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PCT/ US98/ 21388 PROCESSOR UTI LI ZI NG TEMPLATE FI ELD | NSTRUCTI ON
ENCODI NG  FI ELD OF THE | NVENTI ON The present invention relates
general ly to“t,(p;g biog! d of processor architecture. Mre speGiciysgddiyss t0 an
I nstruction encogl ng nmet hod and apparatus for increasing the efficiency of
processor operation. BACKGROUND OF THE | NVENTI ON In the field of
hi gh speed conputer processors, there have been a variety of approaches to

the probl em of hlci#fe SohUTIERESE| aféjﬁgi_l??%gnﬁaﬁb“momgcessors

manuf act ured by err rporation utl vari able Il ength encoding in
which different instruction were encoded with different bit lengths. Wile
this approa a3l neg ﬁ de_acceptance in the conputer industry, the Intel
archit ect ur e~ Freoattrg-tret hod was i nproved on by reduced instruction
set conputing ( RrE&presentinvention relates generally B te fieldof processor fiel ds are

uni formy encqded. W t.h every. i | Y} fi gth (e.g.,
32-bits). Tﬁé"g‘}'d(leﬁfélﬁe @‘2!%?‘%“?"8%@5# gﬂr{sﬂ'gctltb?{nﬁ@gg@p%éﬁﬁ 9%%@@ provi de enough
bit positi oppamtus fopinceasingdhe effisibacy obprocessos pperatian. use t hree oper ands,
wi th every operand containing a 5-bit register identification. Therefore,
the RI SC approach provi des adequate space to encode opcode bits, imedi ate

val ues, of f BACKGROUND OF THE INVEMTIONr ecent |y, there has devel oped a demand in
the conputer indysgr V. | | Ci : : | ng machi nes
havi ng the abili Wfr\%mﬁéfcﬂgérgQ%Jngéogﬁéﬁlsﬁrgfﬁéﬁ%t@%@%ﬁ@%ﬁoﬁs in a single
machi ne cyclvariefjnf approachésitesthe prohiemiof hewbestteencede instruetionso drgrly

i nstruction : ] h P‘E@H& : Q¥ apabl e of
processi ng s%@é&ﬁg%%%{%ﬂga‘aﬁ?lgeti me. %90%@%§%§?$%®§ VLI W

nul t i pr oces sancodiagamwbichfdifferent instrclion were,encpded Withdifferent kilesaths: cl ock
cycle is de | | : i e

probl ens thgphgér)ﬁgse%ﬁh rhja%?‘ Qﬁﬁ%@fpeﬁg@&gﬁmﬁﬁgﬁ?wgmﬁ; mﬁg\%ﬁ? 'ttgé g{r@ode

i nst ruct i onsarehitesturadidy epeoding methadyyas iprovedan by reduced bstrigtignsetrs.  one
%pggﬁig%ggdm‘ﬁﬂinawarﬁ%mﬁ&gkar dlerr], Co., in their original w de-word
PCT/ US98/ 21388  In adRISGrmachine. 1@ figids ase unifarmbeencoded; withevenigl e 128- bi t
entry that cRginiighhaliemed i (615 ebhb Fheletlabitidriyth 6fthever) . Each
of the three 1 nstructioins of the . .
instruction fields provide enough bit positions, or “space”, to encode
instructions that use three operands, with every operand containing a 5-bit
register identification. Therefore, the RISC approach provides adequate space
to encode opcdde bits, immediate values, offsets, etc.
More i'ecently, there has developed a demand in the computer industry
for highly efficient, parallel processing machines having the ability to process a
large plurality of instructions in a single machine cycle. These machines,
commonly referred to as very long instruction word (VLIW) or wide-word
computer processors, are capable of processing several instructions at a time.
By way of example, a VLIW multiprocessor capable of handling 1,024-bits of
instruction each clock cycle is described in U.S. Patent No. 4,833,599. -
One of the problems that arises in a VLIW or wide-word machine is how
to encode instructions which address large register files, i.e., 128 registers.

One approach, adopted by Hewlett-Packard®, Co., in their original wide-word




128-bit entry was restricted to be of a certain type. That is, the first
instruction is restricted to being a menory type instruction, the 'second

i nstruction had to be an integer type, and the third instruction was
limted to bwosy¥¥ | oati ng- poi nt type of instruction. PCT/US¥${24388
fundanmental problemwth this w de-word, fixed, 128-bit format is that it
greatly expands the code and introduces inefficiencies in the packing of

i nstruction bytes. For exanple, a LOAD instruction may only be 1 or 2 bytes
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suppl i ed. rea I Cl encl es rrseins enc structions
wher e onl y4a-bénnszruoﬁonsuwith Rditseftaver)s Each ohithe tbifeetms;anmsaetsthee 128- bi t
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processors w er apprec Ines al so su
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i nstructio el

i nstructi Oﬁ%al n %ﬁﬁ%lﬁﬁgggeuﬂ@?%@ r‘ggé lrllrﬂ %%ﬂ?%‘grs a%d
associ at ed’fmequm?tmdlqnout e the various instruct | ons to the appropriate
functional uni t'Fh ﬂiﬂ&ém blBFrﬁﬁl*t w1'db’i??cfr&tfix3851é§“bﬁ f}ﬁm‘&i‘ﬂber of

i nstructi ons mhl ocesse there is a

~ need for athgt 69%'&513@%3‘ godeand m@omnqﬂ@enm initee packingiek oci at ed
- with past inQﬁEétlbﬁtHgi& EI:gﬁ%Qérﬂ e@l@ﬂiﬁm@ﬁ@cﬁﬁﬁ?ﬁd be"f%r‘ﬁllg}t %)e seen, the
rovi us

present invention es a processor capabl si nul't ane y executing
a pl ural i t\pngsbuldy pderarbwidernard formabfi2- W%wﬁd ﬁPW?ﬂlyéﬂu bei ent encodi ng of

i nstructi ofgpplied. Even greater i inefficiencies arise in sequeﬁb%?(st%tlghgmh%'\‘-'_' ON
A processor |s descr | which utilizes a tenplate field for encoding a set

of rnost us@1 9rRsefthe instiyctions inprakuofithe suqceeyive WE-Pistruptionor d format. In
one enbodi gRifibs akdilized.ent ed processor conprises a register file having 128

regi sters. The ’Lnstruct i.on sﬁ f\ rocessor i ncludes i nstructions which
2 ersons familiar wit supersca ar grocessors will further appreciate that

PCT/ US98/ zam mdéﬁn%ﬁlalb%mer dlffﬁdlﬂé@ﬁ/ﬁeﬁ h?m I&Bsmﬂﬂtaﬁéw prcéds £ach

I nstruction bei n‘ﬂ onﬁ of tf raI | tél ﬁ%{:f erent i Iru&t i on types. The
execution per Prg?‘%m Bnit ?%3‘3 itto different
types, \Aheémumeamahy ins&hcﬂmbumparhﬂéieeditﬂlseslm lapgemuhﬁﬁr ofimaiiplexerstor e of the
execution unlt t rd|n ent_invention,

et uct i obtd ApeottRie witho o pufih 8 VaiiPte belfonB LS B RoRITE rod cont ai ner s
call ed bunﬁlneBonaiEanis b'[hlslblacempniantim hrhitat&ins onetbmndmbanol‘ indtructionsist r uct i on

Siots to  MEebFRBRBTReasipd ABMAC T | o ouea T hot ruct i on encodi ng schere
utilized in theThusethera isianesd fooa processatdisat reduces the waste and

inefficiency associated with past instruction encoding methods and apparatus.

As will be seen, the present invention provides a processor capable of

simultaneously executing a plurality of sequential instructions with a highly-

efficient encoding of instructions.

SUMMARY OF THE INVENTION
A processor is described which utilizes a template field for encoding a
set of most useful instruction sequences in a long instruction word form_at.' In
one embodiment, the invented processor comprises a register file having 128
registers. The instruction set of the processor includes instructions which



enhanced flexibiJity and greater efficiencies as conpared to prior art

appr oaches. " BRI EF DESCRI PTI ON OF THE DRAW NGS

The present invention will be understood nore fully from tpheudaizissed
descri pti onWP8¥ ol | ows and from the acconpanyi ng drawi ngs, which,
however, should not be taken to limt the inventiion to the specific

enbodi ments shown, but rather are for explanation and understanding only.
Figure 1 illustrates an architectural register nodel in accordance with one
enbodi ment addretéithepradoegisters,ofith dechinsteuetion being whi @fithe plurality ¢fi gure 2 shows

the relati hip.b | nstuct i . | ' .4 types for one
enbod mont SGPRFRIPRPSEE b e, I pisktobe B Gtihe EESHAA B Uiibyy

i | | ustrati categotizeddhie differentttypas, whesain each instrestioodypeymay berexeogtedo one
enbodi nent _of ' i.on. Figure 4 shows a tenplate field
encodi ng aﬂRioﬁétz’?tﬁrggﬁméléggxﬁa%p%gwq%sf one enbodi ment of the present

i nventi on. According to the present invention, instiDBtioxIs dFe gRItEHR togationr : The
present in hQ K r . ] | tg | at

Gt i1 zes arioipRirsRtahq ibha fanahelt daled BEAJLE: EQth BHeRG Bibdke® ¢
detai | s ar &irst,etecond,tand thind instyctiopglate candfd tempiate dieks thit speiciiiegthies, specific
ng‘ig'?ggs rrf'atpfﬂng of the instruction slots to the execution unit types. The improvecl3 VO
PCT/ US98/ 2 ¥@¥8ction ¢ncodingschemepitilizaciin the preseciigventioagprevidesdi ng of the

present in L Qn. Ak | ' i LR the data

pr ocessi ng\égﬁ%'jé vm'qufbu d%ﬂrdsgtgﬁgﬁteﬁ%%’drﬂ(&%g%{s‘r?\?gﬁ{aly%cﬁ%g{y Eg practiced w t hout
many of theépprogees.ls. In other instances, well-known signals, conponents,
and circuits have not been described in detail to avoid obscuring the

I nvention. Figure 1 illustrates the architectural register nodel
enpl oyed i n one enbodi me/BRIEE DESCRIRTIONOFIHE DRAWINGS pr esent i nvent i on.
Persons of ordinary skill in the field of processor design understand that

the architectural state of a processor consists of the contents of the

processors regi $bepresgatinuantionywill b anderstooddmese fullyframie detalstecuti on
becore ar cliskafgigh ihich f61ihfd 68 b ardingiraRings e SENRHET Wi hi 0

t he processor governing execution seguenci ngo. As shown, architectural
regi ster mSHeYIANGt be takende limit kas, iovention to thr gpacific; eppkadiments showppbit pr ovi des
a central nramerasdof plaidtioh ahd URtetthdifg dntyredi a conput ations. The general

through gr er ] FIGHER TdSTaER an-aFbRedsial BRI Hoph NARIORINOR DI | cged
one embodiment of the processor of the present invention. o
Figure 2 shows the relationship between instruction types and
execution unit types for one embodiment of the present invention.
Figure 3 is a diagram illustrating a bundle format for instruction
encoding according to one embodiment of the present invention.
Figure 4 shows a template field encoding an instruction slot mapping for
one embodiment of the present invention.

o DETAILED DESCRIPTION
The present invention covers a processor with instruction encoding that
utilizes a template field. In the following description, numerous specific details
are set forth, such as register file models, bit lengths, specific encodings, etc.,



| evel s. Application register nodel 10 al so includes a _floating-point
regi ster set 14 that is used for all floating-point conputations. The
floating-point registers are nunbered fr[err] through fr[err], and
simlarly comordogern set of 128 (82-bit) registers in one PCRUWHERIBKL | on of
t he processor of the present invention. Also shown in Figure 1 are

predi cate registers 15, nunbered pro through prlerr]. Predicate registers
15 conprise single-bit registers used in predication and branching. They

are used tﬂm%ﬂeﬁt&ﬂé&ﬁﬂh&%‘{h rﬁugﬁ u?@é@éﬁ&iné%ﬂﬁe;b}&éé}ﬂ%veﬁ &éar e typically

used for conditio execution of 1 nstructions. nch register file
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the- br hnch T oae Ay TR} 66 pREaR Wik iy ot hidgh skl FEE D TPEF
Figure 1 iyys@anqenswelblﬁnQWiwlﬁtcgmppaemﬁa@nMTougs have Md?e@gs of the
"bundl e” weeSlifoRih Bb1 16 Boid pactihh theieattiohnd [ nstruction. As will be
described in nore detall shortly, the term"bundle" refers to three

e
i nstructions anbigyre tilpstsates theArehitachliplsagistes model employediimgn® hi t si zed

field. smbodiment of the processor of the prasent invention. Perséns of ordinany/&RilP9/ 19793
further 1'ncl udes an

PCT/ US98/ 21388 Finally, reqgister nodel 10 |

appl i cati ofp ﬂ’@dieéqgrpr9¢qs§°'1‘§9sdﬂ5hwqa§§ﬁ@d thatthearchitechiralstateobas and control
regi sters halcedBtH dondfstst thid édtﬁérﬂsfbf'%%?wsséﬂé‘féplsié}ié andYidrhgry! v, these
regi sters are accessed béj appl.ication software, iyl‘s‘ apprec] ated that the
regi ster nd@eiresylisghinstu xecytioR-Recoma arghitasturally visibeacgerdingies

i mpl enent i RGseY 8f hid&Seriboiebwithin tifPplecsssor gbrerhing lexetution Feglididingivai | abl e
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an e execution uni ypes for, executing i ruct.jons, in gne enbodi nen
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di fferent nypderedidg trbughigridcarehére avaliableta allproyraes amtallpivilegédger
arithnmetic,logic unit (ALU) instructions, non-ALU integer instructions,
menory i nsll?"ﬁ%‘i ons, floating-point instructions, branch instructions, and
| ong i medi at e Application register riibdel i10=isaintludes afivatingypmintoegieler &t each of
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Figure 3 s vaauihinge ey pre usediohald thedeslis of gempargringtructipes, tasghd@t e il ed
o bber S Mo gisa i ptolond Modigh b rdtcnkoL o 0. T, and 2 occupying
Branch register file 17 is used to hold branching information. For
example, branch registers brg through br; comprise 64-bit registers that may be
used to specify the branch target addresses for indirect branches.
Also shown in Figure 1 is an instruction pointer 18 that holds the
address of the “bundle” which contains the currently executing instruction. As
will be described in more detail shortly, the term “bundle” refers to three
instructions and a template field grouped together into a 128-bit sized field.



respectively. . Accordi ng to the instructi'on format shown in Figure 3,

all instructions in the instruction'set of the processor are 41 bits in
| ength. The 4-bit tenplate field permts the encodi ng of ,ﬁgg s§equences
of instructi¥R¥P™Bifferent instruction types. In other wor the tenplate

field specifies the mapping of instruction slots to executlon unit types.
The tenplate field also specifies instruction grou boundaries within a
bundl e. An instruction groupis a set of
5 WO 9Bihaly] eejister model 10 further includes an appllcatlon register file 19

concarr ont o Prsipo ShpiRta seofiels AN OB R PricRn BT S, 7TV,

wri t e- af t e prooessar furedions.c Typicallynthese iregistbrst ave @ascegsechbyAapplicationuct i on gr oup
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appr eci at einciugle dthert registeir typegrimplentanting yafieus pracassaofeturesl The bsti onship to
bund| e bo”%ﬂ?&dg‘?%rsta\rgﬁébl@{}vﬁh@ tH@éng!a?&Hr%gg{%dprgé&{t u%hhgn Rpdihe tenplate

field and t S whether an 1 nstruction
group boundeemed essentiahto an undesstaading ph&lemwei conceptsalescribest he@inof t he

t bundl S-bit i
cet to "ot he WillireleecBloh to Klgched idil ls BRI ERICR 3y s hd1e = P11 1S
i nstructi omS(mucaon types)and);heoaxepweorswmtwes foy executing éinstrugtionsl intenad| e.  That
I's, there ig éiﬁto?glﬂ‘et;‘:rggerﬁ E%él"!ﬁ’lsﬁ‘uéj@f\ é@ﬁeé&’rﬁ?d'tu%tc{n‘éc“on in

the bundle versel setting an I nstruction
group boun@hsix diftarentdypes: élﬂ'letiwédiff&&nt instruetionttyras inglude intégerd| e.

Referring @.mq,ﬁét.cﬁb LAt faL RS FucBns RN frd Mt Bidihibniag odi g and

|nstruct|on roceséor the present
i nventi on. WQMé“StNﬁ?HOFﬂ%m@héﬂﬁtmﬂW% p@d |I¢ngammwbatpr operties:
instructi owﬁemsbormaéwmo%hﬁ Wbeaorbwméﬁ aacﬁaﬂhta@dmm ng of

i nstruction slots to execution unit I mportant to note that not _

al | conbi ndnstgion,types may be fxesuiodds Fh%@ '&rtﬁe HG'PWP?‘&S”U"W@" tablevi nat i ons
which are oof iThede diferdit ef(éédti%ﬂtunﬂ mme Moantohbidiecalic ur‘uf‘(II abl e 40 of

Figure 4. Practitioners fam liar with the conputef arts wll preC|ate

‘that tabl e YM). e menosy PWF‘%PFMM&E‘&@F%M’GQ’M 3??6@!“0!}5}@!‘& i nstruction

sequences ting), (‘aahltuegfyﬁeygkgé@gnlumgg ff).conput er prograns. The
correspond to the three instruction

three right- m)skcolu s of table 4
slots within a E‘f"§f‘@\‘! ingteuction araenceded nthepregessenaidle r i ght - nost

colums is ﬁrbsermmuaorp roymbta Hivamatada qiasta (wbytécanb@@li)tnunutéaao i nstruction
oot oo o PEUEBh e AL B ool 455 & A% Poila T S Shgp ") o' © '°
eXecut ed byStdwy. The fdrmagobiirille waépi&ﬂedﬂh Figute 3 8hés the dtdis-biruction unit in
slot 21s %)égﬁpu)}ir?g bl?¥oslp on 6%3 fom Igf(eeﬁéﬁ c':gcrt]:p%g E)It posItlons ?&0%%83” .
: instruction slots 0, 1, and 2 occupying bit positions 5-45, 46-86, and 87-127,
respectively. . :
. According to the instruction format shown in Flgure 3, all instructions in

the instruction set of the processor are 41 bits in length. The 4-bit template

field permits the encoding of multiple sequences of instruction of different

instruction types. In other words, the template field specifies the mapping of

instruction slots to execution unit types. The template field also specifies

instruction group boundaries within a bundle. An instruction group is a set of
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PCT/ US98/ 21388 Note that table 40 includes double lines 42 and 43
separating two instruction slots associated with tenplate 1 and tenplate 5,
respectivel ywoDendrbx | i ne 42 separates slot 1 and slot 2 fROTAISSSi3IBte 1,
whereas double |ine 43 separates slot 0 and slot 1 in tenplate 5. These
double lines indicate that an instruction group boundary occurs at that
point. Basically, the double lines function as a stop-bit between the two

fenpl ate 5 ouhaidoRfiBuublachnionimal ey B 3Beieq bdRbmeling Por 2o, O
i nst ruct i oexarBplecan structionrgroyrehas oo eedd-aftet-write dewiitecafterogiteoi nt s bet ween
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the field ofeinstipctian, and there ava no architédturaplmitstodhe maxinurnmembler bf ty t o
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ana 5) - "sREHAE, Pricibhulsin BB 4 GiiheiBtite AbbrBSele il mEfRABNT T 0 T8 1 o
(vi a t he Sghiup)boundarieshavetnodixetyelationship to hundledntindarias) thayare

W t hi b : | ’ ' f - 0t lot 2. If the S
bi t : 2 8, 5@"?#3%%‘%8’?%@%‘%@?@% #\Egh%g‘sq%nl ns'?r 3c?i on (slot (23) of
t he current bunBheSditapenifies whether aninstrugtion graup bowndasnogeursafte) of the

taticall i I y r I it is 1 an
statl ytiﬂaglégt |ﬁ§ﬂ§:§%g.§y écp)d(,:{(?ﬂ b?the%rﬂehﬁ?]ﬂiﬁsﬁmanﬁ ir} Q‘Eu%rlﬂ' IS

i nstruction group boun ccurs after the | instruction of the current
bundl e. |t implemeptation.dt the S-hitis sehto 05 thegurientinstregliopigrogpscentigiiesit advant age
in executi FREE ioh &.e0 St Ustida @eéﬁﬁp L sequenti al
code t hat ?ﬂ%lﬁ?udes g_gtﬁ%rt&%hﬁol.’lﬂe ﬁﬁan A ?%’Flgg\%e byi.)lgn%él"a?E operati on
can si npl y That ischaeisag insjrugtien group beurdaly aftar the last istrughiandndir at i ons. 1 n
the past, Buhdlb! CbAverably, Stfing/thé®ibitltd™av fdafs it WA fstiuefiorPgfollp! NSt ruction

in the sequence, even though the actual encoding of the inStruction may
occupy onl poundgry ocglrs affer the last insjructiondi the bundiey t her understood that a

program ?CCOVdi RGfei'ﬁhgtﬁtﬁvaﬁ ﬁﬁm,itﬁﬁféligéhbw_n tﬁ@'t’érhﬁlhfe;ﬁ&d éncfilgence of
I nstructions,  packed 1.n bung e&, and %ﬂanl zefi I nto instruction groups that
i ing 9 0

are stati caMfINsYULtion slekmak Be eboiment of thedwocesses ¢iiheg S bits within
a bundl e. presennipvéntiohl A dBsolis] abode] the térplatefidld epescifidsttvon t hem are

ordered as follows., Bundles are ordered.from|owest to highest nenory
addr ess. | RETEHES IRCUconiaioy BeungRtine iR Bl gnd the maphing of

7 WstruBckPslons to execution unit types. 1t is important to note that not all
PCT/ US98/ 2 %g’r%%inaiions of these two properties are permitted. The combinations which
are defined in the current embodiment are iliustrated in table 40 of Figure 4.
Practitioners familiar with the computer arts will appreciate that table 40
provides instruction encoding for the most useful instruction sequences
typically encountered in modem computer programs. '

The three right-most columns of table 40 correspond to the three
instruction slots within a bundle. Listed within each column of the three right-
most columns is the execution unit type which is controlled by that instruction
slot. For example, template 6 specifies that the instruction in slot 0 is executed
by the memory execution unit, the instruction in slot 1 is executed by the
floating-point execution unit, and the instruction unit in slot 2 is executed by the

integer execution unit of the processor.



addresses are considered to precede |nstruct|ons i n bundl es with higher
menory addresses. The byte order of bundles in menory is

little-endi g means that the tenplate field and the pgrRisbsAbR
cont ai ned iﬁ%ﬁ?}?’% of the bundle. Wthin a bundle, instructions and

I nstruction groups are ordered frominstruction slot O to instruction slot
2 as shown in Figure 3. ~An ordinary conpiler may used in conjunction
with the processor of the ptrésent invention. Cbvi&isly, however, it should
be adapted to tthetI'mNabhA@mdﬂdesmublndme&é?.laod4érs©pdtah|gg$wherre descri bed

b f th
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unused tenplate va Int causes an Il a? eratlon faul t.
It shoul d @&ampleethﬂtjné@mofft@npmwa@élogo instruction isi lowegtcgnatuon in the

| f g [ nstruction
Coper 1 o e orl 1B R hictn e§?§9§%ﬁ’§19 tifioplaffeld BTBOAR Gob 0o

tenpl ate 2poiBtshetweenwsdnstructinas withiny bundle, the compilenis allawesiier at | ons may be
encoded | ”mHi%'afe tBEiﬁé h&l‘t'l'w%Fe ﬁh@lte ééﬂ'enﬂ@ﬁclé‘&;‘égﬂe%ﬁn fh dolde,

I nvention. Encod I Ng Instructions 1n thi's slot causes an | Iegal

oper at i on Ptakiltin “79 f'%lﬂpﬁ@?mp'égf architectwrewill appreciatecthat g abilifpta i nstructi on
in an |-ungg edﬂ% ‘thrthStﬂﬂfle hbﬁﬁbtfoh?r&ﬂﬁbédhdhﬂ@@{vﬁ Rl ieRE Aénd b) £92l

operation faul describ nbodi men
8 C i\ aad ’°M° @Pﬂ“'ﬁg inter-bundie instucticn e M’Pﬂ?f‘?ﬁ fYipthe S-bit) -5 regj ster

file having «h Gltrehidly valusble pRiBeSSdtTanction.

Within a bundle, execution order proceeds from slot 0 to slot 2. If the S- -
bit is 0, the instruction group containing the last instruction (slot 2) of the
current bundle continues into the first instruction (slot 0) of the statically next
sequential bundle. On the other hand, if the S-bit is 1 an instruction group
boundary occurs after the last instruction of the current bundle. it is appreciated
that the use of the stop-bit is a great advantage in executing a code that is
highly sequential. For example, a sequential code that includes a LOAD
followed by an ADD followed by a STORE operation can simply be sequenced
by use of the S-bit after the three operations. In the past, a full 128-bit entry
would have to be used for each instruction in the sequence, even though the
actual encoding of the instruction may occupy only 1 or 2 bytes.

It should be further understood that a program according to the present
invention, consists of a sequence of instructions, packed in bundles, and
organized into instruction groups that are statically delimited by S-bits, with
templates specifying S-bits within a bundle. The instruction groups and the
instructions within them are ordered as follows. Bundles are ordered from
lowest to highest memory address. Instructions in bundies with lower memory



an instruction set including instructions which address the registers, each
I nstruction being one of a plurality of instruction types; a
plurality of execution units, each execution unit being one of a plurality
of types, weasr®nsrzach i nstruction type i s executed on onBCTUSHBIES
execution unit types; and further wherein the instructions are
encoded in bundles, each bundle including a plurality of instructions and
a tenplate field grouped together in a N bit field, the instructions

bei ng_ | 00alt gt ldel B8 CAtRidenll  2bsac inb bbb ouhiih byl fighert eTP! ate i el d

speci fyi ng a nmappi ng Cd R P oot on 8 'Bxecdlton unit t ypes.
2. The promnowaﬂdresmm 1 wherein the tenplate field further specifies

i nstruction groem ?’%‘gt}%?l u%feg'r?n{e%iléqﬂieeendfﬁﬁ hTIﬁQFLd%?E'iﬁ’aqt i on group

conprising a set o I NStructi ons are executed

concur r ent Ithe templatefieldrand l}bs(%blt ater cqmtaloechhrhylze Ontiheibundiee Within Buct i on
types incl yggge { N infstGttiohs 'a'hg ’?ﬁi‘mﬁh&rpgﬂoﬁgg At orp@?’eﬁ‘?fo\‘n ?Q\;\’ﬁﬁwn%t and

branch instructl ons. sor claim ereint
i nst ruct i orinsgtistien slotheushownimagureo% arithmetic logic unit int eger and

| ong i medi at e iARdr&iK &,p,iﬂ ed ot th t 9
5. The processor g#r ?Q '\%magus Wcong(ugcd?rlnglnh heprocesgggotltrqgl ude

i nt eger, nmifesant inveatian. fgbyiensty, hoyﬁuermﬁahewdbﬁ@@apﬁedﬁo tﬁketa@vantagee The
processor Qi id u’f\b@c’iuo%ﬂ&édng? &&férﬁ&&?éc?ab@d Bb&}ed G Wh;%‘lii%aﬁm At field

7. The processor alm L erein he bundl es

conpri se f iqogpilerghasidibe desioned todiseef #hqismplme ﬂeles so Pravidle taa Fst

compact code possible. -

Practitioners in the art will understand that the unused template values
appearing in table 40 of Figure 4 are reserved in the iliustrated embodiment.
These unused template values appear as empty rows associated with template
3,A,DandF. Tha empty templates are available for use in future extensions
of the processor architecture. Specifying one of these unused template values
in the processor causes an illegal operation fault. |

It should also be noted that for template 2, the L-unit designation in the
column of slot 1 repreéehts a placeholder for a long immediate instruction type.
In addition, the I-unit designation in the column of slot 2 of template 2 is
restricted in that only movi, break and nop operations may be encoded in this
particular slot for one embodimant of the present invention. Encoding other
instructions in this slot causes an illegal operation fault. A further restriction is
that encoding a mov/instruction in an I-unit slot other than the one in template
2 causes an illegal operation fault in the described embodiment.



bundl e being 128-bits in | ength. 8. The processor of claim7 wherein
each of the first, second, and third instruction slots are 41-bits | ong.

9. The processor of claim?7 wherein the bundle further inc op-bit
that specifi WKW ™nter-bundl e instruction group boundary.lLé’lq&sgi'gBﬁrhe
processor of claim9 wherein, if the stop-bit is in a first condition, the
I nstruction group boundary occurs after a last instruction of a current
bundl e. 11. The processar: of claim 10 whereing,if the stop-bit is in a
second congigdimen, an instruction group containing the_last instruction of
the current bundle continues into the first instruction slot associated
with a staNe®®M next sequential bundle: 12. The pr i 11
wherei n the lyast Aippsdesséiidopiprigingt he current bundl e conprlmﬂlﬁmnlm‘lrmmlm
instruction slot. 13. The processgor according to claim@ furtmers '+
conpri sing a nehtRgjstenfiie having aplyralty gire@isiers; o byte order of the bundles in
the memory Dbei ng, inBtruction set including instructions which address the registers10 a
little-endian format, with the ténplate field and the stop-bit being

cont ai ned pachinstructiontheing aife ofiapluiatity of instructiotypesie pr ocessor of claim 13
wherein the bu L; W ; wa hi ghest
menory address@b%‘%&%&m@gg%ﬁ% al n#u&ﬂﬁﬁ\}%@aﬁ?ﬁ?%%h{rﬂg ruction in
t he bundl eof types,iwheiein eagle instructian type iscaxesuted oacng« magrejexseutiost i on in t he
bundl es Wh ﬁ]f\}p g hi ghest nenory address. 16. The processor of claiml
wherein the pllrality of registers conprise 128 registers. 17. The
processor of claidiuthahwherein the insiuctionssare enpodeskintbundles, eashond, and third

nstruct i og, Shgludihg B oSy BHASGAB St 4RPa Rrhashei gt . and furt her

specifies a mapping of the instruction slots to the execution unit types.

2. The processor of claim 1 wherein the template field further specifies
instruction group boundaries within the bundle, with an instruction group
comprising a set of statically contiguous instructions that are executed
concurrently.

3. The processor of claim 2 wherein the instruction types include integer
arithmetic logic unit, memoty, floating-point, and branch instructions.

4. The processor of claim 3 wherein the instruction types further include
non-arithmetic logic unit integer, and long immediate instructions.

5. The processor of claim 4 wherein the execution unit types include
integer, memory, floating-point, and branch execution units. _

6. The processor of claim 5 wherein the template field comprises a 4-bit
field.

7. The processor of either claim 1, 2, 3, 4, 5 or 6 wherein the bundles
comprise first, second, and third instruction slots, with each bundie being 128-
bits in length.

8. The processor of claim 7 wherein each of the first, second, and third
instruction slots are 41-bits long.
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wherein the mapping specified by the tenplate field is as shown in Figure

4, 18. A processor conpri sing: aregister file having a

plurality of registers; an instruction set including instructions
whi ch addr eswotsbvee?3egi sters, each instruction bei ng one ofPCx/ysban1a8si ty of
I nstruction types; a plurality of execution units, each execution
unit being one of a plurality of types, wherein each instruction type is
executed on one or nore execution unit types; and further wherein

t he inst ruct| ns agﬂ! plurality
of instructi r’ls Zﬁ%s’&?g‘ﬁ% {:Iaﬂ? '5;56'?19; 'oggﬂhﬁn&lnﬁéggﬁi&bﬁ field,
t he instrutttatspscmnsargmtewahdldlmstruchmgmuplboundaryxts of the N-bit field, the

tenpl ate fi el o) spach 0t e BB oheilin o' 5 61K h 8 b, Lhe

execution uni n types, at

| east one mndmwonfgrédp&dmdadyadoeufﬁaﬂedaﬂastirfs&ucmmflafqurmt| nstruction
group boun aréles within a bundle, with an instruction group conprising a
set of staMM€&% Iy contiguous instructions that are executed concurrently.

19. The pr ocelasorh@brdbbasdﬂoislanmowmrélmafthurstﬂpeﬁtnemrsesmdl rst, second,

and third instructiqQn slots, w ts.in |ength.
50" The. or GRRAIGR, apneiuEHon GXRURKERBINING W8 S, SICI A1 19 BWESTnCl ude

i nteger ar b&M@bhﬁudmwo% first iNBYGtIoN sfot QQéchedJQitHi‘h staiediNPhadch
i nstructions. . The processor of claim20 wherein the instruction

types furtﬁ@ﬁluqnﬁ'émm@'e non-arithnetic logic unit integer, and |ong
| medi at e i nsjil U?ﬁég reessor of claitm 1T%e%ﬁﬁ%ﬁﬁ&ﬁn?ﬁucﬁ!ﬁbf’%g%u%ﬁlr ein the

execution unit t e I nt menory, oating-point, and branch
execution bﬁﬂdlgcompﬂsememlmamp BBSIt. of clai m 18 wherein each bundl e

further incl Ul%esTﬁeﬁP&%ssqF%Eo mgto%laﬁﬁbffu%r% fﬁ&@ﬁ%éﬁbﬁ?& ptruction

group boundary essor of claim erein the stop-bit

is in a fiswrexthediundles, a byte Qﬂﬁﬁftqf the bundlegria the memencbsing italiear t er a | ast
I nstructi 0gnGibinJorktdh it thglf&ﬁ:iblﬁte field and the stop-bit being contained in a first

byte of the bundle.

14. The processor of claim 13 wherein the bundies are ordered in the
memory from a lowestto a highest memory address.

15. The processor of claim 14 wherein an instruction in the bundles with
the lowest memory address precedes an instruction in the bundies with the
highest memory address. :

16. The processor of claim 1 whersin the plurality of registers comprise
128 registers.

17. The processor of claim 5 wherein the bundles comprise first, second,
and third instruction slots, with each bundle being 128-bits in length, and
further wherein the mapping specified by the template field is substantially as

shown in Figure 4.
18. A processor comprising: '
a register file having a plurality of registers; : l l!"“cl mll.! I“u!l "Ilsl " I!l‘
an instruction set including instructions which address the registers,
each instruction being one of a plurality of instruction types;

10 This Sheet Has Been Rep! ]acedl
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25. The prqcessor of claim?24 wherein, if the stop-bit is in a second
condition, an instruction group containing the last instruction of the
current bundle continues into the first instruction slot gg§issl with a
statically MPB3uential bundl e. b5

12 26. The processor of claim25 wherein the last instruction of
the current bundle conprises the third instruction slot. 27. The
processor accordl ng to claim23 further conprising a menory that stores

t he bundl es, t:fal@rdf@maiuohhmntbL&E&@cecmdmm:mmggmdoeﬁ apluratiha little-

di f t h th d t it b t d
o it Og&?@% “ﬁﬁée'%gﬁm riotionsye 13BGyEH B0 208 S Marp AXRETIPRoper ol ot ho

bundl es argnipiges.ed in the nenory froma |owest to a hi ghest nmenory

addr ess. "The rocessor of claim 28 wherein instruction in the
banti oo wi t h ¢ o IHBHBAaraR e MstFEI 25 SRGwed 1A RangIERraaaM on i n fhe

bundl es w snhhdlé]mcm:ﬂigeé@ura{rwﬁustmweﬁs@ts and a finpidiedieRf dagssor of claim 18
wherein the pluralit redi sters conprise 128 re i sters. 31. The

processor ﬁweqmeaumtmﬂomgmprboundanﬂﬁw higya dyadies wmanwatwgﬂon enpl ate field
I's as sho a register
ol o havi ‘r’]"g pI I lFﬁP% set of sﬁt?callg‘ cﬁhm%st%ﬁa{é that ke executed

regl st an 1 nstruction set including
i nst ruct i opRNCMVIeDHy. address t he regi sters each instruction being one of a

pLurall L O SeNSHHBidcBibr PR 18 whorsin et kT S g1 >
i nstructi omapping QfmemmMBdsmﬁmewewloe umemﬂ& on unit

20. The processor of claim 19 wherein the bundles comprise first, second,
and third instruction slots, with each bundle being 128-bits in length.

21. The processor of claim 18 wherein the instruction types include integer
arithmetic logic unit, memory, floating-point, and branch instructions.

22. The processor of claim 21 wherein the instruction types further include
non-arithmetic logic unit integer, and long immediate instructions.

23. The processor of claim 22 whersin the execution unit types include
integer, memory, floating-point, and branch execution units.

24. The processor of claim 18 wherein each bundie further includes a
stop-bit that specifies an inter-bundle instruction group boundary.

25. The processor of claim 24 wherein, if the stop-bit is in a first condition,
the instruction group boundary occurs after a last instruction of a current
bundle.

26. The processor of claim 25 wherein, if the stop-bit is in a second
condition, an instruction group containing the last instruction of the current
bundie continues into the first instruction slot associated with a statically next
sequential bundle.

27. The processor of claim 26 wherein the last instruction of the current
bundle comprises the third instruction sfot.
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types; 13 ~and further
wherein the instructions are encoded in bundles, each bundle including a
plurality of instructions, a stop bit, and a tenplate field grouped
together in ¥O99PI3field, the instr i i I t ed poT/USYSRIIEEL i ON
slots of the NN bit field, the tenpl gm‘“ﬂm"amﬂﬂulumng a mappi ng of the
instruction slots to the execution uni g/pes, nat sl east one encodi ng of the
tenplate field further specifying instruction group boundaries within a

bundl e, with i i [ gl .of statical contiguo
i ﬁst ruct }Mons a?’“éb@%&%%&cg@g@@%%ﬁ}g??:fg%ﬁﬁﬁé%b{%@gS ?rI"gEYethgtf yi ngI gﬁ -
inter- bundb?r?smﬁrbmﬂlesm glytelquljé_rgvﬁm&?bqndle_s i? t!fiﬁnemogrbuiﬁg&oqnimlsnpri_si ng: :
t i,l e .havi n ur Leqi Sters: . .an.instruction se
ncl udi ng. PRYBR e e silate feldand 9 sion-LF beiog canteined i ANRY | on bei ng
one of a pbyieafitheyb@idié.nstruction types; a plurality of execution
net ot on Sios e Bebee i coRt o Whefon e shled P gone © " "
and furt hemeanigy from & ltvesttold highestmseniorg addfeged i n bundl es, each bundl e

including a plurglity of instructions and a tenplate field grouped together
inaN bit 4% 3‘,"913 eSSy e@waﬂgv'w"hgnm%rap% inthe burglegwithn sl ot s of

the N-bit fieibdestMEmbRIBIdESS Prosddés TAGRULOIYINAhTBORAIBS whh thd'e | nstructi on
slots to the execution unit types, an unused encoding of the tenplate field

bei ng avai highest memopsaddressa f ut ure extension of the processor.
14 31. The processor of claim 18 wherein the plurality of registers comprise

128 registers. _
32. The processor of claim 23 wherein the mapping specified by the
template field is substantially as shown in Figure 4.
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