+2345e3e8bZZ[ "F_ha6aT8bf TI TLE OF THE I NVENTION 1 Processor For Executing
H ghly Efficient VLIWBr' 1CKGROUND OF THE | NVENTION (1) Field or the
I nventi on G00002* The present invention relates to a processor with VLIW

(very Long Instruction word) architecture, and in particul ssor
that executes instructions with conparatively short word 'HmﬂmmmmmINﬂm
code efficiency. (2) Description of the Prior Art Wth the Increase

dermand f GfI ThB tGEetHE IAEENTELNand t he mini aturi zation of electronlc
circuits in recent years, there has been a grow ng need for mcroprocessors
t hat can proce®romdssamder Exnecutind Biohiyi BffaebenhdViAHge dat-a,

at . high speed. One kind of processors that are capable of neeting this need
are processors that use VLIWarchitecture, ~L, " S.. ...  Fa. .rpm......

1i- tlr~r TrJ .~ W~ WGIG bCGiny al~. i GuCWw. Cr w.yG Muwwmmm L1Y
~y VI .. GBRAGKGROUNPWOBT 38BsIYVENTAENUde a number of inter units
and so are able_to S|nultaneously execute a nunber of operati*e®2i n one

VLIWin gadaErgld gifchher LoyentigBnerated by a conpiler that |nvest|gates
the extent to which garallel roceSS| possi ble at the sa ce ﬁ{ogran1

evel and perfbr TP SERGRI FRGCH o tlaidy " T A S ¢ e |
o ogr ams (P8Bv, 55t FRE vy od Fh SREr Aotk gPRE GG aird 16 Co‘ie stze o
no- oer af 0 LpSLouehons,(er&L0al erplelereiethd 0,05 ‘AR JASLLGY Ons')

and res poor code efficiency, are ron1| exanp

VLI'W pr oggsseryd Agt 1 yt@&dl sgfr{t&sd@rbsfﬂctl@nr ative short word |ength
i s Japanese Lal d- Cpe at ent Application HO9-26878. This technique teaches

a data processing apparatus that is a VLI Wprocessor for executing 32-bit
instructions that can simnultaneously indicate a maxi nrum of two operations.

Figs. | Aanddd sihov dhef ndta wotiicon Arar mat of t he

With the increase in demand for multimedia devices and
the miniaturization of electronic circuits in recent years,
there has been a growing need for microprocessors that can
process multimedia data, such as audio data and image data,
at. high speed. One kind of processors that are capable of
meeting this need are processors that use VLIW architecture,

these being hersinafter referre

VLIW processors include a number of internal operation

units and so are able to simultaneously execute 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 micrcprocessors used in
consumer appliances, however, it is impcrtant to suppress

the code size of programs, so that 255-bit VLIW, with their



stated technique, with Fig. | A showing the instruction format for

simul taneously indicating two operations and Fig. 1B showi ng the
instruction format for indicating only one operation. This technique ains
to i nprove code efficiency by including a 2-bit value in the format field
410 that shows the nunber of operati@ns in each instruction and the
execution order. The indication of a maxi mumof two operation : y a single
32-bit i nsighciioidehosveve rmo-tges atotoradmseveica isufs | (dieerdideftee of
parallelism There is also the problem of decreases in code efficiency of

i nstruct i ohbewheh perdor'oRy lars topetdone ) ugindg re scditstantpddratceideceeds a
given word | ength. As one exanple, when a 32-bit constant is split into an
upper 16 ©ffisCcianry |aferfaps fixoms igleatlhat it can be set into registers, two
32-bit instructions are required just to indicate a_”. operation using this
constant _ - 3 OSEVOKRTPAE PHE2| M%’]E'NTPOQIC?F\EOErEgéHt eKAGERESon provi des a
VLTW (Very Long Instruction Wrd, processor for decoding _and executing an 5
i nst ruct iV PR HRS WddE Fef8EAEE FREFE ¥RBdateNebRt 18nd2BpBEEE.I on fiel d,
of which _the format field_includes a f de, the VLIW processor

conpri si m-+%a CkECoGér et fPP %CﬁE&Sﬂi%@égﬁ@f r et PtddESFRAME AEE10 f or mat
field an ei ng_li cati Egba t¥§e (S)f .9 eratiL(_)ntLiln ékpe o] erati]ﬁgwfi eld, and for
decodi ng “CRE"S5efalfP6R PrargPh e ARRAE? C3pecitt et by (he "t DhRSFSBher ati on

i ndi cat e@owgkgsuégﬁg%@ﬂ?ﬁ; 1 200 A0 LXECUAON U L L EXECULNg an

operation indicate e oper i n accordance w decodi ng

result pegduesdeby 1hgi H8R0LEN¢ M dne NG JHLSENL i Nnvention further provides
a recording nediumrecording a VLIWinstruction which is to be decoded and

executed by a B4V PIOCHRSAB SHS \HeWiindsiridatiionn fAdmancladivye 1~
fQ'P1~?t f i Pi~hc"WIY?r-~' afnr,mat rnrlo tl-i~r dC~i.C~c.. .. ~y
tl ~ G oftepedatecmmiqueachitdf Kine dA mdvoevioyetatel dmsttrelads;orand t he one or
nore operation fields which each has a value to be decoded by the VLIW

pr ocessoforma tactor daruel viidoutly ASdiypd idgf itwed opg riatte oher rmtd ¢dde. The
present invention further provides a recording nmediumrecording a VLIW

i nst ructiBrs k@t i Bhe o i Weddgad fagmasx deut eadbgasivgl wWigvoeessor, the
VLIWinstruction including: 30 two or nore operation fields including a
first ofRHMAOPTi el ichdesnedG8Rd 2oPer 4Pi SRPFPERJICCRRePEILACLRBCK I st

operat! 9 Ukt i ol acne eneLaLLon, SOde LRt 3RSl LGS RIS O
mere OPEHANAS 3 d Nhuped ©2CRLEREEE EXsd2h a0 P USEA L Dok N2 QRELRLT ON
execution order.
The indicatiocon ¢f a maximum ¢f twe operations by a
single 32-bit instruction, however, does not achieve a
sufficient degree of parallelism. There is also the problem
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 16 bits and a lower 16 bits so thaz
it can be set into registers, two 32-bit instructions are

required just to indicate an operation using this constant.



-3A The present invention further provid decodi ng/ executing nethod for use
in a lnstruction Wrd) processor for decoding instruction that includes a
format field operation field, of which the format field code, |les an
irnstruction VLIW (Very Long and executing an and at |east one includes a
format the instruction decodi ng/ executi ng nmethod conprising: a decoder step
for decoding the fornmat code in the format field and indicating a type of
operation in the 10 operation field, and for decoding the operation field
in a manner specified by the type of operation indicated by the format
code; and an execution step for executing an operation indicated by the
operation field in accordance with a decoding result 1~ produced by the
decoder st, I rtaj diments of the invention, since at | east
one opereééﬁﬁe%%ﬁofﬂgﬁgngﬁyggf can be indicated by nerely inserting an
operation code without an explicit indication of an operand, the word

length of insigyct 'b%geg_en bevanf edicedrofSads M esul yrr@ Vi Wpr 08R30! t hat

executes instructions of conparatively short word Iength, but “whi ch“have a
hi ghly effisirest 108d' S ucPiPec$3PY haP s il iNheratli ST an

si mul t aneousiyicndhcatted | sndlahicaved. fdemar o ivlnbesin®f abi tepacuphed by
the operation, _code_ 10.i,n e first eration fie may. be equal to a nunber
of bits (?c?(?l}:ﬁitéanb§lﬁl1ce1’o%grvevl%ll%frsll %ggeE?ﬁm{l}%egls%ic%nhn%%)%?% i%n%?frﬁt&. As a
resul t, a&begperation codes that are included in an instruction will be

conposed of thgesaﬂgwngg@@ésggr Ridnprikanahi ch sinplifies conponents such as
t he decoder ci rc%eits re, i

t he |n%tru tiontﬁgy i.ncl ude three operation
fields, wherePn FIHMGd BPeFatiBn PPEPALRR (€ t APEREbp&TAS oAt i 1%s may
occuphd a fsanetnuirbelrd ofanki t $ndiscdthingeeondypperat | @pefria¢lidnandn mghe ncl ude
a conbi nat.| o] opeY, t'ggﬁ : 5L, 0 er.an t he
VLIm/prog%SggFQ ﬁr?%ggying?Sdﬁﬁﬁé(% tcfggfdgggdﬁéaiﬁﬁfénmE?gggdégo es, when
an oper af'poReEogeerd fppdsont e theP’ het doBpERraE PBNninPiERrESAt B da ati on
code in tthemhbi ¢ddeopesraiion field; and a third executing unit for executing
an operation indicated. by the operatl i.n the thi.rd operation field
on data mhicha?sefg Pgé %degztt%groﬁgggﬁggggna@hémFﬁﬁféquéfg%f@ﬁe eld, in
accorldanb¥ Whehorpegatddnngiredulin efcendanfier Witdbcadidegodiing. rAsudtresul t,
a VLI W pposassed W tdha dlcPaedegnee .of parallelismwhereby three operations
can be sinultgneousl %rfornedtcan b achieved.\ﬂgie t he first executing
unit may conttof a‘”%%‘ﬁeftnr ol FVEH6P a progrem M kASTH tthe HSTSEAIEHi on. As
a resul t mediancheoped atg oas VidiNchirgd muict inor malilcy riequie eba ldazcgdedunber of
bits can,be asgigned tg,a §hqmnpp§g%t5bgeo§:,j el Ghe THiSWTEARS 130 LASHI uCtion

set wiith high cone etticClency can efi ned.
20 incTuding:

a format field having a format code that defincs

1]
o
<
!
)

of operation in each of one or mcre operation fields; and
the one or more cperation fields which each has a wvalue

to be decoded by the VLIW processor in accordance with the

|80
W

type defined by the format code.

The present invention further provides a recording
medium recording a VLIW instruction which is to be decoded
and executed by a VLIW processor, the VLIW instruction
including:

30 two or more operation fields including a farst
operaticn field and a second operation field, wherein

the first operation field has only one operation code
that specifies a type of operation, and the second opsration

field has one operation code and one cr more operands that

(¥3)
2

each specify data to be used in an operation.



Here, the second executing unit may control transfer of the data that is

i ndi cated by the operands included in the second operation field, and the
third executing unit nay control executes an arithnetic |ogic operation or.
the data that is indicated by the operands included in the third operation
field As a result data transfer to and froma:: external nenory can be

i ndi cated by a single operation in an -6 instruction, so that the operand
access circuit that should be provided in a VLI Wprocessor can be
sinplified. Wth one enbodi nent of thegai.nvention, when it is necessary to
put meani ngl ess code into an operation field in an 7 instruction, a
constant that will be used by a different operation nay instead be

i nserted, so that VLI W p or_C eal i for_ex i .
instructions WEFC %ﬁﬁ#gmé ﬁﬁgﬁéﬁﬁge g???@?%n?§k§§gﬁftéﬂﬁagﬁggkg%F§o% short
wor d | engtasodiapéexepet ingt rmgtliash dlPgo nael udes a Mdfat (Veskd FerBuding a
format codgcifidigahi nbrehet hescofdyr areendaitidiiry | aat adkddutlibg fikst
operation field and whet her aonly a const ant %s l.ocated in the second

oper at i ot "FEEMGE1PRe SR FW or® f GPEHBT iﬁ@ﬁﬁhi%@g gt dSfEC d¥ddi ng
uni t for ogecadiog Eheldor ofit wioddle; tlsendf @rmaonst 2entd stwe hgdesin t fdonat
extracti Jwhen a decoding result of the format decoding unit shows that
only a constant is present in at |east one of the first operation field and
t he second op&hatioatfietipn dacadsnegy sHecirhinfeMeRBPE uEPTRRL B st ori ng t he
extracted congt adcodhs ast@sulfior casss@MS RhrCedoiRaan ey athondd el d can

be stored in_the constant, storage unit for use by an operation in.,a |later
i nstructi 855“‘3&0 %Jhegtdsdggfieajs%%lﬁtlcn&jeaef%Y eiaenoc% ggﬁrﬁglgf}oi Hédrléj\?en when
handlidngoperst aen sfoeld, cenparfati vidapdiogg i dopergt fomsFhgldnsgtr ecti ons
of a conparabiveb¥-$ROE ﬁ?r dHeeNgide dler gpethei bQr riraaiéaeéé,b?h%hfé rst

e opera

operation field, th eration. code in the second operation. field, each
operand £RTPAE SXondBberation field, the operation code in the third
operation fiehd, ereduehan spepafidri ekectitiflgeatr icgedrapanat iionlichiceldd may
each occupy bi Lh. theci ructi ith.the.s .constr ion, all
of the f?glégetﬁ %régﬁégsgigﬁ&i%gt%gg?f%%nﬁévgl%ﬁeasg%%%%ﬁggngﬁgggkof bits,
whi cHlenabPeuesrd Brhttdienalecedeeurt§Pof the VLI W processor to be sinplified.



Here, a VLIWprocessor may 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 fields in the
fetched instruction and each i ndependently execute an operation indicated
in the associ ated operation field in parallel wth each other; the VLIW
processor being characterized by the n operation fields not all being a
sanme size, and by L not being an integer nultiple of n. Wth the stated
construction, there is no need for all, of the operation fields in an
instruction to have the same word length, nmaking it possible to define
instructions with high code efficiency. As a result, a VLI Wprocessor that
executes instructions,of c aratjvely short_word. | ength, but i ch have a
o ahl'y ef 11l o CEOR810t FRODRF BEtbY T Rie The PR OhUE A FLIRS el Base

si mul t aneous|gperadiicat ec itheachiseved.t ider eann beaylnodl Gt by nmayréey32. The
stated c I o) eald Z&S; & V. p rwt

par al | el ﬁg%hl#g%gb%r{ h(%l)eée oped?nat %’%ér% g, g{%ég?e a\gﬂpe%@iledlgﬂygggg?%%?%nsz bi t

i nstructi®¥n 8an PREFINAM t dhou¥Pypeltrfittied ©f drRErECtaCRENDERN ofPB®per ands
ibnc:jgglsfad Aeduatadl eaStAn%n% ogeéau'tondii g!rmltmﬁpr@fcetsaarn Oﬁ%ﬁﬁaltéﬂék_:xiﬂ@é;]ds may
e different _to a nu r of qperan i n.other operatio i S i,n. the n
operati o&“fsgtéPSE?OWt ﬁ%t 1 EPEEE Vgoxstsrhl%tti o“r'ﬁlpcfhg(rare]gpg’ n(;%u%ee“gufcc}? every
oper at i omafveel @ iigin Y neffactieoh tecdmvethetyage aanbehadf spam@ids, so
t hat 'nsfoag%wané%éwtﬁe Vd ftrfh 13 @090k 8Q: Oht £QdEs ef dh LGNy can be

defi ned. re, the n operation fields may jnclude at | east one operation
field conpose%eﬁ?' ol VUEReSp&ath o ¢ pd‘rﬁffalf’yl Eg§t OBF&E AGPEFatGWE fi el d
conpodediaf tae ofiersd | operadiocrandialdl eagt mneegpel and. AN hbmbbe stfat ed
constr ”CE&E’E.’ &Q?@%‘%%g%h@‘o de L EAGEALL S ;s shegkersdan téb%r%%ﬁ%n"me”
every operation e I'm an inStructron contains a combinati-on of an

oper ati ohi€dde and operands, so that a VLI W processor that executes

i nslt'rucéli ons aki ghrhavetra hinghlopefdfriieohemodeedeleansireicihenupaa be
realized,

an instruction will be composed of the same number of bits,
15 which simplifies components such as the decoder circuits.

Here, the 1instruction may include three operation

fields, wherein a third operation field in the three

operation fields may occupy a same number of bits as the

second operation field and may include a combination of one



In certain enbodi nents, the present invention realizes a VLI W processor
t hat executes instructions of conparatively short word | ength but which
have a highly efficient code structure that all ows several operations to be
specified by a single instruction. This effect is especially noticeable for
enbedded processors that process nultd nedi a data. "I ~ BRI EF DESCRI PTI ON
OF THE DRAW NGS These and ot her advantages and features of the ~n-invention

will DecoEB.appaseniodd omdhe: fallanida deseripliand heneoh dakend.n

conjunctioh wth the acconpanying draw ngs which illustrate specific

enbodi Mentsy ofi e £ hend NV O dH AdQieaMingIsnikl gnilh aBdoLBsShowen
instruction formats used under the prior art, with Fig. | A show ng an

instructi gn &9 radihereid We QReIsRhitons ahe $hiwbt apeeush¥ni #diegated and
Fig. 1B showing an instruction format where one only operation is

i ndi cat edthdi gpe A iSO de e of iteled tot bUCHPEE2 0L 0ANFE BEHF UShHOR thakdi S
executed by the processor of an enbodi nent of the present invention; Figs.
2B to 2D sshontsing eeritt ypes eafecnshguehi opefat et , imdt da e g. b2Brisbow ng
triple operation instructions, Fig. 2C showi ng twin operation instructions,
aid Fi g. @¢ershowinngosienghe thpetat kdnopasttiet i Hisld Ry.d8ca swiai ¢labl €
showi ng specific operatino that are indicated by the three types of
oper at i orirgdg@tedcoy, thepprerands"or ghe thiwd perafsxah IfieldyS.in-B t0 GDi
accordance with a decoding result of the third decoding
unit.

As. a result, a VLIW processor with a high degree of
parallelism whereby three operations can be simultaneously
performed can be achieved.

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 assigned to a short
operation field. This means an instruction set with high
code erticiency can be defined.

Here, the second ekecuting unit may control transfer
of the data that is indicated by the cperands included in
the second operation field, and the third executing unit may
control executes an arithmetic logic operation on the data
that is i1ndicated by the operands included in the th:rd
operation field.

As a result, data transfer to and from an external

memory can be indiTated by a single oreratzion i ar



Fig. 4 is a block diagramshow ng the hardware construction of the present
processor; Fig. 5 1is a block diagramshow ng the detail ed construction of
the constant register 36 of the present processor and the peripheral

circuits; Figs 6Ato 6D are representation of different_ 11 nethods for
storing a constant by the constant register control unit 32 shown in Fig.
5 wth Fig. 6A showing the case when the format code is "0" or "i", Fig.

63 showi ng the case when the format code is "4", Fig. 6C showi ng the case
when the format code is "5", and Fig..{§6D showi ng the case when the format
code is "2", "3", or "A"; Fig. 7 is a block diagram show ng the detail ed
construction of the PC unit 33 of the present processor; Fig. 8 is a

fl owchart, show n pr.oc dure hat I 3 bit_const Fi shows
an exanpl @S5 U§° gPogr g %ﬁgtt S tCiPeer%?lesen psr%océesscourlq:ex@gatf %‘% AL

pr ocedur éespowwidadFiy. a SYLIFigrock®sioy gani kengivhaifiefowi ng t he operation

of the present; BROCERS Ol e WS RXRCUNg chie proghamahowpnin Flg. B Fig.
11 is an exanp Il rogramthat has t he present processor execute a

procedur életcﬁ%aﬁénEIPeEu'é TSaB?’tlgjc%‘?’l%t%ﬁﬂe FIEC 1A IpRREE 1R Fietd i
definigiem of instructions



that are executed by a standard processor;

Fig. 12B shows the instruction

format of the instructions shown in Fig. 12A; Fig. 13 shows an exanple of a
program that has a standard processor performthe sage procedure as the

program shown i.”. Fig. 9; Fig.

14 shows an exanple of a programthat has a

12 standard processor execute the same procedure as the program shown in

Fig. li; Figs.

Fi g.

15A to 15D show nodi fications to the structure o the

i nst ruct | Chist Axacdred Dyedha add Hthay 96essek ofsebheypresertreirkent i on;
16 shows a nodification to the hardware construction of the pr esent

and

pr ocessoroddr £l endyhe rexecud ben iafkethed| nsbr gatizoa ghownpirBcEsgsr15A.
DESCRI PTI ON OF Tii E PREFERRED EMBODI MENT An enbodi nent of the processor of
t he presefdn ivwentdldrdds fdesexicbadibel awswrtihtieher ehtent hatrbeaf hgghes. In

this enbodi ment, the expression

"instruction"

refers to a set of code that

i s decodenbdene féxedeney uyspheephegéng pnbgeesehostnubranbemgty.and in

parallel, with the expression "operation”

refers to a unit of processing,

such aS aP r3THarehnmehk _EhsnryGtashimhs@ impliden a founat Lield ~. - -

7.~ .. t, a fuiij

ici,

or a branch, which is executed

by “the pﬂ@géﬁﬁ+pgoée§9ematncgéea}T@4ca%EP®wW¢e%ﬁﬁﬁcpﬂlﬁaQxﬁnﬁSMﬁnﬁ1

i ndi cates each unit of groce55|n
is located in t

constant is located in the second operation field,

processor further including:
decoding the format code;

extracting,

e first Operation field and whether only a

the VLIW

a format decoding unit for
and a constant storage unit for

when a decoding result of the format decoding

unit shows that only a constant is present in at least one

of the first operation field and the second operation field,

the constant in the instruction and storing the extracted

constant.

As a result,

constants placed in an operation field

can be stored in the constant storage unit for use by an

operation in a later instruction,

SO Thar decreases in code

efficiency can be avoided even when handling constants of a

comparatively long word length using instructions of a

comparatively short word length.

Here, the format field,

operation code in the second operation field,

in the second operation field,
third operation

operation field may

the first operation field,

cccupy n bits in the instr

the

each coperand

the c¢peration code in the

ucTion



IFnstruction. For~:at First, the structure of the instructions that are
decoded and executed by the present processor wll be described. The
~~esent processor is a VLI~yd :rccesscr tha= 13 decodes and executes
i'nstructions with a fixed word length of 32 bits. Fig. 2A shows the field
structure of an instruction 50 to be gxecuted by the present processor.
Figs. 2B to 2D, nean:ahile, show sixteen instruction formats. O these, the

instruction forpats ikReFis@atdB shAWLiapeoys) Yalndheadite tAr e 0PEEALT ONS,
the instruction formats in Fig. 2C two operatlons and the instruction

formats i rdnipdse2@naisishghetr9per ahi@nchdhksmé nstfniet i On B0 has, g £1i xed word
| ength of 32 bits and is conposed of eight 4-bit physical fields shown in
order staehiangekr @ret hatWbBal Mostc Sl gai bt cond Bily o 4bfied bdl, PL.0
field 52, ... P3.2 field 58 in Fig. 2A. O these, the range fromthe P2.0
field 53 samphefP2d2 field 55 is called the first operation field 59, while
the range fromthe P3.0 field 56 to the P3.2 field 58 i.s called the second
operation fiel dﬁﬁf)e ya VLIW-pro@ssor THy 'incdudea v féteh nnic Fom ; ~~; ys
t. ~ 0. c" ~ ca ~.es a constant, and depending on the
oper at | onfehchhm@hathT@lmgécﬁtltuﬂ@-Qfarﬂ@é 4 nedmsieisc ncopstramt.oor a
character constant such as an i nmedi ate, an absolute address, or a
di spl acenEheldTheandgerrPeraiianepradentdiish Gper a8cbnagsdeinhat whthcat es
an operation t while the | egend "Rs" indicates the register used as the
sour ce op%r‘ahﬁgem@bﬁ' Tfe Orfegﬁl"seté’r opsEd taont héeddst Lnatpentepehadd, and "cc”
an QOperatjon code indicating a branc Biratlon that uses t:”". e 14 stored

val ue of ’an%tpréjﬁtdtci“ze;’d‘ fatﬁ 1 éiﬁlp?f‘ PR5-¥vPEBEVER ?%eo%?’éé*éh?nprocessor
(the consta st er,_, 30 S¢ th absol ute res

el at i ve RHEEY dreiricananty Sor taoBraathoRe st F R TR e e %

val ues gi k I f t d b Hes that are
used in teﬁgcmo%letrh%ﬁ o%n%nbgl&tﬂhg%oeﬁgg?fr§(t§£%%e§g??%n % Z{%W et he second

Operatlor&aérealtqo@tOfléadgnﬁo@Xatrpl BeihQrat Hemd nstzdictin ﬁfrﬂ@t with the
format code "6", the 4-bit constant "constl" | ocat’ed i n t'he PI. 0 field 52

and t he ﬂ;—eb_lnfg ganshaeber cgﬁ;@u"léoggtgd inthe P2.1 field 54 are conbi ned
to forman 8-bit constfant that is the source operand corresponding to the

oper ati on codewiepl thefsthesdissisoperatdron tfHiedded 139 noThe egomst-agt 1" const ™
which is not appended with a nunber represents a constant to be stored in
the specpdl thedoB2rbtionefisids jm omi detstimdtierprteséatveptoeesane (the
constant register 36 shown in Fig. 4). As one exanple, for the |Instructzon
rormat WWeRdzRengbReRakbee 1UROIHD LR HIC dediseannstEsasionsorated i n t he
P1.0 f|eld 52 inplies the constant that is to_be stored in the constant

regi st er 138 \Nﬁ?e ?Eftﬁ"p?’?%ii'tlfsi fitedr B gLy QHS%SEBECFFFE exanpl es
of the oger 2L ons_ t hat can be | d| ca ed b the three klg of _operation

code " Fo  TARG B0 i e TR GV £6°5b. ®¥Bktations are
descr'begutnwgfcﬁjﬁa&g é’ﬁﬁghly efficient code structure so that

several operations can be simultaneously indicated is
achieved.

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

The stated construction realizes a VLIW processor with
a high degree of parallelism whereby three operations that
are specified bv a single 32-bit instruction can te

s>multaneously performed.



The 4-bit operation code "cc" indicates ~~P o~i'-_ of _ 15 si xteen types
of branch instruction. Each branch instruction is specified as a branch
condition and a branch format. Exanples of branch conditions include "equal
to ("eq' )", "not equal to ('neq )", and "greater than ('gt')". The brand.
format can be a format where the stomed val ue of the constant register 36
serves as the absolute address of the branch destination (deno~ed by having
no "i" attachedid:@ t he durgleruclsi @peFRaABNEG;]1 vBRdaihoRRBY oWher gnkhe stored
val ue of the constant register 36 serves as a relative address (denoted by
havi ng "idpetd @icdieck 1 d et RSt kuet in0BpERAADBNCFieAGsOnayexanpl e, the
operation code "eq" represents an operation that branches to a destination
i ndi cat edit frentight aksal wiebaddogsspagantienia prreedbpgraonpar esendéi nds the
conpared values to be equal, while the operation code "eqi" represents an
oper ati onr hate br apehratiba didedsination indicated through relative

addr essi ng when a precedi ng conparison finds the conpared val ues to be
equal . The 4-bistitbpéhandtaoed"” comnt bectused, tithe melicatme aresd ifidyretic | ogic
operation, such as any of an "add" (addition), a "sub" (subtraction), a
"mul " (meeinyl opatrasapp dheldndl £hopetdudNDn Wy have orife (dad cal OR), or
an operation that is an inter-register transfer, suc:-i as any of a "nov"
(transf enugbegopd CB2rBNEY. da® ajhata WOV FHhsTaamag?s il thwer diddt a, or a
"nono" (tra”~sfr of one b.,;te data) . The 4-bit opera.”.d "0~2" can be
used to PRAFESt efafi9de-eTTLEl oY £3% PSS TdNSy=c operations or
inter-register transfers that caa be .indjcated.by. the operand "opl", but
can al so bs usBtFto FiNdiRAREH TG sftlgagﬁef?t?ryy J‘PF&H@FeF%oﬁéPﬁfi SEesuch as
an "1d" (load of ope r t r ry intq._reqisters) _or. ap "st"
(store o%’pgﬁ%t\l/\%?dgﬁ%ﬁ ?%rgpgosfreec{n@?fyof%ﬁ ma)rﬁegcflr‘a’s(??“(?rtg)%.n ‘Fﬁgecﬁﬁ?aégeri stic
features h i : 3 , I Lgs ~R2A cri bed
bel ow. Tﬁggf’%%m%i%%‘ﬁ%%l%noﬁselgpf—og‘:&?s?gr %aq?wgoggeghg%oépg%%i gellgét he
format ofrthesdnsdfaicdionm0. Mre specifically, this P0.0 field 51
specifies one of the sixteen instruction formats shown.in Figs. 2B to 2D.
The P1.0 fiel dvi%h ithea ftiagled Bohdsrace0Ba} athe Of nafr@Pei &t i visrLode for a
branch operation. Wien a constant is located in the P1.0 field 52 (such as
in the insdgtictiorshodtdr tthenf ahratasedesetiOtyet ¢ " opanaltidy f£fiel'®") there
are cases where the constant is to be stored in the constant tC~JI Ster .70
~3Li C ~'in a8 |imatinuCtiiesi conitainsvai sompihathorrof antopexadiantirLd ~.

codes "0", "1", "4", and "5"), and cases where the constant forns one part
of the opEfaridd wREFEnCsrsECopBiht RoRLEY PEHOSDS T t Hed S etiftR tGiFer at i on
field 60 (such gs in the instructijons wth the forma codes "5", "7", "8",
"9" and M BYUCHARES ReCBoneVant FhIthe ?’%JOCJF‘?%? oc%‘sf i Lo ECFr ed in

t he consjtaan:]ber egister 36, there are cases where only this 4-bit constant is
stored (it (RRARE S

as T~ t=le instructions with t'~e format codes "0" azd "1"),
Const ant | ocaPel ot Rkl KT P s 6P SETBh TrETs 5" otk HE S cond
Opgr?glnghi%E@c@@s@%uﬁhaasekécﬁfﬁéiiﬁ%ﬂﬁﬂ&ﬂﬂﬁﬂ%\MﬂftdﬂﬁéﬂalﬁﬁﬁﬁyCOdes " 4"
" short word length but which have a highly efficient code

structure that allows several operations to be specified by

a single instruction. This effect is especially noticeable

for embedded processors that process multimedia dacta.



« Wien the operation code "cc" for branching is given in the P1.0 field 52
(such as in the instructions with the format codes "2", "3", and "A"), this
i ndi cates a branch operation that uses the stored val ue of the constant
register 36 as the absolute address or gl ative address (displacenent) of a
branch destination. The first operation field 59 holds either a constant or
a conbi natigarpf fakcanropenabironrpeodetyansisndi cati ng an operation, (~such
as an arithmetic logic operation or interregister transfer) that does not
involve data transies beiweant hesnesenls RHECESSQE,,and fthe periphery
(menory), and (b) source and destinati on operands for the operation. The
second opergtd ammféet obOwtab hetdmbhepsarent- fromf the- £b2ldwing- @ - ..

~:. ~,-1C~.J .. .. . L .. ..11 ...... L., i ~17iWd3E@i1~ aJ
LWC. ~' . ~. ldeHgrig>+i i avver ddEW akenuGa~ceyjulst 1ol ah¥YNG-htalll can al so
alternatively hold a conbination o~f (a) ar. operation code for indicating
an operatioﬁCGGEEhnHSHQE@DaWr@gﬁsWhﬁcHrﬁmrﬁbe&htbh@gehafqbv%%hggg% trapsfer
bet ween the present processor and the periphery and (b) operands For t he
oper at i on. oFhéha&bdve cadsiqgnnentn dfhealidfasriaras operation types to certain
fields rests on the prem ses for tre present von D eumann-type processor
whereby it is n.btdneédsgary 1fo Shopg 1FE6EESs 1oRo I madrse Wrethcmaper ahkons
si mul t aneously, and that only one input/output port (the operand access
unit 4D shBRACEn2ELe. WAYFDf SOt dAsFPEOMLRG Sperl@fdd Ut isirovi dats thethweea t he
present processor and the geripher% gnennéﬁ)n The instruction formats shown
in Figs. 2BYPoCBBFRAVEIFhETFoPEBI NG ERPALt ePFSFREFedrdr d29 Filkst, by

focusing o e const . vl n e t t here are the
fol | owi ng %%égén y%%sfg%tfﬁgpgégtFS%m%grwgggéi§§eaggéxsggﬁfaiﬁophésconstant
regi ster 38.4{ddMen the format code is "0" or "1": In these instructions,
the 4-bit constant located in the P1.O field 52 is stored in the constant
regi ster 36. (2§*9herrh h€hPyEnditheodéeld. "sfmudtmnehi sfi rest r uektengtack6- bit
constant | eratedd nestdwndda Opfi ehd 32-d@ 2 44 ehd 3o kpred 4 n.phe
constant r %%§£§E 36, AB) Wen the format code is "5": i C1 tl?lltlglolJ ch
I ~

| S~rllCL 1672 0| ~~dlii. Iv~a~.CC1 LI1 t:1C P1.0 field 52 and

the P3.0 field 36dso B3 Zd iZdl ¢IE8 isixteered vipes e corsstrantt reagi st er  36.
Secondly, for the present prccessor, a maxinmum of three operations can be
i ndi cat Jd fiym@tsi MgIt& iFistr & iS¢ idied Gt Plehiop edadd ora sl nesdrr Uit iseeny from
t:~e triple opgrat'on_fornats shown. i 2H, either of the fol 1

nd Fig. 2D

Fi g.
LN LA G FEBr nBEn R e S ol B SRR TG LT ad S AR e ke, 27

showing single operation instructions;

Fig. 3 is a table showing specific cperations thar are
indicated by_the three types of operation code, "cc", "opl",
and "op2", that are used in Figs. 2B to 2D;

Fig. 4 is a block diagram showing the hardware
constructron of the present processor:;

Fig. 5 1s a block diagram showing the detailed
censtruction of the constant register 3¢ of the presenc

rozessor and the peripheral circuits:



19 (1) One operation that sets a 4-bit constant in~o the constant register
36 and two standard operations (wher. the format code is "0" or "1") . (2)
One operaticn that perforns branching using the value set in the constant
regi ster 36 as an absolute address cr a relative address and two standard
operations (when the format code "2"qor "3"). As described above, the
instructions of present processor have a highly efficient field structure

that enableesocdsmdormyBoaiingheeeocaperati ysthe benstauttasgoysty indicated
by a single 32-bit instruction. Hardware Construction of the Processor The

har dwar e ceagbluchian 3af shhenpiesent.pbpcesshrrig. descshbethdetion. Fig. 4
is a block diagram show ng the hardware construction of the processor of
t he preseatei whent ithe. fAsmdescodbeilsabolVeprt hi%, pFogesédrshevin /LNy
processor that can execute a maxi num of three operations in parallel. The
constructasna whenhthpr 6cemgbrcedn be Y élightyg di &¢ detbwimta the igester uct i on
register 10, a decoder unit 20, and an execution unit 30. The instruction
regi st erwhenj ghe 3orbet fedesiar”hatard ofes. offe shmstingtthen calsat has been
sent from the 1.7 S~ru~".~1CT: ftG: ~ .. ~'. 3Q. 20
when the format code is "2", "3", or "A";
Fig. 7 is a block diagram showing the detailed
construction of the PC unit 33 of the present processor;
Fig. 8 is a flowchart showing a procedure that handles
a 32-bit constant;
Fig. 9 shows an example of a program that has the
present processor execute the procedure shown in Fig. 8;
‘Fig. 10 is a timing chart showing the operation of the
present processor when executing the program shown in Fig.
9;
Fig. 11 is an example of a program: that has the
present processor execute a procedure that handles a 16-bit
constant;
Fig. 12A shows the field definition of instructions
that are executed by a standard processor:;
Fig. 12B shows the instruction format of the
instructions shown in Fig. 12A;
Fig. 13 shows an example of a program that has a
standard processor perform the same prccedure as the program
shown in Fig. 9;

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



The decoder unit 20 decodes the instruction held in the instruction
register 10 and perforns output or. control lines to the execution unit 30
in accordance with the decoding result. This decoder unit 20 can itself be
roughly divided i.nto the format decoder 21 and the instruction decoder 22.
The instruction decoder 22 is conposed of a branch decoder 23 that decodes
the "cc" operation code held in the P1.0 field 12 and controls the PC unit
33 accor ditregldg rda piriocets soperaeronedeodesn4p rpaeddeeodes thhepopgrati on
code held in the P2.0 field 13 and controls the first operation unit 37
accor di nghpwnand &igecohd operation decoder 25 that decode$~t he operation.
code held in the P3.0 field 16 and controls the second operation unit 38
and operand ac€ég§-uhPd 20 heRoFRRNJGISAL I Hitatt AddtRiet t ucHeEDdes t he
4-bit format code held in the PO.0O field 11 to identify the instruction
format VicReLippErupFigysrexacytad by §ng V&éwrﬁ%sﬂ%‘é LB 11rv. I ~i W
Le~1: 71~Cl 1V dJ,one of the sixteen possible instruction formats shown in
Fi gs. 2BPEESSB- FRVELELTUarf  with the decoding result, the format decoder
21 permts or prohipits decodi ng,.qperations by,the branch decoder 23, the
first operatioﬁl%edg%éﬁmﬂﬁ,Qaﬁﬁgy%pcggéSHd%SpéPatﬁgﬁgwaégoder 25, and
activate | St e fr it 32 _af e.ex LQn it 3~. The formt
decoder §i§9?ﬁ%§§ﬁ§§m:f eco g%s% F Pﬁéc FF%? 3%e§§?%%% éggbder 24, and t:-~e
second coesalEh deCOdRY 1 nsdk 25 ibundapent akl yidecedg one operation in one
cycle and send control signals to the execution unit 30. Here, the 20'-brt
constant signal line 26 that ccnnects the instruction register 10 wth the
execution unit 30 is a bus for transferring constants and operands | ocated
in the instruction register 10 to the execution unit 30. The execution unit
30 operates according to the decoding result of the decoder unit 20 and is
a Cir CUIDEIARNMPTIONc @pallfHE SREEXRBUDI RBGDIMENTIUM of three operations in
parallel. This execution unit 30 is conposed of an execution control unit
31, a PC unit AB3enjordégientepfsele Froceigantohparatimgsantit 37, a second
operation unit 38, an instruction fetch unit 39, and an operand access unit
40. Qut igvenidogcisoABRESIPRdt PRl @% sttth off RN, tQ Hd e ofisI¥ 1R i ons of
the register .control unit 32, the PC unit 33, and the constant register 36

are shodm ithigr EZPEALEBEEI | Fhf PIRFGIHE drdii Mg t+Ph2 %55 119 \A i
CGii.i_ul uiti~_ ~i ] G~ Ll C~=n~t.dl_t cortrol circuits and
W ring P& (%nf:PSFI F%ﬁégctlh% é:%cfr%d%n%natnsd neuxne’r?glrtgc# %3’ %51848)rier§et e execution

uni t 30p268860000510, 1 DEAREO) Nhd a3Hlda AN 11e dagadeneunit 20. This

executi bn *control —unit n e conponents that are normally

provi dedxbRe8sPEACCSSOF at SUPN ASF LIS @ S uhek bifMpRgceartingl,, sqparation
perm ssion/ prohi5ition contro' , status nmanagenent, and interruption
control asaanwetiriasethe @onstant,r egilsker epeteabion,, 4. £x32swhi-¢ch is a
chara~~eri.stir. 22 conponent of the present processor. The constant

regi st eprcanbrahcuniwhi3 per feremsitednbyolthgoprhaens progessérbih _ const ant
"“const"” held in the instruction register 10 is stored in the constant

regi st ePaBsl bakedd vrifdidiscatticof§iegicpd BRifRelngifratedetaddrurit The PC
(Progran1CDunter%,unit 33 operates under the control of the branch decoder
23, and®bl@RESSIHY address in an external nmemory (not illustrated) of the
next instruction to be decoded and executed to the instruction fetch unit
39. The instruction fetch unit 39 fetches an instruction block fromthe

externa}, neppry; {ngt, . llustrated) via a 32bit IA (Instruction Address) bus
and a 325%?T4#%%TTﬁ3f?ﬂttiop Data) bus. The instruction fetch unit 39
stores the feliched ingt cuchiben bl 9ekehd s Al&F N&ls il ¢ ugtd on cache and
supplies the instruction which corresponds to the address outputted by the

PC uni tde3de® tdnde eixRetieat bontreghsé86ndlbrocessor will be

described. The present processor is a VLIW prccessor thar



my ,*n~* a-r,r nyt 7~' .. .. 7t F Fy Mni i ~. '~-J~Ci .~L .JZ
i J~vi ~~~VJGI.AVL111LCC11JG-1.) 1L general

regi sters 35~and one 32-bit constant register 36. In accordance with the
decoding results of the first operation decoder 24 and the second operation
decoder 25, the values which are stojged in these sixteen registers 35 and
30 are transferred to the first operation unt 37 and the second operation
unit 38 wHetedan eperatecntds iperdfmrareidbror wal dreranatiizesd wdde Malgas are

al | ok~e~d to pass, before being sent to the register set 34 or the operar_d
acc ss unbf 3228i¥€. Here, in addition to being used in the operations
performed by the first operation :nit 37 and the second operation. unit 38,
t he val ue storedtign 2hehcosstant frieddsisérugsucanodl o bestransfiernrd to tre
PC unit 33, where it is used to generate an effective address that is used
as a branth kRsaigritiash byTREef PrésedsePEOCEE S@Fi-t 8Z2518nt éBnakl ¢¥Di ncl udes an
ALU (Arithmetic Logic Unit) for performing arithnmetic | ogic operations on
two 32- biteapfsilsf, dioy srdta8eRuULPSprReE1fBr IpEPREEmi n§EntineFpl i £A€i ons on
two 32-bit sets of data. This first operation unit 37 is capable of
execut i ng-¥AFAGFOS FPIBREFatohlBna I?}mﬁiF?ﬂﬁ@FF%YIb@?tc%b%r%?¥%ﬁs, and
i nterregi ster transf operatio s% upder the, control  of the first operation
decoder f&@rﬂ¥%9§§Coﬁge088Fgt?%ﬂl ﬂi€°§§aFﬁté?n 9y ?%c?%%es an ALU for
perform rithmetic_logic o ' o] 2:bit. sets . of data and a

Mol i pl | SPEE RRRt of g et T b e onneo B e S MY Rt ShdRda. in
timsane he first operation unit 37. This second operation unit 38
i s capabl cuting two types of operation (nanely, arithmetic logic
operations, angnigtefsfLSiE! d0 ansf &f ORAIALINS)1 HEer JegceRkisol of

t he second operation decoder 25. The operand access unit 40 operates under
the cont kel o EbBRp&EEANSE apafral | Obi tlenpeelcald FAd dsS shdwn’ GWi t t hat
transfers operands between the register set 34 and the e:.cternal nenory
(not ill osteat edyrtiing Oper soice MSBesHMast tS1igr24i4@nitniBértnallsy Ponol udes a
buffer for storing operands and operand addresses. As a specific exanple,
when t hefopedabl crPdefidld 525 i.n -t S -R3 fieflidelS§ 1@ &R It-h@Ai.nsOFfucti on
regi ster 10, one word of data that is |ocated_in the external menory is

| oaded viBette BpRrEafEadaess the £240 ifieddore &P the Pégrstérddi ASt he

regi ster set 34. Wyen the operatiqgn code "st" is esent, nmeanwhile, the

st or ed vhfu%@%ﬁeQNﬁpﬁﬁg%qﬁ§ OG- P8 %ﬁeﬁﬁe%?enggéF SBF 34198 SfYPed in

t he extegnal Y., JThe PC unit 33 he,r.egister 4 he, first
operatio%peu% 1 §%fﬂf%g&§§30 ﬁeogéfgtkéglﬁn?? %g,Cég%eéhgh%p%?%ﬁaiaccess
unit 40 / ed~ i nternal buses (the L1 bus, the Rl bus, the L2
bus, theééé?%ﬁggptlgqsgkgds, and the D2 bus) as shown in Fig. 4. Here, the
L1 bus and the Rk.bys amergagh, consectgdna respeeti veconecof 4 he two input
ports of the first operation unit 37, the L2 bus and the R2 bus are each
connect esbriar ant, e apelC dependnegobnt hret vperapidn pantshioeh tihe isecona
operation unit 38, and the Di bus ar_d the D2 bus are respectively

connect etbado dmisucpot bport nuhethe ¢onstanperntd ophamicte7 and ttadng second

operation unit 38. Detailed Construction of the Constant Reoister 36 ~'1d
itS Per BURl7igsr ay immediate, an absolute address, or a

et

displacement. The legend "op" represents an operation code
that indicates an operation type, while the legend "Rs"
indicates the register used as the source operand, "Rd" the
register used as the destination operand, and "cc" an

operation code indicating a branch operation that uses the



The foil c~.~ing is a detailed descript'_o” of t::e constr~:ction of the
cons an~t register 36 and ef the 25 peripheral circuits. Fig. 5is a

bl ock di agram showi ng the detailed construction of the constant register
30" and of the peripheral circuits. Note here that tze fixed value ("0") 27
in the drawings refers to fixed wiripg for four signal lines carrying the
constant "0". The constant register control unit 32 is conposed of five
3-input setecddrmBa-cP e apddilnee o4 i32pbt tselkgitars 32bviabd while the
constant register 36 is conposed of eight 4-bit registers 36a-36h. Mere,
each set e ipyHeranratiepyib rdat-el sodshiehtpaeglikekrdatashbrnataor dance
with control signals fromthe format decoder 21 and the instruction decoder
22, the cRinpt dit asegihst ebsoduteokddress32rcontabivet hddeeght input

sel ectors 32a-32h so that a constant stored in the instruction regi ster 10
or zeros @iepdtagesgnitn pieacbnsnaht deegisaekoB6 according to one of the
four storage methods given below. ~r +- G- ad4.r,~ + hv Fvur r-yV-yl~ I o
~i-~r~ o ~I.n. Thei pumpricay vahaey @iven directly aftey the codesw..:vu: ~
in the present enbodi nent. Fig. 6A shows a storage nethod for when t he
format déesgaribed abPEetsheNaratnes valde 2ArePd it HAPEIETAtEE 11 is ' 0"

or "1". This . equates to. the case when Cblt onstant | ocated in the
P1.0 fiefd fétﬂgrs{:ﬁ?e LA PRE TS l‘?%‘ba%% € 5 Specifical ly, the

data than_is tore stant regqiste pwards (~o tze
left in BP Sra %ém g if% %]gum 3 4nd e[:,ha%psle,blrfb@(:d%? alrrlltsttrufg *Stlored in the

P10 T ekdrdae O Lheh DSESield %Jeeg'ét Sienk0 4-bs t% CRELaAc! NEhoyest - of der

4-bit regrs he ctonstant regi'ster hows "a”storage

met hod f%ctt@@@ trtteut@rwto dﬁceqqlersﬁlan%ett%ts;-tﬁ%t cbhgtxatuecétgtfd in the
PO.0 field 11 1s ". This equates to the case when a 16-bit constant

| ocated petyeedn Ltleul?el-@ fi &did 1} sand reheoR@iReti €bdrdbmi snSsgosed in the
constant register 36. Mdre specifically, the data that is stored in the

| ower 16chbh§saBberr3th iof thee soanskavberegdsterrdbpbsdshgftedci® the upper
16 bits 36a-36d and the 16-bit constant |ocated between the P1.0 field 12
and the #eafiel ccade dfortlie cifnsheudtiireh ppgrstéenifiebdsidred in the

| owest - order 16-bits 36e-36h of the constant register 36. Fig. 6C shows a
st orage net hodhfeocopseanthEcPafrat WHeEBdEF 2t eRRRR4ed Bt Fe val ue stored
inthe P0O.Q field 1.1 is "5". This e uates to the, case when a 16-bijt

const antPURRER GERTE SERE SPE. GOPPEF‘Bt o3RG BEPTRINR h@ﬁp §PeSARAZ8 Y6 and

t he P3. eld 18| stored.in.the nstant regqister e specifically,
t he daté% T rseg§ts édplrﬁvtlﬁgdl 6%?836pﬁe?s ROt %CE)FhS t(lh¥té21 constant

regi ster o?h6s€ %lfg%gget:oaghgh ef, 16; bi t 5, 36%338&}' i 53‘?’2 |rt const ant

Iocatedlr I"el et weén the the F3.2
field 18;0f ltnf}%rt.'&%EBHCEbQHdEeQi@n.@z’ie 190i'r§d§t&fdaéj hﬁ ,LRel QW%% or der

16-bits 36r-36h of the constant ;e;~ister L'i c~r, 4 ct~n,r n~rno |;
n~ fnr woms@anf~"tBheLT Lbcated-irr&h_e_}?ﬂro.fl_d].d _52a_imp|?1_es the

constant that is to be stored in the constant register 35

which is implicitly indicated.

Fig. 3 shows specific examples of the operations that

can be indicated by the three kinds of operation code "c:z",

"cpl™, and "op2" given in Figs. 2B to 2D. These operations

are described in detail kelow.

The 4-bit operation code "cc" indicates one ou%t of



27 decoder 21 detects that the value stored in the PO.0 field il is "2",
"3", or "A", or when. the instruction decoder 22 detects that the constant
register (R15) is indicated by at |east one of the P2.1 field 14, the P2.2
field 15, the P3.2 field 17, and the P3.3 field 18. This equates to the
case where the value stored in the c9€stant register 36 is reset to all
zeros (which is to say, the constant Tegister 36 is cleared), after the

stor ed valiygabnt hooeanstantaheni sh e 36c hag, bessonisothdys at | east one of a

branch operation | ocated in the P1.0 field 12, an operation in the first
operati onjhisekdc89oar 18Ns9PeL a1 E@Na§ Na tHea 5&C ashpera 1014 fd ed«h 80, Mre
specifically, immediately after the stored value of the constant register
36 has beebrmead obkahpleseodibtdecPEamditidhs tiesfudeste@peyiaticon unit 37
or the second operation unit 38, a 32-bit constant with the value "0" is
witten integthe, const asuakgist ernagd') ", et & grcaeevalthen n 'ighe )eqnst ant
register 36 is cleared CL.21 LAIIt] UWICV.l <UCIJi.ilCt hai. avaltiC
Wit 11 Q e \beaxtensformats cmas stimedt whtre cbestapntredegiaduer o36. A
zero extension here refers to the insertion of zeros that is perforned
whey. t hetlked feen s banhurasls tefr BiG segfves Vgl tdei gbBeloteaagdedesenti ned
nunber of bits, with zeros being inserted into the higher bit positions so
t hat the &8 deranfedafgFitid ipnedéedoriefe8YntidiéRIonobi 8S. ansadesdr tbed
above, when the value in the PQ.0Q field il of tree instruction register 1J
1S "0', 'whe ingErugfion, mpemoniglyn@rcBndPIRETt KAELF stRf rebaredstored in

t he constant rgggﬁ%gr 30 IS %hifted azd ? new value is_stored. Al so, after
the val ud % &F WS FERCSAEEaREIFBERSt 8P 3BTVES r 82 ol T8d’ Tised, this
stored val i t 1.0g - S@; ot i is able to
successi \af‘e y eﬁcﬂ‘%ﬁé’te‘tgdcg sﬂgk?ggun%i I Qgﬁégﬁééf?étt?lfreg lﬁsggrs‘forle cont ent

i s used. DebRiyied Const bHet LQAmPle ! henPG 4t B3 Thaud oldpwing is a
detail ed description of the construction of the PCunit 33. Fig. 7 is a

bl ock di agba@sehew ad bpersonshr kit opricide FC Anidst3Rhatiogetail. As
shown in Fig. 7, the PCunit 33 is conposed of a~fixed value ("4") 33a,
that is wndirgtehdi chrpaghaaesndlyteadddess iy odnst anfpredediag2- i nput

sel ector 33b, an adder 33c, a PC (Program Counter) 33d for storing an

addr ess obmpheimert findsr tiot i comparee whelosded @it egeedt edhidrdthed- i nput
selector 33e. In the Yc: unit 33, the selectors 3:ib and 33e operate in
accor daneEeRREROBOAPHEB| "SEHhal P e T Eh M ERFFSt 19m thad, bsenchas t he

sel ector 33e cutputs one of _the tpllomﬁn t hree ,types of values to the
instructF8naf@?EElHﬁF%°%9“&§94ﬁ?1ﬁ?Qﬁﬁq e T&dGreds. afdrassigg ehghere " 4"
~s added_to_the .content of. the PC 3?d.Th' S carre nds Lo W ~e:~ no
bra::ch ?SPFSﬁ%?i?%fS%P%F¥ﬁ5<”ié%ﬁ#%ﬁgﬁ%}99Wf§r€8 %gggfgc%?e%e.n ord?=,
whsc: ~ ieéb;g_say,

The 4-bit operand "opl"” can be used to indicate an
arithmetic logic operation, 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-pbit) data), a "movh (transfer
of halfword data), or a "movd" (transfer of one byte data).

The 4-bit operand "or2" can be used to indicate any of



29 when the decoding result for a present instruction is that no branch
oceration is indwated. The reason. "4" is added is that the |l ength cf one
instruction is four bytes, which is to say, 32 bits. 2 P vas uo wherA the
con'-ent of the constant re _gis ten 36 is added to the content of the PC
33d This corresponds to when the conignt of the constant register 36 is
used as a relative address for branching, such as.when the decodi ng result
of the bremehe diecotedi 23 dgd ot bate rakte oR%. B-f iakdriZepndteat esaaskeanch to a
relative address. 3. A va le given as the content of the constant recrister
35 Thi s cgiatesponds: tioddkheretheycohtenpephintihtopdnst ant t¢egi siles B5 i s used
as an absol ute address for branching, such as when the decoding result of

t he. br analsabcademdd®aite thatgtibheePimémbrel trd2sfeadi cod est bobraumneh to an
absol ute address. As descri bed above, the PC unit 33 includes a specialized
adder 33@s @nd "ilsl"cdAseducfedneowdidedety Lisentieneny uentstored by the
constant register 3~, so that branch execution control can be perforned

Wi th thersgesédreal gg a» the" cOnseatoF egre siard Harasinda elemtdrge addr ess

or an 3~~". SO~ ute d.~G-':"'eSS 1T1 Dar31 1 ~ Trl;th and 1" ~~ ~anraa-:~- y~
.~ 30 épéeratrEnstpeftorned by tr.e first operation unit 37 and the second
operation unit_38. L , .

The characteristic features of the fields 51, 52, 59,

and 60 shown in Fig. 2A are described below.

The P0.0 field 51 holds a 4-bit format code that
specifies the format of the instruction 50. More
specifically, this P0.0 field 51 specifies one of the
sixteen instruction formats shown.in Figs. 2B to 2D.

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 "$") there are
cases where the constant is to be stored in the constant

register 36 {sucn as in the instructions with ti

€ formac
codes "Q", "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 "3", "7", "8", "S", and
"B"). When the constant in the P1.0 field 52 is to be
stored in the constant register 36, there are cases where
only this 4-bit constant is stcred (such as in the

instructions with the format codes "0" and "1"), and cases



operation of the Processor Tre following is a description of the operation
of the present processor when decodi ng and executing specific operations.
Fig. 8 is a flowhart showi ng an exanple 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 nmultiplied by the stored
val ue of R2 (step S81). The 32-bit constant "0x87654321" (the val ue
"87654321Whene hexaslecommtgnt sid heero raedid eeeh gteds hiehre wiehulat 1@Fbtihi s (st eps S82,
S83), and finally the register ROis cleared (step S84). Fig. 9 shows an
exanpl e ofoaspeogrhocdted lrasittherprasedt rgtocesseriper £oriddt A8 procedure
showmn in Fig. 8 Til~ prQgr~tii~ 1S CuliyCSed O t h2 ti~i'ce iiWruCtivi:5
7i - 73. | tihEi gecond omenationcdieddpdAds suehone iinsthacinshruandonfe content
of each instruction is showmn by mmenonics |ocated in the separate fields of
each inst¥het i farmatg.coglest fé"vande " 8f ) each constant is expressed in
hexadeci mal . Al so, the legend fntn (n=0-F)" shows the format code "n",

whil e the | egef®enRENENSBEFEF10BNEARE t heC vaf e RIEIN b5 w i time
rag-stars in the r2gisteY set 34. Of these, "Ri5" refers to t:~e co:~stan~
register 38 F1-31 fI*i%d;d %3 i(§Ught 5 Y ERArt SHRF Pt heviddertdi on of the

t wher i he, , h in Fig.9. This Fig. 10
Shove t he TG0 COJEPes2 € ha GontaAt F) 1 e el o4 & &emb Re and the
register R19.,:30d the.dakast PAL é#&ﬁd QL e JPLHheTb%Soﬁ;%t'a%’t Rl, L2, and R2.

The followmng is an explanatron o e operation of the present processcr

for each ,fyikheri B8t EHCEAONSHId1 Q& Tid M J2HRNGAGE ! @RI gss 9 and 10.
Instruction 71 After the instruction 71 has been | oaded into the

i nstructi(@aspegtsnent 0ot Hep pUrasee yioeaSeR. perforns the operations
shown in the clock cycles tO-tl in Fig. 10. The format decoder 21 judges

fromthe val uertié ntd's ofogdmn tRGnOffile@kdd 581 hbdsheithetryctbeatsegi ster 10
that the present instruction is a twin operation instruct,i'on with the
format codea" ddmb amat son coht ta0l st lopeexédoni opdanifbr3Ondbcahangtdre t wo
operations described bel ow are executed in parallel. 1. First Operation The
const a: ~PPeEFFbeer (DoRh rad amiari¥hmesacr Pgirt sperghionneerirtesel ectors
32a-32h so that (Ox870'S) | ocated between t!e F1.0 field 15 is stored in
t he | onweFed6s kA% sSEANTIRF 135 Padc SPaEngoF ol RREL BB ofabR FEIPDERS hown
';’n’lrbg%Weéh-Q%énbﬂgéé& '%%%Eeggor!égdrgﬂé Bégiphéry‘(memofyf, by

and (b) source and destination operands for the operation.
The second operation field 60 can hold the same

I

+ - = 4~ £ 4 + o~ ~ P
Conlcenc a3 Thaeg IlI3t Sperac

icn fieild 5D descri
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 is not necessary to



the 16-bit constant '_? to the P2.2 field constant register i:~t ig . 6B
RL 5 "ha-~rac fr~-,:-~ . _ 32 "0x00000000" to "0x00008765" as shown. in
the clock cycles tO-tl in cFig. 10. _ 2. Second Operation The second
oOperation unit 38 receives an input o the stored val ue "0x33333333" of the
general register RO and the stored value "0x22222222" of the general
register RL, and after subtracting the latter fromthe fornmer, stores the
result ipribesgenqbabyl RBkSt BEaROn OAfcBatesubtsihhershobedigpnhgat of the
general register RO changes fromthe val ue "0x33333333" to the val ue
"0x11111%43t bAlyhenel gekueyshesut Opbttshone dperdhg. ad@essnshiticapon ' 72
Next, after the instruction 72 has been | oaded into th~instruction register
| 0, the phe&BNLnPFrOgesspr fopet pALSt asr ShgWwoé rarcdocks qyocbesddd-t2 in Fig.

10. The format .-1 ,-, .. r, r.7 ... n, " .. 7 .-. ~Cc -.. .. t-, i nF.
a- n r rbé&tweeh-tha prasent processox.and.yhg pAHripheryy iimdmary)... ac ~a. ~uc
L,.:uusvi wecrv. v LLG(..i 11 inthe instruction register 10 that the

present instruthe oingtsrectivm paratts endwmstinudtiigsn wigt kot R@ fheveat code
"4", and so controls the execution unit 30 so that the two operations

descri beth®ef @ ein@xavanaet 9 i gdralfedtunes .First Qperation The constant
register control uZit 32 con*~rols its eight internal selectors 32a-32h so
t hat t he 16-tﬂﬁlqﬁﬁhsﬁ§m‘€?cu3$?g on the cohstant "const", it can be

seen that 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 36.

(2) When the format code is."4":

In this instruction, a 1l6-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":

In thls instructlion, a 1o-0it cuoitstant located Ln the
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 instructicen,
and in this case, as can be seen from the triple operation

formats shown in Fig. 2B, either of the following

combinations of opaeration types can be useai.



('0x4321) | ocated between the Pi.Ofield 12 to the P2.2 field 15 is stored
inthe lower 16 bits ef the constant register. 36 according to the storage
met hod shown in Fig. 6B. Accordingly, the content of the register R15
changes from "Gx00008765" to "0x87654321" as shown in the clock cycles
tl-t2 in Fig. 10. 2. Second Qperation_ The second operation unit 38 receives
an i nput of the stored val ue " 0x00006804" of the general register R2 and
the stored val U%zb%téltéé%u% the-ogperal Jegl St80s fhaq anth Iyl L p1 | es

the two together ore Tstcrin e resu in e general register RO. As
a result r o Nk -0 h epe ¥ gmg?s ntthe
val ue "Oxf%ﬁ%l%H%"gg ?E%?vg uéqgogﬁ§4§4ﬁﬁa'L?%béigéglocﬁ cyc egit

shown in EugmatOcode: is: "t™ or-v1my, t- "7 7 i.mWu. i~ hbxt after
the instruction 73 has been Ioaded into the instruction reglster 10, the
present processQp) Opes abesr #5i SNkt b Rk LT Hi2rd dihgFitde 10. The
format decoder 21 judges fromthe value "fm7" of the PO.0 field 11 in the
instructi9altegsstein 1fhé hadnd henPrespindtd NG Wt iaon dbs ol ol Rdapekat | on
instruction with the format code "7", and so controls the execution unit 3u
so that tbe &wpebatied i addratesaribavdatandare epecatddnisn (@aeai tRk. 34
1. First C-peratior. The first operation unit 37 receives an input of the_
stored vafoemdx@¥3&54321"onf"3I'Ne general register RL5 and the stored val ue
"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 reglster RO changes fromthe val ue "0x44444444" to

the val ue " OxCBRogESST ﬁdtﬁ?OHFocﬁhéyéPéngQtt%n§h%ﬁmp¥%S?W© 10. 2.

Second tion The ad operat t 3B t ef th

8- bit c?@%r%és"s(” 0% % Hae 1y B eat s in ERL P Lo e el $and the Ps. 1
field 17 th t t th

general (QHHG %“5 g ?%Eﬁﬁfte% ket EaRfant G P bbbl O 122
h f, 98" to "0x00000000",

shown .. f“%’fcta'*ﬁe g@i’ﬁl RETEL sougeByen” o "ocionooon g

descri bed above for the present processor, the 32 b|t constant "0x87654321"
is split into two parts that are arranged into the two instructions 71 and
72, w thpshese rpacbssheungisHceesshyepyoséaset in the constant register 36
by shifting its stored value. This stored constant is then used according

to the t;~ird Ehsthacﬁhane cost toet oo 743 tBye guiasgrso pridgesppocédur e shown

intre flowhart of _g. 8 can be executed by the three instructions
71-~3. dgscribed 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 prccessor 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 thac
stores ona instruction that has been sent from the

instruction fetch unit 39,



The following is ar. explanation of the operation of the present processor
using a different programthat deals_ wth 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 instr ions 74 to 78 is as described bel ow
Instruction 74 Wen the instruction 74 has been | oaded into the instruction
regi ster 10, thef deratedecoter2@1ldpudges tfrnenmihbervatiuen” het@" iaf the PO.0
field 11 in the instruction register 10 that the present instruction is a
triple opgratinetrduastedcteghstethlOhenfioparfoendeclibdyutand senteblrol s the
execution unit 30 so that t~~e three operations described bel ow are

execut ed liimemaral ték. eteckFtich @petadd obn Thececodsbtaat wiehi sher control unit
32 controls its eight internal selectors 32a-32h so that the 4-bit constant
("0x8") Idecadédgi meshet P1. Dhivel dedodés bk ed0 i 2R hets@Weshbe 4rbugklyf t he
constant register 36 according to the storage nethod shown in Fig. 6A 2
Second Ogévadegnintgetihel3iiat RRPIMRT ont Y BYe rieeEr st &R i nput of the
stored value of the general register Ro', a:.d allows this value to pass so
that it P§C8E8Fed?in the general register RL. 3. Third Operation In the

sane way, the second operation, uni 3B .recei ves
y The {hst ucéion deco&er %2 1s composed of a branch

decoder 23 that decodes the "cc" cperation code held in the
P1.0 field 12 and controls the PC unit 33 accordingly, a
first operation decoder 24 that decodes the operation code
held in the P2.0 field 13 and controls the first operation
unit 37 accordingly, and a second operation decoder 25 that
decodes the operation code held in the P3.0 field 16 and
controls the second operation unit 38 arnd operand access
unit 40 accordingly.

The format decoder 21 decodes the 4-bit format code
held in the P0.0 field 11 to identify the instruction format
held in the instruction register 10 as

F + 1
e (™

-
'Y L
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L3CXUACTL o
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o
one of the sixteen possible instruction formats shown in
Figs. 2B to 2D, 1In 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 32.

The format decoder 21, the branch decoder 23, the

first operation decoder 24, and the sescond cveration decoder



an input of the stored value of the general register R7, and allows this
value to pass so that it is stored in the general register R2. Instruction
75 When the instruction 75 has been |oaded into the instruction register

10, the format decoder 21 judges fromthe value "fnt0" of the PO.0 field 11
in the instruction register 10 that 4he present instructionis a triple
operation instruction wiwth the format code "0", and so controls Lhe

execut i ops Uplhfd Bkl $0a Il Wade Wk | ¥ e OpA Al oS dlescjdiesd bedoyege _
executed in parallel. 1. First Operation The constant register control unit

32 contrebstidés £ighild ierdmd sed@ctions s 32 sudhmgt dihe Zshdic cor st ant
(""O0x7") located in the P1.0 field 12 is scored in the |owest bits ef t~:e
Cco."N. s redtistagt Ssieral3l fanc edimgtt cdrivectsortage imetthrad tsilov ~n rFi g. 6A
After this operation, the constant "? 7 "0Ox87" is set in the |owest 8
bits of tdmw stonstidhtwirtgyitsteerex@utd onSendrid 3Qpésati dusTHerf i rst operati on
unit 37 receives an input of the stored values of the general register RO
and t he tgemsfdrnieg Stoars tRhtsapddadis rehdse leghties ttogshker. The first
operation unit 37 stores the addition result in the general register RL. 3.
Thi rd Ogersdtusitiorn regd ségme 1lafFo the sEeen8ieperatroB®.unit 38 receives an
i nput of the stored val ues of .the general register RO and the general

regi ster R2, 23R8 §HESUEHBBeUDAFUEE PBEERREP. A9RRI<ERONEC oPRRati on unit 38

stores the addition gesult 0 40e.genendl rog' sher B2, Lhstyuetms, 70 7 7
is capable of executing a maximum of three operations in
parallel. This execution unit 30 is composed of an
execution control unit 31, a PC unit 33, a register set 34,
a first operation unit 37, a second cperation unit 38, an
instruction fetch unit 39, and an operand access unit 40.
Out of the cocmponents 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.

The execution control unit 31 refers in generdl to the
control circuits and wiring for controlling the components
numbered 33 to 40 in the execution unit 30 according 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/prohibiticn control, status

management, and interruption control, as well as th

racteristic

U

constant register control unit 32 which is a ch



Instructions 76 and 77 are executed in the same way as descri bed above, and
as a result the constant "Ox8765" is stored in the lower 16 bits of the
constant register 36. Ir_structicn 78 Once the ir.s~ruct~on 78 has been

t oaded into the instruction register 'C, zr:e present processor operates in
the sa™:e wav as whey. processing irggtyu~.tio-: 73. 38 As descri bed
above for the present processor, the 16 bit constant "0x8765" is split into
four partsompaternt eof e aMgRbn Nipgrddea sioast r uaki @BAsT4nt7 revlithethese
parts bein g successively stored in the constant register 36 by shifting
its storetbrviatale.unbiti $325 tpaxeh roenstoantir oils sbhehatsed4aceoer dergito the fifth
instruction, instruction 78. Conparison with a Standard Processor The

f ol | owi ngrarss tardes'adnstti"omedtd tihe theodessirngtpenf vegestdy a0standard
processor for a programw th the sanme processing content as shown in Figs.
9 and 11 séifred | SORSHANK tfﬁéiﬁﬁ@ée%ikh@ﬁ@g ehelpiesapionfivent i on.
Here, the expression "standard processor"” refers to a processor that

execut es FHYEy &ot itdRs fRrB3E dBFadeength is fixed at 32 bits, and is the
sane as the present processor, except for the lack of a construction, such

as the const anfPfe§Fst BFOZB2RNICTRES thrdtdnt3 ¥ Qpsfedre scamdesd theit 32, for
accul i ~LFOREFRY &Y WROUPRERR THTOURE (2% 279 SPERRtEy they@ddgess in

i t ti L.FlLg.,12A sh the. fj finitd f the.i t ti t hat
et B0, 1k shove she (Ll el gh of e Lstrigns (e

t he instEﬂcggogécogg&ean&Fe}é&@&&?Qﬁ?Qﬂkﬁ%ﬁs%@%c%&%ﬂd?%qCRrBﬁgﬁsgglcan

execute three types of tw n operation instruction, instruc~ions - 133,
and one type ofnhsi vl € RREIGH i1t dNSiniHCBig0Re thRSEr HEt 1AL 104+ion 39 Fig. 13
shows an exanple of a programto be executed by the standard processor.

Thi s pr ograsx hesor hen & a4 q¥rRCe $fimde yC Qhboent 1agsthet papgiam sheaw. in Fig.
9, which is to say the sane procedure as the flowhart shown in Fig. 8. As
can be seen bW cohmparidtgda gddk@sandbkisgang, at Be-piogram for the standard
processor includes two nore instructions that the programfor the processor
of the pfeEssfrudiinantlad®) bus. The instruction fetch unit 39

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.

£ E4 b nome Lo T SRR PRI
a Rl LTCll a7l L

The register cet 24 is compssed ¢
general registers 35 ‘and one 32-bit constant register 3e6.

In accordance with the decoding results of the first
operation decoder 24 and the second operation decoder 25,
the values which are stored in these sixteen registers 35
and 36 are transferred to the first operation unit 37 and
the second operation un:t 38 wnere an operation is performed
or alternatively the values are allowed to pass, before

being sent to the register set 34 or the operand access unit



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. A so, the reason
t he constant "0x87654321" is divided into an upper 16 bits and a | ower 16
bits that are set in the constant g gster R (instructions 107 and 108) is
that it is not possible to set a 32-br't ccnstant and an, operation code for
a setting4onst Hek| OBni Bddi 6l 88l €o3eid U riuCti oderatidnf 1 L. 1 Gy~
r TF.~rid. i-s nijv 511ViNJ ai. ciia.ii~2 vi at.iW:3miv a standard
processor peFRbsmpaOByathbasi t e Spdkai®cassing TaHEhaS gt am shown in
Fig. 11. Es can be seen by conparing Fig. 14 and Fig. 11, the program for
the standapdrptOcessaiti Bg) utes aneayte das tinu cthico e drfsararithe gariagream f or

t he processor of the present invention. As described above, the

i nstructi 08scexeslt @abdyt tdres frooessor tdfe PCeupries8lt, wheewrt iian irsare a
highly efficient field st?~uctur2 whereby a nmaxim-; mcL ~hree op iat~ons
can 'oe udeditai getehusiany ef turmiaratiddeleysshort wsr dskengshaof 32 bits.
Accordingly, with the processor of the present invention, a 16-bit or
32-bit cobstreh ddsfttitwisidieen divided across a plurality of instructions
can be accunul ated in the constant register 36 to restore the constant to
its original fdMfA SRSt iPREABePRITusédi R bR TR bt AntRCHPpEr at BnABF
arithnetic | ogic operation ordi ngl when a snmall region is avail able
in an i nst}Uict 19|ﬁ?$1Fé§Pdﬁgc ﬁrbg éF?ﬁ%f?%e??fggﬁ t?%rf?%%%ting a part
of a constant, .so that .the %oge S|z§Fof t he Dprogram ce be. r edu ed conpar ed

wi th when PR oS r?r%&é’?m s 58 o?ma%a y a stanrd %l%+b%%s
vodi 11 catl Gk Jirdtig h (Eaglﬁégti@%v ;Heﬁe«&sﬁmﬂ Uedordmig, of HLA’!S

processors Ions O resent 1 nvention

figures, %@%tsra?lelr%%tlohnhﬁwab7d§5raegga@ﬁe s theedipridgalyd g d epr esent s

one bit, | egend " shows the format field. The instruction
shown in Jheration i(hameRosedi Ohnat be bidgf®rdpdrfiiedrh, ant bidteqperation
field, and two 10-bit operation fields. The instruction shown in Fig. 15B,
mean: a! *relgg stes conpesed opemalidms) furdert theelabntardd- i thperfdtdsan si el d;

and two 13-bit operat~.ori fields. ~*"hen ,,rti L' 1 v .~ 0"~ of a
' 7-~., nWoperatibh, defpdpr.84ru-...~. Ol s.lved:: 1.'1 a.IC'u5 .'.J
cvf:l _Jav ...~V 41

The second operation unit 38 internally includes an
ALU for performing arithmetic logic operations on two 32-bit
sets of data and a multiplier for performing multiplications
on two 3Z2~bit sets of data, in the same way as the first
operation unit 37. This second operation unit 38 is capable
of executing two types of cperation (namely, arithmetic
logic operations, and inter-register transfer operations)
under the control of the second operation decoder 25.

The operand access unit 40 operates under the control
of the second operation decoder 25 and 1s a circuit thac
transfers operands between the register set 34 and the

external memoryv (not illustrated). The operand access unit



field, a 3-bit operation field, and two 13-bit operation fields.
the instruction shown in Fig. 15D is conposed of a 4-bit format field,

Finally,

a

2-bit operation field, ar_d two 13-bit operation fields. These four types

of instruction have the following simlarities with the instructior. 50
described in the above embodi nent ang show. in Fig. 2A. i. The instruction
word length is fixed at 32 bits. %ach instruct~.or. has one fornat

field and4bh“@§eQP§IP}tJ'P{b1fd§é§jsa Bdffevﬂr%vt fart%%laeeeg@gadfl ghgs do not
have the sane structure, which is to say, two of the operation fields have

the same shHeHELdr£addd&s [ hend eMigidigiepekapes, f ivekd teshort.

result,

i ndi cat edim$t sydt eorofrddie teanpiadr, avineelwprshoft d83Rabthamwoisl lengtdd 1h. A

As a

these four types of instruction have the sanme characteristics as

the inst rost ko &P emseriled iisn itthenabede 1edieddi benbf theThe I nstructions
have a field structure whereby a nmaxi num of three operations can be

smal | opera~ion field which is ideal fog inserting small instructions, such
as branchtheysaxtietriadnsnetroaty de notdedquiaethewoppezahdscce ss prravt deol, so
ti:e code efficiency cf i:~str~:cticr.s is high:. Ill. Aformat tiel~i is

provi ded isttd e Wf rihei mggamters in the register set 34. When the

operation code "st" is present, meanwhile, the stored value
of one of the registers in the register set 34 is stored in
the external memory.

The PC unit 33, the register set 34, the first
operatior unit 37, the second operation unit 38, and the
operand access unit 40 are connected'by internal buses (the
L1l bus, the Rl bus, the L2 bus, the R2 bus, the D1 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 Periphery

The following is a detailed description of the

construction of the constant register 36 and cf the



42 indication that a constant or one part of a constant is present i.”. an
operaticn field where an NOP _ instruction would nornally need to be

provi ded, the code size of a programcar. be reduced. On the other hand,
the four types of. instructions described above al so have the foll ow ng
characteristics which differ fromthese of the instruction 50 described in
t he above enbodi nent. The instruction shown in Fig. 15A has the advantages
of an enlp¢geshdmaadifswlts. neaning a greater nu~-nber of instruction
types can be defined, and of the ability to provide at |east one operand in
each of the thridey.oferiat iorbddad diagHae ishowingt Itams'dsltevieidn Fig.. 15B to
Fig. 15D, neanwhil e, have~the advantage of two enl arged operation codes
("op2" ambrupdigtico athdthes qpredieert vagilstg rofd fopecdariforsiecan be def i ned.
Fig. 16 is a block diagram show ng the construction of a VLI W processor o~
t he presa@Rriphgamrtli o Fori téeecBloteg here itAstr GE€i daxsHoWalig Ki'§") 15A. As
can be seen by conparing this construction with the construction shown in
Fig. 4, tAeifufgsnsreaingsnsetessi 5/ £ *BReWpFoReséer feurheigaad, al t hough
there are sone differences in the connections between the instruction

regi st er $1165 FRETXAAT FBedECBAEARE' "O011LS 20, 120. In this way, VLI~ni
processors =or exec~.:%ingathe.n§dified instructions, shown in gs. 1~-Ato
15D car. be ra&l®i 28BS h§ rakPAG® bAf yCPATTOT af*thatget® tPHPOSeLOff | | —~ 43
processor..desgri in.th Ve, er i t e processor .of the present

i nvent i oﬁlﬁgsgbégﬁggxﬁf’%feﬁggpgyg‘%gg%%go‘%@ h%h%%jr%o&d)imné?ﬁt gl Vit Hifdve,

al t houghqbt_ ul opyLo S -5H#¥ i j e
possi bl e?htoﬁ?géxgﬁpfgsp% gﬁ%ip‘%(te %ﬁ#%ﬁ%ﬁv@% 13 regée%fd%%&q and
above nogificationsObrt heeRresIENt HdWENtd Qh aslele demls it drhe fap@icwher e
the instruction word length is 32 bits and a maxi nrum of three operations
are indi gatedis ad thdughatHELHI @&, i nvention is not limted to these

r _unbers . As one exanple, the instruction 50 shown in Fig. 2A may further

i ncl ude anot herrn 4&dudrdperatwiorth cooe raxid sagoiaiier £f4oo thepepamdt: nmaki ng t he
total instruction word length 40 bits. By doing so, it becones possible to
define igdstodant iDnsand tihaighs toodd iehf ideicodey wWRer éby gomakientm of four
operatio.”.s can be executed by a single instruction with the conparatively
short woreE1Siigt I OTE 40 Bitist %/22)conﬁé°ilﬁsttmcteilaﬁ%enafltt Felapboes

enbodi ment |y includes one field (the P1.0 field 52) that uses an
inplicitgzﬁﬁg%ﬁ;f%t9ﬁ?§H§N9ﬂT§ﬁ%nﬁesgPIFﬁelEoﬁgFaﬁPs?ééF§%8P 36), al though

t he present. i.nventi on need naqt be |im.t this nd so have t~ro or nore
SUch' 1| S TR ST BE i deq semrasy of, tRelBpRs 810 Qo L8NS 13E 0 21 )
v T tacedbdindPeo She- oF thé QOuénEEogaﬁeeﬁéthéds givehChelesl M - -

()

Figs. €A toc €D
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 P1.0 field 12 1s stored in the
constant register 3¢€. More specifically, the data thaz is

stored in the constant register 36 is shifted upwards (to

tne left in Fig. 6éA) in 4-bit units and the 4-bEit consczanc



44 (3) _Tn the above enbodi nent, an exanple dealing with a nunerica
constant is given, although it is of course equally possible for the
invention to deal with a character constant. This is because a | ong
Character constant that is divided across a plurality of instructions can
be accunul ated by successively storigg different parts of the character
constant in the constant register 367 (4) As can be seen fromthe

instructi QrofreEMabscgbBown, hneFi0s. 126 ¢ or 2D iofsdhe-rabeve Lbadiyent, only a
4-bit or a 16-bit constant can be stored in the constant register 36 in the
above enbedi geBkelyid Sho0lEuwé SIS 1Edd Ofsbiad thQuah etrhizghi 9 Matheaa limtation
for the present invention. As exanples, it is equally possible to define an
instructi eBnboanat reeseby B 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 chbahge éhesloormectstar guet trevtihodf fomewpenr thaefarmatrcuits of
the constant register 3b. Although the present invention has been fully
descri beddbyodey 2 @xeapleshatt HheefrerdagcgtboedctonphayPlgldfaeiags, it is
to be noted that various changes and nodifications will be ao~arent to
those skilletlsi'™'the Trits elvertelorte, thel 68seswlbncaat gelsi tindonetadit cati ons
depart fromthe scope of the prese.”.t invantio.”., they shcul d be
const r ued- @@ R4 e iRAUdEE Flefeifield 12_andcthe MB2-3 . fied4d 1319 (Mery Leng

I nstruction Wird) processor for decodi ng gnd executiQ%l,n instruction that

i ncl udes SEITHE? 15 &°F54Ad taf FES5E 08 operEt i THE PLof ifieh the
format field includes a format de, the | W pr S¢ comrising: a
decoder Lfﬁa}tta 5 atdé@o&i%ﬁﬁefihénf %gﬁa O"é%aeyl%nbjftﬁs_eo‘?%r %%h folgerlpcéieand _

| ndicat | Rgy A d e Rlo3QRELALEODST Bnl BEcd O SR AIIAM T 119 s kNG 601 gdpcodi ng
the operation field”in a manner specified by the type of operation

i ndi cat ed Py dHhe 1f;0pFRt -6AdBan AN, A £XEEI I WHd H100 @48aW 1BY an
operation indicated by the operation field in accordance with a decodi ng
result | arpr eddced by rtBeadesogertpdi ins Zructi®nVideWipreeegpor sof G aim 1,
wherein the instruction includes a plurality of operation fields, and
wher ei n sheredr trat thedeofds t herds ndi eat vss tIee-Byppes fothepepasians of 20
each of those operation fields. 3. The VLI Wprocessor of Caim2, wherein
t he typesegfistper @bi ons of each of those operations fields are further
specified by locations of the operation fields in the 2> instruction. 4.
The VLI W proceEsgr ©Ff theawmal, stiiass matheddéesdurenntie déevdas an
operation code included in an operatiaon field, .and 30 th& gxecu;ion uni t
execut es98RO8REr 4t i OREREEF edindiftfy - i & t@EEGde8 bp&rab bnttedd. SIT S
c " f ~~ 1.~ ;e "'-..5. '.he ~~IWnproaoce O zal~ =, . We_ ~n ~..~e
execu:~‘}} fiRi ? ~ ,?Qii.q3${£35;ﬁos;%%iﬁi§engg§§ ?0%65?%Fn?0%5%%ﬁistant
I Lg{“ ;r L 8oERBaa L) Ofpe Tl 4%y A F eGiS bRt wWBRNchbep SeGOLEL; YN ¢ m di cat Es

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 is shifted to the
upper 16 bits 36a-36d and the 1é6-bit constant located irn the
P1.C field 12 and between the P3.0 field 16 and the F3.2

field 18 of the instruction register 10 is stored in the
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lowes*t-order 16-bits 3€¢=-36h of the con
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g. €D shows a steorage method for when th mat



-46 type of operation in the operation field is an operation for storing a
constant. 6. The VLI Wprocessor of Claim1l, wherein the decoder unit 5
decodes an operation code included in the operation field, and when the
decoder unit further indicates that the operation field includes the
operation code, a source register coge, and a destination register code,
‘the 10 execution unit executes an operation corresponding to the decoded
oper at i ond&@stes 11t N the- tSOWIGR: e@ faefecade rard itrhe e fatdien J egi st er
code. 7. The VLI Wprocessor of Claim1l, wherein the instruction 15 further
i ncl udes @ hranch figd'd, dhe'adecedewheni thdedandesua thioanele eprizatizon code
included in the operation field, and when the decoder unit further
i ndi cat exddteaita thre tife apesatinan regisheropgidti as finelidaslkeawdyt hat t he
branch field 20 includes the branch operation code, the execution unit
PXPrl | t alemsir 'ongr of~the RaAPlatfieldnl4nr thepRarl £1ald fA,t thecP3768yCd u
branch operation code. 8. The VLIWprocessor of Claiml, wherein the format
code ?~ ffiretlded 7 ndindattbs PRaf Ateldasd - onBhifepduexesptof bhet haséor mat
field is reserved. 9. A recording nediumrecording a VLIWinstruction which
is to bevwdeEedsbeandlugestiEfIbYN at Ve | GPDT BRRSsHRILERRT VB F41S 3rgset
instruction including: a format field having a format code that defines a
tt-LP of tpBLa~FBR°FN (BRERN0F S obR %?Ynng%ﬁo I . T89RF T 3 ¥ he one or
nore operation fiei W, -u~~:.. each has -.alue ro. . ~P
| ~PC > . OF e@ridE ’7ya?§?FPtV‘?TS.‘E?r pfahfe FPilf HI® SO FETTIRNS T P&
yl-~r- = ~ {y in e r.&;.at The yecardjng
medi um o?a%l gle%tlQ‘?g‘\eAgggr)gi %gt%e/a{{lwﬁoncs% raﬁcqrfag’%q} nocﬁel]}gaetslcgh pﬁoucra;)clelclt y of
operation. figld nel; r é?gy% ; i€ f operation
of each g ,tcﬁ% %%)égagjf%%&fii%'l 3%; 11.&%\%}1?20%{%%3&?%?%&%%?0& aim 10,
wherein the14ype of opessdion &f eachopRiiorddreld drs fiwntdhen specified
by a location of the operation field in the instruction. 10 12. A recording
medi Um reses dé e B Md W hsifmtmeetiiace whiacheirs the be cdecoded uand rexgeut ed by
a VLI Wprocessor, the VLIWinstruction including:

‘ constant register 36 has been read out to one of the PC unit

33, the first operation unit 37 or the second operation unit
38, a 32-bit constant with the wvalue "0" is written into the

constant register 36.

Here, the value in the constant register 36 is cleared
after being used to ensure that a value with a 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 zercs being
inserted into the higher bit positions so that the value
takes up the predetermined number of bits.

As described abcve, when the value in the P0.0 field

11 of the i1nstruction register 10 is "0", ™"1", "4", or "53"7,



two or nore operation fields including a first operation field and a second
operation field, wherein . 15 the first operation field has only one
operation code that specifies a type of operation, and the second operation
field has one operation code and one or nore operands that each specify
data to be used in an operation. 20 4g8. The recordi ng nmedi umof Caim12,
wherein the nunber of }~i t ~ of fih~fi _rcr nnarat i nnf i alr~i c 1 pt;
rer thur.tgd-déhdbank that is alreadiyWsto@bdbihstpé tbessgsendegpstatli on
field. 14. The recordi ng nmediumof C aim 13, wherein the nunber of 2~ bits
of the opesatd amicadel izAdt henkivr sh10petat sooréd el dalsopquatet ochde. nunber
of bits of the operation code in the second operation field. 15. An

i nstruct il ecaodiregl exechuti agnsebhodrégistise 36 s Add IW € ey Long

I nstruction Word) processor for decoding and executing ar~ instruction that
i ncl udes wa edgr it sf isebdedr vellae Leas¢éleved opeBatdamd isd,d,tlod which the
format fiend includes a format code) the i;~struction

der _odi nglomséanti reigngtaet Bodisoank ¢ sin-~suerafstiondry staamrfudrateecodi ng t he
format code ir. ~r_e format field ar.d indicating a type of er:eration is
tYie _<®nstpetathphiiiehe newel Fore ddeoditify aheosensdt iion usiedl.d in a
manner specified by the type of operation indicated by the format code; and
an execution step for executing an operation indicated 5 by the operation
field in accordance with a deco ir}jga resuﬁl t, pr. %duced by the decoder step.

A AQ . ABSE2ASEE CoRSLIUCLLOR O S AF—RSS—AIAf f . AFNS?. Aay, . Al f. Au

ALLLAS, A A AUY A L85 80, fdrailed description of the

construction of the PC unit 33.

Fig. 7 is a block diagram shewing 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 2Z2-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 cutputs one of the following three
types of values to the instruction fetch unit 39 as the

effective address.

1. A wvalue where "4" -s added to the content of the PC 33d

This ccrresponds to when no branch is taken and a next

instruction is to be executed in order, which is tc say,
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ca] ca] cal gakaalaal 6ak6al 53] fal Al CALr M present instruction is that

no branch operation is indicated. The reason "4" is added

is that the length c¢f one instruction is four bytes, which

is to say, 32 bits.

2. A value where the con*tent 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 P1.0 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 1s

that the P1.0 field 12 i1ndicates a branch to an absolute

address.

As described above, the PC unit 33 includes a

specialized adder 33¢, and is constructed to directly use

the value stored by the constant register 35, so that branch
execution control can be performed with the stored value o=
the constant register 26 as a relative address or an

with and indenendent of tha
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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 S81l). The 32-bit constant
"O0x87654321" (the value "87654321" in hexadecimal) is then
added to the result of this (steps S82, S83), 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 is composed of the three instructions 71-73. In
Fi1g. 9, one line corresponds 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 value stored in one of
the registers in the register set 34. Of these, "R153"

refers to the constant register 36.
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stttat Sv8vkwwyOyz{V{{{{}}59~15Tdzupi g4XSje]c alUc aJc aUc a W]c
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a U cral ca Wimiay w36l aiidi ¥ ehhed] enabl agalgeabberal ol 68l €he
aJcalcaUl c a]ca]ca]ca]c”a]lca]ca]c™alca]lcalcalcalcalcalcaUc ajc aUc a]Jc
aV]c a present processor when executing the program shown in Fig.-

9. This Fig. 10 shows the clock cycles, the content of the

general registers RO-R3 and the register R15, and the data

that flows on the four buses L1, R1l, L2, and R2.
The following is an explanation of the operation of

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

with reference to Figs. 9 and 10.

nstruction 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 PC.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
eight internal selectors 32a-32h so that the 16-bit constant
(0x8765) located ketween the F1.0 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 rig. 6B.

th

the register R15 -~hanges from

t+h

DmmmArAinmal o +ha ~Antont+ A
soCcoraingLly, The contentT <
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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

~ ki PR o~ PR ey T ya
deceder 21 judges from the value

"fmt4" of the FC.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

ei1ght internal selectors 32a-32h so that the 16-bit constan*
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(0x4321) located between the P1.0 field 12 to the P2.2 field
15 is stored in the lower 16 bits cf the constant register.

36 according to the storage method shown in Fig. 6B.

Accordingly, the content of the register R15 changes from

"0x00008765" to "0x87654321" as shown in the clock cycles

tl-t2 in Fig. 10.

2. Second Operation

The second operation unit 38 receives an input of the
stored value "0x00000004" of the general register R2 and the
stored value "0x11111111" of 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 wvalue "0x44444444" in the clock cycles tl-t2 shown in

Fig. 10.
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Next, after the instructicon 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 PC.0 field 11
in the instruction register 10 that the present instruction
1s a twin operation instruction with the format
and so controls the execution unit 30 so that the two

operaticns described below are execucted in parallel.
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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 value "0OxCBA98765" in the clock cycles t2-t3 shown in

Fig. 10.

2. Second QOpreration

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

n
Vo

rry

for the clock cycles tZ-t3 in Fig. 1
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 3¢
by shifting its stored value. This stored constant is then
used according to the third instruction, instruction 73. By
of ®ig. 8 can

doing so, the procsdure shown in the flowchar

be executed by the three instructicns 71-73.
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the instructions 74 to 78 is as described below.

Instruction 74

When the instruction 74 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.

l. First Operation

The constant register control unit 32 controls its
eight internal selectors 32a-32h so that the 4-bit constant

("0x8") located in the P1l.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 Opveration
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value to pass so that it is stored in the general register

R1.

3. Third Operation

In the same way, the second operation unit 38 receives
an input of the stored value of the general register R7, and
allows this value to pass so that it is stored in the

general register R2.

Igsnfgctign 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 che Lhree coperations

described below are executed in parallel.

l. First Overation

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

method shown 1in Fig. 6A. After this operation, the constant
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2. Second Operatign

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.

-
!t

Instructions 79,

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

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

Instructicn 78

Once the instruction 78 has been loaded into the
instruction register 1C, the presen®t processor operates in

the same wayv as when processing instruction 73.
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its stored wvalue. 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
accumulating
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 101-1033,

and one type of single operation instruction, instruction

104.
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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 comparing 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.

™o 1A 21T o alomyem = .- 7 £ -
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standard processor. This program has the same processing

content as program shown in Fig. 11. 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 invention.
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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invention, a 16-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 same

processing 1s 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 rFig. 15A is composed of a 5-

bit format field, a 7-bit operation field, and two 10-bit

overation fields. The instruction shown in Fig. 15B,
meanwhile, is composed of a 2-bit format field, a 4-bit

opecation field, and two 13-bit cperation fields. The

Yom o 4 -
3-bhit format

fu

instruction shcwn in Fig. 15C is ccmgeosed cf

“39Y%
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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
embodiment and shown in Fig. 2A.

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

ii. Each instruction 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 imstruction have the
same characteristics as the instruction 50 described in the
above emoodiment.

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

II. 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
etficiency of instructiocns is high.

ITI. A format field is provided so that bv giving an
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indication that a constant or ocone part of a constant

is present in an operaticn field where an NOP
instruction would normally need to be provided, the

code size of a program can be reduced.

Cn 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

cf operations can be defined.
Fig. 16 1s a block diagram showing the construction of
a VLIW processor of tne present invention for 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

15D can be

O

the modified instructions shown in ¥igs. 1ZA t

realized by makinec only partial changes tc the VLIW
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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 1instruction 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 handied by

appreopriately defining a new instructicn format.
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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 ccnstant 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

perapheral circuits of the constant register 3o.

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
they sheculd be constru=ad

the scope of the present invention,

as being included therein.
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CLAIMS:

1. A VLIW (Very Long Instruction Woxrd) processor for
decoding and executing an instruction that includes a format

5 field and at least one operation field, of which the format
field includes a format code,

the VLIW processor comprising:
a decoder unit for decoding the format code in the

format field and indicating a type of operation in the

10 operation field, and for decoding the operation field in a

manner specified by the type of operation indicated by the
format code; and

an execution unit for executing an operation indicated

by the operation field in accordance with a decoding result

I5 produced by the decoder unit.

2. The VLIW processor of Claim 1, wherein the instruction
includes a plurality of operation fields, and wherein the
format code further indicates the types of operations of

20 each of those operation fields.

3. The VLIW processor of Claim 2, wherein the types of
operations of each of those operations fields are further

specified by 1locations of the operaticn fields in the

23 instruction.
4. The VLIW processor of Claim 1, wherein the decoder unit
decodes an operation code included in an operation field,
and

30 the execution unit executes an operation corresponding
to the decoded operation code.
5. The VLIW processcy of Claim 1, wherein the executiurn
unit rncludes-

33 storing means for storing a constant trom the operation

field into a register when the decoder unit indicates that a
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type of operation in the operation field is an operation for

storing a constant.

6. The VLIW processor of Claim 1, wherein the decoder unit

5 decodes an operation cocde included in the operation field,

and

when the decoder unit further indicates that the
operation field includes the operation code, a source
register code, and a destination register code, the

10 execution unit executes an operation corresponding to the
decoded operation code using the source register code and

the destination register code.

7. The VLIW processor of Claim 1, wherein the instruction

15 further inéludes a branch field,

the decoder unit decodes a branch operation code
included in the operation field, and

when the decoder unit further indicates that a type of

operation in the operation field shows that the branch field

20 includes the branch operation code, the execution unit

the deccded

execvtes a branch operation corresponding to

branch operation code.

8. The VLIW processor of Claim 1, wherein the format code

further indicates that at least one field except for the

1o
wn

format field is reserved.

9. A recording medium recording a VLIW instruction which

is to be decoded and executed by a VLIW processor, the VLIW

30 instruction including:
a format field having a Iformat code that defines a tyupe

of operaction in each of one or more operaticn fields; and
the one or more operation fiszlds which each has a value

12 =T f-r\c:

to bhe decoded by the VLIW processor in accordance wizh

|9
L

type defined by the format code.
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of each of the operation fields.

11. The recording medium of claim 10, wherein the type of
operation of each operation field is further specified by a

location of the operation field in the instruction.

10 12. A recording medium recording a VLIW instruction which
is to be decoded and executed by a VLIW processor, the VLIW
instruction aincluding:

two or more operation fields including a " First
operation field and a second operation field, wherein

15 the first operation field has only one operation code
that specifies a type of operation, and the second operation
field has one operation code and one or more operands that

each specify data to be used in an operation.

20 13. The recording medium of Claim 12, wherein the number of
hits of the first operation field isgs lower than the number

of bits of the second operation field.

14. The recording medium of Claim 13, wherein the number of
bits of the operation code in the first operation field is

equal to the number of bits of the operation code in the

o
w

second operation field.

15. An instruction decoding/executing method for use in a
30 VLIW (Very Long Instruction Word) processor for decoding and
executing an instruction that includes a format field and at

least one operation field, of which the format field

includes a fo.mat code,

the instruction decoding/executing method comprisin

[10]

35 a decoder step for decoding the format code in -he

format fi1eld and indicating a type of creraticon in the
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operation field, and for decoding the operation field in a

manner specified by the type of operation indicated by the

format code; and
an execution step for executing an operation indicated

5 by the operation field in accordance with a decoding result

produced by the decoder step.



