gq~4c2cl5,.5 2V-S END BI T MARKERS FOR | NSTRUCTI ON DECCDE BACKGREAKIDS & THE

| NVENTION Field O The Invention This invention relates to conputer systens
-and, nore particularly, to nmethods and apparatus for providing end bit
markers for allowi ng a super scal er conputer to process sinultaneously a
pair of instructions which may vary in |length froma stream of

instructions. History Cf The Prlor Art ihere is a continual attenpt to make
conput ers END Bagt &R ; fBPEbe acconplished is to nmake
a conputer process |nstruct|ons faster Typlcally, a conputer processor
handl es the instructions of any process in sequential order, one after

anot her. BAGECRPHEDr Gt (Toik SNIEMISPNbe processed or at |east begun (put in
t he pipeline) before instruction two can start. However, if two or nore
instructions can _be run _simnmultaneously, the conmputer will be able to
process i nEiedgs PEndbesdnyention s mmy be acconpl i shed by providing a
central processor having nore than one processing path and running

i nst ti .th h,th [ th | t t h
ot ocessarBAPL AL A0 0P B FOCRF Bc b0 PRUF DA he WAt ERCar BleaBabte of |

S'nu'taneog§£¥i8598§§§anotR@tiggg gxgeagéaratus for providing end bit

markers for allowing & super scaler computer to process

simultaneously a pair of instructions which may vary in

length from a stream cf instructions.

Historv Of The Prior Art

There is a continual attempt to make computers run faster.
One way in which this may be accomplished is to meke a
computer process instructions faster. Typically, & computer
processor handles the instructions of any process in
sequential order, one after another. Thus, instruction one
nust be processed or at least begun (put in the pipeline)
before instruction two can start. However, if two or more
instructions can be run sinultaneocusly, the computer will be
able to process instructions faster. This may be
accomplished by providing a central processor having more
than one processing path and running instructions through
the processing paths simultaneously. A computer having a
processor with two or more processing paths which are
capable of simultaneously processing the same type of
general machine instructions which are normally run éerially

is called a super scaler computer.



general machine instructions which are normally run serially is called a
super scal er conputer. One probl em encountered in designing any new
conmputer is that such a conputer to be comercially successful nust have a
base of application prograns which it can run when it is introduced in
order to be of interest to users. The npst econom c way to provide these
progranms is to design the new conputer to operate the application prograns
desi gned foneapreaikineencouptieeed oinfdesigyndbhgcenputerscornPhisrt ype of
design is exenplified by conputers using the m croprocessors manufactured
by Intel Cbhpbraticbnai aonpetefrneoipel crimercheldpseuceegefugongst 88266,
386[err], and 1486[err] _m croorocessors (hereinafter referred to as the
Intel m crepbPa&essér 3PPLACHE HPP pF W I ISR AR NG TaRFNEW prBEBsSBriso
function with software used by ol der copputers is that the new machi ne nust
be abl e tollRHEHEFEAdIANBT PROCER PR Hef i HetPTREFohS BFcFRat SBFtWAFE. The
instructions used in_th el.nicrqgrocessors vary {g lLlength fromone byte
X
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Lo fi1teencByieBiCTRBY et nBETTAET oTRCSs Lo PErBEd EntexFERFRD BPogPes for

the Intel gicroprocessgrs L e.be, o pH & edo L typieal seavential order.
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earlier computer or family of computers. ty

bog
e}
m

design is exemplified by computers usinc the microprocessors
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nanufactured by Intel Corpcration in the line inciluding th

8086, 8088, 801586, 80286, 386TM, and isgeT™ microprocessors

(hereinafter referred to as the Intel microprocessors).

A problem with designing any new processor to function with
software used by older computers is that the new machine
nust be able to understand and process the instructions of
that software. The instructions used in the Intel

n
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nicroprocessors vary in length from one byte to fifte
bytes. These instructions are arranged in existihg programs
for the Intel microprocessors to be manipulated in typical

<

seguential order.

One way in which the speed of computers is increased is by
pipelining instructions. Instead of running through ezch
instruction until it is completed and then commencing the
next instruction, the stages of an instruction are
overlapped so that no part of the processor lies idle while
another stage is being accomplished. The conmputers using

the Intel microprocessors pipeline instructions so that each



One way in which the speed of conputers is increased is by pipelining
instructions. Instead of running through each instruction until it is

conpl eted and then comrenci ng the next instruction, the stages of an
instruction are overlapped so that no part of the processor lies idle while
anot her stage is being acconplished. he conputers using the Intel

m croprocessors pipeline instructions $o that each st age of each

i nstructi onsrayde harlired igtare ichoak ypéd ¢kndldt general clidiis requires
that an instructicn be fetched from wherever it is stored, that it be
decoded, therrexecut et cardrfalnalhy st hatutite sr esdt srofitsHe vetdcut iken be
witten back to storage for later use. The circuitry is designed so that

t he diff er edtetsthages wr Wheg@risre 16né sclsdokedpertit@d. 1 tDikfef éegwcegor thhams of
t he processor acconplish each of the steps in the pipeline on sequential

i nstructi ongX@FITRS eddld diGéKk pePsd. thehassuding v &hE ESEEER Féri od
the prefetch portion of the conputer fetches an instruction from storage
and aligns PE&EFam&sks Yesdy 6 deCodfhGrDYSSng & SeCEREUCISEek LFeri od
the prefetch partion of the conputer fetches the nex i nstruction from

st or age and®&F*§A€Y £%0 cﬁat‘“i‘scﬁgaﬁy‘:f‘ r SHEEES 7§ Gn MERE i P ScFalk™
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period. Different pcriicns of the processor accomglish ezach

the prefetch porticn of the computer fetches ar instruction
from storage and &licns it so thet is ready for deccdincg.
During a seceond clock pericd the prefetch porticn cf the

computer fetches the next instruction from stcrace and

n

ligns it so thet is ready for decoding in the third clock

m
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eriod. 2 decoder pcrticn of the processor accomplishes the
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decoding of the first instructicn fetched durinc the second
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period. A decoder portion of the processor acconplishes the decodi ng of
the first instruction fetched during the second cl ock period. The decoder
portion acconplishes the decoding of the second instruction fetched during
the third cl ock period. By pipelining instructions the overall speed of
operation is significantly increased. The instructions are furnished on the
bus or froma cache nenory as a streamof bytes in which no instruction is
differentiated fromany other. Each inpstriuction (in general) appears in

segentrial order in a process. . To nmintain the conputer speed, fhe
i nstructi oSSt HIRE Bt?/}ée? e‘?’?:‘?le%‘?f’?lb%?]ﬁe%‘e Yources 1w oTL‘}"ee c}ed(bgkﬁ'1 of
peri ods. Thi qh n;eangnt héi_t, t#&s&erge o&‘egehremfj r,,St-.-iTnoS}I uc écqn t_k}te; Icﬁns% h of
which is uMkhoWh TSt B HR IR e §H Sk s Dk peri od %o that* The next
b

st ruct] LRy e, seLect el durdingd e et glpgk perd a0 nd ey et ©

determ ne t Tength of an 1nstr el ng processe

revious | i : ce r i : A NS i tq, determ ne
p @f&ﬁeﬁé%&. SERrS-dd# sto Qf&%i%rwﬁié@ T MEEH Qb 1O,

its content. I's has been acccnpfiéhéd, | ength of the

i nstructionhet Na-Pracasseth andbddes st ard 19, poid, fredhoudextcdinst ructi on
i n sequence are known and can be fed

microprocessors first decoded the instruction to determine

its content. When this has bkeen accomplished, the length of

the instruction being processed and the starting point for

the next instruction in seguence 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.
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instructions simulteaneously, 1t must d
simultaneously. -However, to select the keginning of a
second instruction from the stream of information available,
it must know where a first instruction ends. Yet only by
decoding the first instruction can it know the length of the
first instruction and, thus, where the second instructicn
begins. The entire purpose of the super scaler to process
two instructions et the same time is thwarted if the
processing of the second instruction nust await the decoding

of the first instruction before it can begin.



back to the prefetch unit. This has forced the decoding of instructions in
all previous commuters based on the Intel mcroprocessors to be conducted
serially. Since a super scaler machi ne nmust process at |east two
instructions simultaneously, it nust decode two instructions

si mul t aneously. However, to select the beginning of a second instruction
fromthe streamof information available, it nust know where a first

instruction_ends. ggt_gnli QX ggcodinﬁ the first instruction can it know
t he | engt h DEEHeY ‘ and, thus, where the second instruction
begins. The entire purpose of the super scaler to process two instructions

at the same {ine is,Lhuarted LE Lhs.p osesehogpplsthe sroondibRstpuction

nmust await the déco rng of the first Instructi efore 1t can bezin. 5

Summary Of Jhe, | Byenti 9o, Lhgkient NesLl Of oy g 0B 8GhePf sLhLPr 56 ey
i nvention to provide an arrgngenent for allowing a super scaler conputer to

process sinubtaneeustyst wa1tRRESUETY Ofiso Of nskneWNoheNgE henkhbeh are
presented in sequence with no differentiation between instructions.
lengths which are presented in sequence with no

differentiation between instructions.

It is another mocre specific object of the present invention
to provide an arrangement for determining the length of
instructions keing processed by a super scaler computer
withcut the need to decode the instructions to make the

determination.

These and other objects of the present invention are

realized in apparatus for determining the length of an

n

instruction being processed by a computer system when

ially in ean

ct

instructions vary in length and appear seguen
instruction stream without differentiation comprising reans
for prcviding an end bit for each predesignated length of an
instruction to indicate that the instruction ends at that
point in its length, means for setting the end bit at the
particuler predesignated length of the instruction which is
the actual end of the instruction, & first channel for
processing a first instruction in a seguence of
instructions, a second channel for processing an instruction
next fcllowing the first instruction in the sequence of

instructions, and means for looking at the end bits of an



It is another nore specific object of the present invention to provide an
arrangenent for determning the length of instructions being processed by a
super scal er conputer without the need to decode the instructions to nake
the determ nation. These and ot her objects of the present invention are
realized in apparatus for determning the ength of an instruction being
processed by a conmputer systemwhen instructions vary in length and appear
sequentially in an instruction stream wit hout differentiation conprising
means for prigdiding i@ah eRd iy torfle fach wy edesi gnated- | gngih f an
instruction to indicate that the instruction ends at that point inits

| engt h, nmearstedimised tihg drite prrichtbidr athdhe particul & JHedes gnat ed

| ength of the instruction which is the actual end of the instruction, a
first channdediom ipwoees sihey reexft riststimsitrieet i e e SEGUSRC e Of
instructions, a second channel for processing an instruction next follow ng
the first irststasiatdensn the sequence of instructions, and neans for

| ooking at the end bits of an i nstruction being processed by the first

channel to determ ne the end point of that |nstruct|on and the
These and other objects and features of the invention will

be better understood by reference tc the detailed

{s]

description which follows taken together with the drawings
in which like elements are referred tc by like designations

throughout the several views.

Brief Descrivtion Of The Drawincs

Figure 1 is a bleock diagram of an arrangement in accordance
with the inventicen for processing two instructicns

simultaneously.

Figure 2 is a more detailed description cf a first pertion

of the errangement of Figure 1.

Figure 3 is a more detailed description of & second portion

of the arrangement of Figure 1.

Figure 4 is an illustration of bit positicns within varicus
elements of the arrangement of Figure 1 during the cperation

thereof.

Flgure 5 is a flow chart illustrating a method practiced in

accordance with the invention.



begi nni ng of the next instruction fromthe streamof instructions. These
and ot her objects and features of the invention will be better understood
by reference to the detail ed description which follows taken together with
the drawings in which |ike elenments are referred to by |ike designations

t hroughout the several views. Brief Description O The Drawings Figure 1 is
a bl ock diagram of an arrangenent in acéordance with the invention for
processi ng t WbIPR&t fudfi 6nS18PRARt AhbBEEFLipEgdrEa21Fsos AbFeEvderai Eed
description of ? first, Bo hlon of the arrangenent of Figure 1. Figure 3 is
a more detait®8H 88?8#96 oFrEGE%%6ﬁatp6?PV6nleF%ﬁé*ér?ang@ﬁﬁnr—og;y
Figure |. Figure 4 is an illustration of bit positions within variou
el-enments of the arrangenment of Figure 1 curing the operation thereof

Figure 5is a flowchart illustrating a nethod practiced in accordaﬁce W th
the invention. 7 /

/



Figure 6 is a diagramillustrating details of circuitry for inplenmenting

t he arrangenent shown in Figure 3. Not ati on And Nonencl ature Sone
portions of the detailed descriptions which follow are presented in terns
of synbolic representations of operations on data bits within a conputer
menory. These descriptions and representations are the neans used by those
skilled in the data processing arts to &most effectively convey the

subst ance ofictdeionwenk Nemehbeesuskilled in the art. The operations are
those requiring physical manipul ati ons of physical quantities. Usually,

t hough not necessarily, these quantities take the formof electrical or
magneti ¢ si swméspoapabhe of bbkendettoied, cesanspreiond, wobabi hell] ogoapar ed,
and ot herwi se nmani pul ated. It has proven convenient at times, principally
for reasonspoésenbmOninsagerst ofr efeboldct hepreseghatsons of t spevat Less

el enents, synbols, characters, terns, nunbers, or the like. It should be
borne in mi®m, ddbaebeES VRERLAI ¢ 6PMPHESE RAEOSY ni | BRESRraesEr Bt tone
associated with the ap riate_physical quantities and are ngrel

conveni ent ?%%e?%pﬁﬁﬁﬁﬁéa t8NEhBER Eﬁﬁn??f?%shq?%rPheF O% %15 riht %I%ﬁlons

perfornmed are oéten referred to
the data processing arts to mest effectively convey the

substance of their work to others skilled in the art. The
operations are thcse reguiring physical manipulaticns of
physical quantities. Usually, thouch not necessarily, these
cguantities take the form of electricel or magnetic sicnals
capable of being stored, transferred, combined, compared,
and otherwise manipulated. It has proven convenient at
times, principally for reasons of commen usage, to refer to
these signals as bits, values, elements, symbols,
characters, terms, numbers, or the like. It should be ktorne
in mind, however, that all of these and similer terms are to
be associated with the appropriate physical quantities and

are merely convenient labels applied tc these guantities.

Further, the manipulations perfcrmed are often referred to
in terms, such as adding or comparing, which are commonly
associated with mental operaticns performed by a human
cperator. No such capability of a human operator is
necessary or desirable in most cases in any of the
operations described herein which form part of the present
invention; the operations are rachine cperations. 1In all

cases the distincticn between the method operations in



in ternms, such as adding or conparing, which are commonly associated with
ment al operations perforned by a human operator. No such capability of a
Ruman operator is necessary or desirable in nbst cases in any of the
operations described herein which formpart of the present invention; the
operations are machine operations. In all cases the distinction between

t he nmet hod operations in operating a%conputer and the nethod of

conput at i on ddeged f i rshaul sbipmither a&d rRE Rbthokhe PreseRitddlvanticer 1reel at es
to a method and apparatus for operating a conputer in processing electrical
or other (e.shoulethamilzaine dremicdl.) pmesipralseaignalverdtd ogenenatesotther,
desired physical signals. Detailed Description O The Invention Referring
now to Fi gumethod hgrde dppagtadws dobl oplerditdgram aforam tant dmgemrert s:Q nfcor
carrying out the present invention. The arrangenent 10 includes a cache
menory 12 f @lesitgriqeg rscatiiey Jei bi-ze¢chastiiasct,i eenichl)i paykycsdch a
cache nenory is utilized by a central processor to provide rapid access to
i nf or mat i on SHIFOR Th&SETESS PFREE FeFdrEch#YE ifdiln SsmBRg.- I n t he
circuitry with which the present invention cooperates, the cache nenory 12

is the usua . . . .
Betallea Descrivtion O0f The Inventicn

Referring now to Figure 1, there is shown & klock diacranm of
an arrangement 10 for carrying out the present invention.

The arrang=ment 10 includes a cache memory 12 for storing

0

recently utilized instructions. Typically such & cache
memory is utilized by a central processor to provide rapid
access to informetion without the necessity cof referring tc
main memory. In the circuitry with which the present
invention cooperates, the cache memory 12 is the usual
source of the instructions utilized by the centrzl processor
although some instructions arrive on the system bus from
main memcry and prefetch buffers. Since the source of the
information does not affect the explanation of the

invention, only the cache memory 12 is shown in Figure 1 as

such a source. In a preferred embodiment of the invention,
the cache rmemory includes eight kilobytes of storage
arranged in lines each of which are 25€ bits wide. 2 total

of 256 lires provide sufficient stcrage for this azzoun:t ¢
instruction data. The details of the particuler cache
memory 12 utilized are not pertinent to this invention and

are therefore rot explazined at length in this specification.



source of the instructions utilized by the central processor although sone
instructions arrive on the systembus frommain nenory and prefetch
‘buffers. Since the source of the information does not affect the
expl anation of the invention, only the cache nenory 12 is shown. in Figure
1 as such a source. 1In a preferred enbodi nent of the invention, the cache
menory includes eight kil obytes of storage arranged in |ines each of which
are 256 bits wide. A total of 256 |ineg provide sufficient storage for
thi s anmount Iof aiddditigot tontbat aacTaengeery| 2 oksehef parstening cache nenory
12 utilized are not pertinent to this invention and are_therefore not
expl ai ned atNSEFGCYICASY hFBespeErPEeAETBNLC 11120 | &N o8 tF B $5°The cache
menory 12 used for storing instructions, .the arrangement utilizes an end
bit cache mBfBRyYL44- TRBLeRbPHE cGRARS MBRBPYY 144155 WHTH YRt st bits
whi ch desi gpate the gna of, eagh g te of ipstr ctéop data stored in the
cache meror P15, WhiEh: A8SHFREEF r BC eRBJP neRt o PY he T hvE Yo S 5P ngl e
bit desi gnat,i th d.of b f jnsiruct] i he cache
memory 19 S°tRorda En ¢ et BacreChe a2y Lkl it ake

embodiment of the invention, a single bit designating the

end of & byte of an instruction stored in the cache wmemory
12 is stored in the cache memory 14. 2An exeample of the
pattern of information stored in the instructicn cache

re saown 1n

N

memory ‘12 and the end kit cache memory 14

Figure 4 and discussed in detzil hereinafter. The cache
memory 14 of the preferred emcodiment includes the sare
ﬁumber of lines (256) zs does the czche memory 1z, but each
line of the cache is only 32 bits wide since only 32 bytes
can be stored in any 256 bit line of the cache memory 12.

It would be possible in a particular computer to utilize end
bits which indicéte some length other than & byte of memory
(such as & half word) were another length to be a more

convenient measure for the particular processor.

Each line of the instruction cache memory 12 and the
associated line of the end bit cache memory 14 shere the
same tag bits so that associated lines of both memories hit
or miss together when accessed. The end bit$ stored in the
cache memory 14 zre used to designate the end of each
sequential instruction stored in the cache memory 12 so that

& determination of the length of each instruction keing



pattern of information stored in the instructicn cache. nenory 12 and the
end bit cache nenory 14 are shown in Figure 4 and di scussed in detai
-hereinafter. The cache nenory 14 of the preferred enbodi nent includes the
sanme nunber of |ines (256) as does the cache nenory 12, but each |ine of
the cache is only 32 bits wide since only 32 bytes can be stored in any 256
bit line of the cache nenory 12. It mgﬁld be possible in a particul ar
commuter to utilize end bits ghi%g in rbate,sone‘lgn%th,other than a_byte
of nenory EERIESEESD IRA) PenBRES REFLTANSRRerNEERGCH LS BE S°ABFRE con¥eni ent

neasure for .the articu%ig gg cessor. . Ea%h line of the ins quction cache
e &

f t
nenory 12 &HH‘% & ¥ ocidfed P8 oPPERE ENE Bift ScAERETnENDr§™ 14 share the
same tag bils Sqﬁéggéafﬁégﬁéﬁkﬁgib%?i%gg%rgg%ﬂcgqugk%%ﬁgkgngrog]SS

t oget her W& & e It he “Caché nenory 14 are

used to desjgnate, te AR gboeacn-seAURRiLAY . B! LUCLLn SLOned,i DyLhe

cache nenory term nat’i on the gthH of each 1nstriction

being 1 rm&%%%%e(&ict%uteeaﬂ?d%é%e&Qohh%fi RekhY¥Chibagthsufegeded. In
this manner, the rate of operation of a super scaler

decoded.

The particular line of the cache memory 12 being accessed
for an instruction to be utilized by the central processor
is furnished to a rotator 15, and the associated line of
bits in the cache memory 14 is furnished to & rotater 16.
That is, i1f line three of cache memory 12 is accessed for a
particular instruction, then line three of cache memory 1¢
is accessed for the end bits associated with the
instructions stored in the accesses line of the cache memory
12. The means for accessing cache memcories are well knocwn,
are not pertinent to the. invention, and ere therefore not
‘discussed in the present specification. Thus, for ezch line

of code in the cache memory 12 there resides a line of end

{8

bits in the cache memory 14; and for each line ¢f cod

=1

w

transferred from the cache memory 12 by the rotetcr 195,

line of end bits stored in the cache memory 14 is

transferred by the rotator 16.

The value of a2 prefetch instruction pointer is furnished to
each of the rotators 15 and 16 to select the beginning of
the first of two instructions being processed and to

properly align the beginning of that first instruction for



conput er nmay be maintai ned even though instructions of varying |engths
appear sequentially in prograns run by the processor w thout any indication
of their length until decoded. The particular Iine of the cache nenory 12
bei ng accessed for an instruction to be utilized by the central processor
is furnished to a rotator 15, and the qiiociated line of bits in the cache
menory 14 is furnished to a . .rotator hat is, if lin threg of cache
nmemory 12 iBFAEB&84BE-f oFif? béF%V@uFQF iRSEFUCtiion, PPhBReFi K8 1PfAree of

h 14 d f d bit d -
netructi orie SE6FBASTR ElGTRc0EREeE® e”aaliassﬁ%?%%%ﬁigﬁe%%y H9385¥6S Lgans
f h |8
| nvent 1 on. BANGr BEPREFBFAre ADLSdrAEGEASH PR FRATBFECCAL SpBei PLEACTSN

Thus, Tfor | ciBnt B8 CACNEABIREY lenLhAT 8sl BbdeasE Lige of f
end bits |naf€e Egghggﬁgﬁgg 4 %oroeac I'i ne gf code transfserIt g from
the cache npaDLy,12;BYst 90E8E§E@r 1§heaaét8§1§fogng Bitsustored in the
cache nmenory 14 is transferred by the rotator 16. The value of a prefetch
InstructIOH% LpbeingSphurakshednsoreachonf pbhateet akdueslarandiibibaed

sel ect the Deginning OF the first of two instructions being processed and

to properlyimligs.tpethagi appbfcatithatetiast Nbnst r8H,88h for )

entitled Rotators in Lenagth Calculation, E. Grochowski et

21 filed on even date herewith and essigned to the zssignee

of .- the present-invention..

2 rotator which may be utilized for accomplishing the
purposes of rotator 15 is described in deteil in U.S. patent

application Serial No. £31,968 , entitled Two Stage

wWindow Multiplexors For Deriving Varizble Lenath

Instructions From & Stream Of Instructions, . -Grochowski,

filed on even date herewith and assigned tc the assignee of
the present invention. That patent application also
describes in detail prior art rotators which might be used
for rotators 16 and 20 of the present inventiocn. The basic
purpose of the rotators 15 and 20 is to derive a sequence of
bytes long enough to include the instructions being
processed and to align those instructions so that the
beginning of a particuler instruction is first to be
processed in the processing channel which follows. Tne
rotator 16 accomplishes the same rotation of the bits

Gesignating the end of each byte in the associated line.



12 processing. Simlarly, the instruction pointer value selects and aligns
the beginning end bit for the instruction being processed. This instruction
poi nter value is obtained fromthe cal cul ati on of the conbi ned | ength of
the last two instructions processed. The details of a circuit for
generating prefetch instruction pointer values are disclosed in U S. patent
application Serial No. 831, 825 entltled Fbtators in Length Calculatlon

E. c on_even dat w t.h. and a53|9ned

h
aSS|gneeog?K?ﬁgHﬁfﬁégﬁtlrﬁEE%?T%%ni‘?5 ﬁrb WHitER ﬁd§ BBELTTT a ?%?nq
Sstent appl w“@"%ée? SpEry dPgh0842 LeefeReriEel F%Peggﬁ'é B W ndow

pat ent appl Fcation :

Mul ti pl exor § <Far I In) t UGt L a o
p 357 3§§k?@%&ﬁ$ Pl%ﬁ gibp! § i E Lops.Etomya Stpeam

I nstructions, , eve ate efewth and assigned to

the assi gnegle,fe tlkgeoﬂee§§néhé nﬁ’v%‘tﬂgpé‘ceslbﬁ& pakenk1aPRticati@Ni Al SR
describes in detail prior art rotators which nlght be used for-rotators 16

and 20 of thepRiesealernuefbidy wHlenbasicipdepese pteédec rDhaéREsodd and
20 is to derive a sequence of
The second processing channel is designated the V pipe. The
next succeeding instruction after thet beinc preccessed by
the U pipe is furnished to the V pipe channel in the
folléwing manner. The end bits in the end bit cachg
related to the line of instructions transferred to the U
pipe from the rotator 15 are transferred tc & prioritizer i
and aligned by the rotator 16. Thus, if & line of

£ & first four byte

0

instructions aligned &t the beginning
instruction has.been transferred tec the U pipe flip-£flop 18,
the end bits are transferred to the prioritizer 19 zligned
at the beginning of the first of the four bits releated to

the four byte instruction.

The prioritizer 19 then selects the first end bit which is
set to one. To accomplish this operation, the prioritizer

may include a series of AND gates, one for each of the end
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pits transferred by the rotator 16. I
cate is provided with an input from a szquentiazl one of the
bit positions cf the aligned line of end bits, then gates

receiving a2 one &s &n end bit may be made to transfer z cne

value. The first of these is selected Ly providing as other

inputs to the 2D gates the inverted input from each



bytes | ong enough to include the instructions being processed and to align
those instructions so that the beginning of a particular instruction is
.first to be processed in the processing channel which follows. The rotator
16 acconplishes the sane rotation of the bits designating the end of each
byte in the associated |line. 13 The line of instructions selected with
the instruction being processed properly aligned is transferred fromthe
rotator 15 to a U pipe opcode flip-flopgl8 for processing. The U pipe is
one of the swecpsdiegsend shaniel sheitéddwsde n tHeusuperlysdadleert iconput er
which utilizes the present invention. The second processing channel is

desi gnat ed AN gﬁm pessoThet edxi 1 tluct ewth rend st uchl ork refsdren Hatcrisei ng
processed by the U pine is furnished to the V pipe channel in the foll ow ng
nmanner. Thevahee bi tEhé nPa el @htRhi ANR e ©F ridiaathid a0 tife T idfe of
instructions transferrd to the U e fromthe rotator 15 are transferred
to a pri orlnﬁfz%\ﬁcﬁ@ga?]oo%‘h‘gﬁe‘bebi}‘ tre(ﬁa'Ftl'tﬁ YEngthrifs S0% a 1ine of
instructions aligned at,the beginn fi st fQur e .nstruction has
been transf&ts ‘E{'ol?‘ﬁe”U e farlcé)\%f r%B of ¥nd Ws Pt i tbemg _

processed by the U pipe. Thus, this first one value
indicates where the first instruction ends and the second
begins and may be used to divide the instructions for
processing. 2 brioritizer circuit such as thet described is
illustrated in Figuré 2. 2as will be éeen, in the circuit 1ig

of Figure 2, output 0 is the hichest priority while output 3

is the lowest priority.

The results produced by the prioritizer 19 are then used to

ol

cause 2 third rotator 20 to rotate the instruction stream
furnisheé.by the rotator 15 so that the first byte of the
next succeeding instruction is aligned for processing by the
\Y pipe channel. This aligned instruction streazm is
transferred to a V pipe flip-flop 22 so that the instruction
which is zligned may be processed at the same time as the
preceding instruction being processed by the U pipe channel.
From the U pipe flip-flop 1&, the U pipe instruction is
transferred to 2 U pipe decoder 24 where it is decoded for
use. From the V pipe flip-flop 22, the V pipe instruction
i1s transferred to a2 V pipe decoder 25 where it is deccded

for use. From this point on, the instructions procceed



the end bits are transferred to the prioritizer 19 aligned at the beginning
of the first of the four bits related to the four byte instruction. The
prioritizer 19 then selects the first end bit which is set to one. To
acconplish this operation, the prioritizer nay include a series of AND
gates, one for each of the end bits transferred by the rotator 16. |f each
sequential AND gate is provided with aniPnput froma sequential one of the
bit positiorsRfughheecdlirgred prickesefinedidfe14 hen catasndecamdmgia one
as an end bit nay be nade to transfer a one value. The first of these is
sel ect ed bynptotind rR@bjscat bEr thiguisdeled il AN; gates the inverted input
from each 14 succeeding end bit in the sequence. Thus, only the first
AND gate associated with a one end bit will transfer a cne value. The
particul ar BNRegatre Ghet hengthorift ther 11$ tpraduici mgira Wre Waipe idubicates
the length of the instruction in bytes and the end of the instruction being
processed bg4the UepepainFhuss thesinstsucsievaluadandiscataes! where t he
first instruction ends and the second begins and may be used to divide the
i nstructi onsrgpeferred to a comparator 27. The zpparatus for

accomplishing this determinaticn is descriked in detail in

U.S. patent applicetion Serizl No. £31.835 '

entitled Rotetors in lLenagth Calculztion, referred to zbove.

The comparator 27 zlso receives from the pricritizer 19 via
an end bit flip-flop 28 an indiceation of the length
determined by the prioritizer 19 in selecting the first

available end bit set to one in the seguence of zligred bits
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rrom the rotator 16. 2As was pointed out zbove,

& one
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particular AND gate of the prioritizer 19 prcducin

velue indicated the length of the instruction in bytes.

Hh

These lengths ere compared. The result of the comparison i
the lengths tested differ is trensferred to &n end bit

generator 30 as a reguest to update the particular end bits.

The end kit generator 30 receives a second input from the

nstruction pointer as it is furnished to the rotators 15

(=

6 eand laztches that value. The end bit generator thus
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knovis wheare the instruction being procéssed by the U pipe
started. It also receives the length vzlue from the decoder
24 so that it knows the correct length of the instruction.
Consequently, the end bit generator 30 understands the

instruction for which the end bits need to be corrected in



processing. A. prioritizer circuit such as that described is illustrated
in Figure 2. As will be seen, in the circuit 19 of Figure 2, output O is
the highest priority while output 3 is the |owest priority. The results
produced by the prioritizer 19 are then used to cause a third rotator 20 to
rotate the instruction streamfurnished by the rotator 15 so that the first
byte of the next succeeding instruction is aligned for processing by the V
pi pe channel. This alianed instruction streamis transferred to a V pipe

flip-flop 2; so that the |nshruct|8n whikch i s allgned may- he processed at
the sane timd sy PIECEdi ng ‘i ndPFuEPF5f“heéPrg ! ﬁrocéss@&“ﬁytPhé ® gihpe

channel . Fr th U.pipe.fhip t.he.U plpe instruction is
transferred%gg aqﬂ 6?E£ SESdEthgng r §UF £ Ts 2q&éBGed™ fGF aSe™°From the V

bipe L bs B @20 e (HePLPELRS RUChEORALS sLEgnsTerred to a V pipe

decoder ere it is decoded for use. From thi's point on
instructlons pr oceed 15 through separate processing channels in a manner

which is nOFlthesgthQLsﬁiatébsﬁﬁpﬁétéi@aEhOBnGFQT@VSBrrEQE baNgip-Qf  the
instruction in the U pine decoder
. 30. The circuit 30 receives a six bit binary value

indicating the instruction pointer for the U pipe
instruction being processed. This value is decoded by &
decoder 32 and transferred to a mask vector generator 33 as
a sixty—four sequential bit vector in which only the bit
position of the pointer is set to a2 one. The six bit value
of the pointer is zlso transferred to an adder 34 which
receives a four:bit binary value indiczting the lencth of
the instruction generated by the prioritizer 19. These
values are added to provide & value which points to the end
of the first instruction and which is sent to a second
decoder 35. The decodef 35 produées a second sixty—fouf bit
vector having & one in the position of the correct end bit

for the first instruction.

The sixty-four bit vector produced by the decoder 35 is
stored in & latch 37. The vectér is also sent as a second
input to mask vector éenerator 33. The mask vector
cenerator 33 prodgces a sixty¥four bit vector to be used &s

& mask for correcting the end bits. This mesk stcres zeroes

rt

beginning with the bit position which indicates the byte a
which the instruction pointer points and continuing until

the bit indicating the byte before the instruction ends.



24 is determned as the instruction is decoded and transferred to a
conparator 27. The apparatus for acconplishing this determnation is
described in detail in U S. patent application Serial No. 651,825 entitled
Rotators in Length Calculation, referred to above. The conparator 27 al so
receives fromthe prioritizer 19 via an end bit flip-flop 28 an indication
of the length determned by the prioritkzer 19 in selecting the first

avai |l abl e enp bit set. to one in the sequence of aligned bits fromthe

the e ! ] |

rotator 16.~ AsCWRET Jot i et DuTEBboVe B he PAFEi ERTHRT AND GH'E of D t Hee
prioritizer.; duci ng: value indicated the |ength of the
i nstructi ono%agg%%/%e%%%‘é%%gﬁgn“?hgh%rgebgn%‘ar‘éd‘?lrel‘ﬁentgrgéosdltl“b?“tah‘ee‘j
conpari son;dﬁ the,lenoths tested differ is transferred to an end bit
gener at or as a request to update the particular end bits.. The end bit
generator 30 receives a second input fromthe instruction pointer as it is
furni shed tghd hes 10tANA S 10 AWk 16 a:@ﬁg} ghes; that. valse., The.end bit
generator thus knows where the instruction being ‘processed B& the~U pi pe
started. |tralseians W tde hengt hi yal e Jaamdde degedet 24 sqthat it
knows the correct length of the instruction. Consequently, the end bit
gener at or 3ragelerts traresi vdre dmsitmpiet i whi drori mhiicedt dsherend sbicthe nged to be
corrected in

positions in the vector produced by the decoder 32, nd
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input which indicates the same one of the kit positions o
the vectcr produced by fhe decoder 35, and the cutput of the
stage receiving the bits from those vectors in the bit
position immediately preceding that bit position (the steace
immediately to the right). The first stage receives the
dutput of the last state 50 in the seguence. &s may be

seeny an AND gate 52 receives the value of the bit at &

wm

particular position from the vector generated by decoder 3

n th

Jre

and the inverted value of the bit at that positicn

i

wm
[hN]

vector generated by the decoder 32. Thus, the AND gate

Y]

will produced a one value only at the bit position at which
the bit of the vector from the decoder 35 has z one value.
This one is transferred by an OR cate 54 to the output of

the stage 50. A second AND gate 56 receives inverted input
values in a particuler bit position from each of the vectors
produced by the decoders 32 and 35 gnd the output of the
Preceding stage 50. The AND gate 56 will produce a one

output value in any bit position where the two vectors

contain zero values and where the previous stage produced =



the cache nenory 14. The correction is then made to the end bits in the
cache nenory 14 during a tinme which is not critical to the processing of
the data. Figure 3 illustrates in detail an end bit correction circuit 30.
The circuit 30 receives a six bit binary value indicating the instruction
pointer for the U pipe instruction being processed. This value is decoded
by a decoder 32 and transferred to a nmask vector generator 33 as a

si xty-four cgequeriiiaal it widct grrdduoshiclz eond ywudmithiva jpesiin eraf dike
pointer is set to a one. The six bit value of the pointer is also

t r ansf er r e¢pdsol wirpradder 34 hhitote necBioress heo fowreds tvaiiusesr e nfaltlre
indicating the length of the instruction generated by the prioritizer 19.
These val us sitiousdddd 30 BFEHIRE & Zdnge MHiveh pdiahss 6o wiHd édgcof the
first instruction and which is sent to a second decoder_ 35. The decoder 35
produces aRFRBIRP S &SFF QHEBIt XAdMOMIeRA fdrea Dorfe iaf t1he poSition of the

correct end bit for_the firsy instructiaon. The sixty-four bit vector,
produced by e Feddfs B iée esdq’ﬁfgrl'at dﬁ%ﬂryeTﬁ’élj\)’@cqt &S CECso sent

as a second jnput t k vectar generator 33. . The mask vectqr generator
3% ot oo S dit B iR SIS 2 e MR MRUEHET Y (2

stage by the OR gate 54.

Thus it will be seen that commencing at the stage at which

-y
O

the instrﬁction'pointer vector from decoder 32 hclds & cne
value, the output of the mask vector generator 33 will be &
zero value. A zero output will be produced at ezch
succeeding stage until the stage at which the vector fron
decoder 35 indicating the end of the instruction is & one.
This stage and all the succeeding stage will cenerate one
values wrapping around to the beginning of the mask until

the stage 50 immediately preceding the stage 50 which marks

the beginning of the instruction.

This mask bit vector is placed in a latch 39. The mask
vector generator 33 also indicates whether the instruction
wraps around and spans two cache lines so that it reguires
two cache writes to accomplish the correction. This may be
deternmined by determining whether the correct end bit

ter

i

O
3

furnished from decoder 35 precedes the instructi
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nop

0n
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bit in the seguence of bits. Figure 6 zlso illustrate
circuit 60 which will provide this result. The circuit 60

includes a pair of counters 61 and 62 which count the bit



a mask for correcting the end bits. This nmask stores zeroes beginning with
the bit position which indicates the byte at which the instruction pointer
points and continuing until the bit indicating the byte before the
instruction ends. 17 Al other bits are set to one. This result is
shown in the diagram imediately to the left of a circuit 50 illustrated
in Figure 6. The mask vector CGenerator 33 nay be inplemented by sixty- four
stages one of which is illustrated in Fl ure 6. Each stage 50 receives an

| nput _ whi ch %&,}%&%&S ane o kbecki tiposidl QRS ddt the eeiorbpediced by
t he decoder a-second i nput which indicates the same one of the bit

posi tions ofyd he Me6t He PIOdUEEdvdYcdher Aas oty ddpocd sthe-oghput relqt he

stage receiving the bits fromthose vectors in the bit position i mediately

precedi ng t ha{e Ridcqnst tioni{ tdwwesteage | Mmedi ately to the right). The
first stage receives the output of the last state 50 in the sequence. As

may be seen, an AND gate 52 receives the value of the bit at a particular
posi tion frgadhe eatOrtigemessit eth lyhelelegudr 35 iandMed envéNDedavakue of
the bit at that position in the
41 with each of the bits from the old line stor€d in the end
bit cache 14. Since the mask contains cnes in all positions
except those bits defining the instructicn from its
beginning through its next to last bkyte, ezach bit of the old
'ena cache line will be reproduced except fcr the bits
indicating the instruction through its next to last bit.
The bits of the bit vector produced by each of the AND cgates
~ 41 are each then ORed by & series of OR gates 42 with the
bit vector held in the latch 37. Since this vector contains
2 one only in the kit position indicating thre correct least
byte of ﬁhe first instruction, the bit vector resulting'from
the OR gate 42 will havé 2 one or & zerc in each.poéition as
in the old cache line except for the bits indiceting the
bytes of the first instruction. All of the bits indicéting
bytes of the first instruction from the kesginning to the

next to last will be zeroes while the las:t kit will be &

one. This bit vector may then be written toc replace the old

-

line in the end bit cache 14. If necessary, the operation
may be repeated for a second cache line if the instructicn

wraps around two cache lines.

Wnen the comparison is made by the comparison circuit 27 of

Figure 2 and an invalid result is obtained (the lengths do



vect or generated by the decoder 32. Thus, the AND gate 52 will|l produced a
one value only at the bit position at which the bit of the vector fromthe
decoder 35 has a one value. This one is transferred by an OR gate 54 to the
out put of the stage 50. A second AND gate 56 receives inverted input
values in a particular bit position fromeach of the vectors produced by

the decoders 32 and 35 and the out put OB the preceding stage 50. The AND

gate 56 W ! |\ d¥ Q82 0Ne LR 143l wglincany bk Peshti es eher @ Lhgtwo

vectors contaln zero vdl‘'ues and whére the prévious stage produced a 18

one val ue. 'ctha\MrLél RPHUCR A ZehR PRk ALUS Fl RneacBcBhl Besthior. pwhere
the two vectors hold zero values and the prévious stage produced .a zero

val ue. Gatei%é&iddtiaJnsmyprw{éuquapéercﬂaauwut val ygivhaeanthe bhks of the
two vectors fromthe decoders differ. The one val ues produced by the gate

56 are al so itnssicriced i ddrecalulypal ighethénstagerbyatbe OR fat eifgyyThus
it wll be seen that comrencing at the stage at which the instruction
poi nt er vectidrsdardaddetdder t32 bobdssaiogeofakbe, ihheéroutpah oh the mask
vector generator 33 will be a _
pipe channel continues in the normal manner. It should be
noted that the new instruction pointer is obtained by adding
the correct lengths for each instructions processed through
the U pipe and the V pipe channels. Ccnrnsecguently, when the
V pipe channel 1is disabled due to an incorrectly set end bit
for the instruction in the U pipe chanhel, the new
instruction pointer will include only the length of the
first instruction. Consequently, the aborted instruction

will be the next instruction to be run through the U pipe

channel.

In order to provide an initial end bit for each instruction
stored in the cache memory 12, each end bit of each byte of
any new instruction .is set to one when tﬁe instruction is
placed in the cache memory 12. As will be uncderstood by
those skilled in the art, each single byte instruction will
thus when first placed in the cache memory 12 have its end
bit correctly set to indicate that it is a one byte
instruction. However, all instructions longsr than c-e byte
will have all of.the end bits of each byte set and will
incorrectly indicate the length of the instruction.

Conseguently, the first time an instruction stored in the



ﬂzero value. A zero output will be produced at each succeedi ng stage until
the stage at which the vector from decoder 35 indicating the end of the
instruction is a one. This stage and all the succeeding stage will generate
one val ues wrapping around to the beginning of the mask until the stage 50
i mredi ately preceding the stage 50 which marks the begi nning of the
instruction. This mask bit vector is pbpced in a l[atch 39. The mask vector
generator 33 al so indicates: whet her_the instruction . wraps around and spans
two cache Iq"n‘%%e BG4t all‘f J‘rs'eq“uclgérlae%sEfc\lf\fo EacHe n\%\'/r"lht é'slw{lo%aecc’&%‘i‘scﬁ he
correction., Thi |y ke d g .hed gqt ;g ni ngpwhet her..t he corract_ end
bit furni sﬁ‘éjc}‘mfs'rssom@tde%g efglg{} p‘;rlgceigzss t Cgt“lrgr?s'trgfg}tq;dn@pgihntﬁzlr“"bidtcetl‘r?n[ he
sequence of, it §n FigWL 6 Al Sl LWstT HR% a6l Lo & iQ0 MMl oid Iy ovi de
this resul to_. f%e nc%:r%_t 60 includes a pair of cgunt erls 61 and 65 Wﬁ)i ch
count the Qijftrs+ thPaH tiONTAE L] LW IR itheCReh veet @hgand raywganpar at or
63 to determne if the vector fromthe decoder 32 or that fromthe decoder
35 is greatsy ddsAehdtda afhdhen fmak. | Mt hesl akeh 3%uins ANBed iat AND gat es

accessing instructions stored in the cache memory 12, a hit

in
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rate of approximately ninety-five percent is att

because the same instructions tend to ke used over aznd cover

again during any period in which they are keing used. Since
end bits are set correctly on the first access of an
instruction after it is placed in the cache memory 12, most

accesses of the cache memory 12 &ppear to be second or
greater accesses. Thus, the necessity of cocrrecting the end
bit on the first access causes very little delay within the

system.

Figure 4 is an example of the information contained in
associated lines of the instruction cache 12 and the end bit
cache 14. As may be seen, a first instrﬁction COommences at
byte 02 indicated by the prefétch pointer &s 02(hex). This
_fifst instruction is stored in bytes 02 through 06. The end
of the first instruction in byte 06 is indicated by the
binary one in bit 06 of the end bit cache. The first
instruction opcode and the actual instruction are indicated
in the figure. The opcode for the second instruction
commences at byte 07 of the instruction cache line and

continues until the next binary one in the end cache 14 at



41 with each of the bits fromthe old line stored in the end bit cache 14.
Since the nmask contains ones in all positions except those bits defining
the instruction fromits beginning through its next to |last byte, each bit
of the old end cache line will be reproduced except for the bits indicating
the instruction through its next to |astypobit. The bits of the bit vector

produced by Aygl I 1.8rg, eac . e SeLLes. OR
gates 42 wﬁtﬁg%ﬂ%géf%gggc Qﬁaféné t?h %tg g ERlﬂcg¥FﬁF§§égc?88Re
contains a nt bj i n d be,.gcoLeggt las te of
the first mstrﬁ%lﬁ% geb%%ceaéié:t%éﬁpr%tﬁ %?ﬁg!-??orr“n hgeb&gga%lé 4%p€myll

have a one %e@oé@&%h@t?@@{h@:@%{'é0§h§§n'ﬂntbﬁeokgcﬁaghe eree%cspfcsfor
the bits indicating the bytes of the first instruction. Al of the bits

indi cating bysestioé thestirsttinstiogtion tRombhesbegi ani fige tRehe next to
|l ast will be zeroes while the last bit will be a one. This bit vector may

then be wi tgmeafdioch epdiaceet herol il $é nehdwn t e end bitucache 14. | f
necessary, the operation may be repeated for a second cache line if the
instruction waps around two cache |ines. Wen the conmparison is nade by
the conpari Sorgwie cui1197s ofn Meauene diitk estepwadi dthesupérd sigbt ai ned
(the lengths do
detailed above for accomplishing the present invention.
Each of these steps has been discussed in detzil above.
Where two steps are placed in the same box -of the ficure,
the éteps are accomplished in parallel within the same clock

period.

Elthough the present invention has been described i
of a preferred embodiment, it will be appreciated that
varioﬁs modifications and alterations might be made by those
skilled in the art without departing from the spirit and
scope of the invention. For example, it will ke recognized
that although the preferred embodiment of the present
invention utilizes & separate cache memory for storing the
end bits associated with the bytes of each instruction,
these end bits might as well be stored in the cache memory
12 by extending the length of the cache memory 12 to make
room for these bits between each byte of instruction data.

The invention should therefore be measured in terns of

claims which follow.
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i nstruction. However, all instructions |onger than one byte wll have all
of th " ﬂnlﬁﬂﬂ byte set and will incorrectly indicate the |ength
of thgmlmt" I““ sequent ly, the first tine an instruction stored in
t he 21 tcathe” metor’y Is accessed, its length will be incorrect unless

it is a one byte |nstruct|on. Thus, each instruction over one byte in
| ength will have its end bit corrected24he first tine it is accessed so

that the corLpgly eng ldopdd A% deslonal ad herealddlscq idasapran found

that in accessmg i nstructions stored e cache nenory 12, a hit rate of

appr oxi mat elye ninetyrdd Ve Re{LeNirds @éér?é %@%Caé&sée éi!s%c’iaaﬂ:f‘ed nstructions
tend to be used over and over again during any period in which they are

being used. Since end bits are set correctly on the first access of an
instruction aftersjt Agpgtataed far tdeachei neneHy Uhoteif agcesses of the
cache nenory 12 appear to be second or greater accesses. Thus, the
necessity oinsorueciomgdinegg enbdedsan Yhe fedogivtaacessausésrvery little
delay within the system Figure 4 is an exanple of the information
cont ai ned iinstructions vary in length and appear sequentially in an

instruction stream without differentiation as claimed in

Claim 1 further comprising rmeans for responding to &

determination of the beginning of the next instructicn from

the stream of instructions provided by the means for looking

at the end bits of an instruction being processed by the

first channel to determine the end point of that instruction

and the beginning of the next instruction froz the stream of

1nstruct10ns to provicde a next instruction for processing by

the second channel.

4. Apparatus for determining the length of an
instruction being processed by a computer system when
instructicons vary in length and appear sequentially in an
instruction stream without differentiation as claimed in
Claim 1 in which the means for setting the end bit at the
particelar predesignated length of the instruction which is
the actual end of the instruction comprises means for
deterrining the length of an instructien as it is decoded,
neans for comparing the actual length with the length
provided by the means for locking at the end bits of an
instruction being processed by the first channel to

determine the end point of that instruction and the



associated lines of the instruction cache 12 and the end bit cache 14. As
?’illj

may be M’”J" festruction comences at byte 02 indicated by the
prefetc mﬁgiﬂhex). This first instruction is stored in bytes 02
t hrough 06." The"en the first instruction in byte 06 is indicated by

the binary one in bit 06 of the end bit cache. The first instruction
opcode and the actual instruction are indicated in the figure. The opcode
for the second instruction commences at2byte 07 of the instruction cache

line and comeHuEsinhte] the neekt Bistaryctdme ifiramhetfendsttasme df at 22
the position equi val ent to byte OC in the instruction cache 12 occurs. The
opcode for tHE FHATIPITstIMEITNAAPE Fesgdddded dmstrdidiitorvherad st i n
the figure. The end bits for the first instruction and the position of the
next prefet P PEARESH'e 3l &5 Kot SN Tf ifgurid s TUfii®™s |ists in

sequence the steps of the operation detail ed above for acconplishing the
above.

Thore two steps afé pERREFTNG RSt AR BORTING DS I (e 2t aps are
acconnliSheQnEQﬂ%@Eﬂdﬁ”bé@ﬁdﬂﬂ}ééggé%%n%ycEO%%mputer system when
| instructions vary in length and appear sequentially in an

instruction stream without differentiation as claimed in
Claim 4 in which the means for looking at the end bits of an
instruction being processed by the first channel to
determine the end point of that instruction and the
beginning of the next instructicn from the stream of
instructions comprises rotator means for aligning the end
bits of a stream of instructions with the first byte cof an

instruction being processed, and neans for selecting the

first end bit set to a one from the aligned bits.

6. Apparatus for determining the length of an
instruction being processed by a computer system when
instructions vary in length and appear sequentially in an
instruction stream without differentiation as claimed in
Claim 5 in which the rotator means for aligning the end bits
of a stream of instructions with the first byte of &n
instruction being processed responds to an instruction

pointer to align the end bits.

7. Apparatus for determining the length of an

instruction being processed by a computer system when



period. Al t hough the present invention has been described in terns of a
prefeau’ ﬂﬂﬂ, ] jt will be appreciated that various nodifications and
alter yﬂymﬁﬁlﬁade by those skillled in the art w thout departing
fromthe spitit and ope of the invention. For exanple, it will be
recogni zed that although the preferred enbodi nent of the present invention
utilizes a separate cache nenory for string the end bits associated with
the bytes o FE ugh i onsnt nd,Bi Ls,8LghL £ e storgd in

t he cache n%%§?59559§§£e§%€ d?ﬂgmgﬁgtﬁegagh ng%gebgggﬁﬁe%%%g¥y iZéﬁo make
room for these:bitsibet vepnagachthyte @f rEBSLAYECLEL O8N AL ac1dNged NYRNLI ON
shoul d therefore be nmeasured in terns of the clainms which follow 23
CLAIMS 1. Appamatusnfoniciet ensi pangitheakepgbleslgantedsieéngth ont behag
processed by a conputer system when instructions vary in | ength and appear
sequenti al | instraotiostisiconenbgteeam wi t hout differentiation conprising
means for providing an end bit for each predesignated | ength of an

§. A method for determining the length of an
instruction being processed by & computer system when
instructions vary in length and appear seguentially in zan

instruction stream without differentiation ccmprising the
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steps of providing an end kit for each predesign
of an instruction to indicate that the instruction ends at
that point in its length, setting the end bit at the
particular predesignated length of the instruction which is
the actual end of the instruction, processing a first
instruction in seguence by means of a first processing
channel, processing an instruction next following the first
instruction by means of a second processing channel, and
looking at the end bits of an instruction being processed by
the first channel to determine the end point of that
instruction and the beginning of the next instruction from

the stream of instructions.

¢. A method for determining the length of an
instruction being processed by a compﬁter system when
instructions vary in length and appear sequentially in an
instruction stream without differentiation as claimed in
Claim é in which the step of providing an end bit for each

predesignated length of an instruction to indicate that the



Instruction to indicate that the instruction ends at that point inits
| ength, nmeans for settinc the end bit at the particul ar predesignated

Iengt thuumﬂ”’m“ 'ﬂmgn which is the actual end of the instruction, a
first IJ sing a first instruction in sequence, a second
channel *for ptoctssing an instruction next following the first instruction,
and neans for |looking at the end bits of an instruction being processed by

the first channel to determine the end ppint of that instruction and the

begi nni ng afhdthidiedn idIRid Uet | ORa £ ram e stineam gf Jnstyuctions. 2.

Apparatus for determining the length of an i nstruction bel ng processed by a
conput er  sysicamMnsherhd NEiTdICih ANScAHY Hehd /N %&%%é%@t'a”y in

an instruction stream w t hout dlfferentlatlon as cl ai in Caim in

which the eeans sheh prreyiing e end dy ta fertaach o edegiwgnatedd engt h of
an instruction to indicate that the instruction ends at that point inits

| engt h conpmisgesica icac et arenbrin faaclst aenog ve b bistter jard g dmsdd it | on
cache 24 menory for storing instruction to be processed with which
to be processed with which the end bits in the first cache

memory are associated.

10. A method for deterrining the length of an
instruction being processed by a computer system when
instructions vary in length and appear sequentially in an
instruction stream without differentiation as claimed in
Claim 8 further comprising the step of responding to a
determination of the beginning of the next instruction from

the stream of instructions to provide a next instruction for

processing by the second channel.

11. A method for determining the length of an
instruction being processed by a computer system when
instructions vary in length and appear sequentially in an
instruction stream without differentiation as claimed in

C

-

aim 8 in which the step of setting the end bit at the
particular predesignated length of the instruction which is
the actual end of the instruction comprises the steps of
cetermining the length of an instruction as it is decoded,
comparing the actual lenc;h with the length provided in the
step of looking at the end bits of an instruction Leing
processed by the first channel to determine the end point of

that instruction and the beginning of the next instruction



the end bits in the first cache nmenory are associ ated. 3. Apparatus for

det er m npj ‘f an instruction being processed by a conputer
system \p[“m‘lt“ﬂﬁ“mamum vary in length and appear sequentially in an
instructisoncstream wi t Hfout differentiation as clainmed in Claim1l further
conprising nmeans for responding to a determ nation of the beginning of the
next instruction fromthe stream of instructions provided by the neans for
| ooking at the end bits of an instructi2® being processed by the first

channel to getgrehdestPeaRNEr POhBtrebtiBaE, | 8& T HELEON: @Ndah hendegiani ng of
the next instruction fromthe streamor instructions to provide a next

i nstructi onvit beh pdocessongroyreébensesnnacchannkéngdh Appat ainstfottion.
determning the length of an instruction being processed by a conputer
system when instructions vary in |length and appear sequentially in an
instruction streah?wi&hoethedf ferepetearnonins chai heim Fam 1 in which
the means for setting the end bit at the particular predesignated |ength of
t he i nstruckn PR YEEEMN i Reine REPERFSehdona tPRMPEEeYT LREY S rm cBHpE i ses neans
for determining the length of an_ instruction as it is decoded, neans for
conpari ng tHeSBHTAOPRN@RY W hl ¢ PECh cinfl PRPAN derRFUSN el Heaks dor

| ooking at the end bits of an inpstruction being. processed by the first
channel to instruction stream wilithout differentiation &s cldimed in

Claim 11 in which the step of looking at the end bits of an
instruction being processed by the first channel to
cdetermine the end point of that instruction and the
beginning of the next instruction from the stream of
instructions comprises the steps of aligning the end bits of
a stream of instructions with the first byte of an
instruction being processed, and selecting the first end bit

set to a one from the aligned bits.

13. A method for cdeterrmining the length of an
instruction being processed by a computer system when
instructions vary in length and appear sequentially in an
instruction stream without differentiation as claimed in
Claim 12 in which the step of aligning the end bits of =a
stream of instructions with the first byte of an instruction
being processed responds tc an instruction pointer to align

the end bits.

14. E method for determining the length of an
instruction being processed by a computer system when

instructions vary in length and appear seguentially in an



determ end point of that instruction and the 25 begi nning of the
next mg"lm”m”mme stream of instructions, and neans for resetting
an end*bit¢ Y not represent an actual length of an instruction. 5.
Apparatus for detérnfning the length of an instruction being processed by a
conput er system when instructions vary in |length and appear sequentially in
an instruction streamw thout differentiation as clainmed in Caim 4 in

whi ch the nmeans for |ooking at the end bits of an instruction being
processed by the first channel to deteffine the end point of that

i nstruct i on Nt Y del prgstneany witidur REME dmett it iom afsr enatike sstiream of
instructions conprises rotator neans for aligning the end bits of a stream
of instructGlend i thn tWieieh rishe mad isfular iprstdasitgnant ddeilegophooes sed  and
means for selecting the first end bit set to a one fromthe aligned bits.

6. Appar atlu”§tfrd’r°tg’e‘?%r%ﬁ MMy Bfe 1 ength of an instruction being processed

by a conmput er sy, el when isn%t)rr Léctéong.ycar 'ﬂgL n ,tfh” a.r-lq appear . .
sequentially inan :T‘%‘Psanﬁ%Lfl on SEredi e i%ﬁt (TF%?% efft i 5?1‘0“% as (?f:hlmed in
processed by a computer system when instructions vary in length and
appear seguentially in an instruction stream without differentiztion
substantially as hereinbefore described with reference to the
accompanying drawings.
16. A:method for determining the length of an instrucLidn beingz
processed by a computer system when instructions vary in length and
appear sequentiélly in an instruction stream without differentiation
substantially as hersinbefore described with reference to the accompanving

drawings.



Claim5 in which the rotator neans for aligning the end bits of a stream of
instructions with the first byte of an instruction being processed responds
to an instruction pointer to align the end bits. 7. Apparatus f
determning the length of an instruction being processed by a conputer

syst em when 26 instructions vary inifength and appear sequentially in an

instruction g
the particul

-

an i nstructi

=]

am W t hout

providing an {end bit fqgr each pr
i ndi cate that] the instquction erjds at
end bit at the particulfar predesigna
the actual eng—ofJtheTnstruction, ptocessing a first

predgg gnated |er
met hod for degtermningjthe |engt

conputer systlefpdtiefion 1st ruct i onsERGRY in

h_of _an i

dilf ¢a¢hent i a
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out differentiation as clainmed in Caiml in which
e instruction is one byte.
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tgSequentially in
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channel , processing an instruction next followi ng the first instruction by
means of a second processing channel, and | ooking at the end bits of an

i nstruction being processed by the first channel to determ ne the end point
of that instruction and the begi nning of the next instruction fromthe
stream of instructions. 9. A nethod for determning the Il ength of an
instruction being processed by a conputerz/system when instructions vary in
| engt h and appear sequentlahkﬁg$q%ﬁ. i nstruction stream w t hout
differentiation as cl ai ng aim8 in which the step of providing an end
bit for each pd2¥8j gna engtdat ©f an instruction to indicate that the
27 instruction ends at point inits length conprises storing end bits
in a cache nmenory for jstoring end bits, each such end bit indicating a
particular |length of an instruction stored in cache nmenory for storing
instruction to be proges4 with which the end bits in the first cache
nmenory are assﬁﬁﬂhﬁed- aetpitdd for determining the Iength of an

i nstruction being pjogess by a conputer system when

19
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9 output 3
input 3
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instructions vary in length and appear sequentially in an instruction
streamw thout differentiation as clained in Caim 8 further conprising
the step of responding to a determ nation of the beginning of the next
instruction fromthe streamof instructions to provide a next instruction
for processing by the second channel. 11. A nethod for determ ning the

| ength of an instruction being processed by a conputer system when
instructions vary in length and appear sequentially in an instruction
streamw thout differentiation as clainmed in Caim8 in which the step of
setting the end bit at the particul ar predesignated | ength of the
instruction which is the actual end of the instruction conprises the steps
of determining the length of an instruct3/n as it is decoded, conparing the
actual length with the | engh provided in the step of |ooking at the end
bits of an instruction being processed by the first channel to determ ne
the end point of that instruction and the beginning of the next instruction
28 fromthe stream of instructions, and resetting an end bit which does not
represent an actual length of an instruction.

iIFeee C B A 9 8 7 & 5 4 3 2 1 0

cache

o o 47. 00 00 01 00 E8 A8 55 6F CF BA 08 38| (hex)
iFeee C B A 9 8 7 & 5 . 4 3 2 1

cache end .

o 0 1t 0 6 0 0 1 0 0 0 0 1t 0}pinay
Prefetch pointer: 02 (hex)
U pipe opcode: BA CF 6F 55 A6 (hex)| U pipeinstruction

begins at 02h
U pipe instruction: mov edx, Oa6556fcth

V pipe opcode: E8 00 01 00 00 (hex) '

V pipe instruction
V pipe instruction: call 100h- pegins at\07h
End bits: 00001

Next pair begins

at OCh

Next prefetch pointer: OC (hex)

FIGURE 4



.12. A nethod for determning the length of an instruction being processed
by a conputer system when instructions vary in | ength and appear
‘sequentially in an instruction streamw thout differentiation as clainmed in
Claim11l in which the step of |ooking at the end bits of an instruction
bei ng processed by the first channel to de }ernine t he end point of that
instruction and the beginning of the next™ nstruction fromthe stream of

i nstructions ¢ONprises e s S of aligning the end bits of a stream of
instructions Wth the rff+st—pyte—of—an— nstruction being processed, and
selecting the 'first erfelohepcodes ramgaaddae fromthe aligned bits. 13. A

met hod for detier ni ni ngFetendhigtmmatachm| i nstructi on bei ng processed by a
conmput er systém when i nswucrigns vary-1n length and appear sequentially in
an instruction streampwthoeut—eif+erepttati-ohr—as—elarpred—A—€gim 12 in

which the step of alidnbRth opkdts®)PrdtbttSpdhtedto SbAPATUYipd dpebddédt i ons wi th

the first byte of an iimsfatetivRgb snemgcnmomwmefa&swgmdsnaonsan i nstruction
pointer to alijgn the end bhits 14 A nethod for determning-the | ength of

an instruction being pr ocesseq by a conputer system when |nstruct| ons vary
in |length andjappear gentart-y—+n—an
Prioritize U pipe end bits

¥

Use U pipe end bits to extract V pipe from U pi'pe opcode

Y

Decode U pipe opcode.
Decods U pipe opcode.

Y

Determine length of U pipe instruction from opcode

Was end bit marker correctly
set for U pipe.instruction?

Y \

Issue both U pipe and V pipe instructions. Issue only U pipe ins_truction.
Advance prefstch pointer by the combined Advance prefetch pointer by the
lengths of the U pipe and V pipe instructions. length of the U pipe instruction.

\

Update end bit marker in cache

FIGURE 5



-29 instruction streamw thout differentiation as clained in Cdaim8 in

whi ch the particul ar predesignated | ength of the instruction is one byte.
15. Apparatus for determning the length of an instruction being processed
by a conputer system when instructions vary in |ength and appear
sequentially in an instruction streamw thout differentiation substantially
as hereinbefore described with reference to the acconpanyi ng draw ngs. 16.
A nmethod for determning the length of an instruction bein processed by a
conput er system when instructions vary in |length and appear sequentially in
an instruction streamw thout different#&tion substantially as hereinbefore
described with reference to the acconpanyi ng draw ngs.
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ABSTRACT

END BIT MARKERS FOR INSTRUCTION DECCDE (Figure 4)

2pparatus for determining the length of an instruction being
processed by a computer system when instructions vary in
length and appear seguentially in an instructicn stream
without differentiation between instructions including
apparatus for providing an end bit for each predesignated
length of an instruction to indicate that the instruction
ends at that point in its length, apperatus for setting the
end bit at the particular predesicgnated length cf the
instruction which is the actual end of the instruction, a
first channel for processing a first instruction in
sequence, a second channel for processing an instruction
next following the first instruction, and apparatus for
looking at the end bits of an instruction being processed by
the first channel to determine the end point of that
instruction and the beginning of the next instructicn from

the stream of instructions.



