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BACKGROUND OF THE I NVENTION (1) Field of the Invention *cooaoa* The present

invention relates to a processor with VLIW(Very Long I nst E
architecture, and in particular to a processor that execut mmmnmmmmmm ns
W th conparat ié/e(%{?y QEOHI E@"rd INength and high code efficiency.sdsd
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Description o rTor th the increase in demand for nultinedi a

devices and thegdniaturization, of e]lectrani preHLts.in.r years,
t here has been :frggoréo?/\?%érnggé" % re?}ftlr’rg%r gg‘ g"sil rsﬁf%éflggr*f mss ’
mul ti medi a data, such as audi o data and i mage data, at high speed. One kind
of processors that are capable of neeting this need are processors that use

T T eh SRR o e NPT erreb 10 st verocMRRBHINENE
processors_include a nunber_of ipternal operation units and so «ggabl e to
si mul tani%&kﬁ@i@aﬁi%m%rati ons in one VLIWin parallel. Such

VLIWare generated by a conpiler that 'ngesti gates the extent to which
paral | el procesSPRgPFESEISSIMIELL L PRerCAFEE FPodr ARTETBFORNYL pRr VEHERS
schedul i ng. For_enbedded m croprocessors used in consuner appliances
however i tV8%5Yi hBBFt RS QT he 2 EERE LECFHITG AYYr TP 5 b FRART
250" -bit VLIW with their i i nci dence of _no-ope,ra{{i on instructions

2 high L
her ei naf t%? 3 FEPFRASPE ZLANGXTTHELFUCTROREUFLANA S &6 | TR RRBR L EBREY
efficiency, are far fromjdeal, _.One exapple_qf a VLI Wprocessor that
e: {ecut egf}%t( r‘ﬂ%fﬁioignﬂﬁtklh gl é’(li‘ﬁ'é %‘P}%‘?te rE1PEAdth is Japanese
Lai d- Open Patent Application H09-26878. This technique teaches a data
processi ng apparatus that is a VLI Wprocessor for executing 32-bit

instructiqgns that can. sinultapeoysly indicate a maxi mum of two operations.
Figs. | Algde2SHon-+Re—Rf et -dtimt of the stated technique, with

Fig. | A show .t . i t t' f t f i mul t Ly indicati t
obor at 1 one_and T S CHASF R Senart AERP |4 (B NEL R ULl RAveaEngmeh y
i on.. Thi,s techni i tQ . code, ef fici by i ncl udi

o2 bt DRELBIRT AR T WO f Pol HLEEG TNAC Siva e hOnBeFeBE Ygarsr ons.
in each jEBstru ti o% and the execufti on o,rg;%evr. ihe i ndi cation o% at maxi mum of
two oper BPFSR B Sd R65iyI 2 B5OBHET| REEPUE oM HEWRLVRTSS88EE hBEtatRfeve a

ffici f_. 11 eli h i | so. t m.of d i
code of (PEpERey BrdeBfdig Tuned, ANEhC At AU (kiR PRk e qRES oS 11

constantal gl gfAEals 2 Shien 1L Sokehothy s e Le. caben g g2 b1
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VLIW processors include a number of internal operation
units and so are able to simultanecusly executé a number of
operations in one VLIW in parallel. Such VLIW are generated
by a compiler that investigates the extent to which parallel
processing is possible at the source program level and
performs scheduling. For embedded microprocessors used in
consumer appliances, however, it is important to suppress

the code size of programs, so that 256-bit VLIW, with their



SL~'" I MARY OF THE | NVENTI ON The present invention provides a VLIW (Very Long
Instruction Wrd) processor that decodes and executes an S instruction:

that has at |east two operation fields,, of which a first operation field
can only include one operation code for2 speci fying an operation type and a
‘'second oper:ag, an. fi L ncludes inat.i o] perat j de._and at
| east one(%‘(r)l Hrg'nn—ld&ifg%gc% ngénggpgggﬁagﬁq:ﬁn |%$§%cb$89%ee(f%t%§£%%g“§ﬁer ation
field, the M] 0CessSOr wGRUPE | 8k 0gim+fiifstn,d i a codi,ng the
oper at  on K656 198 (e 1 r SO pEPREP RS teE AiRe, PR e e, Badf PR

executing operation 15 pndicated. hy the operation code in the first
operatione%ﬁgl 19$¥ﬂx%§%a%%€ §W%ﬁ égégédding result of the first decoding

operation 116l GC nd 2 Ch e cLetlt POICRASRE (01 EYBEHERRE T he operati on
2" nd caiBH By CERBTID F S 4 174 NS SRRORG BpAERtIBS 11 oth, PR AR dance
Since at FOLETOBRE QRGNS GRE N ATE Phety AEE BN Cean TE: T hiF CAred By mer ol y
{ho.vor 0 FERGERCoR. FAGE BCORBRS thh ST EHELEd T AE 45 4 alit ¥, BROGBRROE

t hat t i.nst, ti f. i vel h d | th,
DUt i CHERBEAECREGHEy S8r BT dts Lot STHEEDEE S8 Mt eV eRaP sper at | ons
can be sinmultaneously indicated is achieved. Here, a number of bits
occupi ed 1Y f%%t%pﬁréﬁfﬁwu@oag 53 PRIFE ¥R operation field my be equa
t nb f bit i ed h ti in.th d ti
reld Ao a reshds- oif Bufr a8 5hoFodne oratufetintl shaat Sh FH&tr act on
will be chmg%gg%%h}&?%%%amigﬁeﬂ? Eg oflAb!sthsc{wiJr? V“Phghiﬁ's.'{@'l %tzjigos conponent s

such as fh$. ( 14 | S ‘the imnstructi on"may  inc ?hree_
Tel ds. by BEuRSs Saiet hanbar oy Bres el R MRt R 2o ot and

i ncl i I : (! I t
oper and, “ne AT braeoRaf rIPERER fo2ril e andrrABEo ATy GHY whi ch
decodes. . ¥ ' , , ; field,
the. oper SELSR ARIE | TS TRrPa-SRer5ENEn o ar s SOUR Brdb Ry uni 1
¢ . , c q. . de. i third
[or SXeHl BACALANEY of |01 £k ERLECRY LhUe RREAL | A 208110 chlE. (111
operati 0gnHi 8l dndl AN L0 BadesAdbna ot {- ol 188 LR dndecoding
unit. As a result, a VL processor wth a high degree of parallelism
wher eby gg%ggtgggr@gd@ya can be sinultaneously perfornmed can be achieved.
Here, the first executing unit may control a control flow of a program

including the bRt LUELIQR i on of a maximum of two operations by a
single 32-bit instruction, however, does not achieve a
sufficient degree of parallelism. There is also the problen
of decreases in code efficiency of instructions when
performing an operation using a constant that exceeds a
given word length. As one example, when a 32-bit constant
is split into an upper 1€ bits and a lower 16 bits so that
it can be set into registers, two 32-bit instructions aze

required just to indicate an operation using this constant.



As a result, branch operations which do not normally require a | arge nunber
of bits can be assigned to a short operation field. This neans an
instruction set with high code efficiency can be defined. Here, the second
executing unit may control transfer of the data that is indicated by the
operands included in the second operation field, and the third executing
unit may control executes an arithnetic |ogic operation on the data that is
i ndi cated by the operands included in the third operator. field. As a
result, data transfer to and froman external nmenory car: be indicated by a
single operation in an P~OYERVSS$d' , - > >NNaJW Cucl I Si I LInl 2 -6

i nstructi eUMMARYt D&t THEe IdyeNaIdNaccess circuit that should be provided in
a VLI Wprocessor car. be sinplified. The present invention further provides
a VLI Wprocessor that decodes and executes an instruction that has at |east
5 two operati ofihéi ebdeseaf: whircterst fon stpopeideson of | efldlWan (Feky i nanegle
one of (i ingle o {0 i fyg o] ti e. and
(i) a co%@?gﬁ?gggﬁ yé%%jongng%gef%%(?fon e d)qe%% u esl%lg{nagl § (cﬁg/tpeas 161
conbi nat i onsbfuohéoppehati drscade arbat tveaspresad ioperkiel dsedof nwird ch
operation,i pdi.cat t: S ratd I n i a t he
VLI W pr ocaésgg?ggo%, F:})séﬁtﬁg% f?%%@dgggd?t#&gpne{a%gigﬂ?c%n%'ecaopd%sgggﬁén@gﬁe
operati onf¢r ERRCifyPresait PRpemad Ay st y®ger atidonaf | 8pgongheopperatioon
code in thgfhr 3hcaReedl | KN cbin®ithahidrst cXeGH | BEARRNSH 0Fc8XeGHd ngta_n
operation indicated by the operation code in the Tirst operation field, in
accor dancked# t h C2edePBEIrAGTr e48FE of 1t RS f PPSE3EE Pbcddici§ aReths PYseEbRd
decodig d@adsd Wh&haiesRdese1ahen an operation code is present in this
second operatgﬁ{lﬁfi eld, the ogerati on code in the second operation field;
and second ex i iyt SEF AT ExEBUPTAG A ‘operation indicated by the

oper ati on codef it htesedbng mpanat ifor fdedatnny daha whieehtiisn nsbdat €6 by
t he operatq?s ﬂ'inrsttheo seeca(l)tnld OPgr 2 Cii(_)n field, in accordance with a decodi ng
result of the sécond drecod?ng neans. Wth the stated construction, when it
i s necessary tfo3Hr puexeeahingl essaiode faro axesperitg onahi elapemtaion

i NSt ruct .00 h LLL _bhe d ; i £ n ratio

i nst e%?j ﬁgiqlrﬁe%?ﬁg)h% hg%eggl\c/hf)a/ Sgoﬁgeslts}%r@é%n%%ggrge%lp%%ﬂd& rfejgg%%ti ng
i nstruct ilghs2ofREfepacewathi gh degedérsi giesielt dedpitte hhdrag sgedindort
word | engidynddere, the instruction also includes a format field including a
format code indicatjng whether only a conrs#ant Is located in the first
operation fielS§an¢ \Aﬂ%%?ﬁgimanl“ﬁﬁaéy%oﬁgifa eGEIRZ ateF | PPEHRt seBormpde
oper at i oArf ic@led s edigdVidpArmoicasspieIdy tdved i ncl uding: a format decodi ng
uni t for decodin tdhe format., code; and a. const ant gtorag hunit for .
extracting, WiSTEUeSERTY ¥B5uITEBH t heCF or TRt CdEEBdi ng Gni PPEGWE That
only a consftimateids present igpatateast omde ofin held r stecopet atiperatficel d
and the segond gperatd.pn hiighd ;Lhe censtant iy tBedl nsheighhon And gloring
the extracted constant. As a result, constants placed in an _opera ionfield
can be ssereadi poatdenstiarldt okAgacapreanse widhya afeopdiagi grsiud ta

| ater ingkruehki R-0$@ Ratodes easgss i n code efficiency can be avoi ded even
when handling constants of a conparatively long word | ength using
instructions of a conparatively short word | ength.



Here, the format field, the first operation field, the operation code in
the second operation field, each operand in the second operation field, the
operation. code in the third operation field, and each operand in the third
operation field may each occupy n bits in the instruction. 8 Wth the
stated construction, all of the fields that conpose an instruction have the
same nunber of bits, which-r enables thg internal circuits of the VLIW
processor to be sinplified. Here, a VLIWprocessor nay include: a fetch
unit for fetching an L-bit instruction that includes n operation fields;

and n operation units which are each associated with a different one of the
n operation fBEId@OnngtheOﬂeteh@@elneﬁruéﬁpeﬁ awdeeacipe rriependehn| ythe
execut e an i cated i ociat ed rati o
parallelﬁﬂseﬁﬁég% otﬁ:regrj!11 E% VﬁnW§g§%§§§soﬁgéelﬁ§Q%% rac?ggkgggnﬁc RE r.
operat|omp¢r@td@nnepd§HWMﬁhQRfeﬁ@aﬁﬁpéﬂiet émﬁqﬂﬁQﬂ®@t05maﬂgQﬁﬁrﬂnéger
mul tipl eof no W thdhestaled constisciden, dderepds nogneed for all of
the operation fields in an instruction to have the same word [ engt’h, making
it possitRille deti nBLIHst PUOCESHO TN tHati gIe%eelet @ff | enshERCtAPTE reafil t,

a VLI W pF QeS80 i & exesHt esyd Bt nkelitonNs Bhiccoppacat ivgly shord
| engt h, but mhlc% hg%e a highly eff|C|E%t code structure so that §é¥§$g|

oper at | G i@ He SPAF t3ESTEHYeI RA cBERl S€VETRleveRETREAONS  Camy B 3
and L m@ﬁdnqégheaﬁgaptgﬁ@ﬂcgaaatﬁ@chb@new%a izes a VLIWprocessor with a
hi gh degree oflggrallel n1mhereQé]three ti.ons #hat are sp eC|f|ed by a
singl e 32-bi 54t r dctiBIPTan®be trﬁJI?céﬁ fJg y BY pk Foﬁ%ra ea
nunbiér dhn opleearfd&dmcbpéedtmmmtfiehét naEe bperetiah ftlcel d ouimbﬁrt hﬁf r.
operatign. fields na dlffer r s i n ot her

oper at i gjﬂ‘tfs i & %Csuzfln thoeperxg%fé)gl ne#?&% Vﬁ 9?% ncf' WHRELFAEA on,
there i £ieddneed for every operatlon field in an |nstruct|on to have the
same nunber af; opekaldse Suihabpbskiivel Qo MBLE il 3luaidleosge of
code eff|C|enc can éfi ned re ratiron fiel I nclude at
| east oR& Gﬁ?@rtaﬁq%h‘-qﬁ ewaléoﬁaﬁowmseﬁn 9faﬁ 73S oRUEbEE it beast

one jgpeg,at on sk kel d G Qsfth Sfe@s oeeéatagntﬁedeee@@eet digast;i @ane operand.
Wth the stated construction, the instruction Ien th is shorter than

the case wheHe&Gery Wfer at PORTPFELAR n™&Y | ndtF1ieds ontEBREal PSFation

conbi natiendef, awheperiaii am. cthdedandpeperdids, Bﬂalcﬁlatlﬁ Vi prgaassor

t hat execute |nst g% onsiyhlch have a hlgply |C|eq% %pge constructlon

can be ?%%F? seri'bed 8b6VeY the ®p presen TPRVeriti o &al f3edP VLI W

processeecohétOBEeeuueg|ﬁnﬂhduﬁﬂdnmaxﬁlmmﬁm@@a@|vemylshonbnwoﬁddnength but

mhi%@ have a highly efficient code structure that allows several operations
e specified bar a single instruction. This effect is especially

noti ceabl e for enbedded processors that process nultinedia data. ~0 BRI EF

DESCRI PTI ON OF THE DRAW NGS



These and ot her advantages and features of the it:ve::tion will becone
apparent fromthe followi ng deSC-description thereof taken In conjunction
wi th the acconpanying drawi ngs which illustrate specific enbodi nents of the
invention In the drawings: Fig. | A and 1B show instruction formats used
under the prior art, with Fig. | A shomng an instruction format where two
operations are sinultaneoqusly indicated and Fig. . 1B show ng an instruction
format WHEPE HhEconF Y oparat Fbn LPaSinareat et F1 g BACSROMY FHETTEPas
structure, of .an inst£u§tion thg%.is execut.ed by the Eroaf sor_of an

embodi memtIot ¢ hel Pre@ARdi ndehli-oh BRI -T8E YR S Rhol SRER&ST 4 YRS Tof
instruction format, with Fig. 2B showing triple operation, .instructions,
Flg. 2C SHOWRRG 1 v O oPER&t FSnPFRSERGCEPONGE drith 16 (OPSBAL AR i Sl o
operation instructions; Fig. 3 is a table showi ng specific operations that
oo | ndi GBI 1 HeR hFeaSi ebinr tonEracROT e ot Thetd: 208 & Mt Tdpt ",
that are used in Figs, 2B to 2D, Fig. ~ is a block diagram show ng the
hardwareQﬁﬂﬁHWHﬁﬁi%ﬁﬂ%ff?ﬁeeb?%%Ehggp?BC€§§ﬁ§t%QQ}l +1<S25e8| B3k tHhisagr am
showing t:the-:e detailed construction o the caonstant register 30" c= the
present PFSEEIEEAN HRA] NP peie pHetBf EPREGFICLOR TRiggS G?Qt‘ga%@_) Wypéch is
representation of different 11 nmethods for .storing a constant by the
const ant 1PEgic&tEd Shtlrhs QRﬁ?a@ﬁﬁsh%mﬁh?nt&Fgﬁ OPEHAN- I gf182dshd®i ng t he
case when the fornmat code is "0" or "1", _ Fig. 63 showing the case when the
format cBf&orsange with Qxﬁ%ﬁﬂﬁﬁng.ﬁﬁ%%étc§§etﬁﬁeﬁﬂ fH¢RAE Eode i s
"5", and Fi,g. 6D showi ng the case when the format code is "2", "3", or "A";
Fig. 7 i%%&"bl ock di agram showi ng the detail ed construction of the PC unit
33 of the present processor; Fig. 8 is a flowhart showng a procedure that
handl es a 32-bff Gok&Sat: ﬁg¥ﬁiysﬂﬁﬂ@?%ﬁpﬁxﬁhﬁheaopl hy tMat has

t he present Erocessor execute the procedure shown |n Fig. 8 Fig. 10is a
timng cRaFfLLROWSAg “HIfe SPerdtissh FeThk: Presert bFoéé&&%t $k¥cut j ng

t he program.sho in Fig. 9; Fig..11 is an exanple of a programthat has
t he pres@ﬁffﬁfﬁggs§6P %%b@ﬁﬁ%%gaﬁbcedure that handles a 16-bit

Here, the first executing unit may control a control
flow of a program including the instruction.

As a result, branch operations which do not normally
require a large number of bits can be aésigned to a short
operation field. This means an instruction set with high
code efficiency can be defined.

Here, the second executing unit may control transfer
of the data that is indicated by the operands included in
the second operation field, and the third executing unit may
control executes an arithmetic logic operation con the data
that is indicated by the operands included in the third
operation field.

As a result, data transfer to and from an external

memory can be indicated by a single operation in an



constant; Fig. 12A shows the field definition of instructions that are
executed by a standard processor; Fig. 12B shows the instruction format of

PIOPER! 1 doc 1570

the instructions shown in Fi g. 12A; Fig. 13 shows an exanple of a program
that has a standard processor performthe sanme procedure as the program
ShGn7:1 1T1 Fig . 9 Fig. 14 shows an exa™~ele of a progra~ t:a~ has a 12
standard processor exec~.:te the sa:re procedure as the programshown ir~
Fig. 11; Figs. 15A to 15D show nodifications to the structure o the

i nstructions executed by the VLIWprocessor of the preser invention; and
Fig. 16 shows a nodification to the hardware construction of the present

- t i i fi h I Fi .
DESCR PTITENCE THE PRETERHED. ENBOOTVENT An 00550 oot t ket oiRddt o
the predenprowieind om iz Jebtrotedededovwcaint her efapéndéero the figures. In
this embodi te'eél_heeseeﬁ‘@r%@ Qﬁ‘igh”%h%ﬁe'rog;rcf\?ifc?é§ OVEI%e;qPécé:@ c::?xr-]t hat

i s decoded an ecuted by the present processor sinultaneously an
par al | elthaji tdeeddeexpnds SXaETURfer ani dnts raieyson othagnihasf apr ceesst ng,

such s 3R ¥ Ammtd L ORerad | % @ ]Qgic operation, a transfer, or a
branch, which is executed by the present processor in _parallel, as well as

to the code whilhrsthdregrasiercH imid SR predessimgludasongtPbn (Hor rat

First; theotl usterer odnt kedenststckpeanrs £ 3i”n$t & € ogeeededbaNdype~feyt ed
by the pr_ﬁgent processor wi|l be described. The prese.”™.t processor is a

V=, | u~ ‘proc@sSoRstanty; and

a second operation field includes one of (i) a
10 combination cf one operation code and at least one operand
used in an operation indicated by the second operation field
and (ii) a constant,
the VLIW processor comprising:
first decoding means which decodes, when an operation
15 code is present in the first operation field, the operation
code in the first operation field;
first executing means for executing an operation
indicated by the operation code 1in the first operation
field, in accordance with a decoding result of the first
20 decoding means;
second decoding means which decodes, when an operation
code 1is present in this second operation field, the
operation code in the second operation field; and
second executing means for executing an operation

indicated by the operation code in the second operation

[0S
W

field on data which i1s indicated by the operands in the
second operation field, in accordance with a decoding result
of the second decoding means.

With the stated construction, when it is necessary to

30 put meaningless code into an operation field in an



13 decodes and executes instructions with a fixed word length of 32 bits.
Fig. 2A shows the field structure of an instruction 50 to be executed by
the present processor. Figs. 2B to 2D, neanwhile, shcw sixteen instruction
formats. O these, the instruction formats in Fig. 23 sinultaneously

i-ndi cate three operations, the instruction formats in Fig. 2C two
operations, and the instruction formats in Fig. 2D a single operation.

This. i n#YUFRYOR B0 hasCansrred whad Mdngt Pofusedpbys aafd §ie xdHposed of
eight 4-bit physical fields shown ir. order starting fromthe M5B (Mst

Si gni fi caReIBt)omsndy. pnsrenrd be, IRBegtEds| e®2that apYLIW pyIaFSBeR Fi g.
2A. O these, the range fromthe P2.0 field 53 to the P2.2 field 55 is
cal | ed tF&T¥ insstrefpler 2@d ofiof i ekEc8ginghilng trcrbpige Whoaht haves.a ighd 5n
tothe P3.2 field 58 is called the second operation field 60. In Figs. 2B
to 2D, tKedeegdifd cicenrey "desw@i cat bavangorsilanta sheirtdependi Agngtht.he
operation in which it is used, this can be a nuneric constant or a
charact er constgme,sudte dssrudhkdnaddscahngdsclan & abkeirnat, foeld

di spl acenent. The | egend "op" represents an operation code that indicates
an oper athohutypg awfidmnathecodgehddiRetingdvb@ttdsen niegéstenstsad as t he
source operand, "Rd" t:-~e register used as the destination operand, and
"cc" a~:lepépatited dodeliendiiczat mpardtacn: fhedgereatd orhetlag rusrdytee 14
stored value of a specialized 32-bit register provided ~.n the present

pr ocessofopshantonst Afcatay sirert!s®’ setond PReERgiot) fielde whsoVLIW
address or relative address (displacenent) of a branch destination. The
nuner i caPreataesrgifuathdin écxdynginer & htorndssdéessiingdirabiovEoshow val ues
that are used in the operation in either the first operation field 59 or

t he secod@icependt tbe ﬁ%@ﬁ@¢6@9dﬁy(ﬁmﬂe&aﬁﬁméFaﬂ@rSﬁ@@&gﬁnunkﬁifﬂrfornat
with the format code "6", the 4-bit constant "constl" located in the P1.0
field 52dpEaEhend. biwhegors Ca&eodigihste sul bcaf efihien foraay deqoding 54 are
conbined to forman 8-bit constant that is tre source operand corresponding
to the operhatsbavweofaatopnlyof APNSFHat bpePBEFBALS iLal @tbd.eapte Wuhst ant
"const" which is not appended wi th a nunber represents a constant to be
stored i9f thee shtEshl PPegas2op tfied@ aand Hhoveaeanfnopra aieserfiigddbeessor
(the con$tant register 36 shown in Fig. 4). As one exanple, for the

i nst ructigh ¢RHeRNHi LR £he fasraucidR® "ad $HeT408| Fheoksttamctesonst

| ocated in the P1.0 field 52 inplies the constant that is to be stored in
the constUhitaRyi ster 36 which is inplicitly indicated. Fig. 3 shows
specific exanples of the operations that can be indicated by the three

ki nds of oper dt3 dh £®8eltcceonstgpts pdaced Giprayi QRALRRILE. §5eldB ~0 2D
Tl ?2S2 2ra~10"S are described in detail below.' The_4-bit opera~.ion code
"cc" i ndiTatRE VR BDt 1Bf The 15088 % E8dn ST Wbt BnERTi REEr G¥t ABn. Each
branch instruction, is specified as a_.brancz candition. and a_branch

format . CBEFFIGIYE T Br ARGRE cORGFERGTS o IRRIe PBGUAFC T8 p S8qii Codfor

equal tao (:.neq' )", and 'greater, than. ('qt')"._The. branch for.r,at can be a
Formt B s me P8 P UaFTaThet, R echiiemh it L C98s EaPE8s 355 5 he
absoluteoaddre%§.of th§ br anch ﬂgsti@%yioq_Qfgpoteg bg.hgving no "i"

att ached ﬁ?ﬁﬁﬁa%%ﬁ&¥u ??%n“ﬂﬁg ﬁPg), OF T8F GHRRT - Wnet 8 th8tsfored val ue

of the constagh:re i ster 3@ aergﬁi as.a relative address (denoted by having
"i" attached to the ¥ n¥t?tiet ¥oh Sﬁgﬁld). As one exanple, the operation

code " eq T SPRESRIN S80 PRELALTPNCE Nt chcanahes. (9,4 destunatieg T pdodt o

t hrough absol ute i ng en—a prfecedi ng conparison finds

| addr o ! conp: !
hat  br BhERes T ettt R R Rs e s ot B A% p B8R Mhen
precedi ng GAIPAYJ SHMY To5MS, £ N COTRILE YRl Uek LA 06, €L - i1 the

third operation field, and each cperand in the third

operation field mav each occupy n bits in the instruction.



The 4-bit operand "opl" can be used to indicate an arithnetic |ogic
operation, such as any of an "add" (addition), a "sub" (subtraction), a
"mul" (nultiplication), an "and" (logical AND), or an "or" (logical OR), or
an operation that is a.”. iraer-registgr transfer, such as any of a "nov"
(transfer of word (32-bit) data), a "novh (transfer of halfword data), or a
"nmovb" (transfeg,;. b t 4-hit apera’d [",o-~2" e_ysd to
i ndi cate anv of hl%ff%q:tr}ﬁee %érale%%%e‘?l %sgggfjél?é‘ér a"ﬁoﬁosyotrﬁel ngjé??ragg?‘s‘tae‘r
trans~e~s t..car. i ndi cat Lkh perand " N Wt ¢ a e used
to indi caf:tg’gx%orsegiasrt gﬁ#@o‘?@‘f?aﬁéf’ér %8%(3%5?}%0#”%{3% r ags)“ ak?l*egd" k"?ﬁg d of
one word fromnenory into registers) ot.an st (store of one word
data int og?n%%%reye’ ;Prhoem‘r‘é%%‘sgtq%fs%% ‘i’hégéhérfaéf’%r ivg'tslgwc éreoa??ﬁ%%ro?ot RS fields
51, 52, 5?. aqq 6%§fhomn in Fig. 2A are described below. The P0.0 field 51
hol ds a 4-BPP 5 " code that specifies the format of the instruction 50.

Mo ificall,y, this PQ. 0O field 51 ifi .ane of t i Xt
mst ot on { or REEE" < Roll i RS S SRF (B St "ELYAE PR § Sadh ot 1593 11 el d
hol ds a cgnstant or a ration code for, a_branch .operation. Wen a
constant TSCFBAREeA™ HEHE PATF FICt B2t e bR G AR Y flo GFRAZ LR ons wi th
the forma .cggeg "Q", "1", and "4" to "9"%.tgere are §ases wher e t he,
constant T5St85he2Bfo e @PEF A HE T I Bht "PECHi 288 cBRCH @SEqciatied deithy
il ~1:5 ~i~ tlirirs wl LA; ti a fO"".T~a t.codes,"0", "1", "4" and
'54), and CRSELCHRBEe OPRe OColiuT TRRFFRE LT BAFLOST LPnEhGpdeESh | he
first operation field 59 or %he sgcond qggiation field 60 %such as in the
i nstruct i IASERRERL PRe2R8r REC R JREEPaRdEntEly egecutgn anyQRETROLONpen t he
tant in.,the P1.0 field 52 ist t din_th t ant i St, 36,

constant s 08B 0a" L8080 E8 0 PRl Aol DL ReacOhsLant il e

. the inst t] i th f t 0 d' " d T
there thiBUbiStARE | Eng Bl POGBARS Ml 10 19 BT RCERRLZEN: PlodRed i n
either the first op ra&ion field.59 ar. the second operation field 6C (such -
as in thé’f?erf’s%h%?igh% #F t ROFhBLf-oRfat T S ™9 S Hitr 31 . P¥nén e
operation code "cc! for bran E%ng iségiven inthe P1.0 field 52 (such as in
the i nst RSB wEheFRE WBE PLEo&fds 2", "3, and "A"), this indicates a

branch operatiqp. that. uses the stored val.ue of the constant register_36 as
Cho shsolut o, adtirdeens “sErbeRy SoRRGruLl 1 R B et G EREna L]

d i ion. . The fi . I field 59 | ds .

dosti nat i il RIS IOE LheLs, S0l el mysenelantoge o
i thmeti | i ti . int i,St . f that d . hot

o0 2 B )0, OPGLPLL B oL BLSSESHS! Sl LN el

(o) 3380 Bl AR, A0S, Seoh 13l LoD, 0T A48 AP AR SBELSEARD: Th

second opeér4ation “ho he™s

sxequted insfrictigas or SompadalliViafyendey Wk Mnged IV

v: ~CrcW ., cdanafs

oo V. N " can arso
oper at | o s e b ‘TRroryr BT o B CTFARAPED) SRR TSI VES it &t antor
bet ween EQ%le_ﬁ?S eﬂ@f&%éoéaﬁnﬂetPﬁgﬁﬁf??'aﬁ@%@él d {d)-Lped ands for the

operatio e dbove assignnent o erent operation types to
achieved.

Here, n may be 3 and L may be 32.

The stated constructicn realizes a VLIW processor with
a high degree of parallelism whereby three operations that
are specified by a single 32-bit instruction can be

simultanecusly performed.



certain.

fields rests on the prem ses fog the present von Neumann-type

processor whereby it is not necessary to process two or :pore branch

operations simultaneously,

access unit 4D shown in Fig. 4) for trggsferring operands i s provided

between the present processor and the

ri phery (menory). The instruction

and that only one input/output port (the operand

formats shown in_Fi 2B to 2D have the fol] owing character.istic features.

First, by focusi gt n ' BhEUEGRSt &ft ORSANES 1RCLARCHelifedt tRASEHRRR are

t he follomnng three types of instruction for storing a constant in the
const ant r%@?%@E%OBGf*Giﬁ Wén tthE formedP el P8 Toelgs MRY 14 t hese
instructions, the 4-bit constant located in the P1.0 field 52 is stored in
t:~e const&hif@EGRSL &P 80N UL IWREn QERF ket cBBBEF s OPFTA RPN hikelds

instruction, a 16-bit constant located in the P1.0 field 52 to P2.2 field
55 |s st oriddl tet ReOBER3LARD FagilstSer 36.

il i.i2loibllsSi.y Lle=;t.~UU, d ."i o-i:).Li. C7nS tdrit |UCdL.ed |
L112 P1.0 fiel d Wetlanthehat®Bed FPaisd r5€ tiemR3. there| s 580~sestorfedt i n t he

const ant

regi ster 36. Secondly, for the present processor, a maximum of

t hree opeﬁﬂﬂﬂﬂuﬁ@%ﬁﬁbeonnﬁneéﬂednbﬁna4ﬂ&ﬁyu§ﬁkﬁnrt@th@ﬁe &he isamehi s
case, as can be seen fromthe triple operation formats shown in Fig. 2B,
ei t her of numb&n|IDHWPenards nbsnathes 1of tap@tatdronf exmetss can the ausddrh

degree of code efficiency can be defined.

Here, the n operation fields may include at least one
operation field composed of only an operation code and at
least one operation field composed of an operation code and
at least one operand.

With the stated construction, the instruction word
length is shorter than the case when every operation field
in an instruction contains a combination of an operation
code and operands, so that a VLIW procéssor that executes
instructions which have a highly efficient code construction
can be realized. |

As described above, the present invention realizes a
VLIW processor that executes instructions of comparatively
short word length but which have a highly efficient code
structure that allows several operations to be specified bv
a single instruction. This effect is especially noticeable

for embedded processors that process multimedia data.

(3) Wien the format code is "GH

79



(1) One operation that sets a 4-bit constant into the constant register 36
and two standard operations (when the format code is "C' or "1"). (2) One
‘operation that perforns branching using the value set in the constant
regi ster 30 as an absolute address orica rel ative address and two standard
operations (when the format code "2" or "3"). As described above, the
instructi BASESf DPEESEATIPNOCESSHE Bar&IACGRI ghly efficient field structure
t hat enabl es a maxi num of three operations to be sinultaneously indicated
by a single 32théseiqnsd rawid omddardwarse a8dnseauatkenoaf the Processor The
har dwar e construction of the present processor is described below Fig. 4
is a bl ockhei agrantshowhglt hechaedapreredhsfron~Fba 6P llleevipreacessor of
Lre present invention. As described above, this processor is a VLI w
processord¢pativhhcexetefech rakenubt ofCthveetbperydttbnshien parallel. The
construction of the processor can be roughly divided into an instruction
regi ster BECCHPABYSACr ALpYIND®, whnkeh dd laddeattieos pewii tf 180 emBoel iimestgaict i on
register 10 is a 32-bit register that StOeS O:e [::Strl:Ci.”.n .1 1"13t
t':~us ~éH R GG i st YR tT R ETh unit 39. 20 The decoder
u:.it 20 decodggﬁ;h%,ingﬁ%qg%iqp heldttq t.he i gruction regi ster i0 and
perfornms out put *&r. ool 3 i*nEd 9 THE EXEQUIGHRUT (23R i AR EoFd& ce
with tre _decading r Lt...This d r it i.tself be roughly
6 Vi ded’ ESh Rt il Fadbuer TR A A it S
instructi I I2S-C QTRRS f r r t hat, decodes t he
"cc" opeF%@i%%%%%Eéoﬁélgﬁfn%the %%P%O#%é?da?gqgﬁgggg%ffgﬁ§u£hél C unit 33
accor di nghywidgl ahSt napenation deceder wR4rthahedenagdes tehe (apgt atd on code
held in the P2°0 field 13 and controls the first opération unit 37
accordi nghyicandda second operation decoder 25 that decodes the operation
code held in %he P3a& field 16 an%_cq trols the second operation unit 38

[ §|3.

and oper and acesss FhfﬁgacE%?diﬁ structure of an instruction
that is executed by the processor of an embodiment of the

present invention;

Figs. 2B to 2D show sixteen types of instruction
format, with Fig. 2B showing triple operation instructicns,
Fig. 2C showing twin cperation instructions, and Fig. 2D
showing single operation instructions;

Fig. 3 1s a table showing specific operations that are
indicated by the three types of operation code, "cc", "opl",
and "op2", that are used in Figs. 2B to 2D;

Fig. 4 1s a block diagram showing the hardware
construction of the present processor;

Fig. 5 is a block diragram shcwing the detailed
censtraction of the constant register 36 ¢ the present
processor and tne peripheral circuits:

Figs. €A to ©D are representations c¢i cirfferent



The format decoder 21 decodes the 4-bit format code held in the PO.0 field
11 to identify the instruction. format i~r,a ,.. + ; .. ~~ ~i d; ., t
~ Yy ., r+ r ..+ . ~~.. ., n".. .~l.ati wr'JwlL...~~1 ..
yiaJl_.LIWIl~r.uJiu ry iJLU 1WCOJ one of the sixteen possible instruction
formats shown in Figs. 2B to 2D. In cordance with the decoding result,
the format decoder 21 permts or prohibits decodi ng operations by the

bra: Lch decadgs 23r therihysh OPRLALAOMdecnser 2 adnd-d hes second
operation decoder 25, and activates the register control unit 32 of the

executi 0BoHBkb130niThe2f onemt ﬂ@cpgg.r 21, wihe brancén dacadelg 23 the first
operation. decoder 24, and the sect”d operation decoder 21 25

f undanentakkywHeaotRe ORErAREr @AHONL S N" ONec ey Cl'e, anidy SegBl AiImY tsiegnal s to
t he execution unit 30. Here, the 26-bit constant signal line 26 that
connect scahe whshrtbéi pornegi sdds 19 W'th Fhe esEaMdwimqunite IAsies a bus
for transferring constants and operands |l ocated ir. the instruction

regi st erwdéntoh¢ hEoexacutodn imi’'t5'30.arkhd iexedll isdrowimigt th@ apeeat es
according to the decoding result of the decoder unit 20 and is a circuit
that is wapabize ofoexat wtddy s MEXImIM'"of athr"@d' ;operations in parallel.
This execution unit 30 is conmposed of an_execution control unit 31, a PC
unit 33, a rediigter’ st BPlogk [diqgraesacwsnduthe ggtaizledcond operation
unit 38, an instruction fetch unit 39, and an operand access unit 40. Qut
of the GRFPOMEiSiIh thdhed&utiot W 3¢ et RE SRSt PGEERSASTOf t he
register control uryt, 32, the PC unit 33, and_the constant register 36 are
showni n greatéﬁ‘ﬁeggfﬁ i%n THE G rsbPﬁﬁpﬁgg.p?oFeguEE gba? bghﬁi%ﬁ '
c~~il~i:di AT i GC ~C-.4, IsJ.ac"::tro~a ~~.,. ~refers ~r:
control aci%%:%ﬁ% Afﬁl vanr(él'ng for controlling the conponents nunbered 33 to
40 1n the exequld 0 Whids3UnaecandhRogkoat BeodesndLag: igsdll {nof the decoder

unit 20. This eXecution control unit 31 Includes the conponents that are
nor mal | ¥ rs@yitded dd 3 oRf Q&@SEek, tSUCRraseahireUshswholn g Ng control,
operation perm Ssicn/prohibition control, status nanagenent, and
interr~:ptionrgent nol isaa tepihgaghthe enoRiAGtthegbSd &It ot tHeol @ nit
32 which is a characteristic 22 conponent of the present processor. The
const anpreegnsgt @rocestsioal whent e32cpeihgr nbecpnbgoémsshévratira Mig.cr 16- bi t
constant "const" held in tl:e instruction register 10 is stored in the
const aniregi ster 36 based on indications given by the format decoder 21.
The PC (Program Counter) unit 33_operates under the control of the branch
decoder 23, afd9cutpuls PReCX&HPLEsOf nd aRT ¥KE T nlHta WSt yFiEnot i | | ustr at ed)
of the next instruction to be decoded an exeqyteq?to t he igﬁ[éu tion fetch
uni t 39PTPRENNEEPTECSER FEEEH GNRt P38-FRPERE 3h THG et Fock from

t he extgggg% penory (not illustrated) via a 32bit I A (Instruction Address)
bus and a. ~32:6it 1D (I'nstruction Data) bus. The instruction fetch unit 39

stores the fegpeched;bRASEAYRLT ORe bEOEKY | e A S ¥ {SLAMGLLAR cache and
supplies the inStruction which corresponds to the address out putted by the

PC unit tB3tt arkhexkBEtEHCHy 0 £€8h84LH BPocdsdd®; ,. ar. ; ¢~ .. t ~n .-,
y., & .~rr . ~~ .. -n, ~y.~akE'~:~c ~~~~v.w~S& vi ..~1 _CC..
3-"17._t geneFay.regBsskoss 3Ghanthonend2idn tfomomst arf thegi ster 36. In
accordance with the decoding results of the first operation decoder 24 and
t he secdndtopetaphonsbegnder P6g.th@Aval ues which are stored in these

si xteen registers 35 and 30 are transferred to the first operation unit 37
and the seconBi@petatfoA"am® SRR sChr dpEtaitias pest 8rmed or
alternat ?vely the val ~~es are _allowed to rass; before bem sent to the

regi st ef F8REAEE BFOFPLgOppRE AFFBctRsSFfi¢ Procedure as the program

shown in Fig. 9;

Fig. 14 shows an example of a program that has a



23 40. Here, in addition to being used in the operations perforned by the
first operation unit 37 and the second operation unit 38, the value stored
in the constant register 36 can also be transferred to the PC unit 33,
where it is used to generate an effective address than is used as a branch
destination. The first operation uni2 37 internally includes an ALU
(Arithmetjic Logic Unit) for performng_arithpnetic logic erations on two
§ bt SRr PO RGPS IEISF PO 87 "Ber Far RAGe niTt FRFI BAPPORT on tvio
32-bit sk s inpag EHLS first operation~unit 37 is capable of executing
two types 0 opérdt ‘o (‘nanely, arit:.netic |logic operations, and
| nterregi ster dranshan apenabl ons) Hoder; the conteolapl dhe,tiast gperation
p In y L

decoder 24. The ¥econd operafion unit 3 er nal i ncl'udes an f or

per form {4 detd ¢ ls0QLe - a0 v = bl M.data and a
mul tipl iﬁé}?e 16‘310"?'St perfe&:or?isngk{r%uﬁglggl %%a??%ﬁ?%%%ﬁ%fﬁ§8€{% U delta, i

Li:e S~W¥sher QrveraSok:- énhir SL operation unit 37. This second operation
unit 3~8is capabl e of executing two types of operation (nanely,
aritru-netic IFagi.c 1@pehais 0aSmo@Ne d 4t reyitdiee hdrnamasieer operati ons)
under the control of the second operation decoder 25. The operand access
unit 40 apertatesidnder the poatent mfoddesedundrdreatiien decoder 25 and
is acircuit that transfers operands bet:~~een the regi ster set 34 and
t' N e edemutdlonr oémohe Pnstrudtiom reted] inTHE udrsd&.. d access unit 24 4C
internally includes a buffer for storing operands and operand addresses. As
a specific exanple, when the operation code "Id" is in the P3.1 field 16 of
the instruction register 10, one word of data that is |ocated in the
external nmenory is |oaded via the operand access unit 40 into one of the
registers in_the register set 34 _\Wen the ogeration code "st" is present,

meanwhi PESCERAETLPY, BE VEF RREFERHE ST M 8i sters in the regi ster set 34
is stored in the external nemry. The PC uni the.register set 34, the
first operati%ﬂ ﬁﬂg?gzﬁén%ﬁ@ﬁgg%%ﬁﬁ%%ﬁggg i8% g%Ftp3§?e§gd t he operand
access [ re.c £ i efinal Sptkheolinhusg, Rl bus, the
l:2 busggk%géggﬁbﬁg,ggﬁgﬁfﬁg%ﬁ%?Iﬁﬁdlt er%;§§u§% agoshpgyilgﬁggfg. 4. Here,
the LI busand LhsoRindis, ank e3rosenpactedsariespeati ¥erang eb Lhe two

i nput ports of the first operation unit 37, the L2 bus and the R2 bus, are
each cogBecbedcbOe atkLspRLidad e a0k kRechiwedi Bputhpoptssehtt he second
operation unit 38, and the Li bus and the D2 bus are respectively connected
to an optputsportsidhultmenddusity eper ani parahlel3d7wand the second operation
unit 38. Detailed Construction oT the Constant Rea;st~r 3a' and its

PeYl nh2expThesioh| tvpenptiiord detfairsedodaseript PénpPopcepeieonssvakti on of
the constant re..”isi:Pr 36 and c;f the 25 peripheral circuits. Fig. 5is
a bl ock28i &fr &ki shme ol Mpanididdrafl é@91c operation, a transfer,

or a branch, which is executed by the present processor in
parallel, as well as to the code which indicates each unit

of processing.

Instruction Format

First, the structure of the instructions that are
decoded and executed by the present processor will ke

described. The present processor is a VLIW processor onat



construction of the constant register 36 and of the peripheral circuits.
Note here that the fixed value ("0"i 27 in the drawings refers to fixed
wiring for four signal lines carrying the constant "0". The constant
register control _unit 32 is conpose of five 3-input selectors 32a-32e and
three 4-input sel ectors 32f-32h, mﬂL#e the constant register 36 is conposed
of eight 4-bit registers 36a-36h. e, each set of input and output data
is 4-bit geabakkekndatdechefchRyiancs IMd hiconts di&dLrrads fd:0mi he format
decoder 21 and the instruction decoder 22, the constant register control
unit 32 e@nBrobsckhe eight input selectors 32a-32h so that a constant
stored in the instruction register 10 or zeros are stored in the constant
regi ster 36 acebgdi g drownemf filkd df eurustarage fnenhads tgueed dpelsaw. F~g.
"Jr~tC6!'"1 chn;.; the fnyr ~naa~~1 StCr~g fie~l';0" ~S in the present
enbodi menb. bEi gxelt sthdws tanes troresge thgtroae sfsor: . whén gishe 2Bortmatzbdecoder 21
detects that the value stored in the PO.0 field 11 is "0" or "1". This
equat es feanwkiltaseshersictlegna idsitrucsnsnadoringtat edOinthkeeP1t8ef i el d ~2
is stored in the constant register 36. rlore specifically, the da~a t!-_a~
i s storednphreeeleoisImmts égi 66 36 pimylipnpeedsipwandscete theekeft in
Fig. 6A) in 4-bit units and the 4-bit coastaat 26 _stored in the P1.0
field 12088 2 R hstifetingi rHEGESRe OIS dPoFed-i 2Ct REO| owest - order 4-bit
regi ster 36h of theéﬁggs ant, r%gister 3?. Fig. 6B shows_a storage nethod
for whenCPfe? F it Jdér 13ECUBEELPE fREPAtRelVal b8- stBradSiAdife PO.0O
field 11 is "4". This equates to the case when a 16-bit constant | ocated
bet ween YREFT T field 12 and the P2.2 field 15 is stored in the constant
regi ster 36. I £ Vent dat a; t 1SS I et ower 16
bits 36e-36h c&f?:lt%hzagg'ﬁgltcg%{)kr%%i lg%sserQS%}iL%@sﬁ]’fs? eﬁ%g% hé(;f uj;;%eél*% bits
36a-36d gl {he kbR egnatant hogat eghpetueenstdeg Pl Dodield 12 and the

P2.2 field 15 of ~~the instruction register 1Gis stored in the | owest-order
16- bi t s 3oa: 86t 0ft ihhe reeRstRBtMERT(Bb 8 Sbgn ¥ Uza0€ showsaa 53 of age met hod
for when the format decoder 21 detects that the value stored in the PO.0
field 1lifield 571, Phi.® €quaties2fo.t herzasefidiph 38 li: lPig cawt arde | ocated in
the Pl.Ofield 12 and between the F3.0 field 16 and the P3.2 field 18 is
stored ithases ddestanger égost ehe 362 . Wofee 5P ] ficdiie P2 He fiatlad t9fat i s
stored in the lower 16 bits 36e-36h of the constant register 36 is shifted
to the ufperligdithe S6asBeerardtitre ARl tobordtidm Uhsca@ews fndfe P1.0
field 12 and between the P3.0 fbggd 16, and the P3.'' field 18 o.f_ the

i nst ructi®n BRedi ££819; B0 8Ost F ih 11T G stS G2 &S FEhISesodsl: 36: 2 OF
t uCOnst g EtaQ§bﬁlk§EfE 50 ". F, y, nchn;,, S+ .~rana o hnr!,an - A

~' ~rma~ PP, S ..~ s's m t.. df.or u._. h 27

decoder 21 det.ec hat , t I tQr i ny RO..Q field_11 is "2", "3",
or "A", or mhgﬁ %%ggfn%%rﬁ%ﬁ%%nqggidaégggg é?%%tslggféf”gﬁegconstant

regi st eldBLahtl SahRdhEat £8i Ay S d1RASpONA iQfn tike JRd.ch fiicelid 14, the P2.2
field i5 the P3.2 field 17, and the P§?3 field 18. This equates to the
case whersedt henval UenShOr£hiinke die consiat de@ sreiradleirs coasebnto al
zeros (which is to say, the constant register 36 is cleared), after the

st or ed walche asf ahhémoedsseat aregkstadnut36 dxrdsesgn cused by at | east one of a
branch operation located in the P1.0 field 12, an operation in the first
oper at i g spilacdmentor Bhe operedtd drPH'n neRy sFEOdisd agperatiaga obi ebde60. Mre
specifically, immediately after the stored val ue of the constant register
36 has BEén FBAYCBEES t ¥ AREFALHHe PEUN3S Hite 13RS 6B6ration unit 37
or the second operation UQ!R'38%§f 32-hit constant mﬁtg tmedya%se "0" is
wittentPALGAFRE EBRSTEMS gt 296 5% t%e WEIGEY n tie Edfist ant

regi ster 36 %; cleaéed S n%~;:bc~“~;y ~3»%%P-- tv, G PJ,iiaLC tLat d "d LI
witrl GFEIFSEET P99 e3i AT 6IF 5 s G PaT i fhe“Conétant register 36.
A zero ensi Qn. e refers to the _inserti qf,.ze t Ls.perfornmed
when thgééfggé?ﬁv%gﬁ%uﬁé§3;§t1ﬂ 5’5Faég%afb§%?§‘ggld&g§ 5E§§eféFnined
nunber of bits, with zeros being inserted into the higher bit positions so
that the value takes up the predeterm ned nunber of bits.



As descri bed above, wen the val ue i n 'she PO. O fie~.d 1Cis "0" "1"
"4". or "5"~ 11 of the instruction register , , 28 the constant that is
already stored in t'r.e constant register 36 is shifted and a new value is
stored. Also, after the value stored in the constant register 36 is read
out and used, this stored value is qgleted. By doing so, the constant
register 36 is able Lo successively dccunmul ate constants until the next

time 1ts siied Gankepl b yagral Delal dad, Conalgiiald onofy ddwy B Uni f 33

The followmng 1s escription of the tconstruction of the PC unit

33. Fig. thd %r%s@!n@cérgi:@ggé‘im SO Beh 4 e € NSl % @fndupa JRC unit 33 in
detail. As shown in Fig. 7, the PCunit' 33 is conposed of a fixed val ue

("4") 33amig.hal ag whei AEs¥DLEd Dedr@nendd roardies ddieegenst ant "4", a
2-input selector 33b, an adder 33c, a PC (Program Counter) 33d for stoning

an addr esglieblizkemaaxt b0si ruednsih daxstimatdeoded and executed, and a
4-input selector 33e. zn the PC unit 33, the selectors 33b and 33e operate

i n accordance thethnoaaiicd] stgnalss dfirvem theedeédgdaftani th20codest hat t he
sel ector 33e outputs one of the followng three types of values to the
i nstruct deackébell abote 3%has tdieiesf ftéctt wegeaddedssn theAopakhitéomhere "~"
is added to the torrent of the PC'~3d This coaresponds to whet no bra:~ch
i s takeniandighpaexthe nbirgt gpperatiomfieddt RhPrathar searndi n n_ r~~a_r
~~Ih" _ty'rl 1S tn cay~ 29 when the decoding result for a present
i nstruct PBAXREIPRafikd tnc o p@rcatGAP P FRAI EREedRSTRECEE@BON. "4" s
addedi s that the.len%%h of one instruction. is_four bgtes w-iich is to
say, 32 bPERatwilhEheidfofdte GKE Conreffieof "PhE CORSEARE reePSter 36 is
aided to,the content of_t efEC §3§ Thi rresponds to when,the coptent of
t he cons%%ﬁ?t?ggf%t%ﬂeéﬁ“Rg $&¢ aé ﬁnaeﬁgfigegégd?%git?%ﬁ br&hthi ng, such
as when i{S'Sa»@'g&Of’A ”&%J et [f 14he ,bL, gCEoﬂSERQSrtg?’féaﬂmtslﬂl&‘t P1.0 field
12 indicates a branch to a rélative address.

constant that is the source operand corresponding to the

opefation code "opl" of the first operation field 59.

The constant "const" which is not appended with a

number represents a constant to be stored in the specialized

32-pkit register provided in the present processor (the

constant register 36 shown in Fig. 4). As one example, for

the instruction format with the format code "0", the 4-bit

constant "const" located in the P1.0 field 52 implies the

constant that is to be stored in the constant register 36

which is implicitly indicated.

Fig. 3 shows specific examples of the operations that
can be indicated by the three kinds of cperation code "cc",
"opl", and "op2" given in Figs. 2B to 2D. These operations

are described in detail below.

The 4-bit operation code "cc" indicates one our of



A val ue given as the content of the constant register 36 This corresponds
t.o when the content of the constant register 36 is used as an absol ute
address, for branching, such as when the decoding result of the branch
decoder 23 is that the Fi.Oiielci 12 indicates a cra:~ch to a:~ absolute
address. As described above, the PClbnit 33 includes a specialized adder
33c, and is constructed tq directly use the vaLuekstoredhby t he const ant
regi ster 35897t hEreHrh ¥ B&EE utIShT U&dnitPol  EaR bRT PR for:red with t:ie
stored value_o:. tthe c.onstant‘;.egq]ster 6 _as. a_r el a%ive adé' reés or._an

absol ut e HAHFE3S 9P bt A1R% WiTh 3nd PRESGBNSPRAL D7 1329 2 BpaBpRrati ons
per f or med e Flrst operation unit 37.and th econd, operatjon unit 38.
Oner at i or’?g%l?é{]he ‘Fgﬁad'%oelsegsoro k?erafn(?lhl gﬁnﬁé%%gné gréétl?cl?%t i %‘gu%f t“fﬁe operation
of the present, pra en decqdi.ng~angd. exe ing specific. operations.
Fig. 8 isteaee I)O\Aﬁchgrr?cfé%%lvﬁ%ngoaﬁ g‘%&n% é o?ga %?%%:‘é‘ urgeh%phat Fandl es 32-bit
const ant sg, Fi Aiff erenge het-wegn. t he, st of e registers
RO and Rihllés: tgr(s)%nncht @t?ﬁtsg&%, and the ?esu‘let3 %s %Igﬁa&p |ed‘p‘{)ly&é{]h°e{ stored

val ue of ( 1) 324k tapten 4 3%l" valdie
"87654321% nc%\rgs%éad%%ci)rﬁg;{;é%ies Eﬁe%egggidgfotr%%ﬁ%?ult oafc{c%%l%ss ?Jsﬁjeps S82,

S83), ancHd mHdrkht kR skeahasteh Rhst64 ey eth it EmoS84)n Fihcr2ShQns an
exanpl e of a programthat has the present processor performthe procedure
shown i n they.inG.t rlae iphoghamvhsc e nposedf mfmd thevHdree @ hienstodieid ons 71-73.
In Fig. 9, one line corresponds to one instruction, and the content of each
i nstruct vaduel efslibencbpsmmetonegssteocal ebdnvashassepardbeifieel ds of each
instruction. In Fig. 9, the value of each constant is expressed in

hexadeci @gidreAlssddenpeefiegendayire (h=rPachskbke the fostauctddes "n"',
while the legend "Rr. (n=0-15)" shows zhe value stored ir_ one o= the

regi st er §NERIOPRE) r egP§t BRC sRramRle fthheperatignscodgi Apg™tro ~1' 2r°
Lp~S~_". it :~i.5=2i 3v, 31 Fi%.r 1Q is timng chart show ng the

oper ATl o “BF ePRETH: B3 eWPeFF HER b WA TSTECUREng RS EpPOGE&H Shown i n
Fig.9. This.FLg. .10 _sh he cl.ock cles, t ontent of..the general

regi ster%néﬂfﬂgegnghf%‘gg\ge%?%?%%gﬁ?l%‘?cyrfﬁgﬁtnﬁeQggﬁaat ﬁﬁ%c?ﬁﬂg on the four
buses L1coRbarkon2PndR: cddeSigld Qi 1813 s2RoCXR! 8RRL1 N1t henoperation

cf
operation code "eqi" represents an operation that branches

to a destination indicated through relative addressing when
a preceding comparison finds the compared values to be
equal.

The 4-bit operand "opl" can be used to indicate an
arithmetic logic cperation, such as any of an "add"
(addition), a "sub" (subtraction), a "mul" (multiplication},
an "and" (logical AND), or an "or" (logical OR), or an
operation that is an inter-register transfer, such as any of
a "mov" (transfer of word (32-bit) date), a "movn (transfer
of halfword data), or a "movb" (transfer of one byte data).

The 4-bit operand “op2" can be used to indicate any of



the present processor for each of the irstructior_s 7i to 73, with
reference to Figs. 9 and 10. Instruction 71 After the instruction 71 has
been | oaded into the instruction register 10, the present' processor
perfornms the operations shown in the clock cycles tO-tl in Fig. 10. The
format decoder 21 judges fromthe valijge "fnt4" of the PO.0 field 11 in the
instruction register 10 that the present instruction is a twin operation

i nstructi anheweththhetfor hagicosee At qnamt sionteontregis tiehre teoeesfta-an uni t
30 so that the two operations described bel ow are executed in parallel. 1.
First OpethttonaThkecondianted dyi sther axmnand "@milt”, 32utormnokd sict Heei ght
internal selectors 32a-32z so that (0x8765) |ocated between tre P1.0

f~ e d 18sSpd §@o¥@@l¢fthh% rletsx/sérte%-wmftrtaﬁéfse é@éérﬂ@llﬁg sochhe

st orage met hod shown 1 .~ ~N . ~7~Sto~. ~ ~, .-~
the 16- blﬁsc%%st%% QQO%Q)Qﬂu9nﬁ2W?rF|é@&acéﬁ§ﬂaﬁFmPé§|éPEP in FiQ o~ D~
~h~~1t. [ 32 "Ox000C0000" to

"0x000087%%gl%%e%%bW%F|%Ptiﬁé"cl56@ @y@FeQ“?OWPFdlﬂaFFglPEG memoKEcond
Cneratlen The second gﬁeratlon unit 38 receives an input of the stored
val ue " 0x35%3 hhe general register RO and the stored val ue

"0x22222222" of theh% r;%ral lsg%s%ggtl? Sagfl @;t 36{3 @ft::%g Aib | atter

r
fromthe forner SsOFESCERE P a3t e general ‘a result,

the stor qﬂ;% hg; %h% enggag 5egé§ £lp es fromthe val ue
"0x33333 éf to ?ﬁ% value lngllllli:Llll" %n t he c ock cycles t0O-tl shcwn in

Fig. 10. Instrugti o g2eNext.safg&rad he 4nstd ucddn tadkaspheen | oaded into
the instruction register 10, the present processor operates as shown in

clock cyelesitliels2the EogmalOor Thee f Dis@miudeG rab',. ~'Morec~. .| ~ L:ugc~~ i;
"rmthe ~ aii:E "fii~t'~t" ~i t he 't~0, O~ 11Cd 11 in the instruction
regi st er spectiiatathg, ptbsent0 i Mistiaicd 0N dpec fiwisn copepdt ithe | nstructi on
with the format code "4", and so controls the execution unit 30 so that the
two oper atkbasndésetibeti el Dwmats ehanut dar iFiiggar Bl &b. 2D. First CQceration

Ti:e constant register control. unit 32 controls its
' The P1.0 field 52 is a field holds a constant or an

operation code for a branch operation. When a constant is
located in the P1.0 field 52 (such as in the instructions
with the format codes "0", "1", and "4" to "9") there are
cases where the constant is to be stored in the constant
regiscer 30 (such as in the instructions with the format
codes "O0O", "1", "4", and "5"), and cases where the constant
forms one part of the operand in the first operation field
59 or the second operation field 60 (such as in the
instructions with the format codes "5", "7", "8", "9", and
"B"). When the constant in the P1.0 field 52 is to be
stored in the constant register 36, there are cases where
onlv this 4-bhit constant 1is stcred (such as in the

instructions with the format codes 0" and "."), and cases



ei ght internal selectors 32a-32h so t'~at tl:e 16-Lit cor..~tant 33
(0x4321) | ocated between the P1.0 field 12 to the P2.2 field 15 is stored
in the lower 16 bits of the constant regis~er_ 36 according to the storage
met hod shown in Fig. 6B. Accordingly, the content of the register R 5
changes from "0x0000870' 5" to "0x870'184321" as showy. ir>, the clock cycles
tl-t2 in Fig. 10. 2. Second Operation The second operation unit 38 receives
an i nput bherRetBidreervEdile I DxVOVOTD0FIdherherigdner dl2tdgi ster R2 and
the stored value "0x11111111" of t:~le general register RO, and nmultiplies
the two t6geEheFt bE?PeR St iHg-hate tl“@s%lltrsitno’@ﬁéa@é@@r dhedegicSt er. RO. As a
result, the stored content of the general register RO changes fromthe

val ue "0x114199997d {QPYIRFARY e Lok PRa4 5850 35n1iphEDE| dBR EEYEERSENE] - t 2
shown in Fig. %ﬁ. T~ a ..a,. '771.1JL 1~1r~ 1L/ 1:1"J
Next, af t%tt3 HetS ittt iI555e#3 "Has @F8en-i'daded i nto the instruction

regi ster 10, t present processor el,ates_as sho jn clock cycles t2-t3
in Fig. 10. 'Thgqeﬂre %a‘te 88@683#051‘:?859&%r%%t%a P9 ¥t FEVYF dthe PO. O

field 11 j.,n the 4 nstructl,0 i ster i h he present.instruction is a

twin operéa i ogr?' 'iolnrs}ts‘Lre&?t %gnqﬁagglg%h%nfg?%m? sc%r &IPS S RSNt rol s the

execu~i ok At 3Q48Q that the tup;opgiati deses el,ow are executed

~n paraIIeI.a 34 1. F?rst Cperat?c Thg fﬁ@%? g%%%é%ﬁ%%ﬁ%ﬂﬁ%¥fo receives an

i nput of ddeeatsbar eda¥aliyes” Ox876843<d "vofud e qenerdindegister R15 and the

stored val ue "0x44444444" of the general register RO, and adds the two

t oget her reegfietersBor apgthbeabeslbte i Aud e geyrerall 483 tzeid Qs As a result,

the stored content of the general register RO changes fromthe val ue

"0x44444444%pleceéhenvipl af 4 QoCBAIB At iimattile .cl ock cycles t2-t3 shown in

Fig. 10. 2. Second Operation The second operation unit 38 receives an

i .. put of theTlge bfirsomutemsti(rn0xX¥ield thatoilds| ecahed ancbhet#t 0 field 12

and, the P3.1 field 17 and allows this constant to pass so that it is stored

in the geRefaf st E B & epsiraticnecedat éar dhdihatgrperml

regi ster R3 thgges fromthe previously held val ue "OxFEDCBA98" to

" 0x0000090DT2 C LT sHYH asodn [§rdthmetic LegirPeefarELonR. F imtexs |ii i Ig

. 10 . As_descrihed ahove for the present processo the 32 bit constant

" 0x876543947° 1% gcpﬁ%rfsbfioeﬁso t?\%‘ SSngnf’ ai‘ng?g"%ri‘éﬁ%eﬁr?ﬁ °% he two

i nstructy d 72, .t a ' ively stored in the
QNGe il Y gn%se\gfﬁi ?:::EE%%EOB Lha gﬁé{}gﬁgﬁﬁﬁfs@?ﬁor

constant register 36 by fing its stor r'ed ‘const ant i s

then usethRCGAr oG de0 shhe dbBi Hat NShT Y5L + O s | ASE NUed | L /35 Ay doi ng so,

the procedure shown in the flowchart of” fig, 8 can be executed by the three
instructions the’3econdbSoperation field 60 can hold the same

P - = +~
conLant as tagc Il

rst cperaticn fzeld 53 described abov
can also alternatively hold a combination of (a) an
operation code for indicating an operation (such as memory-
register transfer) that involves data transfer between the
present processor and the periphery and (b) operands for the
operation.

The above assignment of different operation types to
certain fields rests on the premises for the present von

Neumann-type processor whereby it i1s not necessary to



The followi ng is an explanation of the operation of the present processor
using a different programthat deals_ with 16-bit constants. Fig. 11 shows
an exanple of a programthat handles a 16 bit constant. This programis
conposed of the five instructions 74 to 78. The operation of the present
processor for the each of the instruggions 74 to 78 is as described bel ow.
Instruction 74 Wen the instruction 74 has been | oaded into the instruction
regi st er pt@cetise tivor mat mdeeodern2h ppdgesibrenstiheltahaeusipt 0andf the PO. O
field 11 in the instruction register 10 that the present instruction is a
triple opbr&t podvi pser dopibiowtphtt herfofhhe cpdeahd"acamgssentbnédol s the
execution unit 30 so that the three operations described bel ow are executed
in paral BBPWn1infFFist épefari braThEetbhny apperagistd? roOTiSdunit 32
controls its eight internal selectors 32a-32h so that the 4-bit constant
("0x8") PotWeed FRetREESPIND BIRFUSIAQL i NSt AR PFRIRMRLY olR&OWbits of the
constant register 36 according to the storage nethod shown 'tn Fig. 6A ?2..

Second nner _~~+R®ni"S SBIGHE T i1 PperthqBh Whit B récdivé® &dvienput of
D " e Pl R S Sl e, e T v ue o s
sare vaY. {1 SRR PN I8 KRRSNES MR of Lo ghored,
i's Storegkéﬂléﬂg% there are the following three types of instruction
for storing a constant in the constant register 36.
(1) When the format code is "0" or "1":
In these instructions, the 4-bit constant located in
the P1.0 field 52 is stored in the constant register 3s6.
(2) When the format code is "4":
In this instruction, a 16-bit constant located in the
P1.0 field 52 to P2.2 field 55 is stored in the constant
register 36.
(3) When the format code is "5":

. -

this imstruction, a 16-blt constant located in the

- .-
41

P1.0 field 52 and the P3.0 field 56 to P3.2 field 58 1is

stored in the constant register 36.

Secondly, for the present processor, a maximum of
three operations can be indicated by a single instruction,
and in this case, as can be seen from the triple operation
formats shown in Fig. 2B, either of the following

combinations of operation tvpes can be used.



general register R2. Instruction ?5 Wien the instruction 75 has been | oaded
i.nto the instruction register 10, the format decoder 21 judges fromthe
value "fnt0" of the PO.0 field 11 in the instruction register 10 that the
present instruction is a triple operation instruction with the format code
".0", and so controls the execution upgt 30 so that the three operati~n5
descri bed bel ow are executed in parallel. 1. First Operation The constant
regi ster controlllunPhe3@repatiohstiat wetis ghtdibnitteraal s seltedtors t32a- 32h so
that the 4-bit constant ("O-c7") located in the P1.0 field 12 is stored in
the | owestonsbans vegihberonstamd reqistardas! aaporalimna ol when gther age
method St' 1 O-rJI1 In Fi ~ . 6A After this o~~eratir., t:ha co:~stan~: Y
37 "0x87"fpsmaptcpdethe '6Wwedt B hits of the constant register 36. 2.
Second Operation The first operation unit 37 receives an input of the
stored val ues of2} HNYRI A - 1UYy it PROZRFASt Re 2gehdrgl uségpstbe R1, and
adds these values together. The first operation unit 37 stores the addition
resul t ihv?%%eg%%%r%ﬁ)?Qﬁﬁ%ﬁQﬁtﬁ%ﬁ £ 91FTieTd SGpéraffoAPrRitke adfwesay, the
second operatio nit 38 receives, an i nput .of tl~e stored val ues of the
gener al ﬁ%@i%t%éh hdd §%§eﬁ@Fa%wPe§g§FgFrﬁ2?pﬁﬁaEéaﬂ§ {ﬁ%g% %% ues
together.. T econd .operat i.gm unit 38 stores the addition result in the
generalrﬁﬁ#ﬁair : ?ﬁsfﬁtc?i&ﬁs 7 ~ 77 Instructions 76 and 77 are

executed in the same way as descri bed above, and as a result the constant
"0x8765" is stored in the lower 16 bits of the constant register 36.

Instruction 78a0ngesthenkAshhdehi 0pns 8 hasrbeeioh 9agedidddt he instruction
regi ster 10, the present processor operates in

processor have a highly efficient field structure that
enables a maximum of three operations to be simultaneously

indicated by a single 32-bit instruction.

Hardware Construction of the Processor

The hardware constructicn of the present processor is
described below.

Fig. 4 is a block diagram showing the hardware
construction ¢of the processor of the present invention. As
described above, this processor is a VLIW processoi that can
execute a maximum of three operations in parallel. The
construction of the processor can be roughly divided into an
instruction register 10, a decoder unit 20, and an execution
unit 30.

The instruction register 10 is a 32-bit register that
stores one instructiocn that has been sent frem the

instruction fetch unit 39.



the sane way as when processing instruction 73. 38 As descri bed above for
the present processor, the 16 bit constant "0x8765" is split into four
parts that are _ arranged into the instructions 74-77, with these parts
bei ng successively stored in the constant register 36 by shifting its
stored value. This stored constant i 20then used according to the fifth
instruction, instruction 78. Conparison with a Standard Processor The
following is a Be3ciffrivn Witk P T i DT Orisdt I8P S akdniar d
processor for a programw th the same processing content as shown in Figs.
9 and 11 5R8 A"&bhp T%%%ﬁ%%%qqléa%r%gde%rd‘}rd‘% tHE P e EntCGHEH: i on.

Here, the,expression "standard processor.” refers to a processor that

execut es ﬂ-hg?? ut?i oHe ‘Wﬁ%&%lr dmlletnason RS aﬁ%?erdjaé‘t"efszﬂbi £5%%nd is the
same as the present pr.cessor., Jor .the, f gonstructiqn, such
as the co%%f%%n? e"éﬁ%tler' 3 éﬁd%ié%g%%éngltnaltﬁt %roeé%l%s gLrtS%(%ﬁt 51 rt?r"l’igfﬁé’z, f or
dCCUnui dt ; t al 7~5 t i.l.a' i8I 4diw Co~ed _he .. nStruCti OnS
. Fig. 12 '{Rgﬁ(%\%sﬁtrﬂ;eo ftl%éel gggén?iltnidt%iggﬁggf Q%hénlﬁns" reugfllgb'%\g%tgggp are executed
by a stanglargir ogessor, while Fig. 12B shows the format of the
instructions. Here, it is supposed that the standard processor can execute
three types of f nngpenation a@ééaggtmmsla_§ﬁ1}tsa§éa0@§ 408403, and one
type of single operation instr~;ction, instriictyon 10 ~I . - 39 Fig. 13
shows an RxayHelre 20f taapr 0gtade s othe eceecotesabyoh heoss angdas di preogessor.

Thi s program has the same _ processing content as the program shown in
Fi.g. 9, pthiocclEileddt 02saydt bensavks ptioeebtrenss 3headdtovtivagty shown in Fi g.
8. As can be seen ~by conparing Fig. 13 and Fig. 9, the programfor the

st andar d fpretesperathoh udesodawo Hrbrehdhsiecrds Drthe hepte tadtel gr ogpdem f or t he
processor of the present invention. The reason the "NOP codes" are included
in the i helduéni she BYH0 afikeidel 3 Aot ihsthuctimgt s nedsn he
operation result of the instruction 105, so that these instructions cannot

be executBdti A7 paAFaPTRIRT A s AN Ife FERIGh AT Aot ARCOATRBAHAB2E" i s

di vi ded i nt 16 bit | bi ts t hat to th

SO s R S ALS sl i bar s s e
t t z bi t i de f ti i t ti i
25t ngl ocaBE pots TS Ao A SR Sr bR AR AR Lo 1

yi ~~C uugnfyi @ standandprocessor. This program has the same processing
content as program showi in Fig. 11. As can be seen by conparing Fig. 14

and Fig. 11, tihe pogkindtebdbhe2st aadatdsptheesspiti pekudescoae nore
instruction than the programfor the processor of the present invention.
held in the P0.0 field 11 to identify the instruction format

~ A + - TN
[ S A A4
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] 3 L N R b -
tructicn held in the instru r

of the in
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as
one of the sixteen possible instruction formats shown in
Figs. 2B to 2D. In accordance with the decoding result, the
format decoder 21 permits or prohibits decoding operations
by the branch decoder 23, the first operation decoder 24,
and the second operation decoder 25, and activates the
register control unit 32 of the execution unit 30.

The format decoder 21, the branch decoder 23, the

first operation decoder 24, and the seccnd operstion deccder



As descri bed above, the instructions executed by the processor of the
present invention have a highly efficient field structure whereby a maxi num
of i:hree operations can be ~0 indicated using a conparatively short word
| ength of 32 bits. Accordingly, with the processor of the present
invention, a 16-bit or 32-bit constard! that has been divided across a
plurality_of instructions can be accunulated in the constant register 36 to
restore the Eorddngtaly (decadyyiong IRATAt AN Ho toncharyPed rapdisezhd or a
branch operation or arithnetic |ogic operation. Accordingly, when a small
regi on i SWHTar Enatsartq e GEATL Nk itegilon Egrene tafef eft-ibigl y used
for locating a part. of _a.constant, so that the code size of the program can
be reducetd otrﬁfg:r &d- IRcth l\?vll?éntzt h&PEAnEOFPEEESSIERE FESEERESHAPEd by a
standard pracessor.. Modificatior~ Fi.gs. 15A 15D show the instruction
format s oeﬁle pr‘gcé%gélr E%Fhﬁf{ea%lgﬁdflflil&a%ﬁoﬁ 8f "PReTpFesent inventi on.
I n these fi_gur t.he Lht.erval cated by the vertical lines
repr esenttgla%lr%gg%frtlggmﬁléﬁgk%ﬁggI %génag%%?ggg%%%%g?ﬂe%ﬁ of Mt field. The

St ruct i aBe3hRWAohN:Bl O £ DA § Sc50PRO9EH Al A5 DI st Tield, a 7-bit

operation field, and t 10-bit operation Struction shown in
Fi g. 15B, neanrré hdk&sut Sorf QR3OS €f - t i a 4-bit
operation field, and two 13-bit gzbeﬁgapf?roaznt% eaié(cjcg.{%ecj Itf%n%hﬁsl Cr1Cril

3t' 10’ f | @etbdiifd wedur€ dr- GRMESAer wlt 208 adl 13 fd Jinfl Aty il field,
a 3-bit operation field, and two 13-bit operation fields. Fi narl 'y, the

i nst ructioncabuivie iof FMxpcultiDd 2 eRuesed oFf tarécbidocharmei,sf ijel d, a 2-bit
operation field, and two 13-bit operation fields. These four types of

i nst ructporahiade t hifsoldx@wiutg osi minidr i30i és wombokke bEstruct i on 50

described in the above enbodi nent and shown in Fig. 2A. i. The instruction
wor d | erfftefuts on xeg tarl3anpitt 31,j . PEathiEndBr ust regihtsronetfdupat field
and three

a first operation unit 37, a second cperation unit 38, an
instruction fetch unit 39, and an operand access unit 40.
Out of the components in the execution unit 30, the
constructions of the register control unit 32, the PC unit
33, and the constant register 36 are shown in greater detail
in the other drawings.

mi.
sd

g - - e I
L by unic o4

-r —~ —~ — 1
€ EXeluTign Controa

th

refers in general tc the
control circuits and wiring for controlling the components
numbered 33 to 40 in the execution unit 30 accerding to the
decoding result of the decoder unit 20. This execution
control unit 31 includes the components that are normally
provided in a processor, such as circuits for timing
control, operation permission/prohibition control, status

management, and interruption ccntrol, as well as the

constant register control unit 32 which is a characteristic



operation fields. iii. The three operation fields do not have the sane
structure, which is to say, two of the operation fields have the sane
structure, while the renmaining operation field is short. As a result, these
four types of instruction have the sanme characteristics as the instruction
50 described in the above enbodi nent22l. The instructions have a field
structure whereby a maxi mum of three operations can be indicated in spite
of the coRpBPAREVE|YT sHEY tPIREBIE RATF I53gt h.ThRl Coas§anltl regésatiron fiel d
which is ideal for jnserting small inst~~uctlons, such as_branch

i nstruct i OAEEPatUHF Mt BEEFHTE (GRS GPer &RdSPats apfovPded -84t he code
efficiency or inspructiqp§1i S .ht gh.{lll. :1.for,n,~t fi'Ld is provi~?"d
sc that B=§PYFdfthg PRSE" heddl dpyites Foh tEHEE 18 coR8EahE ot Yohé part of a
constant i.s present_.in _an ogperation field where an DIOP. jnstruction would
nor mal |y sn%oe%)eqe&%ethﬁr &%“&3&:’1% ﬁgg&(?&grs??\ggﬁfeg PP ot ANTRENOP® reduced. On
t he ot her_. d, e fqQur _typ f. instructions descri bed above al so have

t he folléﬁgﬁglc agggtggfg ¥c§gﬁ§98 z?ffer fromthose of the instruction 50

described in t abpv I L nst ruct | i i.g.. 15A has
t he advantagesqgf gg Zﬁ?ggg%%HEQé%%%Pfi%$%%:#géﬁggﬁﬁggﬁgg% eriﬂﬁ%ber of
i nstruct i@ ttyRes rCafe b 485N NeL- 020 o1, they 8@&;&&% L PIQM AG AL | east

one operand in each of the three operation fields. The instructions shown
in Fig. 4hBek@ekhg1l A&khryeaiwhii e udevaddie cdvant 3@e+ofi nlswe erliarged
operation codes ("op2" and "op3"), so that a greater variety of operations
can be debi beddeEb@ed 16nd Seedltek #h agrteaamnstowictd chhg€e¢enstunuet 3gn of a
VLIv~i processor of the present. iavenLiuii Lc:r e:~e~. .uti.ng tiic

i nstruction shbwa imsthiugstikBA feAshcamilie 39efrtbhiecoapainagrubtson
construction with the construction shown in Fig. 4, the fundanental

const r uckh}enk of remety cdissorali mamerysdmet alihetightedereiare 3dne
differences in the connections between the instruction registers 10, 110
and t he RfetotRer (Imd ixictg om 2oldres sphipsswapd YLPW Bt bcE8sors for executing

the nodified instructions shown in Fi.gs, 15A.to 75D can pbe r~alizecl by
ki ng.OHSS FHICTAT Ghige S 800 ChE Wieaucesof F3EefAhLE 5

stores the fetched instruction block in an internal
instruction cache and supplies the instruction which
corresponds to the address outputted by the PC unit 33 to
the instruction register 10.

1 —_ el T 2
The register s en 32-bit

[O]
M

t 24 is composed of fift
general registers 35 and one 32-bit constant register 36.

In accordance with the decoding results of the first
operation decoder 24 and the second operaticon decoder 25,
the values which are stored in these sixteen registers 35
and 3¢ are transferred to the first operation unit 37 and
the second oreration unit 38 where an oparation is pertormed
or alternataively the values are allowed to rass, before

being sent o the register set 34 or the operand azcess unit



43 processor described in the above enbodi nent. The processor of the
present invention has been explained by neans of the enbodi nent given
above, although it should be obvious that several further nodifications are
possi bl e. Four exanples of such are given below. (1) The enbodi nent and
above nodification of the present inggntion all deal with the case where
the instruction word length is 32 bits and a maxi num of three operations
are indi cadtled, HalrehoughatHetpoeseat behvgntsonh iz tot dperaedond t hese
nunbers. As one exanple, the instruction 50 shown in Fig. 2A may further
i ncl ude apetferm4dbby bdper &iroh eperabien aivithet’ A tthopevedend maki ng t he
total instruction word length 40 bits. By doing so, it becomes possible to
define i nopegetionsuni £ h3fhi ghhe odel &8 f§ %9 &tk WHerR I8P TG Mifdioftd Bur .
operations can be executed by _a single instruction with the conparatively
short wor a6l €AQtALP 29 BFAZSLIDNedHe i4& Fictidit 50 oV IEfe difove
enbodi nent only includes one field Q%he .0 field 52) that uses an
inplicit Bpefahd I3PRFItDraEt 8L oft AN EESRsttaRE rgiiSEEr 2861, al t hough
t he present iq¥%$%%on eed not ce lirnitAd to this, and so hare two or nore
ranch G3itsiny

such fiel® PN~ —= handl ed by ac~oropLiatel f .dafini;~g a n~w

instruction fc~,. "~ at . Ln. th o] ! xapp deal i ng
with a nunerichm%éﬁgFﬁhféégggﬁeénPkéﬁt%2ugﬁt??H?gigfﬂé%ﬁﬁggge%ﬂakﬁy

possi bl e : i fds eal. W a a . This is
because ah?dﬁgﬂgﬁg$¥§?§¢9£é%gfgn?ofwg%Qfgr%?sédg%ﬁggﬁgggéaﬂ%?hgality of

i nstructigns Gane ACeyuhated tbyesyceessivel yngt orhnge dhffer ept parts of
the character constant in the constant register 36. (4) can be seen from
the inst rdeticrmifer MalsiphewatiBnbi ga. tiB 30-20x ofetheo e enbpdi grent
only a 4-bit or a 16-bit constant can be stored in the constant register 36
in the almivetenpediateph byia 37ngbecepsthIeictf eexealtihougivd Hivdss abdt a
limtation for the present invention. As exanples, it is equally possible
to defi nep@ratisnr Uoknehyt oa rAt ket ebyodl d 2hs natghons ,2Bg tind@rst ant can
be stored in the constant register 36 by a single instruction. To do so, it
is only Aegéssaryttanehhgerehattemhbciifir Jdig SRRk v fée fherd
circuits of the constant register 30. Although the present invention has
been ful PPegaELPPLERCHYEhay® of exanpl es with reference to acconpanying

oravi ngs. 11| BedOs2E- Ao St el YAl s £ angss 20 T gt jone w1 be

apparent to th her éf'ore, §ssuc cﬁ%nges and
modi fi cati gng  de 001 5 £ he, 560 - s I pKent,oRy Lhey shoul d
be. const PHga et Bat b3 ol NEyRAVER gy §rR R e oe| BHC RN OB 28R OO0

A VLIW (Yery bengatasikdics inm yid)e Preeresserorhahgdacodes and:exggut es an
instruction that has at least two 5 operation fields, of which a first

oper ati opnf tebd3zas Oy d net ue-gne -opereaticor e¢ageakornspeckyi ng an
operation type and a second operation field includes a conbination of one
oper at i oopenaiei anduatt |Fast Tinis ceercadd opsedtinnannopedat isncapadleat ed by
the second operation field, 10 the VLI Wprocessor conprising: first

decodi ngefresrecyd bingldotdittvpashe fop@earitdAnc dBETPAYE heT FFRBe tper at i on
field; first execution nmeans for executing an operation indjcated by the
oper at i ohCEHILCRIF A HOAT §tndoﬁé1rt§tli"6ﬁgfl|5§gﬁ Fgagﬁf%c%?%l%@é’%)t h a

deCOdlnguéé?%“éhé”cén‘iéf'&% {%%C%%E%%d operation decoder 25.

The operand access unit 40 operates under the control
cf the second operaticn decoder 25 and 1s a circuit that
transfers operands ketwsen the register set 34 and the

external memory (not illustrated!. The overand accass unit



nmeans; second decodi ng neans for decoding the operation code in the second
gperation field; and second execution neans for executing the operation ?0
i ndi cated by the operation code in the second operation f ie |l d or. dat ~
W;ichis ; ndicatcd by th® ~F~E~r,~~ ;d: in tree second operat ion f
field, in accordance with a decodingz2gesul t. of the second decodi ng neans.
?5 2. The VLIW processor of claim1, wherein a nunber of bits occupied by

t he oper aiConntedealhytireciudest opmrifidrfdE eltdris.gegpalranalsa amdrber of

bits occupied by the operation code in the second operation ~iel-i. ;tl 3.
The VL~CWbpeoeerdsaddpéssds—r i AR ,a wiradiita keampder ughieontingcl udes t hree
operation Fmd~> r el ~~ f led ~i: he.. i z athi dep-at~1in _ a
, . h~~. c oppeagtionr¢odg 'fljelids ioCUNepPRS1~fSeld| PonpEi FheF r ~f hlti3 as
the seco_i 3 operation L-geld and includes a rotr~k~i naLion ~~i one

opet ~at | MANS tIuet ke i tar 11¥asOn6n&OsgePandat&hBhN&L | W pteeessdr ifurt her
conprising: third decodi ng neans whi ch decodes, when an operation code is

present imeHTIHT J5ECAY 68 FPEAEY VhE bRRr 2§ oTesSs nurhe 4Rird
operation field; and third executin ans_for_ executi an operation

i ndi cat ed"by° tHe c?pfertél‘tei 6ﬁ9&8§8~Fnlgth?hf?%ll%b%r a??fonﬁgi e‘]’r}bergnt}beat a which
is indicated hy the aperands.in_th ir tion.field _in accordance
with a deofoecﬁaﬁcéornescl? t oF@t he® 18%]%?%‘%’ d';eé%o%lgléﬁeg&nns? 'Stéfj.refﬂev Y

processor,of ¢l aj F e he fitst eg%%' gnﬁ?n C | s . ~COntr ol
fl ow of f%rocr)%r gjlrﬂtﬁgl %?%gt?ﬁ% ?%s%llri%c{%%ln. f;% eﬁﬁL%o:iy%&s:égisor of
claim4, phergirR hRe serQRY. executing means controls transfer of the data

that is indicated by the operands included in the second operation field,
and 30 the thirgdeexecuti npB e YIS @@COUEStAB Eirkt ', t, M t 1 C
ir"r-t:1d~t a-~'1Il,.~e O-1C~.'"t7Cr.3..~Ca CG. C. iat 1~

il ~iiCabBeralidn~uhtto3Dpettendsedared wdedationhenthi 8, opetathen field. 6.
A VLI W processor that decodes and executes an 25 instruction that has at

| east twopependt aone$s ebnlis; 4Ff astd clonnected by internal buses (the

L1 bus, the Rl bus, the I2 bus, the R2 bus, the Dl bus, and
the D2 bus) as shown in Fig. 4. Here, the L1 bus and the Rl
bus are each connected a respective one of the two input
ports of the first operation unit 37, the L2 bus and the R2
bus are each connected to a respective one of the two input
ports of the second operation unit 38, and the D1 bus and
the D2 bus are respectively connected to an output port of
the first operation unit 37 and the second operation unit

38.

Detailed Construction of the Constant Register 36

and its Peraiphery

The following is a detailed description cf the

construction 2f the constant recister 36 and of the



a first operation field can only include one of (i) a single operation code
for specifying an operation type and (il) ~ constant, and a second ~
operation field includes one of (i) 30 COilblllatl On of one operation code
and at | east one -operand used in an operation indicated by the second
aperation field and | ~I) a constant,2f5he VT_I Wprocessor conprisin3: Flr ~~
dC”~1.:~CI;E," :naL.'~1C-: dCCCAC"~, '.~iiC~ etWuNei~uti VI1:1 .s~
c:ode i s RREFEMR G T Fi¥St operar _ion field, the operation cone ~n |.lie
Cr~t operatmm field;, first executing nmeans for executing an operation

i ndi cated by tKé%per a3 éh O it 30KET SRS 18FeMAE Gif “BiteiS¢, i n accor dance
ith d di It of the first d di : d d d

whi ch de OB E AT o oI HBHT Citie FFGLSEB30ne FRY s tDécond operat! on

field, th ti .caode . in th i f.ield;. _and d

15, the meuation cale n e, secgn onstatien Luald. and Segond
|n the seqond eneratihen 4 Lieldop data uhiehiks adi galed by e operands

in the sécond operation i'n accordance w ecoding Fésult of the

second dgggggngaggggﬁg ZheTgﬁnykgwépngegssor .of claim®6, 15 wherein a
[ e

dunber o I'ts occupi éd by t Irst operation field in the instruction is

less than a nugher-ghsPihe S66uUPEEH bynthel seeond3Ppes atdmioddelge 8. THE
VLI W processor of claim7, 20 wherein a nunber of bits occupied by the

oper ati opigede-knpht. selettbrs 82dV35awpENdde | DinBat GdiS&sossL:al t0 a
riu,;ibc''..1 ~JF ~I1tS occupied by the operation code in the second
operati oB2f+2bnd, @HhiDe The dbhIWpmocessstaf T4 aisn Smpderdict tdigght
instruction includes three operation ffields, wherein a third operation
field i ndthettheeesopes alfandfhi e Haise ocafll esrta shnmmintsad cfutlpitts as t he
~ecol | d sO opeeation field and includes a conbinatloTl ~f one operation
rods: arnddtatis eaRit-prrabehrfdRtahe VLI W processor further conprising:

tharu C~PC Odtrl g nmPar~s w . ~i oh dacodes,,mheq an oi ~cration ,s L,z,~~; sh_t
"l rl, A 1l - 1R @FERRRc Wite contppl signalsg frop fhe fogmat ey ot G

t a- code LTl the tloiasd ol matation Geld 200 third gxeeuts ng means for
register control unit 32 controls the eight input selectors
32a-32h so that a constant stored in the instruction
register 10 or zeros are stored in the constant register 36
according to one of the four storage methods given below.

Figs. 6A to 6D show the fcour possible storage methods

L e A laan

in the present embodiment.

Fig. 6A shows a storage method for when the format
decoder 21 detects that the wvalue stored in the P0.0 field
11 is "0" or "1". This equates to the case when only a 4-
bit constant located in the Pl1.C field 12 is stored i1n the
constant register 36. More specifically, the data that is
stored in the constant register 36 is shifted upwards (to

the left in Fig. 6A) in 4-pit units and the 4-bit constant



-~.s indicated by the operation code in the third operation field on data
which is indicated by the operands in the third operation field, in
accordance with a decoding result of the third decoding neans. 5 10. The
VLI W processor of .claim9, wherein the first executing nmeans controls a
control flow of a programincluding phe instruction. 10 11. The VLIW
processor of claim 10, wherein the second executing neans controls transfer
of _ the datarekatini shiendicat £deby 1heoHpeEranidss i modtuiced ray tdtes rsedond
operation field, and the third executing neans controls executes an 15
arithmeti é¢sl sgocedpénathonlore s heorkdem 4Huitt imedimtiecatdéth f tdhe cper ands
included. in the third operation field. 12. The VLI W processor of claim 11,
wherei n t Genpéanht regeserthle. first operation field, 2U the operation code
in the second operation field, each min?t ~Il~~ 7.t? ~}Za gar~rvrZr~
nLsa~at, nrl FjEiq. -8B tHhfeatsiteradeodg thordi fToRewhRRr Bheoperatton fiel d,
and each operand in the third operation field each occupépn bits in the

i nstructi BRCOIST 131 AHSL AN WFrocESsFR15F ElFarRfi12n wher BPnOt Rkeldstruction
v AgR AR5 TP Ty Kes RESATS Rigr RS AR, . AR Ay RS sty
A AL RETROHTReSE tRy Str OapeaTenrearad) g Bl 2k 4 B A caU cal
al ca] calgalca] cal ¢alc3hsebhnel cabealeal soal callealfeatdcaleRp "SRG _ c

data that is stored in the lower 16 bits 36e-36h of the

constant register 36 is shifted to the upper 16 bits 36a-36d

and the 16-bit constant located between the P1.0 field 12

and the P2.2 field 15 of'the instruction register 10 is

stored in the lowest-order 1l6-bits 36e-36h of the constant

register 36.

Fig. 6C shows a storage method for when the format

decoder 21 detects that the wvalue stored in the P0.0 field

11 is "5". This equates to the case when a 16-bit constant

located in the P1.0 field 12 and between the P3.0 field 16

and the P3.2 field 18 is stored in the constant register 36.

More specifically, the data that is stored in the lower 16

bits 36e~36h of the constant register 36 i1s shifted to the

upper 16 bits 36a-36d and the 16-bit constant located in the

P1.0 field 12 and between the P3.0 field 16 and the P3.2

field 18 of the instruction register 10 is stored in the

-
~!

o

lowest-order 16-bits 36&~36h of ths constant register

L

3. €D cheows a storage method for whern the formas
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constant register 36.

Here, the value in the constant register 36 is cleared
o ensure that a valuse with & zero
extension is always stored in the constant register 36. A
zero extension here refers to the insertion of zeros that is
performed when the effective number of bits of a value is
below a predetermined number of bits, with zeros being
inserted into the higher bit positions so that the wvalue
takes up the predetermined number of bits.

4s described above, when the value in *he P0.0 field

11 of the instruction register 10 is "O", "1", "4", or "3",



Uc "aUc aJc aUc a]Jcalc ajcaljcaljc *~aUc a Uc "aUc a Uc "aUc a
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Detailed Construction of the PC Unit 33

The following is a detailed description of the
construction of the PC unit 33.

Fig. 7 is a block diagram showing the construction of
the PC unit 33 in detail. As shown in Fig. 7, the PC unit-
33 is composed of a fixed value ("4") 33a, that is wiring
which permanently carries the constant "4", a 2-input
selector 33b, an adder 33c, a PC (Program Counter) 33d for
storing an address of the next instruction to be decoded and
executed, and a 4-input selector 33e.

In the PC unit 33, the selectors 33b and 33e operate
in accordance with control signals from the decoder unit 20,
so that the selector 33e outputs one of the following three
types of values to the instruction fetch unit 38 as the

effective address.

1. A value where "4" 3is added to the content of the PC_ 234

This corresponds to when no branch is taken and a next

instruction is to be ewecuted in order, which is to savy,



| @' 10% ()-ys10%: ()- 10 10 10*#10% ()- )Z10% ()-& }ro\ =10%& () -
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&Y9! 3%40%&' ()- NXYNC8!k 29
when the decoding result for a present instruction is that
no branch operation is indicated. The reason "4" is added.

is that the length of one instruction is four bytes, which

is to say, 32 bits.

2. B value where the content of the constant register 36 is

added to the content of the PC 33d

This corresponds to when the content of the constant

register 36 is used as a relative address for branching,
such as when the decoding result of the branch decoder 23 is

that the Pl1l.0 field 12 indicates a branch to a relative

address.

3. A value given as the content of the constant register 36

This corresponds to when the content of the constant
register 36 is used as an absolute address for branching,
such as when the decoding result of the branch decoder 23 is
to &n absolute

that thie F1.0 field 12 indlcates a kranch

address.

As described above, the PC unit 33 includes a
speciralized adder 33c, and is constructed to directly use
the value stored by the constant register 36, so that branch
execution control can be performed with the stored valus oI
the constant register 36 as a relative address or an

absolute address in parallel with and independent of the
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peration of the Processor

The following is a description of the operation of the

present processor when decoding and executing specific

operations.

Fig. 8 is a flowchart showing an example of a
procedure that handles 32-bit constants. First, the
difference between the stored values of the registers RO and

Rl is found (step S80), and the result is multiplied by the

stored value of R2 (step S81). The 32-bit constant

"O0x87654321" (the wvalue "87654321" in hexadecimal) is then
added to the result of this (steps S82, S583), and finally

the register RO is cleared (step S84).

Fig. 9 shows an example of a program that has the
present processor perform the procedure shown in Fig. 8.
The program i1s ccmposed of the three instructions 71-73. In
Fig. 9, one line corfesponds to one instruction, and the
content of each instruction is shown by mnemonics located in
the separate fields of each instruction. In Fig. 9, the
value of each constant is expressed in hexadecimal. Also,

the legend fmtn (n=0-F)" shows the format code "n", while

the legend "Rn (n=0-15)" shows the valuve stored in ons of

the registars in the register set 34. Of these, "Rl

1 - - ~
refers to the constant register 36.
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that flows on the four buses L1, R1l, L2, and R2.
The following is an explanation of the operation of

the present processor for each of the instructions 71 to 73,

with reference to Figs. $ and 10.

Instruction 71

After the instruction 71 has been loaded into the
instruction register 10, the present processor performs the
operations shown in the clock cycles tO-tl in Fig. 10. The
format decoder 21 judges from the value "fmt4" of the P0.0
field 11 in the instruction register 10 that the present
instruction is a twin operation instruction with the format
code "4",.and so controls the execution unit 30 so that the

two operations described below are executed in parallel.

1. First Operation

The constant register control unit 32 controls its
erght internal selectors 32a-32h so that the 16-bit constant
(0x8785) located between the P1.0 field 12 to the P2.2 field
15 is stored in the lower 16 bits of the constant register
36 according to the storage method shown in Fig. 8B,

i afar DI1G

n JUSPS, B4 Tey =1 = +~ < - - —~
ARccordingly, the content c¢f the register Rl 5 chzan
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2. Second Cperation

The second operation unit 38 receives an input of the
stored value "0x33333333" of the general register RO and the
stored value "0x22222222" of the general register R1l, and
after subtracting the latter from the former, stores the
result in the general register RO. As a result, the stored
content of the general register RO changes from the value

"0x33333333" to the value "0x11111111" in the clock cycles

t0-tl shecwn in Fig. 10.

Instruction 72

Next, after the instruction 72 has been loaded into

the instruction register 10, the present processor operates

as shown in clock cycles tl-t2 in Fig. 10. The format

th 0.0 field 11

Wb AT = -
IMT4a O Tile

s!

- =t - b}
:dges from the value

decoder 21 jud

in the instruction register 10 that the present instruction
is a twin operation instruction with the format code "4",
and so controls the execution unit 30 so that the two

operations described below are executed in parallel.

L. First Operation

The constant register control unit 32 controls its

—

eight internal selectors 32a-32h so that the 16-bhit constan®-
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36 according to the stcrage method shown in Fig. €B.

Accordingly, the content of the register R15 changes from

"0x00008765" to "Ox87654321" as shown in the clock cycles

tl-t2 in Fig. 10.

2. Secon De ion

The second operation unit 38 receives an input of the
stored value "0x00000004" of the general register R2 and the
stored value "0x11111111" cof the general register RO, and
multiplies the two together before storing the result in the
general register RO. As a result, the stored content of the
general register RO changes from the value "Ox11111111" to

the value "0x44444444" in the clock cycles tl-t2 shown in

Fig. 10.

T mdemrymb s~ 772
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Next, after the instruction 73 has been loaded into

the instruction register 10, the present processor operates

as shown in clock cycles t2-t3 in Fig. 10. The format

decoder 21 judges from the value "fmt7" of the P0.0 field 11
in the instruction register 10 that the present instruction

1s a twin operation instruction with the format code "7",

and so controls the execution unit 30 so that the two

operations described below are exectted i1n parallal,
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stored value "0x87654321" of the general register R15 and
the stored value "0x44444444" of the general register RO,
and adds the two together before storing the result in the
general register RO. As a result, the stored content of the
general register RO changes from the value "0x44444444" to

the wvalue "0xCBA98765" in the clock cycles t2-t3 shown in

Fig. 10.

2. Second Operation

The second operation unit 38 receives an input of the
8-bit constant ("0x00") that is located in the P1.0 field 12
and the P3.1 field 17 and allows this constant to pass so
that it is stored in the general register R3. As a result,
the content of the general register R3 changes from the
previously held value "OxFEDCBA98" to "0x00000000", as shown
for the clock cycles t2-t3 in Fig. 10.

As described above for the present processor, the 32-
bit constant "0x87654321" is split into two parts that are
arranged into the two instructions 71 and 72, with these
parts being successively stored in the constant register 36
by shifting its stored value. This stored constant is then
used according to the third instruction, instruction 73. By

doing so, the procedure shown in the flowchart of Fig. 8 can

be executed by the three instructions 71-73.
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the present processor using a different program that deals.
with 16-bit constants.
Fig. 11 shows an example of a program that handles a
16 bit constant. This program is composed of the five
instructions 74 to 78.
The operation of the present processor for the each of

the instructions 74 to 78 is as described below.

Instruction 74

When the instruction 74 has been loaded into the
1nstruction register 10, the format decoder 21 judges from
the value "fmt0" of the P0.0 field 11 in the instruction
register 10 that the present instruction is a triple
operation instruction with the format code "0", and so
controls the execution unit 30 so that the three operations

described below are executed in parallel.

l. First Operation

The constant register control unit 32 controls its
erght internal selectors 32a-32h so that the 4-bit constant
("0x8") located in the Pl1.0 field 12 is stored in the lowest

4 bits of the constant register 36 according to the storage

method shown in Fig. 6A.

2. Second Oneration
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stored value of the general register R6, and allows this

value to pass so that it is stored in the general register

R1.

3. Thir eratio
In the same way, the second operation unit 38 receives
an input of the stcred value of the general register R7, and

allows this value to pass so that it is stored in the

general register RZ2.

Instruction 75

When the instruction 75 has been loaded into the
instruction register 10, the‘format decoder 21 judges from
the value "fmt0" of the P0.0 field 11 in the instruction
register 10 that the present instruction is a triple
operation instruction with the format code "0", and so
controls the execution unit 30 so that the three operations

described below are executed in parallel.

1, First Operation

The constant register control unit 32 controls its
eight internal selectors 32a-32h so that the ﬁ—bit constant
("0x7") located in the P1.0 field 12 is stored in the lowest
4 bits of the constant register 36 according to the storage

method shown in Fig. 6A. After this operation, the constant
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2. Second eration

The first operation unit 37 receives an input of the
stored values of the general register RO and the general
register R1l, and adds these values together. The first

operation unit 37 stores the addition result in the general

register R1.

3. Third Operation

In the same way, the second operation unit 38 receives
an input of the stored values of the general register RO and
the general register R2, and adds these values together.

The second operation unit 38 stores the addition result in

the general register R2.

Instructions 75, 77

i

Instructions 76 and 77 are executed in the same way as
described above, and as a result the constant "0x8765" is

stored in the lower 16 bits of the constant register 36.

Instruction 78

Once the instruction 78 has been loaded into the
instruction register 10, the present processor operates in

the same way as when processing instruction 73.

I'S
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As described above for the present processor, the 16-

bit constant "0x8765" is split into four parts that are

arranged into the instructions 74-77, with these parts being

successively stored in the constant register 36 by shifting
its stored value. This stored constant is then used

according to the fifth instruction, instruction 78.

Comparison with a Standard Processor

The following is a description of the processing
performed by a standard processor for a program with the
same processing content as shown in Figs. 9 and 11 and a
comparison with the processing of the present invention.
Here, the expression "standard processor" refers to a
processor that executes instructions whose word length is
fixed at 32 bits, and is the same as the present processor,
except for the lack of a construction, such as the constant
register 36 and the constant register control unit 32, for
accunulating constants that have beesn divided between
instructions.

Fig. 12A shows the field definition of the
instructions that are executed by a standard processor,

while Fig. 12B shows the format of the instructions. Here,

it is supposed that the standard processor can execute three

types of twin operation instruction, instructions 101-103,

and one type of single operation instruction, instruction

104.
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Fig. 13 shows an example of a program to be executed
by the standard processor. This program has the same
processing content as the program shown in Fig. 9, which is
to say the same procedure as the flowchart shown in Fig. 8.

As can be seen by cemparing Fig. 13 and Fig. 9, the
program for the standard processor includes two more
instructions that the program for the processor of the
present invention.

The reason the "NOP codes" are included in the
instructions 105 and 106 is that the instruction 106 uses
the operation result of the instruction 105, so that these
instructions cannot be executed in parallel. Also, the
reason the ‘constant "0x87654321" is divided into an upper 16
bits and a lower 16 bits that are set in the constant
register Ri (instructions 107 and 108) is that it is not
possible to set a 32-bit constant and an operation code for
a setting instruction in a single 32-bit instruction.

Fig. 14 also shows an exampls of a program for a
standard processor. This program has the same processing
content as program shown in Fig. 1l. As can be seen by
comparing Fig. 14 and Fig. 11, the program for the standard
processor includes one more instruction than the program for
the processor of the present i1invention.

As described above, the instructions executed by the

processor of the present invention have a highly efficient

field structure whereby a maximum of three operations can be
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indicated using a comparatively short word length of 32

bits.

Accordingly, with the processor of the present
invention, a l6-bit or 32-bit constant that has been
divided across a plurality of instructions can be

accumulated in the constant register 36 to restore the

constant to its original form, with it then being used for a

branch operation or arithmetic logic operation.
Accordingly, when a small region is available in an
instruction, this region can be effectively used for
locating a part of a constant, so that the code size of the
program can be reduced compared with when the éame

processing is performed by a standard processor.

Modification
Figs. 15A to 15D show the instruction formats of VLIW
processors that are modifications of the present invention.

In these figures, the smallest interval demarcated by the

vertical lines represents.one bit, while the legend "fmt”
shows the format field.

The instruction shown in Fig. 13A is composed of a 5-
bit format field, a 7-bit operation field, and two 10-bit
operation fields. The instruction shown in Fig. 15B,
meanwhile, is composed of a 2-bit format field, a 4-bit
operation Field, and two 13-bit operation fields. The

instruction shown in Fig. 15C is composed of a 3-bit format
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field, a 3-bit operation field, and two 13-bit operation

fields. Finally, the instruction shown in Fig. 15D is

composed of a 4-bit format field, a 2-bit operation field,

and two 13-bit operation fields.

These four types of instruction have the following
similarities with the instruction 50 described in the above
empbodiment and shown in Fig. 2A.

i. The instruction word length is fixed at 32 bits.

ii. Each instructiog has one format field and three
operation fields. '

iii. The three operation fields do not have the same
structure, which is to say, two of the operation

fields have the same structure, while the remaining

operation field is short.

As a result, these four types of instruction have the
same characteristics as the instructicn 50 described in the
above embodiment.

I. The instructions have a field structure whereby a
maximum of three operations can be indicated in spite
of the comparatively short 32-bit word length.

IT. A small operation field which is ideal for inserting
small instructions, such as branch instructions that
do not require two operands, is provided, so the code
efficiency of instructions is huigh.

III. A format field is provided so> that by giving an
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indication that a tconstant or one part of a constant
is present in an operation field where an NOP
instruction would normally need to be provided, the

code size of a program can be reduced.

On the other hand, the four types of instructions
described above also have the following characteristics
which differ from those of the instruction 50 described in
the above embodiment. The instruction shown in Fig. 15A has
the advantages of an enlarged format field, meaning a
greater number of instruction types can be defined, and of
the ability to provide at least one operand in each of the
three operation fields. The instructions shown in Fig. 15B
to Fig. 15D, meanwhile, have  the advantage of two enlarged
operation codes ("op2" and "op3"), so that a greater variety

of operations can be defined.

Fig. 16 is a block diagram showing the construction of
a VLIW processor of the present ianvention Lor executing the
instruction shown in Fig. 15A. As can be seen by comparing
this construction with the construction shown in Fig. 4, the
fundamental construction of the processor is the same,
although there are some differences in the connections
between the instruction registers 10, 110 and the decoder
units 20, 120. In this way, VLIW processors for executing
the modified instructions shown in Figs. 152 to 15D can be

realized by making only partial changes to the VLIW
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processor described in the above embodiment.

The processor of the present invention has been
explained by means of the embodiment given above, although
it should be obvious that several further modifications are

possible. Four examples of such are given below.

(1) The embodiment and above modification of the present
invention all deal with the case where the instruction word
length is 32 bits and a maximum of three operations are
indicated, although the present invention is not limited to
these numbers. '

As one example, the instruction 50 shown in Fig. 2A
may further include another 4-bit operation code and another
4-bit operand, making the total instruction word length 40
bits. By doing so, it becomes possible to define
instructions with high code efficiency whereby a maximum of
four operations can be executed by a single instruction with

the comparatively short word length of 40 bits.

(2) The instruction 50 of the above embodiment only
includes one field (the P1.0 field 52) that uses an implicit
operand (the stored value of the constant register 36),
although the present invention need not ke limited to this,
and so have two or more such fields. This can be handled by

aporopriately defining a naw instruction fermat.



10% & ()-10% & ()- 10% & ()-3f 10% & ()- 10 U 10 U 10 Us5 10% U& ()-dEbC
10y, S1I0% & ()-L %
10% & ()-9@T10% & ()-Ls!'10% & ()- " '10%R ()- '10% & ()-"#$% &C 10
109 ()- 109& ()-Lf109%& ()- 10" 10" 10" &F. 10% & ()-S&F. 10% & () - S&b2dEbC
1010%&' () - &10%' ()-F-109%& ()-109& ()440%& ()- 10%& ()-2c#5dEbC
10" &9109&' ()-s% 109 ()- @10%& ()- 109 ()-10%&k ()-f10%& ()-5j >t dELC
10110%&' ()(30NMLO%&' the' BbrOeRetDofimdOOR &1) -¢RQURL € ) deBBAOYEw{)h thC 103
numerical constant is given, although it is of course
equally possible for the invention to deal with a character
constant. This is because a long character constant that is
divided across a plurality of instructions can be
accumulated by successively storing different parts of the

character constant in the constant register 36.

(4) As can be seen from the instruction formats shown in
Figs. 2B to 2D of the above embodiment, only a 4-bit or a
16-bit constant can be stored in the constant register 36 in

' the above embodiment by a single instruction, although this
is not a limitation for the present invention. As examples,
it is equally possible to define an instruction format
whereby a 12-bit or a 28-bit constant can be stored in the
constant register 36 by a single instruction. To do so, it
is only necessary to change the connection pattern of the

peripheral circuits of the constant register 3b6.

Although the present invention has been fully
described by way of examples with reference to accompanying
drawings, it is to be noted that various changes and
modifications will be apparent to those skilled in the art.
Therefore, unless such changes and modifications depart from

the scope of the present invention, they should be construed

As being included therein.
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What 1s claimed is:

1. A VLIW (Very Long Instruction Word) processor that
decodes and executes an instruction that has at least two
5 operation fields, of which a first operation field can only
include one operation code for specifying an operation type
and a second operation field includes a combination of one
operation code and at least one operand used in an operation
indicated by the second operation field,
10 the VLIW processor comprising:
first decoding means for decoding the operation code in
the first operation field;
first execution means for execuﬁing an operation
indicated by the operation code in the first operation field
15 in accordance with a decoding result of the first decoding
means;
second decoding means for decoding the operation code
in the second operation field; and
second execution means for executing the operation
20 indicated by the operation code in the second operation
field on data which 1is indicated by the operands in the
gecond operation field, in accordance with a decoding result

of the second decoding means.

25 2. The VLIW processor of claim 1,
wherein a number of bits occupied by the operation code
in the first operation field is equal to a number of bits
occupied by the operation code 1in the second operation
field.
a0
3, The VLIW processor of claim 2,
wherein the instruction includes three operation
firelds,
wherein a third operaticn field in the three operation
35 fields occupies a same number of bits as the second

r

operation fl1eld and includes a combination of one operalion
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"the VLIW proce further c

third decoding means which decodes, when an operation

rising:

code 1is present in the third operation field, the operation
code in the third operation field; and

third executing means for executing an operation
indicated by the operation code in the third operation field
on data which is indicated by the operands in the third
operation field, in accordance with a decoding result of the

third decoding means.
4. The VLIW processor of claim 3,
wherein the first executing means controls a control

flow of a program including the instruction.

The VLIW processor of claim 4,

wu

wherein the second executing means controls transfer of
the data that is indicated by the operands included in the
second operation field, and

the third executing means controls executes an

cn on the data that ia indicated by
Y

p=-

arithmetic logic cperat!

the operands included in the third operation field.

6. A  VLIW processor that decodes and executes an
instruction that has at least two operation fields, of which

a first operation field can only include one of (i) a
single operation code for specifying an operation type and
{11) 1 constant, and

a second 'operation field includes one of (i) a
combination of one operation code and at least one operand
used in an operation indicated by the second opcraticn field
and (11) a constant,

the VLIW processcor comprising:

firetr decoding means which decodes, +when an operaticla
code 18 present in the first operation field, the operation

code in Lhe first operation field;

104| 4|
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code 1s present 1in this second operation field, the
operation code in the second operation field; and

second executing means for executing an operation

indicated by the operation code in the second operation

10 field on data which 1is indicated by the operands in the

second operation field, in accordance with a decoding result

of the second decoding means.

7. The VLIW processor .of claim 6,
15 wherein a number of bits occupied by the first
operation field in the instruction is less than a number of

bits occupied by the second operation field.

8. THE VLIW processor of claim 7,

20 wherein a number of bits occupied by the operation code
in the first operation field 1s egual to a number of bits
occupled by the operation code 1in the second operation
field.

25 9. The VLIW processor of claim 8,
wherein the instruction includes three operation
fields,
wherein a third operation field in the three operation
fields occupies a same number of bits as the second
30 operation field and includes a combination of one operation
code and at least one operand,

the VLIW processor further comprising:

third decoding means which decodes, when an operation
code 18 pregsent in the thard operation ficld, the cperation

sde in the third operation field; and

.,-
N
i

third executing means for executing an operation
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indicated by the operation code in the third operation field
on data which i1s indicated by the operands in the third

operation field, in accordance with a decoding result of the

third decoding means.

10. The VLIW processor of claim 9,
wherein the first executing means controls a control

flow of a program including the instruction.

11. The VLIW processor of claim 10,

wherein the second executing means controls transfer of
the data that is indicated by the operands included in the
second operation field, and

the third executing means controls executes ar
arithmetic logic operation on the data that is indicated by
the cperands included.in the third operation field.

12. The VLIW processor of claim 11,

wherein the format field, the £first operation field,
the operation code in the second operation field, each
oprrand in the second operation field, the operaticn code in
the third operation field, and each operand in the third

operation field each occupy n bits in the instruction.

13. The VLIW processor of claim 12,

wherein the instruction is 32 bits long and n is 4.



