-4- . | NSTRUCTI ON SET EXTENSI ON USI NG PREFI XES o oy |
BACKGROUND OF THE | NVENTI ON 1. Field of the Invention«-t vl
This invention relates to mcroprocessor systens. In particular, the

i nvention relates to instruction set extension using prefixes. 5

2. Description of Rel at 2 ﬁgé Bjézgﬁrggefsor t echnol ogy has
evol ved over the years at% ) OF THE n conputer
architecture and sem conduct or technol ogy have created many
opportunities to design new processors. There are typically two 10 options

for designing NGW pr Q& S o IQ\% HSLi ning a conpletely new

architecture, and (ZT_E'XT%‘I%I’TTQ—I‘HE—CUI’I’GM architecture to acconmodat e new

features. Each option has both advantages and di sadvant ages. However,

- when a processorTignFARidH flatds b Gikfdrd EFQLmS CIREMrticORL! AR (2)
offers many attractive advant age? %g&?m\{kﬁ I:ﬁvant ad:elcggr’eg{éendi ng

the currentinkdntiér ¢blatedClolingtrugtibh @e€ eXRALIORI ﬁéiﬁ% r%/bfiﬁes‘?u”?nt and earlier
nmodel s. sThe di sadvant ages i ncl ude the probl of getting out of the

constraints inpgsed Des;rig'?%ntm&@{eldi ﬁft desi gns. New

processors involve n har dwar e and sof t ware. A new

processor based on existing design typically has an additional set of
Microprocessor technology has evolved over the years at a fast rate.

Advances in computer architecture and semiconductor technology have
created many opportunities to design new processors. There are typically two
10 options for designing new processors: (1) defining a completely new
architecture, and (2) extending the current architecture to accommodate new
features. Each option has both advantages and disadvantages. However,
when a processor has captured a significant market segment, option (2) offers
many attractive advantages. The main advantage of extending the current
15  architecture is the compatibility with current and earlier models. The
disadvantages include the problems of getting out of the constraints imposed

by the earlier designs.

New processors involve new features in both hardware and software.
A new processor based on existing design typically has an additional set of.
20  instructions that can take advantage of the new hardware design. However,
extending an instruction set by adding a new set of instructions is a
challenging problem because of the constraints in the encoding of the

instructions.

When an instruction set is originally developed, the typical approach is

25 to encode the instructions with a minimum number of bits to leave room for
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20 instructions that can take advant age of the new hardware design.

However , extending an instruction set by adding a new set of
instructions is a chal | engi ng probl em because of the constraints in
t he encodi ng of the i nstructions. When an instruction set

is original htugevrbaRasn. HEwkYE, a3ithaRRdRRehireevolies 4] BREAHEs Htfte
instructions with a m ni num nunber of bits to | eave room for

-2 - afidiioRe gwpars indre diphvavge ingtsudtithsadrenddfatidur Bvenvalales trand
becomes nore and nore mature, nore and nore instructions are defined.
Event ual | y, wilidreea point whéte fhersispod morelspaee fdregreoding thenbrsensfiane f or
encodi ng the instructions. One solution to the problemis to

elimnate some of the older 5 instructions. However, this solution
reduces the conp@inepidlittign tto thepreklem isrto elimirpte sememfsthesddemare written
for the earlier processors may not work for the new desi gn. Anot her
sol uti on® i sinsgrussionsw Hewenesy thissoluiden seduces the compptipility to gweowh@rr
selective instructio t 0 accqQmmo the little roomleft intEe

at .
avai | abl e oPERREESYELISOftWiaTE WHIER fomt lexprofessoss &ray eet wiorks Atk Kecause

it 10 ifi d eat. ff d by th desj gn., Yet,
another | neRoetEny A0 BIRHAR 14 1 BaorY e elCBBLoU CR OB T o ent

compl exi ty BrOtRE! selectifBERTioR oliEPy ARt e WS in R D ar e
and ey not 556 8lile Wkbde table. MHE bGP OEARI pdd BAHEAE mandDbecause it
In the techn

Therefore there 1's 'a nee ology to ‘providé an efficrent
10  sacrifices many advanced features offered by the new design. Yet, another

solution is to define a set of new opcodes which is different than the existing
opcodes. The problems with this solution include the complexity of the
decoding circuitry which occupies a large chip area and may not scale well

with the processor frequency.

15 Therefore there is a need in the technology to provide an efficient

method for extending an instruction set without increasing hardware

complexity.
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met hod for extending an instruction set w thout increasing hardware

conpl exity. 3-

SUMVARY OF THE | NVENTI ON The present invention discloses a

met hod and apparatus for encoding an instruction in an instruction set
which uses a prefix code to qyenIiAMARY OF THENSENEIRCOode of an existing
instruction. An opcode and an escape cod€é are selfected. The escape code
is selected such that it is different fromthe prefix code and the

exi sting opcode. Tie: pReefeinvention<disd8sea0fl et ahbeappRhtus f6@@acoding are
conbi ned to generate an instruction code which uniquely represents the

oper ation perdrofrsedichipntinean instrtgtion @8t which uses a prefix code to qualify an
-4- _ BRI EF DESCRI PTI ON OF THE DRAW NGS
existing opcode of an existing instruction. An opcode and an escape code are
5 selected. The escape code is selected such that it is different from the prefix
code and the existing opcode. The opcode, the escape code, and the prefix code
are combined to generate an instruction code which uniquely represents the

operation performed by the instruction.

T
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The features and advantages of the invention will becone apparent
fromthe follow ng detailed description of the invention in which:
Figure 1 is a diagramillustrating one enbodi ment of a conputer 5 system
100 in accordance with the teachings of the present invention.

Figure 2 is a diagramillustrating a format of an instruction 200 in
accordi ng to one enbodi mnt%ﬂﬂ%ﬁE&MFTHEDRAWIN@gure 3is a
diagramillustrati ng a ci rcuit 300 to decode the i nstructi on

according to oneﬁ_ﬁ di ment he |nv(ep§ b gure 4 is a

di agramillustrat gf%f‘ﬁgefola@ VARREES A ed@Y"é&Qﬂ' “’356’“?%‘@ appareRfecoder
enable circ |t 3 nd .t he dec der accor.din ne

enbodi ment I’é‘e fﬁ@8ﬁ??%r‘fle?£ ddgescnp 10T é}eemg' epgloa ‘ﬁl‘ﬁgkcﬁért

illustrati ng a process P500 to performinstruction decodi ng using

E)r5e1ji xes accor di @g&r% pae, Qg?éwsa%h&w%ﬁgy ﬁn. Imwaﬁter

A met hods a“%yéf%ﬁ@"’l@é hins a%&frdﬁﬁ&éam{m&ea@aﬂﬁﬁ%g ‘d?ftl'lé) e%%ﬁt Wsldagidar ef | xes

i s disclose nmet hod uses a set of existing p |x codes to define a
new set

Figure 2 is a diagram illustrating a format of an instruction 200 in

according to one embodiment of the invention.

Figure 3 is a diagram illustrating a circuit 300 to decode the instruction

according to one embodiment of the invention.

10 Figure 4 is a diagram illustrating the prefix and escape detector 320, the
decoder enable circuit 330, and the opcode decoder 340 according to one

embodiment of the invention.

Figure 5 is a flowchart illustrating a process P500 to perform instruction

decoding using prefixes according to one embodiment of the invention.
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of .instructions. The nethod provides a fast and efficient nmechanismto 5

decode the new instruction set. In the follow ng description,
for purposes of explanation, numerous details are set forth in order
to provide a thorough understanding of the present invention.

However, it will be app@E@@RMI@P@CﬁWﬂEﬂESEN’hQN&ENﬂ@N these
speC|f|c details are not required in order to practice the present 10
invention. In other instances, well known electrical structures and
circuits _arg aded ard bh patatad fgrederidingaminetrdetionaet usinghsefixes t he
pr esent invention. In the follow ng description, the notation Ox
i ndi cat es t hg disclosenl e meftiadd Lio¢d Dpet ofaexusmnlgepa&figcaom td defim¢ a new set
Figure 1 is a diagramillustrating one enbodi ment of a processor 110 in 15
accor dance whf mstivetipasic fhegsethfod: providessa fiastiandeefficigmt mechanism to  The
processor_ 110 cfmigresents a central processing unit of any type of
ar chi t ectiur edeenderthgsneyp ipitectionstatuct i on set conputers (Cl SC), reduced
instruction set conputers (RISC), very long instruction word (VLIW, mul ti -
igure 1 illustrates that th

h ded hyb :
E;Bﬁ?ts_ior thtyi E'cﬂu&ss fotfosgas. ssﬁ?gzm@r pflrzﬁ'oges Sterplgratiely A{BPOELa, an
ecution uni e
instructi onsd 586% ?% {}h’@ ‘%2 385?55‘8”9%06‘ gb‘?‘fpgghsurhd&g%%? Pgﬁ}ﬁ_ngf the
circutry, mg}e%?nﬁwghoﬂe%gér@(/{ ip %@ra?éﬁ?g\% 5&?51%?%&%%3@ art ﬁﬁg

decode registers on unit are couple
together by pfige specific details are not required in order to practlce the present

10 invention. In other instances, well known electrical structures and circuits
are shown in block diagram form in order not to obscure the present
invention. In the following description, the notation Ox indicates the

number that follows is in hexadecimal format.

Figure 1 is a diagram illustrating one embodiment of a processor 110 in

15 accordance with the teachings of the present invention.

" The processor 110 represents a central processing unit of any type of
architecture, such as compléx instruction set computers (CISC), reduced
instruction set computers (RISC), very long instruction word (VLIW), multi-

threaded or hybrid architecture.

20 Figure 1 illustrates that the processor 110 includes a decode unit 116, a
set of registers 114, an execution unit 112, and an internal bus 111 for
executing instructions. Of course, the processor 110 contains additional
circuitry, which is not necessary to understanding the invention. The decode

unit 116, registers 114 and execution unit 112 are coupled together by the
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i nternal bus 111. The decode unit 116 is used for decoding instructions
recei ved by processor 110 into control signals and/or mcrocode entry

poi nts. In response to these control signals and/or mcrocode entry
poi nts, the execution unit 112 perforns the appropriate operations.
The decode qﬂtém&llﬁus ?11.MHe %céd@hﬁﬁﬁ%qgub@d P&&é&dﬂ@%'&r&hoﬁéfferem
mechani sns (e.g., a | ook- up table, a hardware inplenentation, a PLA
etc.). received by hecesoede0 hkﬁlbtcohlﬁal isfgraload / sroh tdb g edéntiy pointst i on
set 118 for per fiorm ng operations on scalar and packed data The

nunber f or mdh fesponse to thiess eontpel sighals andaior meicrorpde @mimnpeints, fthe mat |,

I ncl udi ng singl e-precision, 10 doubl e- preci si on, and extended

f | oat i ng- poiexecntiohemdt 15 perfdrms theiapprppeihte operationegdite, dexndenomt dléreri c
data. The instruction set 118 includes an existing i nstruction set
118a, a few magtheuiorplomented usiig anynnpmber of ditferenh angchgnisuea (eegy, a look-
format of the instruction set includes a prefix 118c

| NSTRUCTI ON Wk, a hgrdware implpgentation, @ BLA; &t§dam i | | ustrati ng a format
of an-instruction 200 according to one enbodi nent of the invention.

o R e BRI ©
O oot s e o e 355 Paagge%fié“’r - EE b gfndgedt ©
di spl acemntth%%tgégega%%ns%ﬂ %{aﬁf@?gbé‘ﬁ@n{ Fdnfht2 B0 n%ucgnﬁesmglepremm £ prefix

field 210 in a nunber | Xes n one’ e é prefix

field 24@ i rﬁ%dﬁ@%r@ﬁsfoﬂ Eﬁa rex@érecfédXﬁéat Eeu{%rrﬁfmzeﬂs,ss,lgﬂsd RdCunsiPRed

prefix field 210 i's optional. For the extehded new I nstruction set,

however, intdges, iref h¥nkiuehetid 8af20ThE @bthRtORRER1S heclnges bR %&fswﬁtgl ons.
instruction set 118a, a new instruction set 118b. In particular, the instruction

format of the instruction set includes a prefix 118c.
INSTRUCTION FORMAT

15 Figure 2 is a diagram illustrating a format of an instruction 200
according to one embodiment of the invention. The instruction 200 includes
a prefix field 210, an opcode field 220, and operand specifier fields (e.g.,
modR/M, scale-index-base, displacement, immediate, etc.). The operand
specifier fields are optional and include a modR/M field 230, an SIB field 240,

20 a displacement field 250, and an immediate field 260.

The prefix field 210 includes a number of prefixes. In one embodiment,
the prefix field 210 includes up to four prefixes, each prefix is one byte. The
prefix field 210 is optional. For the extended new instruction set, however,

the prefix field is required to encode the new instructions.
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The opcode field 220 specifies the operation. For the extended new

i nstruction set, the opcode field 220 is conbined with the prefix field 210
to define an operation. In one enbodi nent, the opcode field 220 may

i ncl ude one or two bytes. 5 The conbi nation of the prefix

fleld 210 and ¢ horapppesal Kl APDEIBANES operatidh. "HOLHe Shefidd BEENT tyPES

of instruction set. ustrati‘ve purpo ure oWws only

five types Ofnslﬂﬁ%ﬁbﬂ%',ﬁﬁé ngpa@aulcazzo)gec&ﬁ(s' el RSt Yigd 'B&rﬁx field Zi%0 @

regular instruction with p Ix as qualifier 214, a regular escape

instruction ddfne anfdpestiBeWIn Bsik entBdditheny, e optoda ki@ 29€ ¢RA ifeude
instruction 10 type 224. As is known by one skilled in the art, other

types of insbheeot twd boass. be simlarly defined. The

regul ar one-byte instruction 212 includes regular instructions with

one- byte opcodes. The regular instruction with prefix as qualifier 214

i ncl udes 5 r egThecoinbsnatingt obthe puefixifiald @10 hedphefopcode fizld 220 icfdades f or

t he opcode. For 15 exanple, a string instruction muy use a REPEAT prefix

to repeat the msunbergof differentrtypes of instrusyion setiniber ilbastratinespurposesi ed in

the count register oqr unte%}é”a certain condition is t. . The prefix
SV EYREG

used in i nst FIgE Grshows Planstructionsyp|regelay R ARFRCH ¢ he
opcode t hat | ows. - Rather, .the prefix is - rely used as a qualifier
DUl i Ty « R e AP RUSR Prare s Ao 714 a Yegtlar efepd
instruction 216, a first new instruction type 222, and a second new instruction
10 type 224. Asis known by one skilled in the art, other types of instruction can

be similarly defined.

The regular one-byte instruction 212 includes regular instructions with
one-byte opcodes. The regular instruction with prefix as qualifier 214 includes
regular instructions which use the prefix as a qualifier for the opcode. For

15 example, a string instruction may use a REPEAT prefix to repeat the string
instruction by a number of times specified in the count register or until a
certain condition is met. The prefix used in instruction 214 does not add a
completely new meaning to the opcode that follows. Rather, the prefix is
merely used as a qualifier to qualify the opcode with additional conditions.

20  As will be explained later, the use of the prefix in the instruction 214 is  _

markedly different from that in the instruction 224. The regular escape
instruction 216 is a regular instruction that escapes to other types of
instruction. For example, in one embodiment, a floating-point coprocessor

escape code 0xD8 through 0xDF indicates that the opcode that follows should

25  Dbe interpreted as coprocessor instructions.
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200 As wll be explained |ater, the use of the prefix in the instruction

214 is markedly different fromthat in the instruction 224. The
regul ar escape instruction 216 is a regular instruction that escapes
to other types of i nstruction. For exanple, in one enbodi nent, a

floating-poi nt coghedasthew instruct@@ﬁ??? 2R @OBevhingtiabtiéX Bjpé Opliscat es
that the opcode that follows should be interpreted as coprocessor

i nstructi onsnew instruction that is part of the new instruction set to be added to-the

The first new instruction type 222 (or the new instruction type 0) is a
new i nstruct iesistingategitargastrudion set. rldw new tinstoudtiom type @ vsdsea sprigal to t he
exi sting regular instruction set. The new instruction type O uses a speci al
escape code, egeapectpds, ealledhy twodytapwapedede. n oncembpdinerinthe prerbyi- byt e
5 escape code is OxOF. For_the instruction 222 the gpcod hat follows the
2-bye  ° ESEARSS OBy ?er Hie ebuaton 232, 4ha eRc s TAlGPNONS théé-byecond
new instructiora tgﬂoe %%46’%? the new instructiop.type 1) uses the
prefix as pacfcage code shoyld bg gecaded af pinew strucheRy JLeisereh A %her e t he
prefix nmerel ualifigs t opcode that,. follows, .t he instruction 224
uses the pre%“é}nf%md}a%ipﬁeﬂ% (5 R BEW ST oN. WRE R 4G o Rref ﬁ%ré ng t he
prefix toget ] t C . | h Q4 ode
Pabl e wi t nouti &b SARTERGERAGi G2 M WiBre he phétf HIRhiRAIGH: 1RE

addi tion, no PeRHEREANRHHE theS Ftr3RHbAZD4 WIS the SrefRAT ddtneE¥bmpletely
10 new instruction. The use of the prefix together with the escape code enlarges

the instruction opcode table without significant changes in the decoding
circuitry. In addition, no new opcodes are used so that there is room for new

instructions in the future. Examples of these instructions will be given later.
EXAMPLES OF INSTRUCTION PREFIXES AND ESCAPE CODE

15 Instruction prefixes are originally developed to enhance a set of
instructions. For example, the repeat prefix is developed to repeat a string
instruction. The repeat prefix codes are 0xF3 (REP, REPE) and 0xF2 (REPNE).
The prefix does not define a new meaning for the opcode that follows. It

merely defines additional operational conditions for the opcode.

20 The escape code provides an extension to the instruction set. For ~
example, the escape codes 0xD8 through 0xDF are used to indicate that the
opcode that follows belongs to the floating-point unit. The decoder will pass
the opcode to the floating-point decoder. In one embodiment, a two-byte

escape code, 0x0F, indicates that the opcode that follows defines a new
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i nstructions in the future. Exanples of these instructions will be given

| ater. EXAMPLES OF | NSTRUCTI ON PREFI XES AND ESCAPE CODES 15
Instruction prefixes are originally devel oped to enhance a set of

i nstructions. For exanple, the repeat prefix is devel oped to repeat a
string insuctioniseh. Althougbpthatespapd code aliews aniargeien( BEEhe REPE) and
OxF2 (REPNE) . The prefix does not define a new neaning for the opcode
t hat fol | ows.instruction seprfurher, dbé iadditicnid intinper ofopraosles dn atilldsnitedi ons for
t he opcode. 20 The escape code provides an extension to the

instruction set. E . exanp] e, the escape codes 0xD8 through OxDF are
used to indicate t'ﬁ{é% cpmbination O}()g’@dlfégf‘r?é‘td E‘GIQSG?/RE FRAGRERYIEES Ehe
floating-point, unit., K The decoder will S t.he opcode to the
{1 oat i ng- pot ntistRias FarREBRR: h e Pn@RE rhle Ay R8N e code,
OxOF, indicates,t th code that..follo def.i.nes new .
0. 5 bR o8, PR Briifroh e B e R B B Rtea P SRt o
t he in | : : 1.1 : 0, i S
e | 1 o bR hPSed i EBRcible A KONR) TR BloroRROIEReUS
code provi desl\ol\fthe esc_aﬁé 88 f Bg%hegtemeaéxg_ﬁ refik dolies, 3RE AdEodiR 'c‘?rch?crf‘" | ow
addi tional ne S inhstruction sets. This conmbination uses the existing
prefix codes fg Hefdxiind instruction set remains essentially the same. Although the
decoding circuitry will have to be modified to accommodate this
10 combination, the modification is merely a modular add-on with minimal

changes to existing design.

The opcodes of some or all of the new instructions may be the same as
the opcodes of the existing instructions. By using the same opcodes with the
prefix and escape codes to define a brand new set of instructions, the decoding

15  circuitry is much less complex than having a completely new set of opcodes

for the new instruction set.

In one embodiment, the repeat prefix 0xF3 is used to define a new
instruction set. Other prefixes can be similarly used. Furthermore, prefixes
can still be used in the traditional role of enhancing the opcode or qualifying

20  the opcode under some operational condition. For example, the address Size

prefix can still be used to affect the new instruction with memory operand.

The following are examples of the new instruction set using prefixes

and escape codes.

Instruction Opcode (in Hex)  Definition

042390.P5192 -9- Patent Application
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conpletely new set of instructions, in addition to the instruction set
created by the escape code. By using the existing prefix codes, the
decoding circuitry for the existing instruction set remains
essentially the same. Although the decoding circuitry will have to be

nodi fied to accommgsbest hi sor,H3 combi nat 'P%@kedEﬁﬁ e fhgation is nerely a
nodul ar add-on with m ni nal changes to exi stl ng desi gn.

The opcodes of sonpnsgl | of3toresgew i nst iddgial QRSIARY g t he sane as
t he opcodes of the existing instructions. By u5|{ri1§ t he sane opcodes with

t he prefix apg epgape gp@;s to defi ”?a@k@cﬂ}@{}\glé‘ﬁl’”cﬁﬁfpa‘?é

I nstructions, the decoding 15 C|rCU|try IS muc ss conplex than having a

conpl etel y_new set gfipepcodess ?2 for th%cgﬁwsg{g[qé @T’Cc}olnggar%et

I n one enbodi nent, the repeat pre X OxF3 i's use a new

I nstructi set. prefi an be sim errmre,
prefixes can sti e used in the tradi en ancing the
f ¥ SDIFE " be SEK in th 145‘%{‘% EH’%%?E? hanci h
opcode or qualifyi t he under - opena al condl tion. For
exanpl e, the addr e@g\é ze Fé)’%%gsgfix can%ggﬁrl %—?e Vf% affect the new
instruction with oper foll ar e exarrpl es of
the new instructi mgsusi n@%ﬁef i xes Pacﬁ?fﬁs gﬁﬂ @gﬁ
Instruction Opcodel\,“'&&sgex) F?E‘Dtl:J Ef’t on Scalar single FP maximum

MINPS 0F, 5D Packed single FP minimum

10 MINSS F3,0F, 5D Scalar single FP minimum
MOVUPS 0F, 10/11 Move unaligned Packed single FP
MOVSS F3,0F, 10/11 Move scalar single FP
MULPS OF, 59 Packeci single FP multiply
MULSS ¥3, OF, 59 Scalar single FP multiply

15 SUBPS 0F, 5C Packed single FP subtract
SUBSS F3, 0F, 5C Scalar single FP subtract

In the above examples, the instruction set without the prefix 0xF3
relates to operations on packed data, while the instruction set with the prefix

0xF3 relates to operations on scalar data.

20 In one embodiment, the set of prefix codes are: an address size prefix
code (0x67), an operand size prefix code (0x66), a segment override prefix code
(OX2E, 0x36, 0x3E, 0x26, 0x64, 0x65), a repeat prefix code (0xF3), a repeat while
equal prefix code (0xF3), a repeat while not equal code (0xF2), and a lock prefix
code (OxF0). As is known by one skilled in the art, the exact codes for these

25  prefixes are implementation-dependent, the above prefix codes are merely for
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- 10 - ADDPS OF, 58 Packed single FP add

ADDSS F3, OF, 58 Scal ar single FP add CVPPS oF, C2
Packed single FP conpare CVPSS F3, OF, Scal ar
single FP conpare 5 Dl VPS OF, 5E Packed single FP

e @S5, ryntBre 3 g e SRR oS BR R 0

MAXPS SS
F3, OF, 5F i | | i il CF,
encoding thep@Wainsthiedba ek %ﬁig%lxes may rNeéxélt i M@é@l m8f:1? D

5D Packed single FP m ni num

Scal ar singl gr ﬁaynj\@(i Belfécognized. MOVUPS OF, 10/11 Move

unal i gned Packed single FP MOVSS F3, OF 10/11 Move

scal ar single FP MULPS O, 59 Packed single FP
mul tiply MULSSINSTRBICTION S¥ECODIN ISCAPREFBXE®)| e FP
multiply 15 SUBPS OF, 5C Packed single FP subtract
SUBSS F3, OF, 5C Scal ar single FP subtract In the

above exdanpl es, tHiguresdtis acdipgram éfustratinga cirbeit 308t xdedbad@the instructbat es
to operations on packed data, while the instruction set with the prefix
OXF3 rel at esThe cypueita00dnelugas aaanstruetignabuffer 310, a prefix and escape detector

320, a decoder enable circuit 330, and an opcode decoder 340. The prefix and
escape detector 320, the decoder enable circuit 330, and the opcode decoder 340

form a portion of the decode unit 116 in Figure 1.

10 The instruction buffer 310 stores the instructions fetched from the
external memory. Typically, the instruction buffer 310 is implemented as an
instruction cache. For illustrative purposes, an instruction is assumed to
comprise three bytes: The first byte corresponds to In to Iny7, the second byte
corresponds to Ik to Ix4+7, and the third byte corresponds to Ing to Iv+7, where

15 Into Ins7, Ik to Ix+7, and Iy to Ivis7 refer to the bit positions of the ‘

instruction word.

The prefix and escape detector 320 receives the instruction bits Iy to
In+7, Ik to Ik+7, and detects a set of predefined prefixes and/or escape codes
used as part of the new instruction set. The values of these prefixes are .

20  selected so that they are the same as those prefixes that are used for the
regular instruction set. The decoder enable circuit 330 combines the results of
the prefix and escape detector 320 to generate enable or select signals to the
individual opcode decoder. The opcode decoder 340 receives the instruction
bits In to IN+7, Ik to Ik+7, and Iy to Iv47 and performs the decoding function

25 for the individual types of instructions.
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20 In one enbodi nent, the set of prefix codes are: an address size
prefix code (0x67), an operand size prefix code (0x66), a segnent
override prefix code (Ox2E, 0x36, Ox3E, 0x26, 0x64, 0x65), a repeat
prefix code (OxF3), a repeat while equal prefix code (OxF3), a repeat

whil e not equal cog ﬁ'@&':ig)a dxﬁgﬂn?ﬂh%‘at reflx an&%ﬁ@aéfe @toréﬁ e

known by one skiIIe In the ar t he exac es for t 25 pre |xes

are inpl ement gbécderdenBROGRuit 3315 2ARAKE o?E@&é de&fél‘é?%—i@r EofBNEtdativer
- 11 - illustrative purposes. thernore, not all the prefix codes

are avai |l abl epligsoses, it is esstoeidithat figers @vons 6xFIptdfin anéttwoSaaepteddsy ate may
result in |IIegaI node or may not be recogni zed.

| NSTRUCT! ON DExXIDBIONDRUSIANGIPREFI XES 5 Figure 3 is a diagram
illustrating a circuit 300 to decode the instruction. The circuit 300
includes an instruction buffer 310, a prefix and escape detector 320,
a decoder ®Enabl e cThe prefigand em@ea;h:t@p@m%i?@ includesd AAND. gﬁlth.‘é‘ﬂzﬁ dflRxd1dnd

escape detector 320, the decoder enable circuit 330, and the opcaode decoder

340 f or npRd gabt (168 AL} gates4Eddd2ummd 414 mateh meglnﬁ'@ughon bys I to Ins7
ZQ? elr EZIt r ﬁgtr;)?‘g Cthe %:f’é?%%g’n {q%%@%?q%&é?a%{p%%%é@%fdeg § g&[&rﬁa@-’n%ﬂ} ed as an
o 5 O BT @@ﬁrgﬁ%ffaaawg N T
e AL by Ry
and I[errjgtoyd fers Jeprrgge%: the p&é‘fﬁc Bifts. PRSd Windd %a?g 41D atches the instruction
bits Iny to Inj+7 with the escape code, 0xD8-0xDF, and generates a signal ESC1.
The signal ESC1 is asserted if the instruction bits I to Iy+7 represent the
escape code 0xD8 to 0xDF. The AND gate 414 matches the instruction bits In
to Iny+7 with the 2-byte escape code, 0x0F, and generates a signal ESC2A. The
15  signal ESC2A is asserted if the instruction bits Iy to In47 represent the 2-byte
escape code 0xOF. The AND gate 416 matches the instruction bits Ik to Ix+7
with the 2-byte escape code, 0x0F, and geﬁerates a signal ESC2B. The signal
ESC2B is asserted if the instruction bits Ik to Ix+7 represent the 2-byte escape
code OxOF. As is known by one skilled in the art, other logic gates can be
20 employed to perform the matching or decoding of the instruction bits In to

IN+7 and Ik to Iky7.

The decoder enable circuit 330 reéeives the PREX, ESC1, ESC2A, and
ESC2B signals to generate the enable signals to the individual decoders. The
decoder enable circuit 330 includes a NOR gate 420, an AND gate_422, and an
25 AND gate 424,
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I nstruction word. The prefix and escape detector 320 receives
the instruction bits INto ITerr], I[err] to I[err], and detects a
set of predefined prefixes and/or escape codes used as part of the new
i nstruction set. The values of these prefixes are 20 selected so that they

are the same as t TASNORCEA QR0 EMrtHHR KN dighdl WHR all the ERE%J B5C1, an
instruction set. The decoder enable circuit O conbines the result’s o

the prefix aB$Cegcarenepited! dhiseshdibiosedereabon@dablie &MndifbRGh&leana! s to
t he i ndi vi dual opcode decoder. The opcode decoder 340 receives the

i nstruction instrudiiorsbitd byt Ivey 86 et matth arprefik,ca Absting-poaitcestihd eoddyh7
and perforns the decoding function 25 for the individual types of

i nstructionsand a 2-byte escape code. Therefore, the instruction bits I to Iny7 corregporid -
Figure 4 is a diagramillustrating the prefix and escape detector 320, the
decoder enablt@apiqpegre of3oonerhyitet tegulnsdnsteudiroder 340. For illustrative
purposes, it is assuned that there is one OxF3 prefix, and two escape
codes, the 0 5 The prefix and escape

ﬁge- OQ%F and _OxOF. . ) :
detect or 320 i ncl dB8ANDABRIegREassertpthesAN2 signel when theRREX sigrmhés AND
ates 410, 412 d 4 the instruction hits If[err o l[err
\g/]m'th the cor ?%sseﬁ%ﬁd?‘?fgﬁb"rn’géﬁgs d%f}géé}ﬁé' ﬁ%‘i’iﬁ@‘%éﬂ%.w &P Ejh{}@ 4]10

tch the i t] Lts. | ] to, | ith | OXF3,
" genSPARE MBI e glclibn sl nCH i prsech Bg B ik e b e
I nstruction ki M | Ler t fl . IThe ;AND
gate 412 at SeacoR bils B0to b GOk e SRERies < FechbF Wlen BhereRtait
code, OxiB- ; | : ' '
aaserted 11§ RAlRRARIBOANET) AngiDak il he profix k% QAR IF ¥ bgudar,
code OxD8 tojrfatHctidhie AND gate 414 matches the instruction bits I[err]
to IN#M7 with the 2-byte escape code, OxOF, and generates a signal ESC2A.

The 15 signal ESC2A is asserted if the instruction bits INto I[err]
represent the 2-b¥he ESCI signal is used as the EN3 signal. This signal is asserted when

the instruction bits Iy to In+7 match the floating-point escape code. Therefore

this condition corresponds to a floating-point opcode of a regular instruction.

15 The ESC2A signal is used as the EN4 signal. This signal is asserted
" when the instruction bits In to In47 match the 2-byte escape code. Therefore

this condition corresponds to an opcode of a new instruction type 0.

The AND gate 424 asserts the ENS signal when the PRFX and ESC2B
signals are asserted. This condition corresponds to the condition where the
20  instruction bits IN to IN+7 match the prefix code and the instruction bits Ik to
Ix+7 match the 2-byte escape code. Therefore this condition corresponds to an

opcode of a new instruction type 1.
The opcode decoder 340 includes a regular one-byte decodér 430, a

regular prefix decoder 432, a regular escape decoder 434, a new instruction type
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escape code OxOF. The AND gate 416 matches the instruction bits I[err] to

[[err] with the 2-byte escape code, OxOF, and generates a signal
ESC2B. The si gnal ESC2B is asserted if the instruction bits I[err] to
I[err] represent the 2-byte escape code OxOF. As is known by one

skilled in thge@der 495W81d h d@IWCingBLESOE fi}ggebﬁdg&der 28p! Tnesk d&dRrEd orm the
mat chi ng or decoding of the instruction™bits INto I[err] and I[err]

to I[err]. essentially perfofhehdeleeddingefiablieneioratie ind2@ctiRred ypscifide bPRFX,
ESC1, ESC2A, and ESC2B signals to generate the enable signals to the
i ndi vi dual dbeddsirsctidihepcodes einettectiemakitt dnabIguy tnddR tbrdglpdes a NOR
gate 420, an AND gate 422, and an 25 AND gate 424.

The NOR gat eAlthough $hesesdedodemNiresshgmal invdeparatk blodks, PREXctiESEe and
ESC2A are negated. This condition corresponds to the condition where the
i nstruct idon &cp@lmg ef thesegnsiruetiqnsgarernombinedh a prefix, a fl oati ng- poi nt
escape code, and a 2-byte escape code. Therefore, the instruction

bits I to | d ..bto. d - byt J
nstrueti on. - Figare 5% ATRERes Yok DE amosred dNCoORD ST UOR { he

PRFX si gnal c’gs ino B Ser gld and the ESC2B is negated. This condition
corresponds %Coflﬁég & PTEURE I ti on where the instruction bits I[err] to
I[err] match the prefix code but the instruction bits I[err] to

[[err] do not matghetRRTZHAVLEBSCPRR GAUR bISOERSIPILaldas A sondidi o
corresponds to an opcodé’using the prefi X as a qualifirer of a regulaf
the instruction bits I to In+7. Then the process P500 enters block B515 to
10 determine if the first byte is a valid prefix code (e.g., 0xF3). If NO, the process

P500 enters block B520. If YES, the process P500 enters block B550.

At block B520, the process P500 determines if the first byte is a 2-byte
escape code. If NO, the process PS00 enters block B525. If YES, the process
P500 enters block B540. At block B525, the process P500 determines if the first

15 byte is other escape code (e.g., floating-point escape code). If NO, the process

P500 enters block B530 to decode the first byte as a one-byte regular
instruction. If YES, the process P500 enters block B532 to obtain the second
byte and then to block B535 to decode the second byte as other regular
instructions (e.g., floating-point instructions). The process P500 then

20 terminates.

At block B540, the process P500 obtains the second byte and enters block
B545 to decode the second byte as a new instruction type 0 (e.g., packed data

instructions). The process PS00 then terminates.
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i-nstruction. The ESC1 signal is used as the EN3 signal. This

signal is asserted when the instruction bits INto | N+7 nmatch the
fl oati ng-poi nt escape code. Therefore this condition corresponds to a
fl oati ng-point opcode of a regular instruction. 15 The ESC2A si gnal

is used as the BWbSIIBSE0, tﬂéwpﬁocéssgpedo decofes &l REond byte, WgRe t he
i nstruction bits I[err] to I[err] match the 2-byte escape code. Therefore

this condi tnsrruction Esphoesii.o. dheoprres RF00xhaR Wntds bistki B3BD foype 0.
The AND gate 424 asserts the EN5 signal when the PRFX and ESC2B

si gnal s ar eeteszene éfcthe Bhcandcbyieiis a@rbyteesapeands. TONChHehe prstiess BB0Wher e t he
20 instruction bits INto IN+7 match the prefix code and the instruction
bits |[errlentess block Bi6R+p d\?ﬁOdﬂfhemecan@W& asamppeadiief a Tglaf or e t hi s

condition corresponds_to an pcode of a new instruction ty
The opcéde lﬂﬁeéfd&n with thg@raliess a q@émear Ifo¥ES he @r@w@&’ém 430%8 ézlock

| 4 d 434, t ti
[ sgg ar pr % % to gtaln the &xrd %ygeeag#cl &enebslggl? %575%:00 gcrode the tljm %V}\ﬁtela gg f:\r UCOI on
decoder 436, and, a ruction type 1 decod 438. The decoders
essenti al | §‘ fﬁ’e Bﬁ"ﬁ"? é?la%éc{&&wg“?ﬁﬁdf%tﬁ%mr‘é} ﬁﬁ%pf?ﬁeﬁf' %8@661??’55 speci fi ed
by %guctlon opcodes in instruction bits INto I[err] and
Iferr] to I b
[err] r{}‘

The present invention provides an efficient method to encode a new
10  instruction set using existing prefixes. The present invention therefore
allows the new instruction set to be as large as necessary without complicating

the instruction decoder.

While this invention has been described with reference to illustrative
embodiments, this description is not intended to be construed in a limiting
15 sense. Various modifications of the illustrative embodiments, as well as
other embodiments of the invention, which are apparent to persons skilled
in the art to which the invention pertains are deemed to lie within the spirit

and scope of the invention.
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Al't hough these decoders are shown in separate bl oeksr—'r—ﬁ——pr—aet—'hee—t—he 5

decodi ng of these instructions are conbi ned. Is a
flowchart illustrating a process P500 to performi |" !ﬂlmj, decodi ng
usi ng prefixes. At START, the process k B510
to decode the first byte, or the instruction blts I[err] to If[err].
Then the process R f ck B515 to 10 determine if the first byte
is a valid prefix %%t?%t':&é\eg F3). If NO the process P500 enters

bl ock B520. If YES, the process P500 enters bl ock B550.
bl ock B52Q, th R
oc Q, the prpcessphgpfy %?reﬁkm P fﬁ%l Ocﬂigﬁétgozmﬁ QP ég@u@ﬁﬁ%fs&

escape code. If NO the process P500 en ers process

P500 enters bitacksBadGon Hit WiNek C&gﬁécoa@?o B868 5 BaGngepeodt Bean! 1 the

first 15 byte is other escape e.g., t| ng- poi nt “escape code). If
NO, the pricesdsting mstﬂwﬁarenherrﬁethba% ﬁn 0 decode the first byte as a
one- byte regul ar I nstruction. e process P500 enters bl ock
B532 to obtain the second byte and then to block B535 to decode the
second bytde as ot heeleatingid first opcode;i nstructions (e.g., floating-point
instructions). The process P500 then 20 term nates. At bl ock
B540, the process P500 obtains the second byte and enters bl ock B545
to decode X he secoitledbipgearaescapaeods. tbe eseapesadepsingdiffergnt frpacthedrebixa

I nstructi o6ns) The process P500 then term nates.
code and the existing opcode; and

7 combining the first opcode, the escape code, and the prefix code to
8 generate a first instruction code, the first instruction code uniquely

9 representing a first operation performed by the first instruction.

1 2. The method of claim 1 further comprises:

2 combining the first opcode and the escape code to generate a second
3  instruction code, the second instruction code uniquely representing a second

4 operation performed by a second instruction.

3. The method of claim 1 wherein the prefix code is one of an
address size prefix code (0x67), an operand size prefix code (0x66), a segment
override prefix code (0x2E, 0x36, 0x3E, 0x26, 0x64, 0x65), a repeat prefix code
(0xF3), a repeat while equal prefix code (0xF3), a repeat while not equal code
(0xF2), and a lock prefix code (0xF0).

K bW N
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-15 - At bl ock B550, the preeess—PSGG—deeedes—t he second
byte, or the instruction bits I[err] t ocess P500 then
enters bl ock B560 to determne if the lﬂl f 2- byt e escape

code. If NO the process P500 enters blOC ode t he second
byte as an opcode of a regular 5 instruction with the preflx as a
qualifier. If YES, the process P500 enters bl ock B570 to obtain the
third byte and then bl ock B575 to decode the third byte as a new
instruction type 1 (e.g., scalar instructions). The process P500 t hen

term nat es. 4. The HQhod &% Mimi ﬂw&éﬁr&h@r@e’aﬁe‘fso cient method
to encode a new 10 instruction set using existing xes e present

i nvention therefore allows the new instruction set to be as |large as
necessary w thout conplicating the instruction decoder.

While this invention has been described with reference to illustrative

enbodi nents, this description is not intended to be construed in alimting
15 sensél VariouS nodThe ceathodof alaitrhe wheraist thet firse opetatidinnisnt scalars wel |

as ot her enbodi nents of the invention, which are apparent to persons
skilled 2 operatiom.art to which the invention pertains are deened to lie
wthin the spirit and scope of the invention.

CLAIMS 1. A nethod for encoding a first instruction in an instruc- tion
set, the instruction set using a prefix code to qualify an

1 6. The method of claim 2 wherein the second operation is a packed

2  data operation.

1 7. A method for decoding an instruction code, the instruction code

2 . having a plurality of fields, the method comprising:
3 determining if a first field matches a prefix code;

4 if the first field matches the prefix code, determining if a second field

5 matches an escape code; and

6 if the second field matches the escape code, translating a third field into
7  a first decoded instruction code, the first decoded instruction code uniquely

8 representing a first operation performed by a first instruction.

1 8. The method of claim 7 further comprises:
042390.P5192 17 Patent Application
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'eX|st|ng opcode of an existing instruction, i Si ng:
selecting a first opcode; sel ecting an escapg mmﬂmgﬂu %e code bei ng
di fferent fromthe prefix code and the existing apca conbi ni ng
the first opcode, the escape code, and the prefix code to generate a
first inmstructioff thedRst £id18 ddesHot match Qﬁ%@@@ﬁi B0 & QCerdiingiLifVthe first
representing a first operation performed by the first instruction. 2.
The net Id fitldchnatdhed thelesdape codapri es: conmbining the first opcode and

t he escape code to gen- erate a second instruction code, the second
instruction code uniquely representing a second operation per-

formed by a secoifdhe fisstrfieldimatches the Eeepereodedrafslatirg thelseabmd diekd t he
prefix code is one of an address size prefix code (0x67), an operand size
prefix dodeintoxe®yond desgded instiustiondeder tie second et inst@BONOXEE, 0X26,
0x64, 0x65), a repeat prefix code (OxF3), a repeat whi | e equal prefix code
(OxF3), & rupiaelymeRresendingg sasorchaperetion pertasmedaby BCRCPRAANSLTEgina.

(OXFO) . 4. The method of claim 1l wherein the escape code is OxOF. 5.
The met hod of claim 1l wherein the first operation is a scal ar operation.

6. The nethod of claim2 wherein the second operation is a packed data

oper ati on. 7. A nethod for decoding an instruction code, the instruc-

detormining 11 o011 Fsfnf Fidtiodief e’ wialfn B dRBk R FRut Aany i el g
mat ches 4 hea@&ﬁ%b ¥i6 YiEsix 464 £ [0%67), 34 dpferﬁ'\d size ?)?gx‘i)ggocfé @kg@”ﬁtsggﬁénf’m

escape code; ond field
mat ches 4 heo@&‘fﬁﬂeepx%ﬂg%odé (BDE Bk3I6)Ox3E, 0x26, 0x64, 0x65), a repeat prefix code

4  (OxF3), a repeat while equal prefix code (0xF3), a repeat while not equal code
5 (0xF2), and a_lock prefix code (0xF0).

1 10.  The method of claim 7 wherein the escape code is 0x0F.

1 11.  The method of claim 7 wherein the first operation is a scalar

2  operation.

1 12. The method of claim 8 wherein the second operation is a packed

2 data operation.
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third field into a first decoded instruction code, the first decoded
instruction code uniquely representing a first ﬂmm :"mimmn’rd by
a first instruction. 8. The nethod of claim?7 furt ' f the

first field does not match the prefix code, determin- * ¢ itng"ifStHe first

field matches the escape code; if the first field matches the escape
code, rapslatingishe An aps@aRRdhokidelsdingl & hebROBA BREINRR @Sk et | on
code, the second decoded instruction-code uniquely representing a

second OpEr athAru@Ri biffed thy imstfeedndcddeshdwiff ia0Blurality®f flél6s,Mlehod of
claim7 wherein the prefix code is one of an address size prefix code

(0x67), ab opppardusicomppistfig:x code (0x66), a segnent overide prefix code
(Ox2E, 0x36, Ox3E, 0x26, 0x64, 0x65), a repeat prefix code (0xF3), a repeat
whil e equal prefix code (OxF3), a repeat while not equal code (OxF2), and a
| ock pref4x code @@Efdx.detector catpdedrto hinelirstructianiniffentorrecaive ke escape
code is OxOF, 11, The nethod of claim7 wherein the first operation is a
scal ar oper aifssfuctionicodenand tadategt i§ra firsaifiglBofvhe mstructien sede matersrat i on
is a packéd data operation. 13. An apparatus for decoding an instruction
code issued Proft &% nstruction buffer, the instruction code having a
plurality of fields, the apparatus conpri sing: a prefix detector coupled

dotect 117 1irst hiespipe dbegr coplEi Panean it B bR per ¢ code
det : he 1 nst ti ffer .t . ' t h
Mnstruct Bn VothRc Bl b bERCL O] AR B shpuctior FRETESn

code nat ches g @aﬁﬁa&ﬁi CQH8; and an opcode decoder coupled to the
i nstruction Bu%}‘se to & receive the instruction code and to transl ate
one of the first field, the second field, and a third field of the

instructien code hAlgpcBde FeRs8et ¢duPlEd & HirERYRtion buffer to receive the
11  instruction code and to translate one of the first field, the second field, and a

12  third field of the instruction code into a decoded instruction code.

1 14.  The apparatus of claim 13 further comprises:

2 a decoder enable circuit coupled to the prefix detector and the escape

3 detector to generate enable signals to enable the opcode decoder.

15.  The apparatus of claim 13 wherein the prefix code is one of an
address size prefix code (0x67), an operand size prefix code (0x66), a segment
override prefix code (0x2E, 0x36, Ox3E, 0x26, 0x64, 0x65), a repeat prefix code
(OxF3), a repeat while equal prefix code (0xF3), a repeat while not ‘equal code

(0xF2), and a lock prefix code (0xFO).

- n > w N —

042390.P5192 19 Patent Application
DMD/TVN/mns

THIS SHEET HAS BEEN

This Sheet Has Been Re REPLACED

M



18 - 14. The apparatus of claim 13 further conprises: a decoder
enable circuit coupled to the prefix detector a e detector
to generate enable signals to enable t he . oﬂmm“mmﬂﬁuﬂ Hm 15. The
apparatus of claim 13 wherein the prefix code'is*onte df &n &ddiess size
prefix code (0x67), an operand size prefix code (0x66), a segnent override
prefix code (0Ox2E, 0x36, Ox3E, 0x26, 0x64, O0x65), a repeat prefix code
(OxF3), a repeat while equal prefix code (0xF3), a repeat while not equal
code (OxF2), and a lock prefix code (O0xFO). 16. The apparatus of claim 13
wherein the escapelgodeThéappstatus ofldaind N8 vitiraiethesesedpLtadensidkopher ei n

t he opcode decoder translates the third field into a flrst decoded
instruction code if the first field matches a prefix code and the second
field mat ches the escape code, the first decoded instruction code uniquely
representing a first operation performed by a first instruction. 18. The
apparatus of claim 13 wherein the opcode decoder translates the second
field intd a secontf.decbtrapparateict ¢laim dddehéerein the ¢peade deasider teanslades t he
escape code, the second decoded instruction code unlihely representlng a

second opér atﬁ}\?rfhﬁfélrfldfin@@ Byflfét @@‘E,C@@d instsuetien rede if thedirstrfieldamptehes @& of
claim 17 ere| thef 0 S Iar oper at i
appar at us “of E Wﬁg&@ q’lﬁ% esqalpgrgo § pfgékéﬁc‘ﬁjﬁ%a

ration.
oOperation., instruction code uniquely representing a first operation performed by a first

5 instruction.

1 18.  The apparatus of claim 13 wherein the opcode decoder translates
2 the second field into a second decoded instruction code if the first field

3 matches the escape code, the second decoded instruction code uniquely

4 representing a second operation performed by a second instruction.

1 19.  The apparatus of claim 17 wherein the first operation is a scalar

2 operation.

1 20. The apparatus of claim 18 wherein the second operation is a

2 packed data operation.
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