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| NVENTION Field O The Invention This invention relates to conputer
prokessors and, nore particularly, to methods and apparatus for rapidly
determ ni ng the |l ength of instructions being processed froma stream of
sequential instructions of variable Iengtﬁs whi ch are not differentiated
one fromanother. History O =¥ie Prior Art Conputer designers are
continually attenpting to make conmputers run faster. One way in which-this
may be acconplished is to nake the conputer process instructions faster.
Typically, a conputer processor handl es the instructions of any process in
sequenti al order one after anot he Thus |nstruct|on one nust be
processed or & AFORS )22 0205180 P Y27 r2Y: & : ATIL exanpl e,
conput ers based on the nlcroprocessors nanufactured by InteI Cor por ati on

i ncl udi ng the 8086, 8088 802861Fh$rrg and the [err] mcroprocessors
(herei naf t er BAFEGRUIND PBSTHRINYENAIGN croprocessors) operate in response

to instructions which vary in length fromone byte to fifteen bytes. These
i nstructions re.arra ed 4.0 eg:strng prograns for the Inte
nicroprocessdﬁ%—%éLéﬁ;§%§%1n§131xPTn typrcal sequenti al order.

This invention relates to computer processors and, more

particularly, to methods and apparatus for rapidly
- determining the length of instructions being processed from
a stream of sequential instructions of variable lengths

which are not differentiated one from another.

Bistorv Of The Prior Art

Computer designers are continually attempting to make
computers run faster. One way in which this may be
accomplished is to make the computer process instructions
faster. Typically, a computer processor handles the
instructions of any process in sequential order, one after
another. Thus, instruction one must be processed or at
least decoded before process two can start. For example,
computers based on the microprocessors manufactured by Intel
Corporation including the 808§, 8088, 80286, i386TM, and the
i4geTM microprocessors {(hereinafter referred to as the Intel
microprocessors) operate in response to instructions which
vary in length from one byte to fifteen bytes. These
instructions are arranged in existing programs for the Intel
microprocessors to be manipulated in typical sequential

<

order.
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2 One way in which the speed of conputers is increased is by pipelining
I nstructions. Instead of running through each instruction until it is
cenpl ete and then commenci ng the next instruction, the stages of an
i nstruction are overl apped so that no pakt_of the conmputer lies idle while
anot her stage is being acconplished. The conputers based on the Intel
m croprocessors pipeline instructions so that each phase of the operation
may be handled in one ckp%$ E riod. hefphasestor steps_into ich A
i nstruct i on®P&r YaY Mt EP1ifc gﬁrBE?? of* aF ™R VFRa Pt ude® T &t chf ng t he
i nstruction_f.rom.wherever .it i.$S ore dj 1 DS Wely) ecutin
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for later u§@.+EQeh ioh LAe:qi fkesentonhensei sndeshanedolfefomlrengne cl ock
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period. Different portions of the conputers acconplish each e steps in

the pipeling.Qn SeQueniedbnl, NeheUcthgBS JHM4RY; £8€LuELOGK PLEI 0d. Thus,
during a first clock period the prefétch portion of the conputer fetches an

i nstructi ongohie@ma age andtahbgpartt osothBatomputendyidorides osh Hle
During a second clock period the prefetch portion of the conputer fetches
t he next i nghottblerorthgemist bedgeg andomplfjsksedt sDhéhatepsteradyased on
decoding in the third clock period. A '
the Intel microprocessors pipeline instructicns so that each
phase of the operation may be handled in one clock period.
The phases or steps into which a instruction for an Intel
microprocessor are divided include fetching the instruction
from wherever it is stored, decoding the instruction,
executing the instruction, and then writing the results of
the execution to storage for later use. Each of the
different steps is designed to reguire one clock period.
Different portions of the computers accomplish eaéh of the
steps in the pipeline on seqguential instructions during each
clock period. Thus, during a first clock period the
prefetch portion of the computer fetches.an instruction from
storage and aligns it so that is ready for decoding. During
‘a second clock period the prefetch portion of the computer
fetches the next instruction from storage and aligns it so
that is ready for decoding in the third clock period. A
decoder portion of the computer does the first stage of
decoding of the first instruction fetched during the second

clock period. The decoder portion of the computer does the

first stage of decoding of the second instruction fetched
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decoder portion of the conputer does the first stage of decoding of the
first instruction fetched during the second clock period. The decoder
partion of the computer does the first stage of decoding of the second
i nstruction fetched -3- during the tbi%d_clock period. By pipelining
i nstructions the overall speed of operation is significantly increased. The
I nstructions are available to be prefetched on the bus or froma cache

menory as a_ siheay eheb¥hesal B1¥BkCPePPoaNStBYCHE GBI 51 i T {RE@ALERL6HsT rOom
any other. These i'nstruction nust be prefetched fromtheSe sources in one

cl ock periodsnEhéyer@dghspBstr Y€t bpBrhtiogensr 8k ynappeansly Nivkeesséd. any
process. In order to determne the length of an Instruction being
prefetched for processing at any tinme, previous conmputers using the Intel
m cr opr ocessuhe tigekractibhtcaeat anaieblef tbybesptofdeteedi oe the dype of
instruction and its length and decoded the instruction to determne its
content. Webnrt firorhas cekebr meponpl ashadsttéanm| efigbiites imevhighroetion

bei ng processed and the starting point for the next instruction in sequence
are known andnsixuséipadipaékfferentipred efeamuany. ofes- hakh¢®f ced t he

decodi ng of instructions in all previous conputers based on ‘
. instruction must be prefetched from these sources in one

clock period. Thus, each instruction (in general) appears
in order in any process. In order to determine the length
of an instruction being prefetched for processing at any
time, previous computers using the Intel microprocessors
took a sufficient number of bytes to determine the type of
instructioﬁ and its length and decoded the instruction to
determine its content. When this has been accomplished, the
length of the instruction being processed and the starting
point for the next instruction in sequence are known and can
be fed back to the prefetch unit. This has forced the
decoding of instructions in all previous computers based on
the Intel microprocessors to be conducted serially. This
also makes the time used in determining the length of an
instruction critical to the speed of operation of the

computer.,

To date the process for accomplishing this length
determination has been able to keep up with the speed of the
computers. However, new processors are being devised in
which the present methods of instruction length

determination are not fast enough. A computer can be made



the Intel mcroprocessors to be conducted serially. This also nmakes the
time used in determning the length of an instruction critical to the speed
of operation of the conputer. To date the process for acconplishing this

| engt h determ nation has been able to keep up with the speed of the
conputers. However, new processors are belng devised in which the present
nmet hods of instruction I ength determ nation are not fast enough. A conputer
can be nade -4- to process instructions faster if two or nore

i nstructi ongcardeesunsitmidamesudlagtefhis ey be accenphisshedthpns

provi ding nore than one processing path or channel for the instructions
handl ed by tdsen denpwrers v ranasusg vt-he Thisceeyi kg pachapdisbedabious!y
whenever possible. A conputer having a processor with two or nore

processi ng PRSI Moxce BwpuIAne BF OSeRERPENDBES PrpFbaessingogekbeal
machi ne instructions which are normally run serially is ¢alled a super

scal er conpd#@ﬁrqqt¥9ﬂ?|§§HQ%%¥ﬁﬁéFthCPBPBEQEoﬁHQrEPHPFVQSGEEessfuI it

must have a_base of, atian rogr ans JWhich it can run when jt is
i nt roduced ﬁﬁ'g%ﬁﬁyfﬁg ggﬁ eoug Msgpgnever p0551bwg. k

computer having a processor with two or ‘more processing
paths which are capable of simultaneously processing general
machine instructions which are normally run serially is

called a super scaler computer.

If any new computer is to be commercially successful, it
must have a base of application programs which it can run
Iwhen it is introduced in order to be of interest to users.
The most economic way to provide such programs is to design
the new computer to operate the application programs

designed for an earlier computer or family of computers.

In order‘to provide a super scaler computer which is able to
function with software used by older computers using the
Intel microprocessors, the new machine must be able to
understand and process the instructions Jf that software.
Since ihe instructions used in the for the Intel
microprocessors vary in length from one byte to fifteen
bytes and are arranged in existing programs to be
manipulated in seguential order as a stream of bytes in
which no instruction is differentiated from any other, the
determination of the length of instructions has become more

critical. The prior art method of first decoding an



The nost economc way to provide such progranms is to design the new
conputer to operate the application prograns designed for an earlier
conmputer or famly of conputers. In order to provide a super scaler
conputer which is able to function with_sqftware used by ol der conputers.
using the Intel mcroprocessors, the new machi ne nust be able to understand
and process the instructions of that software. Since the instructions used

in the for thg dJ u%tirggxﬂt{%ﬁéi%&%%ﬁ&%% ‘i@éy1%95'551?%%20%8%‘6989@%’& m%ge

fifteen bytes and are —in"existing p ; mant pulated in
sequential orggl sac%ral:i%tgr%@;%@.f £B¥! @Bel AWl GRSROULRSLAUEE I ObhSnce is

differentiated fromany "ot her, the determnation of the length of

i nstructions fi@s hagomoehe critical. The prior art method of first

decodi ng an -5- instruction to determne its length in order to

determ ne the starting point for the next instruction in sequence i s not

fast enough. SSirfwee aa ssipeer seadker nqeAbhaenuest ppboeessSaat 1éeaist a0

i nstructions sinultaneously, it must decode two instructions

si mul t aneouslinsthowhiens samsédkeceotbéycoitentsst detddg Pod nind wruat seeond

instruction, it nust know where a first
simultaneously. However, to select the correct starting
point for a second instruction, it must know where a first
instruction ends so that it may know where the next (second)
instruction begins. Yet only by decoding the first
instruction can it know the length of the first instructiocon
and, thus, where the second instruction begins. The entire
purpose of the super scaler to process two instructions at
the same time is defeated if the processing of the second

instruction must await the decoding of the first instruction

before it can begin.

An arrangement used in the prefetch operation for
determining the ends of individual instructions in a stream
of instructions without-decoding the instruction in the |
decode circuitry is described in U.S. patent application

Serial No. 831,942 , entitled End Bit Markers, E.

Grochowskl et al, filed on even date herewith, and assigned
to the assignee of the present inventioﬁ. One of the
problems encountered in designing the arrangement of this
patent application was to provide an arrangement for
deriving from the stream of instruction data available a

sufficient amount of data to include the two seguential



instruction ends so that it may know where the next (second) instruction
begins. Yet only by decoding the first instruction can it know the | ength
of*the first instruction and, thus, where the second instruction begins.
The entire purpose of the super scaler to frocess. two i nstructions at the
sanme tinme is defeated if the processing of the second instruction mnust
await the decoding of the first instruction before it can begin. An
arrangenent used in the prefetch operation for determning the ends of

i ndi vi dual iisstuettdossivhichtarantofbe metaarstsashsowittho twal edothimegl ¢ he
i nstruction in the decode circuitry is described in U S. patent application
Serial No. ®S8lthg2super scalentPIOREENY “Biitlavaraiera irdngdatdehoiesdd eaf al
filed on even date herewith, and assigned to the assignee of the present

i nvention. CHeeoPPRRREEPBIPENe TR id IS AYAFGENIFRAY aiyenent of

t hi t ent licati t id ; t .f derivi f th

stream of | REFTELPEN Hath Svakd 5Bl e PRUATAUC HrdInt %t —dSehdo8 i nel udo
. . WAL iléﬂé%t(%ofa i i

the two sequentigloy pud sl 05l MBI BNy
Length Instructions From A Stream Of Instructions, E.

channel s of

Grochowski, filed on even date herewith, and assigned to the

assignee of the present invention.

In order for the arrangements described in each of the
above—ﬁentioned patent applications to function correctly,
and even though the instructions need not be decoded to
determine an instruction length to derive a starting point
for each next instruction, the length of each instruction
must still be determined. Moreover, the length of
instructions processed must be determined in one clock
period in order for the super scaler machine to perform
correctly in maintaining the operation of a pair of
pipelines. However, the typical method of determining the
length of an instructions uses a plurality of adders in a
chain with a carry generation operation. Such an operation

cannot be carried out within the clock period provided.

Summary Of The ‘Invention

It is, therefore, an object of the present invention to
speed the computation of the length of an instruction in a

computer system using varied length instructions.



the operation of the conputer. Such an arrangenment is described in U S
patent application Serial No. 831,968 entitled Two Stage W ndow
Mukti pl exors For Deriving Variable Length Instructions FromA Stream O
Instructions, E. Gochowski, filed on even date herewith, and assigned to
t he assignee of the present invention. In brder for the arrangenent s
descri bed in each of the above-nentioned patent applications to function
correctly, and even though.the instructions need not be decoded to

det er mi ne an_ nstructjon length to q$r|v a star %1p0|nt f.or, eac next

i nstruction, TEhtS | FAGHIE O FRFET A TV Fu ST (PRRE eﬂﬁ
Mor eover, ot h I en t h 0;%1"; n%";n a%%émoerh% %r%cerssed %@Ezéc%ng}%pg]ﬁ%; % ne ota one.

cl ock perlod per sca rrectly in

mai nt ai ni ng %er &E’Er@ftﬁgﬁ] ngt:ﬁc%}ofoﬁf Lﬁtﬁ%éz"ce%néﬂ&yﬁf‘é% d h&d yical

met hod of de nlng an i NSEruct i ons Uses a plura y of
adders in a’ EQﬂM‘né\&tfbﬁ%&@réﬁ/ IR Al RASIGH Qe 3 QRS %td %e

cannot be carried out hin the clock period provided. Sunmary O

I nvention |tsy §lc§imgaﬁéyehrﬁghggﬂéﬁﬁs of the present invention to speed t he
conmputation of the length of an instruction in a conmputer system using

varied length instructions.
These and other objects of the present invention are
realized in a circuit for determining the length of an
instruction comprising means for proving a sequence of
instruction bytes greater than a single instruction length,
rotator means for selecting a sequential number of
instruction bytes for decoding commencing at a byte which
begins a first instruction, control means for operating the
rotator, and means responsive to a decoded length value
derived from the first instruction for causing the control

means to cause the rotator to rotate to the beginning of a

next instruction.

These and other objects and features of the invention will
be better understood by reference to the detailed
description which follows taken together with the drawings
in which like elements are referred to by like designations

throughout the several views.

Brief Description ¢f The Drawinas

Figure 1 is a diagram illustrating the possible fields of

instructions used with the Intel microprocessors.



-7- It is another nore specific object of the present invention to provide
an arrangenent for rapidly conputing the total lengths of a plurality of
mul tipart instructions and the conbined | ength of those instructions

wi t hout the use of the typical adder arrangenents. These and ot her objects
of the present invention are realized in a circuit for determ ning the

| ength of an instruction conprising neans for proving a sequence of
instruction bytes greater than a single instruction |length, rotator means
for sel ecti Myiguseqier ialbingiheriagram ol gcGiFTubf €9MSGE UEEEditRg
commencing at a b%;e which begins a first instruction, control neans for
operating tHRCeIE@BIC WHE g PLEESHONIWENEG R -decoded | engt h val ue
derived fromthe first instruction for causing the control nmeans to cause

the rotator to rotate. to tsbmgqct}(te i.nni ng of. a next i.nstruction. 'Iéhgse and

otper obj ectBEHMLE foattre grhtolfoﬁ WIS BEFEEF ATi§Sr $food by
reference to the detail descripti i | t : i.th th
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t hr oughout tzlhc?tét?é’:eé A Ml s e ibj]qg‘ F?‘%%ﬁ?l ption O The Drawings Figure 1 is
e fi'e

a diagramilTustrating the possi s of

Notation And Nomenclature

Some portions of the detailed descriptions which follow are
presented in terms of symbolic representations of operations
on data bits within a qomputer memory. These descriptions
and representations are the means used by those skilled in
the data processing arts to most effectively convey the
substance of their work to others skilled in the art. The
operations are those requiring physical manipulations of
physical quantities. TUsually, though not neces%arily, these
quantities take the form of electrical or magnetic signals
capable of being stored,'transferred, combined, compared,
and otherwise manipulated. It has proven convenient at
times, principally for reasons of common usage, to refer to
these signals as_bits, values, elements, symbols,
characters, terms, numbers, or the like. It should be borne
in mind, however, that all of these and similar terms are to
be associated with the appropriate physical guantities and

are merely convenient labels applied to these guantities.

Further, the manipulations performed are often referred to

in terms, such as adding or comparing, which are commonly



I nstructions used with the Intel m croprocessors. -8- Figure 2 is a

bl ock diagram of a circuit constructed in accordance with the present

i nvention. Figure 3 is a block diagramof a circuit constructed in
accordance with the present invention for pnplenenting the rotators
illustrated in Figure 2. Notation And Nonehcl ature Sone portions .of the
detail ed descriptions which follow are presented in terns of synbolic
representations of operations on data bits within a conputer nmenory. These
descri pti onsa3Bdch 8PEESRIt R hONSa Bl §pdhet IBRAESp&SLeiYa thpse wkidhed in the
data processing arts to nost effectively convey the substance of their work
to others skopkedton.t heo astich Tdepaipel Aty 008 areuhdosepsetiny iy physi cal
mani pul ati ons of physical quantities. Usually, though not necessarily,

t hese quantiheesssaky thedésimbie elmarostatases nbgnety coSitgrml s capabl e of
bei ng stored, transferred, conbined, conpared, and otherw se mani pul at ed.
It has proveapebatéanenieseribesiempimcvipich yoor padsmh Wie auamrntisage,
to refer to these signals as bits, values, elements, synbols, characters,
terms, nunbetBVeBFlPhe FR&eOPEF2LHIYF BPBHe BRFHENe operations. In all

cases the distinction between the method operations in
operating a computer and the method of computation itself
should be borne in mind. The present invention relates to
apparatus for operating a computer in processing electrical
or other (e.g. mechanical, chemical) physical signals to

generate other desired physical signals.

Detailed Description ©0f The Invention

Figure 1 illustrates the components of instructions used
with the Intel microprocessors. As may be seen, an
instruction may consist of several fields. The number of
fields may include from zero to four bytes of prefix
information, one or two bytes of opcode, zero or one byte of
ModR/M information, zero or one byte of Sib information,
from zero to four bytes of displacement information, and
from zero to four bytes of immediate information. All of
the fields other than the opcode are optional. The maximum
length of any instruction is fifteen bytes. The minimum
length is one byte of opcode. The details of fhe individual
elements of instructions are described in 1486

Microprocessor, Programmer’s Reference Manual, published by

Osborne McGraw-Hill, 1990, pp. 26-1 et seqg.. Pertinent to



in mnd, however, that all of these and simlar terns are to be associ ated

with the appropriate physical quantities and are nerely convenient | abels

applied to these quantities. Further, the mani pul ati ons perforned are often

referred to in terns, such as adding or _cq aring, which are comonly 9

associated wth nental operations perfornegpby a human operator. No such

capability of a human operator is necessary or desirable in nost cases in

any- of the operations described herein which formpart of the present

i nvention; theiepekiatiiessoar ¢smanbi pecopehati ohs. prasahte cadeshd OAR/M

di stinction between the nethod operations in operating a conputer and the

met hod of coppteatsoknbwaeEforhbhédobeoderineten andidthdher pseventof Mient i on

rel ates to apparatus for operating a conmputer-in processing electrical or

other (e.g. &ebhhptealis khewncirpmphieiBafiRN ghnts- t oCERPRERRRE B hefhe

desired physical signals. Detailed Description O, The I nvention Figure 1

i | | ustrates LBBgtbnpéntheseofhrast pLeReRhS A5edn WRRCYREtioh gray be

m cr opr ocessors. seen, a instruction,nay,cq$si§§ f several
Sy

As may be n
fields. The RekBERLIBES] FePFREPRRYAFNEPBIETFIORT 2ETD 19 T9Dytes of prefix

Moreover, the prefix bytes are handled by the decode unit
separately, and each byte éf prefix fequires one clock
period to decode. These prefix bytes, if they exist and
they are rare, slow the operation of the decode unit and
cause it to step the pointer value by one bit at a time to
move the instruction rotator one byte at a time until other
than a prefix byte is encountered; consequently, the
decoding of prefix bytes is not attempted simultaneously
with the execution of other instructions and the decoding of
the prefix bytes is not a portion of this invention. Other
details relating to an instruction, other than the length of
the individual portions of an ihstruction, are not important

to this specification and are not included for that reason.

The instructions used by the Intel microprocessors are
available to the prefetch circuitry of the processor in
serial order without a means to differentiate one from
another except by decoding the instructions. Since the
instructions may be of a variety of lengths, the computers’
based on the Intel microprocessors have been reguired to
decode each instruction and determine its length before the

beginning of the next instruction could be determined. So



I nformation, one or two bytes of opcode, zero or one byte of MddR M

I nformation, zero or one byte of Sib information, fromzero to four bytes
ofs di spl acenent information, and fromzero to four bytes of immedi ate
information. Al of the fields other than;the opcode are optional. The
maxi mum | ength of any instruction is fifteen bytes. The mnimumlength is
one byte of opcode. The details of the individual el ements of instructions
are described in 1486 Croprocessor, eferen

publ i shed by CEBoffie* WG AW 1T aﬁ@Qﬁse °n§6 1[1 %t T anqcf’errfl ne%d}%o -
10 - this d'ﬁ?&gﬁéf?%% eﬁgfnéaﬂuwtg'ﬁ&ugﬁe &ﬁf%]?ﬁ‘%% Qéer“}ﬁote 1 kbyte i S

known fromt pco yte, and the présence nown from

the MdAR M bytge LPNseguenbly. rideulREgLD Rfve heserddusg, eé@rmt sbeqio;@él

i nstruction may be deternined togéther as the instruction is decoded

Moreover, thgopsedixr by es. arei ianehedadyehibeodesosier 41 e paicatielas and
each byte of prefix requires one clock period to decode. These prefix

bytes, if theyiexi skoahdstheytbses rase, bsl protdesopes bbu Drarofoudisy dedote
unit and cause it to step the pointer value by one bit at a tine to nove
the instructtimeroéqeiredneobj¢eemtinetime lemgth ovHean instruction has

become critical.

The typical method for accomplishing the length
determination in prior art machines has been to determine
the length of each portion of the new instruction (apart
from the prefix bytes) and add those lengths and the pointer
to the last instruction using typical carry propagate
adders. This provides a new pointer value. This new value
may be deccded and used to operate multiplexors to transfer
a sufficient amount of instruction data to provide the
instruction length beginning at the correct byte position in
the stream of instructions. The time for the addition of
the components of the length using this method is delayed
because of the necessity of waiting for carry bits to
propagate through the chain of conventional adders. It has
been found that with clock frequencies of fifty megahertz
and over and a requirement to add the lengths of at least
two instructions to an eﬁisting pointer value, the operation

cannot be accomplished within the desired tine.

Referring now to Figure 2 there is shown a block diagram of

a circuit 10 constructed in accordance with the present



than a prefix byte is encountered; consequently, the decoding of prefix
bytes is not attenpted sinultaneously with the execution of other
instructions and the decoding of the prefix bytes is not a portion of this
invention. O her details relating to an-ifstruction, other than the length
of the individual portions of an instruction, are not inportant to this
specification and are not included for that reason. The instructions used
by the Intel mcroprocessors are available to the prefetch circuitry of the
processor in serial order. without,,a neans to differentiate one from anot her

except by detOHRPGRe i TR rudtTUts I SiHEF 1IReT dts e ey Sh& ot e
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instructions are use ne at "a tine an equency renual ns

enough, thi : i . I j Lhave
dhsed (37 RLPEEALRDSE Qo MR il R ddee ety

i ncreased, _ econe nore éifflcu ( per scal er
nmachi nes i n pdgdyd Mok NSEHdI GRS H1BY kA iNriocas sed & iay aneguskyrst A
time required to determine the |l ength of an instruction has becone
critical. accomplish the addition without the delay incurred by the

carry propagate operation.

The circuit 10 to accomplish this takes the old prefetch
instruction pointer value from a latch circuit 12 in which
that value is held to control the selection of the present
instruction from a sequence of instructions. The pointer
value is furnished as a thirty-two bit value to a first
rotator circuit 13. The value held in the latch 12 is not
the typical coded value; but rather it is a bit vector which
is thirty-two bits long with a single one of those thirty-
two bits set to indicate a byte position. This byte
position indicates the first byte in the instruction the
length of which is being measured. The instruction is
furnished by a rotator 14 in response to the pointer value.
The roﬁator 14 uses this value to furnish from the
instruction stream fourteen bytes of instruction data
aligned at the beginning byte of the first of two
instructions being processed. The details of the circuitry
by which the instruction is furnished by the rotator 14 are

described in the patent application, referred to above,



The typical nmethod for acconplishing the |ength determnation in prior art
machi nes has been to determ ne the |l ength of each portion of the new
instruction (apart fromthe prefix bytes) and add those | engths and the
pointer to the last instruction using typlqel carry propagate adders. This
provi des a new pointer value. This neM/vaIue may be decoded and used to
operate nultiplexors to transfer a sufficient anpbunt of instruction data to
provide the instruction | ength beglnnln%_at t he correct byte p05|t|on in
the stream diistediciyattacy GRS IRl XRNS (E9F Srer s&agmle of
t he | ength using i i

for carry bt propagate throdgh the et h—oF—C OrFeTr * adders. It
has been found that with clock frequenC|es of flfty negahertz and over and
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exi sting pointer va He opera S o cann conpll

desi red 't ey RN Nk R QTG &2 9 d scosfbemleebgack di agram of a

circuit 10 constructe n accordance wth e present - 12 - invention.
The circuit JHh Al s it gd@fd 16 aNCite OnddiRdtilodr cakh Bt BadnOf
determning instruction | ength and thus

transferred to a decoder 16 which begins the translation of

the information contained in the instruction. The decoder
circuit 16 includes a number of programmed logic arrays
which look at the various elements of the fields of the
instruction and provide useful data. The method by which
this is accomplished is not the subject of this patent and
therefore is not detailed here. U.S. patent application

Serial No. 823,881 , entitled Microprocessor With

Apparatus for Parallel Execution of Instructions, E.

Grochowski, filed 23.01.92. , and assigned to the

assignee of the present invention describes in detail the
circuitry and operation of the decoder circuits with which
the preferred embodiment of the present invention

cooperates.

One of.the elements of data provided by the decoding is the
length of the opcode, ModR/M, and Sib portions of the
instruction. As pointed out above, the determination of the
opcode will tell whether a ModR/M byte of instruction
exists; and certain bits of the ModR/M byte (if it exists)
will tell whether a Sib byte exists. Thus, the length of

these three elements of the instruction are determined



accel erates the operation of conmputer processors. Instead of utilizing a
typical adder with its delayed carry propagation, the circuit 10 utilizes a
series of rotators to acconplish the addition w thout the delay incurred by
the carry propagate operation. The circgié 10 to acconplish this takes the
old prefetch instruction pointer value fr éla latch circuit 12 in which
that value is held to control the selection of the present instruction from
a sequence of instructions. The pointer value is furnished as a thirty-two’
bit val ue t caydtitext arat ghomisheduitio the Théatahrua helsdai pohheolasthn2 is

- not the typical coded value; but rather it is a bit vector which is
thirty-tw bitish gy wia msedsitogrotate dhet Nodaet Hinr the rebabprsidebyto

i ndicate a byte position. This byte paosition indicates the first byte in
the instructdfn tHHC.| Sgtthrsr RHitcPoss thengg nEasuredatyrelpns®ruction is

furnished by a rotator. 14 in response to the pointer value, The rotator 14
uses this vAUSTRFFiIh 3 ¥ itHQOWHSFPBBFFoﬁngtFéaﬁ??ﬁﬂF%%%ﬁyb9tes of

| met ot | ondBey SROTEIoSAPPAS At ArTECarS: AEORTRCHrEr 5Py BRTSHVERE

;Bfﬂt [gg% : gg,tihfeef (Lai;n?;'el}h?%é;%zg&gﬁ GOl LR nkdedr €oUERE hOGHLP bl patent
position, the next shift wraps the set bit to first lowest
position. The control signal thus moves the position of the
single bit which is set in the old prefetch pointer by the
appropriate number of bits indicating the length determined
for that portion of the instruction by the decoder circuit
16. This rotating of the bit which is set, in effect, adds
the length of the opcode instruction bits to the old pointer
value. The bit which is set by the rotator 13 moves the
appropriate number of bits and the other bits transferred by
the rotator 13 are zeroes so that the new value furnished at
the output of the rotator 13 indicates the length of the
instruction being processed if only the opcode and its
associated fields exist. Thus, if the length measured for

these instruction bytes is two bytes, the bit is rotated

left by two bits.

Figure 3 illustrates circuitry 35 for implementing a single
bit position n of a 32 bit rotator 13 and similar rotators
described hereinafter. The circuitry 35 includes a first
transmission gate 36, a second transmission gafe 37, and a

third transmission gate 38. Each transmission gate is



- 13 - entitled Two Stage Wndow Miltiplexors For Deriving Variable Length
Instructions From A Stream O Instructions. The instruction data is
transferred by the rotator 14 to a flip-flop 15 used in the circuit 10 to
provi de an appropriate timng del ay. The_iE§t1ucti on data is then
transferred to a decoder 16 which begins the translation of the information
contained in the instruction. The decoder circuit 16 includes a nunber of
programed | ogic arrays which |look at the various elenents of the fields of
the instruction and provide useful data. The nethod by which this is
acconpl i shed SOFPFGS s Ghj Hc Chepnehi E‘Oﬁaﬁéﬁﬁcﬁna"flhér Bf ghanpel nes

detailed here. U S. en plication entltled
M cr opr ocess 8 W Eh “&5%aF§F&E FBPrﬁﬁrQPS PrEiBh%FFBﬁnﬁ}slﬁ%??%%??% E.
G ochowski, file ned

h
present i nveftd %hﬁgéép'%égt'ﬁhﬁegﬁchFﬁetE?ﬁ%gFFrygﬁn%ngbgf%igggfogothe
decoder Circuhls g{'zt""*%'e‘iﬂ Bgﬁsp&ﬁéﬁé{ﬁﬁg g?gdagﬁ%e?!‘ e @E&?&H%ss;

i nvention cooperate e of ata provi ded by the decodi ng

is the | engt B @l bhRe QReAdes WQQB&NEnéEga§kQ PeRLi @BRaPEidihes# nsi£uction.

As poi nted out above, the deterim nation of %e opcode will tell whether a

ModR/ M byt e @bsiiRsbhUel-1QN The transmission gate 36 receives an enabling
signal indicating rotation by one bit position from the
decoder circuit 16 so that it transfers to its output the
value held in bit position n-1 if rotation by one is
indicated. Similarly, the transmission gate 37 receives an
input siénal'indicating the condition of the bit at position
n-2 and an enabling signal from the decoder circuit 16 if
rotation by two bit positions is indicated. Thus, the
transmission gate 37 transfers to the output terminal the
condition of the bit at position n-2 if rotation is by two
bit positions. The transmission gate 38 receives the value
at bit position n-3 and an enabling input if the decoder
circuit 16 indicates rotation by three bit positions. Thus,
the circuitry 35 produces a bit at its output terminal from
the n-1, n-2, or n-3 bits when rotation is indicated by thé
decoder circuit 16 to be, respectively, one, two, or three

bits.

Similarly, the decoder 16 translates and determines the
length of any immediate fields of the instruction. This
determination furnishes a value of zeéro, one, two, or four

to another rotator 18. The rotator 18 receives the output



exists; and certain bits of the ModR/' M byte (if it exists) wll tell

whet her a Sib byte exists. Thus, the length of these three el enents of the
i nstruction are determ ned - 14 - together and furnished to the rotator
13 as a control signal which may be used g rotate the value in the rotator
13 by one, two, or three bit positions. The rotator 13 is constructed in a
wel |l known manner and is essentially a barrel shifter capable of shifting
around the end; thus when the single bit which is set noves to the highest
bit position, the next shift waps the set bit to first |owest position.

The control s anal, LIVeJpues % RO LAIIAT Jfe hnale BL ohLch L et

in the old 5?%fetch poi nter e appropri‘at e nunbér rts rndicatin

the | ength dater g ped.folid hals R @ alad M, I NUGLEANBY chlecdecader

circuit 16. Thi ti'ng of 1 it which i's set, in-effect,” ad :
l'ength of t[?' opgode +StIMGEHAN 1R % (A ihe 0, RYNLEEa¥BEUEs Zhehitt

which is se y the rotator 13 noves the appropriate nunber of bits and the
other bits t#ignsl e reshtdiddeirehdiory Fdrar®tza1i0RS ea@nt Bat pbeinewnvayue

furnished at the output of the rotator 13 indicates the length of the

I nstructi on hetag Eeocessed arf fouly Hilte poddderand Thes, the rotator 18
further rotates the bit which is set to the appropriate bit
position to add the length of the immediate fields to the

length of the instructions.

Similarly, the decoder 16 translates and determines the
length of any displacement fields of the instruction. This
determination furnishes a value of zero, one, two, or four
to another similar rotator 20. The rotator 20 receives the
output of the rotator 18 with the one for the pointer set at
the appropriate position to add in the lengths of the opcode
and the immediate fieldé of the instruction being decoded.
The rotator 20 rotates the bit which is set to the
appropriate bit position to include the length of the

displacement fields of the instructions.

In conéequence, a bit vector is furnished at the output of
the rotator 20 which is all zeroes except for a single bit
set to a one. This single bit indicates the position at
which the next instruction commences in a sequence of
thirty-two bytes of instruction data. Thus, this value may
be fed back via a multiplexor 22 to directly control the

operation of the rotator 14.



associ ated fields exist. Thus, if the | engt h neasured for these instruction
bytes is two bytes, the bit is rotated left by two bits. Figure 3
ilfustrates circuitry 35 for inplenenting a single bit position n of a 32
bit rotator 13 and simlar rotators descrbgpd hereinafter. The circuitry 35
includes a first transm ssion gate 36, a s€cond transm ssion gate 37, and a
third transm ssion gate 38. Each transm ssion gate is conprised of an N
channel MOS device and a P_channel MXS device with their source and drain
term nal s colffedSe@spegiridy ssalhdt thad &bei veduer dusneshedebenput signal
to the output termnals when they are active. The transm ssion gate 36
recei ves i npHRiERYi-&HO Rg 't W@ lehdacRoF ot BFt VRSPt PBH, n¥itheRrs any
transm ssi on gate .36 regeiv an enabling signal _.indjcatjng rotation by one
bi 1 posi Li onSPEoMiTRe QUEBHeT Yo rRNE L ShE0ERAPEPE PY aHeF oF SEEBOFt S4out put
t he val ue he in_bit LI -1 1f. rotatign_by one,.is iLndicate
Simlarly, tkg r &) §§i§§§gﬁhggfg cﬁgggﬁgésgaﬁl¥ﬁp§%ts?%%%ﬁ PﬁanSFing t he
condi tion of (LhE DL AL RESKHLIAMT 2n28d.aRnepabling 5ignal;fLomt he
decoder c!rcﬁ%t 6 a rotat?oﬁ by t WO it pos?t ons is ?n |%%tea. Thus, the
transm ssi oncgakeold’ theahpliety-tqd batadt pet ther goneb-1 heotator 14.

This decoding operation takes both time and extra circuitry.

The present invention allows the value produced at the

output of the rotator 20 to be transferred directly to the

gates of the rotator 14 to control those gates so that the

appropriate byte values of the next instruction are selected

without any decoding.

Of course, it will be recognized by those skilled in the art
that a pointer wvalue will still have to be decoded in
instances in which a branch instruction is processed. Such
a decode circuit 25 is illustrated in Figure 2. The decoded
pointer is transferred by the multiplexor 22 in response to
a branch selection to control the operation of the 32-to-1
rotator 14 which selects the particulgr bytes of instruction

data to be utilized by the processor.

It will also be recognized that the determination of
instruction length wvalues when used in.a super scaler
computer requires that an individual set of rotators be used
' for each of the processing channels to obtain a length value
for each of the insﬁructions being simultaneously processed.

These values may then be added by a separate rotator to



condition of the bit at position n-2 if rotation is by two bit positions.
The transm ssion gate 38 receives the value at bit position n-3 and an
enabling input if the decoder circuit 16 indicates rotation by three bit
positions. Thus, the circuitry 35 prodqu%jg_pit at its output termnal
fromthe n-1, n-2, or n-3 bits when rotatioh is indicated by the decoder
circuit 16 to be, respectively, one, two, or three bits. Simlarly, the
decoder 16 translates and determ nes the |l ength of any inmediate fields of
the instruction. This determ nation furnishes a value of zero, one, two, or

four to anot hgiofQidtPrpcihterTRA MY APhel & g Me%d FROULRE01110)y t he
rotator 13 with the single bit for the pointer set at the appropriate

position to add irxbtdteod engt h ofe tdpoperdedt Jfdxotathe sr goat ar s&&oingt
simlar to the rotator 13 except that it contains circuitry for rotating

each bit posidiaothdly izerid luate;attesd,iroIFilguite ¥ tasposithitors. 2Fhug7,t had
rotator 18 further rotates the bit which is set to the appropriate bit
position to il tHehd erigt lpadfnttehre Viahvediist € urindlsded drokme thendalchf 12h&o
instructions. Sinilarly, the décoder 16 translates and deternines the
| engt h of anyth# spitadenemt MhExes 67 ishe@atadedudy dhe Thmper of bit
positions egqual to the length of the first instruction.
This value may be determined from the end bit marker
referred to above in the copending patent application.
Thus, the bit which is set in the rotator 26 will be the bit

indicating the beginning of the second instruction, the

instruction to be furnished to the V channel.

This instruction is derived by transferring a sufficient
number of the thirty-two bytes of instruction data furnished
by the rotator 14 to a rotator 31. 1In order to provide a
correct byte value for the instruction to be transferred to
the second channel, the rotator 31 receives the bytes of the
two instructions being processed and rotates those bytes an
amount equivalent to the length of the first instruction as
indicated by.the end bit marker referred to above. The
details of the operation of two channels to select the
beginnings of two sequential instructions are described in
the first above-mentioned U.S. patent application entitled

End Bit Markers.

-The instruction is transferred to a latch 32 and then to the
V channel instruction decode circuit 29. The decoding of

the opcode portion of the V channel instruction is used to



determ nation furnishes a value of zero, one, two, or four to another
simlar rotator 20. The rotator 20 receives the output of the rotator 18
with the one for the pointer set at the appropriate position to add in the
| engt hs of the opcode and the inmmediate fieglds of the instruction being
decoded. The rotator 20 rotates the bit which is set to the appropriate bit
position to include the Iength of the displacenent fields of the

i nstructions. In consequence, a bit vector is furnished at the output of

the rotator 20, Wheehriotatlel ther0As BXEephitAr ia seRgbe bhé smirto-gwene.
This single bit indicates the position at which the next instruction

conmences i npdtseduernte obthlort g7t ppobylied ak bunsputicbyobhdatatatdhugs.

this value may be fed back via a nultiplexor 22 to directly control the

oper ati on of Thiee oudpatoofldhe rotatdr-27tipsretspéedaphyaddetypnghanunher

val ue furnished be a thirty-two bit value because this value may, W thout

any decodi ngofdiidc oy itdensorepredirgnePeknBy fRRENEEL 486PA2RT PR Bhfiore

conventional circuit, a five bit coded_pointer val ue woul d bhe,decoded into
ghragel

a thirty-two iBstoigtden: bedoqt PEPCERgethi-Pt FREwWS f thei82 to-1

rotator 14. additional number will be equal to the length of any
immediate portion of the instruction or any displacement
portion of the instruction, but not both because both will
not exist in the particular arrangement for which this

invention was planned.

Ultimately, a value is produced by the rotator 28 which has
a single bit set at a position which is equal to the
combined lengths of the t&o instructions being
simultaneously processed by the U and V channels. The
multiplexor 34 then selects whether one or two instructions
are being processed and sends the appropriate thirty-two bit
value with a single bit set to control the decoding of the

next instructions to be processed.

Thus, rather than utilize a typical adder arrangement to add
up the various length values included within one or two
instructions, a shifting process using the rotators
described is utilized. This process is not only faster in
accomplishing a result but has the added advantage of
producing a result which can immediately be used to

manipulate the gates by which instruction selection is



Thi s decodi ng operation takes both tinme and extra circuitry. The present
invention allows the value produced at the output of the rotator 20 to be
transferred directly to the gates of the rotator 14 to control those gates
so that the appropriate byte values of thgasext instruction are selected

wi t hout any decoding. OF course, it will be recognized by those skilled in
the art that a pointer value will still have to be decoded in instances in
whi ch a branch instruction is processed. Such a decode circuit 25 is
illustrated in Figure 2. The decoded pointer is transferred by the

mul tiplexor 22 in response .to a hranch selection to control the operatjon
of the 32-t ogﬂc?ﬁ];]t%feéjd’ U Hedteed HeP [T P RATs GFlusisas st i on
data to be utilized by the processor. It will also be recognized that the
det er mi nat i df of" i Hst ructi Gh W%ﬂuﬁ?nvalues when used in a super scaler
conputer requires that an individual set of rotators be used for each of

t he processi AR i V. ry, e of, t.he

i nstructi onsﬂ%el ng S?An% #’gﬁ%%&g gﬁégﬁﬁdﬁﬂrh%%gﬁvdaﬁ%?s}‘bﬁgy Jtrhécrﬁarbmes added

by a separ atdy rOtiHdert®d enbol men¥,0Mitd6, £ PUNHIp U8 L0 Bt
transferred for controlling

various modifications and alterations might be made by those
skilled in the art without departing from the spirit and

scope of the invention. The invention should therefore be

measured in terms of the claims which follow.



the rotator 14. The seﬁarate set of rotators for a second channel is

iIIustraL‘m‘lwmﬂwm\ ms rotators 26, 27, and 28. The ol d pointer val ue
is furni

aich 12 to the rotator 26 where it is rotated by the
nunber of *bit positidns equal to the | enggh of the first instruction. This
val ue may be determned fromthe end bit marker referred to above in the
copendi ng patent application. Thus, the bit which is set in the rotator 26
will be the bit indicating the beginni @ the second instruction, the
instruction to be furnished to the V c("f}%rmew‘ . This instruction is derived
by transferring a suf fi ciartuitumeer ddftddeding tihrd iediyirdfigofofi @St ructi on
data furnished by the rotator 14 to a rotator 31. In order to provide a
correct byt ecarpukeelf onsthmidinsty womipori ginde tdemrsiaar dd aud tt fersecond
channel, the rotator 31 receives the bytes of the two instructions being
processed aftPIBI IS IR e sdrugionn teydaramnineg dhehdepsigt h of the
first instruction as indicated by the end bit marker referred to above. The
detai | s of tHEIHHR AT TG FaM®eaD tdsushiah@Bedetni 48 of two

sequential instructions are descrihed in the first abqve-nenti.oned S.
Satont - hopl [ TSI (e o P Tl A SO Lo 4 S 1 G SR R 1 e

to a latch %% nd th th CQ? nel_i.nstruction, decqd i_rcui 9. The

decodi ng of %iin%xplcn(%go%%r. 9 gr?gdtfr crril'el c ealnnrgeIdtelcr?sdteralJct%f]gn%iegnﬁstg&%t o]
providing the length determined by the decoder circuit to
rotate the single bit set to indicate the beginning of the

instruction being decoded to a position to indicate the

beginning of a next instruction.

2. A circuit for determining the beginning of a
computer instruction as claimed in Claim 1 in which the
means for providing the length determined by the decoder
circuit to rotate the single bit set to indicate the
beginning of the instruction being decoded to a position to
indicate the beginning of a next instruction comprises a
rotator arranged to rotate the bit set by a number of
positions equal to the length determined by the decoder

circuit.

3. A circuit for determining the beginning of a
computer instruction as claimed in Claim 1 in which the
means for providing the length determined by the decoder
circuit to rotate the single bit set to indicate the

beginning of the instruction being decoded to a position to



- 19 - further. r one bit which is set of the thirty-two bits in
the rot aﬁﬂ“ﬁ“ﬂﬂiﬂﬂﬂ@ﬂiﬁs output by the rotator 26. The output of the
raqt at or 2% v addi ti onal nunber of bit positions dependi ng on
the further decoding of the instruction_bei,ng processed in the V channel.
This additional nunber will be equal to the length of any imredi ate portion
of the instruction or any displacenent portion of the instruction, but not

bot h because both will not exist in the particular arrangenent for which
this invention was planned. Utinmately, a value is produced by the rotator

28 whi oh has, g;sL.0gl echl Ly ain Ao A0S LGN WIEN | Somalodhe the corb ned

| engt hs of the Two I nstructions i ng simultaneously processe y the U and

V channel s. Jhe-a ¢ pbexest 3b A @l 86t snyhethie - QA Ore Vg, it ddtugly ons
are being processed and sends the appropriate thirty-two bit value with a

single bit setni@beonsf aboditel divcadivigl &o thepdiexion nst ried i1RRRyHIO d¥e an
processed. Thus, rather than utilize a typical adder arrangenent to add up
t he vari ous iesighlcivbbhedetarmlirel] by tihien dweodyr toirduid.r uctions, a
shifting process using the rotators

4. A circuit for determining the beginning of a
computer instruction as claimed in Claim 3 further
comprising means for utilizing the result produced by the
means for providing the length determined by the decoder
circuit to rotate the single bit set to indicate the
beginning of the instruction being decoded to a position to
indicate the beginning of a next instruction to select the

beginning of a next instruction to be processed.

5. A circuit for determining the length of

instructions comprising:

means for providing a sequence of instruction bytes greater

than a single instruction length,

rotator means for selecting a seguential number of
instruction bytes for decoding commencing at a byte which

begins a first instruction comprising

-multiplexor means including a plurality of individual

gates, and

control means for operating the rotator means, the

control means for operating the rotator means



ibed is utilized. This process is not only faster in acconplishing a
result ﬁ)ulll“ﬂu“luﬁ H!i&fmaadvant age of producing a result which can
|nﬁed|a ni pul ate the gates by which instruction selection

- 20 - acconpllshed w t hout the need& 0o_decode a binary value as in
prlor art arrangenents. Although the present invention has been descri bed

internms of a preferred enbodinent, it wll be appreciated that various
nodi fications and alterations m ght be nade by those skiIIed in the art

wi t hout departing dgwPitdiegs Ridalrs &t 19 d Rl %&U;?ﬁﬂT\%%*'e%V hon

shoul d therefore be neasureéd in terns of the clalns |ch Al VB

1. Acircuit for Q§kewmuﬁﬂg1égy%lﬁgyﬁyung of a conmputer instruction
conprising a decoder circuit for decodlng a conmputer instruction to

determ ne the |l ength thereof; neans for storing an instruction pointer, the
i nstruction p@iamiserreis@dmg;v& giongl edaddesetli engthndizGakedeléved from the

first instruction for causing the control means to cause the
rotator to rotate to the beginning of a next instruction

comprising

means for generating a signal which may be sent to the
individual gates by the means for operating individual
gates of the multiplexor means without decoding

comprising
a second rotator,

means for furnishing signals to the second rotator
indicating the gates of the first rotator means to
be éperated, and

means for causing the second rotator to increment
the signals indicating the gates of the first
rotator to be operated to add the length of the

first instruction..

6. A circuit for determining the length of
instructions as claimed in Claim 5 in which the second

rotator comprises a plurality of individual rotators, and



n uction being decoded; and nmeans for providing the

begi nning of the instr

| engt h detiﬂ"@ ﬁ ﬁ"t“ﬂﬁcoder circuit to rotate the single bit set to
indicate t 'ofltihe i nstruction being decoded to a position to

i ndi cate the beginning of a next instructpgn- 2. A circuit for determ ning
t he begi nning of a conputer instruction as claimed in Caim1l in which the

means for providing the | ength determ ned by the decoder circuit to rotate
the single bit, set to ipdicate the heginning of the instruction being
decoded to a %%)esﬁﬁ Igst’() T et S’ tﬁé‘gbseed?%ﬂil rfé’tc?fhc%f' FS A ATFEReRG it
conprises a rof ged. 0 g bi.t set Db unb f positions
equal to the %e%ﬁs g%aé(ggm ner%é)b%/h%.ﬁ(ieaecdee%oc?erbeciorpcetﬁ t.eadliq:o R%r& %@lﬁpt for
determ ni ng tihg,agi Hni g of; 1_coiq;%g instr ' clainmed in daiml
in which the nmeans for provfﬁ?%g t elﬁgﬁ§$%¥ég% ﬁ%?ﬁ%% by the decoder
circuit to rotate the single bit set to indicate the beginning of the
instruction being wesesesbs o rcosditon the sigmlds idicealiagt B begivan ng
of a next instruction conprises a plurality of rotators each arrang to
rotate the bit settdybe operated in each of such plurality of rotators in

]

the second rotator by an amount determined by a length

of a portion of the first instruction.

7. A circuit for determining the length of

instructions as claimed in Claim 5 further comprising

means for determining the length of a second instruction,

and

means for incrementing the signals indicating the gates of
the first rotator to be operated by an additional amount

equal to the length of the second instruction.

8. A circuit for determining the length of
instructions as claimed in Claim 7 in which the means for
determining the length of a second instruction comprises a

fourth rotator.

8. A circuit for determining the length of
instructions as claimed in Claim 8 in which the fourth

rotator comprises a plurality of individual rotators, and



a nunber of positj to a portion of the Iength of an instruction
determ ned H m ﬁﬂﬁﬂa rcuit. 4. Acircuit for determning the
begi nni ng of!8 wel's ruction as clainmed in Claim3 further

conprising nmeans for utilizing the result,produced by the neans for
providing the |l ength determ ned by the decoder circuit to rotate the single
bit set to indicate the beginning of the instruction being decoded to a
position to Ladi gabte.t Be,DedLanhgo gl 2clexh LASLEUELEOMIAC SRLEE! chie

begi nni ng of "a next instruction to be processed. 5. Acircurt for

det er m ni ng &@@nEQQQHQdQEa%@§ErEﬁE'%%%e%o%Brbé!89ér§€é@5t$0£d@reﬂéd'ng a
sequence of insStruction bytes greatér than a single instruction |ength,

rotator neangeh@gthseleehengedonady@rtiraltivabesngfitastruction bytes for
decodi ng commencing at a byte which begins a first instruction conprising

mul ti pl exor neans including a plurality of individual gates, and control
nmeans for operati ngahbke foot ahoreneatdingt hbecohynals nbadiscdoingpenat yagekhe
rotator means - 23 -
tc be operated in each of such plurality of rotators in
the fourth rotator by an amount determined by a length

of a portion of the second instruction.

10. A circuit for determining the beginning of a
computer instruction substantially as hereinbefore described

with reference to the accompanying drawings.

11. A circuit for determining the length of instructions
substantially as hereinbefore described with reference to

the accompanying drawings.



conpri sing means for operating the individual
nmeans;
i nstruction for causing the control
t he beginning of a next instruction conprising nmeans for generati
signal which may be sent to the individual gates by the nmeans for
I ndi vi dual gates of the nultipl exor
second rotator,
i ndi cating the

gates of the nultip

nmeans to cause the rotator to

tor.nmeans to be nnprafpd

| exor

means responsive to a decoded | ength value derived fromthe first
rotate to

ng a

operating
means without decoding conprising a
means for furnishing si gnallé2to the second rotator

and _nean

for causing the sec ot at of ©p | Mod t nal s i rdicating the
gates of the fi ?jg%a or to(Bed Bv’fa'tgs%c gfﬁpﬂla% m%rﬁtgthltg"]a atf‘e|rst
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t he means for causing the second rotator to increnent the signals
indicating the gates to be operated to add the I ength of the first

i ngtruction conprises neans for increnmenting the signals indicating the
gates to be operated in each of such plurality of rotators in the second
rotator by an anmount determ ned by a length of a portion of the first
instruction. 7. Acircuit for determning the |l ength of instructions as
claimed in Caimb5 further conprising neans for determning the length of a
second instruction, and nmeans for increnmenting2¥Be signals indicating the
gates of the first rotator to be operated by an additional anount equal to
the length of the secoeriatetbyudti on. 8 Acircuit for determning the

| ength of instructions as glainmed in Claim?7 in which the nmeans for

determ ning the | ength of second instruction conprises a fourth rotator.
9. Acircuit for determni e length of inst3f@tions as claimed in aim

8 in which the fourth rotaforb€onprises.. a plugality of individual rotators,
and the méapetbir causipg the fou tafor:to increnent the
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mod 32 :
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si‘gnal?ﬁ‘l"ndi cating the gates to be operated to add the |l ength of the second
instruction conprises neans for increnenting the signals indicating the
gates to be operated in each of such plurality of rotators in the fourth
rotator by an anmount determ ned by a length of a portion of the second
instruction. 10. A circuit for determ mMBTRAET begi nning of a conputer
instruction substantially as hereinbefore described with reference to the
acconpanyi ng drawi ngs. 11. A circuit for determ ning thdEigrgehlof

i nstructions substentinbly AP 1BRHEHAPCHS BxSOsE b NeARESLAPESY L0 the

acconpanyi ng draw ngs.

A circuit for determining the length of an instruction
including apparatus for providing a sequence of instruction
bytes greater than a single instruction length, rotator
apparatus for selecting a sequential number of instructioén
bytes for decoding commencing at a byte which begins a first
instruction, control apparatus for operating the rotator,
and apparatus responsive to a decoded length value derived
from the first instruction for causing the control apparatus
to cause the rotator to rotate to the beginning of a next

instruction.



