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METHOD AND APPARATUS FOR FAST DECODI NG OF OCH AND OFH
MAPPED- | NSTRUCTI ONS RELATED APPLI CATI ONS Thi s pat ent
application is related to the foll ow ng patent application which is
assigned to thgvm%gee of the present invention and fil eplofgssebggnt | y
herew t h: patent appltcation 08/ : entitled Method and Apparat us
for Efficent Propagation of Attribute Bits in an Instruction Decodi ng

Pi pel i ne. BACKGROUND OF THE | NVENTI ON 1. Field of the Invention

The present invention relates generally to decoding of a stream of
variable length instructions of a m croprogessor, and nore specifically to
fast decoding of variable length instructions of which sone are mapped

toa Oh (or Pringistyditiaib RBAKIATOY FOREASTODECSDING OF obfFONdary)

page of opcodes.
AND OFH MAPPED INSTRUCTIONS

RELATED APPLICATIONS

This patent application is related to the following patent
application which is assigned to the assignee of the present invention
and filed concurrently herewith: patent application 08/,
entitited Method and Apparatus for Efficient Propagation of Atmbute Bits
in an Instruction Decoding Pipeline.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to decoding of a stream of
variable length instructions of a microprocessor, and more specifically to
fast decoding of variable length instructions of which some are mapped
to a 00h (or primary) page of opcodes and others to a OFH (or
secondary) page of opcodes.

2. Related Art

Microprocessors execute a defined set of instructions. individual
instructions are represented by a unigue binary encoding called an
opcode. The microprocessor fetches, decodes, and executes the
instructions. Certain instructions may be more important to processor
performance than others. In this case, a particular microprocessor
microarchitecture design may be optimized to decode and execute the
more performance-critical instructions at the expense of slower
decoding or execution of other instructions.
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M croprocessors execute a defined set of instructions. |ndividual
l.nstructions are represented by a uni que binary encoding called an

opcode: The m croprocessor fetches, decodes, and executes the

instructions. Certain instructions nay be nore inportant to processor
performance than others. In this case, a particular mcroprocessor

ni cr oar chi t ecW9%82488i gn nay be optini zed to decode and exectt BUiHE%28 pe

performance-critical instructions at the expense of sl ower decodi ng or
execution of other instructions. .WD-97/ 24659
PCT/ US96/ 20828 -2- For

exanpl e, instructions of today's comercially avail able Intel
architecture processors (such as the Pent r4Tm [err] fam |y of processors
avai lable fromlIntel Corporation, Santa Clara CA) are represented by

one or two-byte opoodEer example psimctions.of tedays cemmercigiy.availgbleintel
oper ands  hat pr giéhilGotdflpiocesstrs (such atheermari@dainy ohpracossarect i on
oo Yaces | abiable fBMlplel ot S8 Gl o SR RelBlaaTBy ' 110,
t he secondary oponeler pverbytecpeogas.c Tha Spcodes UWYCH?C@ER‘!GGP! ORRLOr Moreyr t wo
byte opoodes whepgarah@s WRstiprovigs iakdditionkl infdrmation mebdélf by the khstructipage
| nstruction OPCORCEaRy Sut tiiabl. BabP iiGRidHUbdeds Wspped onts bAB oF gt b e
' opcode pages, 00H or OFH. OOH is the primary opcode page while OFH

is the secondary opcode page. 00H page instruction opcodes are one

or two byte opcodes where the most significant byte is not OFH. OFH

page instruction opcodes are two byte opcodes having a most

significant byte of OFH.

As a general rule in today's commercially available Intel
architecture processors, the more performance-critical instructions are
mapped to the 00H opcode page while less performance-critical
instructions are mapped to the OFH opcode page. Because of this
mapping, the instruction decoder of today's commercially available
Pentium ® processor is optimized to decode and issue two 00H page
instructions per clock cycle, but incurs a penalty of one or more clock
cycles when decoding most OFH-mapped instructions. This
microarchitecture design tradeoff, primarily made in the length decoding
arrangement of the instruction decode logic, impacts overall processor
performance by only about 1% for typical code and allows smalier PLA
length decoders.

Figure 1 illustrates the components of instructions used in intel
architecture processors. As shown in Figure 1, an instruction may
consist of several variable iength fields. An instruction may inciude from
zero to fifteen bytes of prefix information, one or two bytes of opcode
information, zero or one byte of Mod R/M information (indicates which
registers are to be used), zero or one byte of SIB (scaled index base)
information, zero, one, two, or four bytes of displacement information,
and zero, one, two, or four bytes of immediate information. instructions
of Inte! architecture processors can vary from one to fifteen bytes in
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As a general rule in today's commercially available Intel architecture
processors, the nore performance-critical instructions are mapped to

t he OOH opoode page while | ess perfornmance-criti cal I nstructions are
mapped to the OFH opoode page. Because of this mappi ng, the instruction

decoder of todgy, sgagmercially available Pentium [err] pﬁeﬁﬁ?’%’}ﬁ”. S
optim zed to d?&) e a%ei ssue two OOH page I nstructions per cloc s

cycle, but incurs a penalty of one or nore clock cycl es when decodi ng
nost OFH mapped instructions. This m croarchitecture design tradeoff,
primarily nmade in the | ength decodi ng arrangenment of the instruction
decode | ogic, inpacts overall processor performance by only about 1%
for typical code and allows smaller PLA | engt h decoders.

Figure 1 illustrates the conponents of i nsBructions used in Intel
architecture processors. As shown in Figure 1, an instruction may

consi st of sever dengthr iFasther detalls of thednstauction f¢m!at|0t|b'ltelcarchtqctmrecl ude from

zero. t 0 fifteen prbesssors @lecfoliid imERdptas M290ftﬁéf‘ﬁltﬁbaﬁdrpeﬁ’ﬁﬁegitslg9fm Code
i nformation, zerog i S
registers are to b’é"ﬁ%@% 3%/@3'15%9("@ @3?@@@%&‘9?& 'ﬁﬂ@‘"gase)

i nformation, zer dVaoual, |rlleQOI’pol’dlonr1$§t whichris incomparatadehareinbyr nat i on,
anI zero, one, t Weferé¥ice. OTte baﬁma Ringt Wﬁ%ﬂ?&i&ls'diflﬁt"eﬂﬁfch Bctu H‘Etruct i ons
3\0 gg} 246ggc ! tect rocessBrs are fumished 10 thé pfocessor as & sequentlatl Shream’of - n

PCT/ US96/ 20828 bytps in which no instruction is differentiated from any other.

Length decoding is an important part of decoding variable length
instructions. For example, i486 ™ processors and earlier Intei
architecture processors fetch an instruction based on an instruction
pointer, decode the instruction for execution, and determine the length
of the instruction. The instruction length is then added to the instruction
pointer to point to the next instruction to be fetched and decoded. Thus,
i486 processors and earlier Intel architecture processdrs fetch and
decode instructions serially incrementing the instruction pointer by the
last decoded instruction length to point to the next instruction.

Today's commercially available Pentium ® processors have a
dual-pipeline superscalar architecture. To optimally keep the dual
execution pipelines busy the instruction decoder needs to decode and
issue two instructions simultaneously per clock cycle. However, to
select the correct starting point for a second (or next) instruction, the
instruction decoder must know where the first instruction ends. In
addition, in order to properly increment the instruction pointer, the
instruction decoder must also know where the second instruction ends.

Figure 2 illustrates a block diagram of a prior arrangement for
indicating the length of instructions in the prefetch pipeline stage without
decoding the length of the instructions until a later decode pipeline
stage. This arrangement is described in detail in U.S. patent 5,450,605,
entitled End Bit Markers For Instruction Decode, E. Grochowski et al,
and assigned to the assignee of the present invention which is
incorporated herein by reference. In the prior arrangement, instructions
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3 | ength. Further details of the instruction format of Intel

architecture processors are found In chapter 25 of the publication
entitled Pentium Processor User's Manual; Volume 3: Architecture and
Pr-ogr anm ng Manual , Intel Corporation 1995, which is incorporated herein

by reference. The variable length instructions of Intel architeﬁgure
processors aMWOY48®¥shed to the processor as a sequential s 28

bytes in which no instruction is differentiated from any ot her.

Length decoding is an inportant part of decoding variable |length

I nstructions. For exanple, 1486 [err] processors and earlier Intel
architecture processors fetch an instruction based on an instruction

poi nter, decode the instruction for execution, and determ ne the |length

of the i-nstruction. The instruction |engigh is then added to the instruction
pointer to point to the next instruction to be fetched and decoded. Thus,

decods | natruots ooceded B sxBted M & UGl nat EUbRe SRt or by ¢ he
st decoded | HSePAe; AL Sxeskip Fiagse, dhe bretsth, eiage preleles senpertal

Today' s conmer dnsiinigtionbytéstrom sterage and[aligns two sequential instiuctions for

dual - pipel i ne Sypehfnbasedtdrt ftid IGhuLidn pEinteP ahdah shd GiF didffiof &t
execution pipelnes he, I nstruct,i decodger, he t code and
seue tvo | net e gl e AR InsHERtesT i dho RERLFIREK Ofe.theidogode stsge,

sel ect the cor rdecodes the typg gndi actugl dengih {ercend} of the twaxinstruetinnsuct i on, the
I nstruction decoder mnmust know where the first instruction ends. In

st ruct | on decoder TRECEIC Rete 1 BEreR 8 and A coBBRATInGH: BRRT bitestyc
Fi gure 2 il | ustcasecsiowddindastrugtion cashen! 2.0 Aprenst bit valua @é i indicates the
i ndi cating the &RNefdh Ristrubfidr. USinc@md deterntifatisredrinstudtiondbhgin ist age
Wi t hout made in the prefetch stage, new instruction bytes stored in instruction
cache 12 are speculatively assigned a length of one byte. In other
words, the corresponding end bits of all new instruction bytes loaded
into instruction cache 12 are set to '1".

In the prefetch stage rotators 15 and 20 select two sequential
instructions for decoding based on the instruction pointer and the end bit
of the first instruction. If later, in the decode stage, the U pipe instruction
decoder 24 determines that the end bit indication for the first instruction
was incorrect, the second instruction in the V pipe instruction decoder
25 is canceled because the stanting pointer of the second instruction
(based on the incorrect first instruction end bit indication) was incorrect.
Incorrect end bits for instructions in the U pipe are later corrected by end
bit update circuit 29 based on the instruction length decoding done in
the decode stage of the pipeline. Thus, figure 2 shows an arrangement
for indicating the length of instructions without the need to decode the
instruction length before decoding the type of instruction. However, the
arrangement Incurs clock penalties in decoding instructions that are
longer than one byte.

~ Figure 3 is a block diagram ot U pipe instruction decoder 24. U
pipe instruction decoder 24 includes an instruction decoder that
receives an instruction and determines the appropriate macroinstruction
vactor to be issued to the execution units. A 0O0H page length decoder is
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decoding the length of the instructions until a | ater decode pipeline
stage. This arrangenent is described in detail in U S. patent 5,450, 605,
entitled End Bit Markers For instruction Decode, E. G ochowski et al, and
assigned to the assignee of the present invention which is i ncor por at ed

herein by reference.. In the prior arrangenent, instructions
97/ 24659 W Sissass rerussenis

PCT/ US96/ 20828 are decoded and executed in a pipeline that

consi sts of prefetch, decode, and execute stages. The prefetch stage
prefl etches sequenti al I nstruction bytes fromstorage and aligns two
sequential instructions for - decoding based on the instruction pointer
and an end bit indication of the end of the first instruction. In the
next clock cycle the decode stage decodgs the type and actual length (or
end) -of the two instructions. End bit cache 14 stores an end bit

CO{ZI r g,s{oond: ng t]9 Qﬁlﬁﬁizédftfdééode leAigMhe of istRetions hia%bé?fié tR00RGpRodg. AN
o P nac oo of U4 BB Bl g OFbnlosiidls B RA'SES. e
i nstruction byt esOEkdength decpding jogie deepdes thadaegthof SFk-meppedat i vel y
assi gned a | engt hingfruétiths!i o ot topé Bidck cycles] thereby intreduding derags itoend
bits of all new i ﬂ%tée%ﬁinﬁrbigéﬁvﬁo} Rl%gfeﬁ'FH-mapped instructions. For the

purposes of this discussion, V pipe instruction decoder 25 is essentially

the same as U pipe instruction decoder 24 (Figure 2).

Thus, the prior instruction decoder of Figure 2 incurs clock
penalties in the prefetch stage when end bit indications are incorrect.
This is always the case for new instructions that are more than one byte
long, such as OFH-mapped instructions. Additional clock penalties are
incurred in the decode stage for most OFH-mapped instructions because

"the OFH length decoders of instruction decoders 24 and 25 take two or
more clock cycles to decode OF instructions.

The above design tradeoff of optimizing decoding of only 00H-
mapped and a selected few OFH-mapped instructions can present a
problem when new performance-critical instructions are later added to
the OFH opcode page. For example, adding SIMD (single instruction
multiple data) instructions {i.e., packed data instructions) to Paentium
processors could greatly enhance their performance in handling
multimedia data, such as sound and video information. The execution
latency of these instructions would be critical to the processor's
performance in manipulating multimedia data types. For various
reasons it may be desirable to map the new SIMD instructions to the
OFH opoodé page. In this case, the clock penalties incurred by the prior
instruction decode unit when decoding OFH-mapped instructions would
be unacceptable.

Therefore, a method and apparatus for fast decoding of 00H and
OFH mapped instructions is needed.
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into instruction cache 12 are set to '1'. In the prefetch stage

rotators 15 and 20 sel ect two sequenti al I nstructions for decodi ng based
on the~instruction pointer and the end bit of the first instruction. If
|l ater, in the decode stage, the U pipe instruction decoder 24 determ nes
that the end bit indication for the first instruction was_incorrect, the
second instruMABR4ES} the V pipe instruction decoder 25 i

because the starting pointer of the second instruction (based on the
incorrect first instruction end bit indication) was incorrect. I ncorrect
end bits for instructions in the U pipe are later corrected by end bi t
update circuit 29 based on the instruction | ength decodi ng done in t he
decode stage of the pipeline. Thus, figure 2 shows an arrangenent . for

indicating the Iength of instructions without the need to decode the
instruction length before decodlng the type of instruction. However, the
arrangement i NCUREH . aafli Ng i nstructions that are

. 11111 - ni

| onger than one 10V s a bl ock diagram of U pipe

i nstruction decoder 24. U pi pe instruction decoder 24 includes an

i nstruction decoder (T presentrinveritionds ameéthedranttapparatos forgasy m nes t he

appropriate macr ' ki ed to the execution
units. A OOH pag‘gé E‘W&'ﬁ"d&‘e’?%a%r"".‘f%‘af"’a‘*‘*’3(8"3’%24659
PCT/ US96/ 20828

In one embodiment the present invention includes an apparatus
for decoding the length of variable length instructions embedded in an
instruction stream without differentiation. Each instruction includes one
or more blocks. Some types of blocks contain no instruction length
information. A detector receives a first biock and generates a detector
signal that indicates whether or not the first block contains instruction
length information. A shifter is coupled to the detector. The shifter
selects a first set of instruction blocks that includes the first block if the
first block is a type that contains length information. The shifter selects a
second set f blocks that does not include the first block if the first block is
a type that does not contain length information. A length decoder
decodes the set of blocks selected by the shifter to determine an
instruction length.
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optim zed to decode | engths of instructions mapped to the OOH opcode

page and a sel ected few OFH mapped instructions in one clock cycle. OFH
| engt h-decodi ng | ogi ¢ decodes the | ength of OFH mapped i nstructions in
two or nore clock cycles, thereby introducing delays Into t he decodi ng

pi peline for ngﬁ%’_,g:‘# mapped i nstructions. For the purposeﬁnq{,m

di scussion, V pipe-i 2truction decoder 25 is essentially the sanme as U
pi pe instruction decoder 24 (Figure 2). Thus, the prior

I nstruction decoder of Figure 2 incurs clock penalties in the prefetch
stage when end bit indications are incorrect. This is always the case
for new instructions that are nore than one byte | ong, such as

OFH mapped instructions. Additional clock penalties are incurred in the
decode stage for nost OFH mapped instructi-@ns because the OFH | ength
decoders of instruction decoders 24 and 25 take tmo or nore cl ock cycles
to decode OF i nstBRIEF DBRAWL

optim zing decodi ng of onl y OC]—I- rrapped and a sel ected few OFH napped
instructions can present a pr obl em when new performance-critical
instructions are |at eﬁhacn!e%ﬂrttmventmes tipsiraigd by way.efexample apdigte, addi ng
SI VD (singl e i nstimitionin the figlrés pt thed@dcompangingLdrbwings, (n which liRgcked dat a

instructions) toéﬁ@ﬁﬂ&@mdm&%ﬁﬁﬁpgﬁw d greatly enhance their

performance in h such as sound and vi deo
I nformati on. The execution | at ency of these instructions would be
critical to the procefigured illustrates thercomponentswirinstriatibhe used it Imeldi a dat a

types. For vario rgTeY be desirable to nmap the new SI MD
i nstructions to t chltecﬁ%é_a opcoge page. In this case, the clock penalties

I ncurred by the prior I nstruction decode unit when decodi ng OFH napped
instructions would  Figure @diustratesod dlock diagram of dpdsredreangensentédhod and

apparatus for faglqicfingths Jerdfth OFinstittions in the prefetch pipeline stage without
decoding the length of the instructions until a later decode pipeline

stage.

Figure 3 is a block diagram of U pipe instruction decoder 24 and
V pipe instruction decoder 25 of Figure 2.

Figure 4 is a block diagram of one embodiment of the present
invention having parallel sets 35 of OFH detectors 36, OFH shifters 38,
and length decoders 40.

Figure 5 is a detailed block diagram of one embodiment of
prefetch buffer 32 and block 35 (the paraliel OFH detectors, OFH shifters,
and length decoders) of Figure 4.

Figure 6 is a block diagram showing, in one embodiment, a one-
to-one correspondence between instruction bytes stored in prefetch
buffer 32, length values stored in length buffer 44, OF bits stored in OFH
buffer 46, and attribute bits stored in attribute buffer 62.

Figure 7 is a block diagram of an embodiment of the present

invention having paraliel 00H/OFH PLAs 37 that incorporate OFH
detection, OFH shifting, and length decoding in the PLAs.
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OFH mapped instructions i s needed. WO 97/ 24659

PCT/ US96/ 20828 SUVMMARY OF THE | NVENTI ON The present
invention is a method and apparatus for fast decodi ng of OCH and OFH
mapped i nstructions. I n one enbodi nent the present invention

i ncl udes an appar at us for decoding the length of variable Iength
instructions eWB2HW® in an instruction stream wi thout di fEGIVEéSe6/R08e8 on.
Each instruction includes one or nore bl ocks. Sonme types of bl ocks
contain no instruction length information. A detector receives a first
bl ock and generates a detector signal that indicates whether or not the
first block contains instruction |l ength information. A shifter is
coupled to the detector. The shifter selects a first set of instruction
bl ocks that includes the first block if th first block is a type that
contains |length information. The shifter sélects a second set f bl ocks

docs not contain Eﬁerﬁ""?#a# M%‘M%ﬁgﬁ o bog sisbdrban ping ! of "ot

bl ocks sel ected Paral bogwoﬂ'bf’l-t\%aaeﬁ &igure

Figure g illustrates the instruction information stored in instruction
FIFO 66 in one embodiment.

Figure 10 illustrates an example operation of one embodiment of
the instruction decoder of the present invention.

Figure 11 is a flowchart of one embodiment of the present

invention method for fast decoding of 00H and OFH-mapped
instructions.
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I nstruction | ength. WO 97/ 24659

PCT/ US96/ 20828 -7- BRI EF
DESCRI PTI ON OF THE DRAW NGS The present invention is illustrated
by- way of exanpl e and not limtation in the figures of the acconpanying
drawi ngs, in | Lie references indicate simlar el enen

Figure 1 illust ra%es?kétghe conponents of instructions used in l%?‘gpsmzms
architecture processors. Figure 2 illustrates a bl ock di agram of
a prior arrangenent for indicating the length of instructions in the
prefetch pipeline stage w t hout decoding the length of the instructions
until a | ater decode pipeline st age. Figure 3 is a block

di agram of U pi pe instruction decoder 24 and V pi pe instruction decoder
25 of Figure 2. 9.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

A method and apparatus for fast decoding of 00H and OFH-
mapped instructions is described. In the following description,
numerous specific details such as instruction lengths in byte increments,
numbers and arrangement of parallel decoders, bit formats, instruction
formats, positions of opcode page pointer {OFH) bytes, length decoding
schemes, and instruction rotation or selection schemes are set forth in
order to provide a thorough understanding of the present invention. It
will be apparent, howaver, to one skilled in the art that the present
invention may be practiced without these specific details. In other
instances, well-known methods and circuits are shown in block diagram
form in order not to obscure the present invention.

Intel architecture instructions are variable length and appear in
an instruction stream without differentiation. Each instruction is made up
of one or more instruction bytes. However, the present invention may be
applied to decoding instructions having other size instruction blocks.

For purposes of this description, instructions are described as appearing
in the instruction stream from most significant byte to least significant
byte. However, the invention is not limited to this instruction ordering.

Length Decoding

Figure 4 is a block diagram of one embodiment of the present
invention instruction decoder having parallel sets 35 of OFH detectors
36, OFH shifters 38, and length decoders 40. The instruction pipeline
has three stages that are important to an understanding of the present
invention: prefetch, fetch, and decode. During the prefetch stage
instruction bytes are prefetched from instruction cache 30 and stored in
prefetch buffer 32. Attribute bits for the prefetched instruction bytes are
generated and stored in corresponding locations in attribute buffer 62.
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Figure 4 is a block diagram of one enbodi ment of the present I nvention

havi ng parallel sets 35 of OFH detectors 36, OFH shifters 38, and | ength
decoders 40. Figure 5 is a detailed bl ock diagram of one

enbodi nent of prefetch buffer 32 and bl ock 35 (the parallel OFH
detectors, OFH shifters, and | ength decoders) of Figure 4.

Figure 6 is aMOBA6SYi agr am showi ng, in one enbodi nent, a onBCT/USK6E08B
correspondence between instruction bytes stored in prefetch buffer 32,
| ength values stored in length buffer 44, OF bits stored in OFH - buffer

46, and attribute bits stored in attribute buffer 62. Figure 7 is
a bl ock diagram of an enbodi nent of the present I nvention having parall el
OOH OFH PLAs 37 that incorporate OFH detection, OFH shifting, and |l ength

decoding in the PLAs. WO 97/ 24659 44,

PCT/ US96/ 20828 Figure 8 i g a detail ed bl ock diagram of one

embodiment of the  Batdl nd et hishs! iBhgthe 3f irfdrubtihY émBedded in the

prefetched instruction bytes are determined and stored in corresponding
locations in length buffer 44. OFH detectors 36 generate bits indicating
whether the prefetched instruction bytes are OFH bytes and store the OF
bits in corresponding locations in OFH buffer 46. Therefore, each
instruction byte stored in prefetch buffer 32 has a corresponding length
indication in length buffer 44, a corresponding OF bit in OFH buffer 46,
and a corresponding set of attribute bits in attribute buffer 62. Finally,
the code rotator 48 parses the instruction bytes in the prefetch buffer to
provide up to two instructions per clock cycle to instruction FIFO 66. In a
corresponding manner, length rotator 50, OFH rotator 52, and attribute
rotator 64 provide corresponding length values, OF bits, and attribute
bits for up to two instructions per clock cycle to the instruction FIFO 66.
Figure 9 shows the information stored for each instruction in the
instruction FIFO 66 in one embodiment. Prefix information is decoded
separately. An understanding of the decoding and handling of prefix
information is not necessary to an understanding of the present
invention. In the decode stage, instruction FIFO 66 provides two
instructions and associated length, OF, and attribute information to
instruction decoder 68. Instruction decoder 68 includes a U pipe
instruction decoder and a V pipe instruction decoder that decode the
instructions and issue the appropriate macroinstruciton vectors to the
execution units of the processor. Note that no length decoding occurs in
the decode stage of the pipsline in contrast to the prior instruction
decoder arrangement of Figure 2.

instruction cache 30 stores copies of instructions that are fetched
from external memory for execution by the microprocessor. In one
embodiment instruction cache 30 is 16K byte SRAM with a 32-byte line
length. Instruction cache 30 provides sixteen instruction bytes per clock
cycle to prefetch buffer 32 and block 35. Of course, other sizes or types
of instruction cache can be used and other numbers of instruction bytes
can be provided.
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Figure 9 illustrates the instruction information stored in instruction

FI FO 66 in one enbodi nent. Figure 10 illustrates an exanple
operatton of one enbodi nent of the Instruction decoder of the present

I nventi on. Figure 11 is a flowhart of one enbodi nent of the
present | NV §-#hdeeet hod for fast decoding of O0OH and OFH pEPDSsénes2s

I nstructions. WO 97/ 24659

PCT/ US96/ 20828 - 9- DETAI LED
DESCRI PTI ON OF THE PRESENT | NVENTI ON A et hod and apparatus for
fast decodi ng of OOH and OFH mapped instructions is described. In the
foll owi ng description, numer ous speci fipg-details such as instruction

| engths in byte increnents, nunbers and arrangenent of parall el

ggfggg[ ¢ Og'Hg [)3[ mats, Prfid rtﬁsffég%z stores higtRiction agfdstthm\@f%ﬁodreofggleon
or sel ection scherf8f eg&@ qﬁtrqutu rhcache 561 or other’ s%rageﬁocalfuons igures
: 5 shows one embodlment of prefetch buffer 32. In this embodiment,

prefetch buffer 32 has four line A, B, C, and D, each having sixteen bytes
of storage. Of course, other sizes or arrangements of prefetch butfers
can be used. For purposes of describing the present invention, the
order of storing instruction bytes from an instruction stream in prefetch
bufter 32 is line A, positions A0 to A15, then line B, positions BO to B15,
then line C, positions C0 to C15, then line D, positions DO to D15, and
then returning to line A again. Returning to Figure 4, paralie! OFH
detectors 36. parallel OFH shifters 38, and parallel length decoders 40
provide fast length decoding of the instruction bytes received from
instruction cache 30. in one embodiment, the length decoders 40, OFH
detectors 36, and OFH shifters 38 are arranged so that each length
decoder 40 has a corresponding detector 36, and shifter 38. Note that
in the present invention instruction length decoding occurs betfore the
instructions are decoded in the decode stage of the pipeline for later
exacution in the execution stage of the pipeline.

in one embodiment OFH detectors 36 determine whether a set of
instruction bytes are OFH bytes. Recall that in the Intel architecture OFH-
mapped instructions have OFH as their most significant opcode byte.
The OFH bytes is a pointer to the OFH page. OFH detectors 36 generate
a set of OF signals {i.e., detector signals) that indicate whether the
corresponding instruction bytes are OFH (i.e., point to a secondary
opcode page). In one embodiment, a OF signal is set to *1' if the
corresponding instruction byte is OFH and to '0' for any other value. In
other embodiments, the OF signal can have other values. In one
embodiment OFH detectors 36 are comparators implemented with
combinational logic. In other embodiments, other types of detectors
could be used. In association with other instruction sets, other
embodiments of the detectors would detect other types of pointers to
various opcode pages. The pointers may also occur in other positions
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order to provide a thorough understanding of the present invention. It
will be apparent, however, to one skilled in the art that the present

i nvention may be practiced without these specific details. In other

i nstances, well-known nethods and circuits are shown in bl ock diagram
formin order not to obscure the present invention. Inte

archi tecture WA8¥36% i ons are variable | ength and appear i nPCT/U$P6/20828

i nstruction streamw thout differentiation. Each instruction is nade up
of one or nore instruction bytes. However, the present invention may be
applied to decoding instructions having other size instruction bl ocks.

For purposes of this description, instructions are described as appearing
in the instruction streamfrom nost significant byte to | east significant
byte. However, the invention is not limted to this instruction ordering.
Lengt h Decodi ng Figure 4 is a Bl ock diagram of one enbodi nent of

t he present lnyention,in Uugtl | rallel sets 35 of OFH
detectors 36,“%%?"#@56@'{‘3@', y@%&gﬁ@g%o@é@gp@%ﬁ$p% i nstruction

pi pel i ne has instiustion blogks thatponlain nprigrgth Mformatiomarendatectedndi ng of the
present I nvention: prefetch, fetch, and decode. During the prefetch

Stored in | pref et clPBUGLR of yelerBhielie inARloiBRe B bt dinaely
i nstruction byt eiscoding the gnost significanhainetesnditsiof QO page nstructipriscand i ons i n
-attribute buffernéfirst nineteen bildaftbrARe'6FR opcode byte of OFH instructions. In
PCT/ US96/ 20828 other words, lengths of Intel architecture instructions can be determined
by decoding nineteen sequential bits starting with the most significant
byte of 0O0H page instructions or starting with the byte following the OFH
opcode byte for OFH page instructions. Therefore, for Intel architecture
instructions four sequential instruction bytes can be decoded to
determine the length of any instruction if the most significant opcode
byte is the most significant byte of the four bytes. For example, assume
a four byte instruction window [3:0] where position [0] is the most
significant position. If byte [0] is not OFH, then bytes [2:0] are sufficient to
decode the length of a 00H mapped instruction whose most significant
opcode byte is in position [0]. If byte [0] is OFH, then byte [3:1] are
sufficient to decode the length of OFH mapped instruction whose most
significant opcode byte Is in position [0].

In accordance with the above length decoding scheme, in one
embodiment of the present invention each OFH shifter 38 receives four
sequential instruction bytes from instruction cache 30. In one
embodiment, instruction cache 30 provides sixteen instruction bytes and
there are sixteen corresponding OFH shifters 38, each OFH shifter 38
arranged to receive a corresponding instruction byte aione with the next
three instruction bytes {tor example, see Figure 5). The three sequential
bytes including the most significant byte (i.e., bytes [2:0] of the four byte
window) are selected if the corresponding OFH detector 38 does not
detect a OFH byte in the most significant byte. The three sequential
bytes not including the most significant byte (i.e., bytes [3:1] of the four
byte window) are selected if the corresponding OFH detector 38 detects
a OFH byte in the most significant byte. This ordering of OFH detection
and instruction byte selection is further illustrated in Figure 5. OFH
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-10- During the fetch stage, |engths of instructions enbedded
i'n the prefetched instruction bytes are determ ned and stored in

correspondi ng | ocations in length buffer 44. OFH detectors 36 generate
bits indicating whet her the prefetched instruction bytes are OFH bytes

and store the ts in corresponding locations in OFH b Sﬁéﬁmz
Ther ef or e, eacSﬁ097 |6%étruct|on byte stored in prefetch buffe?’}%@f as a8

correspondi ng | ength indication In length buffer 44, a correspondi ng OF
bit in OFH buffer 46, and a corresponding set of attribute bits in
attribute buffer 62. Finally, the code rotator 48 parses the

I nstruction bytes in the prefetch buffer to provide up to two

i nstructions per clock cycle to instruction FIFO 66. In a correspondi ng
manner, length rotator 50, OFH rotator 52, -ghd attribute rotator 64
provide corresponding |ength values, OF bits, and attribute bits for up

50 LWO ' Pﬁt r UC]E | ONghiférs SUWWlﬁnbﬁteBh&intgﬁhgumhlmdtﬂ &othbr clrcutltrf' ?Ur e
shows the infor nstruction in i nstruction
FI FO 66 in one en‘%hpﬁﬁﬂﬁl%’sﬁiﬁk ﬁ'ﬁﬁ]m ition is decoded separately. An
under st andi ng of the decoding and handling of prefix i nformation is not
necessary to an understjap@sodatiin Willé oftie? ifstfuction sbiRVrYthériength ddtddiifrode

st age, |nstruct|on FIFO | tlosada500|ated
| engt h, OF, and at I 3&%%@% "'"‘"ﬁ@’?ﬁ?&?’gﬂ‘%

| nstruction decodelnawoasemeeopesatunmiplae detemmﬁ&mdusbmaneasmto dmacra V
pi pe instruction dssimees to diftinate peedé pa es) (drrthérrybe®BfinsfidetionShiBeks? e

P bcessor . Note & 'h'ﬁ?* #ﬁ%ﬁ%ﬁ%@%@ : }1 ?ﬁfamﬁ‘?% *f?f&\%&h%i@‘*@fé&e of
the pipeline in cderether blagkslieom the insfruelion biocksmto achienectagier lengtingenent
of Figure 2. decoding. | Sinté optode page peintdl(s) toontdin ABNeRGthGhtormationiCt | ons

Lhat are felened, remoint/ b8’ ke pEIRFS bbre it tbBify s the
Iength decoder to be optimized. In other embodiments, the opcode
pointers may be bit(s) or other values and may occur in other positions
of the instruction encoding.

_ Each parallel iength decoder 40 receives the instruction bytes
selected by the corresponding OFH shifter 38 and & OF signal from the
corresponding OFH detector 36. If the selected instruction bytes
correspond to an instruction length the length decoder 40 will determine
the length of the instruction and store it in a corresponding location in
length buffer 44. If no real instruction length is determined, length
decoders 40 generate a length of 1 to 11 (based on the random
arrangement of the bytes) which is eventually flushed by illegat
instruction logic in the decode stage. In one embodiment, the length
decoders 40 are Individuat length decoder PLAs optimized to perform
length decoding of O0H and OFH-mapped instructions. In this
embodiment, each length decoder PLA 40 is combined with a separate
OFH shifter 38 and a OFH detector 36 to allow the length decoder PLAs
to be optimized for size. Performing the OFH detecting and OFH shifting
separately from the length decoder PLAs, as shown in Figures 4 and 5,
advantageously reduces the size of the length decoder PLAs by about
50%. In other embodiments the length decoders 40 could be |
implemented using combinational logic, or a PLD (programmable logic
device).
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enbodi nent instruction cache 30 is 16K byte SRAMwi th a 32-byte |ine
I'ength. Instruction cache 30 provides sixteen instruction bytes per clock
cycle to prefetch buffer 32 and bl ock 35. O course, other sizes or types
of "instruction cache can be used and ot her nunbers of instruction bytes

can be provid WO 97/ 24659

PCT/ US6! 208289"% 97724659 - 11- PCT/US96120828
Prefetch buffer 32 stores instruction bytes that have been pr ef et ched
frominstruction cache 30, or other storage |ocations. Figures 5 shows
one enbodi nent of prefetch buffer 32. In this enbodinent, prefetch
buffer 32 has four line A, B, C, and D, each having sixteen bytes of
storage. O course, other sizes or arrangenents of prefetch buffers can
be used. For purposes of describing the prgsent invention, the order of
storing instruction bytes froman i nstructlon streamin prefetch buffer

32 is line A positions AOto Al5, then line B, positions BOto Bl15,
then line C positions COto Cl5 then |ine D positions DOto D15, and
then returning to |inBeferdngoFigree 5 & oataiied iagram of-on@ | el OFH

det e_CéI or fs 36, | paemibodiméntiot pretbtohrbutfed 32amd hlockess of Figargs lis laswateds 40
et ruoti on cacnilays Sreygds 3%5%43'?96"9?4' s“ﬁ%%*@%ﬁhﬁ? o B Shgerer
detectors 36, an@8ndiengiimdpeeders.;grefeich °‘t’ﬂz!‘t"he%ﬂﬂ'i storagen
decoder 40 has abyterlabstadndldamqemcdovn'esﬁﬁndm bewéén theSbytedletared livit
prefetch buffer 32 and the bytes being detected, shifted, and length
decoded by block 35. Block 35 is illustrated as operating on instruction
bytes corresponding to lines B and C at a time when fine C is being
ioaded from instruction cache 30. In like manner block 35 operates in
turn on instruction bytes corrasponding to lines C and D, lines D and A,
and'lines A and B when lines D, A, and B are loaded, respectively.

Refer to length decoder _ 0 of Figure 5 and its associated OFH

detector and OFH shifter logic. Detector/shifter/length decoder set _ 0
. receives bytes [3:0] of the currently prefetched line (line C is illustrated

as the currently prefetched line so bytes [C3:C0] are received). The OFH
detector determines whether byte [CO] is OFH and generates a detector
signal OF:0 accordingly. The mux (shifter) selects bytes [C3:C1] if OFH is
detected, thereby shifting out the OFH byte. The mux selects bytes
[C2:C0} if OFH is not detected. The length decoder _ 0 decodes the
three selected bytes to generate a length vaiue LO.

Referring to Figure 4, length decoders 40 store their length
indications in length buffer 44 in locations that correspond to the
locations of the corresponding instruction bytes in prefetch buffer 32.
Likewise, OF detectors 36 store their OF bits or signals in corresponding
locations in OFH butfer 46.

Figure 7 is a block diagram of an embodiment of the present
invention having parallel 00H/OFH PLAs 37 that incorporate OFH
detection, OFH shifting, and length decoding. In this embodiment the
functions of OFH detection, OFH shifting, and length decoding are all
included in the parallel PLAs 37. The overall operation of parallel PLAs
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in the present invention instruction | ength decoding occurs before the
tnstructions are decoded in the decode stage of the pipeline for |ater
executron in the execution stage of the pipeline. In one

enbodi nent OFH detectors 36 determ ne whether a set of i nstruction

bytes are OFH ecal | that in the Intel architecture ORjfdy ped
I nstructions hgﬁaﬁwas their nost significant opcode byte. e ms?ﬁ%%H

bytes is a pointer to the OFH page. OFH detectors 36 generate a set of
OF signals (i.e., detector signals) that indicate whether the

correspondi ng instruction bytes are OFH (i.e., point to a secondary
opcode page). In one enbodinent, a OF si gn_:ig_ Is set to '1" if the
correspondi ng instruction byte is OFH and t0 '0" for any other value. In

th nbodi t th = g l, |
rbodi mant R dePBiR etiont i of RoR 355 gl 4, "tHiF Brmetpiriii atows
conbi nati onal | ogthe PlAs 37 te be optitizadsat speast tade fagiasshan theembediment
coul d be used. | nopBlReEK B80f Figutb 5 HéWEVor] INBOIALting the tidditiohifeinctions

o ous Dpcode paaRi A Pbe 37l BSEhs Tkt Rl el

WD 97/ 24659 can be used with the embodiment of Figure 5.

PCT/ US96/ 20128 ' -12-
Figure 8 is a detailed block diagram of one embodiment of the

parallel 00H/OFH detect/shift/length decode PLAs 37 of Figure 7. In

accordance with the already-described iength decoding scheme, each

PLA receives four bytes of the currently prefetched line and performs

OFH detection, OFH shifting, and length decoding as described above.

Figure 11 is a flowchart of one embodiment of the present
invention method for fast decoding of 00H and OFH-mapped
instructions. The method is explained in connection with the
embodiment of Figure 4. However, in general the method performs the
steps of: 1) receiving a sufficient number of instruction bytes to decode
the length of an instruction where some of the instruction bytes may
contribute no instruction length information; 2) detecting and removing
(shifting out) the bytes that contribute no length information; and 3)
decoding the remaining instruction bytes to determine the length of
instruction(s) embedded in the stream of instruction. Figure 11
illustrates the case where the OFH opcode bytes of the Intel architecture
instruction set contribute no length information and are shifted out
before length decoding. As explained above, this novel technique can
be use to improve the speed and size of the length decoders.

At step 120 of Figure 11, during a prefetch stage of the pipeline a
line of sequential instruction bytes are prefetched from instruction cache
30 and stored in prefetch buffer 32. At step 122, during a subsequent
feich stage of the pipeline the method detects instruction bytes that may
contribute no length information (such as OFH opcode bytes) are
present in the prefetched line. A set of OF bits are generated and stored
in OFH buffer 46. At step 124, still in the fetch stage, shifters 38 select
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Wi thin an instruction. In yet another enbodi nent, other types of
instruction blocks that contain no length information are detected.

The length of Intel architecture instructions can be determ ned by
decodi ng the nost significant nineteen bits of OOH page instructions and
the first nineteen bits after the OFH opcode byte of OFH instructions. In
ot her words, MAHEA®?6f Intel architecture instructions can PEIHSA6R0§28 ned
by decodi ng ni neteen sequential bits starting with the nost significant
byte of OOH page instructions or starting with the byte foll ow ng the OFH
opcode byte for OFH page instructions. Therefore, for Intel architecture
I nstructions four sequential instruction bytes can be decoded to
determ ne the length of any instruction if the nobst significant opcode
byte is the nost significant byte of the ggyr byt es. For exanple, assune
a four byte instruction w ndow [3:0] wher p05|t|on [0] is the nost

S0 TE 20T, P01 St B4 e o R BN et e o
si gni ficant instructionblyytes dependlp@ontthmassmiatedmﬁm iad[ﬁlionioﬁﬁhb t hen
byte [3:11 are [o] of Bécéh Wiritiow. tlﬁtﬁﬁ‘iﬁé’lﬁlérhﬁd
i nstruction whosg  nost tejsmﬁﬁ@m é d

n; i ment

I n accordance WM"F@L@‘&BBV@“P% é:{‘%?}tbﬁg‘g‘?‘ﬁ@

of the present |Mdetohcstage.d0ng‘lﬁldesudérse40 paforaciengthddooding on eaelquént i al
instruction byt eﬁiefd‘dlﬁﬂléd‘ﬁfréé'%&ld)ébﬁa‘rhé é@ecéﬁd%ns are

i nstruction cache |€es | xteen in ct | on g t?uere are
si xt een correspo%ﬁ??g'o ?ﬂqdﬁﬁﬁ‘s hgslen Eﬁb #{eéfmggngth buffer anged to
receive a corresfpbndi ng instruction byte al one W|th t he next t hree

I nstruction bytes (for exanpl e see Figure 5). The three sequenti al

vt uindow o e Kot 568 Bha IR0, sHiliF st tafen RéIEE stagectedk oog oce. ot
detect a OFH byt48 salects@ﬁman@sgmnd iostnuctipps dronTthe prefeschacbline-ok i al
bytes not i ncl udinggudtivh YRGS basellon tHprefdith Mstruction pdiMie? ant3nd irstf t he

detects “&'ﬁg@evwlﬁnﬁﬁﬁﬁ%%?e@n gFHpEhe 32@?%% SHnEaguliEl BT o o
det ecti on ani@struction kefowthp jnstructica bytesare stared iman instrugtien fielddni n
Figure 5. OFH instruction FIFO 66. The corresponding OF bits and length values are

stored in OF an length flelds, respectively, in the instruction FIFO 66.

At step 132, the first and second instructions and associated OF
bits and length values are sent to instruction decoder 68. Instruction
decoder 68 decodes the type of instructions and issues appropriate
macroinstruction vectors to the execution units of the processor.
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shifters 38 can be inplenented using a nmux, a shifter, or other circuitry
for performng a shifting function. I n association with other

i nstruction sea,% Qhaesd Ner | ength decoding schenes the detpeghibsrorss and
shifter 38 may be arranged in other ways. In any case, the operation of
the detectors 36 and shifters 38 is to detect pointers to alternate
opcode page(s) (or other types of instruction bl ocks that contain no

i nstruction length information) and renove the pointer(s) (or other

bl ocks) fromthe instruction blocks to achygve faster |ength decodi ng.
Si nce opcode page pointer(s) contain no |ength information, renovi ng
opcode page pointsﬁagaﬁigﬁg | engt h decoding allows the | engt h decoder
to be optim zed. nbodi ments, the opcode poi nters may be
bit(s) or other values and nmay occur in other positions of the

instruction encodi ng. Return the prefetcicétagea batHeahstI'Manplpﬂme@éFiQweMedm ves
e O bl o o 6 S B S AR ek 00 o1
i nstructi on byt escache 30 four attribute bits a generat stored in aftri ute
62. In general, attribute bits control how the instructions flow down the
instruction decode pipeline (i.e., control how the instructions are
handled or executed in the pipeline). The attribute bits generated in this
embodiment are defined in Table 1.

Attribute Bit Name Explanation

Predicted Branch Taken bit If set and last instruction byte of
an instruction the instruction is

a branch that is predicted to be

taken

Predicted bit If set on the last instruction byte,
then the branch is predicted to
be taken or not taken

Page Violation bit indicates that the instruction

code stream accesses a page
not presént in memory

Valid bit If set/clear indicates the
corresponding instruction byte
in the instruction cache is
valid/invalid

Table 1 - Attribute Bits

For branch instructions, branch target buffer 54 predicts if
branches will be taken and what the offsets will be. Attribute bits
decoder 58 receives this information and generates a predicted branch
taken bit and a predicted bit for corresponding instruction bytes. (n one
embodiment, the predicted bit and predicted branch taken bit of the least
significant instruction byte are used to tell other units in the pipeline that
the branch target buffer has predicted a branch to be taken or not taken.
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correspond to an instruction length the I ength decoder 40 will determ ne
the length of the instruction and store it in a corresponding location in
| ength-buffer 44. If no real instruction length is determ ned, |ength
decoders 40 generate a length of 1 to 11 (based on the random

arr angenent of the bytes) which is eventually flushed by |IIe al

I nstruction I t he decode stage. In one enbodi nent, 29828
decoders 40 are Ind| vi dual 1ength decoder PLAs optim zed to perform

| engt h decodi ng of OCH and OFH mapped instructions. In this enbodi nent,
each I ength decoder PLA 40 is conbined with a separate OFH shifter 38
and a OFH detector 36 to allow the | ength decoder PLAs to be optim zed
for size. Performng the OFH detecting and OFH shifting separately from
t he | ength decoder PLAs, as shown in Figur 4 and 5, advant ageousl y
reduces the size of the Iength decoder PL by about 50% I n ot her
enbodi nent s the I th dec s 40 co N e usi ng

conbi nat i onal °5%x5'i"p§ '%E%' Q?FREB Pd’&f'ﬁég%n '?:9}9 WO
97/ 24659 execution stage of the pipeline

PCT/ US96/ 20828 -14-

Referring to Figure Sp g, dSir 89:%% fes & 'p%ﬂ{ ictaiSH Signal for each

sixteen byte line in instruction cache 30. Attribute bit decoder 58
receives the paging violation signal and generates a paging violation bit
for each prefetched instruction byte of the currently prefetched line. For
example, in one embodiment if a paging violation signal for a line is '1°
the attribute bit corresponding to each instruction byte in the prefetched
line is set to *1'. A paging valid bit set to *1' causes the pipeline to be
flushed because the associated instruction code stream assesses a
page not present in memoty.

Instruction cache 30 generates two i-cache valid signals for each
prefetched sixteen byte line, one for the high eight bytes [15:8) and one
for the low eight bytes [7:0]. Attribute bit decoder 58 turns the high i-
cache valid signal into eight valid bits [15:8] each having the same value
as the high i-cache valid signal. Likewise the low i-cache valid signal is
-used to generate eight valid bits [7:0] having the same value as the low
i-cache valid signal. Attribute bits decoder 58 stores the attribute bits in
locations in the attribute buffer 62 corresponding to the currently
prefetched line of prefetch buffer 32. In one embodiment, the valid bits
of the fourth instruction byte and last instruction byte of an instruction
determine whether the instruction code stream is valid. Based on the
valid bits, invalid instructions in the pipeline are canceled.

Because some of the attribute bits are generated in the prefetich
stage but not used until the decode stage, in one embodiment the
present invention instruction decoder advantageously stores the
attributes in attribute butfer 62 in locations corresponding to their
associated instruction bytes in prefetch buffer 32. Figure 6 is a block
diagram showing, in one embodiment, the one-to-one correspondence
between instruction bytes stored in prefeich buffer 32, length values
stored in length buffer 44, OF bits stored in OFH buffer 46, and attribute
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enbodi nent of prefetch buffer 32 and block 35 of Figure 4 is illustrated.
Bl ock 35 includes sixteen parallel sets of OFH detectors, OFH shifters,

and | ength decoders. Prefetch buffer 32 is shown with each storage. byt e
| abel ed to identify the correspondence between the bytes stored in

prefetch buffeg the bytes being detected, shifted, andpd 8
decoded by bl ock Block 35 is illustrated as operating on i1nstruction

byt es correspondi ng tolines Band Cat atime when line Cis being

| oaded frominstruction cache 30. In |like manner bl ock 35 operates in
turn . on instruction bytes corresponding to lines C and D, lines D and A,
and lines A and B when lines D, A, and B are | oaded, respectively.

Refer to |l ength decoder 0O of Figure 5 and its associated OFH . detector
and OFH shifter logic. Detector/shifter/| epgth decoder set O receives
bytes [3:0] of the currently prefetched Iine (line Cis illustrated as

Ej h;a C;” r egt It y pr eﬁ@éﬁbﬁta ihighfib6ife Buter 82( TheGhdtnittion by, kngth vdines, OF

etector determn '
signal OF'O accor atﬁ%hg%% i&#?b@ﬁ@eﬁ%?@ﬁ o@bﬁﬁ@aﬂ%?ﬁ OFH is
det ect ed, therebythshnst!UQﬁgmﬂQDOd gig-suely that thelcongrio-one sotrespgndsnce

[C2:CO if OFH i sighhbintigheet ed. The | ength decoder_0 decodes the t hree
sel ected bytes to generate a |l ength value LO Referring to

Figure 4, length decoders 40 store their |ength i ndications in length
buffer 44 in | ocati ondRetuening pewde thmteteh,stage, in onecembodmentcode eotator

correspondi ng i nsag paisesnstiticton biteB!ir tivs prefdich bafferB2 in foukfitatioh OF

d
' OEH but f or Sigrﬁawse 1d oo tivojhitiitins #ﬁaémgéé%?%%’ﬁ%ﬁgﬁf ment
of the present  FIFQ/@6t I'UHGW&SNWQN%S@Q%FO

i ncorporate OFH  byteeiinddw basedBhitidpfefbtel polmet frem ahd prvioust eleck | n t hi s

STROL et (e ol g i i B B it 0L
of parallel PLAs bytes of the thirty-two bytes based on the prefetch pointer fromt e

current clock cycle. In the third rotation stage, code rotator 14 selects

either bytes [13:0] or bytes [13:1] of the fourteen bytes depending on the

value of the OF bit corresponding to byte {0). Thus, the third stage shifts

out the OFH byte if the first instruction is a OFH-mapped instruction. In

the fourth rotation stagae, the second instruction is selected based on the

length of the first instruction. The fourth stage also shifts out the OFH

byte if the second instruction is a OFH-mapped instruction (as indicated

by the corresponding OF bit).

Rotators for performing the first and second stage rotation are
described in detail in U.S. patent application Serial No. 08/276,089,
entitied Two Stage Window Multiplexors For Deriving Variable Length
Instructions From A Stream Of Instructions, E. Grochowski, and assigned
to the assignee of the present invention, which is incorporated herein by
reference. In one embodiment the third and fourth stages of rotation are
implemented using multiplexors. In another embodiment shift registers
are used.

In one embodiment, length rotator 50, OFH rotator 52, and
attribute rotator 64 each include first, second, and fourth rotation stages
that operate on length buffer 44, OF buffer 46, and attribute buffer 62,
respectively, in a manner similar to the first, second, and fourth stages of
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- 15- 37 is identical to that of block 35 of Figure 4. This enbodi nent
al | ows - the PLAs 37 to be optimzed for speed to be faster than the
enbodi nent of block 35 of Figure 5. However, incorporating the

addi tional functions makes the PLAs 37 about twice as big as the PLAs

| engt h decodeM™ ¥34459 can be used with the enbodi nent of F¥;Tjt§os2es28
Figure 8 is a detail ed bl ock diagram of one enbodi nent of the par al | el
OOH OFH detect/shift/l ength decode PLAs 37 of Figure 7. In accordance
wi th the already-described | ength decodi ng schene, each PLA receives
four bytes of the currently prefetched |ine and perforns OFH det ecti on,
OFH shifting, and | ength decodi ng as dese2@-bed above. - Figure 11
is a flowhart of one enbodi ment of the present i nvention method for
fast decodi ng ofcdHéHotatd&EHmhtspadnner lengtht valeds, OF bitsTand atttibate bits

expl ai ned in COW@% thd'first and rﬁ?ﬁ nsdré'$biocfed SRYBHAY
| th th t t
R itk e e
where sone of t hattribute rotator 64 doyriot incitde the thicdrotatidnustage o shifttoutct i on

Iengthlnformatl - t he bytes
that contri but eegmfhmq]i:f:ig' ﬁq]‘:ﬁ(;gi:rgr‘;g%:\:i: ﬁéggga 'mn%gaiggl ni %g
instruction byt edded in
t he stream of i rtharsecondinstrisctipm ia thé fourth rotation stage.

Example

Figure 10- illustrates an example operation of the instruction
decoder of the present invention. The processing of the following
sequence of instructions by the present invention instruction decoder is

ilustrated.

e BSIRICHON BVIDE Explanation
1. OF 6E 05 movd (32 bits) EAX <-—-mem
2. OF FC 06 00 01 paddb
3. OF 6E 05 movd (32 bits) EAX <--mem
4. OF FC 06 00 01 paddb
5. OF 6E 05 movd {32 bits) EAX <--mem

The example of Figure 10 is explained in conjunction with the
embodiment of Figure 4. At step 100, a line including the above
sequencs of instructions is prefetched from instruction cache 30 and
stored in prefetch buffer 32 in locations B13 through C15. (The above
sequence of instructions begin at location B14.) The same instruction
bytes are also delivered to block 35.

At step 102, parallel OFH detectors 36 detect OFH bytes in
positions B14, C1, C6, and C9 and generate OF bits for bytes [C12: B13].
The OF bits are stored in corresponding locations in OFH buffer 46.
Parallel OFH shifters 38 each select three bytes to send to their
cormresponding length decoders 40 based on the corresponding OF
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il lustrates the case where the OFH opcode bytes of the Intel architecture
i'nstruction set contribute no length information and are shifted out
before-l ength decodi ng. As expl ained above, this novel technique can be
use to inprove the speed and size of the |ength decoders. At
step 120 of Fi during a prefetch stage of the pipelingpg j ne
of sequenti al 9&&??&%?ion bytes are prefetched frominstruction éggﬁgk#

30 and stored in prefetch buffer 32. At step 122, during a subsequent

fetch stage of the pipeline the nethod detects instruction bytes that may

contribute no length information (such as OFH opcode bytes) are pr esent
in the prefetched line. A set of OF bits are generated and stored I n
OFN buffer 46. At step 124, still in the fetch stage, shifters 38 sel ect
WO 97/ 24659 -21-

PCT/ US96/ 20828 - 16- ei t her

bytes [2:0] of byk@gal 3nbhis @xampR, sher "B Solbdts fB15:01 3], @hiifter_14 salgétsuct i on
ohch i ndow 1 1 ﬁaﬁ%@ﬁ?@ﬁ%ﬁﬁﬁﬁﬁﬁﬁ%@%ﬁfégaﬁ%ﬁm %}%93];? hat
contribute no | engelecisdC412)gshitara? salecti{C4E2); shiffen Ssselegts [$5:G3], t he
fetch stage, |engkhingeastisds [56:09], ishitier | BsaleBts{C7CE] shifter_63elachf the
sel ected three-byle 8el Sk 85805 [Gh2% Tnkdr 8 sBlettd [T50:C8), SRIREF o

selects [C12:C10], shifter_10 selects [C12:C10], shifter_11 selects

[C13:C11], and shifter_12 selects [C14:C12].

At step 104, parallel length decoders 40 length decode their
corresponding selected instruction bytes. Length decoder_14
generates a length of 3 (corresponding to instruction #1 above). Length
decoder_1 generates a length of 5 (corresponding to instruction #2
above). Length decoder_6 generates a length of 3 (corresponding to
instruction #3 above). Length decoder_9 generates a length of 5
(corresponding to instruction #4 above). The other length decoders may
also produce invalid length values, shown as X in Figure 10 because
they will later be dlscarded'by invalid instruction logic in the decode
stage. The length values are stored in corresponding locations in length

- buffer 44. '

At step 106, attribute bits decoder 58 generates a set of attribute
bits for each of the sixteen bytes in the prefetched line. In one
embodiment, the attributes bits are those of Table 1 and appear in order
from left to right as: 1) predicted branch taken bit, 2) predicted bit, 3)
page violation bit, and 4) valid bit. Exemplary values for these bits are
shown in Figure 10. The attribute bits decoder 58 stores the attribute
bits in corresponding locations in attribute buffer 62.

At step 108, the first and second stages of code rotator 48 select
fourteen bytes based on the prefetch instruction pointer. In this example
bytes [C11:B14] are selected. The first and second stages of length
rotator 50, OFH rotator 52, and attribute rotator 64 perform
corresponding operations to select the corresponding [C11:B14] iength
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up the length decoders. The length values are stored in |length buffer

44, At steps 128 and 130, still in the fetch pipeline stage,
code rotator 48 selects a first and second instructions fromthe
prefetched |ine of i nstruction bytes based on the prefetch instruction
pointer and the first I nstruction length. If present, OFH opcode bytes
are shifted oYO%R4Sch instruction before the instruct iR 2% e
stored in an instruction field in i nstruction FIFO 66. The
corresponding OF bits and | ength values are stored in OF an length
fields, respectively, in the instruction FlIFO 66. At step 132,
the first and second instructions and associ ated OF bits and | ength
val ues are sent to instruction decoder 68. Instruction decoder 68
decodes the type of instructions and issugs appropriate

macr oi nstruction vectors to the execution tnits of the processor.

\Ié\lC)T? Z,lsgg?gg 828 values, OF bits, and attribute bits, respectively. The valug.i §glected bYAt tribute

Pat h thedirstrand: secopd stagesiof sotation are thoseiunderlimediinstep 108.i ne of
Figure 4. In one enbodi nent, for each instruction byte prefetched from

o 1 or A Hep 18, 1Rb bk Mho 3t bSad FokatdP 36 sBledth, Baded bR ¢ 1"
the [B14] OF bit, bytes [C11:B15] to shift out the OFH byte in position
[B14]. The selected bytes are underlined in step 110. The third stage
selects either 13 of 14 or 14 of 14 of the fourteen selected instruction
bytes depending on the OF bit of the most significant byte in the
fourteen-byte window (in this case bit [B14]). Length rotator 50, OFH
rotator 52, and attribute rotator 64 do not perform the third stage of
rotation. '

At step 112, based on the length values and the OF bits of the
prefetched line the fourth stage of code rotator 48 selects the first and
second instructions, shifts out a OFH opcode byte in the second
instruction if present, and stores the first and second instructions in
instruction FIFO 66. Length rotator 50 and OFH rotator 52 select and
store the length values and OF bits corrasponding to the most significant
byte of the first and second instructions (in this example positions [B14]
and [C1], respectively) in instruction FIF0 66.

The fourth stage of attribute rotator 64 selects the attribute bits
corresponding to the first and second instructions. In one embodiment,
the attributes for each of the first and second instructions are selected as
follows: #1) the predicted branch taken bit corresponding to the least
significant instruction byte (LSB) is selected; #2) the predicted bit
corresponding to the LSB is selected; #3) the page violation bit
corresponding to the most significant instruction byte (MSB) is selected;
#4) the valid bit corresponding to the LSB is selected; and #5) the valid
bit corrasponding to the fourth instruction byte, if present, is selected.
The attribute bits selected in this example are underlined in step 112.
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62. In general, attribute bits control how the instructions flow down the
rnstruction decode pipeline (i.e., control how the instructions are
handl ed or executed In the pipeline). The attribute bits generated in this

enbodi ment are defined in Table 1. Attribute Bit Name

Expl anation  wooemligssdi cted Branch Taken bit If set and | ggty ,%%Mtl on
byte of an instruction t
instruction is - a branch that is
predicted to be t aken

Predicted bit If set on the last instruction byte,

then the branch is predicted to be
taken or not taken Page Violation bit I ndi cates that the
instruction -23- code stream accesses a
page not present in nmenory

Valid bit _ At step 114 2he fitst andisedomdinstuttiohs and their associated
Che npe PSL??Ohniy’@ﬁq ghgti’ﬁ V&lues, and attribute bits selected by the rotators 48,50, ' "
valid/invalid 52, and 64 are stored in instructiondfJF© 86.- Attribute Bits

For branch instructions, branch target buffer 54 predicts if branches
will be taken and what W?r 58
receives this informt |1%'H§’a%hi& ramtihbp ﬁh f%s'?é&%;&?ﬁééf 00H a?' Ken bit
and a predicted bimappad Em@% bed.o i theferegoing spacification,

e.nbo_d:c nment, the priadimventionhas deen IUeCdnl@édévhtb Irdaﬁnebah @pebific e&’ﬁntpluwl Fast
that the Bfé&ﬁ*#@&g@ﬁfsﬁh% - R, o, Y VidertthataBub"e BT
t aken. _ modifications and changes may be made thereto wnthout departmg from

the broader spirit and scope of the invention as set forth in the

appended claims. The specification and drawings are, accordingly, to

be regarded in an illustrative rather than a restrictive sense.
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exanpl € the bits can control branch verification logic in the execution
stage of the pipeline. Paging unit 56 generates a paging
violation sig %‘8@5 each si xteen byte line in instruction cache 30.
Attribute bit Y 5 recei ves the pagi ng viol ati on sPEHEF6RERS

generates a pagi ng V|olat|on bi t for each prefetc
of the currently prefetched line. For exanple, in
paging violation signal for alineis "1 the att
corresponding to each Instruction byte in the prefetc

hed i nstruction byte
one enbodinent if a

ri bute bit '
Mto

"1'". Apaging valid bit set to '1" causes the pipeline to

because the associ ated instruction code st hgam assesses bﬁ ‘% M\“ﬂ“

present in nenory. I nstruction cache 30 gen Wo* i -tache
val id signals for prefetched sixteen byte I|ine, one for the hi gh
ei ght bytes [15:é?ﬁgﬁ§uane for the low eight bytes [7:0]. Attribute bit
decoder 58 turns the high i- cache valid signal into eight valid bits

[ 15: 81 each havi n¢habhis claimedvis] ue as the high i-cache valid signal.

Li kewi se the low i-cache valid signal is used to generate eight valid
bits [7:0] having the sane val ue as the i -cache valid signal.

Attribute bits decoderl-58 ﬁmﬁ’éfﬂ@?m@mﬁlPQQihrvaa"abl?davglbns in.the
attribute buffer ifiétractionsamivetided ih @ntihstructionastisayn withoutrdifiientiatbrd,i ne of

prefetch buffer 3%a(5:'iﬁsﬁ{?&oﬁ’]ﬁ&ﬂﬂ 'Hne&r}}ﬁor‘éaﬁlb&sb\n;l@rem some fyBgsopurth

i nstruction byte ruc of an I'ns

blocks contain no mstructaon Iength information, the apparatus

comprising:

a detector coupled to receive a first block of

the instruction

stream, wherein the detector generates a detector signal that indicates
whether or not the first block contains instruction length information;

a shifter coupled to the detactor, wherein the shifter selects a first
plurality of blocks including the first block if the first block contains length
information, wherein the shifter selects a second plurality of blocks not
including the first block if the first block does not contain length

information; and

& length decoder, coupled to the shifter, for decoding an
instruction length indicated by the selected plurality of blocks.

2. The apparatus of claim 1 wherein the length decoder
utilizes the detector signal to decode the instruction iength.

3. The apparatus of claim 2 wherein the

blocks are bytes and

the first block is a first byte, wherein the type of blocks that contain no
length information include OFH bytes, wherein the detector generates OF
signals to indicate OFH bytes in the instruction stream.

4, The apparatus of claim 3 wherein when the first byte is
OFH the selector selects three sequential bytes immediately following
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determ ne whether the instruction code streamis valid. Based on the
valid bits, invalid instructions in the pipeline are cancel ed.
Because sonme of the attribute bits are generated in the prefetch

but not used until the decode stage, in one enbodi nent the presen

avtribute but i o0 Focat 1 ons HINMGUMER! G AR nei =

i nstruction bytes in prefetch buffér 82.LFi'gurse 8 is a bl ock di ag
showi ng, in one enbodi nent, the one-to-one correspondence bet ween

I nstruction bytes stored in prefetch buffer 32, I ength val ues

| ength buffer 44, OF bits stored in OFH buffer 46, and attribute

97/ 24659
PCT/ US96/ 20828 -25-
stored in attribute buffer 62. The Instruction bytes,

-19-
| engt h val ues,

bits, and attri buthelirstbyte, whoneinwHenithd first bytecismot OFHirthe sglectorselechy

it ned. 6 Hfst 6 g e e o e sy HEifl iePfiRRR"C

enbodi nent code rotator 48 parses instruction bytes in the prefetch

buf fer 32 in four rotat§on The apparatus of either claim 1 or 4 further comprising a
plurality of length decoding sets, each length decoding set including the
detector, shifter and length decoder, wherein the length decoding sets

are arranged to operate in paraliel on a corresponding plurality of

blocks of the instruction stream.

6. An apparatus for decoding the length of variable length
instructions embedded in an instruction stream without differentiation,
each instruction including one or more biocks, wherein the instructions
are mapped to either a primary or secondary opcode page, the

apparatus comprising:

a detector coupled to receive a first block of the instruction
stream, wherein the detector generates a detector signal that indicates
whether or not the first block points to the secondary opcode page;

a shifter coupled to the detector, wherein the shifter selects a first
plurality of blocks, including the first block, for length decoding if the first

block does not point to the secondary opcode page, wherein the shifter

selects a second plurality of blocks not including the first block if the first

block points to the secondary opcode page; and

a length decoder, coupled to the shifter, for determining an
instruction length indicated by the selected plurality of blocks.

7.  The apparatus of claim 6 wherein the length decoder
utilizes the detector signal to help determine the instruction length.

8. The apparatus of claim 7 wherein the length decoder is a
PLA (programmabile logic array) that decodes the length of instructions
mapped to both the primary and secondary opcode page.
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stages to provide up to two instructions per clock cycle to instruction
FIFO 66. In the first rotation stage, code rotator 48 selects a thirty-two
byt e wi ndow based on the prefetch pointer fromthe previous cl ock

cycle. In the second rotation stage, code rotator—48-sel ects fourteen

bytes of the thlrty two bytes base refetch pointer fromth

current cl ock™OYR2#3% n the third iﬂi u B& ,ﬂ ode rotatﬁ?”?ﬁ“@@?@cts
either bytes [1 3:0] or bytes [13: n byt es dependi ng on the
value of the OF bit corresponding to byte [0]. Thus the third stage shifts
out the OFH byte if the first instruction is a CFH-napped instruction. In
the fourth rotation stage, the second instruction is selected based on the
|l ength of the first instruction. The fourth stagé also shifts out the OFH
byte if the second instruction is a CFH—nagPed i nstruction (as indicated

by the corresponding OF bit) otators for performng the first

APl | cati on Serial No.3- 06/ 308 apeerdii 6f i Bt Ihe defherorin by,

Mul ti pl exors For mparatoganunmsmﬂeeis@ mux. Instructions FromA Stream Of
I nstructions, E. Grochowski, and assi gned to the assignee of the

rbodi ent the. tnird At JnppperabE P Elall 7-hRerdih the Jehdth derfife . "
usi ng mul ti pl exordetestor ambshilier srevivipiementetin & singlg iFA wherein the Plfsed.

I'n one embodi MentgedsARs thi o @Finé@uctﬂﬁb'rﬁéﬁﬁ&b%%pﬁﬂﬁry andattribute
rotator 64 each | ncl uae fi rsd&Ps%rﬂo and fourth rotation stages t hat

operate on Iengt fer 46, and attribute buffer 62,
respectively, in a manner simlar to the first, second, and fourth stages

of 11. The apparatus of either claims 6, 8 or 10 wherein the
blocks are bytes and the first block is a first byte, herein a OFH byte
points to the secondary opcode page, wherein when the first byte is OFH
the selector selects three sequential bytes immediately following the first
byte, wherein when the first byte is not OFH the selector selects the first
byte and the next two bytes immediately following the first byte.

12. The apparatus of claim 6 further comprising a plurality of
length decoding sets, each length decoding set including the detector,
shifter and length decoder, wherein the length decoding sets are
arranged to operate in paraliel on a corresponding plurality of blocks of

~ the instruction stream.

13. The apparatus of claim 9 further comprising a plurality of
length decoding sets, each length decoding set including the
comparator, mux and PLA length decoder, wherein the length decoding
sets are arranged to operate in paraliel on a corresponding plurality of
blocks of the instruction stream.

14. The apparatus of claim 10 further comprising a plurality of
the PLAs, wherein the plurality of PLAs are arranged to operate in
paraliel on a corresponding plurality of blocks of the instruction stream.

15.  An apparatus for decoding the length of variable length
instructions embedded in an instruction stream without differentiation,
each instruction including one or more blocks, wherein the instructions
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rotator 48. In this manner, length values, OF bits, and attribute bits
corresponding to the first and W—are sel ected and sent
to instructionglgdrfudas. However, length rotator 50, OFH rot atggy gl
attribute rotator 64 do not inclu w tion stage to shift out

i nformation corresponding to OFH gﬂl\mm‘ m “ﬂmed i nstructions. Nor
do they shift out information correspéndtng'td OFH opcode bytes of t he
second instruction in the fourth rotation stage. Exampl e

Figure 10 illustrates an exanple operation of the instruction decoder of
the present invention. The processing of the follow ng sequence of
instructions by the present invention inst+etion decoder is

i | lustrated. I nstruction Bytes Expl anati on

1. OF 6E O5are mappad to either arpﬂnha(ﬁa' @mﬁa&ﬁopcodemage the 2. gJ:
FC .06 3. O 6E nov
(32 bits) EAX <--#BR~.Q comprisigg: & - g 01 paddb

5. OF 6E 05 a plurality of detaﬁnra ceye'eﬁutﬁ'é?c%@&mﬁilv The

exanpl e of Figur eoéb&eépbrmm plursdity ofblocks ofrthe iimstrustion stream, wmmimﬁaubnt of
et uctions | s peeieborhenefide %f.“#gﬂ*'&‘é’s%hﬁ *@%qﬁ&%ssgﬂﬁ“ Fale,
prefetch buffer S@WSPMQ é‘ﬁg Bot gﬁﬁ’r opgaca page:
an equally corresponding pluralny of shlfters coupled to the
detectors, wherain each shifter selects a corresponding first plurality of
blocks, including the corresponding block, if the corresponding block
does not point to the secondary opcode page, wherein each shifter
selects a corresponding second plurality of sequential blocks, not
including the corresponding block, if the corresponding block points to
the secondary opcode page; and
“an equally corresponding plurality of length decoders coupled to
the shifters, wherein each length decoder decodes the selected
corresponding plurality of blocks and corresponding detector signal to
determine an instruction length indicated by the selected corresponding
plurality of blocks.

16. The apparatus of claim 15 wherein each of the length
decoders is a separate PLA that decodes instructions mapped to both
the primary and secondary opcode maps, and wherein the detector is a
comparator and the shifter is a mux.

17. The apparatus of claim 15 wherein each length decoder
and corresponding shifter and detector are implemented in a PLA such
that each PLA performs functions of detecting, shifting, and length
decoding, wherein each PLA decodes the length of instructions mapped
to both the primary and secondary opcode page.

18.  An apparatus for decoding the length of variable length
instructions embedded in an instruction stream without differentiation,
each instruction including one or more instruction bytes, wherein the
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sequence of i nstructions begi n at
bytes are also delivered to bl ock 35.
detectors 36 detect OFH bytes in

correspondi ng

| ocation Bl4.) The sane instruction

At step 102, parallel OFH
positions Bl4, Cl, C6, and C9 and
generate OF bits for bytes [Cl2: B13]. The OF bits are stored in
tions in OFH buffer 46. Parall el OFH shifters 38 each
%’?'fsg send to their correspondi ng | engt hPHEUSWE082840

sel ect three

peryusaos 20aze P " | IR 21

signal. In this exanple, shifter 13"sefedts" Bi5:8B13], shifter 14 selects

PCT/ US96/ 20828

[ Cl: B15], shifter 15 selects [Cl:B15], shifter O selects [C2: 0], shifter
shifter 2 selects [C4:C2], shifter_ 3 selects [C5:C3],
shifter_4 selects [C6:CA], shifter_5 selecyg [C7:C5], shifter 6 select
[CO: C7], shifter_7 selects [C9:C7], shifter_8 selects [Cl10: C8], shifter

sel ects [C4: C?],

LS ) 5 ol bl iy o G,

parallel |ength dee éﬂﬂa@mﬁ)@@ﬁ@ﬁ'ﬂgdecode t hei r

instruction bytes. Leagiréfetetcbulfar, wherein the prefetch buffer prefetches and

stores therein a plurality of sequential instruction bytes from the
instruction stream; '

a plurality of OFH detectors coupled to receive a corresponding
plurality of the prefetched instruction bytes, wherein the OFH detectors
generate a corresponding plurality of OF bits that indicate whether the
corresponding plurality of prefetched instruction bytes are OFH;

an equally corresponding plurality of OFH shifters, wherein when
the corresponding prefetched instruction byte is OFH the corresponding
OFH shifter selects three sequential instruction bytes immediately
following the corresponding prefetched instruction bytes, wherein when
the corresponding prefetched instruction byte is not OFH the
corresponding OFH shifter selects the corresponding prefetched
instruction bytes and the next two sequential instruction bytes; and

an equally corresponding set of plurality of length decoders,
wherein each length decoder determines an instruction length, if any,
indicated by the corresponding selected instruction bytes based on the
corresponding selected instruction bytes and the corresponding OF bit.

19. An apparatus for decoding the length of variable length
instructions embedded in an instruction stream without differentiation,
each instruction including one or more blocks, wherein some types of
blocks contain no instruction length information, the apparatus
comprising:

means for determining whether a first block of the instruction
steam contains instruction length information;

means, coupled to the determining means, for selecting a first
plurality of biocks including the first block if the first block contains length
information, wherein the selecting means selects a second plurality of
blocks not including the first block if the first block does not contain
length information; and
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generates a length of 3 (corresponding to instruction #1 above). Length
decoder 1 generates a length of 5 (corresponding to instruction #2

above).' Length decoder 6 generates a |ength of orresponding to

i nstruction #3 above). Length dwz | ength of 5
(correspondi ng W@ otkgée’ UCt i On #4 above). !m “ﬂ‘ | engt h decQgfrRedFiias
-al so produce invalid | ength val ueg, \\“‘ I gure 10 because

they will |ater be discarded by |?1\\““ A ruétion logic in the decode
stage. The length values are stored*in®corresponding | ocations in |ength

buffer 44. At step 106, attribute bits decoder 58 generates a
set of attribute bits for each of the sixteen bytes in the prefetched
line. In one enbodi nent, the attributes bits are those of Table 1 and
appear in order fromleft to right as: -29- predi cted branch taken bit,
2) predicted bit, 3) page violation bit, and 4) valid bit. Exenplary
val ues for these bits are shown in Figure 10. The attribute bits

atiribute buffer 6o hean, dofipied 1o the SelpffiPiieBhR ¥of bBEoaig Hd Selectel .
of code rotator 48pkiElitef blocks g determing a:length of afirstvariablesleaght ch

I nstructi on poi nt eipnstrudctionthat inciades the first bistlkes [ C11: B14] are sel ected. The
first and second stages of length rotator 50, OFH rotator 52, and

attribute rotator 64 perform correspondi ng operations to select the
correspondi ng [ C11: B14]20-endh method for deggling the;length of variable length

PCT/ US96/ 20828 instructions embedded in an instruction stream without differentiation,
each instruction including one or more blocks, wherein some types of
blocks contain no instruction length information, the method comprising
the steps of: '

determining whether a first block of the instruction stream
contains instruction length information;

selecting a first plurality of blocks including the first block if the
first block contains length information;

selecting a second plurality of blocks not including the first block if
the first block does not contain length information; and

decoding the selected plurality of blacks to determine a length of
a first variable length instruction that includes the first block.

21. The method of claim 20 wherein the decoding step utilizes
the detector signal to decode the instruction length.

22. A method for decoding the length of variable length
instructions embedded in an instruction stream without differentiation,
each instruction including one or more blocks, wherein the instructions
are mapped to either a primary or secondary opcode page, the method
comprising the steps of:

detecting whether or not the first block points o the secondary
opcode page;

generating a detector signal that indicates whether or not the first
block points to the secondary opcode page;

selecting a first plurality of blocks, including the first block, if the
first block does not point to the secondary opcode page;
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-22- values, OF bits, and attribute bits, respectively. The val ues

sel ected by the first and second stages of rotation are those
underlitned in step 108. At step 110, the third stage of code
rotator 48 selects, based on the [B14] OF bit, bytes [Cl1l:B15] to shift
out the OFH hyte_in SF)OSI tion . ted bytes are underlined
in step 110. %37 d stage sel ects either 13 of 14 or PFAUSP6AR2%¢ | he
fourteen sel ected |nstruct| on !HIEW,MMMM the OF bit of the nost
significant byte in the fourt in this case bit [B14]).
Length rotator 50, OFH r ot at or 52 and "at fribute rotator 64 do not
performthe third stage of rotation. At step 112, based on
the I ength values and the OF bits of the prefetched Iine the fourth
stage of code rotator 48 selects the fi rsg o2nd second i nstructions,
shifts out a OFH opcode byte in the secon instruction if present, and

Cotator 50 and Or 1 G0 SEIHUANY oblogks b Wdiuting ik frst Elodkyr 2 a%cr
bi ts correspondi thy first biack peipts teithaisecendary opcods pagai@ndhe first and second
instructions (in thi sygummning apmstruaton [eﬁgﬂimdicatewy {neldelectegpect i vel y)

in instruction The fourth stage of attribute rotator
64 sel ects the abﬁ%@ﬁ?’emﬂﬁss corresponding to the first and second
instructions. In one enbodi nent, the attributes for each of the first
and second instructi ozg arﬁémbﬂWdﬁim 22 whetdin s inSthictiondlengdi ct ed

branch taken bit i i on
byte (LSB) 15 scPaBrBiME SR ifiiek hae6dst signal %ﬁ%@%ﬁ%ﬁ%@ﬁw he LSB
is selected; #3)lengt.page violation bit correspondi ng to the nost
significant instruction byte (MSB) is selected; #4) the valid bit

corresponding to the 5438 iﬂesﬁbﬁ'l%tde&;clﬁﬂldzf whetdif theBibéks are bytes and
the first block is a first byte, wherein a OFH byte points to the secondary
opcode page, wherein when the first byte is OFH the step of selecting a
first plurality of blocks selects three sequential bytes immediately
following the first byte, wherein when the first byte is not OFH the
‘selecting a second plurality of blocks selects the first byte and the next
two bytes immediately following the first byte.
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bit corresponding to the fourth instruction byte, if present, is selected.

The attribute bits selected in this exanple are underlined in step 112.

WD 97/ 24659 ,
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At step 114, t{Rdhiad and second instructions and their assqggl g’z“sﬁ OF
y the rota’?@r@é}, ,

bits, length values, and attribute bits selected b

52, and 64 are stored in instruction FIFO 66. , Thus, a net hod

and apparatus for fast decoding of 00H/3hd OFH nmapped i nstructions has
been described. In the foregoing specification, the invention has been
described with reference to specific exenplary enbodi nents thereof. It

will, however, Fof ' ﬁri rklﬁ nodi fications and changes nmay
be made ther etop (')'e{n!ie{) rtgg fro the Droader spirit and scope of
the invention asprgiix [Gsdodel MIdRM | SIBPHeDEPRCEMBNTY- IMARdRReCl fi cation

and draw ngs arie—aceogi-Rgtym—i-o _ anLllustrlative
rather than a re@ribcti ¥ sens6,1 0,1 0,1,24 0,124
Figure 2 (Prior Art)
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4 32 bytes i’ 32 bits
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CLAI M5 What is clained is: 1. An apparatus for
decoding the length of variable | ength i nstructions enbedded in an
instruction st r@;rzpz Lt hout differentiation, each i nstruglirfizedsegigidi N9
one or nore bl% erein sone types of bl ocks contain no

i nstruction length information, the apparatus conpri si ng:

a detector coupled to receive a flrst bl ock of the instruction stream

wherein the ector e r signal that indicates
whet her or | ul‘é ?Wé’n | nstruction | ength information;
a shifter couple to the detector, wherein the shifter selects a first

plurality of blocks includi th lock if the first block contains
| engt h I nformati on, @3@Pﬁﬁ9§¢"§¢951eu selects a second plurality of

bl ocks not including the firgt block if the first block does not
contain | ength i nformati on; %nd a length decoder, coupled
to the shifter, for decoding an instruction |ength indicated by the

sel ected pILrallty of bl ocks.

Instruction | |0OH Page Opcode r H Page Opcode
Decoder PLA Length Decoder | |PLA Length Decoder

(decodes length of
(decodes length of one OFH instruction in
one simple instruction | {two or more clock

per clock cycle) cycles)

Mux

\ 4 v
Macroinstruction Vectors Instruction Length



2. The apparatus of claim1 wherein the I ength decoder utilizes the

detector signal to decode the instruction |ength. 3. The
appar at'us of claim2 wherein the blocks are bytes and the first block
is‘a first byte, wherein the type of blocks that contain no | engt h
i nformation i nciygle, n@z bytes, wherein the detector generates OF
signals to indicate bytes in the instruction stream PCTAUS96/20828
The apparatus of claim3 wherein when the first byte is OFH t he
sel ector selects three sequenti al bxt es immedi ately follow ng WO
97/ 24659 - PCT/ US96/ 20828
- 25- the firsFigaee #dherein when the first byte is not OFH the
sel ector selects the first byte and the next two bytes inmediately
following the firs} 5. Thg . off either cleiml
or 4 further conprj !ﬂ*‘rﬁcﬂon plurality of leng %&#ﬁrg set%
| engt h decodi ng se | nc ud|§gg t he det ect o1, 24 an
decoder, wherein the [erﬁgt decodl ng sets are akranged-io
parallel on a cgrrespon( I ng—pturatrty—of
4
o Attribute Bits
, $
——{ Prefetch |——— e —— | Aftribute |-
Buffer 35 || Buffer g2
{ ParallelOFH | _|Paraliel OFH :
| Shifters 38 Detectors 36 l
| * |
| [Parallel Length |
: Decoders 40 3_5-:
...._._i._._..._—-_;—...-_._
Lenpth OFH
5 Buffer 44 Buffer 4¢
D M
M 7T
' v , IR
Code Length OFH Attribute ,
Rotator 48 Rotator 5p Rotator g2 Rotator g4
¥ ¥ ¥ ¥
Instruction FIFO 88
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'§ Instruction Decoder 68
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bl ocks of the instruction stream 6. An apparatus for

decodi ng the I ength of variable |ength I nstructions enbedded in an
i nstruction streamw thout differentiation, each instruction including
one or nore bl ocks, wherein the instructions are mapped to either a

rimary or sec pcode page, the apparatus conpri sipg.

g det e%:/_tor cou%ggh%ggrecei ve a first block of the instructiol;r%‘qwsgm% eam
wherein the detector generates a de#&for signal that indicates

whet her or not the first block points to the secondary opcode page;

a shifter coupled t%;he detector, wherein the shifter selects a first
plurality of blocks FIgtUn@idg the first block, for Iength decoding if the

first bl ogk daes. Dot point_to the secondary opcode page, wherein the
shifter skl ects a second plural i 4k 16PréfbteicButrenot i ncl uding the TTtst
block if the flrst bl ock points to the secondary opcode page; andl

a length decodkr, coup _%Ah( ada a2 [ [hiod e iucrni‘ﬂi ks ARG | &N a1 [ a0 o
i nstruction Iehgth i nd et-by—theiseteeed—phurpliytetr-becks- i

7. The apparhtus of [i'&(h|B'>{#eiE8|A°{ A ‘?"er?g P R SMe e | B2 | B8P |li zesl t he
det ect or si gnal t o hel isleiden]dg]cit]end st dsUeh i 06| dsdrgl s [z | o1 co | 8.
The appar at us bf cl ai mr—{wheet-r—fihe Hergi-h-rde 512 LA ]
(programmabl e | ogic ar [B81P"4] M2 {CHQUIBRE DY R |IPZ Bk [P3qo4 | A |52 faif omg I

mapped to bothl the primry and secondary_opcode_page: WO 97824659
PCT/ US96/ 20828 ~~ ~— ~— —— ——+—+—"—7/&7/T/ T —

¥ v v v v
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- 26- 9. The apparatus of claim8 wherein the detector Is a

conparator and the shifter is a nux. 10. . The apparatus of

cl ai m.7 wherein the | ength decoder, detector and shifter are

i mpl emented in a single PLA, wherein the PLA decodes the | ength of

I nstructions nqgged 0 both primary and secondary opcodepEpiiSes/20828

11. The appaﬁﬁ either clains 6, 8 or 10 wherein the bl ocks are
- bytes and the first block is a fir80byte, herein a OFH byte ‘points to

t he secondary opcode page, wherein when the first byte is OFH t he

sel ector selects ﬁee seqyential bytes imediately followi ng the first
byte, wherein whenfigRIrer byte is not OFH the sel ector selects the first
byte and the next twn hytes inmediately follow.ng thefirst byte _

12. The appalatus of cl ai m 64ixJ6PmfetchoBufferi sing a plurality of : | engt h

decodi ng set s} [galk [aaTik & B fﬁ%“ &l (U] g 3@,0%« @hor .

shifter and | & : A -bagi-htdebodi-rg—sttingtuglion | .
arranged to op¢PEiss |PR|Ha Al [Pl BBy &R | 841 &P bl okks of

! ( Pt E¥MdPh
the I nstructi dfcrslcsdelers|crlcro] oo | cs |63 o el calfedf & [ @b clalm 9 flrther
- &

LENRA =2 m et o SENAv TN pvavy -

conprising a plepkiytof ehgHh—dleepaHretsets—t-ededd | engt h debodi ng
set incl udi ng!{Me|ow|ots|ew|pote] B¢ | cahvt | anpesdIoA | pefea P d e pder | wher ki n the
| engt h decodi hg— — — SOt - & & -aFF ANGEd ~F 6~ SPeT-are — A Patr e+ bk on—a-|

corresponding plurality of _ _ blocks of the instruction stream _
4 x 18 Length Buffer |
| [ass]atafats[atz[ass[ato] ao [as [ a7 [ a0 [as [ as [as T az [ a1 [ a0 four bits of '
| lengthinfo |
| |B15|B14|B13|B12]|B11|B10]| B9 | B8 | B7 | B8 [ B5 | BA | B3 | B2 | BY | BO | Ppericcation |
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: A1 At4fatala12]ar1|a10] A0 [ As | A7 | A8 | AS [ A4 [ A3 | A2 [A1] A0 g'l;'bn :
| [B15|814|B13 |B12|B11|B10| B9 { B8 | B7 [ BO | BS | B4 | B3 | B2 | B1 | BO | Periocaton |
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T S L T T e e e e e S e e |
| 4 x 18 Aftribute Buffer l
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| [D15|D14|D13{D12{O11 |D10| OB | D8 | D7 | DS | D5 | D4 { O3 | D2 | O1 | DO g2 |




14. The apparatus of claim 10 further conprising a plurality of t he
PLAs, wherein the plurality of PLAs are arranged to operate in '
paral |l el on a corresponding plurality of blocks of the instruction stream
15. An apparatus for decoding the length of variable | ength

i nstructions enbedded in an instruction streamw thout diffepefiusdtiosns,
each i nstruct M2 YHEPUq ng one or nore blocks, wherein the instructions

WD 97/ 24659 PCT/ US96/ 20828

-27- are mapped to either a pri®#®y or secondary opcode page, the
apparatus conpri sing: a plurality of detectors coupled to
receive an equally corresponding plurality of blocks of the instruction

stream wherein eagm dﬁt ector generates a detector signal that
i ndi cat es whet her STIGUTe e correspondi ng bl ock points to the

secendary opcode an equally g NGg—pttal ity of
shifters coupl ed {0 héuRction etectors, wherei I SPaghtg S EL
correspondi ng fir§t pd:auhaL# of bl ocks, tihd coru.qsp%qli ng
bl ock, if the corlespondi iy bl ock does nol t Re_second¥Fy
opcode page, rein egchishifter selects a co ' second
plurality of se&juential]l bl ocks, not I'ncl udi ng the corﬂes ondi ng bl ock,
if the corresp@di ng bliock points to
o Attribute Bits
Decoder 58
E!
- Prfeth |- — b — —~  Atribute |
Buffer 3o { . , 'Tl Buffer g
: Paralle! COH/OFH :
|| DetectShiftlLength Decode PLAs |
1 |
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My M
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t he secondary opcode page; and an equal ly correspondi ng
plurality of |ength decoders coupled to the shifters, wherein each

| engt h- decoder decodes the sel ected correspondi ng plurality of blocks
and correspondi ng detector signal to determ ne an instruction | ength

I ndi cated by t ted correspondi ng plurality of blo

16. The appar‘?ﬁﬁ%?;cl aim 15 wherein each of the length Q%S{augg%o%s Is a
separate PLA that decodes instructions mapped to both the primary and -
secondary opcode maps, and wherein tAélQetector is a conparator and the
shifter is a nux. 17. The apparatus of claim 15 wherein each

| engt h decoder and correspondi ng shifter and detector are inplenented
in a PLA such that each PLA perfornms functions of detecting, shifting,
and | ength decodi ng, wherein each PLA decodes the |ength of

I nstructi ons nmapped to both the primary and secondary opcode page.

18. An appar at us fgpsﬂﬁféﬁﬁpg the length of variable |ength

i nstructions enbedd J instruction streamw thout differentiation,
\e/\%cg?} gzgggct |ren—|-ﬁe+ud1-ﬁg-eﬁe—m~-ﬁﬁf4e;11anpeﬁmu€t;ug?—bybe& vdae-rer-n—-t—h-e‘

PCT/ US96/ 2082
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- 28- instructions are nmapped to either a primary or secondary opcode
.page, t he apparatus conpri si ng: a prefetch buffer, wherein

the prefetch buffer prefetches and stores therein a plurality of

sequential instruction bytes fromthe instruction stream a

plurality of CFF%pe ctors coupled to receive a correspondi ngcr/usosrbsgal i ty

of the prefet@ﬁ% truction bytes, wherein the OFH detectors generate

a corresponding plurality of OF bits that indicate whether the

corresponding plurality of prefet&A@d instruction bytes are OFH;

an equally corresponding plurality of OFH shifters, wherein when t he

correspondi ng prefetched instruction byte is OFH the correspondi ng OFH

shifter selects three sequential instruction bytes imrediately

followi ng the corresponding prefetched instruction bytes, wherein when

t he -correspondi ng gegfetch instruction byte is not OFH t he

correspondi ng OFH %’guﬁe |l ects the corresponding prefetched

instruction bytes and the next two sequential instruction bytes; and

an equally corr& ndi B ateibutes Ul al of | h@Ridida Spcode erein

each I ength dec mfﬂé?g?i Agg 2R i15%?fgﬁioLELGHQLAE@EEEgiy, ~adi cat ed

by the correspond! Wy stPils:t 6 titsper uBt 1DMVE9yt es based - dhbytes

correspondi ng sel ected instriostbh bytes and the corresponding OF bit.

19. An apparatus for decoding the I ength of variable |length

instructions enbedded in an instruction streamw thout differentiation,

each instruction including one or nore bl ocks, wherein sone types of

bl ocks contain no instruction length information, the apparatus

conpri si ng: means for determ ning whether a first block of the

instruction steam contains instruction |ength information;

means, coupled to the determ ning neans, for selecting a first

plurality of blocks including the first block if the first block contains

| engt h




I nformati on, wherein the selecting neans selects a second plurality of

bl ocks not including the first block if the first bl ock does not contain

| engt h-information; and WO 97/ 24659

PCT/ US96/ 20828 - 29-

means, coupled to the selecting nmeans, for decoding the selected

plurality of BR8P 5 det ernine a | ength of a first vari abl

instruction that includes the first bl ock. 20. A nethod for
decoding the length of variable |engtle/i0 instructions enbedded in an

I nstruction streamw thout differentiation, each instruction including

one or nore bl ocks, wher@gl nzspgpytzypgsgof 2 ¢ g pbocke cent @@ cng i nstruction
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the first bl ock does not contain length informtion; and

tlecodi ng the selected plurality of blocks to determne a | ength of a
first variable length instruction that includes the first bl ock.

2k The nethod of claim 20 wherein the decoding step utilizes t he

det ect or signa paggode the instruction |ength. %ﬁ?ﬁ t hod
for decoding t#}vgél;engt h of variable | ength I nstructions e dv' I'n an
i nstruction streamw thout differentiation, each instruction including
one or nore bl ocks, wherein the i nst%®¢ti ons are mapped to either a
primry or secondary opcode page, the nethod conprising the steps of:
detecting whether or not the first block points to the secondary opcode
page; generating a detector signal that indicates whether or not
the first bl ock points to the secondary opcode page:

selecting a first plurality of blocks, including the first block, if the
first block g? ES not paoint to the secondary opcode page; WO

97/ 24659 igure ‘H

PCT/ US96/ 20828 - 30-

in a prefetch pipeline stage, prefetch a line of sequential instruction bytes from
instruction cache 30 and store them in prefetch buffer 32. 120

T

In a fetch pipeline stage, detect whether the prefetched instruction bytes point
to the OFH opcode page and gensrate a set of OF detection signals or bits.
Store the OF bits in a OF buffer 40, 122

$

Vln the fetch siage, seiect sets of three sequential instruction bytes for length
decoding by shifting out opcode bytes that point to the OFH opcode page. 124

+

in the fetch pipseline stage, decode the length indicated by each set of selected
instruction byte sequences using the OF bit information to speed up the length
decoding. Store the langth values in a length buiffer 44. 126
!
in the fetch pipeline stage, select a first instruction from the prefetched line of
instruction bytes based on a prefetch instruction pointer. Shift a OFH opcode
byle out of the first instruction, if present, before storing the first instruction in an
instruction FIFO 66. Store the OF bit and length value associated with the first
instruction in instruction FiIFO 66. 128

—

In the fetch pipeline stage, select a second instruction from the prefetched line
of instruction bytes based on the prefetch instruction pointer and the {ength of
@ first instruction. Shift a OFH opcode byte out of the second instruction, if
present, before storing the sscond instruction in instruction FIFQ 68. Store the
OF bit and length value associated with the sacond instruction in instruction
FIFO 68. 130

3

Send the first and second instructions and associated OF bits and fength values
to U and V pipe instruction decoders, respactively. Decode the instructions, OF
bits, and length values to determine the appropriate maaomstmctlon vectors to
issua to execution units of the processor. 132
—
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selecting a second plurality of bl ocks not

the first block points to the secondary opcode page;
determ-ning an Instruction |ength indicated by the sel ected
of bl ocks.

| engt h

I nstruction
bl ocks are bytes an

“byte poi

23. The net hod of

determning step utilizes the detector signal Ay
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{57) Abstract

601“&:NHHHODANDAPHUUHUSFORFASPDEGMMNGOFOOHAMDOH{’Kh%DdMHRUCﬂMNE s

A method and apparatus for fast decoding of
OOH and OFH mapped insttuctions, A set of in-

struction bytes are selected for length decoding. In-
struction bytes that contain no length information,
such as OFH opcode bytes in the Intel architecture
instruction set, are detected and shifted out of the
utbefowlengd\decodingtodemimﬂwlength
of an instruction is performed on the set. Removing
instruction bytes that contribute no leagth informa-
tion allows the length decoder logic (40) to be opti-

mized for size and speed. In one embodiment, paral-
Tel length decoder sets (35) that each include a detec-
tor (36), shifter (38), and length decoder (40) operate
in paralle]l on a line of instruction bytes preferched
from an instruction cache (30). In one embodiment,
the length decoders are PLAs (programmable logic
arrays 37) that are combined with separate shifters
and detectors logic (12-15). This embodiment advan-
tageously allows smaller PLA length decoders (37).
In another embodiment, each set of detector, shifter,
mdlengﬂldeeoderilnnplumtedmasinglem
{37). In this embodiment, the detector/shifter/length
decoder PLAs (37) are larger but can be optimized

for greater overall speed. The present invention is ad-

vantageously used to determine the length of multiple

variable length instructions before the instructions are

decoded for execution.
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