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TEMPLATE FI ELD | NSTRUCTI ON ENCODI NG Fi el d OF THE | NVENTI ON The presen
invention relates generally to the field of processor architecture. Mre
speci fi cakhyg9,ff3gaAN i Nstruction encoding method and appar aﬁvé'?vgﬁhms
increasing the efficiency of processor operation. BACKGROUND OF T

I NVENTION In the field of high speed conputer processors, there have been a
vari ety of approaches to the problem of how best to encode instructions.

angt ' encodi nb ER=RPR U et TR Pt BLe AR R I R b Gl 1 For ent

bit Iengths. Wiile this approach gai ned wi de acceptance in the conputer

industryF the Intel architecture (i A) encodi ng nethod was inproved on by
r educed L@&%&ﬁ%uti ng (R SC) machines. In a R SC nachine, all
fields are uniffy a)éeﬁﬂﬁ)éﬁﬁ’an mnétlase;é%)/auw@trwnélu@mplftfwsaera fixed | ength
(e.g., 32-bits). fixed, 32-bit ngth of the instruction fields provide

enough blaﬂ":'?i&%%‘rlsorl\"éfe sResically. poarém?dae"qwtqoem BRNA%4H3Rd use three

oper ands,apiarduSMEF ihe ARARIRY theCAIEBhBY BIpRcesrlopehliopt er identification. T
Therefore the Ft 1 SC approach provi des adequate space to encode opcode bits,

i mredi ate val ues, offsets. etc. Mdira recently, there has devel oped a demand

in the cm&@ﬁohpgwfgg TWE#?icﬂW y efficient, parallel processing machines
havmgt arge Iurallty of instructions in a single

' machi ne cycl e'n the dield ﬁh‘&'lf‘ﬁ@@“@@ﬁ’imfwm@#ﬁed"?@ have\kaap 3 ong
| NSTruct ivRihatp Eﬂaé Mida¥heQko HiSrobyr O@HHW%gf o RBBE SRS tPuctidhE, Eapgbl e of

processi ng several instructions at a exanple, a VLIW

mul ti pr oc¥s SEFCRLRIBIMABAaFIHIRA byiinter® @mgﬁa@lgn Gﬂyﬁﬁ%‘ﬁ'@@ﬂ@ BnSach cl ock
cycle is Qe‘éda"ﬁ% whr&ntaﬁerepﬂrf%%c{\th wérégééce‘é%% w@@ﬁﬁfeﬁszﬁneﬁ@héeﬁﬁ nat

arises in or wde-word machine is how to encod Instru I ons whi ch
address |¥hye thisrpreach griegd wide acgaptaneg)insthecomputer ingpsadre Inllapt ed by

Hewl et t - Pﬁﬁﬁggﬁ ta) §EEa& ng'rﬁotﬂ%g&éﬁ% posler H}PE? reduced insthidiofRfie WO

99119793 esrgns was to roup Instructions 1n a single
128- bi t mmputlmﬁt&ﬁ)traanbneshree 42-bit instructions (with 2 bits

leftover). EaCB"e i mta@{»%%héﬁ‘ﬁ&'éiu%tfh%ﬁﬁorﬂ-ﬂy EE@::@E&B mﬁ&ry was

restricted to ) & certal uction is
restrict edstroctien ngvagraahm@iemﬂe(a os BRpats). orhe fikasd, s@c@h@ngﬂ'swfr!bet i on had

o be.an &Rk, RS n AL OB I Adalicli Ggatesd Latdad to belng 2

fl oati ng- poi nt AStruct nt al emwith this
wi de- wor dIHSIMBdns mmetthfs&rmrands vt every gpe@tnldycoe\ﬁ)am@sa $iit code and

T Cnac R BRY IAPRCIES, RGP RN, Shotlh LU DA AR, oBQE, ©xamPl

a LOAD i nstTuction nma ong In I or
wi de- wor dtF snaeds OnQGCKR b%mmmheﬁuaieceéw ofyetgt el be supplies Even granter

| nef {1 ci enci S \il S LS SAURNERSIRIeiddb { UEHLARS, BISLEnbuneP sty - 2 C.

the ins;; instruction |In'each I NS n entries
are util i techigPyrsfbasnt, @mrilleaprans'shmgupmmrm&sl fsavimg ttree@tshnysolpmddssfajrt her

appr eci at I f f ul 4 ry| ng to
si mul tane%@?&g ‘Lﬁgg esgﬁgb"ﬁﬁf%éa}hér%ﬁg fgcihniet y&iﬁ‘iths%owggﬁgtﬁpl e. a R1SC
processor coesngniydefareakecas eensrﬂm’ryg insgLcliort womls{ MUIMD @r alidewaregqui res an
| arge numher o rrutlplexers an sspci at ed t Curk I’IOUS
| nstruct | GRERel HpeaRs T aor et tin ol pisnarsnd prudt hBuL e A Mk, | O
i mtati oy eaytdieexampler aofLiwheunpecddesassr edpable cfaimrtﬂngnommsiof n
parallel, instruction each clock cycle is desenbed in U.S. Patent No. 4,833,5989.
One of the problems tnhat arises in a VLIW or wide-ward 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
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Thus there is a need for a processor that reduces the waste an?zl5 APR 2002

i nefficiency associated with past instruction encodi ng net hods and
apparatus. As will be seen, the present invention provides a processor
capabl e ofw@bamshézmaneously executing a plurality of sequent PEFUSPEXIBAACE i ONnsS
with a highly efficient encoding of instructions. SUMVARY OF THE | NVENTI ON
A processor is described which utilizes a tenplate field for encoding a set
of nost useful instruction sequences in a long instruction word format. In
one enbodi ment) the invented {)r ocessor%ggggrl ses a register e having 128

i |
regi st erldE€SIGNFVAHEY AIRUA 'BRINLBHONGN " s%’b?mphg‘laugﬁgtai"?% 8% i ons whi ch
2 - 5 PRt H PO DAY 9 BiRGEhdaIB IE adh ehihcab theaRstridtors A8héegi sters,

with each instruction being one of the Iurallty of different instruction

types. THS-BXEEUYivAS [?ﬁ'i"t‘%e‘?ﬁ" bp&f BCgRaESHPear&atiSninesifsy rSHUeiRt i zed into

di fferent fypAcSa W R arﬁ@fﬁery ﬂ%EWé-‘thcﬂBntﬂﬁléesefiab(dlﬂ%t@&ﬂﬁbltk@@ N one or
nore of the execution Unit é’t According to the resent i nventi on,

i nst r uctdeAs integeghEpand iy MREPSTYRGN 198BS Wt‘egﬁ%ﬁﬂ‘”arﬁj %ﬂ‘i"@rﬂé@“bont ai ners
call ed QRHgIoﬁ,stgﬁh@g nbundl e includes first, second, and third instruction
sl ots, a tenplate field that specifies the map in of the instruction
slots to the E&%Mﬁmefuﬁi Rropigse withthis wigprwR/eg fix chit (Amahifodi ng schene

utili zedyizpit Qf nd greater
o1 11 ol o R B R R P Bk e o O T

DRAW NGSstECtiorebytes. ifrr@xempie. LOABemam@im DaH onlyrlée fllAr3bytesm t he
detai | ed gasgr Oulagb Qz%eh{fa%am% @&%mﬁ%@gg f@ﬁﬂ Bg drawi ngs,

whi ch, h Ver, aken'to Irmt the invention to the specific
enbodi neams*lsémov\n(erbgtammlhefrflcmlefscﬁﬂSéxrpbaﬁaemm cintstiuationstwhrateng onl y,

Figure Lebly st patas. n ALhid RO, feTlSLRLVIDGALo| hRgpance W th one

enbodi mefit"Yo he processor o esen Tnvention. Figure shows t he
rel at i onshinesbzewsiinzdnst ructi on types and execution unit types for one

enbodi ment. of dlic, pr RS0 iy 8114 A8aiaF bk Eectsivin fHAYEARd LIeURLY at ing a

bundl e for mat [ ns & ng- accor di ng i rren of the
pr esent |R13€nmaohmeléldgﬁu eufilers‘hrbmhlas ttvenfpltamreg fo $m1tenemmgrm5ﬁmt ruction

sl ot map odi.fAEN TAl LED
DESCRI PTFﬂ%gﬁ?%q%é)Q%fe'ﬁ?t Ve 't:;’:(g?l covgr S a }eosr&éggéﬂwé) g| nNStruction
encodi ng etxlaameuhlahymmmbwm panalléh refdired anﬂa’rgemmmaﬁgmmslekeqst i on,

numerous specific . details are s orth, as. register fiJe nodls, bit
| engt hs, ag\&eiﬁsp{c@t%ﬁevquﬁsmu& @e Va§‘°”5 '” 5,@0&5% appropnaée

functional unis. This places praclical limitations on the number of instructions
which can be processed in parallel, ‘ .

Thus, thaere is a need for a pracassor that reduces the waste and
inefficiency associated with past instructien ancoding methods and apparatus.
As will be seen, the present inventicn provides a processor capabls 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 tormat. In
one embodiment, the invented processor comprises a register file having 128
registers. Tha instruction set of the processar includes instructions which



WO 99119793 PCTN598/ 21388 in order to provide a thorough under staﬁ@iw Q602
the present inventi on. Practitioners having ordinary skill in the data
processing art understand that the invention may be pcatiiserghswi t hout
many of t &%‘”f? al I s, In other instances, well-known signals, conponents,
and circuits have not been described in detail to avoid obscuring the
invention. Figure 1 illustrates the architectural register nodel enployed
in one enbodi ment of the processor of the present invention. Persons of

or di nar ya&dvekh thé 12Beedisedrsl with pacrefrsmcnhssbgmgwﬁéeomammhmoft he
architectuyral state of %ag _@gssor consi st s @[1 he contents Cflf t he

pr ocessofierenignelfgtiond g gresyhion wits Ridne PregRSSPlAS B 8%%cut i on

becone agglaigbasédirb ldierbat hbes a0kereiN st ipstusiin Ypelrhebe &ixBoctedd wi t hin
t he processor gover nlqntg execution sg%ﬁenm ng. As shown, architectural
8

regi st er A8 OTIDOTeHe] hELXeFURMERAIYRSSr pose regi ster file 12 that provi des

a central resnues@.rﬁgvfo the grb@éﬁqmemﬁ Matruc0SseH arecgronpbatogether The gener al
regi sters are_a set of regi sters that are nunbered gro t hr ough

gr127 anwtaﬂ@BaR)hw%ﬁedta@gaeqi CBP@@%&E‘EMDHN"E& EAch&yedls Bk

Appl i cat fieR, $SBngl th'mﬂ?ins@rgcﬁéﬁQiotsP%hH%eén?pléﬂe%IH ﬂ%%’e@ﬁne&% ster set
14 that is used for al | oat i ng- poi nt conputations | oat i ng- poi nt

r egi ster@wmﬂnﬁ@r'éﬂ‘fﬁﬂ?f@'tﬂ?’édgﬁhﬁ executionUr PRy ITVE(!@W\{% a set of
129 (82- fdnuciighishic8lio!senafte uxnaberwmeaﬁaeeenp.hvsmorp{amgor of the
present 1nvention shown in Figure t are predicate registers 15,
nunber ed eghaneer Bexhilipr 3nd preatecelfieenege §§é?°§"ﬂ£f!9€(§?rﬂﬂpéé"5| ngl e- bi t
registerg B?@Q:h'e'% predi cation and branching. They are used to hold the
results 1P conpare instructions, and era typically used for conditional
execution of instructions, Branch register file 17 is used to hold

branchi ng i nformati on. I‘gﬁ, %‘?‘PT»Q&@@%E@HL@F& bro through br7
conprise o4-bit regi ster‘s—Fﬁa'r—rra'y—b'e—Usvd’T'U'S'p'ecriy t he branch target
addresses for indirect branches Al'so shown in Figure 7 is an instruction
poi nter 18 that, hol of oy t he
currently exec elé)geg?H{P Wﬁlsbfs Q\H}?mglea%ggscﬁl%%bw n@ér‘gl‘éc;bzt ai l

shortly, ctdwnptmmWhmmfdlleWs taeﬂércsn thee ad:u'cmpanylmg;dramhgmmh\ahdhqiwwl ate

60/ 1905 A1T8UfY hEEIS4 Woriyd ifhifhnp uehiron b H6¢' shedhe emtboipemie/Rondy BiLY an

appl i cat iramenelyé$¢resxpﬁidaxoh%@mﬁarslang\rgpadyal data regi sters and control

egistors are AaBre ddb R Bb A RERA ST RBlaus RER R cap R b Che

regi ster wrmjednbsbmmtla‘iﬂﬁe gw&siomwnemésm Iotemgionr egi ster types

i npl enenting venou PIAGES; The i_sters avail abl e
wi thin the pro%gyggtz g'gﬂ?@ggﬂf é‘?‘ﬁ?%kﬁgcﬁ%@;y essential to an
under st aneheagtioR uniteymes/ @i memmmmdqsormbemabmmnmnt%th reference now to
Figure 2, therg is a}omd.a t abl e 20.tha1;D 12_]%5 the mstrugtl on types and
the execution ugdred adingrarllusiiaing,aioyepia mahlrite iel®8nbodi ment  of
t he presegicddivgattsrainghaidhe érabodieidroof the ;s@tsegnhuémqbd nto one of six
different type The six different instruction n)é{)es i ncI ude i nt e&ie

ons,

ant hreti ¢ | ogi BIAWER3 3NAWS 2 terEp AR fieldrRacoming 20 ! MRty MARPIRR

Menory i nghé efitcdnpenf bR iphesdRidentibat r uct i ons, branch instructions, and
long i nmedi ate instructions. The instruction unit type on which each of
these different instruction types nay be executed is shown in the

right-nost colum of table 20.p Oedémipedn execution unit types include
t he i nteger exsarcutl on unit QI uni t E the menory, execution unit éM%}ni t), the
f I oati ng- poi nt BR REBEF ANV RRNEN CaV ﬁi‘f’mc&ﬁamt‘ﬁ%h nsticHor eacading e ¢

(13- uni t) uiileald armpRPHEdhOW th8 3dIlowikd BBsEHRIcPN AQRRFc U spdEliPaeaRssor  of
the present invention Figure 3 illustrates a 128-bit,(16-byte aligned)

bundl e 302fhaet feBht avsas rredentilsgnedeinshit (gngthm 58?6‘f'§ e“&°ﬁ’”ﬂfte‘f:enpl ate
field, and a crop bit (S-bit), The format of bundle 30 depicted in Figure 3
shows the stop-bit occupying bit position 0. the tenplate filed occupying
bit positions 1-4, and instruction sloe3 0, 7, and 2 occupying bit
positions 5-45, 46-86, and 87-127, respectively. ' According to the
instruction format shown in Figure 3, all instructions in the instruction
set of the processor are 41 bits in length. The 4-bit tenplate field
permts the encoding of multiple sequences of instruction of different
instruction types. In other words, the tenplate field specifies the mapping
of instruction slots to execution unit types. The tenplate field al so
specifies instruction group boundaries within a bundle 'An' instruction
group is a set o! 5



5 APP 2~ WD 99~19~93 PtrTItJ59BI 21388 statically contiguous i-rBSH’H AONS
that nay be executed concurrently. For exanple, an instruction gro as no
read-after-wite or wite-after-wite regi ster dependenci es_het ween t hem
An i nstruc¥PaMtHPbup contains at |east one instruction, andtTHEPE2RPL no
architectural limts to the maxi num nunber of instructions. Practitioner in
the art will therefore appreciate that instruction group boundaries have no
fixed relationship to bundl e boundaries; they are sinply indicated
statically he t el e _Schi S- DI peci fi es whet her
an inst r'ﬂc?ﬁ%#%‘???&%@%@ﬁ%gr gﬁokg’c%?%aé&ﬁg%fﬁléepieggtﬁt L|§H§*t“§°ur(§;ti on (i.e., slot
2) of thPranitioeerts Hawml erdifary skl iretheedata precesangeaants witiplraleestaadi on, if the

S-bit i to "Qn : - ; [ ' j the first
ot et 17 g hyetigh BfenfHE BFREucddSkith b S SHBS COBIE Fpotidh 0 10 T 12

i s, ther mstandes, esiknoein ®gnalspupmponadsr gndtirewitst reyvef rttbdemst ruct i on i n

t he bundl e. A [, t.Li th -bit t "1 t hat i t ti

o oun. oREsiRp R cial tn 25t bkl Maltlebinon Mo the bandro. Referring
n|0W to Figur e]ﬁburé hem@sr%ag_s hl@mrﬁ’;mcthtﬂabdegtseerfrhedidfmiﬁoﬁémgw amgl i nstruction
sl ot mapping for one enbodi ment t he processor the present j.nvention
As descr PRRPAIBEYRO! hASTOEsTRCNA the Brepedh VeRtan: Harsons sherdinaty ski

I nstruct iptheied BT essedabi @asightutiderstahd tisdtane arshitbriraiapmens Of
instruction sluts tq ortant to note that not

execution unit types. It js i
al | coanﬁ%qqséﬁéc%‘?s‘?‘ﬁeééh? "OHRB of ﬁ%&"’ﬁ??%érrﬁgg}%ﬁ? HB®®¥RDbI nat i ons
whi ch ar erpderssiedof Rstrleticr bxetlticiesbni@ atchaeewtdilyusdiblat 5t ording &bl € 40 Ol
Figure 4. Practitioners famliar with the conputer arts will appreciate

that tablBesef®f fpigsiczodiad Witha PRREERR P VEBING RESTHEION SRABMEHFNEnst r uct i on

sequencesd %Fﬁvﬁﬂ'érb‘hi?él‘i@#éﬁ”r@%i@%rinﬁ‘oﬂg?nghﬂgﬁwh@enﬁfﬂﬁb?ﬁ’@se Eagidhr ee
0 table 4

ri ght most col ums of, correspond to thethree instruction slots

wi thi n aflrihaiteat prpvided agamral reseyrce seaihintFoer RS Myld@edieght nost col ums
is the e 1 2foddNi $nd YRR irekict AL ISRl be trgl [ sl ot.
For exarrp)&?agﬁg%‘gﬂr% ate %bgpgﬁv{ [ gig t gt %hsg infsiztéroﬁ:agnrelbﬁsésﬁrsg_ﬁtoﬁlgs

execut ed Mynberedasathirguelk Séutiand am availahle radiprogmammandh all psvilageids

execut ed byt he floating-point execution unit, and the instruction unit in
slot 2 is executed by the integer execution unit of the processor. 6 -5
APR 20p2 WO 9%irmiizeomrcaysiesompdelJgealsp inclydesta iealing-mont egisideseidoubl e
lines 42 ERPIRLI w1 nst I Al I tenplate 1
and terrplled'tqg.‘ag?g ?espggh”egla&%[%&uﬁﬁ %ﬁ%‘ﬁtgﬁﬂ?'gﬁ%aﬁi%g@ @@F (%I&‘%%E' slot 2
for tenplaeaumbarkdfrabralghbires| anmbsinglagy campries assedtof 028{B24ditht 1 I n

tenpl ate - I - .ngi t ] [ ion.gro boundary
occurs at '%Ph%%}gg’gfﬂg Hp{gg%r#%ﬁﬁ%ﬁbrﬁqﬁggégouﬁgg&l ‘?fggé B?éusr%? :Movr? "éigna%gstoop- bi t

bet ween ts$reovwmin BEdiuer t@rs ipnedicate fegimersTH, sumeansd pfoanraasghmpokse, that in the

case of t e 5.1h I .instr Jon.is all end,on the sl ot
o st r uch TP uislen€n s Hmghed ShEMAM AbigErslice BB MBTH 0T Dot veen
e o i et et i L £
the fiel %Faﬁﬁﬁﬁ?g?ro%%ﬁﬁ%agfe&%%&dq P%%ﬁ\’%‘é’?"éte that the ability to
spgciS; y inf rgabtmh_ a'ei;.;'nzér][me_ui?ois_ng[edupghwd?rda;hiag ir@fvsftf_aati@rﬁrpFat ebfi e:jds_ 1

an -ln a on (0] errnng | nter-oun e tnstryction roup oundaril es
(Via the Sxainple, biahchegiate i yhioLEN R EpPuta Bttt PRRtF Rt URY A n
bundl e, eyesditd oFedfydre bPaRCeENdel 4@drasted foP ifdres! Blandhedf the S bit is 0)

the instruction group containing the last instruction g_‘(sél{ot 2) of the
current bundl eASERNGNRED TiRUER { H 2P PEIUGHRB ACTESY ?ﬁ]ﬁ'(aél dsgPeof t he

statical | 4damsk of e eilirddid" RHRAl @ ndRs thecordily d@ddund fnstRuénbing is 1 an
I nstruction rougﬁ: boundary occurs afte instruction of the current

. r the last in
bundl e. | ¥ Be §FprriRqhine@orhaetaiRionbe ¢ e e bepdls” £7/8rS 0 W9 eat advant age
in execut ifxeruRtiedsland RakmHalkyl fiﬁlbﬁr&%ﬁa bder itz E2APPLRadFieik@quent i al
code that includes a LOAD foll owed by an ADD foll owed by a STORE operation
can sinply 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 my
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 bundl es, and organized into instruction groups that are
statically delimted by S-bits, with tenplates specifying S-bits within a
bundl e. The instruction groups and the instructions within them are ordered
as follows. Bundles are ordered fromlowest to highest nmenory address.
Instructions in bundles with | ower nenory



7 - 5 APR ~ WD 991 19793 PCTI U598r L1388 addresses are consi dexgq;hRo
precede instructions in bundles with higher nenory addresses B@%e
order of Rupddpsein menory is little-endian. This nmeans thaitdeslenpl ate
field and the S-bit are contained in byte 0 of the bundle. Wthin a bundl e,
I nstructions and instruction groups are ordered frominstruction slot 0 to
I nstruction slot 2 as shown in Figure 3. An ordinary conpiler may used in
conjunction with the processor of the present Invention. obviously,
however) it shivally rbg»sa@rarppéal tofurthies inivdas ayappifcating registar fite 19n encodi ng

schere desfihbRg ARALPACEREALIaRPEAlIdeqbiits RATRIELANOULE De desi gned

to use o to pro code possi bl e.
Pract i t i presessomfunktons. tTywcanwmmmueqsrm achessafBedppl@atbat e val ues

e Aty b DA, g g

enbodi ne s' appear as e associ at ed
Wi th tenjicaiae &heAregDstanwplés u‘ﬂp(emerplmg vapisgiresessor fwardsabTre fisar use in

future ex n5|tons of 1 Epe Brogﬁssor ar c |L cture. eC|f gne of these
unused t Bh{STESAYRi8E's WithiA ﬁP&%ﬁ§8F° 5?;1’?1“ Yq:rg I'sg‘ﬁ ration faul t.

| t I shoul ?eatr&ﬂ dxsendiiad drh@idér@{anﬂ&@d»l ighe n%vetd:mwdepm ﬂeste?egn&trénan In the
columm of slog,l represents a placehol der te instruction
Cype i addi PYELSTBTEEE Roty @ BlgbigAaethis sawtea fe 20 Bal Gioie° o

t enpl ate|r?stmumes,t;resr:ér&ﬂmereie‘wtionrmhjxrwaﬂforbaeaklr@w‘dsmwnmén@heons may be
encoded in .t ular slot for nent. o resent invention.
Encodi ng B?tf?éi’ Fﬁ ‘L%Etﬂ'ﬁ'?&m "ﬁvetrﬁ'i"é‘ gﬁf?‘ 'Eﬁhné@?nafﬁ claf'?%'égdé‘?}@r"&ﬁ on fault.
A furtherfs sRdifte @it gbelsS ﬁ%.x@mdmngsmml P(bé'§irfdl&ﬁd Pleded an t-unit slot
other than the one_ in tenplate causes an i1l egal eration fault in the

descri be@HHDBYS i9gir uni(ALU) 'S‘SM“’Z@DQ%] H’rism%ée'df‘é FYRtIoDS, MeABEessor

conpri si fkiAickiBls Sﬂﬁtlnbldﬁnﬂﬁyﬂrnﬁlﬂnoﬂspb#ﬂn%h'lﬁéfnﬁftloﬁg,gérﬁ Rhg:imPrbdidtet ructi on
set including instructi"ons which address the regi sters, each instruction

bei ng ondNYRUCHORS uTHRIRSINGTONANY NMBE PHrWhigheach #f hasediiferpnbf executi on
uni ts) e?fﬁ?éinﬁ:’ﬁ%ﬁlifr;béﬁ‘m% ide &8l PREHIWrAinRhEHaht Hcs‘?t:oﬁ:}’rﬂ?éf’ tawéer ein each

i nstruction s exeCuted on one or nore exécutlion unit yp and
further \ﬁr%r'Eh?FEt differans exeeytiamunibivees inchdda e intaged (sxscutistcinibiing| e

I nc! udh n@rt) R oK, Sled MShUKAMIRRANE RodiiRRbShFeldcehdnaifiyped Loget her
ina Nbit fi t he |nstruct|ons eing located in instruction slots of the
N-bit fi éwﬁ anftthe branch execution unit (B- um()
Figure 3 shows how instruction are encoded in the processor of the
present invention. Figure 3 illustrates a 128-bit (16-byte aligned) bundie 30
that contains three 41-bit instruction slots, a 4-bit template field, and a stap bit
(S-bit), The format of bundle 30 depicted in Figure 3 shows the stop-bit
occupying bit position G, the template filed occupying bit positions 1-4, and
instruction slots 0, 1, and 2 occupying bit positions 5-45, 46-86, and 87-127,
respectively,
According to the instruction farmat shown in Figure 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 o exscution unil types. Thea template field also specifies

instruction group boundaries within a bundle. 'An’instruction group 1s a set of



tenplate field specifying a mapping of the instruction slots tg Adﬂf
execution unit types. 2, The processor of claim1l wherein the tenp 3@0@
field further specifies instruction group boundaries within the bundl e,
with an i M6@PUEX™dn group conprising a set of statically cE&TUFAHLIe

I nstructions that are executed concurrently. 3, The processor ol claim2
wherein the instruction types include integer arithnetic logic unit,
menory, floating-point, and branch instructions. 4. The processor of claim

2 e 10 AL LB B AL R e G R |00 U

5°" The processor
of cl ai nayhmbrer ahrinithestivregraubdiasims teddygies-wite lonceriteatiegaurie menory,

fl oati ng-point, and brancgeexecu ion yni.ts. 5 The porocie.ssor of ,claim5
wher ei n ERSIREAPPERIENGIRY BeMBR) Neqy g”ﬂ%’i“tc IR GrYP PFRE 3B/8%5hssor of
either cme MstucBon3and théreQire honvehgbdiuti Bty el trRsmasimurh e nfter 3F, second,
and third instruction slots, with eaﬁ'h bundl e bein 158-_bi ts jn length. 8.
The pr ocBSYEFlAS. cPEAGHISNRRININR AL Berefere %Pf%%'?feé ORI t hird

I nst ruct Len~sh QirfdaHed Hevdhs Sixt @ PAdlatiShshid'® BURA€B80RdEHesE Rlyaré Wherein the
bundl e fUrther 1 ncludes a stop-bit that s&gm fies an inter-bundle

i nst r uct siowlyinsigatedutatiaally by tbe templae fetdkanst therSoitai m 9 wherein, if the
THO% O oo TS HSpactRdihafe Whanelphsia pogess, Beunda cechs
wher ei n, thet lashistruetioniite.i slof A) af Secaiitene Srndie; drer ingtanass it acurrent gr oup
oML T bRy T S ERefle S LARAN NS A0 LRSI O L1

into the first instruction (i.e., slot 0) of the statically next sequential bundle.

That is, there Is no instruction group boundary aftar the last instruction in the

bundie. Conversely, setting the S-bit to “1” means that an instruction group

boundary occurs after the last instruction in the bundle.

Reterring now to Figure 4, there is shown the template field encoding

and instruction siot mapping for one embaodiment of the processor of the

present invention. As described above, the tempiate field specifies two

properties: instruction group boundaries within a bundle, and the mapping of

instruction slots to execution unit typas. It is imponant to note that not all

combinations of these two properties are permitted. The combinations which

are defined in the current embodiment are illustrated in table 40 of Figure 4.

Practitioners tamuiar with the computer ants will appreciata 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 siots within a bundle. Listed within each column of the three right-

most columns is the execution unil type which ia controlled by that instruclion

slot. For example, template 6 specifies that the instruction in slot 0 is executed

by the memory execution unit, the instruction in siot 1 is exacuted by the

floating-point execution unit, and the instruction unit in siot 2 1s executed by the

integer exscution unit of the processor. ‘ :



12. The processor of claim 11 wherein the |last Instruction ef AR 2ggrrent
bundl e conprises the third instruction slat. 13. The processor according to

claim9 further conprising a nmenory that stores the bundl es rder
of the bunW@®¥/i%%%% he nmenory bang in 10 - s aPR zooz a |‘l"f}a’r’€9ﬁé§%ﬁ9an
format, with the tenplate field and the sop-bit being contained in a first
byte of the bundle, 1 a. The processor of claim 13 wherein the bundles are
ordered in the nmenory froma | owest to a highest nenory address. 15. The

rocessor of g|al 4 LRl ' | .0 4the 1th the | owest
Irons\rmry addres@%P%éﬁ@gﬁ%ﬁsi'ﬂ%@%c?ﬁt{r‘\gﬁé\éfﬂ%agarﬁl seeg)lé\?\ngiﬁWe hi ghest

ng? ;%/e?ddf:tmiroinfgms;%aro gtaﬁg?:?brte?blalé jaIl'iherendjlre ceslei)ar1 r%imgfﬂ;qaiyal ! tye(r)fei n the
e i A
undl e stbra n r e ali in specifie
by the terno]g?aie {i|i el d isbas hown in Ftit L{I’e.4i. B18. a’?t ptrhocaes%(Prl.corrBri si ng:
a regi st " FPeC %R/?Fl%)u% 8Vﬁ$%'7i°tc§ur5fare%ipsc{"-'ers,asécn Yhstrifctl on set

i ncl udi nduhatsen asta stop-bihbetiveaddhe $wo Bh@cepryinstractonse ditis meansufori on bei ng
one of a

| ur al i or'_instruction_t S: Lural i.ty.o ecytion units,
each exec naﬁleufﬁ/ql "E)g?%@a%%gﬁgf“pga‘ﬁﬁg?%q ?I?l §/8c5¢15'? Béﬁ,‘s m%og‘)f(eeqqré each
i nstruct i depdngoen tive eiequhstiuaipnOrBy erncouiigethexemplats fieldtotddfineesop and
furthe_r wherein the instructions are e co%ged in bunql es, eacg bundl e
| ncl udi ngPANTS REBHEE IS INSHURHARS TR 2BHICE . e RETRIE FiUPHeg D uped
t oget her jhRicAIddiHe haRivwhre WHere liebeHEér ¥SreRIeNGithifaaé e8deé . NPeefsinsuct i on

slots of the N-bit field, the tenplate field s ecif¥i nq a mappi ng of the
i nst ruct i ekl it Wefield gk cameutrrirhilastyre will appreciate thatthe ability to

specify intra-bundie instruction group boundaries (via templats fields 1 and 5) --
in addition to defining inter-bundle instruction group boundaries (via the S-bit) --
is an exiremely valuable processor function,

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 (siot 0) of the statically next
seqguential bundie. On the other hand, if the S-bitis 1 an Instruction group
boundary occurs after the \ast 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 ¢an simply be sequenced
by use of the S-bit after the three operations. In the past, a full 128-bit entry
would have o 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 sequenca of instructions, packed In bundles, and
organized into instruction groups that are statically delimited by S-bits, with
templates specifying S-bits within a bundie. The instruction groups and the
instructions within them are ordered as follows. Bundles are ordered from

lowest to highest memory address. Instructions in bundles with lower memeory



1t - 5 APR 2~2 types, at |east one encoding of the tenplate Isg\lpﬂ wther
speci fying instruction group boundaries within a bundle, wth an
instruction group conprising a set of statically contiguous instructions
that are ewess¥mdsxoncurrently. 19. The processor of clai m ST HPREE t he
bundl es conprise first, second, and third instruction slots, with each
bundl e being 128-bits in length. 20. The processor of claimt t3 wherein
the instruction types include integer arithnetic logic unit, nmenory,
floating-point, and bran I nstructjions roces r. of claim 20

wher ei n t?\%d"ieﬁ??sr%r@t?W'fﬁﬁ%"f"tﬁ?ﬁd@r'”?%&lﬂ’ﬂ‘é ”?lgH QFFW\%'FEG' [ ogic unit

I nt eger, ,%@%Ar?@gdféggggl at e | nstructions. 22. The processor of claim 2~

wher ei n the execution unit ;s i.ncl ude i nteger n;g‘r‘ fl oati ng- poi nt,
and branch exetde Py® enser &f b”“ lgs inrmempry is itigrendian: | HimMeARmBAki n each

bundl e f Ufh%*\‘éfn;ﬂlﬂ@'ﬂéﬁ’c?ﬁnétﬁé @Pblbhlie E&RLin8BG¢E bitetSoftRei fUrAls. DUNWIEa
I nstruction g‘roup boundary The processor of c¢laim23 wherein, if the

st op- bit Pyndig, @W‘é‘é@@oﬁtﬁ tﬂsHHcﬂ%QFWNeplr?ﬁfeglerﬂb"ﬁHHﬁﬂ%ﬂ 9'06@dars after
a | ast |nﬁ,tswg{,é,pg,opéagW\,p,em;@ufgige 25. The processor of claim24

wherein, If stop-bit I1s_in asecond condition, an instruction group
contai ni ng t heAr\a@dehS@fPfDBﬂ@Uﬁ‘aMﬂ-'Sﬁﬁén ceniHBRioMHMIIhe REReFFRIE that o t he

f' rst msgg&%ggegiéeﬁ et R, FowAiveR iPorithad b@%héaree%txass@gu%smbsé bundl e.

I‘OCESSOI‘ Of aim 2S wherein the
i nstruct upbthef instmectonre ing acheme gepenkaskatove. tGenaralinspeakingdhes| ot . 27.

The proceggonaraoiih BY dedidiet @8 dsd diihd BehpGAREILS I BrRidB IR Mokfat
compact code possible.

Practitioners in the art will understand that the unused template values
appeanng in table 40 of Figure 4 are reserved in the illustrated embadiment.
These unused template values appear as emply rows associated with template
3, A, D and F. The 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 iliegal operation fault.

it should also be noted that for template 2, the L-unit designation in the
column of slot 1 represents 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 movl, break and ncp operations may be sncaded in this
paricular slot for one embodiment of the present invention, Encoding other
instructions in this slot causas an iflegal operation fault. A further restriction is
that encoding a mov/ instruction in an l-unit slot other than the one in template
2 causes an illegal apseralion fault in the described embodiment.



stores the bundles, a byte order of the bundles in the nenory berQgifRf 202
little- ' endian format, with the tenplate field and the stop-bit being
contained in a first byte of the bundle. 23. The processor of claim 27
wherein the bundles are ordered in the menory froma | owest to a hi ghest
menory adiiaégss. 29. The processor of claim 28 wherein an instruction In the
bundl es with the |l.owest nenory address precedes an instruction In the

bundl es wWMehelalm; hi ghest nenory address. 30. The processor of claim18
wherein the plurality of registers conprise 128 registers. ' 31. The
processor oft.cl & pr@@ssbecanprsing: mappi ng specified by the tenplate field
is as shown in Figure 4. 32. A processor conprising: a register file having
a plurality of aregisserdile haxing :pwrajdy pbregigtersincl udi ng i nstructions which
address the registers, K each igr]&%}ruction being.one of a plurality of

instruction ty @é’?s‘g‘?ﬂ"tﬁ‘r%ﬂ'ii? 11O NATH'PBR Witk 3ddreaz HNLIAKIB o F36Mi t
bei ng Onein‘gimﬂﬂgh'ﬁ%ﬁﬂé b¥e O a oY RERy Jﬂ?ﬁézﬁjyagggﬂﬁq%é;”struct' on type is

executed on one or € execution’unit - 5 APR z~z and furfher

uherein the i nslgiurhnpopefictn8RURAISTedch BRINBA unRHdhP TP aidIGLlgidI @
plurality of instructions, a stop bit, and a tenplate Tie groupe

t oget her types, Nf#éiréinféa‘ﬂhdnsﬁnﬁlﬂidmfaé e exedifed 8h el TRE@eAgEULiBS IURWCT i ON
slots of the N bit field, the tenplate field specifying a napping of the
instructitypesiots to the execution unit types, at |east one encoding of the
tenplate field further specifying instruction group boundaries within a
bundl e, with afrndfefthaewhereigthainstumtinnssampencosied Inbusdiesi eath urdiat i guous

|t or - bun ARG B Bh oL PO UITR A 5 (eshlata Ico SEL5H RRPET 1 AGE 5.
er - bund 7RG BLET A GG [T TBIGELEH (8 & a
ot ruct i g R e RS Bl ol A A lcton Wtk BT S0 b d e of o

plurality :%pmﬁtﬁwsamrywﬁiap%irg letﬁbii#lﬁnj)}:fxioﬁ&f?&gtfﬁ tHY Ml dution GARN

execution unit being one a plurality of types, wherein each instruction

type is expsd.ed on one or nore 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 Nbit. field, the
i nstructi ons2bei Hige lppecassdr phelaims f rvharedrtheltemplase Meldfurhei t fiel d, the

tenplate field specifyjng a mappi .of the instruction slots to the
execution SGﬁth‘els)}B%'é‘;‘é{‘Qﬁ‘ QIHHE@&“BH%B%? WEPBrthe Fangie s tBi&P i el d bei ng

Tavor A At SRR B T AR ARGy SR AGER RS

are executed concurrantly.

3. The processor of claim 2 wherain the instruction typss includs
integer arithmatic [ogic unit, memory, fleating-paint, and branch —

instructions.

4. The procassor of claim 3 whersin the instruction typas further

iInclude non-arithmatic logic unit integer, and long immediate instructions.
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third instruction slots ara 41-bits leng,

9. The processor of claim 7 wherein the bundle further includes a

stop-bit that specifies an inter-bundie instruction group boundary.

10. The processor of claim 9 wherein, if the stop-bit is in a first
condition, the instruction group boundary occurs after a last Instruction of a

current bundile,

11. The procasser of claim 10 wherein, if the stop-bil is In a second
condition, an instruction group containing the last instruction of the current
bundle continues inta the first instruction slot associated with a statically

naxt sequential bundie.

12. The processaor of claim 11 whaerein the last Instruction of the

current bundle comprises the third instruction siat,

13. The processor according to claim 9 further comprising a memaory

that stores the bundles, a byts order of the bundles in the memary being in

10
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10%& () - 5100476‘.?" (l'}w'e procassor of ¢laim 1 wherein the plurality of ragisters

comprisa 128 ragisters.

17. The processor of claim S wherein the bundles comprise first, secand,
and third instruction slots, with each bundle being 128-its In length, and further

wharein the mapping specified by the templats field is as shown in Figure 4.

18. A processor comprising:

a register file having a plurality of ragisters;

an instruction set including instructions which address the registers. each
instruction being one of a plurality of instruction types;

a plurality of execution units, each execution unit being one of a plurality of
types, whersin each instruction type is exacuted on one or mare execution unit_
types;

and further wharein the instructions are encoded in bundles, each bundle
including a plurality of instructions and a.template field grouped together in a N-
bit field, the instructions being located in instruction slots of the N-bit fisld, the

template tield spacifying a mapping of the instruction slots to the execution unit

11
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10%<& () - 102R&" ([Thel Pfboassr(of cRaim 18 whersin the instruction typas include

integer arithmetic logic unit, memory, floating-point, and branch

instructions.

21. The processor of claim 20 wheren the instruction types funher include

non-arithmaetic logic umt integer, and long immediate instructions.

22. The processer of claim 21 whereln the execution unit typas include

intager, memary, floating-point, and branch exscution units.

23. The processor of claim 18 wherain each bundle further includes a stop-

bit that specifies an inter-bundle instruction group boundary.

24, The processor of claim 23 wherein, if the stop-bit is in a first condltion,

the instruction group boundary occurs after a last instructien of a current bundle.

25. The processar of claim 24 wharsin, if the stop-bit 1s in a second
condition, an instruction group containing the last instruction of the current bundie
continues into the first instruction slot assaciated with a statically next sequential

bunadle.
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stores the bundles, a byte order of the bundles in the memory baing in a fittle-

endian tormat, with the template fisid and the stop-bit being contained in a first

byte of the bundls.

28. The processor of claim 27 whersin the bundles are ordered in the

memory from a lowest to a highest memory address.

29. The procassor of ¢claim 28 wherein an instruction in the bundles with the

lowest memcry address precedes an instructien in the bundles with the highes!

memory address,

30. The processor of claim 18 whersin the plurality of ragisters comprise 128

raegisters.

31. The processer of claim 23 wherein the mapping specified by the

template field is as shown in Figure 4.

32. A processor comprising:
a register file having a plurality of registers;
an instruction set including instructions which address the registers, each
instruction being cne of a plurality of instruction types;
a plurality of execution units, each executien unit being one of a plurality of
types, wharein each instruction typa is executad on one or maore axecution unit

types:
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bit specifying an inter-bundle instruction group boundary.

33. A processor comprising:

a register flle having a piurality of registers;

an instruction set including instructions which address the registers, sach
instruction being ene of a plurality of instruction typss;

a plurality of exacution units, each exscutlon unit being cne of a plurality of
typas, wharain each instruction type is executed on one or maore exacution unit
types.

and further wherein the instructions are encocdad in bundles, each bundle
including a plurality of instlrucuons and a lemplate field grouped together in a N-
bit field, the instructions being located in instruction siats of the'N-bit field, the
termnplate field spacifying a mapping of the instruction slots to the execution unit
types, an unused encoding of the template field being available for use in a future
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extensicn of the processcr.



