;e3e, Fr 6VT}G-.,~ f DATA PROCESSOR SYSTEM AND | NSTRUCTI ON SYSTEM USI NG
LROUPING Field of the Invention 5 The present invention relates generally
to data processors, and nore particularly to?/mﬂlmﬂmm apparatus for
groupi ng data processor instructions and an ”ﬁmﬂystemfor use

t herewi t h. Background of the Inventign Many diffeakgpt types of data
processors are avail able. Sone data processors have nultiple eR AR 2R
units that may be used concurrently. Scheduling of instructions for such
data processors cdDADA RROGCHSSQRSYSTEM AND INSTRUGTIONSYSITEMyst ens
operate on a sequential instructi@gRid &RBUPIIGRE has been prepared for
execution using conventional program preparation software tools, including
optim zing assenblers and conpilers. In general, dynam c systens require
significantly nore hardware in theiabptHe1898sHEH . While static systens
requi re nore sophisticated program preparation software 20 techniques. The
comon goal, however, is to identify and exploit instruction |evel

par al | el i sm i nhermgwat preBehhiavemsdr tistdtes yeploraigowtith @romisabes, ndgnble

appearance of sequential ity of execution, In a.dynam ¢ instructjon.

Sohedul i ng SeEialoisuBeliotsAndAPRAaI or ofeidbiad 83l HrdsPSaatbsbufians ai ns
a sliding wandemn oistrucsobsystesn fonteettheresdtjuent i al i nstruction stream Each
instruction dispatch cycle, the scheduling hardware selects as many of the
visible instructions as can be accommodated by the execution units and

ot her syt em resources, subjectBackgrawdrefdhe divesdional constraints.
Addi ti onal hardware maintains a record of each instruction while in 30

flight and, dependi ng, K ypon syste onditions, either, aborts or retires the

instruction appr %mﬁ@@%@t %(%r?n‘g@té RIPCesSy» AR @&"P"%?’?%CEQH?E datedat a

processor i produssies paed PG @4 bUtdroPRIGE es Afiay bhé uée@fc@hb@rrér}i@}.r uct i ﬁn
after it has

schedul i ng tem. the programpreparation 3s software tqol
gener at ed_anteogu} i BEIMHHEN G, s Sk Yats Prcasides <t P stber ddimieditam nes
t hat streamstatdt,. Detbdypepohsysiémsmparate alea seigbentipltinstridiodviream which
configurati i 0 LiS kI ; id 2003
Carger data Seanssagpared Br SABEARNTLLRbI Ry prograf Bt 0 o1
be execut ed SOffwgs® {90l@l inclpdng eptimiging agsesiniers a1d peraagilensi g aemeralct i ons of
certain pr ngyﬁ_%ﬁ@Q?été%t@quﬁé%kbrﬁ%ddﬂ?'lﬁ&‘éthé?ﬁm!%@éf]?ﬂﬁ%ddéfﬁrﬁ?bé’eﬁ%fr,er ences,
it is not pc\)@]sjl bl e.to guarantege %I ma sc%.he u: i n% in advan(t:,e. T%
acconmodat e '@ﬁtﬁ%ﬁbﬁémsﬁ%v% Rstophistisa PP RREPR AR SOTYEKE Wi | |
usual Ihy imel pegﬁlﬁiqi@@b. Meenmbrggoélﬁaosxeate'r,ldatd %demif;emu edmdaﬁ@stﬁfoﬁ@assor
was the Multiflow T 7141 28 .. Th iler r. t.he Trace. i ne was
commonty. 1 ef&19 4T3 550 iTheat i i ReB BRI Rreq Reva RGBT,y 1S
ori gi nal autdppesratvid &f sequeatialityof exesition. 10 I n grouping instructions for
the Trace, which was a Very Long Instruction Word (VLIW nmachine, the
Bul | dog conpil er was constrained to a VLIWhaving either 7, 14 or 28 fixed
function instr uct/p @rﬂm%ﬁﬁ,'”?d%%'ﬁﬂi%@ae%'mﬂ Wféefﬂ"r‘aéiﬁ?fﬁé' haygaare agfin the
'DStlrUC]EQEFP d(?k@bri@ss@hh@hhtblﬂ?_&@liﬂ?ﬁ Gﬁnmwtbﬂvi@tm_liti/h’?é th'é%faéftljer\{mk 15) was
sinply filled wth a no-operatio Jnstruction (i.e.,.all zeroes).
et her 1 han T bI0p ey EREs UlsboT iSRG GoierBetsshab it bafBiatea out
t he NOPs andejpots adethriyhef thetvisibleuastrudtionssgs cant bemcoomasodatad bgtteei zed by
each VLIWw Tl [ [alsl] cat. i, OF . shed NOPs
(or, viewed eé‘%ﬁ@%&sép'QQP%&@%e%Férﬁ%?&Jé??’oéﬁ% i%értécg%s?%&@ﬁg%g? gh tinme,
the Trace constraints. Additional hardware maintains a record of each instruction while in

30 flight and, depending upon system conditions, either aborts or retires the

instruction appropriately. An example of a dynamically scheduled data

processor is the Motorola MPC604 microprocessor.

In a static instruction scheduling system, the program preparation
35 software tool, after it has generated and, perhaps, optimized the serial
instruction stream, reexamines that stream and, based upon information
describing the hardware configuration and operating characteristics of the
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20 cache/nmenory controller used the information in the bit map word to
sregenerate the NOPs so that the cache was filled with fully popul at ed
VLIWs. The bit map was di scarded once the correspondi ng VLIV were
regenerated during prefetch, and no part of the instruction dispatch or
execution hardware was even aware of _.their existence. This rrechanl even
though it increased 2s by one word t Re | ogi cal | ength of every O\Gwrivg nC}
menory, generally tended to reduce the physical length of the stored VLIW
due to the targbt Hatayprotessmr, gnmpisltegether thdde iabiructionsitbat oan sately be sl ot s

in every VL%%XY'{%B IH?‘%P%{G}U Eb%tertﬂ%é %m{)ﬂéfcp |C§‘.IH§ the Ié@fioﬁ]fﬁfjcer{%]ﬁ vel |

desi gned co smcoul d ‘si gnif ncr ease e actual code
size in nen@f@graBDCWSTmféS redceras Iadmﬁ@@ Q@ﬂnwtgdanemary refersinegnl it wRlt a

processor i %o%?n%l&@@?arbﬂ%ef éﬁﬂ?ﬁélsscﬂé@ﬁ ééfvdﬁc%r OFH Qé&ﬁﬁﬁfod%?érhu%
{"C62). In the ever |nstruct|?1 é:Dl’dln I%;?(I ? %I ated '

b or) i 18 s BOnHYoHiatle CRPaIGE NG MAsIa ST RSB SaT LSV Al B8 PERYI9es + he
di Spi’vlltclh harAdM@xh mplbﬁféﬂ@tiaaly steHeduisd @atavmbdewmmea*mamﬂbwdrnalbe

paral |l e owi. n tion aneou

B eont chabl @428, [esPhahrapt et ind8ie s mAeR I ERT B e ng
aclear P blaulldng compiler,adhawanma giveoribley itebriginal guthoss whilelat Xas8 pr ecedi ng
i nstructi on WY each having a set P bit. US Patent No. 5,560, 028

di scl oses a varl a{t¥on on this nmechanismin which the sense of the parallel
di spatchi®control bit is toggled between each set of parallel-dispatchable

e T b emn T H“u%@ifg%“?‘ﬁ"ﬁé Rlr (R Trilc® VAR WA SYRHPITong istilRAbAe | 0O
of the msth Mé’:ﬁ\/\@ Maehingehis) U'F@’BQ&F %'erf‘/(ﬁw'i:??rbﬂ%a'” @ha é'@ﬁg%ﬂﬁ

data proc esa@iltﬁgr Ep§4 at Qte ﬁ&egﬁu RERON mmrusncmhgcw;l dléttleﬁdmgw,pd?ﬂth_%pﬂégn?@r
pI’OCGSSI ng a i.nstrycti USI UcC a | e ecutl a

pr ocessor. oy Bt e B ol M, P chunR. o el tiF e BInEBE o e 1 6
i ncreaseth uwasgsnmwllyﬂltdcbwébtadm Dparamnnt B OR hestroctjount (ele |a1lsze'rue$)| o%afdnede
size tends ttrga Q@réﬂ%@se uéblé‘?s“b(l(ﬁ%"u'n'dﬁéhio?%sthe cgﬁﬁdﬁlgi a%

undesirabl e eased st and spac€ nee |on nennry

One such app@Raendrregededinessetsrf ugafud lrlsf,rtmtlaaewds §hﬁl‘ﬁﬁhﬁl@;¢ by gaehl

si gnal procegs@r with BSH ma%sﬁﬁlcﬁﬁﬁdlh'ét%@ th8 Imwnaﬁﬁhé%ahbgﬁ@d NS (S
cel | ul ar phones,  where prem u

and | o ower
woul d be dedigWSl EORYSTS yn‘ﬁ‘letqspﬂ?@ 'Bi‘g tqno‘ﬁor&iﬁj%af ﬁ‘ot!f‘@@s@ \At"gcﬁrow de
faster imsticachéfmernoacesigiongr vsed thy |rs<bmmtfdmuarthéxbltenapmmrdgo| nstruction

apparat us. 1 ST RS gt I Badti ian Dl IR AL OB HARET WEYs.
i nstruct i on TéeshibmapBragtlisberiad prndatheocfortdspoDding ‘ving%/amwe@er;eTeted
i nvention i %uﬁﬂb’ﬁr%t@d‘tan‘ﬁf A gﬂrotf'tﬁé'l 'EHuEMor'\ BIS%J%?? Poe: oﬁ!rf‘derg@aré)t her

features of e“inventi'on are’ discl ose g} et ai l
descri pt i on Was@EN avasnpliihetriaxstange Th@ rae chAfiemy EWeN Haahigincreasashi ch:

30 FIG 45 i pyaridl weld theasgral khg ﬂﬂoﬁéﬁé?gvmln%emdiﬁt%?er@rﬁmeﬁeﬂdéﬁ tgystem
FIG 2is a %éa(%r whhyasﬁca{l Ilelnug iy Ehe stored %/Lﬁﬁ/ss ue to 'the lnaeb Ft?/roeftOf the
syst em of Si
compiler to fill all of the instruction slots in every VLIW with useful instruction
words. On the other hand, for well designed code, this mechanism could
significantly increase the actual code size in memory.
30
A more recent example of a statically scheduled data processor is the
Texas Instruments TMS320C62xx microprocessor family (‘C62). In the ‘C62,
every instruction word includes a dedicated “P” bit which, if set by the program
preparation software tool, indicates to the dispatch hardware that the
35 instruction word can be dispatched in parallel with the following instruction
word. Thus, a simultaneously dispatchable “execution packet” is comprised of
an instruction word having a clear P bit and up to a maximum number of



FIG 3 is diagramthat illustrates a particul ar enbodi nent of a portion of
«the core of the systemof FIG 1 with a single nultiply and accunul ate
unit. S 49 April 2003 FIG 4 is diagramthat illustrates another

enbodi ment of a portion of the core of the systemof FIG 1 with two

mul tiply and accunmul ate units. 5 FIG, 5 is diagramthat illustr te,is)%ﬁnot her
enbodi nent of a portion of the core gf the systemof FIG 1 wi EHPFiogo3
mul tiply and accunul ate units. FIG 6 is a diagramthat illustrates a

particul ar endozling instructiohevords,téguhyhaving acet Mubitt BSunatendNoFbES0,32%. 10

FIG 7 is a_.gl i ; DAkt | i he bit

field and | 93%@‘9%‘3%{% bgﬁét{%{e&@?g%zﬁm 0 %Iﬁ %W&ee%ﬁgg dﬁ@% 38?%'1%1' t hat

i | | ust rat es dispsdeh reniralbidatiedslne hetween Rach sehatpaedelydinpagnable uni t

P11 st ratos o clon RSy B B o S B Rl ot o

Lo be. excoubhdlapch B LEBpdRe Breusng uritiefon stgnfieam arigs ahifenat

i | 'ustrat es imstagtionfis het gseable domathentunctiohs,stichassereutling dateeprdicessinget  of

gr ouped cong)ﬁgif#gwi nstructions to be executed by the systemof FIG 1. FIG
a

11 is a di At illustrates a prefix dispatch and instruction 25
di spatch operation for the core of the systemof FIG 1, FIGs. 12-17

il trat i i i i ' b d
Wl th the Systerm ofPEIREH Bladed o Bebidd e brnkaLamig Raeiy 1o L0e
i nst r uct 1%n IRSIBICHANS WatnausHch & MmitlliRle gxeapliciydata rrocessars Rowevayr asthgat

i [T ustrates c@hidlXignf thaldaes pfetesdok ¥RMitsHRFe & idciddsBUimE mungiie uct i on
system of FI G : d g%%@teil on of the

18. "35, 9 ril 2003 Detaile
Preferred E%BBW@%FE'“@éa@Faﬁow,terdﬁétrﬁ%tﬁéb@‘iﬁ SIER AETSas¢e DNy
rel ates to applicationssinopsassdstede sikatis undésicdse doeito$iaregsedoostanid havi ng

by o dars prBEEeIERUE LGRS meRBh S PLRRRR ABIERNPR 4 8608 FFala (o
m?/egtei ﬁwa@rn@cegsomlr(]@owm astiigita Isignal pg:c%somw(d)&ﬁ’pri_asr’emems‘ednn fnn@yd for
sel ect edgopé*%?%*?%thér%r%”@gé%gn g pRofies b B BRI [ piBEEd Bh BiidlRsize
sel ect ed op@ngtiPwrPayeeradt waulsebedpsimtia doon MuntiRlpexepaticb URkdRtR a

different | engtdssofio pRstida fsteinstr@stdrf prokdsding vﬁtﬂab@@bpﬂmcanh@ng_th of an
instructi onﬁg(r Ougi’nge}ﬁlsdtrt?ct%rnego'&é |.ength selection field for selecting a

| engt h of t &Pan SIze.
20
Accordingly, there is a need for improved methods and apparatus for
grouping computing instructions and for an improved instruction system.
Brief Description of the Drawings
25
While the invention is pointed out with particularity in the appended
claims, other features of the invention are disclosed by the following detailed
description taken in conjunction with the accompanying drawings, in which:
30 FIG. 1 is a block diagram of an embodiment of a data processing
system.
FIG. 2 is a diagram that illustrates registers within the core of the system
of FIG. 1.
35

FIG. 3 is diagram that illustrates a particular embodiment of a portion of
the core of the system of FIG. 1 with a single multiply and accumulate unit.



instruction prefix. FIG 14 to acconpany abstract. In accordance with

.anot her aspect of the present invention, an instruction systemfor use in a
data processor that has a plurality of registers is provided. The
instruction systemincludes an instruction root having a register selection
field of wwdth m for selecting one of 2mregisters in the data, processor,
and an instruction prefix having a r“bgi ster selection extensi &Ag'i”éog of
width n, for extending the width of said register selection field to sel ect
one 20 of 2m+" registers in said data processor. In accordance wth anot her

aspect of the PreREN id AUGRIh bt IRIbHIASE éHSﬁhie?ggg%b?ﬁJﬁBthfa?%ﬁidr??ﬁhgata

processor is provided. processor Is a to execute rst and

second typeeorgfofdpesusiconsf EEgubmithdmoymditiglyandagtumalate Ynigs. the first
types of operations in parallel. The instruction system has an operation
selection field fo el ecting one of the first and secopd, types of
operati ofs to ber:leé(-e'%stiﬁ ag[ﬂ}‘qttr?él lpgtates BE%@BPm%ﬂ?@mSBE?fa?i}{)BH'%?fet@fai on
field has acénenss thelelbringl obFIG tinithrfout iveiltisly Brs actumibiath umite. assi gned as
follows: a first value if said first type of operation is to be executed
sequentially; a second 30 value if said first type of operation is to be
execut ed i n par aFl@l§ issadizgrami that abtuatesel patiedlar eothadimentabihgi ng (2" - 2)
val ues if sgj g } .5 to be executed. In a particular
Hisip 6T ackBRRIRG BRI 5,

enbodi nment , may opt y be assigned the second val ue
if a sell®ted instruction of the second type of operations is to be

execut ed sequent Fab|yis $diagrEmXnApiiubtrdR83 particare ehtsdii®ent bhtharsit her

aspect of the present invention, a s mfor instructing a data processor
adapted to E?'Q@Jt logjG it %ﬂ%‘eﬁém C’%()]Q/:ﬁ)éswf operations sequentially and a

plurality of said first type of operations in parallel is provided. The

system i ncl udes instructi | Q ! i field for

sel ecting one of E[E?Tegﬁ?gfag&%ﬁ‘ tgggwﬂgtr%ge‘{s%@%h%gFﬁﬁoﬁﬁwﬁgoﬁt Cexecut ed by
t he dat aspr edésssrgenehatiarpeniawitbin thelaeee o thef sydtemheid1&. tlype subfiel d. The
type subfield has a first value for instructions of said first type to be
executed sequentially, a second value for instructions of said first type
to be executed i Fl®a? 4 & diagiam thet iluskatesa partichlar emrrqdimest okainetsed ond

type to be grgipaliifgsestHaitiohaltd be Brduted by fb yatevd sitfierwi se. It shoul d be
noted that the particular terns and expressions enployed and the particul ar
structural and operational details disclosed in the detailed description
and accaopanyi ngFiBatd irgs diageamathat lllusisatestd set gffefpbed coomputingnd ar e not

i ntended to.jn i _m LNV i ; ribed in the
appended cl msﬁrg%ﬁéﬁ\%ﬁg iatqgé){eghE?@%SE,BF%@LB%%8?7&'3\%@568&5@%}03@3@Stileng system
10 is il usexatwddd byibe siysiess of hssl.st em 10 i ncl udes a processor core 12, a
system 20 interface unit (SIU) 14, a direct menory access unit 16, a

peri pheral 18, such as a serial conmmunication port or timner, .internal
menory nodul es 26/G2d1 issadiagiagxinat Wptratess prafixcisnaiel apgdustelction The
processizag gkphedR dferaBiyn fbstchRrs of Hd egbtém GF16.dat a processor. 25 The
processor core 12 includes an address register file 26, a program seguencer
24, data register files 28, 29, address arithnetic logic units 30 (al so
referred to as aftBestl-dénlarsitatonanoig smpadighéntsmilani ipstyuctioh systermihat e
(MAC) units : r efally as data arithnetic logic units
(DALU)), a Bﬁiz@el gsédéglﬁt@e[ %gjcﬁglgfémlﬁ g%‘,‘['and an optional instruction

expansi on accel erator 36. so The address ALUs 30 are coupled to the address
registeryfile 26pysaig @561‘@@%&39%3%‘@3% nsRLYtiGN Sy A6 FLIMEL Bé&s units 32
are coupled to the data regi'ster files 28) 29 via internal bus 62, and bit
field unit SHUCOBYRIPPed to the data register files 28, 29 via internal bus
64. The program sequencer 24 is coupled via the instruction bus 44 to the

st ruot on expabl ot toedlaararuianubrbls fgipnt Uabied far ANRA el
further incwitbesthe ipsiogetiom $ysteBf RAGE iIBst data bus 40, a
35



second data bus 42, a peripheral bus 88, a direct nenory access (DVA) bus
84, and an external nenory interface bus 102. The program bus 38 is coupl ed
to the program sequencer 24 via bus 46) to SIU 14 via bus 66, and to
internal 5 menory 20, 22 via buses 72 and 82 respectively. The data buses
40, 42 are coupled to address register file 26 via buses 48, 50, tq data
register files 28, 29 via buses 52,5%4, and to instruction exﬁﬁ%§N8903
accelerator 36 via buses 56, 58. The data buses 40, 42 are coupled to
menory 20, 22 via buses Ddta86d DHEseriplidh biitheSArefarred Ephlzatimen® U 14 vi a bus
90, to DVA 16 via bus 92, to peripheral unit 18 via bus 94, and to nenory
units 20, 22 via buses 95 and 97 respectively. The peripheral bus 88 is
coupl ed to the Shbhddyi shdHSp.of e PRSHP ineRtiBN Fel8tes @sh Idtefidpher al

unit 18 via bus 100. The external _msm)ri/a bus 102 is coupled . to ,erdtgﬁnal
menory i nt YSIRB thaldDFledes andasirictionereRaY B &t eTaHOREREOT st Ohown) i n
comuni cat i selestirighart bpesitishadbEdserfdrmidieby bldisd bedcssembadianenstrudtion

program bus 38 i 5,128 bits w and the other buses 40.,42, .84, and 88 are
B e i et B At hds A fefe R inal Be e aEBes REHIE 1 OMng B e <
wi t hin t he comditichal #Reaftianhfield yert satedithg a cdnditibosmder AdidH & dsata at ed, t he

dd ; o : : anent : p)
N 16 v e R Y R Pk 8B T Bhec PEROBMBMcal B e
progr am couigl@for rspdifyisg thepelested eprratipesatasy hioperfeimaed patansopesgndt er s.
The dat 301 qUEEh différen2enghE | H0RStSEES GV fléf R sMbtindCa (E¥th beghSt er

file 29 includes registers D3 25 D15. In an alternative €nbodi-ment only a
si ngl e regil8sEYCHaN OHﬁyaB@aﬁégx%‘%%\%'e@Bg‘ﬂ ,ﬂeg{J&ﬁ sglecling @ Iﬁﬁgﬁbﬁ’féher t wo
MAC conf i gunstriiction prefixoFh@r 14itgacoembanyabseaeppl i cations, nore than two
register files may al so be used. Referring to FIG 3, a particular

enbodi nent having one nmultiply so accunulator 32 within the core 12 is
illustrated. In ' [ QG ' pled to the
register £ es 28 5aRERS TR anotiaf aSpRR t Pt BB o o ¢ ne
dat a r ed$ stipstrii¢ticsssysgemAor usa irbaslaba propessanthat hegiasplarality Okreghdersde ar e
coupled to dat : I I ri i i |4 madt nodul e
104 and vi 4'agee: FHeRERuGlon SEETRARAEE R MBI B0 hadiby'd Bt "5 o
convert dat$elestion tgld g widthrmator setactipgoae afds rasigers néheidata or mat aver
buses 52, Sfrocessbriad@ahlin@P@diongirefik hadingt Fdisted seldchi bkienspin fgi@odi ment
havi ng two nful.t H:{l‘yf accgamjl. at&rﬁs) S%Pn\étt hi,n th?s corle 12 I?dl | | ulst{]at ed. This
enbodi nent PSVIGITHDT IF SXEENANG Db Eha'diregistsr SPIeCiond)d i 3PeChaPe are
two MAC282 of2t'8 régisteesih sdid atata pAe380or.An addi ti onal bus 62 is needed to
couple the data register files 28, 29 to the second MAC unit 32. Al so, the
buses 52, 54 are 32 bits instead of 16 bits to carry the extra data from
the two MACs. Simlarly, FIG 5 illustrates an enbodi ment having four MAC

units 32. It is [adeerddidergtivadotHerlashBe: ¢itRE PrbsdrVigvrtieR, kR not to be
limted by the above exenpl ar ,conflaquratlons,and s . n limted to the
5&@(@ hH$& ins2 dat

particul ar IRAWBEHONIY PrRCesart isRUPYHedr rld1eRABRraceIsoN eof .
Ref erring tis ddaftedto exquaté ficstlant secbaditpsey ofodperatliéhes sedierdallysnd a

! . ! 0100 y
he- ot 26 o bl Ao dtb o s SRS THRIdRL' She ItuRR8p3Ds@iiies 35 2o

and nul ti plarespetatiod sedeatioarfiedd forisklgctingdoneopthedirsicard aetaridlyiped obut put

116 that is,, AddRL pU [ fipHt 120
and the nul?¢%?ﬁ%?§ﬁé&%%{@%%%ﬂ*%ﬁ%gé%ﬁ%g an ESEUﬁE g?%ﬁﬁgggﬂﬁg&%ﬂgm? at is
out put backhaoatyre sffield efwidtbm, the walpgs ofyhighhamessignetyas ollovg: a7, a
]parlt:jcrl ar fagbesl tug’grﬁai@lﬂ‘irédt*ﬂﬁ)é)bi%é?r?ﬁdn Iisggj e !éﬁééukt%g_s{e@;uéhﬁ@ﬂg/?%%cgéhe bi t
ie 0gi ¢ uni 1 i.ncludes a shjfter a < bi nerat qr. , a
ogi ¢ unft vede sk bkhinie o1 hertian s toneexSedted dn ataldl g & i
recei ves i naltie geectatsirém thedepraiing €2 -ayvaluepiftsaidatcorsi type ofeperatiof
either a shif | Ng;..0 I r i j | LS, t he
Tnput dat a, >4 bRl R BaRelBR Broifoime AR 1% STARY Tt bicreRy
excl usi ve ovg agsigned e sepnchvalue if arpelecteslinstragtiaef thelsecoed typephtion is
output as aofdibfindidtolifSekdopieselligntay: way bus 64 back to a selected
register wwthin the register file 28, 29 30 Referring to FIG 8, a
particuPar enbodi nent of the address generation unit (AGU) is illustrated.
The AGU includes registers MO M, NO N3, RO R7, SP from address register
file 28, and the nodified control register (MCTL). The AGUJ al so incl udes
address arithnetic logic units 30. The AGQU is coupled to the first and
second address buses 140, 142 and to the program address bus 35 138 via
registers 26. As illustrated in FIG 8, the ALUs 30 receive data fromthe
various registers, performselected arithnetic operations on the input

. M T Y .



FIG 10 illustrates an instruction fetch set and grouped instruction

« execution sets. The instruction fetch set 210 conpri ses a sequence of
instructions to be executed. In the illustrated enbodi nent, the instruction
sequence includes eight instructions, nunbered fromN to N+7. In a hardware
i npl enentation, this instruction sequence nmay be inplenented as one qQr nore
instruction buffers. The instructi oRs coonprising fetch set 2%@%‘55%03%%
statically grouped at program preparation time into, for exanple, execution
sets 216, 218, amdce@@ante witheandthasaspactdf theaprdsent inventisn, deystdar fpr212

tes t . i i . of fi ' t 216
from the. r QiR 4 W8a siobegyclerRp AN irdblant detbnBXFies 661 °21 S18,
and a seco®perafichsaasaentiaivane phluiadly efeaid dedivpeebepeiabans ét pareder r om
the first tyBrdviddd, UPhé QpsteNtRIaRd 4iNnétrattidhhadng scopidratios 8bledddn Each

f the i t) nt [ t tched by th t
concur r ént g0 ROCNEONe R PG HFIGH FHPORCIAPES BLOBSIAIRBE 0 P8l sot iy bo.
\(,jvihspat gged wécm'}%ﬁt&dth@tdfatpﬁ?@éﬁso_ odl H'hetdmrsﬁﬁret séleotion fiold has & erpeai n casles
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needed for any of its other uses, to be described hereinafter, it may be

+ deleted frominstruction 314. Referring to FIG 13, an enbodi nent of an
instruction system 320 is s disclosed. The instruction system 320 i ncl udes
a prefix 322, a first instruction root 326) and up to 2N instruction roots
330. The prefix 322 includes a groug field 324 that is N bits \{xlgdgz%g?ch of
the instruction roots 326-330 include an operation sel ection Pi 332
and other optional fields. The group field 324 indicates how many
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words may be |inked together in a variable I ength chain. However, in the
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particul ar enmbodi ment of an instruction system using an encoded prefix



cc: conditional execution of the entire execution set 00 unconditionally
. executed 01 reserved 10 conditionally executed, if status register T is set
1s 11 conditionally executed, if status register Tis clear pj: two bits
used in a | ooping nechanism"-": reserved for future use such as additional
| oopi ng i nformation. 20 14 In the two-word form the prefix has the
followng format: srcO srcl dest en&odi ng: 0011 aaaa TTHH pj c® AR 2RPHBeE
bBeE bBeE where: aaaa, cc, pj: sane as for one word prefix For exanple: 9
April 2003 aaaa Refekingta MG .whradpantietliax emtddimenipleaving swo mayltiply wor ds M
reserved f I I I X ; | %l S
t wo- wor ds %Ccpﬂtm%tﬁé§§g%§'rg§h%g@?t@gﬁﬁ%ﬁgﬁ%’%ng a%ﬁngrsr?%@ﬁséE@Eﬁrﬁ?onal
wor d) EEE: thatembedimentpf Ekpahsixerpt that tirare amitwodAeathunits tnstead of t s
serves ?S %ﬁéiMWd‘hSQ.ﬁmdrﬁ%@ditiéhﬂﬂjs%%%%et”&ie@:: tggogjfpiefﬁfé e{@tlawegme;lwfggs FFF ->
, etc. --1 : hi ata.r use e -1- . Di ata reg
used fordt S ¥ tPitegéefgng:M’gEQW'tdag%-ag(sé’gn’l?s%‘éeqso)?f’tg‘ba[ﬁ?’?ib F’g‘si%a te:
FFF, J2, J1 aifeloopiey nchrfy tedextrd-oatacik@nihe twdMACEHI BifdaspF|Gr 5case of two

DALY ani ¢ itttk B BEHAT nafPeaubfAC uigE2. 115 1R MastRBeBRRE "B |
UNI T 1 BBB:thepeesentdneentisBbs nobto mujm_weunﬂy metHhﬂv.ete)@mpiae/ w_ﬁ@ﬁatidns_r DALU
UNIT 3 15,3 Aldthinfidi3otht pari I SUmbES ofMRRSHIN32 @F tHédaltidaldruct i ons.

10 arrangements thereof.

Referring to FIG. 6, a particular embodiment of a MAC unit 32 is
illustrated. The MAC unit 32 includes a multiplier 110 and an adder 112. The
multiplier 110 receives data input from the data register files 28, 29, and

15 multiplies the data elements 111, 114 to produce a multiplied output 116 that is
input to the adder 112. The adder sums a second data input 120 and the
multiplier result 116 to produce an accumulated result 122 that is output back
to the data register file 28, 29.

20 Referring to FIG. 7, a particular embodiment of the bit field logic unit 34
is disclosed. The bit field logic unit 34 includes a shifter 124, a mask bit
generator 126, a logic unit 128, and a multiplexer 129. The bit field and logic
unit receives input via bus 64 and produces an output that is the result of either
a shift, a masking operations, e.g. removing certain bits from the input data,

25 and/or a logical operation, such as a logical and, or, exclusive or, or invert
operation. The result of the selected operation is output as a forty bit result
over the two-way bus 64 back to a selected register within the register file 28,
29.

30 Referring to FIG. 8, a particular embodiment of the address generation
unit (AGU) is illustrated. The AGU includes registers M0-M2, NO-N3, R0-R7,
SP from address register file 26, and the modified control register (MCTL). The
AGU also includes address arithmetic logic units 30. The AGU is coupled fo
the first and second address buses 140, 142 and to the program address bus

35 138 via registers 26. As illustrated in FIG. 8, the ALUs 30 receive data from
the various registers, perform selected arithmetic operations on the input data,
and provide an arithmetic result to selected output registers. For example, an



-1 'high data reg used for MOVE operation in AGU O 1- high data reg used for
. MOVE operation in AGU 1 For exanple, in the system 10, the registers in
register file 29 are 5 used instead of register file 28 when the Hbit is
set to 1. TT: Scaling up MOVE instructions for wider transfers; each bit
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25 each of the instructions in an execution set have the same cycle count, each of

the instructions may be retired at the end of the last execution cycle.

Referring to FIG. 11, a particular embodiment of a portion of the system

10 is illustrated. The embodiment illustrates a prefix dispatch unit 222, the

30 instructions 210, an instruction dispatch module 224, various data arithmetic
logic units (DALUs) 32, and address generation units (AGUs) 30. The prefix
dispatch unit 222, instructions 210 and instruction dispatch module 224 may
form the program sequencer 24. In the illustrated embodiment, since there are
six execution units, the maximum number of instructions that may be grouped

35 in an execution set would be six. In the illustrated example, the first two
instructions N, N+1 are prefix instructions. The prefix instruction is passed to
the prefix dispatch unit 222. The prefix instruction may include one or as



As ‘shown in FIG 19, for type | instructions that are to be executed

. sequentially, the type subfield is set to a first value, such as 01 for
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group of instruction roots 316 are executed. However, in an alternative
30 embodiment, not shown, the conditional execution field 304 can control
selective execution or non-execution of one or more instruction roots or
subsets thereof that follow the prefix. In another embodiment, each of a
plurality of conditional execution fields corresponds to each of a plurality of
instruction roots to individually control execution of each instruction root in an
35 instruction group. In a preferred embodiment, the prefix 302 and instruction
root(s) 316 form a single, integral instruction 314. In such a system, if the
instruction 314 is to be unconditionally executed and the prefix 302 is not



189 April 2003 4. A bit after the type subfield in the second word in an
. instruction group can be used to distinguish two word instructions with
pairing versus three word instructions. In one enbodi nent, the
di stinguishing bit is the bit imediately follow ng the type subfield in
the second instruction word of a group of 5 instruction words, Usingg

h
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embodiment, instruction roots having a variety of operation selection field

values can be grouped with other instruction roots, while others values may not

be grouped due to hardware or timing constraints. As illustrated in FIG. 14, the

15  instruction words 346, 348 are combined with the prefix 342 to form an
instruction group 358, whereas the instruction root 350 is not grouped and
forms a single word instruction group 360.

Referring to FIG. 15, another embodiment of an instruction system is
20 illustrated. The instruction system includes a prefix 380, and an instruction root
384. The instruction system operates on a variable width data operand 388,
such as a 32 bit or 64 bit data item transferred to or from memory. The prefix
380 includes an operand length modification field 382, and the instruction root
384 includes an operation selection field 386. The prefix 380, instruction root
25 384 and operand 388 together form an instruction 390. The operand length
modification field 382 indicates whether the operand 388 has a first
predetermined length, or a modified second length. For example, where the
operation selection field 386 indicates that the instruction root 384 is a move
operation for a 16-bit word, and where the operand length modification field
30 382 is clear, the operand has a length of 16-bits. However, if the operand
length modification field 382 is set, then the operation becomes a move
operation for a 32-bit word and the operand has a length of 32-bits. By
encoding the length modification field into the prefix word 380, the number of
operations that may be selected for execution is increased but without having
35 to add any extra [ength o the operation select field 386 within the instruction
root 384, thereby reducing code size in certain circumstances.



A further description in tabular formof a static grouping enbodi nent is
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operation selection selecting the operation to be perforned by
the data processor. The conditional execution field may select a condition
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di scl osur eThelpagidslengthfielgs dagrd 4 form a chain, each |nd|cat|ng whether the

25 prefix word chain is completed or whether there is an additional prefix word. In
this manner, many prefix words may be linked together in a variable length
chain. However, in the preferred embodiment the first prefix word 422 does not
include the length field since the first and second prefix words have other fields
that indirectly indicate whether the prefix is one or two words in length.

30

A particular embodiment of an instruction system using an encoded
prefix instruction that combines many of the previously illustrated prefix fields is
disclosed below. In this embodiment, there is a one word prefix encoding
format and a two-word prefix encoding format.



instructing a data processor adapted to perform sel ected operations, where
. the systemincludes a prefix word having a conditional execution field for
sel ecting a condition under which the data processor will perform an
operation to be selected, and an instruction word having an operation
selection field for s5 selecting saig operation to be perforngd by t he data
processor. The conditi onal executi onfiel d may sel ect a condi ¥ PBAM 2H%der

whi ch the data processor will not perform said sel ected operation. 21 9
April 2003 The gdnéhhé oneawardagrdfix bacodisg fomnatotharonel woag peafivohasthean
instructio e of which by the data processor is conditioned
upon the CQRU%Dﬁ naJéﬁkggﬂﬁlon field of the prefix word. The instruction
may include nore than one instruction word. Another enbodinent relates to
an instruction systemin a data processor adapted to perform operations on
oper ands hanjol%addd $1|0apgkcsecond | engths. The instruction systemincludes a
prefix word having an operand ~o length nodification field for nodifying an
operation to be wedrected so as to be perforned on an operand having said
second |l ength, and an instruction word having an operation selection field
for selecting tmammtanbmftiostmctimerﬂdrsdd bengranpegdeéncladingake pgefsai d fir st
| ength. In one enbodl q§ operands have a plurality of lengths, the
operation sel ection fleld se?ects an operation to be ~ 5 performed on an

operand having a pr eclﬁéﬁéé‘-‘-—‘lﬂh@ aCNJO hgtr@ﬁlHnan’ﬁMw Bfndt%zﬂéhecﬁgﬂ the

operand | ength nodification_fiel e operation so_as

perfornmed on an operand haf’vpﬁé%ﬂ%\fcfrf‘éﬁ“%‘(a'%%f%fa@é’iQfepﬂ ter @fer 4 Dyl U
lengthsqg20 In a data procggedn, an instruction systemincludes a prefix
word having an instruction group field for selecting a | ength of an
instruction grouwe; angnaitidnat ekédutiodfofithe tentied executndsst each i nstruction
word having an operation selection field for selecting an operation to be
performed by said dat@G pr acessdition@le edetidedr ocessor si mul t aneousl y
initiates the perfornmance of all 25 operations selected by the instruction
words conprising sai dTgroupserved prefix word and the instruction word may
forman instruction. | n one enbodi ment, the prefix word_precedes each
instruction word in séld Hﬁgﬂﬁﬂwﬁﬂ%ﬁxe@#eﬁnﬁﬁﬁﬁﬁséﬁﬁﬂ@ﬂﬁgﬁﬁetthe

instruction group fie is of |ength ) 2n_of said plurality
of instfRction words. 1I1‘I’herCéméI’l"‘lQ'"'é 38)‘@%‘1‘%{3& K%K"Hg? F‘%@?Tieéﬂ— & that 30
cannot be grouped with any of the plurality of instruction words. A system
for instructing a data processor is provided. The systemincludes an
instruction root_.and S nstruction root has an
operation sel ecthon fi I%& lé)sre%c @P&P@‘I@:‘?CB%QSEL on to be perfornmed by
said 35 data processor. The instruction prefix has a field selected from at
| east one of the follomnn? a conditional execution field for selecting a
condi ti on under "&eevedifaEllddieuss 9e@sad pdditipnalepperintamation ect ed
operati gy, an operand | ength 22 9 April 2003 nodification field for

nodi fyi ng the sel ected operation so as to be perforned on an operand havi ng
a different length, an instruction group field for selecting a word | ength
of an instruction group that includes the instruction root, and a prefix

| ength selection field for selecting a word | ength of said instruction
prefix. 5 The instruction may include nore than one instruction root. The
prefix typically precedes at |east one of the instruction roots. A system
for instructing a data processor having a plurality of registers. The
systemincludes an instruction root having a register selection field of
wdth m for selecting one of 2mregisters in said data processor; and an
instruction prefix having a register selection extension field of width n,
for extending the wwdth of said register selection field to select one of
2mtn registers in said data processor. ~5 Thus, there has been descri bed
herein an enbodi nent including at | east one preferred enbodi nent of an

i nproved net hod and apparatus for grouping data processor instructions and
enbodi ments of instruction systens. It will be apparent to those skilled in
the art that the disclosed subject matter nmay be nodified in nunerous ways
and nmay assune nmany enbodi nents other than 2o the preferred form
specifically set out and descri bed above. For exanple, the specific

el ements and configuration of the data processor 10 is described by way of
exanple only. Many other alternative systens nmay be used. For exanple, the
DVA 16, nenory 20, 22, and certain execution units in the core 12 are
optional. Accordingly, the above disclosed subject nmatter is to be 25
considered illustrative and not restrictive, and to the maxi num extent
allomed by law, it is |ntended by the appended clalns to cover aII such
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30 rather than the foregoing detailed description. 23 CLAIM5S 1. An
instruction systemconprising: 9 April 2003 5 a plurality of 2N instruction
roots, where Nis an integer, each instruction root having an operation
selection field for selecting an operation to be perfornmed by a data
processor; and an instruction prefix preceding one or nore of fh rality
of 2N instruction roots, wherein tﬁg'inprovenent conpri ses: f%£%ﬁ286#
instruction conprising an instruction prefix having a field that is N bits
wi de and that explicitly groups predeterm ned ones of the plurality of 2N
instruction roo 'éﬁﬁa_ I A j J aral l el w thout
requiring grouph?gtn |fﬁéﬁfﬁ%?gﬁﬁgﬁkgg}?gﬁﬁgqﬁﬁgyﬁggahﬁﬁpeach of the 2N
instruction roots. 15 2. The instruction systemof claim1l wherein the
conditional execution field may sel ect a e@@iidiadegender which the data
processor w |l .not for [ d sel ect oper at - 20 3. In a data
processor, e%"‘i"ﬂ@t@@ﬁ P%ﬁgm’gﬁ’!c@o 1rhﬁ}gﬁ5ﬁ% bge%I ity of instruction
roots, each instruction root having an operation selection field for

sel ecting an op@qgf?on to be perfornmed by the data processor; and an
instruction prefix.,havir i i H%ﬁ? instruction group field 25
for selecting a5%§%u§¥éﬂ%Fﬁ2%agﬁ%ﬁ%???@ﬁ%g e plurality of instruction
roots to conprise a groungpekQﬁbkyction roots formng a single
instruction, the instruction group field containing a value for indicating

how many instruction roots fol hgu,tdes LN§L6 Wolrd Prefdl £0 OngdeCﬁbﬁl y
grouping the instruction roots, the data processor substanti

ially 30
si mul t afeously initiating the WOEdSiti on of all operations sel ected by

M: reserved for future expansion for longer prefix words.
0: the prefix is two-words
1: the prefix is at least 3 words long (at least one additional word)

EEE. Data register expansion for DALU UNIT 0; each of the E bits
15 serves as a fourth register field encoding bit, effectively turning
FFF -> FFFF, etc.

--1 : high data reg used for the FFF field
-1- 1 high data reg used for the J2 field
1-- : high data reg used for the J1 field

20 Note: FFF,J2,J1 are operand fields.

For example:
DALU DJ1,DJ2,DF

In case of two operand DALU unit instructions, only -EE is used.

In case of one operand DALU unit instructions, only --E is used.
25 eee: the same as EEE, for DALU UNIT 1
BBB: the same as EEE, for DALU UNIT 2
bbb: the same as EEE, for DALU UNIT 3



said group, wherein the plurality of instruction roots do not use avail able

. bits to contain grouping information. 24 9 April 2003 4. The instruction

system of claim3 wherein the instruction group field is of length n and
may group 2 ~ of the plurality of instruction roots. 5. The instruction

systemof claim3 or 4 wherein the ngl e instruction further go. rOI$ES an
instruction root that cannot be groﬁ)ed with any of said pl urhfPih¢ 08
i nstruction roots. In a data processor adapted to execute first and

6.
second types of #R_E:g; iﬁtgPéglgﬁeg%ﬁ@?bﬁ@b%?ﬂ%@&f\%&#éﬁt&ﬁéy of said first types

of operations i i'on" 'sys onprising: an instruction

having an operation sel ect}ﬁ@pggfaellegc%,s%rgﬁgmtgﬂ)g(pgﬁorpfn gaifdpfirst and

second types of operation't e ex y sal ata processor, the

operation selection fiLel d faviag RglusRe PHMOCEbghatdlinAgU 1 he val ues of
whi ch are assigned as follows: a first value if said first type of

operation is to be eregekampednen: spsteih 1@, theqegdteraliniedistes filed2d arst type
of operation is to be executggqmif‘tggga a. thi sel ected from
|

the rema ni ng (2" - 2) val'§ io&?ég'j&f'gééi@%&mh&g thg %ﬁh:’{g?%ﬁ? 's to be

executed. 7. The.ns J [ R~ I i e subfield
is assigned t he%s-[lecogcf%gé 3‘@ @Wf@éﬂ&&ﬁ%@ @ﬁéﬁl'%re%%il‘%egsgggﬁh%@ype of
operation is to be eweastivated asegd@hk .| For eactsunit tbediteanlies if thetunitct i ng a
data processor adapt efid Qo&3RUS e Bf{h%%_tiné’i?lﬁict%%‘?”d types of operations

sequentially and a plurality of sard first type of operations in parallel,
the system conpri sing: MOVE.2W, MOVE.2F, MOVE.L
10 If the T bit is 0; leave these instructions as originally defined
if the T bit is 1:
MOVE.2W -> MOVE .4W
MOVE.2F -> MOVE.4F
MOVES.2F -> MOVES.4F
15 MOVE.L -> MOVE.2L
-1 make instruction in AGUQ be interpreted as a wider move

1- make instruction in AGU1 be interpreted as a wider move

In principle these combinations are reserved for the
following, if defined:

20 MOVE.2L
MOVE.4W
MOVE .4F

In accordance with another embodiment, a method of grouping

25 instructions without using a prefix instruction is now disclosed. Referring to
FIG. 18, an instruction without a prefix word that may be used to perform static
grouping is illustrated. The instruction 450 includes one or more instruction
words, such as a first instruction word 452 and a second instruction word 454.
The first instruction word 452 contains an operation selection field 456, also

30 referred to as an opcode, that may be used to select a plurality of different
operations that may be performed on a system such as system 10. The



an'instruction having an operation selection field for selecting one of so
said first and second types of operations to be executed by the data
processor, the operation selection field having a type subfield, the type
subfiel d having: 25 9 April 2003 a first value for operations of said
first type to be executed sequenti y; and a second val ue fg{A@ﬂgbgiions
of said first type to be executed i parallel and for at |ea | ect ed
operation of said second s type to be executed sequentially. 9. The system
of cl ai m 8operationi selection glé 4960ncleres Adypa subiield A58 that has a widtnetn

processi ng bﬁ SI'Ir? I§rderfn‘8 ﬁ]’f@r?tuhhé‘aqgél%ﬁgrg C}Nﬁhé WGlWoARStrd@idremPr i sing:

a processor recel vi ng executin rou processi ng

i nstructi oM’éJf‘t" H%ﬁ truedioa r@é@?%'ﬂ%@ieﬁﬁ%ﬁn P’é%{E‘P'et We bier sibiigtd WEF'IH‘otB§ to
G oup | NS byefdtoRSsol SN 418 hdThs WReGTaND IS SFtTead oy HoatriBosihbfar w!

|nstruct|onf ne,instruction group 11. The data
pr ocessi ng EPE@@? & S@Ig Wpi%aﬂﬂﬁ(? g?q{tl\go@quttr %tfoqlshéﬁﬂ?n}' BRES two different
met hods to group instructions conprises using an instruction prefix and one

or mor e, LSt YO ARG TEBS 10! BEddiahf MotboRBhahxhaniag il dpslact i on

group field cont
portions f&pesweltingtrigiionsibat ane greodies byothepme&aium S@lxe@tm ﬂ@iﬁi wnih_zn anhe data

pr ocessi ng jY&ichbh Mhay b& B ddeddethei VAR WARPMHYpd ngﬁéﬂﬁ ity ftﬁb@“t met hods

to grou |nstruct|ons conpri ses graoupi ng hy using it enco havi ng
val ues OhatSUElfé@Fid%gﬁﬂeia“§tqsﬁ§tt9cpﬁ0‘él§e@lr‘?%?‘@ apg "(“1”')("0&(’ fﬂﬁt@Pt‘@Qpe that may

ei ther be @ffluﬁgﬁbrv\/fdrfbrﬂé*wutlbﬁ%felt Withlrﬁﬂmpf&hsﬁ@étﬂids&éncﬁéefmﬂtlm or not
grouped and s?ruc%on words 11Re msat ué{ ions that may be executed are divided at a high
level into type | instructions and type Il instructions. Type | instructions may be
executed in either a sequential or a parallel manner, i.e. the Type | instructions
15 may be grouped with other instructions for execution in an execution set. Type
Il instructions may be executed sequentially, but have limited ability to be
executed in parallel or may not be groupable at all. Some type Il instructions
510 can not be grouped with any other instruction. An example of such an
ungroupable instruction is the doze instruction that places the data processor
20 10 in a low power standby mode.

As shown in FIG. 19, for type | instructions that are to be executed
sequentially, the type subfield is set to a first value, such as 01 for segment
502 in the illustrated embodiment. For type | instructions that are to be
25 executed in parallel with other one word instructions, the type subfield is set to
a second value, such as 00, segment 504 in diagram. At least one type Il
instruction is assigned a third value, such as either 10, segment 510, or
optionally a fourth value, such as 11, segment 512. Using the type subfield
with two bits as shown for instruction grouping leads to a reduction in the
30 usable opcode space for the selection of instructions. For example, in a prior
system, if a single bit was dedicated for grouping information, the opcode
space would disadvantageously be reduced by fifty percent (%50). With a
system of two bits, the opcode space would be reduced twenty five percent
(25%).
35
However, in the illustrated embodiment, to conserve useful opcode
space, certain multiword instructions re-use a portion of the opcode space for



(2} a second type that may not be executed in parallel.
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register rO o register d1 (inc d0, move.w (r0), d1) (two single word palred
instructions)
Multiword 506: move address in register after adding offset to register

20 d3 (inc dO, move.b (R3+1000), d3) (one single word and one multiword
instruction)

Multiword Sequential 508: add 1000 to d0 and store in d1 (add #1000,
do, d1)
Type 11 510 or 512: take a break in execution (doze)

25 While the Type |l instructions in segments 510, 512 may be the same
type, in a particular embodiment, the instructions could be divided such that the
instructions with no grouping permitted are placed in segment 510 and the
instructions with limited grouping permitted are placed in segment 512,

With instructions having the type subfield as described above, general

30 rules for grouping instructions may be used. An example of such rules are:

1. Instruction words having a type subfield of 00 is followed by additional
instruction words to be grouped.

2. Instruction words having a type subfield other than 00 are the last word
in the instruction.

35 3. A 10 in the last instruction word where there is at least two instruction
words in the execution set indicates there is at least one multiword instruction
to be executed.
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instruction words. Usin addltlonal b|t the same or other instruction words

may distinguish other instructions such as four word instructions versus three
word instructions, and paired one or two word instructions.

In a particular illustrative embodiment, there are 3 ways to convey
10 grouping information for grouping instructions into execution sets:

- using the 2-3 most significant bits in the instruction -- no prefix is used
- using a 1-word prefix for an execution set
- using a 2-word prefix for an execution set

The following grouping algorithm chooses what option to use (when the
15 instructions to be grouped are given) to reduce the instruction code size.

The algorithm is:
- are registers d8-d15 used in the execution set?
* yes -> use 2-word prefix
20 *no -> continue

- is the set conditionally executed (Ifc), or should it convey looping
information?

* yes -> use 1-word prefix
*no -> continue
25 - does the execution set have just one instruction?
* yes -> no prefix needed
*no -> continue
- are the instructions in the set groupable according to their type?

* yes -> no prefix needed - encode grouping using the 2 most
30 significant bits only
*no -> use 1-w prefix
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5 2 most significant bits of the

type subfield 458: type grouping permitted
00 1 grouped with the next instruction
01 1 end of exec set -- may be grouped with
previous type 1 instructions (00)
10 11 2 end of exec set -- may be grouped with

previous type 1 instructions (00) (no fully
groupable version)

10 4 only instruction in the set, cannot be
grouped
15
Two and three word identification:
(L - last instruction in the execution set)
word L-1 word L
00 10 This is an illegal situation for two one word
20 instructions since 10 cannot be grouped with 00.
Therefore this situation is kept for 2 & 3 word
instructions
word L-2 word L-1 word L
25 don't care 000 10 (L-1,L) is a two word instr. (type 3) -- may
be grouped with the previous instruction
not 00 001 10 two words, ungroupable (type 4). (word
L-2 belongs to the previous exec set)
00 001 10 (L-2, L-1, L) is a three word group instr.
30 (type 3) -- may be grouped with the

previous instruction
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instruction system includes a prefix word having a conditional execution field
for selecting a condition under which the data processor will perform an
operation to be selected and an instruction word having an operation selection
field for selecting the operation to be performed by the data processor. The
10  conditional execution field may select a condition under which the data
processor will not perform the selected operation. In one embodiment, the
prefix word and the instruction word comprise an instruction or an execution
step, the performance of which by the data processor is conditioned upon the
conditional execution field of said prefix word. The instruction may include
15 more than one instruction word. In another embodiment, the prefix is optional

in the instruction.

A system for instructing a data processor adapted to perform selected

operations, where the system includes a prefix word having a conditional

20 execution field for selecting a condition under which the data processor will
perform an operation to be selected; and an instruction word having an
operation selection field for selecting the operation to be performed by the data
processor. The conditional execution field may select a condition under which
said data processor will not perform the selected operation. In one

25 embodiment, the prefix word and the instruction word comprise an instruction,
the performance of which by the data processor is conditioned upon the
conditional execution field of the prefix word. The instruction may include more
than one instruction word. Also, the prefix may be optional in the instruction.

30 In another embodiment, the present disclosure relates to a system for
instructing a data processor adapted to perform selected operations, where the
system includes a prefix word having a conditional execution field for selecting
a condition under which the data processor will perform an operation to be
selected, and an instruction word having an operation selection field for

35 selecting said operation to be performed by the data processor. The
conditional execution field may select a condition under which the data
processor will not perform said selected operation.
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the performance of whlch by the data processor is conditioned upon t e
conditional execution field of the prefix word. The instruction may include more
5 than one instruction word.

Another embodiment relates to an instruction system in a data
processor adapted to perform operations on operands having first and second
lengths. The instruction system includes a prefix word having an operand

10  length modification field for modifying an operation to be selected so as to be
performed on an operand having said second length, and an instruction word
having an operation selection field for selecting the operation to be performed
on an operand having said first length. In one embodiment, the operands have
a plurality of lengths, the operation selection field selects an operation to be

15 performed on an operand having a predetermined one of said plurality of
lengths, and the operand length modification field modifies the operation so as
to be performed on an operand having a different one of said plurality of
lengths.

20 In a data processor, an instruction system includes a prefix word having
an instruction group field for selecting a length of an instruction group, and a
plurality of instruction words, each instruction word having an operation
selection field for selecting an operation to be performed by said data
processor. The data processor simultaneously initiates the performance of all

25 operations selected by the instruction words comprising said group. The prefix
word and the instruction word may form an instruction. In one embodiment,
the prefix word precedes each instruction word in said instruction. In another
embodiment, the instruction group field is of length n and may group 2n of said
plurality of instruction words. There are also certain instruction words that

30 cannot be grouped with any of the plurality of instruction words.

A system for instructing a data processor is provided. The system
includes an instruction root and an instruction prefix. The instruction root has
an operation selection field for selecting an operation to be performed by said

35 data processor. The instruction prefix has a field selected from at least one of
the following: a conditional execution field for selecting a condition under which
the data processor will perform said selected operation, an operand length
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A system for instructing a data processor having a plurality of registers.
The system includes an instruction root having a register selection field of width
10 m, for selecting one of 2™ registers in said data processor; and an instruction
prefix having a register selection extension field of width n, for extending the
width of said register selection field to select one of 2™ registers in said data
Processor.

15 Thus, there has been described herein an embodiment including at least
one preferred embodiment of an improved method and apparatus for grouping
data processor instructions and embodiments of instruction systems. It will be
apparent to those skilled in the art that the disclosed subject matter may be
modified in numerous ways and may assume many embodiments other than

20 the preferred form specifically set out and described above. For example, the
specific elements and configuration of the data processor 10 is described by
way of example only. Many other alternative systems may be used. For
example, the DMA 16, memory 20, 22, and certain execution units in the core
12 are optional. Accordingly, the above disclosed subject matter is to be

25 considered illustrative and not restrictive, and to the maximum extent allowed
by law, it is intended by the appended claims to cover all such modifications
and other embodiments which fall within the true spirit and scope of the
present invention. The scope of the invention is to be determined by the
broadest permissible interpretation of the following claims and their equivalents

30 rather than the foregoing detailed description.
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CLAIMS

1. An instruction system comprising:

5 a plurality of 2% instruction roots, where N is an integer, each instruction
root having an operation selection field for selecting an operation to
be performed by a data processor; and

an instruction prefix preceding one or more of the plurality of N
instruction roots, wherein the improvement comprises:

10 an instruction comprising an instruction prefix having a field that is N bits
wide and that explicitly groups predetermined ones of the plurality of
2N instruction roots into execution sets to be executed in parallel
without requiring group identifier information to be included in each of
the 2" instruction roots.

15

2. The instruction system of claim 1 wherein the conditional execution field
may select a condition under which the data processor will not perform said
selected operation.

20 3. In adata processor, an instruction system comprising:

a plurality of instruction roots, each instruction root having an operation
selection field for selecting an operation to be performed by the data
processor; and

an instruction prefix having a single, contiguous instruction group field

25 for selecting a predetermined plurality of the plurality of instruction
roots to comprise a group of instruction roots forming a single
instruction, the instruction group field containing a value for indicating
how many instruction roots follow the instruction prefix and explicitly
grouping the instruction roots, the data processor substantially

30 simultaneously initiating the execution of all operations selected by
said group, wherein the plurality of instruction roots do not use

available bits to contain grouping information.
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plurality of instruction roots.

6. In a data processor adapted to execute first and second types of
operations sequentially and a plurality of said first types of operations in
10  parallel, an instruction system comprising:
an instruction having an operation selection field for selecting one of
said first and second types of operation to be executed by said data
processor, the operation selection field having a type subfield of
width n, the values of which are assigned as follows:
15 a first value if said first type of operation is to be executed
sequentially;
a second value if said first type of operation is to be executed in
parallel; and
a third value selected from the remaining (2" - 2) values if said
20 second type of operation is {o be executed.

7. The instruction system of claim 6 wherein said type subfield is assigned
the second value if a selected one of said second type of operation is to be
executed sequentially.
25
8. A system for instructing a data processor adapted to execute first and
second types of operations sequentially and a plurality of said first type of
operations in parallel, the system comprising:
an instruction having an operation selection field for selecting one of
30 said first and second types of operations to be executed by the data
processor, the operation selection field having a type subfield, the
type subfield having:
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10. A data processing system adapted for executing grouped instructions
10 comprising:
a processor for receiving and executing grouped data processing
instructions that have been grouped by at least two different methods
to group instructions, each instruction grouping method using a
different instruction format to define instruction grouping.
15
11.  The data processing system of claim 10 wherein a first of the at least
two different methods to group instructions comprises using an instruction
prefix and one or more instruction portions, the instruction prefix having an
instruction group field containing a value for indicating how many instruction
20 portions follow the instruction prefix for paraliel execution.

12.  The data processing system of claim 11 wherein a second of the two
different methods to group instructions comprises grouping by using a bit
encoding having values that define an instruction as either:
25 (1) a first type that may either be grouped with other instructions for
parallel execution or not grouped and executed sequentially, or
(2) a second type that may not be executed in parallel.



