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TEMPLATE FI ELD | NSTRUCTI ON ENCCDIN E | NVENTI ON The present
invention relates generally to the fieléi@f processor architecture. Mre
speci fical | to_an instruction encodi ng met hod and appar at
i ncr easi ng"‘%lch%wbgf’?"i ciency of pro ﬂﬁmﬂﬂmﬂ l‘"ﬁml on. BAGKGPt' gﬁs\lB{)ggm‘H-lE
| NVENTION 1n the field of high s processors, there have been a
Vari ety of approaches to the probl emswaboorow best to encode instructions.
Early on; processors manufactured by Inter Corporation_utilized variable
| ength encodi ngPRACKRBER URIERMGETEMPIATE TIELD INSTAREEICBHENBRAING t h di f f er ent
bit lengths. Wile this approach gained wi de acceptance in the conputer

i ndustry, the Intel architecture (i A) encodi ng nethod wes inproved o~ by
reduced i FEULOEITHE ISWENT@®ULi ng (R SC) machines. In a R SC machine, all

fields are uni r encoded, w every _inst fixed I ength
(e.g., 32-bits). aﬁ{és?p%g&en@bﬁaﬁﬁrqap%rag??q {?:aéqfér@tgg Eﬁc} |B(E)%°¢| elds provid
enough bi argMeictirenIviory spedifiatly, totan namm!mniambdmgtmeth&dtairm use three
operands, with evz%yiag erand co aLning a 5bi t %ra ter identification.

Ther ef or e 2PPREAIRF N5 Ry oPéaﬁ%ﬁsgrgB 9™ t 0 encode opcode

bits, inmmediate values, offsets, etc, Mre recently, there has devel oped a

demand in the computer industry for highly efficient, parallel processing
machi nes %E@M)cess a large plurality of instructions in
a single machi ﬂg tﬁ%’/ﬁ%%oﬁmgﬁ%pmbbm@mermmﬁbw. ﬂﬁremraed Heenas ve[)ly I oPg

i pstruction wor or “wi de-wor d u oce re c e o
p?sdcesm n&aé‘@%Pfa?PFPrﬁéFP%fq BRPraplen P&E@”E ‘glzfy a ﬁﬁ?gns E%q

mul ti pr oceys Proseiabs ﬁé?fufﬂﬁﬂl@d' wg\niel@%rﬁurbﬁoroﬁunmwau@blwmngmch cl ock
cycle is descnbed 1n U. S, Patent No, 4,833, 599. E gf thePErobI ens t hat

ari ses i n enopaing Hrwhicaciffigrent Rakueting werepngoded Betant P ienathSs whi ch

address | gizoe fed wide X hRGhIKEES Qﬂé? ﬁa\m b Ingglapt ed by
Hewl ett - Pg"g ﬁegﬁ g?péaéH glefr (') féne?aw de-word mp ! ??93 P CT/ US

9817 t 388 afcRNemlyraa) eocegdiogmst rv@ét'marpyerirvnabmeﬁglpedmﬁﬂb‘iﬂwéﬁfry t hat
cont ai nedctcm:‘ fi”ﬂsﬁ g‘fi@égil ons (wwth 2 bits leftover). Each of the

t hr ee |nstruc it entry was restricted to be of a certain
type. That -s, braaRﬂSGSUatmse.rdbﬂal%af%ummmmv@d’eﬁowﬂbﬁ’f@% menory type

i nstruct i qnsu@&?oéﬁgang 4 IRl hbhag Qa& b rRtndeB! SI IBMg@of%‘@' the

third instructron was oat I ng- p0|nt
i nstructi onstrater [leidarmmlde eppogh bmmsmnns‘mrssnaqfer RR(ﬁﬂFOdPl xed, 12Hbit

~format is IP\Q@{Jcﬁén PL‘:&( Iﬁ?égtacg%arﬁ%l, wﬁ‘tﬂ%‘%eﬁ}]&érgﬁé&g}{ '&eé Bl ciencies in

t he packing o |ns ruc exa |nst uction. may only
be 1 or 2 tegister identjficatian. |'th:raioo¢ taetﬂlapmmmm provides, adeguisia sPagsul d

necessari I ér‘c)éc{ %ﬁ%o R 'H ﬁ'qrne%‘ié??vgffg ,ﬁ&%e&%‘%ﬁ{]' ciencies arise in

sequences of Wwher e on e instructions in each of
~the successive Mozweu:emlynmerams d&ve!nped asdaﬂmmdjml the zethpurerindustry ani | i ar

W th super o]7 sors Avill h t i nes

al so suff efo(;%\'ﬁly L’]P Pm?é'ﬁ' rlpﬁ E‘% %f 1?' ya%gh) és a grge
nunber of [angé pturtaingnﬂ mﬁﬁ.rcnenanpte;ngze Rh&ﬁinprcgcless‘ﬁ'resder?ag‘mleelstlo execut ed
many instructio uires an |a L. 9fqeuljd pl exers an
associ at ed W’F‘?@V { %eFr(?Ht‘B E’Ls‘h" Q@'Wdﬁ%‘"i%'gmf’g? gﬁ&t‘)f?{ Ve WBS opri at e
funtctl o?al cm\ﬁﬁ&r pratesgdrace dabablraal aqdrociesxs}ntgaﬁal vers mm.tdmenslatrhe:rrlmf .
i nstructiops iC n al | el e |ls a nee
for a procBY¥s¥RY P ﬁ"af’?g%cggeﬁﬁé"'&ﬁ%@éegﬁﬂi cRRaRlE;2f; h@ﬁ‘?l}‘%gsoég'ﬁﬂf e wi th
past inst ru@kﬂ@ﬂoﬁ@%eﬂld&ckr@,tctmd%eaaﬂb@@m&n&eaxanfm:ymd g3hBg98een, the
present inventiaq rovi des ag{) lgcessor cap\zﬁw |rrult%ane usl execut i ng
a plurality of Qé'tﬁg%‘thieaﬂmpﬁ St ROTRS Nid H[@’ AP B {nel é’&?ﬂ ng of

i tnslt ructi Offgnﬁ?a%\ﬁx\étr;%}igk%whi&\ﬁﬁﬂdr&% Brgy Q@e;sffanes S, 3:16‘5%8 lrdg&de?hl Cth
utilizes a _tenplate fie nco S of . useful instruction
sequences Qn nBPB"r?GCF‘n%@‘P‘?}@Bl 6%%?5% Cop | e're?r%B?%HP WeTKe

i nvented processor conposes a register file having 128 registers. The
instruction set of the processor include? instructions which 2




WO 991 19793 PCT/ 13598111388 address the 128 registers, with each
instruction being one of the plurality of different Instruction types. The
execution units of the processor are simlarly categorized into different
types, whengpRegseh i nstruction type may be executed on one PaT/UResRI8E t he
execution unit types. According to the present invention, instructions are
grouped together into 128-bit sized and aligned containers called bundles.
Each bundl e includes first, second, and third instruction slots, and a
tenplate field that speC|f|es t he mapping of the instructiaon slots to the
execut i ondesigns wasde QFWIWSWFWIHI%E‘MGCIZBOH“ entpina gostdiesd 1Werl i zed in
the pres %bmx&mat%ﬂsg RP{'zd&?s 1SRQ@é}feéaE#\ BX i Méev.nendc@s@%&@@&

ef ficiencies as co Hi appr oaches

DESCRI PTI mam Shrly mwmdmbproése:maumw@nt i Tovat i, Rve fiest insdsictionod nore

fully fromt ol].0 conmpanyi ng
draw ngs, ge(i]%véﬁ 9%5%%%{@& x\g'&{hobé{nﬂet o?'%q?é'[@o?"%e ion to the
specific wiaodhmgat x,ymham Théthird iastrecticar was bmites i aaiagi  floaki-point _
under st andi n fonI ﬁ‘é‘:' ﬂ; e 1lillustrates an architectural register nodel in
accor danc¥PR AT Rbodi nent of the processor of the present.|nvention.

Figure 2 shomsThéeumddmbmtahpdubmrbemﬂvabrs widetword{ fixed, t12Belsit torthatxecut i on
unit types for_on 0 nt_of the sent. ipventiaon, 3 s a
i ‘agr amn § R0 QR RBP4 B 05 i P (TSI SN ORI B8 o ng ¢ 0
one enbodinEaittien bites. mdifsﬁatnplm\@hDiAmlmsﬁugmm@y%hMBea ctrembytatse field
encodi ng an |$structi on %ﬁp E%pl ng r..one elnbodl mentI of L‘he pr esent
i ayent i onlRNSEPA NPT SPYPIN O ‘&%eE’EnVQVH\f@‘fFf‘Wl‘,éU% & a processor

h inst su\séuéw Wgrmert.hamc@dcles@&eantseanéraée% cff'c@étﬂ;crlloﬂst\:heeéO' | owi ng
description, nunmerqus specific details are set forth, such as regl ster file

modl s, bi #niyehgt B! ‘%%é@f’ﬂF@'@n‘@cﬁﬂ%)‘h%ﬁ%cessh’e 13fopib reimigyo

PCTI | 189813%@,%%93,%[%@@ to provide a thorough understandi ng of the present
invention, Practitioners having ordinary skill in the data proceSS| ng arts
will under st an®ersens Fﬁ@”?’m’ﬁ%ﬂ‘ﬁﬁfsﬁ%@' PecpEriE Wb inher kppresiawythat t hese

details, 'R?S@ﬁhﬁ&hth%%ﬁﬂier‘ﬁ#\‘néﬂlﬁ@@%eﬁ'té}'ﬂfﬁ o sifRITBRESINIP predidsd rcui ts

have not been described in detail to avoid obscurlng t he |nventlon Fi gure
1 i 11 ustr arge numeberefinstawationsl Fpegramele. adiiSIC rwsRSSREASsignA™®%nbodi nent
of the pr r { [ Il in the
field of %ﬁgggtgsnar%%l@gﬁ{lﬁﬁgr%étrgn%%hg&s ﬁrgfazggﬁfﬁ%gf l??a s'%('g?%?sof a
processor andresissc@ted Winlng tognutnthe wafiouh ingiugtiens tr the appgbptiates and menory.
~,~ The g n sible
accor di ng aianaL fhiy "his e b RERGH AR GRE BT PRGREREGH WO
execution vd'ecfmenmb@g:ronssalmmardtathl tectural register nodel 10 includes a
general purpos g he LI rce for all
i nt eger and rrulevl{u(rgr'é* argés'og ut%ggflg'b%?%?%g”g%g?eﬁcrggq%s?v]earsgeegﬁg a set of 128
gg4 bi t) nt&eﬂlsreecgs ashao;nawdemﬂun@mcesmgpnontelmcgwgn rgethz¢$ aa\ddara:aeaMau | abl e
all pro r I nodel 10
al so inclu es ?a%lg (ha r%éllérﬂt?f?v:e&uéﬁ;é%\ﬁd?f?%réc%ce%rsbpgasﬁaﬁbgéegu for all
fl oati ng- mﬁnnnanmnn}y akeaning alplerdlityat sequepbaninsredionewith arreghiynbered fra
t hr ough f:ﬁ!ﬁﬁ and ofﬂim'é‘”i'rgtﬁ”se a set of 128 (82-bit) . registers in
one i npl erflHEERT ERETHNS A MEPBEESor of the present invention. Also shown in
Figure t.are predicate registers 15) nunber ed pro t hrough pry, Predicate
regi sters 15 conprise single-bi ter e redi cation and
branchi ng. They are used to hol n N are instructions, and
are typically usefodedsof ghdcribpalwhictectiizesn empilnstiisltfdr@mgoding 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 processor includes Instructions which



Branch register file 17 is used to hold branching information. For exanple,
branch registers bro through bra conprise a4-bit registers that nay be used
to specify the branch target addresses for indirect branches. Al so shown in
Figure 1 (g @shgastruction pointer 18 that holds the addr eBST/YF¥{i 88

"bundl e" which contains the currently executing instruction, As will be
described in nore detail shortly, the term"bundle" refers to three ,
instructions and a tenplate tield grouped toget her into a 128 bit sized
field. 4 WD 99119793 PCTNS96/21388 Fi nal | e rr?)del O further

i ncl udesa'%ﬁfeé%)mq 38 renisieryivetoeagh nsiruetion, r“ féé%@ WRIYA a registers
and cont&?gr §Fﬁ|8nft)§§esapmé Eﬂéé@%n‘ﬂnﬁbbﬁf%@b%‘&%%‘farfeuélﬁﬂlhﬁms
Typically) these registers are accessed by application software. It l's

appr eci atasggenad mh@dﬁ@gﬁ'ﬁtwe%ﬁmﬁfe@mﬁ‘ inBrestipnrePe M be sEecied ot her
register essor features. The list of

regi stersﬁé\ag%nﬁ) %H‘%uegg? %ﬁ&%ggr of the present invention is not
deermed essent Aetordingta tna@ee%arummvemgloof insHUCrnScAre rAYREd Waethelr i bed
nerein. 1A oB Bl A0F End BlA Gy EbAIR 2 caliPbindics SEAR LankRRhALA0, L hat
lists the 1nstruction t he execution unit or executing

instr uctilrtsh§acnndn&n¢3ﬂbwdhﬂﬁmllaﬁ slptse apd @stemplataie ﬂ'tﬁm speeibies thest ruct i on
is categ S nt
 mst ruct TERPTip2ahg fBon ke 36 MELATUbHRAR s, e MRtR8T ot ucti ons
non- ALU instrugion enseding Schoerse mﬁmm thestre sentiiovantionl pravideg- pai nt

st r uct FOeY gl AR gkt bticiEile; RRBLMEEFRL A B TR it Ton IBES

r'ra be eappmizedess shown in the right-nost colum of table 20. These
different execution unit types include the integer execution unit {I unit),
the nmenory execution unit (Munit), the floatingpoint execution unit
(Funit), and the branchBewecOEsORIPTION of BHEMAAWINESgUr e 3 shows how
instruction are encoded in the processor of the present invention. Figure 3
illustrates a 128bit (16-byte aligned) bundle 30 that contains three 41-bit
i nstruction srrﬁbqareﬁerﬁvhwmbﬂrmhb@mﬁdeeétdodWeauwmhhb detaiféidt ) . The
format of bund] e 30 gz ct ed F %&re 3 shows t e sto ﬁp bit " ~.occupying
bit posi BREHTRIPN Whic Wit N9 {TPELTEASTAMARG YIS ’68@?& sffich; heweyRy

i nstruct spauldl it beQakdn tlivit2hd GieRYbM b fhiet sgict driBsditnetts sHewSSburtand
87-127, resgectlvel Acc ordlg to the .instruction format shown in-Figure
t

3) all i FAPR( B8 (on&xPianatien ap FRPAIBE LN the processor are 47 bits in

| ength. The 4thdiretﬁmbkﬁh%sfdrﬁéﬁéhnsélmaﬂ%élb@rmwgcéﬁrd%é Withe sequences
of instruction 4 diff ﬁrent i nstruction pes. In other words, the tenplate

field splRREMRREYIMENtALHER C6PSTH I‘WR:P"ESH“E’I"B?E“Q% execution unit types.

The tenpl ate Fighdd zbﬁmmréla@&ugwbém@hqaswawﬁ Wesdagi es within a
bundlr=. "An'instruction group is a set of WO 99A 9793 Pcr ~us9ei z~3as

stati cal FyeeiRn 'QWE)D@GP hak 9%9“’\9:99"?%@’&%@/%&59@5(&/&%@ .concurrently. For
exanpl e, an | pigaMca 550 diddram lhﬁzﬁ grae&%cﬂétr@r"mé’iﬁfbrt Rsflci¥r te-after-wite
regi ster dependenci es etmeen n Instruction group contains at |east
one i nst BNEPHOA, acsRAInGtY @naremqulraanwfttbetpus%am inv@ntiont o t he maxi mum
nunber of i NStetMGld #RAWE S f reciate
that instructi (')%Ggr ougowoun aré‘%@r} gghér']bo&‘w magtbpgrghrﬁ%ﬁé@ggﬁgdl e’
boundar i €5€ &mkgdiment of e BresaTN D¥eRiPrst at | caI I y by the tenplate field and
the S-bit. The S-bit specifies whether an instruction group boundary occurs
after the last instruction (i.e., slot 2y of the current bundle. For
instance, in a current inpl enWS—bit is set to "0" the
current instrygfd ' e Wit W dHdald ‘(,la, e., slat
0) of the. st at ST hELPe EOVRS o' itbegedP Wi Bl R alicdeph s

i nstruct Ubhzes amgnpmmﬁaldy hfth@rfotlmmgmtschnmn wmwnuﬁﬁphembuncﬁﬂe

Conver sel n oup
boundary %%g%fgotﬂrggg%n?ﬁeeeust rtfﬁ)e §€° SICEF?‘E?&‘*W#% c’fﬁd%r{clégge#er %‘:’ ng now to
Figure 4, there is shown the terrpl ate field encoding and instruction sl ot
mappi ng far one enbodi nent of the processor of the present invention. As
descri bed above, the tenplate field spéci fies two '



properties: instruction group boundaries wthin a bundle, and the nmapping
of instruction slots to execution unit types. tt is inportant to note that
not all conbinations of these two properties are permtted. The

conbi nat i Q’f %yym, are defined in the current enbodi nent argeTiidowrstagst ed in
tabl e 40 Igure 4. Practitioners famliar with the conputer arts wll
appreci ate that table 40 provides instruction encoding for the nost useful

i nstruction sequences typically encountered m nodem conput er prograns. The
three rightnmost columms of table 40 correspond to the three instruction

sl ots Wwijh hjraerazotpmdulde a thcrbedh winderstardiog ot heupreseft inkenttdm. ee ri ght nost

col unms e ex cutlon nit t I nstruction
slot. Fdr E?r?ﬁré A& ?" 'éaré! I E‘l‘ﬁhedépﬁh Ce?ﬂ%%rlqsw{hg%%%q%wsl ot 0is
execut edhhytﬁd\avemtmr ma@'mmamnedrwntmm hmnymuhas@tdmauls nimsttoer 1 i s
executed by the flegti nﬂego t executlﬁ qng“atv e |‘nstruct| on unit in
slot 2 i/8SERcEs ¥ K)OVRS'IPRIE e MBRBYUP; %rh ﬂfﬁ”fs BCt BP8Ressor. 6 WO
991 19" 19ge S2rbob$9 B35 Wid @bkbaling tal ievéitionncl udes doubl e |ines 42 and 43
separating twg instruction slats associated with te Iate 1l and tenpl ate 5,

respect i vel y. PG dlystrates e afrliigriucalJpgistel model eMRIoYed fyon%enpl ate 1,

whereas gouBhfnadtnd 118 pwéb?srsefr%ﬂ@ BlesBnBiRderstlopl PErddhs! smartimasy Skill These
double ITnes I ndicate that an instructi o%grou p boundary occurs at that

poi nt . Baghedielq/of RiecegsRies an wederi#nd (hah thsarghtegpralistatg ot een t he two
adj acent pfd&%%ﬁ&cédr%"b'is of the& cHRMSs of Pk f¥edERbes ré@@lteré And heerhdse o

tenplate_>o, instruction is allowed to depend on the slot 1
Mgt ruct 7Ba rewsafdeawrg!qmexqcéﬁﬁnaheeomeeareh'ﬁ%r-"ér@ﬂ'y N@'@JF@}SCB&'WE ¥ bet ween
i nst cate to

t he har d\%/;ér%elo\/\/ﬁg? eoghegde%ﬁgsmre eﬁsrlﬁgeeé”s%'?{@bLﬁh{ﬁ&i&ﬁgﬂ%%@#@ghﬂﬂ%f skill in

the fiel As@hownpmfenecwrehre@sfﬁumdﬁﬂ HDIW{#@OR gererahpymase rapistarty to

specify f i |ate fields 1
and 5) - T8 IR BIARTS ehfiah Pty P SBUREBE B Il By o boundar o

(vi a t hec@miputationss Tare gemﬂbrahmglswm ared eelptd@864+blY) uegistesn thatiardi n a

bundl e, is O,

the 1 not FUBeE BranEisfBEFRERS TREVRiaTe 0ah Brrins S H1LbOIegeS; e

current hbavedd.e conti nues i nto the fi rst [ nstructl on (slot 0) of the

net ructi on oPBRICRRTNisergebHRgiel 10l REBEP Sol R adnt BER TR he cur v on:

bundl e. h# that uameddoaatwoahrag ptoim compumdtxcmlse Tsrﬂadtnalnng -pointaregisearts advant age

in executin cod hi ghl vy, se ntial. For equenti al

code t naere RefeaEed i RuoR etk GHH trfhiss R sel 5028 fon Brls e

oper at i omegxanars imphy irhplesesmation df the meesﬁortolhmeslpralesem mf.'eaﬂobrt helsbgr ]ee

operatl on 12B- wWou ve 1o be use or

e o Bhaur B TISyerh ate Brriicate TodsleS tRotToPTRY e MIRRoh B ne of Lhe

\stt ruct lmedmsa;e @eistps 09 kymbrise sanngaregubters heudidw bedigatiohedngqunder st ood
at a pI’O m acrrggr di n to thg‘ gé sent nvent i on, consi Sts of a sequence

of mstrﬁ’(f EK &G I”ﬁeﬂdﬂ thefrgulty BirAMRAIS NTIEHSesS, 34 Rth gr oups
that ar tanaldaed e ldontitemabExscllichsat ivdidatibespl at es specifying S-bits

within a bundle. The instruction ups and the instructions within them
are ordered asarf"‘BFI 6%\%'5168@%1%? Hg%gﬁfﬁ%laé’da'?"r’mﬂ InEdtay Fe'ghest nenory
address. dxapigielChrafBg re@smscﬂr@ﬂwrwgrhbbwprmewu.t re%.é‘i@r@mal%%

PCTNS98r | 138 addresses are consi dered t precede instructions i'n bundles

wi th hi giisedieipegituing BERNCH 1a1gR W@%ﬁd@r'”é?ecﬂ@ﬁﬂﬂ‘@?ﬁ n menory is

itt] eendian. AlbSngRANA Fibdle | iPah hiEalh hbiRld! ANflei REGSRLL are
contained in byte of und thin a bundle, 1 nstructions and

i nstruct @ﬂ#rg'ﬁ%eb@eabenéteam@eﬂ fcpom'ns'w@erq%?nﬁn eXeGHUNG INBIUEIATT A% i on sl ot
2 as_shoudiis ddib@atn oiteQidtall 3hans Ol thh B @fbrslo Goflleunct i on wi th
t he processor of present 1nvention. .obvi.,ously, however, it should be
adapt ed tlaStrum@@Ma agfopite finld DreupeddegeihedRtsoRlil AB-bicsizee figdscr i bed
above. Generally speaking, the ~:~ conpiler should be designed to use of
the tenplate fields to provide the nost conpact code possi ble.
Practitioners in the art will understand that the unused tenpl ate val ues
appearing in table 40 of Figure 4 are reserved in the illustrated

enbodi ment. These unused tenpl ate val ues' appear as enpty rows associ at ed
with tenplate 3, A, D and F. The enpty tenplates are available for use in
future extensions of the processor architecture. Specifying one of these
unused tenplate values in the processor causes an illegal operation fault.
It should al so be noted that for tenplate 2, the L-unit designation in the
colunn of slot 1 represents a placeholder for a Iong |nned|ate i nstruction

T ~ Y



particular slot for one enbodi nent of the present invention. Encoding other

instructions in this slot causes an illegal operation fault. A further
restriction is that encoding a novl instruction in an |- uniPE:Ti)l 9%/ g&aher
than the WRI¥HW7tenplate 2 causes an illegal operation faul P YH

descri bed enbodinment. B WD 99119793 Clains W clainm PCTNS98/Z L 3B8 1.
A processor conprising: a register fife having a plurality of registers; -
an instruction set including instructions which address the registerJ, each

i nstruction blghgﬁk/éorgﬁlsper rﬁoﬁélqﬂu'r{h\ér%Iclucfé%te(rp%él%ti%?(gggfte?hfél ality of

execution units: Bach execdtion UM T being one o 'ty of” types;
wher ei n mhnsmgtspaclal datat npgésters amdemmecdl registencicoappticgioexesbliei on uni t

bund o | FROFRAHg ORI o 1A ot Maret PRt b7 € RoPeSS bR Rlnalalc 1 o1 4 that

speci f éstevgreNapRi Approtiatdtbthantie wm@rnm&betswdvm infigerect midyon unit types.
2. The proce33063of claiml Wne[el n the tenplate fi eI d furth’ﬁ'l?lt ecifies
t

i nstruct‘f‘&h‘d@r‘ﬁ r FAFIaRYPEs IMPIEm ?f“tfwe"%m&mé“%aspﬁ fegturess 'on group

conpri si SoreRisibls Hailabriwierdhlta ﬁ%&és@ﬁpaﬁmbﬂﬁéﬁmtmﬁ?ﬂ;ohhﬁhoﬁr e executed _
concurrently. 3. The processor of claim2 wherein the mstrag\tl on types

i ncl ude F‘ﬁ?"é‘@@reséPFE'ﬂﬁ%ﬁ”c“’T%F‘@”Gmgt” e YS! coaNcEats IRFepBRANSrRd branch

i nstructions. \wath Meaeeae&s@rm?ure@ ahme?qsvﬂmw méﬁwzonﬁétrlmﬁ fhen types
further jnclude non arithnetic

ic unit inte and long i mredi ate
i nst r uct iNSHYCUON typss anduthg Esulen upk nfﬁeél ﬁ"%‘\‘é'ln&'ﬂs'f‘{fé'°g§&8??on uni t

t ypes | NeMRArhERESaRe pPESEHE YnvertioA! lmhnﬁs:momang ca e?@ﬁﬁe@%?@ dhgon units.
The preeessor of claim5 wherein the tenpl ate conprises a d-bit

ﬁ.é| d. 79f SiKdiffaractlyper dJiheesix Adierantdnstruction ypes wcltsiedﬂteeevvher ein the
bundl es ggaHM r t i each
bundl e bgl ng QJ=‘1t261‘3 !tcs"ﬁfmn ﬁiﬁﬁQHﬁxm%&ﬂ?th#&g@'&sOgté%#ﬁﬂ@bﬁé ?n\?\wgrel n each of
the firstnstryetiomsd floanumpmrrtdnﬂnw»pua.tbr@nc!slfrtﬂ!@cams Anpddeng immegiate |, 9 W

0 99 STRA R URGEHEIRRoR T PbRSHIS0E oFhAETGTaIBRY o " Lhe bundi e

further iIncludes a sto ies anIn elnstructlon gr oup
boundar yinstuctdm typescuay derexetuttdis ehowntintke rightMmosheclgmapefabiei s in a

first Coﬂg'nt‘l*or%@e diffsr eh{-'?;% é}w%«&gi}b‘%ﬁ %Hm%gﬁlv'??mﬁfu% ufg( | ast »

instructi a curren processo wher ei n,
t he stopubit}, tmesmemarysaa(eonﬂonunnll M-tam'; mtimmgmmrcaxegumrpunmtﬁ-m ni ng the

siot assdbltEend R ah e Eh BN Bequent i bundi e, 12 The processor
of claim 11 wiFgweer iﬂmvd pSw \msteictivatdreenebdédia therprood ssoun ol the corrprl ses
the thirg 1OSHINESR Fdlre 3 ilustrates a 128-bit (16-byte alignsd) bundie 30
that contains three 41-bit instruction slots, a 4-bit template field, and a stop bit

- (S-bit). The format of bl.indle 30 depicted in Figure 3 shows the stop-bit
occupying bit position 0, the template filed accupying 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 format shown in Figure 3, all instructions in
the instruction set of the processor are 41 bits in length. The 4-bit tamplate
field permits the encoding of multiple sequences of instruction of different
instruction types. In ather words, the template field specifies the mapping of
instruction slols lo execution unit types. The template field aiso specifies

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



13. The processor according to claim9 further conprising a menory that
stores the bundles, a byte order of the bundles in the nenory being in a
littleendian format, with the tenplate field and the stop-bit bein
contained in a first byte of the bundle, 14. The pr ocessoPCHﬁSWZ&ﬂs& 13
wherei n W38Tl es are ordered in the menory froma |lowest to a highest
menory address. 1 S. The processor of claim 14 wherein an instruction in
the bundles with fhe | owest nenory address precedes an instruction in the
bundl es with the highest nenory address. . 16. The processor of claim1l

wherei n the,pl ' Ubst (el eoapbé secded contwrIty. FO7. The processor

of cl aistiusal é:lréé?hh{)%%ﬂ%lg{ﬁl es conpri ae fi rﬁ,ge of GrRidneARed i rd

i NSt r ucdaprplet at snstuictinneHexP Hdsd %" h iaﬁt&r- “bits in ?_engg{leéﬁ?nd further

wherein the i L L ik e rhead ergpiuatien Grasipdcdrdaissls ially as
ey R bonen e

shown RIS A" processor. conpri sing; regi: ' kaving a
pljgr al iéryehm‘strfuegbslmd;;ham arﬁg‘PrQJ'éN‘?ﬁﬁ“@Lf}mF%&? ﬁ’(ﬁ rﬁg:ﬁ]ﬁfﬁg{bﬁéng V\/Pi ch
address. the regi sLers.. c WhtthSratdreiapprexiateahatinglrugiioni ty o
i nst r uchEYHCEY P! ’?°§‘('?”8%'53%t5{79_J PCTI us\?:%?z%s&& a pwgyag,jety of
%ecu_tiQ{bdﬁﬁ&é@ada&@smmmiimrdﬁmnw Egb € BPURANIT %350t types,
erein~each instruction lsempRAE B Sy GiReS i, More execution unit
types; aﬂ@P'VlH?Q‘H%'ledvﬂ@tr’ﬁ"%%ge?ﬁst,r_ug?'i@o_ns are e‘hcoged in buagtglres, each
bundl e i ncl uq-ithlggs.?ltp&pgcale's"twheﬁhei’ ﬁs_tlmﬁlt}{q‘gfa_%?ﬁf i %"Eﬁﬂ e fi te| d t_hat
specifies instruction grou 2. F4URELAce, wwent nst ruct i on
group complastingiruetiont-as sgctt%?:é?gﬁ i:/tﬁieoﬁrﬂbi gEo_us i n‘,st ructi ons.t hat are
T e RIREREh g ST ettt o (o b
execut i omtouthetfirslipstuctan (iFmes!at A SFE%P&A‘FE@{EQ%%SSIS _mhér ejun the bundl es
conpri sepfin ‘tmef{lgwins@&@ﬂéﬁbr@ﬂ bstridacy Bber $ledas] iNsi4aoBaR fM%Hundl e bei ng
128-bits Th ength. Z1. The proc ﬁior -?'f Cél ggq’]\g‘%n %nté}gupnstructl on
types i nmindle. ngéﬁ‘e‘hrﬁqmmec I b‘loc ully fa nmenory, oating-point, and
branch instn aﬁ-&'&?ﬁas 2Rer thagadtriaswsaen inthebandie21 wherein the instruction
nclude

typesfu??‘me non-arithnetic Logic upit, | i g | nmedi at e
i nstruct i ons. RaSrrimpenoyy B EENER S0ttt & %‘]W %?e‘?hﬁlﬁgﬁlglde%ﬂ%n uni t

types inclyde.int: ¥ fof be@kirtadroemttof tas dranesaehofdR@cut i on units.
A

24, The P of clal _wherein each bundl el Jacl udes a
stop-bitp?éh@ntwmﬂibhesﬂﬁdﬁﬁtb@td-%hﬂ’ﬂb qtﬁgﬁé}gt@%%%%‘%‘%undary, i 25.

The processor_.of clai 4 rel irfos tWARIrsA @anbiet ahd thevmappingse condi ti on,
t he instPﬂ%‘f“’r’ﬁﬁs'dpaﬁﬂ%%u%%g@yﬁo%cdﬁrnssaf,t gr a | ast insgraq th QF of a current
bundl e. ZGstribtienmasas sxecofior: LRt AFES. WhisBPANANTIONple QOE'- Isin a

. second combinations of these two properties are permitted. The combinations which

are defined in the current embodiment are iitustrated in tablie 40 of Figure 4.

Practitioners tamiliar with the computer ans will appreciate lhat table 40

3
w’ . -
provides instruction ancoding for the most useful instruction sequences

typically encountered in modern 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 controfled by that instruction

slot. For example, template & specifies that the instruction in slot O is executed

by the memory execution unit, the instruction in slot 1 is executed by the

i ' i i i iti xecuted by the
floating-point execution unit, and the mstru‘ctno.n bmrt inslot21se y

integer executicn unit of the processor.



condition, an instruction group containing the last instruction of the
current bundl e continues into the first instruction slot associated with a
statically next sequential bundle. 27. The processor of claim26 wherein

t he Iastvbn(ggﬂlgg%on of the current bundl e conprises the thrfasssndggsucti on
sl ot . 3 PCTN5981 Z 1388 28. The processor according to claim 24
further conprising a nmenory that stores the bundles, a byte order of the
bundles in the nmenory being in alittleendian format, with the tenpl ate
field and the stop-bit being contained in a first byte of the bundle. 29.
The processorNete whetdBi@ dowheudes dbliste ivesikeanaras ssghraeth two t he menory
froma lowest to a highest nenory address. 30. The processor of claim29

wher ei n IBFHYGHANT $ietS wcrcaﬁtﬁﬁevwﬁmp&iew 3 PR SESRASHNEY. addr ess

pr ecede%@urblbnﬁ,terwségﬂaltég L-nbm QHBQ;'!&% fWr tdmsm@ h'\ﬂﬂ?@@bs FeQBleYinaddr ess.
31. The processor of claim1 erein rge‘;sura | t%/ regi sters conprise
128 regi‘t epRarates S'Ph@ %%‘85%8?‘%‘?”%‘@6@ nT Rl Hnes ook INdy specifi ed

by she tLmplsgiRtibh &rélup 50&1495%65&@ éma%acmovwhgléhlﬁl el fouble find?2 WO
99/ 1993 PCTNS9BI 31388
function as a stop-bit between the two ad;acent mstruchons This means, for
example, that in the case of template 5, the slot 0 instruction is allowed to
depend on the slot 1 instruction, By encoding the template field to define stop
points between two instructions within a bundle, the compiler is aliowed to

indicate o the hardware where dependencies reside within the code. Persons

O

of skill in the fleld of computer architecture will appreciate that the ability to
specify intra-bundie instruction group boundaries (via template fields 1 and 5) --
in addition to defining inter-bundie instruction group boundaries (via the S-bit) --
is an extremely 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 (slot 0) of the statically next
sequential bundie. On the other hand, if the S-bit is 1 an Instruction group
boundary accurs after the fast 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 (ollowed by a STORE operation can simply be sequenced
by use of the S-bit after the thrae 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 undarstood that a program according to the present
invention, consists of a sequencs of instructions, packed in bundles, and
arganized 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 ars ordered from

lowest to highest memory address. Instruetions in bundles with lower memory
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addresses are considered to precede instructions in bundles with higher
memory addresses.

The byte order of bundles in memory is litle-endian. This means thal
the template field and the S-bit are contained in byte 0 of the bundie. Within a
bundle, instructions and instruction groups are ordered from instruction siot 0 to
instruction slot 2 as shown in Figure 3.

An ordinary compiler may used in conjunction with the processor of the
present invention. Obviously, however, it should be adapted to take advantage
of the instruction encoding stheme described above. Generally speaking, the
eompiler should be designed to use of the template fields to provide the most
compact code possible.

Practitioners in the arnt will understand that the unused template values
appeanng in table 40 of Figure 4 are reserved in the illustrated embodiment.
These unused tempilate 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 illegal operation fault.

It should also be noted that for template 2, the L-unit designation in the
column of slot 1 reprasents a placehoider for a long immadiate instruction type.
fn addition, the [-unit designation in the column of siot 2 of template 2 is
restricted in that only movl, break and nop operations may be snceded in this
panicular slot for one embodiment of the present invention, Encoding other
instructions in this slot causas an illegal operation fauit. A further restriction 1s
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.
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| NSTRUCTI ON -f 1, PE DESCRI PTI ONEXECUTI ON UNI T TYPEAI NTEGER ALUI -UNIT OR

M UNI TI NON- ALU | NTEGERI - UNI TMVEMORYM- UNI TFFLOATI NG

PO NTF- UNW/BEAAMEFB- UNI TLLONG | MVEADI ATEEUNIT FIG 2 ~ 30 p4¢NBSHATIESON SLOT
2 I NSTRUCTI ON Sl OT1 | NSTRUCTI ON SLOT O TEMPLATE S 127 87 A6 46 45 5 4 1 0
FIG 3 .., WD 99A9793 3 /3 40 ,.-..t "~ _ PCTNS98/ zZi 3B8 TEMPLATESLOT OSLOT
t SLOT 20M UNI TI - UNI T(- UNI TM UNI T - UNI Ti - UNI T2M UNI TL- UNI TI - UNi T343~

42aM UNI TMUNI T. 1 - UNI TSM UNI TM- UNI TLUNZT6M UNI TF- UNI T1 - UNIF T7M UNI TM UNI TF- U
NI TAM UB1AirrdJNI TB- UNI T9M UNI TB- UNI TB- UNI TA8B- UNI TB- UNI TB- UNI TCM- UNI TMUNI TB-

UNI T~DEM,UNI TE-UNI TB-UNI TF FI G 4 Attorney Qockec No. 002379. PO57DGT
~] ~, 4PT elclaum.

1. A processor comprising:

a register file having a plurality of registers;

- an instruclion sel 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; wherein each instruction type {s executed on one or more execution
unit types;

R ~—~ and further wherein the instructions are encoded in bundles, each
bundle including a plurality of instruction slots and a template field that ;
specifies a mapping of the instruction slots to the execution unit types.

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

3. The processor of claim 2 wherein 1he instruction types include integer
arithmetic logic unit, memaory, floating-point, and branch instructions.

4. The processor of claim 3 wherein the instruction types‘ funﬁer 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
feld.

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,

B. The processor of claim 7 wherein each of the first, second, and third
instruction slots are 41-bits long.
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Dear.Sir; Please anmend the application to include replacenent sheets 9 -
15, in pI ace of originally filed sheets 9 - 13, The replacenment pages
represent _.... amendnents made to the clainms. Specifically, clainms 1, 17,

18, 20, 21g 227n3%roddssc?df chfim 2herdn 1RO buRdle fBRherneudas hastep-bien
enmended. C aim 19 hay been cancel | ed and new clainms 33 and 3d have ben

added, r’@ﬁ@uﬁﬁé@&ﬂs REJHEEDUPE|e/INSTCHRN, BOUR PFUIERY - bel ow an i ndi cation of
how t he cl aigTs THEr o?g@ﬂgedi’ claWF\ SRk rdiRkiethd %p%f lg'uﬁ@'ﬂ'réi 6dt4dﬂi$nU S. clains

and rmdlfle hemr y bracketing material which was del eted and
under | i nmegnamuarqragrqulhnunm adad.aher afiaet iostgueiion of a qUuRiHded) A
processoy Cé)lnprl sing. a register file having a plurality of registers; an
I nst ructP‘d Set i ncl udi ng I nstructions which address the registers, ach

i nstructi onibeimhg groesedorafelaimat ¢ wheosin| if e sﬂopl-mnsnrypeﬂapoad pl ural i ty of

t t h t t.b It ft
ahor oi n_ BaEHPRAT SlTHGHon R CSUREITH W BA BREVRrHRME SHEFD | on tni

types; aBdanéaﬁ%u&@%SImetﬁm indtfidtidhldi QN saER i waR AGktaedmymékes, each
bundl e includin plurality of Instructfon~ [slots) and a tenplate field

(that speenven; br-lndbc ~t,Qeg ther If1 3 Nbit field, ~~stn~cti_a~s berg
[ Grated 451 YL HA tcla?&frséf%a? 11 WherDinE lsgt%ar%mﬁot L gl i el d

s~eci fyi na a mappi‘ng he 1Tnstruction s e executiron unit types.
bundle comprises the third instruction slot. -

13. The processor according to claim 9 further comprising 2 memory that
stores the bundles, a byte order of the bundles in the memory being in a little-
endian format, with the template fieid and the stop-bit being contained in a first
byte of the bundle,

14. The processor of claim 13 wherein the bundles are ordered in the
memory from a lowest to a highest memeory 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 elaim 1 wherein the plurality of registers comprise
128 registers,

17. The processor of claim 5 wherein the bundies comprise first, second.
and third instruction slots, with each bundle being 128-bigs in length, and
further wherein the mapping specified b{/ the templaté field is substantially as
shown in Figure 4.

18. A processor comprising:

a register file having a plurality of registers;
an instruction set including instructions which address the registers.

Lo
aach instruction baing one of a plurality of instruction types;

10 :



In claim17, Ilne 3) delete "substartilally". 18. (Amended) A processor
conprising: a register file having a plurality of registers; an instruction
sat including instructions which address the registers, each instnlction
bei ng onovad 9gugrbuiral ity of instruction types; a plurality PET/USBIS on
units, each execution unit being one of a plurality of types, whArein each
I nstruction type is executed on one or nore execution unit types; 2 and
further wherein the Instructions are encoded in bundl es, each bundle
Including a plurallry of instructions [slots] and a tenplate field (that
speci fi es] gragheality®f gxgertiomunitesich exestion unikbeingonewtioplsraiti n4

| ocated jn. inpst ' 3 o TN S f 1. in the

i nstr uct+f(r)}¥p§€'o\{l§&{ez)rp€%éh Er’%grgl%?}é}} duen'}-s'ré xhggf'se ?aoe'{‘d"lde%g@o(r)éngxgﬁ[:@ai ng of
th_e_ teomtwpesfield further sDe cifvina instruction group boundari es

wi thin a bundl e ,.th an instruction. group conprisin set of statically
conti guous i n&T¢ [}mqe(sﬂghqrﬁg}t gr'gsg%‘[e}ta&lseadg(?aﬁ%# @rﬁ“ﬁﬁeﬁleéége cancel claim
19 wi t hopiindlé Ghelgdieg.-a pidfality of (némadad)sloﬁhawd)a@@veﬁﬁa@é fie tehpi m (19] ~
wherein the bundl es conprise first, second, and third instnrction slats,

Wi th eactPariiiRl BSHUEFIRD 9taum baundariesyythin a[bundie, with naRstHEdN The processor
of cl ai i | [ ' I ' ' tic logic
i £ e B el o B A4S 3B rended)
The procesnmumastilycl ai m (21J 20 wherein the Instruction types further

123] 22, "( Aend B ETorEss? ol Gt o WRERET tne BOib 1B e FIHE BhEeie e Ton
untt typemppiry oeeiinstegeion sietlsnoythe felkeadtiongsnatypés. and branch executi on
FUrt her i nACaddt SProb SR cJa(Et S BEErT 428 Bt EPmBURRINEY SRPPRat i on
group  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 wherein the execution unit types include
integer, memaory, floating-point, and branch execution units.
24. The processor of claim 18 wherein sach bundle further includes a

stop-bit that specifies an intar-bundlé instruction group boundary.

L3

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

28. 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
bundle confinues into the first instruction slot associated with a statically next
sequential bundie.

27. The processor of claim 26 whersin the last instruction of the current
bundle comprises the third instruction slot.



boundary. [25) 24. (Amrended) The processor of claim(24) ~3, wherein, if
the stop-blc is In a first condition) the instruction group boundary occurs
after a last instruction of a current bundle. (2t5] 25. (Anended) The
processor ®lp §l@een (25] 24 wherein, if the stop-bit is in apEaen8diiss
condition, an instruction group containing |.he last instruction of the
current bundle continues into the tlrsr'instruction slot associated with a
statically next sequential bundle. (27) ,2~. (Anended) The processor of
claim[26J ~ wherein the last instruction of the current bundle conprises
the third izgst Mhetprobesdddtacch@iiig te clgitmeddert)er Boenprisingss sesmarycbatli ng t o

claim[24) ~ further co ris tha stares the bund a byte
or der ofSJpﬁ@S B%B‘I"é@ef 9{3%53';}“% Wélﬁsrln % metm%y%’ﬁmga'ﬁ' % lﬂﬁ] Fat, with
the t errpé,gg,«anfrbﬁhgz ek ‘haeeﬁbme Rbfd 174 Me RefbAibaaTy edhtainklnish fstt e of the
bundl e The processor of claim([28] 27 wherein the

bundl es by!e er'ﬁémdi% the rrem)ry froma |l owest to a highest nenory

address. Zr‘?-‘ %ﬁ’é‘r Ehﬁ zﬁ %S?e?:?'ihé)é fdidd Bd SdbreBiniier ei n an
instructi on I'n e bun W t | owest rr‘i‘srmry regs S\r,vgcedes an
i nst r uct frEmony frére Dionadisero a\mgfneshmamnmasidraﬁamr y addr ess, .T. n'v ~

18 vvher e| n :iche Tﬂ]%ﬂﬁcf’f‘?ﬂ&r %@l%khe%m Shpﬁgqggﬁﬁéyrﬂ’gg& a@%{wﬂ{wsg}c gllal "

(Arendedinel RRvddt PERHER adtiresd Ftemsaas\dﬂﬂhﬁmttﬁ:h% rRopiurdiespRRithe ed by the
tenplate field is [substantla y] as shown 1n Figure 4. 32. (New) A

p ocessohigheFH MNPy adPresyi ster file having a plurality of registers; an
tructi etry PeiMih & BuPElity BFfgidErs &SI S, each

| Tstruct I‘S‘Qyﬁg'{;}ﬂg&%}ﬂ&&%& M%%Jrgfélw@of' i ns?r ucﬁ on types? a %F urality of

execut i on28megistersach execution unit being one of a plurality of types,

Cypes: and Tar (1 Biarere ST 2R et SnemapBharinsiBles & B811 cc) “oach

bundl e ; fernghitadier Bl subalantigilyds shewnue Figune 4. a stop bit) and a tenplate
field grouped together in a NNbit field, the instructions being |located in

instruction slots of the NNbit field, the tenplate field specifying a
mappi ng of the instruction slots to the execution unit types, at |east one
encoding of the tenplate field further specifying instruction group
boundaries within a bundle, with an instruction group conprising a set of
statically contiguous instructions that ar executed concurrently, the stop
bit specifying an inter-bundle instruction group boundary, 33. (New) A
processor conprising: a register file having a plurality of registers; an
instruction set including instnrctions which address the registers, each
instruction being one of a plurality ofi instruction types;

-~
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5 .._ +._ .. aplurality ~f execution units, each execution unit being one
of a plurality of types, wherein each Instruction type is executed on one

or nore execution u~ tit types; and furthef wherein the in t are
encoded ~n™PMdP @) each bundle including a plurality of |rsq§5'>rb§8%’ﬂgias and a

tenplate field grouped together in a NNbit field, the instructions being
| ocated in Instruction slots of the/AN-bit field, the tenplate field
speci fyi ng, -a epp+ Rg —of— t-he- FAst U6t =0R- Sl Bi-5 +o—-t-Hhe-execut oR unit types,
an unused kncodi ng of the tenplate field being available for uyse In a
future extensi ¢n]of] t he |processor, Please charge anP/ shortages| and credit
any over chhr tjo put Deposit Account No. 02-2666.| Dated: , {1999 1240d
W+ shire Bbulevarld Beverlth Floor | os Angel es, CA 90p25- 1026 (aloe) 720- ebse
Respectful |y SWMbrlit}ed) |BLAK= = ~£ 2. APMpN, [ LP Br a~l"' ~y
J. Be s Attorngy {fof p Hzegi stration 474 ' Express (Ma| |’ tnaIIInIg | aDel
nunt 5e~ Dat e of dfepbsit: Mav 1q 1999 1 hereby certify that | am caus~~g
t hi s paper|end atta“thd repl acement sheets 9 - 15 (o be deposjted with the
United Stafes PRSTal SELVICE  EXpress MarlT Past O ce to addrl ssee'
Service onjthe Bat® &NEK. ated above and that this yaper or fee has been
addressed §o the Conm ssioner of Patents and Trad rks Box PdT,
Washingtony 0. C. 2023i (typed or printed name of person mailinhg paper or
| ee) (Si gn?ture of person pmatting paper_gor lea) (Data signed) r
Y.L

__~_ .. o _|dang Ve claim A] processor corrprisir31 a regi ster
file haw&? g pi ~frralifty of edisters;
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an instruction set including instnrctions which address the registers. each
instruction being on of a plurality of instruction types; a plurality of
execution units, each execution unit being one of a plurality of types,
wher ei n ewgh9%xeee3r ucti on type i s executed on one or nore eREVUEIG Wi t
types; and further wherein the instructions are encoded In bundl es, each
bundl e Including a_plurality of instructions and a tenplate field grouped
together in a Noit field, the inst?H§tions being located in instruction
slots of the NNpJ{t tield,'the tenplate field specifying a mapping of the
instruction slofs Yo the execution unit types, 2, The processor of claim1
wherein the tenplate |field further specifies ijnstruction %roup bolndari es

v,ilthin {IWNST 1@ wi th anp jon group conpr EXERETIONset of
statical |y comYP§uous instruegsgﬁg iﬂgt are execut ed WEh&UPEent 1y 3, The
prpcessor&“’cidinng WTET eI T TNE TNSTTucti on ([ypes 1 et ade TNt egel
The procebsor i ol aifm 3 whenNTrGERAPRELr bo 1lon ¢HbIE BRMUEE i te
non-ar (nfet i 109 it GRIEGNRGEAOR | e ol e uctont. 9

e~ce. ution uni M types i nclude MEMQRY, nenory,| fl oati MgURIT nt) ang branc’
execuiionjunits. 6_ The processor of claim5b erein the tenplatelfield
conprisesja 4-it fig d. 7. FIOATINGEEYEOr of efither cFAINIT1, 2, 3) 4, 5 or
6 whereinjthe bundl es| conprise fir@t, second, jand third instructi¢n slots,
a%éh each|bund/B bei ng 128- bi as BRA Qﬂman 8. The proc@éﬁﬁr of cIaLn17
Merein h of the flirst) , hird ijnstn.tctj slots afe 41-bits
| ong. 9. !he p%ocessdr of éﬁﬁﬁﬁﬁﬂ“@ﬂﬂ?@ n the pundl e Lhﬁﬁher i ncl ydes a
stop-bit - } } } 10. The
processor of claim9 wherein, if th stop-bit is in a first condition, the

instruction group boundary occurs after a last Instruction of a current
bundl ( i Thé)processor of claim 10 wherAin, if the stop-bil is in a
seco ¥ |e0 an instruction group containing the last instruction of

the current bundle continues into the f;rst instnrction slot associated
with a statically next sequential bundle. 12. The processor of-claim1l
wherein the last Instruction of the current bundle conprises the third
instruction slot. 13. The processor according to claim9 further conprising
a nenory that stores the bundles, a byte order of the bundles in the nenory
being in 10 J , ¢ e, oM, .~ .. . .... . _.. alittle-endi-an formt,
with the tenplat field and the sop-bit being contained in a first byte of

t he bundle. 14. The processor of claim 13 wherein the bundl ES.are ordered
In the nmenory froma:'lowest to a highest nenory address

-

i e 30
INSTRUCTION SLOT 2 | INSTRUCTION SLOT1 [ INSTRUCTION SLOT 0| TEMPLATE | S
127 87 86 46 45 5 4 10
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15. The processor of claim 14 wherein an instruction in the bundles with
the | owest nenory address precedes an instruction in the bundles with the
hi ghest mermory address. 16. The processor of claim1l wherein the plurality
of regi st we9woImpli se 128 registers. 7, The processor of cPaFMSY¥/AE8; ein

t he bundl es conprise first, second, and third instruction slots, with each
bundl e being 128~its In Iength and further wherein the mapping specified
by the tenplate field is as shown in Figure 4. 18. A processor conpri sing:
aregister file having a plurality36¥ registers; an instruction set

i ncluding instructions &hlch address the registers. each instruction being
one of a plurality of # \Ouctlon types; a plurality of execution units,
each execution unit being“Mne of a plurality of types, wherein each

instruction type_is executed on ope more oxecution unit Pes~ and
further wherein E\'?RAF'LER?P ict | T @ € Eencogleyr 4 n QundisesT seach bundl e
including a plu IV Q nstructi ons i Ir ouped

together in a Nbit field tmpuNn-structl belnglo ed infinstruction
slots of the N-pLt f(pgld tenplate f P@ﬁ; lfvliqzﬂ‘t” a—cm.ﬁpi ng of the

instruction slofs to,the ébxe NEN unit LT I TI-UNIW N RV
~WwW. ~ ! M ﬁﬂ gs—-a»t—l-ea‘.* ae encsd-i-n-@ of the
t enpl at e field urt Eler S Jecﬂ UNﬁg i nstrH(EN-pn grhpl mqmda_ri es within a

bundl e, wi th anlinsifucti QR -gH-oLp—co stat+gal | y

w""‘

contiguous instfuctigns that are exec t43d concurréqgl y. 19. The processor

of claim 18 whefeln-the By hird
i‘Mstructi-en’slols, wyth each Npundi e bei ng-JRiS- bits |pume,'ngth 2Q The
pf ocessor of cl gt 6 whgsmein—the— i Nt eger
arithmetic |ogi¢ unit, merfor wi.ukioat | hogpsi-otir and br gy i nstjructions. 21.
The processor ot—claim 20luwherein—thbdd } r include
non-arithmetic logicgunit |i ntggers and | engniTnmedi at pyNITSt ruciti ons.

7 M-UNIT M-UNIT CF-UNIT

8 M-UNIT -=UNIT B-UNIT

9 M-UNIT B-UNIT B-UNIT

A

2] B-UNIT B-UNIT B-UNIT

C M-UNIT M-UNIT B-UNIT
L D

E M-UNIT F-UNIT B-UNIT

F
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22. The processor of claim?21 wherein th execution unit types include

i nteger, nenory, floating-point, and branch execution units. , 23. The
processor of claim 19 wherein each bundle further includes a stopbit that
specifies an inter-bundle instruction group boundary. 24. The processor of
claim 23 wherein, if the stop-bit is ~n a first condition, the instruction
group boundary occurs after a last instruction of a current bundle. 25. The
processor of clainr24 wherein, if the stop-bit ~s in a segond condition, an
i nst ruct i oARgINGYBeYEhN@ICAPHY- PPSECT ast i nstruction of thm bundl e
continues into the first i nstructl on slot associated wth a statically next

sequential bundle, t2 . . .z, ..... . 26. The processor

of claim 25 wherei nmheri-mtummmsmmtmmmmum conpri ses

the third instruction sl ot Qage]%g %@‘i‘ to claim23 further
conprising a nenory that sto% ? Mder of tha bundles in
the nmenory being in atittle- ' endian tvrmat, with the tenplate field and

the stop-bit being contained in a first byte of the bundla. 28. The )
processor of claim 27 wherein the bundles are ordered in the menory froma

| owest to @dﬁngﬁﬁﬁgﬁmré addr ess. %Qgcﬂjgg@ﬁ@ssor ofigeioa-iolggaggymer ein
an i nst r UCtINTERNAMICNAE A TEN v@.t h tINEL FIOWeDATERNDry adPREFSTYAZEedes an
instruction In the bundl es with the highest nenory address. 30. The
processor conprlse 128
r Agt 5t er 5. %& T ’ el i
by the tenplate fleld is as shown in Flgure 4. 32. A processor conprising:
a register tile having a plurality of registers; an instruction set

i ncluding i A ! d th i [ _instruction being
one of a plARPAICANY of instruction types; a plurality of execution units,
each execution unit being one of a plurality of types, wherein each
instruction.type is _exe re execution unit types; ' ' 13

ted on r
and furtherg ' 'ﬁ"Fﬁ@FFﬁ§¥Vﬂ8F$3ﬁ§&§P3 ncoded in bundl es, each bundle
i ncl udi ng X ityoﬁ ' 5# uctions, a stop bit, and a tenplate field
grouped tog ngtany ‘b?ﬁ eld, the instructions being located in
i nstruction f t field, the tenplate tield specifying a
mappi ng of 5%5%}@38”.%{; ots to the execution unit types, at |east one .
encoding of the tenplate field further specifying instr~ctlon group
boundaries within a bundle, with anéhﬂgﬁgw@h%ﬁg group conprising a set of
statically contiguous instructions cuted concurrently, the stop
bit specifying an inter-bundle instruction group boundary. 33. A processor
conpri si ng: D8af 8¢ |ster file having a plurality of registers; an instruction
sat |nclud|ng ISt ructi ons which address the registers, each instruction
being ono of a plurality of instruction types; a plurality of execution
units, each execpidsee dfkhd ifd agpiRationfto mdde Aplddsntdntishipes, 9 wherigi n each

instruction type is executed on one or nore execution unit types; ' and
further wheplace of floeiginaily filed sheets &r-e1BnToe eeplacementbages repcdsebtindl e

amendments mada to the claims. Spacifically, claims 1, 17, 18, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, and 32 have been amended. Claim 19 has
been cancelled and new claims 33 and 34 have been added, renumbered
respectively.

Wa have sat forth below an indication of how the claims were
amended, We have laken the originally filed U.S. claims and modified them

!



including a plurality of instructions and a tenplate field grouped together
in a Nbi't"field, the instructions being |ocated in instruction slots of
the' Nbit field, the tenplate field specifying a mapping of the instruction
slots to the execution unit types, an unused encoding of the tnplate field
bei ng available for use in a future extension of the processor, ?4 | _
Repl acenent sheet 05 April 2002 W claim 1. A processor conprising: a
register file having a plurality of registers; an instruction set including
i nstruct i oly hracketingihatetaliwhich aaissieleted angounderining materalydiiely wase of a
plurality of |nstruct|on types; a plurality of execution units, each
executi on @¥ded being one of a plurality of types, wherein each instruction
type is executed on one or nore execution unit types; and further wherein
the |nstru E;ﬁnsgﬁhg encoded in bundles, each bundle including a plurality
i nstruct tenplate field grouped together in a NNbit field, the
|nstruct|ons being located in instruction slots of the N-bit field, the

tenplate fiel di SPEEHENHEE) 3 PRRBESS ¥mp ,hﬁn? nstruction slots to the
exXecution unit types. 2. The processor of aim1l wherein the tenplate

field further sppeadises filolsdving aiphratityosforefistsrdari es within the bundl e,
with an instruction group conprising a set of statically contiguous
instructions than astruelen setactdinginstuctions Whichaddprssabs gegistfs.cl ai m 2
wherein the i nstructr on types include integer arithnetic logic unit,

nmermory, fl RRGIGSITYEYRN Daing aneaefch Piurality G&HSUHE“O'M‘YP?ﬁe processor of claim

3 wherein the instyuctio Z es fur&her knclude nona |thnet| | ogi ¢ unit
integer, and | orﬁgpf 'C’gteé E‘rﬁ'é‘l’rﬁ%‘ﬁ §ASh execyipn B'P'BE%@Q(H“E& Zlaim4

wherein th i r i poi nt,
and br anchepe'geif}{l {S(Bﬁg \P’Ea %Rg%ethgﬁgxgggéyrp%gg &Fgrﬁggéh\r\ﬂirg?h ?%e

tenpl ate figlat,68 4-bit field. 7. The processor of either claiml,
2, 3, 4, 5 or g mﬁg{dléﬁﬁeﬁe bundl es conprise first, second, and third

i nstruction sl otgnd RidHereddrelunglitsthgiions kA8 ehtsdod in Bursd) eadh The
processor of claim?7 wherein each of the first, second, and third

i nst ruct i orburidié incuding plutality ohigstracticTisd siotsj @psisoternglate fisld({tRather ei n t he
bundl e further incl udes a stop bi t that specr f| es an i nter-bundl e

i nstructi or® HIHES gthe b fiels s bej

zooz 10. The > p b|t is ina first
condi tion, PF gecilying a mapPiPRS  yct i on

of a Curre%eﬁh‘&@u i 1310{5 tIaeﬂ.‘gre(; L?t?cﬁ{urm !egr m 10 wherein, if the stop-bit
is in a second con an |ns ruction eroup cont ai ni ng the | ast
instruction of the current bundl e continues into the first instruction slot
associ at ed wdai]nanstm{dgzﬂdmgmgassgammmt| al bundle. 12. The processor of
claim 1l wherein the last instruction of the current bundl e conprises the
third instruction slot. 13. The processor according to claim9 further
conprising a r’r@rrot&mrendad)st@pweehermgnesg a byte order of the bundles in

the nmenory being in.a I|tthe endi n forgfa with the tenpl ate freld and t he
stop-bit being coregisiasdia hawing praaw '80istefs: bundl e. 14. The prodessor

f cl 3 wh f I
o LRI 15 et by O iy BRI ey, oot 0
instructi onaidh fn'%ﬁu@#@r‘ﬁb%ﬁ*\ %ﬁé‘o@@?ldﬁ?ﬁg%ﬁ‘ i Seetion %@EGSS precedes an

instruction in the bundles™w th th est nenory address. 16. The
processor of cl aampldraityedsfaixacttien phits, zda:hwxe&uti&rgu:sit esmgooTgafisse 128
registers. 17. A processor conprising: a register file having a plurality
of regi st erplurdiy ohdnegc vherpia ®ach inStueliag RSISraxecu®IcANe Rf BWd ess t he

regi sters, each |nstruct|on bei ng one of a plurality of instruction types;
exacution unit type




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 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 being

| ocated in instruction slots of the N-bit field, the tenplate field

specifying a ”HQRg%g%ﬁsrwﬁetrpwlﬁmaﬁ |k Brkeadd'h BURAL | RRUNT L types,

at | east one enco ate furt er specifying instruction
group boundghiigsndLbirigh BiuPAI L instuthiomd[sidS] drierd tfpREtPHAdIHERT | Sing a
set of statically contlguous instructions that are executed concurrently.
10 Repl_:,g@@ @ Mo iid 2 2062 fié) s Hdie of

S - A 1 3 3 i 4 O Of
cIa|n119 mhereln the |nstruct|on t pes turther nclude no ari tic logic
uni t i nt eqé@Mplabe figlsdy R %étmafm grosP b?f"‘ FHeS |‘ Edﬁﬁf claim

20 wherein the exe C N

fl oating- po”E‘t p%dn]gﬁdﬂeoxce%dé?ﬁ%nb%n%#% S%Egﬁﬁéontgﬁcesi struc xon? aim 17
wher ei n ea%tbétgch%c[,tgdt&ﬁ.{cd,@ﬁl”ydes a stop-bit that specifies an
inter-bundl'e instruction group boundary. 23. The processor of claim 22

wherein, if the stop-bit is in a first condition, the instruction group
boundary o@tesse dricer claimh a9twitheast peejudize. of a current bundle. 24. The
processor of claim23 wherein, if the stop-bit is in a second condition, an
truction group containing the | ast instruction of the current bundle
cont| nues i nt {20 14. f i(Amerides) Fb@tﬂfeﬁe%ﬁ%t"f ﬁ’@ﬂbéi%tl&lwhﬂel'ﬂ West atical |y next

sequential bundle. 25. H processor  of cl ﬁh H t he:| ast
i nst ruct i oPUPHeHEPTBRATR A, b?ﬂ?df‘@ E‘B’iirﬁ?'fds'é@mt"l‘f@”t t,sdwp &éfliction slot. 26.

The processor or di I 22 further conprising a menory that stores
t he bundl e} “ﬁ%@?'&% e @sﬁ'?hgahbundl es in the nenory being in a
little-endian format, with the tenplate field and the stop-bit being

contai ned in pfligpSt (Aridhddid)tThe didBedsdr of éaimMNe wisrepsmeringtuctioni m 26
wherein the bundl’és are ordered in the menory froma | owest to a hi ghest
menory addrtggss includztinteer Jpitrvets mgiobnit iIrmemeg? fleawrepainbraridist ructi on in
the bundles with the | owest nenory address precedes an instruction in the
bundl es wi taranak indlgstiens.menory address. 29. The processor of claim 17
wherein the plurality of registers conprise 128 registers. 11

Repl acenent s t,.,05 [l ~ ocessor

conpri si ng: Eﬁ e@or??rfdeeﬂoﬁ-\erﬂogsfﬁ‘ﬂ%éaafrpﬁ%t]g'-ewPSéetﬁ) an instruction
set |nclud| a ruction
bei ng one. or LT ﬁttt@“ﬁ*ﬂ“tﬁt}?ﬁﬁ“ﬁf‘%ﬁﬁt@%&'@% et L M
units, eachnﬁﬁe@.qtg PB8truBlidnddei ng one of a plurality of types, wherein each
instruction type is executed on one'or nore execution unit types; and
further wherein the instructions are encoded in bundl es, each bundle

i ncluding a pltaﬁlé.aty(menm rTLl'tﬁtPf@ﬁQSSCH oitcamtazl_brw%temethm ate field
grouped toget her. ; éa the instr bons q§ %g boca ed in

i nstructi one’s%t‘gndt"“t%ew&‘t & iNlAgEr. AN Y {9alipg-Pei 4 ying a
mappi ng of éhenh@§ gtlon slots to the execution unit types, at |east one
encodi ng of H te field further specifying instruction group
boundaries within a bundle, with an instruction group conprising a set of
statically contiguous instructions that are executed concurrently, the stop
bit specifying an inter-bundle instruction group boundary. 31. A processor
conposing: a register file having a plurality of registers; 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 ja plurality of types, wherein each
instruction type is executed on one or ﬁore execution unit types; and
further wherein the instructions are encoded in bundl es, each bundre
including a plurality of instructions and a tenplate field grouped together
ina Nbit field, the instructions being located in instruction slots of
the Nbit field, the tenplate field specifying a mapping of the instruction
slots to the execution unit types, an unused encoding of the tenplate field
bei ng available for use in a futu'te extension of the processor. 12
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CACA CAHAACAC, A @A(S A LA DAL Asn, . A A NLy. ALY. A Ny. A e & u>K] &A3? D
&6| wr kf a[ UU] cal] ca] ca] ca

U]l c”a] ca] ca] ca] ca] ca] caU] cal] ca] ca] ca] ca] ca] ca]ca]calca U c”a U c”ha]ca

Ul cral] ca] cal] ca] caU] ca] cRa6(Jci "/ Xn~cf n~#s ,

""~xsni c"YT] ca] ca] cal] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca

Ul c”a] ca] caU] ca] ca] ca] ca] cal] ca]ca Ul c™a]ca]ca

" NHEPH#HSHVE_#m B0 228B( (ArFdndéd), The prozk8ddrast4laim 18 wherein each bundle

5555~yt oj e’ [ U U'ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] caltarheeajnch]d=sl) stjpchit)ica[spatlfies aodh®5Buhdjetnstrectidh Y re@p GARAVWAABNCC
VDo D{ DDDDUE\ EEE~ysni c”Yj e [ U U] c] ca] caV] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca]

cal] ca] ca] deduridana] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca EEEEEE

FHKaLf LsLLLhSj SpSsS{ SS%1TsTZUnUz U} UUUBVVWWW W vgl gb] Xj e [ U Ul ] ca] ca]ca]ca]c

}];’1;%8}%%%%@%%%% | bk daathophes! 1 u1 1
aj éaU] cal c%‘éﬁﬂ%ﬁ%ﬁ%@%ﬁ%&ﬁ Eﬂas}t}élgﬁglé %gééqug%%ﬁagg%ggqégﬁ%gk ] ca] ca]

ghi A MAMANEAA AR e 3
~xr mhb] Woke Zj e [ U U U] ca] cal] ca] ca] caU] caU] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] caU] ca] cal] ca] cal] cal] ca] ca] caU] ca] ca] calU] ca U] c"a
T (CWhTi T 26728, T (AmeadathpbThe processor of claim [25] 24 wherein, if the
b(b- bOb: bHoc{ upkf a[ Vpke  Zj e [ U U] caU] ca] ca] ca] ca] cal] ca] c@V]c@] ca]c"aV]c@

a] cal] cal] cetdpeh] isaujasgena fandtiuRddneajaian| Irale sporainghealgst aU] cacccccce
ccd

dd7d: dHdI ddfgyyatien SR TIN RpehFIInuEs URShe it dngtesstiea ] ca] cay ca] ca
ﬁ g?aﬂ ga]agégﬁaéc"ii?‘ég{f'&*g%%é%&%%ﬁ%kf%ﬁ&?ﬁ i%@"(@'é‘cggggghhi P10 (j*jinjjj3kk el

nGrmmmmnn{ upj d_YTj e] ] calU] ca] ca] c*a] c”a] ca] c™a] ca] ca] ca] ca] ca] ca] cal] ca] ca

c”a] ca] c™a ~a A i -
]n?ooLBp]pp/ q@g] é%gg%%r r Vs;'?%ﬁ %ﬁﬁmﬁﬁﬁﬁmﬁ'm@ gg][»f’r/]?e]rgrgltgg]lacsz;] ca] cal] ca]

cal] ca] cal] walruatlicm bt ¢ adreaidaingld cahpadesiiheahrdjrajuedbnaldical ca] cal caj ca]
ca] ca] ca! wkx3yuyz{{| ||| $} A} } ~S5Rb{#" M*j ~ytnha[ Vj e" [ V]] cal] ca ;
S e e e 22 ) CRondbenThe Poreassor hecoraing fo ciar (28] 24 furher) <) ¢al €@l

>0\ _han{upktal e [ Mdhsgmal Saherhe Bl Tsal sl el e Geg U © A1°
in the memory baing In a litle-endian format, with the template fleld and

the stop-bit being contained in a first byte of the bundle.

(29] 28.. (Amended) The processor of claim [28] 27 whersin the
bundles ara ordered in the memory from a lawest to a highest memory

address.

(30]129. (Amended) The processor of claim [29] 28 wherein an
instruction in the bundlas with the lowest memory address precedes an

instruction in \he bundles with the highest memory address,
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10928 () - &GSRRERE0N /%Pss‘f Rigte fsidfs (sy %ﬂ}lallyl as phyen(ip Figure 4,
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a register file having a plurality of registers;

an instruction sal including instructions which address the registers,
gach instruction being one of a plurality of instruction types;

a plurality of execution units, each execution unit being one of a
plurality of types, wherein each instruction type is exacuted on one or
more execution unit types;

and further wherain the instructions are encoded in bundles, each
bundle Inciuding a plurality of instructions, a stop bit, and a template fleld
grouped together in a N-bit field, the instructions being located in
instruction slots of the N-bit fiald, the template field specifying a mapping
of the instruction slots to the execution unit typas, at least one encoding of
the templalse field further specifying instruction group boundaries within. a
bundle, with an instruction group comprising a set of statically contiguous
instructions that are executed concurrently, the stop bit specifying an -~

inter-bundle instruction group boundary.

33. (New) A processar comprising:
a register fila having a plurality of registers,
an instruction sat including instructions which address ths registars,

each instruction being one of a plurality of instruction types;

[



& ()-zsl'. 10%& ()-L, 10%& ()-"+10%& ()-!Y(!10%.L& ()-~" abcn~#bC 10Z! 10%& () -
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bundle including a plurality of instructions and a template field grouped
together in a N-bit field, the instructions being logated in Instruction siots
of the N-bit field, the template field specifying 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 extension cf the processot.
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a register file having a piwrality of ragisters;

an instruction set including instructions which address the ragisters, each
instruction being ona of a plurality of instruction types:

a plurality of exacution units, each axacution unit being one of a plurality of
types, wherein each instruction type is executed on one or more execution unit
lypes;

and further wherein the instructions ars encoded In bundles, each bundle
including a plurality of instructions and a tgmplate field grouped together in a N-
bit field, the instructions being located i;s instruction slots of the N-bit field, the
templats fisld specifying a mapping of the instruction slots to the execution unit

types.

2. The processor of claim 1 wherein the templats fisld further
specifies instruction group boundaries within the bundle, with an
instruction group comprising a set of statically contiguous instructions that

are executed concurrantly.

3. The processor of ¢claim 2 wherein the instruction typss include
integer arithmetic logic unit, memory, fleating-paint, and branch —

instructions.

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

include non-arithmatic lagic unit integer, and long immediats instructions.
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6. The precassor of claim 5 wherein the template field comprises a

4-bit field.

7. Tha processor of either claim 1, 2, 3, 4, S or 6 wharein the
bundles comprise first, second, and third instruction slots, with each

bundle being 128-bits in langth.

8. The processar of claim 7 wherein sach of the first, second, and

third instruction slots are 41-bits leng.

9. The processor of claim 7 wherein the bundie funther includes a

stop-Rit that specifies an intar~bundle instruction group boundary.

10. The processor of ciaim 9 wherein, if the stop-bit is in a first

condition, the instruction group boundary occurs after a last Instruction of a

current bundle,

11. The procasser of claim 10 whaerein, if tha stop-bil is in a second
condition, an instruction group containing the last instruction of the current
bundie continues into the first instruction siot associated with a statically

next sequential bundle.

12. The processor of claim 11 wharain the last Instruction of the

currant bundla comprises the third instruction slot.

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

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

10
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and further wherein 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 field, the

template lield specifying a mapping of the instruction slots to the execution unit
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27. The processar according to claim 23 further comprising a memory that
stores the bundles, a byte order of the bundles in the memory bsing in a litle-
endian format, with the template fisld and the stop-bit baing 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 1o a highest memory address.

29. The procassor of ¢claim 28 wherein an instruction In the bundles with the
lowest memory addrass precedes an instruction In the bundles with the highest

memory address,

30. The processor of claim 18 wherein the plurality of registers comprise 128

registers.

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 instryuction set including instructions which address the registers, each
instruction being one of a plurality of instruction types;
a plurality of execution units, each exacutien unit being one of a plurality of
lypes, wharain each instruction type is executad on one or more axecution unit

types:

13



10%4&& ()-VIh 109%48&& ()- V! ccecc#erclc_?M@10h 10%&& ()-VIh 10%4&& ()-Vh
1094 && () ZVI'h 1094&& ()- V! #3h 10%A&& ()- V! lc2c4c; cBel cJc’ <M@10#3h
109%4&& ()-VIh 1094&& ()-VI'h 1094&& ()-V! h

109%4.88& ()- V! #3JcLcMeNcQcPcReYel L, 3h 1094.&8& ()-V! h 109488 () - V! #3h

10%4.&& ()-VIh 1094&& ()-V'h 1094&& ()-VI h 1094&& ()-V! Yc. cgchcj cqexe ?, 3h
109%h 109488 ()-avﬂrfumbgmaﬁ(e'Uanﬁ Kens IQ/PO%‘PP%@M&‘ egeh bundls

h P

A8 bR AR el T Y A o 0
together in a N-bit field, the instructions being located (n instruction slots of the N-
bt field, the !ern'plate tield spacitying a mapping of the instruction slots to the
execulion unit types, at least one encoding of the template fleld turther specifying
instruction group boundaries within a bundle, with an instruction group comprising
a set of statically contiguous instryctions that are axecutaed concurrantly, the stop

bit specifying an inter-bundle instruction group boundary.

33. A procassor comprising:

a register file having a piurality of registers;

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

a plurality of axacution units, @each execution unit being one of a plurality of
typas, wharein each instruction type is executed on one or mora exacution unit
types;

and further wherain the instructions are encodad in bundles, each bundle
including a plurality of instructions and a lemplats field grouped togsther in a N-
bit field, the instructions being located in instruction siots of the'N-bit field, the
tempiats field specifying a mapping of the instruction slots to the execution unit
types, an unused encoding of the tamplate field being available for use in a future

e

extensien of the processor,
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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, memory, 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 bundle 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.

9. The processor of claim 7 wherein the bundle further includes a stop-bit that
specifies an inter-bundle instruction group boundary.
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12. The processor of clam 11 wherein the last instruction of the current bundle
comprises the third instruction slot.

13.  The processor according to claim 9 further comprising a memory that stores the
bundles, a byte order of the bundles in the memory being in a little-endian format, with
the template field and the stop-bit being contained in a first byte of the bundle.

14.  The processor of claim 13 wherein the bundles are ordered in the memory from a
lowest to 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 bundles with the highest memory
address.

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

17. A processor comprising:
a register file having a plurality of registers;

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,
wherein each instruction type is executed on one or more execution unit types; and

further wherein 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 field, the template field
specifying a mapping of the instruction slots to the execution unit types, at least one
encoding of the template field further specifying instruction group boundaries within a
bundle, with an instruction group comprising a set of statically contiguous instructions
that are executed concurrently.
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19. The processor of claim 17 wherein the instruction types include integer arithmetic

logic unit, memory, floating-point, and branch instructions.

20.  The processor of claim 19 wherein the instruction types further include non-
arithmetic logic unit integer, and long immediate instructions.

21. The processor of claim 20 wherein the execution unit types include integer,
memory, floating-point, and branch execution units.

22. The processor of claim 17 wherein each bundle further includes a stop-bit that
specifies an inter-bundle instruction group boundary.

23.  The processor of claim 22 wherein, if the stop-bit is in a first condition, the
instruction group boundary occurs after a last instruction of a current bundle.

24.  The processor of claim 23 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 associated with a statically next sequential bundle.

25. The processor of claim 24 wherein the last instruction of the current bundle
comprises the third instruction slot.

26. The processor according to claim 22 further comprising a memory that stores the
bundles, a byte order of the bundles in the memory being in a little-endian format, with
the template field and the stop-bit being contained in a first byte of the bundle.

27. The processor of claim 26 wherein the bundles are ordered in the memory from a
lowest to a highest memory address.

X 4

28. The processor of claim 27 wherein an instruction in the bundles with the lowest
memory address precedes an Instruction in the bundles with the highest memory
address.

29. The processor of claim 17 wherein the plurality of registers comprise 128
registers.
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thét are executed concurfently stop bit specnfylng an mter-bundle instruction group
boundary.

31. A processor comprising:
a register file having a plurality of registers;

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,
wherein each instruction type is executed on one or more execution unit types; and

further wherein 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 field, the template field
specifying 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 extension of the
processor.
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