAND | FEXPAND

visop2sss is FPADD16S | FPADD32S | FPSUB16S | FPSUB32S

Defines:
FALIGNDATA used in chunk 40.
FEXPANDused in chunk 40.
FPADD16 used in chunk 40.
FPADD32 used in chunk 40.
FPADD16S used in chunk 40.
FPADD32S used in chunk 40.
FPMERGHIsed in chunk 40.
FPSUB16 used in chunk 40.
FPSUB32 never used.
FPSUB16S used in chunk 40.
FPSUB32S used in chunk 40.
visop2ddd , used in chunk 38.
visop2sd , used in chunk 38.
visop2ssd , used in chunk 38.
visop2sss , used in chunk 38.

Usesvisop2 33c andVISOP2 34a.

The duplicates oFPMERGENdFEXPANDN the patterns are workarounds to force expansion of constructors;
ignore any warnings when constructors are generated.
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6.3.4 Logical
37 (ultrasparc patterns and constructassh) +=
patterns

[ FZERO FANDNOT1 FAND FSRC2
FZEROS FANDNOT1S FANDS FSRC2S
FNOR FNOT1 FXNOR FORNOT1
FNORS FNOT1S FXNORS FORNOT1S
FANDNOT2 FXOR FSRC1 FOR
FANDNOT2S FXORS FSRC1S FORS
FNOT2 FNAND FORNOT2 FONE
FNOT2S FNANDS FORNOT2S FONES ]
is VISOP3 & visop2 = {0 to 31 columns 4}

visop3d is FZERO | FONE

visop3s is FZEROS | FONES

visop3dd is FNOT2 | FSRC2

visop3dxd is FSRC1 | FNOT1

visop3ss is FNOT2S | FSRC2S

visop3sxs is FNOT1S | FSRC1S

visop3ddd is FNOR | FANDNOT2 | FANDNOT1 | FXOR
FAND | FXNOR | FORNOT2

visop3sss is FNORS | FANDNOT2S | FANDNOT1S | FXORS
FANDS | FXNORS | FORNOT2S

Defines:
FAND used in chunk 40.
FANDNOT lused in chunk 40.
FANDNOT2used in chunk 40.
FANDNOT1sused in chunk 40.
FANDNOT2gnever used.
FANDS used in chunk 40.
FNANDused in chunk 40.
FNANDSused in chunk 40.
FNORused in chunk 40.
FNORSused in chunk 40.
FNOTY, used in chunk 40.
FNOT2 never used.
FNOT1S used in chunk 40.
FNOT2S used in chunk 40.
FONE used in chunk 40.
FONESnNever used.
FOR never used.
FORNOT lused in chunk 40.
FORNOT2used in chunk 40.
FORNOT1sused in chunk 40.
FORNOT28used in chunk 40.
FORS used in chunk 40.
FSRC1 used in chunk 40.
FSRC2 used in chunk 40.
FSRC1S used in chunk 40.
FSRC2S used in chunk 40.
FXNORused in chunk 40.
FXNORSused in chunk 40.
FXOR used in chunk 40.
FXORSused in chunk 40.
FZERQused in chunk 40.
FZEROSused in chunk 40.
visop3d , used in chunk 38.
visop3dd , used in chunk 38.
visop3ddd , used in chunk 38.
visop3dxd , used in chunk 38.
visop3s , used in chunk 38.
visop3ss , used in chunk 38.
visop3sss , used in chunk 38.

37

(32a) <36 38>

| FNAND |
| FORNOT1

| FOR
| FNANDS |

| FORNOT1S | FORS
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visop3sxs , used in chunk 38.
Usesvisop2 33c andVISOP3 34a.

The x “type” suffix indicates an unused second source. This is because (for some strange reason) VIS defines
operations which copy (with optional negation) eitihetf orrs2f . Normally we'd expect just the one choice
usingrs2f . 1 don't know why thers1f option is provided, but that's how it goes!

6.3.5 Constructors

Putting all of theVIS instruction variants together, we get the following patterns grouped by parameter types.

(ultrasparc patterns and COﬂStI’UCtOZBSb>+E (32a) «37 39%a
patterns
visops  is visop3s
visopd is visop3d
visopss is visop3ss
visopsd is visop2sd
visopds is visoplds
visopdd is visop3dd
Visopsxs is visop3sxs
visopdxd is visop3dxd
VisSopsss is visop2sss | visop3sss
visopssd is visoplssd | visop2ssd
visopsdd is visoplsdd
visopddd is visoplddd | visop2ddd | visop3ddd
visopddr is visoplddr
visoprrr is visopOrrr
Defines:
visopd , used in chunk 39a.
visopdd , used in chunk 39a.
visopddd , used in chunk 39a.
visopddr , used in chunk 39a.
visopds , used in chunk 39a.
visopdxd , used in chunk 39a.
visoprrr , used in chunk 39a.
visops , used in chunk 39a.
visopsd , used in chunk 39a.
visopsdd , used in chunk 39a.
visopss , used in chunk 39a.
visopssd , used in chunk 39a.
visopsss , used in chunk 39a.
visopsxs , used in chunk 39a.
Usesvisop3d 37,visop3dd 37,visoplddd 35,visop2ddd 36,visop3ddd 37,visoplddr 35,visoplds 35,visop3dxd 37,
visopOrrr  34b,visop3s 37,visop2sd 36,visoplsdd 35,visop3ss 37,visoplssd 35,visop2ssd 36,visop2sss 36,
visop3sss 37, andvisop3sxs  37.
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These patterns can then be turned into constructors with the correct parameters.

39a (ultrasparc patterns and constructassh) += (32a) <38
constructors

visops  rdfs
visopd  rdfd
visopss rs2fs, rdfs
visopsd rs2fs, rdfd
visopds rs2fd, rdfs
visopdd rs2fd, rdfd
visopsxs rsifs, rdfs
visopdxd rsifd, rdfd
visopsss rslfs, rs2fs, rdfs
visopssd rsifs, rs2fs, rdfd
visopsdd rslfs, rs2fd, rdfd
visopddd rs1fd, rs2fd, rdfd
visopddr rsifd, rs2fd, rd
visoprrr rsl, rs2, rd

Usesrd 3c,rdfd 12b12crdfs 1lal2cysl 4a,rs2 4a,rslfd 12b12crs2fd 12b12crslfs 1lal2cys2fs 1lal12cyisopd 38,
visopdd 38,visopddd 38,visopddr 38,visopds 38,visopdxd 38,visoprrr  38,visops 38,visopsd 38,visopsdd 38,
visopss 38,visopssd 38,visopsss 38, andvisopsxs 38.

6.4 Assembler syntax

39 (ultrasparc-asm.spegb =
# ultrasparc-asm.spec
# goes after asm.spec
(ultrasparc assembler syntaxgc)

The UltraSPARC ASR opcodes are all disambiguated in the parameters for assembly.

39c (ultrasparc assembler syntagcg= (39b) 39d>
assembly opcode
{RD{PCR,PIC,DCR,GSR,SOFTINT,TICK_CMPR} is $1
{WRH{PCR,PIC,DCR,GSR {SET_,CLEAR_,}SOFTINT,TICK_CMPR} is $1

Some of the graphics assembler instructions (VIS instruction set) for the UltraSPARC are different to the
opcodes:

39d (ultrasparc assembler syntagc)+= (39b) «39c
assembly opcode
{ALIGNADDRJ}ESS is $1
{ALIGNADDRJ}ESS_{L}TTLE is $1%$2
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6.5 Validating
See section 11 for rationale. All UltraSPARC implementation dependent instructions were tested on 20000627.

(ultrasparc-check.spem)=
## VIS instructions: tested 20000627
#discard
#RDPCR RDPIC RDDCR RDGSR RDSOFTINT RDTICK_CMPR WRPCR WRPIC WRDCR WRGSR
#WRSET_SOFTINT WRCLEAR_SOFTINT WRSOFTINT WRTICK_CMPR SHUTDOWN FZEROS
#FONES FZERO FONE FNOT2S FNOT1S FSRC1S FSRC2S FEXPAND FPACK16 FPACKFIX
#FNOT2 FNOT1 FSRC1 FSRC2 FPADD16S FPADD32S FPSUB16S FPSUB32S FNORS
#FANDNOT2S FANDNOT1S FXORS FNANDS FANDS FXNORS FORNOT2S FORNOT1S FORS
#FMUL8x16AU FMUL8x16AL FMULD8SUx16 FMULD8ULx16 FPMERGE FMUL8x16
#FMULB8SUx16 FMUL8ULx16 FPACK32 PDIST FALIGNDATA FPADD16 FPADD32 FPSUB16
#FPSUB32 FNOR FANDNOT2 FANDNOT1 FXOR FNAND FAND FXNOR FORNOT2 FORNOT1
#FOR FCMPLE16 FCMPGT16 FCMPNE16 FCMPEQ16 FCMPLE32 FCMPGT32 FCMPNE32
#FCMPEQ32 EDGE8 EDGE32 ARRAY8 ALIGNADDRESS EDGESL EDGE32L ARRAY16
#ALIGNADDRESS _LITTLE EDGE16 ARRAY32 EDGE16L

UsesALIGNADDRESS4b, ARRAY1634b, ARRAY3234b, ARRAY834b, EDGE1634b, EDGE3234b, EDGE834b, EDGE16L34b,
EDGE32L34b,EDGE8L34b,FALIGNDATA36, FAND37, FANDNOTB7, FANDNOT37, FANDNOT187, FANDS37, FCMPEQ16@5,
FCMPGT1&5, FCMPGT335, FCMPLE1635, FCMPLE3235, FCMPNE1&5, FCMPNE3235, FEXPANCB6, FMULD8SUX1635,
FMULD8ULXx1635, FMUL8ULx1635, FMUL8x16 35, FMUL8x16AL 35, FNAND37, FNANDS37, FNOR37, FNORS37, FNOT137,
FNOT1S37, FNOT2S37, FONE37, FORNOT137, FORNOTZ37, FORNOT1S7, FORNOT2S7, FORS37, FPACK1635,
FPACK3235, FPACKFIX 35, FPADD1636, FPADD3236, FPADD16S36, FPADD32S36, FPMERGB6, FPSUB1636, FPSUB16S36,
FPSUB32S36,FSRC137,FSRC237,FSRC1S37,FSRC2S37, FXNOR37, FXNORS37, FXOR37, FXORS37,FZERCO37, FZEROS37,
PDIST 35, RDDCR2b,RDGSR32b, RDPIC 32b,RDSOFTINT32b, RDTICK.CMPR32b, SHUTDOWBBb, WRCLEARSOFTINT 33a,
WRDCR3a,WRGSR3a 44 WRPCR3a,WRPIC33a, WRSOFTINB3a, andVRTICKCMPR33a.
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7 SPARC64 implementation-dependent instructions

The HAL SPARC64 implementation-dependent instructions are baseMBDEP2, and are all based on the
floating-point multiply-adder. The information on the HAL SPARC64 chips is from [5].
None of these instructions have been tested.

(sparc64.speela =
# requires fields.spec, types.spec and core.spec
# (depends on table 32 and fp register encoding)
(sparc64 patterns and constructor®

(sparc64-fields.speab =
# sparc64-fields.spec
# goes after fields.spec (in fields declaration)
(sparc64 fieldg1c)

7.1 Ancillary state registers
The ancillary state registers used by the SPARC64 chips are [5, pp303-305,337-339]:

ASR Value Name Assembler Access
0x12 HDWMODE %hardwaremode RwW
0x13 GSR %graphic _status RwW
0x14 SET_.SCHEDINT %set _sched _int W
0x15 CLEARSCHEDINT %clear _sched _int W
0x16 SCHEDINT %sched _int RW
0x17 TICK_MATCH %tick_match RW
0x19 SCRATCH %scratch[0-3] RwW
Oxla {BRKPT,BRK} {ADDR,MASK} %{dbreak,brk}  _{addr,mask} RW
Oxlc DFAULTADDR %dfaddr R
0x1d DFTYPE %dftype R
Oxle PM{{,CLR _HDIS,EN},REG[0-5]} %pm{ {{,clr  _Hdis,en}},[0-6]} RW
Ox1f SCR %scr

Note theGSR(graphics status register): this is defined to allow emulation of the UltraSPARC VIS instruction set.
Some of these ASR'’s use non-standard instruction specifications requiring additional field specifications for
selecting subregisters.

(sparc64 fieldaig= (41b) 45a
asrsub 8:12 rdasrmbz 0:7 wrasrmbz 5:7

Defines:
asrsub , used in chunks 42 and 44.

rdasrmbz , used in chunk 42.
wrasrmbz , used in chunk 44.
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For some strange reason, the prefix for the opcodes for some BOASR have changed frorRDto justR
or toRD. They are also inconsistent in the opcode and assembly naming; e.@xl1seén the above table: for
reading, they're callin®3RKPT but for writing they're calleBRK the assembler names thetreak andbrk .
The performance monitorif@MASR instructions are quite different depending whether reading or writing. All in
all, these inconsistencies make it difficult to define a clean and simple specification.

(sparc64 patterns and constructorg = (41a) 44
patterns
[ RHDW_MODE RGSR _ _ RSCHED_INT RTICK_MATCH RIFTYPE RSCRATCHXx
RBRKPTx _ RDFAULT_ADDR RDFTYPE RD_PMx RDSCR ]
is RDASR & rs1l = {0x12 to Ox1f}

constructors
RHDW_MODE "%hardware_mode", rd
RGSR "%graphic_status”, rd
RSCHED_INT  "%sched_int", rd
RTICK_MATCH "%tick_match", rd
RIFTYPE "%iftype", rd
RDFAULT_ADDR "%dfaddr", rd
RDFTYPE "%dftype", rd
RDSCR "%scr", rd

patterns

[ RSCRATCHO RSCRATCH1 RSCRATCH2 RSCRATCH3 ]
is RSCRATCHx & asrsub = {0 to 3} & rdasrmbz = 0
[ RBRKPT_ADDR RBRKPT_MASK ]
is RBRKPTx & asrsub = [0 1] & rdasrmbz = 0O
[ RD_PM_VN RD_PM_REGO RD_PM_REG1 RD PM_REG2 RD_PM_REG3
RD _PM_REG4 RD_PM_REGS5 ]
is RD_PMx & asrsub = {0 to 6} & rdasrmbz = 0
constructors
RSCRATCHO "%scratchQ", rd
RSCRATCH1 "%scratchl", rd
RSCRATCH2 "%scratch2", rd
RSCRATCH3 "%scratch3", rd
RBRKPT_ADDR "%dbreak_addr", rd
RBRKPT_MASK "%dbreak_mask", rd
RD_PM_VN "%pm0", rd
RD_PM_REGO "%pm1l", rd
RD_PM_REG1 "%pm2", rd
RD_PM_REG2 "%pm3", rd
RD_PM_REG3 "%pm4", rd
RD_PM_REG4 "%pm5", rd
RD_PM_REG5 "%pmé6", rd
Defines:
RBRKPTADDR never used.
RBRKPTMASK never used.
RBRKPTx never used.
RDFAULTADDRNnNever used.
RDFTYPEnever used.
RDPMREGQ never used.
RDPMREG] never used.
RDPMREGZ2 never used.
RDPMREG3 never used.
RDPMREG4 never used.
RDPMREGSH never used.
RDPMVN never used.
RDPMx never used.
RDSCRnever used.

RGSRnever used.
RHDWMODENever used.
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RIFTYPE, never used.
RSCHEDNT, never used.
RSCRATCHMever used.
RSCRATCH/Inever used.
RSCRATCH2hever used.
RSCRATCH®Xever used.
RSCRATCHxnever used.
RTICK_MATCHnever used.
Usesasrsub 41c,rd 3c,RDASRL6,rdasrmbz 4lc, andsl 4a.

Notice that the performance monitor register assembly naming is quite inconsistent with the opcodes, but I'm
following the manual (it isn’t actually clear whetheD PMVNis %pm0or %pm§.
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The SPARC64ANVRASRpcodes are just as confused asRiIBASRones. Some have\WR prefix, some have a
WRprefix, and some don't have a prefix. Some of the performance monitor instructions don’t have any parameters.

44 (sparc64 patterns and constructor® += (41a) €42 462>
patterns
[ WR_HDW_MODE WRGSR SET_SCHED_INT CLEAR_SCHED_ INT WR_SCHED_INT
WR_TICK_MATCH _ WR_SCRATCHx WR_BRKx _ _ _ WR_PMx WRSCR ]
is WRASR & rd = {Ox12 to Ox1f}
constructors
WR_HDW_MODE rsl, reg_or_imm, "%hardware_mode"
WRGSR rsl, reg_or_imm, "%graphic_status"

SET_SCHED_INT  rsl, reg_or_imm, "%set_sched_int"
CLEAR_SCHED_INT rs1, reg_or_imm, "%clear_sched_int"
WR_SCHED_INT rsl, reg_or_imm, "%sched_int"
WR_TICK_MATCH rsl, reg_or_imm, "%tick_match"
WRSCR rsl, reg_or_imm, "%scr"
patterns
[ WR_SCRATCHO WR_SCRATCH1 WR_SCRATCH2 WR_SCRATCHS3 ]
is WR_SCRATCHx & asrsub = {0 to 3} & wrasrmbz 0&i=0
[ WR_BRK_ADDR WR_BRK_MASK ]
is WR_BRKx & asrsub = [0 1] & wrasrmbz = 0 & i = 0
[ WR_PM_DIS WR_PM_CLR_DIS WR_PM_EN WR_PM_CLR_EN WR_PM_VN ]
is WR_PMx & asrsub = {0 to 4} & wrasrmbz = 0 & i = 0
constructors
WR_SCRATCHO rsl, rs2, "%scratch0"
WR_SCRATCHL1 rs1, rs2, "%scratchl"
WR_SCRATCH2 rs1, rs2, "%scratch2"
WR_SCRATCH3 rs1, rs2, "%scratch3"
WR_BRK_ADDR rsl1, rs2, "%brk_addr"
WR_BRK_MASK rs1, rs2, "%brk_mask"

WR_PM_DIS "%pm_dis"
WR_PM_CLR_DIS "%pm_clr_dis"
WR_PM_EN "%pm_en"

WR_PM_CLR_EN "%pm_clr_en"
WR_PM_VN rsl1, rs2, "%pm_vn"

Defines:
CLEARSCHEDINT, never used.
SET_.SCHEDINT, never used.
WRBRKADDR never used.
WRBRKMASK never used.
WRBRKYX, never used.
WRGSRused in chunk 40.
WRHDWMODEnever used.
WRPMCLRDIS, never used.
WRPMCLREN never used.
WRPMDIS, never used.
WRPMEN, never used.
WRPMVN never used.
WRPMXx never used.
WRSCHEDINT , never used.
WRSCRhever used.
WRSCRATCHpnever used.
WRSCRATCH/1never used.
WRSCRATCHZ2never used.
WRSCRATCH3never used.
WRSCRATCHxnever used.
WRTICK _MATCHnever used.

Usesasrsub 41c,i 4a,rd 3c,reg -or .imm8b,rs1 4a,rs2 4a,WRASRS6, andwrasrmbz 41c.

Just to add to the confusion, the SPARC64 manual occasionally refers &Rhastruction asWwRSIRas
though it is actually a register write to ti®R register (e.g., see [5, page 339, paragraph 3]).
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7.2 Floating-point multiply-add

The floating-point multiply-add instructions are basedigfPDEP2 They require three additional fieldgat ,
size andrs3).

45a (sparc64 fieldgi1g) += (41b) <41c
rs3 9:13 var 7:8 size 5:6

Defines:
rs3 , used in chunk 45c.
size , used in chunk 46a.
var , used in chunk 46a.

They also require floating-point encodingreB : this is defined below.

45b (sparc64-fpre-fields.spash) =
# sparc64-fpre-fields.spec
# goes after fields.spec (in fields declaration)
rs3fhi 10:13 rs3flo 9:9

Defines:
rs3fhi , used in chunk 45c.
rs3flo , used in chunk 45c.

45¢ (sparc64-fpre.spetso =
# sparc64-fpre.spec
constructors
rs3fsv "%f"fr! : rs3fs { fr@[5:31] = 0 } is rs3 = fr
rs3fdv "%f"fr! : rs3fd
{ fr@[6:31] = 0, fr@[0] = O,
fhi = fr@[1:4], flo = fr@[5] }
is rs3fhi = fhi & rs3flo = flo

Defines:
rs3fd , used in chunk 46a.
rs3fdv , never used.
rs3fs , used in chunk 46a.
rs3fsv , never used.
Usesrs3 45a,rs3fhi  45b, and's3flo  45b.

45d (sparc64-nofpre-fields.spesd =
# sparc64-nofpre-fields.spec
# goes after fields.spec (in fields declaration)
# incompatible with sparc64-fpre*.spec
rs3fs 9:13 rs3fd 9:13

Defines:
rs3fd , used in chunk 46a.
rs3fs , used in chunk 46a.
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(sparc64 patterns and constructor® += (41a) <44
patterns
fpmas is any of
[ FMADDs FMSUBs FNMSUBs FNMADDs ],
which is IMPDEP2 & size = 1 & var = {0 to 3}
fpmad is any of
[ FMADDd FMSUBd FNMSUBd FNMADDd ],
which is IMPDEP2 & size = 2 & var = {0 to 3}
constructors
fpmas rsilfs, rs2fs, rs3fs, rdfs
fomad rsifd, rs2fd, rs3fd, rdfd

Defines:
FMADDgdnever used.
FMADDsnever used.
FMSUBdnever used.
FMSUBsnever used.
FNMADDgnever used.
FNMADDgsnever used.
FNMSUBgdnever used.
FNMSUBsnever used.
fpmad , never used.
fpmas , never used.
UsesIMPDEP215,rdfd 12b 12c,rdfs 1la12cyslfd 12b 12crs2fd 12b 12crs3fd 45c 45drslfs 1la 12crs2fs 1la 12c,
rs3fs 45c 45d,size 45a, andvar 45a.

7.3 Assembler syntax

(sparc64-asm.spewh) =
# sparcb4-asm.spec
# goes after asm.spec
(sparc64 assembler syntagc)

The SPARC64 ASR opcodes, like the UltraSPARC's, aredalbr wr .

(sparc64 assembler syntasc)= (46b)
assembly opcode
{R{HDW_MODE,GSR,SCHED_INT,TICK_MATCH,IFTYPE} is $1D
{RDH{FAULT_ADDR,FTYPE,SCR, PM_{VN,REG{0,1,2,3,4,5}}} is $1
{RH{SCRATCH{0,1,2,3},BRKPT_{ADDR,MASK}} is $1D

{WRH_{HDW_MODE,SCHED_INT,TICK_MATCH},GSR,SCR} is $1
{SET,CLEAR}_SCHED_INT is RD
{WR}_{SCRATCH{0,1,2,3},BRK_{ADDR,MASK},PM_{{,CLR_}DIS,EN},VN}} is $1
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8 Synthetic instructions

The synthetic instructions are defined on pages 297-299 in the SPARC-V9 manual; their definitions appear below.
When dealing with overloaded instructions likell , mov, andclr , we've reserved the standard name (e.g.,
call ) for the most common variant, using either semi-mnemonic names ifeogr, for move-register oclrw
for clear-wordcalla for call-address) or names with trailing underscores (saye _) for other variants.
There’s some problems with synthetics and the toolkit, so these haven’t been tested.

(synth.speen)=

constructors

# there’'s something wrong with synthetics.

# cmp rsl, reg_or_imm is SUBcc(rsl, reg_or_imm, "%g0")

#
#

jmp address_
calla address_

cmp rsl, reg_or_imm

jmp address_
calla address_
iprefetch reloc
iprefetch reloc

is JMPL (address_, "%g0")
is JMPL (address_, "%07")
is SUBcc(rsl1, reg_or_imm, 0)
is JMPL (address_, 0)
is JMPL (address_, 15)
is "BPN,a,pt" ("%xcc", reloc)
is "BPN,a,pt" (2, reloc)

tst rs2 is ORcc ("%g0", regROI(rs2), "%g0")
ret is JMPL (dispA("%i7",8), "%g0")

retl is JMPL (dispA("%o07",8), "%g0")
restore_ is RESTORE ("%g0", regROI("%g0"), "%g0")
save_ is SAVE("%g0", regROI("%g0"), "%g0")
signx rd is SRA (rd, regR0OS32("%g0"), rd)
signx2 rsl, rd is SRA (rsl, regROS32("%g0"), rd)

not rd is XNOR(rd, regROI("%g0"), rd)
not2 rsi, rd is XNOR(rs1, regROI("%g0"), rd)

neg rd is SUB ("%g0Q", regROI(rd), rd)
neg2 rs2, rd is SUB ("%g0", regROI(rs2), rd)

cas [rs1], rs2, rd
casl [rsl], rs2, rd
casx [rsl], rs2, rd
casxl [rsl], rs2, rd

is CASA (rsl, imm_casa_asi(0x80), rs2, rd)
is CASA (rsl, imm_casa_asi(0x88), rs2, rd)
is CASXA(rsl, imm_casa_asi(0x80), rs2, rd)

is CASXA(rs1, imm_casa_asi(0x88), rs2, rd)

inc rd is ADD (rd, immROI(1), rd)
inc2 val!, rd is ADD (rd, immROl(val), rd)
inccc rd is ADDcc (rd, immROI(1), rd)
inccc2 vall!, rd is ADDcc (rd, immROl(val), rd)
dec rd is SUB  (rd, immROI(1), rd)
dec2 wval, rd is SUB (rd, immROIl(val), rd)
deccc rd is SUBcc (rd, immROI(1), rd)

deccc2 vall, rd

btst reg_or_imm, rsl
bset reg_or_imm, rd
bclr reg_or_imm, rd
btog reg_or_imm, rd
cr rd

clrb [address_]

clrh [address_]

clrw [address_]

clrx [address_]
clruw rd

clruw2 rsi, rd

mov reg_or_imm, rd

movr rs2, rd

Defines:

is SUBcc (rd, immROl(val), rd)
is ANDcc(rs1, reg_or_imm, "%g0")
is OR  (rd, reg_or_imm, rd)
is ANDN (rd, reg_or_imm, rd)
is XOR (rd, reg_or_imm, rd)
is OR  ("%g0", regROI("%g0"), rd)
is STB ("%g0", address_)
is STH ("%g0", address )
is STW ("%g0", address_)
is STX ("%g0", address_)
is SRL (rd, regROS32("%g0"), rd)
is SRL (rs1, regROS32("%g0"), rd)
is OR  ("%g0", reg_or_imm, rd)
is OR  ("%g0", regROI(rs2), rd)
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bclr , used in chunk 49b.

bset , used in chunk 49b.

btog , used in chunk 49b.

btst , used in chunk 49b.

calla ,used in chunk 49b.

cas, used in chunk 49b.

casl , used in chunk 49b.

casx , used in chunk 49b.

casxl , used in chunk 49b.

clr , used in chunk 49.

clrb , used in chunk 49b.

clrh , used in chunk 49b.

clruw , used in chunk 49.

clruw2 , used in chunk 49b.

clrw , used in chunk 49b.

clrx , used in chunk 49b.

cmp, used in chunk 49b.

dec, used in chunk 49.

dec2, used in chunk 49b.

deccc , used in chunk 49.

deccc?2 , used in chunk 49b.

inc , used in chunk 49.

inc2 , used in chunk 49b.

inccc , used in chunk 49.

inccc2 , used in chunk 49b.

iprefetch  , used in chunk 49b.

jmp, used in chunk 49b.

mov, used in chunk 49.

movr, used in chunk 49b.

neg, used in chunk 49.

neg2, used in chunk 49b.

not , used in chunk 49.

not2 , used in chunk 49b.

restore _, used in chunk 49b.

ret , used in chunk 49b.

retl , used in chunk 49b.

save _, used in chunk 49b.

signx , used in chunk 49.

signx2 , used in chunk 49b.

tst , used in chunk 49b.
Usesa 3c,ADD15,ADDcc 15, address _9a,ANDcc 15, ANDNL5, CASA18, CASXA18,dispA 9a,imm_casa _asi 10b,immROI 8b,

JMPL 15,0R15,0Rcc 15,rd 3c,reg -or .imm 8b,regROI 8b,reloc 27a,RESTORHES5,rs1 4a,rs2 4a,SAVE15,SRA17b,

SRL17b,STB18,STH18,STWI18,STX 18,SUB15, SUBcc 15, XNORL5, andXOR15.

Some of the more esoteric synthetic instructions (eagy they or asr registers) were not defined.

There are a lot of synonyms defined in the SPARC-V9 specification, such as for the condition-code checks,
Xnz is equivalent toXne. We ignore this part of the specification, since we're not interested in actual assembly,
merely decoding and encoding. It would not be difficult to add these, | think, but would require additional testing.
For example, (mind you this won'’t work)

(example of synonymsgg =
constructors
fonz"a reloc is FBNE(a, reloc)
fboz’a reloc is FBE (a, reloc)
Usesa 3c andreloc  27a.

The SPARC-V9 has several conditionally assembled instructgets\y = set , setsw andsetx ), unlike
SPARC-V8 which only has one. We currently don’t encode or decode any of them (see the SPARC-V8 spec for
how to do it).

8.1 Assembler syntax

(synth-asm.spewb) =
# synth-asm.spec
# goes after asm.spec
(synth assembler syntaga)
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The synthetic assembly codes were named differently due to overloading. We can allow them to be overloaded

in assembler.
(synth assembler syntasg = (48b)
assembly opcode
{call}a is $1
{save,restore} is $1
{cIriw is $1
{mov}r is $1

{signx,not,neg,inc,inccc,dec,deccc,clruw}2 is $1
Usesa 3c,clr  47,clruw 47,dec 47,deccc 47,inc 47,inccc 47,mov47,neg 47,not 47, andsignx 47.

8.2 Validating

See section 11 for rationale. There seems to be a problem with the synthetics: don’t use them (20000809).

(synth-check.spetb) =
## there is something wrong with synthetics
discard
cmp jmp calla iprefetch tst ret retl restore_ save signx signx2 not not2 neg neg2 cas ¢
ccc inccc2 dec dec2 deccc deccc? btst bset belr btog clr clrb clrh clrw clrx clruw clruw

Usesbclr 47,bset 47,btog 47,btst 47,calla 47,cas 47,casl 47,casx 47,casxl 47,clr 47,clrb 47,clrh  47,clruw 47,
clruw2 47,clrw  47,clrx  47,cmp 47,dec 47,dec2 47,deccc 47,deccc2 47,inc 47,inc2 47,inccc 47,inccc2 47,
iprefetch 47,jmp 47, mov 47, movr 47,neg 47,neg2 47,not 47,not2 47,restore _47,ret 47,retl 47,save _47,
signx 47,signx2 47, andtst  47.

NY O))
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9 Assembler syntax

This section is for the generation of assembler encoders, so clients can emit assembly. In order to do so, we must
convert some instructions from the opcode syntax to assembler syntax. These are different since there is extra
syntax in assembly language to allow instructions to be overloaded.
(asm.spesog =

# asm.spec

# requires fields.spec, core.spec

(assembler syntesob)

Several of the floating-point assembly names are different to the opcodes. The assembler can use additional
information (the operands) to disambiguate. Firstly, there are the load and store floating-point instructions, which
we reduce down to a few cases (essentially involving remolingFSR):

(assembler syntasob) = (50a) 500
assembly opcode
{LD,STHF,FSR} is $1
{LD,STHD,Q}F is $1$2
{LDX,STX}FSR is $1
{LD,ST}F{A} is $1$2
{LD,STHD,Q}F{A} is $1$2%$3
UsesLDX18 andSTX18.

TheFMOWariants are many and confusing. I'm not sure if the last one has to be here, but it makes more sense
to read it this way. Firstly there is a special case to deal with the simple moves, then there’s the floating-point
condition moves, then the integer register value moves, then the integer register condition moves. Note the order
of the third variant is correct! (thEMOV{S,D,Q}R may need to change to assembly component?)

(assembler syntasoby+= (50a) «50b 500>
assembly opcode
{FMOV}s,d,q} is $1$2
{FMOVHS,D,Q}F{*} is $1$2%$3
{FMOVHS,D,QKR}{*} is $1$3%$2%4
{FMOVHS,D,QK*} is $1$2%$3
As for FMOVthere are maniMOWariants. Firstly there are the floating-point register condition moves, then
the integer register value moves, then the integer register condition moves.

(assembler syntasoby+= (50a) <50c 50e-
assembly opcode

{MOV}F{*} is $1%2

{MOVKRH*} is $1$2%$3

{MOVH*} is $1$2
The lines which simply match and reproduce everything are probably not necessary, but make it easier to under-
stand.
The RDxxx andWRxxx assembler opcodes are all the same; they are disambiguated by strings in the operands
(generated in the constructors).

(assembler syntasob)+= (50a) «50d 51>
assembly opcode
{RDKHY,CCR,ASI,TICK,PC,FPRS,ASR} is $1
{WRKY,CCR,ASI,FPRS,ASR} is $1
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The branches with prediction have the same assembler codes as those without (as the ones without prediction
are deprecated, they shouldn’t be generated by assembler anyway, unless forced to by large enough displacements).
We have to remove thE from the constructor, using thesssembly component  syntax since the branches
are combinations of opcodes and other components (annul and predict). We specidiB®©thsnce it would
otherwise be replaced witBOS

(assembler syntasob)+= (50a) <«50e
assembly component
{BPOS} is $1
{{FHBIP{*} is $1$2%3
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10 Application-specific specifications for simulation

See the SPARC-V8 spec for some application-specific specifications. We may need some specification for emitting
relocatable addresses (64-bit!) if we want to use this specification for encoding (e.g., SPARC-on-SPARC). We also
may want to guarantee some of the register values.

(decode.spe&2)=
address type is "unsigned"
address to integer using "%a"
address add using "%a+%0"
fetch 32 using "fetch_word(%a)"
Usesa 3c.
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11 Validating against the SPARC-V9 assembler

The syntax for all of the SPARC-V9 instructions seems to be recognised by the Solaris assembler (unlike the
SPARC-V8/SunOS assembler). We uiscard to remove the instructions that we have already tested from
checking.

(check.spes3)=
# method:
# list all constructors, then test some by commenting out one of these lines.
# some constructors have been separated out for individual testing.

20000610: all tested (except synthetics), BPr is dodgy.

20000620: after rearranging, everything is ok except synthetics and BPr
20000627: tested VIS instructions: ok

20000629: tested all fp instructions with new constructors: ok
20000630: BPr now works

HHHHH

#discard
## these need to be individually and/or manually tested:

## prefetch/rdasr/rdpr: due to problems in test generation, these need

## to be tested by removing the equations from their constructors

## PREFETCHA: there is a bug in sparcworks 4.X assembler/fixed in 5.0
# PREFETCH PREFETCHA

# RDASR WRASR

# RDPR WRPR

## all quads have to be tested by commenting out the "invalid" constructors
# FiTOq FsTOq FxTOg FATOq FgTOi FqTOs FqTOx FqTOd FMOVq FNEGq FABSq FSQRTq FADDq FSUE
MULq FCMPg FCMPEq

## BPr is tricky but now works (20000630)
# "BRZ,pt" "BRZ,pn" "BRZ,a,pt" "BRZ,a,pn" "BRLEZ,pt" "BRLEZ,pn" "BRLEZ,a,pt" "BRLEZ,a,p r

#discard

## these have been checked:

#L.DSB LDSH LDSW LDUB LDUH LDUW LDX LDSTUB SWAP LDD STB STH STW STX STD LDSBA LDSt
STUBA SWAPA LDDA STBA STHA STWA STXA STDA

#CASA CASXA LDF LDDF LDQF STF STDF STQF LDFA LDDFA LDQFA STFA STDFA STQFA LDFSR LD]
CCR RDASI RDTICK RDPC RDFPRS STBAR MEMBAR WRY

#WRCCR WRASI WRFPRS SIR AND ANDcc ANDN ANDNcc OR ORcc ORN ORNcc XOR XORcc XNOR Xr
Dcc ADDC ADDCcc TADDcc TADDccTV SUB SUBcc SUBC

#SUBCcc TSUBcc TSUBccTV MULScc UMUL SMUL UMULcc SMULcc UDIV SDIV UDIVee SDIVee MULX SD
STORE SLL SRL SRA SLLX SRLX SRAX POPC BNE "BNE,a" BNEG "BNEG,a" BPOS

#'BPOS,a" BE "BE,a" BGE "BGE,a" BGU "BGU,a" BG "BG,a" BCC "BCC,a" BCS "BCS,a" BL "BL,a" E
#FBLG "FBLG,a" FBNE "FBNE,a" FBULE "FBULE,a" FBE "FBE,a" FBU "FBU,a" FBGE "FBGE,a" FBUG "
#'FBLE,a" "BPNE,pt" "BPNE,pn" "BPNE,a,pt" "BPNE,a,pn" "BPNEG,pt" "BPNEG,pn" "BPNEG,a,pt"

NEG,a,pn" "BPPOS,pt" "BPPOS,pn" "BPPOS,a,pt" "BPPOS,a,pn" "BPE,pt" "BPE,pn" "BPE,a,pt" " E
#'BPCC,pt" "BPCC,pn" "BPCC,a,pt" "BPCC,a,pn" "BPCS,pt" "BPCS,pn" "BPCS,a,pt" "BPCS,a,pn"

#'BPVC,pn" "BPVC,a,pt" "BPVC,a,pn" "BPVS,pt" "BPVS,pn" "BPVS,a,pt" "BPVS,a,pn" "FBPUE,pt "
PLG,pt" "FBPLG,pn" "FBPLG,a,pt" "FBPLG,a,pn" "FBPNE,pt" "FBPNE,pn" "FBPNE,a,pt" "FBPNE,a,

#'FBPU,a,pt" "FBPU,a,pn" "FBPGE,pt" "FBPGE,pn" "FBPGE,a,pt" "FBPGE,a,pn" "FBPUG,pt" "FBP L
#'FBPL,a,pn" "FBPA,pt" "FBPA,pn" "FBPA,a,pt" "FBPA,a,pn" "FBPN,pt" "FBPN,pn" "FBPN,a,pt"

PLE,pt" "FBPLE,pn" "FBPLE,a,pt" "FBPLE,a,pn" TNE TNEG TPOS TE TGE TGU TG TCC TCS TL TLEU
#CALL MOVNE MOVNEG MOVPOS MOVE MOVGE MOVGU MOVG MOVCC MOVCS MOVL MOVLEU MOW
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FUE MOVFLG MOVFNE MOVFULE MOVFE MOVFU MOVFGE MOVFUG MOVFUL MOVFG MOVFO MOVFU(
#MOVFL MOVFA MOVFN MOVFLE FMOVSNE FMOVSNEG FMOVSPOS FMOVSE FMOVSGE FMOVSGU FN
FUE FMOVSFLG FMOVSFNE FMOVSFULE FMOVSFE FMOVSFU FMOVSFGE FMOVSFUG FMOVSFUL
#FMOVSFG FMOVSFO FMOVSFUGE FMOVSFL FMOVSFA FMOVSFN FMOVSFLE FMOVDNE FMOVDNEG E
DLE FMOVDVC FMOVDVS FMOVDFUE FMOVDFLG FMOVDFNE FMOVDFULE FMOVDFE FMOVDFU
#FMOVDFGE FMOVDFUG FMOVDFUL FMOVDFG FMOVDFO FMOVDFUGE FMOVDFL FMOVDFA FMOVDFM
POS FMOVQE FMOVQGE FMOVQGU FMOVQG FMOVQCC FMOVQCS FMOVQL FMOVQLEU FMOVQA FMF
FUE FMOVQFLG FMOVQFNE

#FMOVQFULE FMOVQFE FMOVQFU FMOVQFGE FMOVQFUG FMOVQFUL FMOVQFG FMOVQFO FMOVQFR
#MOVRZ MOVRLEZ MOVRLZ MOVRNZ MOVRGZ MOVRGEZ FMOVSRZ FMOVSRLEZ FMOVSRLZ FMOVSR
RGEZ FMOVDRZ FMOVDRLEZ FMOVDRLZ FMOVDRNZ FMOVDRGZ FMOVDRGEZ FMOVQRZ FMOVQRLEZ
#FiTOs FsTOx FiTOd FsTOd FxTOs FdTOi FdTOs FMOVd FNEGd FABSd FSQRTd FAdTOx FxTOd FADDs F
#FADDd FSUBd FMULd FDIVd FsMULd FCMPs FCMPEs FCMPd FCMPEd NOP DONE RETRY SAVED REE
TURN ILLTRAP SETHI

Usesa 3c,ADD15,ADDC15,ADDcc 15,ADDCcc15, AND15, ANDcc 15, ANDNL5, ANDNccl5, BPr 14, CASXAL8, DONEL7a,FABSd 20,

FABS(q20, FABSs 20, FADDQg20, FADDs20, FCMPd22a,FCMPEd2a,FCMPE®R2a,FCMP®R2a,FDIVd 20,FDIVq 20,FDIVs 20,
FdMULQ20, FdTOi 20, FdTOq 20, FdTOs 20, FdTOx 20, FiTOd 20, FiTOq 20, FLUSH15, FLUSHWL5, FMOVd20, FMOV R0,
FMOVs20, FMULd20, FMUL20, FMULs 20, FNEGd20, FNEGQg20, FNEGs20, FqTOd 20, FqTOi 20, FqTOs 20, FqTOXx 20,
FsMULd20, FSQRTd20, FSQRTg20, FSQRTs20, FsTOd 20, FsTOi 20, FsTOq 20, FsTOx 20, FSUBd20, FSUBQg20, FSUBs 20,
FxTOd 20, FxTOq 20, FXTOs 20, ILLTRAP 13e,JMPL15,LDD18,LDDA18,LDDF18,LDDFA18, LDF 18, LDFA18,LDFSR19a,
LDQF18,LDQFA18,LDSBA18,LDSH18,LDSHA18, LDSTUBL18,LDSTUBAL8,LDSW18,LDSWAL8,LDUB18, LDUBA18,LDUH18,
LDUHA18, LDUWL8, LDUWAL8, LDX 18,LDXA18, LDXFSR19a,MEMBARG, MULScc 15, MULX15, NOP13e,0R15, ORcc 15,
ORNL5,O0RNcc15,POPCL7d, PREFETCH9b,PREFETCHA9b,RDASI 16, RDASRL6, RDCCR.6, RDFPRSL6, RDPCL6, RDPRL7c,
RDTICK16,RDY16,RESTORHES, RESTORED7a,RETRY17a,RETURNLS, SAVE15,SAVED17a,SDIV 15,SDIVce 15,SDIVX 15,
SETHI 13e,SIR 16, SLL 17b,SLLX 17b, SMUL15, SMULcc 15, SRA17b, SRAX17b,SRL17b, SRLX17b,STB 18, STBA18,
STBAR16,STD18,STDA18,STDF18, STDFA18,STF 18, STFA18,STFSR19a,STH18,STHA18, STQF18, STQFA18, STW18,
STWAL8,STX18,STXA18,STXFSR19a,SUB15,SUBC15, SUBcc 15, SWARL8, SWAPAS, TADDcc 15, TADDccTV15, TSUBcc 15,
TSUBccTV15,UDIV 15,UDIVee 15,UDIVX 15, UMULL5, UMULcc15, WRASI16, WRASR6, WRFPR36, WRPR.7c, WRY16,
XNORL5, XNORcc15, XOR15, andXORcc15.

We don't have to put any special headers in assembly source used by the checker.

(sparc-v9-checkers)=
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B INDEX

B Index

a: 3¢, 6¢, 27b, 27c, 27d, 27e, 29c, cmp: 47, 49b

29d, 30c, 47, 48a, 49a, 52, 53

absoluteA : 9a
absoluteRPI : 9b
absoluteSTN : 9b
ADD 15, 26¢, 47,53
ADDC 15, 26¢, 53
ADDcc. 15, 26¢, 47,53
ADDCcc 15, 26c¢, 53

dec2: 47,49

dec: 47, 49a, 49b
deccc2 : 47,49b
deccc : 47, 49a, 49b
diehi : 3c, 29c, 29d
disp19 : 3¢ 27d, 27e
disp22 : 3¢, 27b, 27c
disp30 : 3b, 28c, 28d

address _: 9a 23a, 23c, 23d, 24a,dispA : 93 47

24b, 24c, 24d, 31c, 47
ALIGNADDRESS 34b, 40

ALIGNADDRESS.ITTLE : 34b

alu : 26¢

AND 15, 26¢, 53
ANDcc: 15, 26¢, 47,53
ANDN 15, 26c¢, 47, 53
ANDNcc 15, 26¢, 53
arith : 26¢
ARRAY16 34h 40
ARRAY32 34hb 40
ARRAYS8 34b, 40

asi _address : 10g 23b, 23c,

23d, 24a, 24c, 24d
asrsub : 41¢ 42,44
bclr : 47,49b
Bicc : 13e 27b, 27c
BPcc: 13e 27d, 27e
BPr: 14, 29c, 29d, 53

BPrx: 13e 14
bset : 47,49b
btog : 47, 49b
btst : 47, 49b

CALL: 13d 28c, 28d
calla : 47, 49b

cas: 47 49b

casa: 19¢ 23e
CASA 18, 19c, 47
casa _asi : 10h 23e
casl : 47,49

casx . 47,49
CASXA 18, 19c, 47,53
casxl : 47,49b

cc2 f4 . 4b, 28e, 28f
CLEARSCHEDINT : 44
clr : 47, 49a, 49b
clrb : 47,490

clrh : 47,490

clruw2 : 47, 49b
clruw : 47, 49a, 49b
clrw : 47,49b

clrx : 47,49b

dispRPI : 9b
dispSTN : 9b

di6lo : 3c, 29c, 29d
DONE 173 31b, 53
DONEx 15, 17a
EDGE16 34h 40
EDGE32 34h 40
EDGES8 34h 40
EDGE16L 34h 40
EDGE32L: 34h 40
EDGESL 34h 40
FABSd 20,53
FABSq 20,53
FABSs. 20,53
FADDd 20

FADDq 20, 53
FADDs 20,53
FALIGNDATA 36, 40
FAND 37, 40
FANDNOT1 37, 40
FANDNOT2 37, 40
FANDNOT1S37, 40
FANDNOT2S37
FANDS 37, 40

FBfcc : 13e 27b, 27c
FBPfcc : 13g 27d, 27e
fcc f2 : 3¢, 6b, 27d, 27e
fcc f3: 44 6b, 31a
fcc f4 : 4b, 6b, 28e
FCMPd 223 53
FCMPEd 223 53
FCMPEQ16 35, 40
FCMPEQ32 35
FCMPE(q 223 53
FCMPGTL16 35, 40
FCMPGT32 35, 40
FCMPLE16 35,40
FCMPLE32 35,40
FCMPNEL16 35, 40
FCMPNE32 35, 40
FCMPq 223 53

fcn : 4a 17a, 24c, 24d

fcompared : 223 3la
fcompareq : 223 3la
fcompares : 223 31la

fcond _f2 : 3c, 6d, 27b, 27c, 27d,

27e

fcond _f4 : 4b, 6d, 28e, 29a

FCPEs 22a

FCPs: 22a

FDIVd: 20,53

FDIVq: 20,53
FDIVs: 20,53
FdMULqg 20, 31a, 53
f2dTOd : 20, 30d
FdTOi: 20,53
f2dTOq : 20, 30d
FdTOqg 20,53
f2dTOs : 20, 30d
FdTOs: 20,53
FAdTOx: 20,53
FEXPAND 36, 40
FiTOd: 20,53
FiTOq: 20,53
FiTOs: 20

float2 : 20

float3 : 20

float3d : 20, 31a
float3g : 20, 3la
float3s : 20, 31a
FLUSH 15, 31c, 53
FLUSHW 15, 31b, 53
FMADDd 46a
FMADDs 46a

FMOVd 20, 53
FMOVDcc 223 29a, 29b
FMOVDR223 30a, 30b
FMOVq 20, 53
FMOVQcc 223 29a, 29b
FMOVQR223 30a, 30b
FMOVs 20,53
FMOVScc 22a 29a, 29b
FMOVSR 223 30a, 30b
FMSUBd 46a
FMSUBs 46a

FMULd 20,53
FMULD8SUx16 35, 40
FMULD8ULXx16 35, 40
FMULq 20,53
FMULs 20,53
FMUL8SUx16 35
FMUL8ULx16. 35, 40
FMUL8x16: 35, 40
FMUL8x16AL: 35, 40
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FMUL8x16AU 35
FNAND 37, 40
FNANDS 37, 40
FNEGd 20,53
FNEGq 20,53
FNEGs 20,53
FNMADDd 46a
FNMADDs 46a
FNMSUBd 46a
FNMSUBs 46a
FNOR 37, 40
FNORS 37, 40
FNOT1 37,40
FNOT2 37
FNOT1S 37,40
FNOT2S 37,40
FONE 37,40
FONES 37

FOR 37
FORNOT1 37, 40
FORNOT2 37, 40
FORNOT1S 37, 40
FORNOT2S 37, 40
FORS 37,40
FPACK16 35, 40
FPACK32 35,40
FPACKFIX: 35, 40
FPADD16 36, 40
FPADD32 36, 40
FPADD16S 36, 40
FPADD32S 36, 40
fpmad: 46a
fpmas : 46a
FPMERGE36, 40
FPopl: 15 20
FPop2: 15 22a
FPSUB16 36, 40
FPSUB32 36
FPSUB16S 36, 40
FPSUB32S 36, 40
f2qTOd : 20, 30d
FqTOd: 20,53
FqTOi: 20,53
f2qTOq : 20, 30d
f2qTOs : 20, 30d
FqTOs: 20,53
FgqTOx: 20,53

FsMULd 20, 31a, 53

FSQRTd 20, 53
FSQRTQ 20, 53
FSQRTs 20,53
FSRCt 37,40
FSRC2 37, 40
FSRC1S 37, 40
FSRC2S 37, 40

f2sTOd : 20, 30d
FsTOd: 20, 53
FsTOi: 20,53
f2sTOq : 20, 30d
FsTOqg: 20, 53
f2sTOs : 20, 30d
FsTOx: 20,53
FSUBd 20, 53
FSUBg 20, 53
FSUBs 20, 53
funaryd : 20
funaryg : 20
funarys : 20
FXNOR 37, 40
FXNORS 37, 40
FXOR 37,40
FXORS 37, 40
FxTOd: 20,53
FxTOq: 20, 53
FxTOs: 20, 53
FZERO 37, 40
FZEROS 37, 40
generalA : 9a
generalSTN : 9b
i . 4a 8b, 8c, 10b, 16, 44
icc f2: 3¢, 6b, 27d, 27e
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indirectRA : 9b
indirectRPI : 9b
indirectSTN  : 9b
inst : 3b
iprefetch  : 47, 49b
jmp: 47, 49b

JMPL 15, 31c, 47,53
LDD 18, 23c, 23d, 53
LDDA 18, 23c, 23d, 53
LDDE 18, 24a, 53
LDDFA 18, 24a, 53
LDF: 18, 24a, 53
LDFA 18 24a, 53
LDFSR 193 53

Idfsr : 19a 24b
LDFSR 19a 53
LDFSRx 18 19a
LDQE 18, 24a, 53
LDQFA 18, 24a, 53
LDSB 18 22b
LDSBA 18, 22b, 53
LDSH 18, 22b, 53
LDSHA 18, 22b, 53
LDSTUB 18, 22b, 53
LDSTUBA 18, 22b, 53
LDSW 18, 22b, 53

icc _f4 : 4b, 6b, 28a, 28b, 28e, 28fLDSWA 18, 22b, 53

icond f2: 3¢, 6d, 27b, 27c, 27d,

27e, 28a, 28b
icond _f4 : 4b, 6d, 28e, 28f, 29a,
29b
ILLTRAP: 13e 27a, 31c, 53
imm22: 3c, 13e, 27a, 31c, 31d
imm.asi : 4a 10a, 10b
imm_asi _address : 10a
imm_casa _asi : 10b, 47
immROI1: 8¢, 8¢
immROI7: 8c, 9b
immROIl: 8b, 9a, 9b, 47
immROS3 8¢
immROS6 8¢
imp _asi _address : 10a
imp _casa _asi : 10b
IMPDEP1: 15, 33b, 34a
IMPDEP2 15, 46a

impldepl : 4a
impldep2 : 4a
inc2 : 47, 49b

inc : 47,49a, 49b
inccc2 : 47,49
inccc : 47, 49a, 49b
indexA : 9a
indexRA : 9b
indexSTN : 9b
indirectA : 9a

LDUB 18, 22b, 53
LDUBA 18, 22b, 53
LDUH 18, 22b, 53
LDUHA 18, 22b, 53
LDUW 18, 22b, 53
LDUWA 18, 22b, 53
LDX 18, 22b, 50b, 53
LDXA 18 22b, 53
LDXFSR 193 53
loada : 22b 23b
loadg : 22b 23a
logical : 26¢
mbzf2 : 3c 14
mbz.f3 : 4a 22a
mbz_f4 _13: 4b, 22a
mbz_f4 _18: 4b, 22a
MEMBARL16, 25a, 53
membar_mask: 4a, 25a
mov: 47, 49a, 49b
MOVcc 15, 28e, 28f
MOV 15 17e
MOVR 17¢ 30a, 30b
movr: 47,49b
MULScc 15, 26¢, 53
MULX 15, 26c¢, 53
neg2: 47,49b

neg: 47, 49a, 49b
nooperands : 31b
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NOP 13e 31b, 53

not2 : 47,49b

not : 47, 49a, 49b

op2: 3¢ 13e

op3: 4a 15,18

op: 3b, 13d

opf : 4a 20, 22a, 33b

opf _cc: 4b, 6b, 29a, 29b
opf _low5 : 4b, 22a

opf _low6 : 4b, 22a

OR 15, 26¢, 47,53

ORcc: 15, 26¢, 47,53

ORN 15, 26¢, 53

ORNcc 15, 26¢, 53

p: 3¢, 6¢, 27d, 27e, 29c, 29d
PDIST: 35, 40

POPC 17d 26c¢, 53

POPCx 15,17d
PREFETCH 19b, 24c, 24d, 53
PREFETCHA19h 24c, 24d, 53
PREFETCHAX 18, 19b
PREFETCHx 18, 19b
RBRKPTADDR 42
RBRKPTMASK 42
RBRKPTx 42

rcond f2: 3c, 7, 29c, 29d
rcond f3: 4a 7, 30a, 30b
rcond _f4 : 4b, 7, 30a, 30b

rdp : 5e 6a, 26a, 26b

RDPC 16, 25a, 53

RDPCR 32b

RDPIC: 32b 40

RDPMREGO 42

RDPMREGt 42

RDPMREG2 42

RDPMREG3 42

RDPMREG4 42

RDPMREG5 42

RDPMVN 42

RDPMx 42

RDPR 17¢ 26a, 26b, 53

RDPRx 15, 17c

RDSCR 42

RDSOFTINT 32b 40

RDTICK: 16, 25a, 53

RDTICK.CMPR 32b, 40

RDxxx: 15, 16

RDY 16, 25a, 53

regaddr : 9b, 10a

reg _or .imm10: 8c, 30a, 30b

reg _or .imm11l: 8c, 28e, 28f

reg _or .imm7: 8c, 9b

reg _or .imm: 8b, 9a, 25a, 25b,
25c, 26a, 26b, 26c¢, 33a, 44, 47

reg _or _shcnt32 : 8¢ 26¢

reg _or _shcnt64 : 8c, 26¢

rd : 3¢ 5c, 11a, 13e, 16, 19a, 23a,reg _plus _.imm: 9b, 10a
23b, 23c, 23d, 23e, 25a, 25b, 25aegROI1 : 8c, 8c
26a, 26b, 26¢, 28e, 28f, 30a, 30bregROI7 : 8c, 9b
31c, 31d, 32b, 33a, 39a, 42, 44, regROI : 8b, 9a, 9b, 47

47

RDASI: 16, 25a, 53

RDASR 16, 25b, 25c¢, 32b, 42,53

rdasrmbz : 41g 42

RDCCR 16, 25a, 53

RDDCR 32h 40

RDFAULTADDR 42

rdfd : 12h 12¢ 24a, 29a, 29b,
30a, 30b, 30d, 31a, 39a, 46a

rdfdv : 12b
rdfthi : 11g 12a
rdflo : 11g 12a

RDFPRS 16, 25a, 53

rdfq : 12k 12¢ 24a, 29a, 29b,
30a, 30b, 30d, 31a

rdfgi : 12b

rdfqv : 12b

rdfs : 113 12¢ 24a, 29a, 29b,
30a, 30b, 30d, 31a, 39a, 46a

rdfsv : 1la

RDFTYPE 42

RDGSR 32h 40

rdi : 5d, 25b, 25c

regROS3: 8c

regROS6: 8c

reloc : 27a 27b, 27d, 28c, 29c,
47, 48a

restore _. 47, 49b

RESTORE 15, 26¢, 47, 53

RESTORED173 31b, 53

ret : 47,490

retl : 47, 49b

RETRY 173 31b, 53

RETURN 15, 31c, 53

RGSR 42

RHDWMODE 42

RIFTYPE: 42

rsl : 4a 5c, 9a, 9b, 11a, 16, 17d, shift64

58

RSCRATCH142
RSCRATCH242
RSCRATCH342
RSCRATCHx 42
rsifd : 12b 12¢ 31a, 39a, 46a

rs2fd : 12b 12¢ 29a, 29b, 30a,
30b, 30d, 31a, 39a, 46a

rs3fd : 45¢ 45d 46a

rsifdv : 12b

rs2fdv : 12b

rs3fdv : 45c

rsifhi : 11g 11h

rs2fhi  : 11g 11i

rs3fhi : 45b 45c

rsiflo : 11g 11h

rs2flo  : 11g 11i

rs3flo : 45h 45c

rslfq : 12h 12¢ 3la

rs2fq : 12k 12¢ 29a, 29b, 30a,
30b, 30d, 31a

rsifgi : 12b

rs2fgi  : 12b

rslfqv : 12b

rs2fqv : 12b

rsifs : 11a 12¢ 31a, 39a, 46a

rs2fs : 11a 12¢ 29a, 29b, 304,

30b, 30d, 31a, 39a, 46a
rs3fs : 45¢ 45d 46a
rsifsv : lla
rs2fsv : lla
rs3fsv : 45c
rsli : 5d, 25b, 25c
rslp : 5e 6a, 26a, 26b
RTICK_.MATCH 42
save _. 47,49b
SAVE 15, 26¢, 47,53
SAVED 173 31b, 53
SAVEDx 15, 17a
SDIV: 15, 26¢, 53
SDIVce . 15, 26¢, 53
SDIVX: 15, 26¢, 53
SETHI: 13e 31d,53
SET.SCHEDINT : 44

shcnt32 : 43 8c

shcnt64 : 4a 8c

shift32 : 26¢
. 26¢C

23e, 25a, 25b, 25¢, 26a, 26b, 26cSHUTDOWNB3h, 40

29c, 29d, 30a, 30b, 32b, 33a, 39aignx2

42,44, 47
rs2 . 4a 5c, 8b, 8c, 9a, 9b, 11a,
23e, 394, 44, 47
rs3 : 453 45c¢c
RSCHEDNT: 42
RSCRATCHO042

. 47,49b

signx : 47,49a, 49
simm10: 4a 8c

simm11: 4b, 8c

simm13: 4a 8b, 9a, 9b, 25a
simm7: 4b, 8c, 9b

SIR: 16, 25a, 53
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size : 4bg 46a
SLL: 17b 26¢, 53
SLLX: 17b 26¢, 53
SLLx: 15,17b
SLLX: 17b 26¢, 53
SMUL 15, 26¢, 53
SMULcc 15, 26¢, 53
software _trap _number: 9b,
28a, 28b
SRA 17b 26¢, 47,53
SRAX 17b 26¢, 53
SRAx 15 17b
SRAX 17b 26¢c, 53
SRL 17b 26¢, 47,53
SRLx: 15,17b
SRLX 17b 26¢, 53
STB: 18, 22b, 47,53
STBA 18 22b, 53
STBAR 16, 25a, 53
STD 18, 23c, 23d, 53
STDA 18, 23c, 23d, 53
STDE 18, 24a, 53
STDFA 18 24a, 53
STF. 18 24a,53
STFA 18 24a,53
STFSR 193 53
stfsr : 193 24b
STFSR 193 53
STFSRx 18 19a
STH 18 22b, 47,53
STHA 18, 22b, 53
storea : 22b 23b
storeg : 22b 23a
STQFE 18 24a,53
STQFA 18 24a, 53
STW 18, 22b, 47,53
STWA 18, 22b, 53
STX 18, 22b, 47,50b, 53
STXA 18 22b, 53
STXFSR 193 53
SUB 15, 26¢, 47, 53
SUBC 15, 26¢, 53
SUBcc: 15, 26¢, 47, 53
SUBCcc 15, 26¢
SWAP 18 22b, 53
SWAPA18 22h, 53
TABLE31: 13d 13e

TABLE32: 13d 15
TABLE33: 13d 18
TADDcc: 15, 26¢, 53

TADDccTV. 15, 26¢, 53

Tcc: 15, 28a, 28b
tst : 47,49b
TSUBcc: 15, 26¢, 53

TSUBccTV: 15, 26¢, 53

UDIV: 15, 26¢, 53
UDIVce: 15, 26¢, 53
UDIVX: 15, 26¢, 53
UMUL 15, 26¢, 53
UMULcc 15, 26¢, 53
var . 453 46a
vismbz : 33¢ 34a
VISOPO: 343 34b
visopl : 33¢g 34a
VISOP1: 343 35

visop2 : 33¢ 34b, 35, 36, 37

VISOP2: 343 36
VISOPS3: 343 37
visop3d : 37,38
visopd : 38 39a
visop3dd : 37, 38
visopdd : 38 39a
visoplddd : 35, 38
visop2ddd : 36, 38
visop3ddd : 37,38
visopddd : 38 39a
visoplddr : 35, 38
visopddr : 38 39a
visoplds : 35, 38
visopds : 38, 39a
visop3dxd : 37,38
visopdxd : 38 39a
visopOrrr  : 34b 38
visoprrr  : 38 39a
visop3s : 37,38
visops : 38 39a
visop2sd : 36, 38
visopsd : 38 39a
visoplsdd : 35, 38
visopsdd : 38 39a
visop3ss : 37,38
visopss : 38 39a
visoplssd : 35, 38
visop2ssd : 36, 38

visopssd : 38, 39a
visop2sss : 36, 38
visop3sss : 37,38
visopsss : 38 39a
visop3sxs : 37,38
visopsxs : 38 39a
WRASI 16, 25a, 53
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WRASR16, 25b, 25c, 33a, 44, 53

wrasrmbz : 41¢ 44
WRBRKADDR 44
WRBRKMASK 44
WRBRKx 44
WRCCRL16, 25a

WRCLEAFSOFTINT: 333 40

WRDCR33g 40
WRFPRS16, 25a, 53
WRGSR333g 40, 44
WRHDWMODE 44
WRPCR333 40
WRPIC 333 40
WRPMCLRDIS: 44
WRPMCLREN 44
WRPMDIS: 44
WRPMEN 44
WRPMVN 44
WRPMx 44

WRPR 176 264, 26b, 53

WRPRx 15, 17¢
WRSCHEDINT : 44
WRSCR44

WRSCRATCHO 44
WRSCRATCH1 44
WRSCRATCH?2 44
WRSCRATCHS 44
WRSCRATCHx 44

WRSETSOFTINT: 33a

WRSOFTINT 333 40

WRTICKCMPR 334 40

WRTICK _MATCH 44
WRxxx 15,16

WRY 16, 25a, 53

X: 4a 17b

XNOR 15, 26¢, 47,53
XNORcc 15, 26¢, 53
XOR 15, 26¢, 47, 53

XORcc 15, 26¢, 53



