;e3e' @L: | 6T@r 12 Cctober 2002 1 TITLE OF THE | NVENTI ON *| GGL66* Processor
For Executing Highly Efficient VLI WBACKGROUND OF THE | NVENT} Obobdr 2003 el d
of the Invention The present invention relates to a processor with VLIW

(Mery Long Instruction Wrd) architectyre, and in particular t r
that executes instructions with conparatively short word IengdmmWHmmHNMHmm
code effigieneyorlagrDese/dditqp of the Prior Art Wth the increasg 11
demand for nultinmedia devices and the mniaturization of electronic
circuits in recepbc¥8abd FdEIExDA8LtRREN 1A H QWM BEFDESAnftOR/ M Opr ocessors
that can process nultinedia data, such™as audi'o data and i mage data, at
hi gh speed., One kind of processors that are capable of neeting this need
are processors that use VLIWarchitecture, these being hereinafter referred

to as " VehWHHGaes 068" Tu¥L W mi@aessor s i nclude a nunber of interna
operation units and so are able to sinultaneously execute a nunber of

operatiogg)iQj%ﬂgg¥%ﬁygﬁ? Eﬁ&?hk&%n Such VLIw are generated by a conpiler
that i nvestrtgaftes € exten 0 Tch parallel processing is possible at

the source prognamylevel: advegtighnt c3aheduling F05ceabsddeden viTw

m croprocessors used I n consuner appliances, however, It Is inportant to

SUppreSSﬁVQ%yCQQ%dﬂfﬁ%EguEEPSﬁ?WErd§OaEEﬁHﬁ@E%ﬂyé,\Qﬂ&ViMﬁ%QrEf@ﬁ ar 12

QOct ober 200272 hi gh 1 ncidence of no-operation instructions (‘herelnafter

referredtboaaﬁr"o s§dlstﬁl?’é7ﬁi RSch 8801 heswhilicn G R0qK; 0de b i+ £L £RLYy are

far fromidea One exanple of a VLI Wprocessor that executes |nstruc¥ions
with relahbye shebt 1WerAH &4 hish Japaneseriaiidn@en Patent Application
H09- 26878. This techni que teaches™a data processing apparatus that is a

VLI W processor for executing 32-bit instructions that can simultaneously

i ndi cate a maxi nrum of two operations. Figs. | A and 1B show the instruction
format of2t heestatipdibeckyyd qus pwidr FAg: | A showing the instruction fornat
for sinmultaneously Indicating two operations and Fig. 1B show ng the
instruction forieh the Hhdirealsendroriemane fperabl obmedhes deethaisquaci Ns
to inprove code efficiency by including a 2-bit value in the format field

410 thattishawsniseupiipbed off o ladtdthid eaeduitst ttickeeanangeblte,
execution order. The indication of a maxi mum of two operations by a single

'32-bit ivMdreIcid SrbebAVEY growd eS nRRld aWY evicrostddessents drgteeanf
parallelism There is also the problem of decreases in code efficiency of

i nst r ucpirate sham peifotiengadn, opacat iagn digiing dattdnshdnimbbat dexageds a
given word | ength. As one exanple, when a 32-bit constant is split into an
upper létbiHigyrargbeed oweOné6khhts ofo pirivate sitorsan: et setei oépabegi sfers, two
32-bit instructions are required just to indicate an operation using this
const anmeetilt? Ghichare®802re processors that use VLIW architecture,

these being hereinafter referred to as "VLIW processors”.

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 microprocessors used in

consumer appliances, however, it is important to suppress

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

I
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_,_ SUMVARY OF THE | NVENTI ON The present invention provides a VLIW (very
Long Instruction word) processor that decodes and executes B Onbenaiti2on
that has at |eas two operation fields, of which a first operation field can
only include one Operation code for sggcifying an operation type and a

second operation, field includes a conbination of one operation code and at

| east 0”%9%{%91‘&%&%& %9'11&-"&5@%&9{‘?}1”%%gt:%%ﬁyo&é‘e(ﬂQrggggg@eE‘per ation

field, the processor conprising: first decodi ng neaps ecodi ng the
operatio L e_fin ! ) hgldy Lirst execution n Qr
executingr%?ggﬁéga%?o8315§#§gﬁ§g é59§3i?ﬁ§ %p%bgtkgh. gg%ggi%8§geé??Fst

operathmgfff%gehg acgordance pyth a4 oding result of the first decoding
nmeans; second ecoéfng means for decoding the operation code in the second
ti field, |2 d [ f j h ti
operaton 11 el dndi2osecnnd exaay Landeas: | phaexeauina g he operation
IS 1ndi C%e%Mcéf&n?f%%?ﬂf%g'l%t&% %@%W.»S’c??& a4 Logeh ;'bsd%ée:?ar?é?sceordance

with a décodi'ng resu second "decodi ng neans el n a nunber
of bit i i i.0 i p N the. Lnstr i isle
thanlasn%%%g%éﬁgﬁy%%gg%éL%?ééggéE?%@ @gg£%?§Z%?ay?§ﬁgf?%ﬁﬁgf&QElEbto;Zr
2002 _. ?éa%‘%!e@ afodaéé ;ﬁfoéésEEF&gt a?%%.r%&%{sat 0 1 N theyk Byt rucdd.an san be
i ndicated by merely 1 nserting an Operation code wthout an explicit

| ndi cat i %rOfexaeg:‘P@ﬁl{@V@Z-ﬁfg X‘Hé‘éﬁhé'ﬂ%ﬁso‘ctﬂa'?té&?téﬂﬂél%@ﬂfel&%s&‘i‘zduced-

As a ~ result, processor that executes Instructions o

conparatgﬁggﬁﬁ?gng eI ﬁﬁ”ﬁ%hﬁwguépg@ﬁﬁgoﬁ%xe a highly efficient code

structure so that several operations can be sinultaneously indicated is

achi eved, Her eFi?sn.U'It?xera&f 18 L$h QF CLips ednb rhé%g.%&erf%;fn?i‘t ogerdp in the

¥
first operation field my be equal to a nunber of bits occupied by the

operati op:gede !t@ch'?x‘iq%%%oﬁﬂiﬁpeé‘?c_%i opaf §8bHingS the’ e rudeiogperation
codes that are included i'n art instruction will' be conposed of the sane

number ofobhkhE, £d2 WRNEN tSHEYUS1 £S5 COIPOPERESLRUCBRY dtiodecatierFrig,
circuits. Here, the instruction nmay include three operation fields, Wwherein

a third ppespbkOAqf kabd indtiMe diireeroReiat t68 Lhelds tiRy ACUPYorte SaMe
nunber of bits as the second operation field and may include a conbi nation

of one perd?i &kt obehid0@dhnapkIAtd Gl cosleimpeoté Ledet eFTe ipaiand, the
VLI W processor further including: a third decoding unit which decodes, when

an oper afy oin€PE@ihg Breseit haltuke inhivnk opefmit ofiélal diot kaaperation
code in the third operation field; and a third executing unit for executing
an oper aHows i tigh cattBe By ofhepepatdionen igpdeadin imettbttdoapemnat itere fi el d
on data which is indicated by the operands in the third operation field, in
accor darceeaomtiivra cledeting result of the third decoding unit.
The indication of a maximum of two operations by a

single 32-bit instruction, however, does not achieve a

sufficient degree of parallelism. There is also the 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 that

it can be set into registers, two 32-bit instructions are

required just to indicate an operation using this constant.



As a result, a VLIWprocessor with a high degree of parallelism whereby
three operations can be sinultaneously performed can be achiieysdopdi®pgp t he
first executing unit nmay control a control flow of a programincluding the
instruction. As a result, branch operations which do not nornmally require a
| arge nunber of bits can be assigned to a short operation field. This neans
an instruction set with high code efficiency can be defined. Here, the
second executing unit may control transfer of the data that is indicated by
t he operands included in the second operation field, and the third
executing unit may control executes an aftrthmetic |ogic operation on the
data that is indicated by the operands included in the third operation
field. As a result, data transfer to and from an external nenory can be

i ndi cat edhyrk Bidw! euBpergtaron an 12 Cctober 2002 -G instruction, so
that the operand access circuit that should be provided in a VLIW processor

can be sinplified. The present invertion further provides a VLI W processor
that decodes and exgeddsean jinReitie Optbdicbas at heast 5wy operald on
fields, of wh?zlh a‘first operlelalti on field car. only include or(leé\g (|)@{aé

si ngl e opeFBFHEH 1O8deWPaid)s pBEAAASHP Tan tHFEr afie6RIeFpeadd EkeTuseSonstanNt ,
and agsecoad-Qperatl ¥hdd ehdsi Rel udegronadfohbrafidl QAL oF V%igﬁg
operation code and at |east one operand used in an operation indicate y
the secohdfdpetatara¥rat &Pa &AGLd 92 @BR¥t ARCLUdee WA \WPpEFEdssw code

conpri sing: fddesdirposgding nepasatboeh Bpsodasid when s Gper ald i b, gode
~1is present_in the first operation, fiel t he operation code I'n the ?I rst

oper at i di g} dnCEudes eRe GRTREPHEEIR C8r BRBc HRSF EHrPBp&osts odndieat ed
by the apeisti %ecoaﬁeb:@ﬁ&eufsierastiﬁpemt g fdRich 11h@CEHEHanes, Wil a

deco in% resu!t of the first ég decodi ng neans; second decodi ng neans which
decdes: PR LPRoh18dGe is present in this second d operation’
field, the opefaatviaw gpfiecessbhecanppeidiogeration field; and second
executing rrags for checciti ng_an _oper at ifgn 02 .indj:cat ed Qy the o eC{ ation
code in the $&&GTd THFEraten"FE d *&F FH ‘g\ﬁ?’%h € Pﬁ&r@&t”éﬁjb‘% el
oper andshénfif@tseperatper afiehdfiel d, in accordance with a decoding
result of th%i%‘ss\%ondefg&gg!i.gg ll%s  for executing an operation
15 indicated by the operation code in the first operation field
in accordance with a decoding result of the first decoding
means; )
second decoding weans for decoding the opexation code
in the second operation field; and
20 second execution means for executing the operation
indicated by the operation code in the second operation
field on data which is indicated by the operands in the
second operation field, in accordance with a decoding result
cf the second decoding means;
25 wherein a number of bits occupied by the first operation
field in the instruction is less than a number of bits
occupied by the second operation field.



wherein the instruction also includes a format field 30 including a formt
code indicating whether only a constant is |located in the finp<ctsgeerad2on
field and whether only a constant is located in the second operation field,
the VLI W processor further conprising: 12 Cctober 2002 format decoding
means for decoding the format code; and constant storage neans tar
extracting, when a decoding result of the format decodi ng neans shows t hat
only a constant is present in at leas o :e of the first operation 5 field
and the second operation field, the constant in the instruction and staring
the extracted constant. Wth the stated construction, when it i s necessary
to put neani ngl ess code into an operation field in an 10 12 Cct ober 2002
7 instruction, a constant that will be used by a different operation nay

i nstead be inskytedepisg that asViolcw padcessastcamwime ragattaedofioriexecHti ng
i nstructi.qns_which have a hi co Lgl.en despi aving only a short
wor d Iend‘tnrﬁtlf—‘lé$ 1% he ci°ﬁ’§trg’%ti oﬁ%ﬁé%“%ﬁcl uaes @8?%?1.)& %‘Fgﬁﬁtilﬁgl udfflg a
format cegs daidiaat todewnditherutondy expbdhst antinds daociatredot nanhederaaid,
operation,field d ,whet her Y/ IS cated in.the.second
operati oﬁhre’l el ,r hé‘e\?l_gltg% proggesls%r&’fq‘{}rﬁ{%si r?ca{rgdfbneg: ra“q%ﬁ;?r%t decrthb'ﬂi IR

uni t Hor rdecddi,ng & heVEXW meproodesoand taatonspattutst®mr agestnuttions of

extracti . odi e o] forlgq?t} Q?Eo i n |t shows, that
only a cgﬁg‘%%?%ﬁ?’eg esgalﬁl[%g:lgn g’tg Ir}dea'fé?ﬁgglel'of e H%f g’paggéat iaonﬁf‘sgﬁél’ and
t he secoafifdpeéeati crode elsdtrudiaionsbarmhath steerasdt ropetraniand stzori be t he
extracteg, , S cpns aced in an operation field can
be store%ltﬁﬁff'%gg%})‘ns ag'tr{s %gr%eg;% ﬁ%i%gﬁéévgéé by an operation in a |ater
instruction, Kerehata degmbagses>f nbibde asffirgiashchycdaheeopevadddnevapdahen

hand{4 ng:.co a onpar at i el h i i uctions
of aiq:o?rlprgr gﬁ%vg#grgﬁo?or&mrd %n\gfﬁh%dl—bq?g},’mﬁ]eg %gp%%t ??elr&g,h@ﬁ'%éﬁ 3
oper at i dritis epdcuphedofet athencpedatilen rodecbid thigeraetondf ppedatdanh

oper and #4n.the second operation field, the operation code in the third

operation field, and each opgrand in the third operation field may_each
occupy n bit 5§ ndt F@SHdtr uetiloPPerdt i8R ofefesoddiat WAER thckidgddin

construghi gms@hhcfohheiflilelsls ebaposedpese tae | fghe Usiinge haye Lhegsane
numigr 8;xilg:lht Sé’im\,\p’{llicf‘?ies components such as the decoder circuits.

Here, the instruction 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

20



enables the internal circuits of the VLIWprocessor to be sinplified. Here,
a VLIWprocessor may include: a fetch unit for fetching an 12 ©ctober 2002
instruction that includes n operation fields; and n operation units which
are each associated with a different oge of the n operation fields in the
fetched instruction and each i ndependently execute an operation indicated

n the assgei-atedaoneralinn flel fhin. Paral Lel ohth. each aLhpro-Lbec YW

processor béing characterize e n operation fields not eing a

same si zeg, apdeby b AQLsHEI NG a1 %@é?&%ﬁ%i Bhgtouh&-chwctébdcs&@s;st@ﬁsﬁ

construction, there is no need for all o operation fields 1n an

i nst ti h t I g | il ; fd
R R i e AU L M S e

efficiency. As a resu |'Wprocessor that

executes %@éFSHSEEE'énOan%”H%V gV ﬁiz%‘%\;ﬁeer%‘?ff'oﬁef%ﬁd;b‘éhd"@ Ghigye a

hi ghly efticient code structure so that se operations can be

o)l ancoelyel o cat dzis ashiaiat U Sodiamihe: asnd Lty b 22 The

stated construc n reali roces

parall el i@emﬁgycwé ee,0paLathohy %’%fe%g i%ri%ﬁ%{é eh b%agasgﬂagﬁef?sébi t

instruction can si mul Taneously “per ober

nunber ofincaﬁ:clrm Sn%ﬂﬂgfe??@agaﬁﬁsl 2ASEH@NeNIRSY %?ﬂhéi@ﬁ%?&iﬁo‘c ikhe n

operation fields may be different to a nunber perands i n ot hér

oper ati og ddfldisdd) fteh Na OREEBLE Y Eéshg%- o thel e SIAt&L-GoNgLT uct i on,

there is no need for every operation field in an instruction to have the
same nunpegr +of operands, so that instruction formats with a high degree of
code efficiency can be defined. Here, the n operation fields may include at

| east one operalsi @n Aels@l1dk COMPRESEA Of ot Yo AN OPRT 8t henC ele A H¢ | east
one operation field conposed of an operation code and at |east one operand.
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 efficiency can be defined.

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

As a result, data transfer to and from an external

memory can be indicated by a single operation in an



Wth the stated construction, the instruction word length is shorter than
the case when every operation field in an instruction contain®cihber 2002
conbi nati on of an operation code and operands, so that a VLI Wprocessor
t hat executes instructions which have a highly efficient code construction
can be realized. As described above, the present invention realizes a VLIW
processor that executes instructions of conparatively short word | ength but
whi ch have a highly efficient code structure that all ows several operations
to be specified by a single instruction. This effect is especially
noti ceabl e for embedded processors that éprocess nultinmedia dat a. 12
Cct ober 2002 -9~~. The present invention further provides a VLI W processor
t hat decodes and executes an instruction that has at .east three operation
fields, ohoublchiadirsd emeraldin Shebdainddudass opgansalion. code her S
controlling a control ow of a program i ncluding the inst ruction, a second
oper at | e fpePHidad ddes IF-DppERsoRseEdeanoFecimdlifirda data transfer,
and a third opgrat. jeld i S QR 1{611,1, de f i.ng
an arithnmeti c?ﬁ%gyggggté{rtatf%%&g&nyggt gt,’ﬂ‘t ﬁe”‘i‘:rVELHIY p?c?)ég%sgo?rLgéﬁpnﬁq’?%eﬁ%?é%i rst
decodi n¢hsandetedege oo nG St tEser Al | M SECC ¥en hehiitr shagpetatliamst
field ftiJoStor{? g{f.l{'%,qnfriwg%lag f e cpntdpl ling the control flow I'5 of the
iTdicated byt ) i

program as i ‘ e operation code in_the first operation field, in
accordance wia hfardecotiangtienl £isfdt man i pslyddswliude moars osetbhd a

decodi naiﬁgggn%gérgﬁeﬂi rwo&@ef%&er@gsé@fw?zqg I 1H5e38€9RG% Oagffﬁeat Le%

field;, 20, execution neans for ‘controlling the data transtfer
i ndi cat é8iby & KOreFHE i oBm€oda i n the second operation field, in

accordance Wyt h f=4&lacpdi Bher@tyldn of£ideg segard udeeodi Hge means; Hhird
dec?)&i ng neans for decodi hg the operation coda,.in 25 the third oper a?i on
field; EPMPERRESCSX RNt PEF MBI TR KOG i3RF t BE H9ARRePRe IaarAnd

oper at i\ pfle d NdhC AL Ghrd EoRPERAE QBB ithd heetbhadopReRALIRN il g, in
accordance vvl,.t,g a decoding result of the third decoding neans. r on f- i r
ni nTRdplii OaTﬁé?nﬁr‘-é‘é&t invention further provides a VLI W processor

that decodestREUVEXRCPregseddddnpatiisomdg hat has a format field and at
| east three Jﬁfrefration fj.elds whi.ch .a first, operation field can_only

f
i ncl ude one t) der st ?”S%néod“é’”r%? S5ROE6 i nERERc Gt r BPEFRBROB  a
pr dgr ancdte i 18l paiesgnthein nsheudtiver apkXitjoa cositanthhea spepadion

operat ban f 6] 4 j ot poes 8BE-QE:6h) £3014,12 Cctober 2002
first executing means for executing an operation
indicated by the operation code in the first 6peration
field, in accordance with a decoding result of the first
20 decoding means;
second decoding means which decodes, when an cperation
code i1s ©present in this ecend operation field, the
operation code in the second operation field; and
gecond executing means for executing an operation
25 indicated by the operation code in the second operation
field on data which is indicated by the operands in the
second operation field, in accordance with a decoding result
of the second decoding means;
wherein the instruction also includes a format field
30 including a format code indicating whether only a constanc
is located in the first operation field and whether only a
constant is located in the second operation field,
the VLIW processcor further comprising:



-9B operation code for controlling a transfer of data and (ii) a constant ,
an d a t:-gird operation field includes ore of (i; an oper a2iGstokes@802 og
controlling an arithenetic logy ¢ operation 5 on data and (ii) a constant,
the format field including a format code that indicates whether a constant
is located in the first operation field, whether a Constant is Located in
the second operation field, and whether a constant is located in the third
operation 10 field; the VLI Wprocessor conprising: first decodi ng nmeans for
decodi ng the operation code in the firég operation field; first execution
means for executing a control of the 1%*Control flow of the program as

i ndi cated by the operation ' code in the first operation field, in
accordance with a decoding result of the first decodi ng neans; second
decodi ng nmeans, fo desasih iggt Reanpetfati decrddelg khchel 8BBSAACEHEF aBF6h

field, o~n~ra,rr~onyY-~, "z ~1 ' d tign 81

execut i nagnateost r tBFaGhe ﬁ%fﬁstrEHEfeFQFEEF§§?gQ b?“f%é pgergﬁggnlg%%e in
the secopd,, Eerg%ithEie@@rﬁatznﬂnndﬂﬁmgavmain@.dﬁm@dﬁngﬁﬂé§ulﬁnéY t Fe
second décoding neans; third decodi ns,.for ogdi g ,t SFat ey code
in 2.~ tbestBhEd IhePEEFERH i’eﬁid?gt ﬁi%ragsa%xéﬁﬁt Fgge"?rlg%ngg'f ogrte egzgc,ut ing the
ari t?@fl&%hogfd opekat é@chadiggatet tyn t fié edger athen GWuREARCt A8 FERE

operation treld, in accordance w LAg of the third decodi ng
means; imsREECHAOBIARG ﬁ&ﬁﬁ?qqx%%éc%ﬁgﬁéeghg ?é?%g%hébde; and const ant
storagehneanﬁﬁggrgﬁgrg@htm@ awmmmaudeéodbnghﬂﬂnﬂt dﬂ5}ﬁéﬁﬁéf&ﬁf'd@€oding
means shows that a_constanj i.s e e ne o e first

oper at i+t fPepAinghESSe G ojﬁé‘fcgatalslg%g?%g?g{%%df?ﬁjéat Elnr gr%)per ation field
the 35 constant in the instruction on and storing the extracted constant.
12 October 2002 -9C The present invention further provides a VLIW
protkssor, conprising: fetch means to fetching an L-bit instruction that

i ncludes n operation fields and n operation units which are each associ at ed
with a different one of the n operation fields in the fetched instruction
and each independently execute an operation indicated in the associated
operation field in parallel with each other; 10 the VLI W processor being
characterised by the n operation fields not all being a sane size, and by L
not being an integer nultiple of n. 12 Cctober 2002 10



BRI EF DESCRI PTI ON OF THE DRAW NGS The. 7c o.nl: ot~ ~i G '~

~l~. .vGaCl' _~(-as G:~ ..eudu~elJ~' C ~~1'~ Z ZWI' ~~t; J. 0:12 Ogdtebei 2002
J~r.d:C-CppQ~".-~:":CJI.;I"l.:rWr'e J.Cr. _rrrJd.I. ""r" description
t hereof taken in conjunction with thﬁ acconpanyi ng draw ngs which
illistrate specific enbodi nents of the invention In the drawings Fig. ZF

g IR, oo R A P Bl
ndi cal s and 028 shovng a0 Lasioue on Tt dhereone onlbe,

h [ d by th f an_enbodi f.th .
| nvent i GRS BGe SN A0 25 SR Ok B8 Py baL i TP L oReFBr AalLGf th

3 A WA SNMEANDS HEC AU, o
(hee types. of Safer Stoort e eqed SEERTLHAIRAEEG ¥t EFRES Y i n°
LI XAt T e S
00 SRR S el etk g g il sy B0V
(SO 12 0 L U e e REOBLANR RN g, oty o

L. oeoPRawag.t e 4988 WA U] 010 fR0e HBcolinY unie 440 OB

showi ng  t he case when the forna show hg case when

itge,,fzfyraeséga@gg ,i,t;\,,e'_' Forn@W It ; CRASOVENGsERRLCaER MR Jfig FAst code
,extr;cting, ;hen a decoding result of the format decoding
unit shows that only & 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 that 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, the first operation field, the
operation cocde in the second operation field, each operand
in the second operation field, the operation code in the
third operation field, and each operand in the third

operation field may each occupy n bits in the instruction.



Fig. 7 is a block diagramshow ng the detailed construction of the PC unit
33 of the present processor; Fig. 8 is a flowhart show ng 12 Qctolese@002 t hat
handl es a 32-bit constant; Fig. 9 shows an exanple of a programthat has
the present processor execute the procedure shown in Fig. B; Fig. 10 is a
timng chart showi ng the operation of the present processor when executing

the program shawp 9 Fi ko SqFlgno11uEs 180 S1ATLe ofy 2 progam bt has

t he present praocessor execu ure 't hat "handles a t “const ant;

g 128cshas Uhe LiAld deTLpi LR ol BaLLGLans. Uit are, Cypeuted bY o

st andar CESSOor ; shows "t he™i ns ion Torm

nas o SEARAREY b ouet AR o FEERES sSihe CoPol Rl SR S br by A shown i

Fig. 9; <Fh ”i%ieQPOMB an exanple of a programthat has a 12 Cctober 2002
12 stanaar “processor execute the sane procedure as the program shown in

Fig. 110 FigsgelaA Lodaky shon dodifigall pR81H8etNE FEtSH Yk © 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 independently execute an operation
indicated in the associated operation field in parallel with
each other; the VLIW processor being characterized by the n
operation fields not all being a same size, and by I not
being an integer multiple of n.

With the stated construction, there is no need for all
of the operation fields in an instruction to have the same
word length, making it possible to define instructions with
high code efficiency. As a result, a VLIW processor that
executes instructions of comparatively short word length,
but which have a highly 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 by a single 32-bit instruction can be

simultanecusly performed.



the instructions executed by the VLI Wprocessor of the present invention;
and Fig. 16 shows a nodification to the hardware constructil8Pgebarz02
present processor to enable the execution of the instruction shown in Fig.
15A. DESCRI PTI ON OF THE PREFERRED EMBCDI MENT An enbodi ment of the processor
of the present invention is described below wth reference to the figures.

In this enbodijrent, the expression "instruction' refers to a set of code
that is decod Eﬁﬂjﬁnaﬁﬁh b B ?Rﬁrﬁpggeﬁpcﬁﬁﬁgﬁééﬂ} %Fnﬁ?fﬁﬁe8ﬂ§ly and in
paral lel, w.th the expression_."operation" refers_t unit of processing,
such asogﬁrgﬁHQRﬂﬁﬁg%édﬁ%#a?FoﬁgeanlBBFE%ﬁﬁﬂ%ng%éié%iT?%ng?er, or a

br anch, i.ch i xecuted by th resent, processor in parallel, as well as
Lo the EOAESHEN Bht CHIES Bath, BRFEBRShr o0 tiary RO E bt bihe EdPmat
First, the Eﬁructurq_ot t he inﬁéructions that are decoded and executed by
the presBnflfr dc&REFATHT B HeScribed. The present processor is a VLIW

processor that ., .12 Octqber 2002 13 decodes d executes instructions with
a fixed word Fqéﬁ&[ g SE2 45 SQOI}fbeu%fAlgﬂo\,\,gg-Fﬁg PP 9%/ t10% of an

instruction 50 to be executed by the, present processor. Figs. 2B to 2D,
reanuni FEST8h SR GRS SakS ek i G HOF FELGELBN FRoS8 v 'S rtRtct i on

fornats?!n gig.ﬁéB %&nul aneous| éndicate hgge o%erations, thg,

i nstruc FoPraPESTRNEYy. ST tR@E opt aF FGhS ONaf@ TR S MGt i e % or mat s
o 32 B9 aRa TS B Bead O B BT SERyPEal 1ol ds shown in order
S0 | P35 FRaFa 58S A AR T AT AL, N2 fot PARGEST ot PO 11 ol d
ange (P9t EREOBa S0 AR BR R o B4 91 PRCER- 18R ol A Locona
const anto 2 3haoHEpSRAIAG S8 (HE Spa ALY o BrEenoPFERE SR o an be a

nuneric;copsta toﬂ% 3 ggg%%pter constant such as an i mredi ate, an absolute
address, or a displacenment.” 'The | egend "op" represents an operation code

that indicat eg; f ﬁﬂ@rértia(ﬂ'%dt xaﬁstgaapg(ﬁme éﬁ@eﬂ&isgﬁét&egi gatas the

regi ster used as the source operan the register used as the

Cest L ARIEEPEL a0locRaY i ORI e et pLRLLEoR Beae
in an instruction contains a combination of an operation
code and operands, so that a VLIW processor that executes
instructions which have a highly efficient code construction
can be realized.

As described above, the present invention realizes a
VLIW processor that executes instructions of comparatively
short word length but which have a highly efficient code
structure that allows several operations to be specified by

a single instruction. This effect is especially noticeable

for embedded processors that process multimedia data.



~4 stored value of a specialized 32-bit register provided in the present
processor (the constant register 36 shown in Fig. 4) as thelabswbet 2002
address or relative address (displacenent) of a branch destination. The
nunmerical values given directly after the codes descri bed above show val ues
that are used in the operation in either the first operation field 59 or
the second operation field 60. As one eganple, for the instruction fornmat
with the format code "6", the 4-bit constant "constl" |located in the P1.0
field 52 and the 4-bit constant "constl"” located in the P2.1 field 54 are
conbined to forman 8-bit constant that is the source oagggang correspondi ng
to the operat irGfF GRSEOPI LTIRYERST i 75T kr BEPERSFSeld %ol ¥ TRECEBRS M

" tconsa" _ t\h%ﬁh déi:'dl_ﬂ)é? a@@aﬂ‘ggﬁe_&\?t .bsa_am?nmﬁtfﬂpgeganttsﬂ{aﬁc chnst 8&‘% 1ezke
stored i e speci al.i ze -bit register provided in e present processor
(the . c@i‘é?ﬁn?gﬁé"&ité"toe"f @@%&%mofnwé?ﬁg 4). As one exanple, for the
instruction farfatow tdpdhge { of MBl et adenQuddecde bobegarStcante SdzONSb Y

|l ocated in the,P1.0 field 52 inplies the constant that is tqQ be stored in

t he nsciod?ﬁr?%gm?er a36 c\ﬁn"’trmﬁ?ﬁps Y i Pt y3i naFedred ENEL W dKowt he
speci fi g rexarptesonf the operations that can be indicated by the three

ki nds of operation cqde "cc",, "opl!',.and "opt" given in Figs. 2B to 2D.
These oper at i%r%e%?’éngQ%%(?q néjo%{cgl ?'HBEBGW ?ﬁe%%?@tgﬁ’érﬁf’%nf(%e
"cc" i neiogdbes 1ongy caltdata tiZnefkehemndD02 15 sixteen types of branch

i nstruction. Eatcl_rll béanch iagzrs.truc%i on is_S e%fi ed as_a branch co di%i on and
a branch f or fatEPE@nTPEE 3512 Bt anth LoAG GRS iHeI GRET2EGER FF]  E§5)
"notl0equahttell'izeq 3 ,anhdhiigr at togi habpergtipn otheidwanch format can be
a format where _t red v stant register 36 serves as the
absol ute add?‘g‘é‘sm%«f Cr%%:#led(gé é%g ?ﬁ “(denoted by having no "i"
attached to fhestnslgamiimm meansnifo), deccaifng nete whpeeathenstoaded iml ue
of the gonsta regi I, ves as a relative address (denoted by having
"i"oat ttghc%e%l?%tt %ge?tﬁgtlroﬁgtﬁ%l%emni c). As one.exanple, the operation
code "eq" repiesbtnesceautopdr anganst Ifar itanthesling &ldestonatobn filrdr cat ed
t hraug bsal.ut Ssi g 5 egedi C .l fi the ar ed
val ﬁgs%t% Egeeqﬁgﬁggé\ﬁi ISAe_Qt ﬁ\gﬂagp%ea?caeﬁ 0%900 e " ggieiari:zg}?leslejﬁgg alrrli1 o%glgti on
t hat bifdmstesopgratdes: ifitgldn {RdPCAEEADUGhER ePatdarodikly esesndtwhen a
precedi¥d tHPA ¥ $ON3é bR nEheeapar ed val ues to be equal . The 4-bit
operand "opl" can bgﬁuse to indicate an. ari hnethﬁy;ogic operation, such

d
as any of ar@GRRf FEEGAENGh)Meanss Pt (dG6PRLEE] pexgbion code
(mul ti phi eald @Bcomd Spadat{bagitalldAND), or an "or" (logical OR), or an

)
opspat on Nl AN LLErS Shekall TRLeY ueLAsA oLoa B,
"novb" tftnafeier iofdicres dayt eeylattdle THreretist opsieand optie cardamdised to
indica&ﬁe%&%i%% ff%ﬁéFtQRGECZQQéance with a decoding result of the
second decoding means;
third decoding means for decoding the operation code in
25 the third operation field; and
third execution means for executing the arithmetic
logic operation indicated by the operation code in the thixrd
operation field, in accordance with a decoding result of the
third decoding means.
30 The present invention further provides a VLIW processor
that decodes and executes an instruction that hes a format

T

field and at least three operation fields, of which

r

a first operation field can only include one of (i) a=n
operation code for  controlling a contrel flow of a program
35 including the instruction and (ii) a censtant,

a second operation field idncludes orne of (i) an



16 the arithnetic logic operations or inter-register transfers that can be
i ndi cated by the operand "opl", but can al so be used to indil@adaetotser 2002
regi ster-nenory transfer operation such as an "1d" (load of one word data
frommenory into registers) or an "st" (@gfore of one word data into nmenory
fromregisters). 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 for of the instructign 50. Mre

speci fi caPP§TatAPE PO fHUT &%1”§ggcrﬂﬁe§ SNt LeReCsi fadén andt fukti an
formats shoywe-inr Fkgg. 2H to 2D. The P1.0 field 52 is a field holds a
constant or an operatl on code for a 2 qch operation. Wen a constant IS

| ocated in the? P1EHifPel PEREFStRR adiftct hel RAsEREEt i G wi®h t Hé ) f oramt
codes "O'cperdatiddeods ¥ox' %anﬂfﬂhr@%eaﬁa%ﬁﬁt\m’%tﬁé hpﬁ@&%%@&dﬁiﬁ be
stored in the constan} regi ster 3& as in the instructions™wth t
format’ c&Fedat® @ ‘) RdC®BEF2RRd cases where the constant forms one

part of the ometeantbma‘t hﬁléﬂ.ﬂshr‘@ﬂﬁrﬁtrlg)ﬂaff@i:ﬂa59c%et h§j§ecgﬁgleggreglon
field 60 hasmthelnstructlons%ntht rmat codes "5", 7", "

"9, and*F BERe R CPRBLRBRO LTI TIPSR PR, % HESH P@%r@bdeozst&@ad.,n

t he Consﬁrﬁ@théeglas'fcﬁnsﬂﬁanﬂ hes elaeatedsas Wies es@8b¥dt Bive rértlidy CPI@i nt is
stored (su s in the |nstruct|ons wi.t h the. fqrmat, codés, "0" and ' , and

cases g Oé’t eB0F2 CPIFLRREr el ¥ hiO T RA ant? i €het &W@o@éﬁ@twfﬂh a
12-bi¢ consiant located in either the first operation field 59 or the
second operatlh ‘I{Lf{}\ﬁ 60 %such as in.the instructions with the format
codes "4" and %" YLlGnBROFRESBHe FAMEGH 0WE "cc" for branching is given in
the Pl 0 fielfhiB2: (decbdangi metans ifot rdetbanagwchle tdyefad 1oh eedss 12",
"3, g Af‘, thlés éndl cg%e ;@ ﬁr_anch operation that uses the stored val ue
of t he S5 ﬁs¥%$ %‘ ¢ absol ute address or relative address

(di spl acementf)lnﬁt ael&eaucho@esméaasi dier Theelutsngopar atdmrrdl elod 5Onhkol ds
ei t her Qgstan o] nat.i ) [ o fo di catlng
an oer SPRSERICIEL 0 B CERLITH AN B2) Maphetay’ B PREE, it <t

t r ansf eepdehatndodse ndildstvobperddi®n r 4dsflet, bet‘-weencohéapcesetmithr ozessor

and t heqPebiphE! Y LRILY cxth e Sabesa: an0ndest nal i on operands for the
operation e~second operation field 60 can he same content as the

first operatFBROPFel FTRA RS cFIEFEF abdTe, d%ﬂd% 5?‘@0 eperrhben velodeol d a

conbl naih oph&f séabnan opreadtiicen fgedei f or indicating an operation (such as
iyregl ster trgnsf er that i nvol ves data transfer between_the present
pro o‘%%‘r

ssor and®tRBSp&FTS Bnde g6y afdEHELBhe® opeF&EPSn.oThebgbove
assi gnnixd a ot rdhkferenindiperatd ohyt yhes dmexreria ncbiel dn rsd Ss@&ort:the

necossaty T 1O PR o0 S S e R v BF CROE S ofth of PBins

si nul t aeemnrsd yJeapdinganeanky one input/output port (the operand access
unit 40 showy ity Fagﬁoé%ngogjeggla.ng&r rd@@oé’?ﬁéaﬂﬂé b e'%@i'o%eo'cr et ween the

present processor e penfhery nmenor e i nStruction Tormats shown
i n i gshxphirdprapation £

third executicn means for executing the arithmetic

logic operation indicated by the operation code in the firs
operation field, in accordance with a decoding result of the
third decoding wmeans;

30 format decoding means for decoding the format code; and

constant storage means for extracting, when a decoding

result of the format decoding means shows that a constant is
present in at least one of the first operation field, the
second operation field and the third cperation field, the

35 eeonstant in  the instruction and storing the extracted

congtant.



the follow ng characteristic features. First, by focusing on the constant

"const", it can be seen that there are the follow ng three 13fewbef2002
instruction for storing a constant in the constant register 36. (1) Wen
the format code is "0" or "1": In these instructions, the 4-bit constant

| ocated in the.Pl.Ofield 52 is stored in the constant register 30. (2)
When the format code is "4": In this instruction, a 16-bit constant | ocated
inthe P1.0 field 52 to P2.2 field 55 is stored in the constant register
36. (3) When the format code is "5": I Ny his instruction, a lo-bit constant

| ocated in the P1.0 field 52 and the P30 field 56 to P3.2 field 58 is
stored in the constant register 3v. Secondly, for the present processor, a
maxi nrum of three operations can be indicated by a single instruction, and
in this case, Tag capzesseen fhwmn:tthbodri pfuwroperat i pnotodeat s shownzizw
Fig. 2B,_either of the follow ng conbinations of operation types can be

used. Sl side]sf:1d fﬁﬁ??ﬁf%3§:Cne operation that sets a 4-bit constant
into the consfanthregiesner Ierandetwhistcanaar d Iepertat ijoret Xwdieos hee # 9 mat

Vel e, St THIIRE BORBERRE Tl et 46 HiTan Absolute address of a relative
addr €5s and tmo cpisamataidnopenatsonshivhemtee each associated with a
different one of the n operation fields in the fetched
instruction and each Iindependently execute an operation
indicated in the associated operation field in parallel with
each other;
10 the VLIW processor being characterised by the n
operation fields not all being a same size, and by I not

being an integer multiple of n.



format code "2" or "3"). As described above, the instructions of present
processor have a highly efficient field structure that enablg®dossreoorm of
three operations to be simnultaneously indicated by a single 32-bit
instruction. Hardware Construction of the Processor The hardware
construction of the present processor1 s described below. Fig. 4 is a block
di agram showi ng t he hardware construction of the processor of the present

i nventi oBRASTdEESOTeRl aBUvEr T Proyced¥88r is a VLI Wprocessor that can
execute a maxi num of three operations in parallel. The construction of the

processor can bgeseughhy odind-dedivdi Oaphs | Askr dekkordegister 10, a decoder
unit 20, and an execution unit 30. The instruction register 10 is a 32-bit

regi st erthbati :8ton esoaneiinstsaicthenabbat-as been spet fgomihec
instruction fetch unit 39. 12 October 2002 20 The decoder unit "20 decodes
the instqasti-am b tRztbe 4 natyact i onceagiusiari dP @ndnpenfor ms out put on
control lines fo the execution unit 30 in accordance with the decoding
resul t. ARicoree@des g Ualkwd PasanHitselif b ghl y_divided into_the fornat
decoder 21 and the instruCti g%adeéggrllfﬁ%%“Tné??U&tfilGn 55@&5%%?@12291 S

conpose f..a, bEangh « der 23 aty-degedes.the "cc" operation code held
S RiE Lok et i

in the controls the PC unit 33 accordingly, a first

tion d 24,1 the. ion. . in the P2.0
operation ec%d_.%_ro#é ?_altd dacodes, EESEPEE%HC??B%&R‘QQ Eglb%gel!cgu ﬁara YReond

field 13 and co he first operation uni acco

oper atiop, decadar 25; Lhakdecadescd he: gperat in cade. el d dn the B30 field

16 and “contio ‘he” sécond “operation un 8 "and "operan

he. Po.0% V2pR R ST (aBE PV REFPEEY, 78 S PR ThEt st on

t he PO. e 1'ns on fornmat ction

hel d i . ] ' A f [ i.bl
st ub IO Py R & o PR o ha R o OB TR PRRERA,

decodi ¢ A &% .the format decoder 21 pernmits or prohibits decodi ng
oper ations hy ﬁ’e branch decoder 23, the first operation decoder 24, and
the second oPégatidh cdvwder t2%s dneldctsvatesutbe GEgiSherirtntiot it 32

of the gxgcution, Un : e.far ecoder ,_the branch decoder 23, the
first operat ?Lgn‘%g%%‘g%%ngﬁpaﬁ gt @%égec%%g{o %&a‘ﬁ]oﬁ & t of the
Ppresent invention;

Figs. 2B to 2D show sixXteen types of instruction
format, with Fig. 2B shoﬁing triple cperation instructions,
Fig. 2C shewing twin operation instructions, and Fig.'QD
showing single operation instructions:;

Tig. 2 i1s a table showing specific operations that are
indicated by the three types of operation code, "cc", "opl",
and "opr2'", that are used in Figs. 2B to 2D;

Fig. 4 is a block diagrem shewing the hardware
construction of the present processor;

Fig. $ is a block diagram showing the detailed

(23

AFf the nrassm+

constructicn of the constant register 38 of the prassnt
processor and the peripheral circuits;

Figs. 6A to 6D are representatioens of different



12 Cctober 2002 21 25 fundanentally decode one operation in one cycle and
send control signals to the execution unit 30. Here, the 212 PictobebRA@%nt
signal line 26 that connects the instruction register 10 with the execution
unit 30 is a bus for transferring cgnstants and operands | ocated in the
instruction register 10 to the execution unit 30. The execution unit 30
oper at ety dd8 50ckhaqdacednid SAsWy ©hethsndesaderellisie20 and is a
circuit that is capable o? executing a maxi num of three operations in
paral | @ontHiis exe€usp0BnYRht 130 Fi%y .CHTPASLLh Of i @0 EXecHbLW@RGCRRLr ol unit
31, a PCunit 33, aregister set 34, a first operation unit 37, a second

oper at ica’ sURjHer38 h@Nf b RShEUBLHAN jletrg WY tv B39, Angd appoRERARRAEERSS unit
40. Qut of the conponents in the execution unit 30, the constructions of

the reghagleChyoDif1d BOkhaB2cokBeBCHuN t By o $HEwEARSEABRL chegi Ster 36
are shown in greater detail in the other draw ngs. The execution control
uni t 3%neef @he ifbaeder abgkoikheseonkngl g CUn SshdiNg T tRE E8&e
controlling the conponents nunbered 33 to 40 in the execution unit

accor divRgnt @ Heherslagodi Bgqeesyl roof the degodeyrunit 20. This execution
control unit 31 includes the conponents that are normally provided in a
processor, sggh.as Gid GlitBodRrdibgren €8BIy tOREEHt DN ed

perm ssion./prohibition control, status nanagenent, and interruption
controtonas reRticas dihetigonst athi t €GBSHEN th@NPrAsdit tpSZcaddsh; is a
characteristic 12 Cctober 2002 22 conponent of the present processor. The
constant regEdiger scay rapl flw¢h 32t pShbRLing eopirodedird hatata Handled 6- bi t
constant "const” held in the instruction register 10 is stored in the

const aat 3pepist eroriddrased on i ndi cations given by the format decoder 21
The PC (Program Counter) unit 33 operates under the control of the branch
decoder 23, 8hd.o0t piicsvs hen aalthmgske i ofaa pxberaal thrromhas( die i || ustrat ed)
of the next instruction to be decoded and executed to the instruction fetch
unit 3PreFheti psooestscon dxtaitenthe 39rbeedhes ahowmstirudtiigan &l ock from
the external nmenory (not illustrated) via a 32bit I A (Instruction Address)
bus and a 32Fbgt LD (snst ruictingn Geand douswidgethesvpeciitaonf etfcltheit 39
stores the fetched instruction block in an internal instruction cache and
suppl ikeseshpti psocastsicoon wikdrc lexoaruebpontket propeaaddhess dm Fitg.ed by t he
PCunit 33 to the instruction register 10. The register set 34 is conposed
of fif%een 32-bit general registers 35 and one 32-bit constant register 36.
In accordance with the decoding results of the first operation decoder 24
and t he secof#gepéiatisorrndecedmle Nt thepvadras vhathhasetbeored in these
sixteen registers 35 and 36 are transferred to the first operation unit 37
and t Hr8EeBARIPEPELESIOSN SRFAUSB avRFecefubperadtohanfsegerf abmpd tor
alternatively the values are allowed to pass, before being sent to the

regi st€¥73e€082 or the operand access unit 12 October 2002

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 procedure as the program
shown in Fig. 9;

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



23 40. Here, in addition to being used in the operations perforned by the
first operation. unit 37 and the second operation unit 3Q 12Qstaker 8803t or ed
in the constant register 36 can also be transferred to the PC unit 33,
where it is used to generate an eff? tive address that is used as a branch
destination. The first operation uni't 37 internally includes an ALU

(Arith i i [ f.or ' Lt h G qh,QQ) Mt 3 two
52 bi 1 Setar e S T o T orber P o e It B et S5 B two
32-bit seignoindetg. I1Ri.s first operation unit 37 is capable of executing
two types of operafion (namely, arithmetic |ogic operations, and

i nterregi sterpi fansieg egerap angl, Wffé‘@tf&ﬁ]’sr%, hel Jdé@&r@p§rati on

decoder 24. The’second operation unit 38 internally includes an ALU for

perform ! k ogi r«atd ~ Bl f ta and a
mul ti plrﬂirge?('}l o?Eggreg%?Pﬁgngkr%fﬁlglt%?&aitﬂegtrﬁ%oér)l;vﬁo%wtéﬁogg-gts)i%?l ?ef?strg? data, in
the sanp.yey,es;hbenkirat gpgration unit 37. This second operation unit 38
is cap e o? executing fwo types of operation (nanely, arithnetic logic
oper ati ons, i era kSker - anster t4100S the control of

t he second oggg%ii%ﬁ %%gg%e% %gaﬁ$ﬁ§agéé?gﬁﬁﬁégggs%éﬁﬁggEio oper ates under
the comgml:oiictiien S6g0REe0pPEaLhen ddecalaio 2% andhisla hicul t t hat

transfers operands between the regiSter set 34 and the external nmenory (not
i 11 ust retes)e 1 Jheo oPerandnaeeass 18R khowh? i tmher 2082 24 40 internally -

i ncludes a buffer for storing operands and operand addresses. As a specific
exanpl e, when the operation code "Id" is in the P3.1 field 16 of the
instruction register 10, one word of data that is |ocated in the external
menory is | oaded via the operand access unit 40 into one of the registers
in the register set 34. Wien the operation code "st" is present, neanwhile,
the st gmxtrEdTEONfoPNEHOf PRDEERRYDSERBODINENTE regi ster set 34 is stored
in the external nenory. The PC unit 33, the register set 34, the first
operation unian Fmbddign&econtl eperptoo8s8brt 0F8 thangidwepper and access
unit 40 are connected by internal buses (the LI bus, the RL bus, the L2
bus, thHevi@thim idedddchiised abelldhewDEhbusfeaensdwovio i théi gigdreblere, the
L1 bus and the R1L bus are each connected a respective one of the two input
ports dmn tdre f ienddodipesrat | orheinexpB8&ssibe [2nbasuartd drite RREfdus apeaeach
connected to a respective one of the two input ports of the second

oper at isert wi tc@l wat the ddcddsd aacdt eeb@thds bar ehreegpeesénel y connect ed
to an output port of the first operation unit 37 and the second operation
uni t 3®robetsdidmed iGonstanatuisly oind hitn (pasedhelRegiidthert!8s and its
Periphery The following is a detailed description. of the constructs ors of
t he coRgPaess siegi Stape36 iand' ofefidres tala erdbep2@FPcEBsing, such

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

of processing.

Instruction Format
First, the structure of the instructions that are
decoded and executed by the present processor will be

described. The present processor is a VLIW processor that



peripheral circuits. Fig. 5 is a block diagramshow ng the detail ed
-construction of the constant register 36 and of the peri phér@rtober2092t s.
Note here that the fixed value ("0") 27 in the drawings refers to fixed
wiring for four signal lines carryi g t he constant "0". The constant
Tegister control unit 32 is conposed of five 3-input selectors 32a-32e and
three 44epBHEsSahBCeMeT It s 3L £ Wit L Eoh Bews @RS Zarti i wé £4 §@n%'§h00”p059d
of eight 4-bit registers 36a-36h. Here, each set of input and oufput data
is 4-bigrparablels . data. I n accordance with control signals fromthe fornmat
decoder 21 and the instruction decoder 22, the constant register control
unit 32 contrplg tha ehahls ithautrisalecd©FgcB84a=338 3@ tihalt Aiconst and
stored in the instruction register 10 or zeros are stored in the constant

regi st eto3peacqerdiced by e Prddund opfoséorage metikeds ZH wen be) ow. Figs.
6A to 6D show the four possible storage nethods in the present enbodi nent.

Fig. 6AnshewuBidest ghage sARihed figfsthentide fermatsdecagercrlsdetaeds that
the value stored in the PO.0 field 11 is "0" or "1". This equates to the

case whefls ophytaofbicbraenst ant Hietatzyl dimbbeaRdolsiiveliddizdise stiored in
the constant register 36. More specifically, the data that is stored in the
const andpé £gt 685, 36nhks ishicied iupwardisndt 9 1heriglt 2tnthicg. 6A) in 4-bit
units and the 4-bit constant 12 Cctober 2002 26 stored in the P1.0 field
12 of tdyeerasions)i andregesiestidctd o Aethitsthe FoywestDordeyi ik t

regi ster 36h of the constant register. 36. Fig. 6B shows a storage nethod
for whespéhecionmt decoder 21 detects that the value stored in the P0.0
field 11 is "4". This equates to the case when a 16-bit constant | ocated
bet ween the PlhDsfiestrd2thod thehB2. 2 ffiiededi Mord bénged of BRebddarsst ant
regi ster 36. More specifically, the data that is stored in the |ower 16

bi ts 3GmdB6hs ofomhesednsfaaighégdsbert Jhyissicdl ffeellds shewnpper 16 bits
36a-36d and the 16-bit constant | ocated between the P1.0 field 12 and the
P2.2 fistdedbsodrtimgi isotmutheoMSBedMetsdr SiQriisfistamedBin)t Be POwdst - or der
16-bits 36e-36h of the constant register 36. Fig. 6C shows a storage nethod
for whefiakd Fbr nBl.defbelbd 22, det ecPS -2hdiieltk S5&l e Eigredin e PO.0
field 11 is "5". This equates to the case when a 16-bit constant |ocated in
the Pluhd9a] dth marceefve@nthhePP300fiiedldd 556 ttthatheePP32 2L R&HAdSE8 i s
stored in the constant register 36. Mre specifically, the data that is

st or ed 1isn aHel edviie 151 15t sopesaBspnofiehd Sénstvdiitle et eangs £5oBhifted
to the upper 16 bits 36a-36d and the 16-bit constant_ located in the P1.0
field thearkB Hetfiekd the 3. 0hei BBd2161i8Ad e im3.c2¥led dthe ®econd

instruction register. 10 is stored in the
operation field 60.

In Figs. 2B to 2D, the legend "const" indicates a
constant, and depending on the operation in which it is
used, this can be a numeric constant or a character constant
such as an immediate, an absolute address, or a
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



| owest-order 15-bits 36e-36h of the constant register 36. Fig. 6D shows a
st orage nethod for when the fornmat 12 Cctober 2002 27 det2o@etob&120fet ect s
that the value stored in the P0O.0 field 11 is "2", "3", or "A", or when the
instruction decoder 22 detects that the constant register (RL5) is
indicated by at |east one of the P214 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 val ue
st or ed SYP G CoHLE ant ?e@P@FéFlééeP%3§é§&ttQF%HﬂF%%rBEOYﬁH?GhlPS to say,

the constant register 36 is cleared), after the stored val ue of the
const atP e SR STETT 6 PSS BRBn (£68d By SAR A FRI LHE b1 56 BRAREN*Bper at i on

or an_ 53 ailorRd i1 ASERbREC oRERERan O IS A0V MAPERSI 11 cal Iy,
280 oI P HRETRE T n o bek RFEASH, CRRERREeBopar at i on uni 1 37 o he |

o Lo coneanrRAR LY AL Pey BLVEReOVRHE i THRE SO RATSgi St er 6
a1 vy s CERGF P S TR AR ANT A} BB Sk BF C9BAUFRD WM R FRT SR of ar 0|

he i i, f , i f d h ff i nb f b
7, e Lhan ol At o8 Lial Lo petLorped,ahen Lhe Sl enilye, urber of bit
i t iint.o the .hi bi t L that _th | th
e SR ARE G o 1 PO apinate! L el dakemopp LR
20, 0,841 81cd IR LAY | O o081 Ly 00l Ol Scoicis 1

i st is.shift . I i t f al
(991 el e shubed el & aon gyl st el el cafrralve

s del ebed. By doing S0, i he consi anl L eghabeno36.Ls ke Lo gsyagessivel y

accunu const nex e i St ore€ is used. failed

Constr i f e R j t NG -] iled d ription of
thescogé%‘%ggpf&o#r%r“ tl%e% usﬁ%g%%é%%% ?gkgegpggéégigagroa%%s%hlo& Ing t he

t i : PG unpit i il . - ien .Fisg.=q7, the PC unit
ggnis_srgg%grs&é%%o?ggefi Xe I va u_eﬂ%'ﬁ%%a?ﬁ?ﬁiggpg \%Eﬁﬁlr?g 5V%Hi ch Ser maﬁglnt |y
carries the eqastapktaft "Q:o%fs!@'pléihi%'{efé%o§3b%v%éﬂd@gdﬁﬁ.tﬁ3%1 a PC

(Program Counter) 33d for storing an address of e next instruction to be

decodeg,3nd rexe nt3NG &hdHHE S8I5CtPEoBSe. hnchBesBecylnt ¢4 the

fe%g
sel ectors 33b a%g 33e operate I n accordance with control signals fromthe

(EF0ST Et PRgIRR ko 0t B Sulehspongsol Wil 01 N0,
addresSonstant register 36 shown in Fig. 4). As one example, for
the instruction format with the format code "0", the 4-bit
constant "const" located in the P1l.0 field 52 implies the
constant that is to be stored in the constant register 36
which is implicitly indicated.
Fig. 3 shows specific examples of the operations that
can be indicated by the three kinds of operation code "cc",
"opl", and "op2" given in Figs. 2B to 2D. These operations

are described in detail below.

The 4-bit operation code "cc" indicates one cut cf



1 A val

order,

pr esent
“4" is
to say,

content of the constant

the congtagt )regirgier d1s s ed fsg e abseh ut graddeessnher oranch ng,
as mhen$thg éecoding f%ghlt of ?ﬁgﬁﬁ A g s that’ éﬁ:)

ue where "4" is added to the content of the PC 33d This corresponds

to when no branch is taken and a next instruction is to bel2Qstabeed0?

which is_to say, 12 Cctober 2002 29 when the decoding result for a
instruction is that no branﬁa operation is indicated. The reason

added is that the |ength of

e instruction is four bytes, which is

, s32tRkhS ¢t ypesA@IkE heT £n L AL EPNERNT BE hNe Gongt ant register 36
is added to the ¢ontent of the PC 33d This corresponds to when the content

of the QHQ%E@EEiB%QE%t%@éﬂiéﬁé&%@g aSpPahShatbyeiaddreshd o DFranchi ng,
such as when the decoding result of the branch decoder 23 is that the P1.0

field 12cipdicat &% AplANHE U0 2n ki@l @bhyer 89HEesAc1 BaeAnWalii® giyen as the

ranch decoder 23 is that t

regi ster 36 This corresponds to when the content of

such

P1.0 field

12 indi@ﬁéeﬁréngha'ﬁféh}mta% kROl tf;‘oﬁf-?éji e38a r &St HESEELRRG ge%ee 4he PC

unit 33 inc

udes a specialized adder 33c, and Is constructe

to directly

use theeyal uBnstaned Yy e CONSIA,d LU S ale 30ps 50t BaLARLARGN gxecuti on

contr ol

can be per wth the stored value o

as a reﬂ%iyf?aeﬁreégEgha%&o@PS@éH&@ﬁw%Hh@aﬁ@' weh wethoand +q

i ndependent o

t he Cct ober 2002 30
the instruction mnemonic), or a format where the stored

value of the constant register 36 serves as a relative
address (denoted by having "i" attached to the instruction
mnemonic). As one example, the operation code "eg"
represents an operation that branches to a destination
indicated through absolute addressing when a preceding
comparison finds the compared values to be equal, while the
operation code "eqi" represents an operation that branches
to a destination indicated through relative addressing when
a preceding comparison finds the compared values to be
equal.

The 4-bit operand "opl" can be used to indicate an
arithmetic logic 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-bit) data), a "movh (transfer

f halfword data), or a "movb" (transfer of one byte data).

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

constant register 36



operations performed by the first operation unit 37 and the second
operation unit 38. Operation of the Processor The fol | owi nd2iQeteper 2002
description of the operation of the present processor when decodi ng and
executing specific operations. Fig. & is a flowhart show ng an exanpl e of
a procedure that handles 32-bit constants. First, the difference between
the stotgd waktemedfid NodeyisierstRehandrRinite ol {sdept S8Afeand t he
result is multiplied by the stored value of R2 (step S81). The 32-bit
const antha@x8465432 i'ndildie: athlpie £184 658824ndi mopaxgdenidratan i $1s6epeadded
to the result of this (steps S82, S83), and finally the register ROis

cl earedufstiepoS84Hi ddte ﬁ@m@ﬂ—rﬁéﬁﬁﬁgetebn@ fero@ppd thiadn hagch he
present processor performthe procedure shown in Fig. 8 The programis
conposedsofint hedr'hr@@adglf utld arsrd Idd8a Fhohi flemDryorigitd ne corresponds
to one instruction, and the content of each instruction is shown by
rmenoni ggghecatreqd o tahe "separ@trid edfisoné eael Hastr UettcOmenmdryi g. 9,

t he val ue of each constant is expressed in hexadecimal. Al so, the |egend
frmtn (nEPok) reghewerishe format code "n", while the .legend "Rn (n=0-15)"
shows the value stored in one of the registers in the register set 34. O
t hese, "Rl5" TeéetRatactbeicanist sufatnagistef Sve fid2dectabes22033,31 Fig.
10 is a timng chart showi ng the operation of the present processor when
executiamgdt 6@ phognhadnsiFaywn i2a R dksdhilsedilgeld®.shows the cl ock cycles,
the content of the general registers RO-R3 and the register R15, and the
data that fl olseoRCtReffieldd baseslds aR¥-HiX Howdnd&R.cFde tbhkltowi ng is an
expl anation of the operation of the present processor for each of the

i nstrucipensiyest bhg3fowingh odéf dhendatorRitison 95@nd ¥oreinstruction 71
After the instruction 71 has been | oaded into the instruction register 10,
t he preseecipiosdiyor thésf 8And tfhelshlatinanl Skwswnond efetBrRock cycl es
tO-tl in Fig. 10. The format decoder 21 judges fromthe value "fm4" of the
PO. 0 fisixtddnihnsheurhicnuépiroatseghorey im0 Biga. tH® pPedBnt instruction
is atwn operation instruction wwth the format code "4",and so controls

t he executi orfk@miPl30 Ebelfab2t he ewdiepsr MAISI MRS BRYL beFodlar e

executed in parallel. 1. First Operation The constant register control unit
32 contQrg®atien code for a branch operation. When & constant is

located in the P1.0 field 52 (such as in the instructions
with the format codes 0", "1", and "4" to "9") there are
cases where the constant is to be stored in the constant
register 36 (such as in the instructions with the format
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 "5", "7", "8", "9", and
"B"). When the constant in the P1.0 field 52 is to be
stored in the constant register 36, there’are cases where
only this 4-bit constant is stored (such as in the

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



ei ght internal selectors 32a-32h so that the 16-bit constant (0x8765)

1ocated between the P1.0 field 12 to the P2.2 field 15 is 42 @ataber 308he

| ower 16 bits of the constant register 36 according to the storage nethod

shown in Fig. 6B. Accordingly, the egntent of the register R15 changes from

12 October 2002 32 "0x00000000" to x00008765" as shown in the clock

cycles I e cond-gperation unit 38
Jikid tRiEi g ;Qan% 1§ vaIue c%issséghﬁlﬁﬁ ? qﬁ B&k

recei ves an i nput o the store 333’ e general register

RO and d 16 s{.0f eﬁo¥§£98 QX%?L%%%?@% of¢ {Lhe %@féhéﬁ%%% BL, gnd af ter

subtracting the latter frontt e orner stores the result 1n the general

Eﬁ%hééiﬁrrom?i%@véﬁﬁﬁhi&észs%%s- L e L

cycles‘}fkﬁJﬁﬁg0f@rﬁgtFkgﬁeéonahngh@yequn 72 hbxt after the instruction

72 has been Toaded T nto the instruction register 10 t he present processor
e COCKa £Y6hCRob- I2cn B0 herlite, 0L 18l ydgooder 21

operates as sh %
judges fromthe va

m4" of the PO.0 field 11 int |ns ructi on
" egl St el G At 1416y ps £SPELANSLT YAL LA 552 AL AperaLipnchast ructi on
with the format code ' , and so controls the execution unit so that the

t wo operoetnraoesc&@éwi@ed bghowsgpergxecuted o &n%!caalﬂ@s%]ta I, Fhest Operation

The constant register control unit 32'Controls its ei internal selectors

32a- 32 pea-dthadn thead 6udeE €0BSERBLed FA1Fet @tferth%o%r?e%é%%ﬂ) | ocat ed
between the P1.0 field 12 to the P2.2 field 15 is stored in the |ower 16

bits ofrelfieteansi@nis regh sigsoBhracsandeng be the sHiaragaideisod shown in
Fig 6B Accordlngly, the content of the register R15 changes from

" 0x000Q@ 261 ddemdhed765# 3R Ibr@ascah@ustinathencl ock cycles tl1-t2 in Fig. 10.
2. Second Operation (0x4321)| ocated between the P1.0 field 12 to the P2.2

field 15 is gter eddst tdie=d00dn 16i dldss9fhbbescenshant o e@Pndteint36
according to the storage nethod shown in Fig. 6B. Accordingly,the content

of theotreg sicedbRELidanges 4y onh " SpOPLOBIARSEbaL" GvB7 B shawn in the
cl ock cycles The second operation unit 38 receives an input of the stored
val ue PxRRAARDA('sunfh tde generbthmegl steogR2 apdrihd ost ared nad nie
"0x11111111" of the general register RO, and nultiplies the tw together
bef or ersgdsitey tdransEd)t thet hogemotl ineglseedaRa. tAans fieesul t, the
stored content of the general register RO changes fromthe val ue
"Ox11llbétweent ahchenesdanst "Mkl dnd nthdepetdphecycl(eemort)2 shown in
Fig. 10.
and (b) source and destination operands for the operation.
The second operation field 60 can hold the same
content as the first operation field 55 described above, but
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



Instruction 73 Next, after the instruction 73 has been | oaded into the
instruction register 10, the present processor operates asi2s@ber80€? ock
cycles t2-t3 in Fig. 10. The format decoder 21 judges fromthe value "fnt7"
of the PO.0 field 11 in the instrucﬁ%on regi ster 10 that the present
instruction is a twin operation instruction with the format code "7", and

SO COoNnbiRlcte decwyesut hoReUBkan3® i%éﬂhﬁﬁiéﬂﬂ@ s R uoRehalud1S, destd | bed
bel ow are executed in parallel. 12 Cctober 2002 34 1. First Qperation The

first eparatdon, ubhé Bdphegslvestapdiipuitid spershar edcvalsuainOx&ms54321"
of the general register RL5 and the stored val ue "0x44444444" of the

gener akhoedi sitre’FRY, andradds rhhe fewe itrRpedheraRgbors phofiied he result in
the general register RO. As a result, the stored content of the general

regi st eetRQechangespfs oamt hﬁr&s@bg@di{)%%%ef@phég Vaee o CBA98765"
in the clock cycles t2-t3 shown in Fig. 10. 2. Second %peratlon The second

operati on unithe38 HLGR¥EScRANEL AREE sOEhe 8higi €onstanto(LBxAQvE that is
| ocated in the P1.0 field 12 and the P3.1 field 17 and allows this const ant

to passrneo fiNdAlowind scipdPietebNsthe generaled egister R3. As a result, the
content of the general register R3 changes fromthe previously held val ue

" OxFEDCBA98" Fi@ stOXA0P0AN00S ingsoshene tensithetclasdnsye) esttdah3pkn Fig.
1G As described above for the present processor, the 32 bit constant

"0x87654831'thax tdde iat® tMO pallsowihat tareartwgedf niesthactven
instructions 71 and 72, with these parts being successively stored in the

const afibrr egiostierg 36 dynstadti g the sbasedntalneeyisites 36ored constant is
t hen used according to the third instruction, instruction 73. By doing so,
t he procedurdlshduen rthehef Simaic hasdle oisFI'g" &xcdil'ne executed by the three
instructions 71-73 12 Cctober 2002 35 The following is an expl anation
of the operafnomhefset Hevsprmesantops ocelss of -hsicngom sdiamterlentatprdgiam t hat
deals with 16-bit constants. Fig. 11 shows an exanple of a programt hat
handl etha .28 .Bi tfiedmstiahtis Hisred obr abhescoospesdd mefgitdtee f | Ve.
instructions 74 to 78. The operation of the present processor for the each
of (2) When the format code is "4":
In this instruction, a 16-bit constant located in the
P1.0 field 52 to P2.2 field 55 is stored in the constant
register 36.
(3) When the format code is "5":
In this instruction, a lo-bit constant located in the
P1.0 field 52 and the P3.0 field 56 to P3.2 field 58 is

stored in the constant register 36.

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

combinations of operation types can be used.



the instructions 74 to 78 is as described below. Instruction 7d When the
instruction 74 has been | oaded into the instruction regi st ¢2 Obthbet @02 or mat
decoder 21 judges fromthe value "fmO0" of the P0.0 field 11 in the
instruction register 10 that the pregent instruction is a triple operation
instruction with the format code "0", and so controls the execution unit 30
so that the tHileeOmgercate ratsi gesthiabesebsl awdabd texenigtecht nipaes athel .

First Qperation The constant register control unit 32 controls its eight

i nt er natosekeaeattors g32a-32B Gcaddatwd het dnbibtrdc opstrarti {fOxBiHeh otheed in
the P1.0 field 12 is stored in the lowest 4 bits of the constant register
3& accofdingtt @cdae it oYHye> et iod. shown in Fig. 6A. 2. Second Operation

12 Cctober 2002 36 The first operation unit 37 receives an input of the
stored val ue @)t beegeperaltiregitdier Rbr fands abkenshtihigs wadlnte e pass so
that it is stored in the genera? register RL 3. Third Operation In the sane
way, theadeeosdtoper ahicorandttards regesves ah eepah abstdimtd ardireas ue of
the general register R7, and allows this value to pass so that it is stored
i n the gener akleeégivet addR2sd restd usdd ostardaienpe e tilostsr Usthiemn thbe has
been | oaded into the instruction register 10, the format decoder 21 judges
from t hEoymbtectfiat 2"ofoxt W8"™R0. 0 field 11 in the instruction

As described above, the instructions of present
processor have a highly efficient field structure that
enables a maximum of three operations to be simultaneously

indicated by a single 32-bit instruction.

Hardware Construction of the Processor

The hardware construction of the present processor is
described below.

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

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

instruction fetch unit 39.



register 10 that the present instruction is a triple operation instruction
with the format code "0", and so controls the execution unit2 G&oker 2008t t he
t hree operations described bel ow are executed in parallel. 1. First
Operation The constant regi ster contZ®l unit 32 controls its eight internal
sel ectors 32a-32h so that the 4-bit constant ("Ox7") located in the P1.0
field 12 i s sfdrfedagedaie Ynilest0 49BrPeest thife idonstaptipBgheter 126
accordin% to the storage nethod shown in Fi%i 6A. After this operation, the
const anthe IRSEREPECRHEE Bt epxBY" 21ne PEFIAFheP bRt OB BPASISH t he
constang,register 36. 2. Second C?eratlon The first operation unit 37
recei ves1BR5 Moutther RCEtiedVhFudl &R EReEYHRed WEERsEBE RO and the
general register RL, and adds these val ues taogether., The first operation
unit 3798€6FA&S% Ke€Saddi-ti TR YT ARECHRTt HBLGerdr A2 chi3ebf Re. rPHORdY
Operatign I n the same way, the second operation unit, 38 receives an input
of the SiBLE8ARGes the Hrmehdatodesi StefNROR AHEL HeRek @R regi st er

R2, and adds these val ues together. The second operation unit 38 stores the
addi ti of®FESEIt %2n the general register R2. instructions 76, 2?7
Instructions 76 and 77 are executed in_the same way as descri bed above, and

as a result FEEEC6H§F§HFti@%8ﬂ§§°q%Fs@ re8 FRTPRE oy A@IRRSN of the
const ankeLeguet o5, 26l ASLLEl) 90 T8 Qe Lhe Lot uct o 78, ee been
the San?l“@yf§glgh?9 QE%C%%%E@%fé“%ﬁé“iéOQnZE'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 and 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 férmat
of the instruction held in the instruction register 10 as
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 dececder 24,
and the second opesration decoder 25, and activates the
register control unit 32 of the execution unit 30.
The format decoder 21, the branch decoder 23, the

first operation decoder 24, and the second operation decoder



12 Cctober 2002 38 As described above for the present processor, the 16bit
constant: "O0x8765" is split into four parts that are arrandg@ddtober 2062
instructions 74-77, with these parts being successively stored in the
constant register 36 by shifting it&1stored value. This stored constant is
t hen used according to the fifth instruction, instruction 78. Conparison

wi th a2St fnddegepiteddys gie ddre f ohkorprgaits o des it tyalef anke spndcessi ng
performed by a standard processor for a programw th the same processing
cont enEcrsrshowaginglli ¢ tthanexegusndnaugdpal.sorieweh the globéssi ng of
the present invention. Here, the expression "standard processor"” refers to
a processdranhasigredutldnd ndt rubatononnBess Wwhred Insigtwct sohi xed at 32
bits, and is the sane as the present processor, except for the lack of a
const riegidhersibhwasht i @recntienghsisr 386 isnd thies chmst ant regi ster
control unit 32, for accunul ating constants that have been divided between
i nstruckeRAHEETELRY CRASHEOES t f e Handpi Apciededofin Hehe nstructi ons t hat
are executed by a standard processor, while Fig. 12B shows the format of
the i nsR$LuEEsbhen Kegéstier 1P suppotedexpgutipg snadda¥® processor can
execute three types of twin operation instruction, instructions 101-203,
anti one typene ofXerngienoparidt ith PRI tRS i ACOFASNGUED dhelo4. 12

Cct ober 2002 39 Fig. J.3 shows an exanple of a programto be executed by
the st3fRREENProeeddbr OITHNS slaspdes N1 Ehd0sand peocessinayidoritiair as t he
program shown in Fig. 9, which is to say the sane procedure as the

f 1 owcHat tCaPRIve | pL FRYSCBLIRg GamaelmEePHytRBAPaPPRFatiignsidand Fig. 9,
the program for the standard processor_includes two nore instructions that
the prstFEmeor tHBLlpr 8¥ESESL B WHe ptsehtCPRReABPORE BRe reason the "NOP
codes” are included in the_in%tructions 1D56§$d 105 is that the jnstruction
106 usBSIH Uper R FBAL r BBALt S6f G i¥trlucts on? 1859186°EnaE & Rése

i nstructions cannot be execgut & in parallel. Al so, the reasgn the constant

. Ox8 76545 [SPRIFHER FALG arl g ot SRE BAH G| DRGE 38/biFs that are

set in_the constan% regigter 5i (igﬁ{ructions 107 apd 108 .%s bhat it is

not pdSEiHHRE 1Pt BCREBIE Cons ARt BhPRaT HHerarFonschtets 87 a setting

i nst t. i i ngle 32-bi.t inst tiqn. Fig..J14.al h I

of a Py T CORTIREArT pRotoes S ECHILOT Bl Gt hastPRe same processing
tent J h i Fig. . 11. As be . b i Fig. 14

and FLG SEECTHOT obt anRF of SPRE CECARPA ir GRS o121 NERTGRS. BHS Cror o

St r et A d A, (e, PLOGLATLLOL Lo Jpr asesaalo Bl e pLesent aLuet [ on. A

descri"béd “above, e Ths éxécut e ‘protessor o € present

inveng%oqﬂgng%ﬁggﬂé@%ﬁigggicient field structure whereby a maxi num of
t hree operations can be ’

The execution control unit 31 refers in general 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/prohibition control, status
management, and interruption contrel, as well as the

constant register control unit 32 which is a characteristic



12 Cctober 2002 40 indicated using a conparatively short word | ength of 32
bits. Accordingly, with the processor of the present inventieabgtober®0Rit or
32-bit constant_that has been divided across a plurality of instructions
can be accunul ated in the constant kegister 36 to restore the constant to
its original form with it then being used for a branch operation or

ari thmetdmpdoght 6petBki Pite sAGAOISH MR ysonhenTResHBhkthed e dis i | abl e
in an instruction, this region can be effectively used for |locating a part
of a canmsttandl snithak phefeats taecodltdhe phagramieanrbee—educed conpared
wi th when the sanme processing is perfornmed by a standard processor.

Modi fi cadrisrartt g¥codbA"t nel@Dighawe him s tstetiCdhopefosoats 10f i¥LI W
processors that are nodifications of the present invention. In these
figurestdied siml tiest conteavial rdennmrt 36 yadde yerindatakings represents
one bit, while the legend "fm" shows the format field. The instruction
shown igiverg.bPSthe sfcomposedcotica 21hit format field, a 7-bit operation
field, and two 10-bit operation fields. The instruction shown in Fig. 15B,
meanwhi | e, | CoopDseRrofram2ebiuhtea) mamifd d3,operatid wpeeatths fiel d,
and two 13-bit operation fields. The instruction shown in Fig. 15Cis
conposedrdfral hHithé dvrnanch d2cOdeaber3,260R1 4ntfpwet g, tlee 3addditespedat i on
field, and two 13-bit operation fields. Finally, the instruction shown in
Fig. 18D iexteonmposaterndrya 4nbit ifldnsarafties)d,ofa heinexpermstonctiehd, and
two 13-bit operation fields. These four types of instruction have the

f ol | owitieg bsi rideodad esna ¢kechbednstr gbei dm 50 wiEsion et dn whiet aBBve

enbodi ment and shown in Fig. 2A. i. The instruction word length is fixed at
32 bits. ii. TRechnsttuakionniaashonsitorfatfefticdled @nd inatsaiopedmt i on
fields., iii. The three operation fields do not have the same structure,

whi ch Pdock Sasom thiee ofxtérenaperanpsy finetdsd lHasdndteBamiasta iB2ure, while
the remai ning operation field is short. As a result, these four types of
i nst r uPtitod Bhalerstiiction Address) bus and a 32-bit ID

(Instruction Data) 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.

The register set 34 is composed of fifteen 32-bit

general registers 35 and one 32-bit constant register 36.

In accordance with the decoding results of the first

operation decoder 24 and the second 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 unit 38 where 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



sane characteristics as the instruction 50 described in the above

enbodi nent. |. The instructions have a field structure wherehyctébereoopum of
three operations can be indicated in spite of the conparatively short
32-bit word length. Il. A small opermaiion field which is ideal for
inserting small instructions, such as branch instructions that do not
require 4ono opefegndsn a&dptovhded, beangheseedd reffhei epeyael ondst ructi ons
is high. 1l'l. Aformat field is provided so that by giving an 12 Cctober

2002 42 gendicaatdddibyt htie af £o88t aperationeupdrnt 3 andonisé agkcbadpresent in
an operation field where an NOP instruction would normally need to be

provi dedpeirae icorenrsitze3®f eheroglam egored Hiedudsd.cddstaetotrbet shand, the
four types of instructiors described above al so have the foll ow ng

char act €6 sfairca Wy de difdesfér ot bosehef PCheninstIdictuloers0ideseri bed in
t he above enbodi nent. The instruction shown in Fig. 15A has the advant ages

of an enlsatged fnEtatd edtl, e PEEOt DYcaagieater thunbers afsédsisugti on types
can be defined, and of the ability to provide at | east one operand in each
of the bha@ehopersatireit fdrel ds. The instructions shown in Fig. 15B to Fig.
15D, nmeanwhil e, have the advantage of two enl arged operation codes ("002"

and "op3"), s@hehdtratgopairert Mat i @iyt 037 opetathansycamdlerdef i aedarBi g. 16
is a block diagram show ng the construction of a VLIW processor of the
present (Ami¢hteddcf dlogexedititg fde pasfomeingnashammetidilpgildA As can
be seen by comparing this construction wth the construction shown in Fig.
4, the Ppedatechal coonsta WBA-+mit detheopradziessandi a tod tdgriei eral fdwugh
there are sonme differences in the connections between the instruction
regi steperforming awd tiihed idecoiders wr tsw@0324R20t batshiof weyta VLITHLs
processors for executing the nodified instructions shown in Figs. 15A to
15D canfbesteabezediby makitng onlsy qepable achaegesutonghéwd [Bypesi2ofct ober
2002 43 processor described in the above enbodi nent. The processor of the
pr esent OPAvahipon (hageBeen arithmetic logic operations, and inter-

register transfer operations) under the control of the first

operation decoder 24.

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 32-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 operation (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
cf the second operation decoder 25 and is a circuit that

transfers cperands between the register set 34 and the

external memory (not illustrated). The operand access unit



expl ai ned by neans of the enbodi nent given above, although it should be
-obvi ous that several further nodifications are possible. Fo2Ooobkengfed of
such are given below. (1) The enmbodi nent and above nodification of the
present invention all deal with the case where the instruction word | ength
is 3c bits and a maxi mum of three opé#ations are indicated, although the
present invention is not |limted to these nunbers, As one exanple, the

i nst ructfdriBee shahhYi ANFLydesAadp AT HR T | HePTHRI aABEKARAS- Bid oper at i on
code and anot her 4-bit operand, nmaking the total_instruction word | ength 40
bits. ByPRRFIRA sdIdFespREonedSpasSPsIce S Rt TR nstRERt EBAs with hi gh
code efficiency whereby a maxi mum of four operations can be executed by a
si ngl e i9RAFaftPRCMEh"+HE é8npar &hievddr SHore Lok ® PENERR of 40 bits. (2)
The instruction 50 of the above enbodi nent only includes one field (the
P1.0 fi eitPERYCRIRR TRESSEATI APt PE Uﬁ’édar‘?cf (‘%lalff@ sttttedt val 0€26£C B
constant register 36), although_the present invention need not be limted
to this, thESE ek BSRCHY #br&C3deR Fitdl d&e TR anth Icaanhdredtpy0
appropriately defining a new instruction format. 12 Qctober 2002 44 (3)
In the 3BRR VRE ekl , ToFl eXaFpl eNdEERI A§IWSHE T SRlnetd cdhednshant is
given, although it is of course equally possible for the invention to deal

with a ORSTEHET G antt’ ' 18 WPEEPERbec2GERYR U g itarskq e chRskant t hat
is divided across g plurality of instructions can he _accunul ated. b

Socous i aa h onf i aq s b S i BhE e B bt SN TR The

const an re%%%teréﬁi 4) As can be seen fromthe instruction formats shown
i A Fi gs.t8B G 9% N9 Bhove enmbodi ment, only a 4-bit or a 16-bit

regi st ep 36 by 8 8ldal LSt yCt Lo o 10, 00. S0y s A0k Y pRGEESSALY, L0

change the connection pattern o he peri phéraf Circui onst ant

regi steg 36,/ thaugh Lhe prasent; igyention gaspbeenchul by gescried by way

of exanples W't er ence to acconpanyi ng draw ngs, 0 e not ed that

var | OustﬁEa'B%e%u%Ed a@%iﬂdvﬁlaéii]rg%g\f |, beyapparenl 19 éﬂgsgpﬁkitlhlee in the

art. Therefore, | éss suc and nodi f{catrons depart from thHe scope

f th [ -on, : bei.ng.| ded
T A s e
Vord t ; i [ t iy | t
Lwo. OpErat LanOF1 o ds 1ar i R & et aner ot on'T1 o1 Ran onl y Erelude. one

operatignscade EALhSPRALHIRY a7 PHAILR iVPeorR@loR £REORHCORELAL ON

field includes a conbination of one opération code and at |east one operand
used i Np3ptePEEaALhAN skRENEALRE A I BEGONE Op At ti0h Hiebds Bha VLIW
processor conprising: first decoding nmeans for decoding the operation code
n the D2 bus are respectively connected to an output port of

the first operation unit 37 and the second operation unit

38.

Detailed Con uction o he Constant Regi T

and its Periphery

The following is a detailed description of the

construction of the constant register 36 and of the



the first operation field; first execution neans for executing an operation
indi cated by the operation code in the first operation fielldQdprbgeedPdance
with a decoding result of the first decoding neans; second decodi hg neans
for decoding the operation code in phe second operation field;and second
execution nmeans for executing the operation indicated by the operation code
i n the reecipheopkraironitisel d on data which is indicated by the a decodi ng
result of the second decodi ng nmeans; wherein a nunber of bits occupied by
the first ope&tiadi oh fsekdbilpckheliagtauciioning tbhesdetftad l®#dunber of bits
occupi ed by the second operation field 12 Cctober 2002 - ~6 2. The vLrW
pr ocesson sdfrud tai om Zo fwhbeeicons tantbere@i s bé rs36canpi ef hha he operati on
coda in the first operation field is equal to a nunber of bits 5 occupied
by t he pepdrdtd mal cotieciihtshe edendheapertdontfieefdxed vEdaievLI"W'dr ocessor
of claim2, wherein the instruction includes three operation 10 fields,

wher ei 27a inhitthte opezatnge friedled s rta el xtda eel vpegafioon fouel ¢ ignalpi es a
same nunber of bits as the second operation field and includes a

conbi ndtiners afammmneinpethei consddatald"at | east one operand, 15 the VLIW
processor further conprising: third decodi ng neans whi ch decodes, when an
operation cofdd cqresant Fagihserhicodtawer atriidh 32 el 8, conpospdr atfi on code
inthe third operation field, and . third executing neans for executing an
oper at £8Fe2@ inhwat el 8gtone dparaticomndderes 47inruhi F8lepsrasi on fiel d
on data _which is indicated by the operands in the third operation field, in
accor ddrée 3dih rider ol Bgcpasten tofr eGHE e 3P det 0aPRPORLENSL eight

4-bit registers 36a-36h. Here, each set of input and output
data is 4-bit parallel data.

In accordance with control signals from the format
decoder 21 and the instruction decoder 22, the constant
register control unit 32 controls the eight input selectors
32a-32h so that a constant stored in the instruction
register 10 or zeros are stored in the constant register 36
according to one of the four storage methods given kelow.

Figs. 6A to 6D show the four possible storage methods
in the present embodiment.

Fig. 6A shows a storage method for when the format
decoder 21 detects that the value 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 is stored in the
constant register 36. More specifically, the data that is
stored in the constant register 36 is shifted upwards (to

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



25 4. The 'VLIWprocessor of claim3, wherein the first executing neans
controls a control flow of a programincluding the instructliRgictober2902

Oct ober 2002 7_ 5. The VLIWprocessor of claimd4, wherein the second
executing neans controls transfer of2gghe data that is indicated by the
operands included in the second operation field, and the third executing
means comamdd jexethk eBlaf AilefHndRi ofl djie opermatcbionnrehesdatralOhat i s
i ndi cated by the operands included in the third operation Field. 10 6. A
VLI W pr desessmmradhain detedéswantd-exdeut ds-bart imsgisceér ohéhhat has at | east
two operation fields, of which a f first operation field can only include
one of Eoasbarst stegiletepedéti on code for "specifying an operation type and
(ii) a constant, and 15 a second operation field includes one of (i) a
conbi nati on offigne @heartmtwdra coteragd methedstfoonevhyrertdmd fsedatn an
operation indicated by the second operation field and (ii) a constant, the
VLI W pr deessimr chnpiétsdaiys 20zfi the dedodi sgoreahsimttiloh Recbdeéselahen an
operation code is present in the first operation field, the operation code
in the filrdts dpetat iTnd iefuatésrsd tRecotisegwineans fldi-leixe cudn igaan
operation indicated by the operation code in the first operation 25 field,
i n accoddaadediitatweatedoth Nl r @sfil¢ldf 12henfl the dcddifiglkans;is 12

QOct ober 2002 -48 second decodi ng neans whi ch decodes, when an operation
code i ssppgsgntin rihehicorssont 092k ateon3bi el ¥orehespepdifdtdadd wodshe n t he
second operation field; and second executing nmeans for executing an
oper at i 8at8 thditcdtedtprathd nperatlionetolé Pateshdbseddbd odhartei on fiel d
on data which is indicated by the operands in the second operation field,

i n accofBBRA¢ENN Te%H de&odihg 3 el ¥teF ERetBBCBRACAeOdPAG Snekhds 3 &fher ei n
the instruction _also includes a format field 10 including a format code

i ndi cat PRE Whet Adr 8 o standt acakeqd deatBaeRnthRe PLi- PsEi63€r dtd on fiel d
and whether only a constant is |located in the second operation field, the
VLI W pr 8Bes§be %@P@héﬁa&ﬁn&ﬁsﬁﬁuﬁhe ¥ HEeCHEeBdFRgLiAERAs 1Pod Sdecodi ng t he
format code; and 15 Cgnstant storage means for extracting, when a decoding
resul t DFOERE £8 MBE dOUSH TP LIRSS EHOWES t Hae —dffyod EB%SF&ﬁFtF§tpresent
in at least one qQf the first operation field and the second operation
field, tTRE*E ﬁ§t§ﬁt inthe instruction and storing the extracted constant.

20 upi e 1y {RSoVPRY BhogessoL oL oLy B oL g AubEL Ol b1 (S

number L84E3 9G°HRLeEY (11g WL R &L T8 the P00 fie1d
11 is "5". This eguates to the case when a 1l6-bit constant
located in the P1.0 field 12 and between the P3.0 field 16
and the P3.2 field 18 is stored in the constant register 36.
More specifically, the data that is stored in the lower 16
bits 36e-36h of the constant register 36 is shifted to the
upper 16 bits 36a-36d and the 16-bit constant located in the
P1.0 field 12 and between the P3.0 field 16 and the P3.2
field 18 of the instruction register 10 is stored in the
lowest-order 16-bits 36e-36h of the constant register 36.

Fig. 6D shcws a storage method for when the format



8. THE VLZw processor of claim7, wherein a nunber of bits occupied by the

operation code in the first operation field is equal to a hafstabesROBLt s

occupi ed by the-operation code '"in the second operation 30 field. 12

Oct ober 2002 9 9. The VLI Wprocessgy of claim8, wherein the ir.scruction

includes three operation fields, wherein a third operation field in the

t hree operatiesn 2fli dededcupiats whesaveluenbéorefd hir stlas PhAeOsdcend

operation field and i ncludes a conbinati on of one operation code and at

| east ohé oper'@fid, "SWe ArTWAINoomsswred uthbel nsdmudtsiony: déSodbicr d2decodi ng

means whi ch decodes, when an operation code is present in the third

oper at i 9ateces dhathehepecatstanttategistehe (RhBNd isperredioatédeby; and third

executing neans for executing an operation indicated by the operation code

in the t@asd oper afi ohef if2.d 18 elid dad 4 Wheé cR2i.8 ifidilcht T, byhe hB3oper ands

inthe third operation field, in accordance with a decoding result of the

third détedéng’meand. the. PBhé \AlleNdridtessbrisf eqguaite=0, tovsiei casbe first

executing-1~lng neans COT_ItrO-.S a CC.*.rr0~, _ flow of a program

i ncl udiwgerdethe veduet sGoretl7in The 'aonsvept oregiotesf 34 aisnAdsewherein

t he second executing neans controls transfer of 2~ the data that is

i ndi cated d¥ltheropeduhdshi asl ddedarn tihe seendtiapperagimtdr 34, iand t he

third executing means control s executes an arithnetic Magic operation on

t he dat%l%’é@d?s fhErEatbe bByorre opdrEndxs i Hee udedstantheadiisttewpPati on

field. 12 October 2002 -50 12. the VLIWprocessor of claim11, wherein

the fort$ Peerdusefdebyi p§t lepstacnén of & Piarchperaresd Sodedatade

second operation field, .each operand in the second operation field, the

oper at iigh tBRePt n0t AeeLfi td: oBBr SPRSALROR dn drheE cheRSEpOPSF@ GLPR t he third

operation field each occupy n bite in the instruction, 7.3. The VLIW
Sretaarh

proces $p an operation in the second operation field 60.
More specifically, immediately after the stored value of the
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 value "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 zeros being
inserted into the higher bit positions so that the value
takes up the predetermirned number of bits.

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

11 of the instruction register 10 is "O", "1", "4", or "5",



10 wherein the instruction is 32 bits long and nis ' 14. A VLIWprocessor
that decodes and executes an instruction that has at |east t2@eebepilOzt i on
fields, of which 15 a first operation field includes one operation code

12 Cctober 2002 51 for controlling agontrol flow of a programincluding
the instruction, a second operation field includes an operation code for
contr ol ktheg condatand renst efs andeadiyhstdrepenat itdre falstimel ndgssasr
operation code for controlling an arithnmetic |ogic operation on data, the
VLI W pr 66essorshddtyd Sdn):a frn¢estvadbcedi Bgsnearsl .f oralder,00H fige £ heheper ati on
code in the first operation field; first execution neans for controlling

t he contraghef lsawredd tihe ok ams tsnt ndegatedrbB & e aperdaitéwn sode in the
first operation field, in accordance with a decoding result of the first

decodi ngseEanshisecantaecodivg ieadslédeddecddi ngitne saperiie on code in
t he second operation field: second execution neans for controlling.the data

transf econadiatat edghiy tdre IPperatiamhe codeshoctbeisedgndcenendidn field, in
accordance with a decoding result of the second decoding neans; third

decodi ngoAe®As thoundddodingg rdiet opitati v spdeed content is used.

Petai c ruction h nit

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

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

In the PC unit 33, the selectors 33b and 33e operate
in accordance with control signals from the decoder unit 20,
so that the selector 33e outputs one of the following three

types of values to the instruction fetch unit 39 as the

effective address.

1. A value where "4" is added to_the content of the PC 334

This corresponds to when no branch is taken and a next

instruction is to be executed in order, which is to say,



inthe third operation field; and third execution neans for executing the
arithmetic logic operation indicated by the operation code 12rO¢tbert2902d
operation field,- in accordance with a decoding result of the third decodi ng
means. 12 October 2002 _j7_ 15. 'THwe VLI Wprocessor of claim 14, wherein
a nunber of bits occupied by the firs operation field in the instruction
i's | esswhkan thenuwdhgdioig brésudectpired byelshetsecthopeiati D8 thekd and
the nunber S of bits occupied by the third operation field. 16. The VLIW
processap bfraeic pkratihet eif snaigbeedof hles recg edi'byi $ hedeper ati on
code in the first operation field is equal to a nunber of bits 10 occupied
by the dpetatEtonroderidtt hef segendnsepatativen ifs dahmnd e pumpercef bits
occupi ed by the operation code in the third operation field. 17. The VLIW
processas @b @laai,m3AB)bikts wherein the second operation Field occupies a
sanme nunber of bits as the third operation field. 18 . The VLI W processor
of ¢c? aim7.5, wherein the instruction is 32 bits long. 20 19. A vLIW
processor that decodes and executes an F instruction that has a formt
yield apd at viaeast whieree toperedrnipanti ef dsheotonbitahta reigistt eopegmtion fiel d
can only |nclude one of (i) an 2~ operatlon code for controlling a control
fl ow ofz ' i B8@n and (ii) a constant, 12

Oct ober 2002
This corresponds to when the content of the constant

c

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.

v iven h nten £ th ol

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 deccder 23 is
that the P1.0 field 12 indicates 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 36, so that branch
execution control can be performed with the stored value of
the constant register 36 as a relative address or an

absolute address in parallel with and independent of the



53 a sect>nd operation field includes one of (i) an operation code for
controlling a transfer of data and (ii) a constant, and a tihigseopsreroabi on
field includes .one of (i) an operation code for controlling an arithnetic
| ogi ¢ operation on data and (ii) a ggnstant, the format field including a
format code that indicates whether a constant is located in the first
oper at bper rhitdloth s et firermadcbpstaet flixdtocatedathohhengecdivd zoperatd on
field, and whether a constant is located in the third operation field; the
VLI W psecessioropeagirich mgahiti B8t decodi ng neans for decoding the operation
code in the first operation field; first execution neans for executing a
control of the control flow of the program as indicated by the operation
code |n t he flrst operation field, in accordance with a decoding result of

¢ oer) SP ~e=a~-rdecod|ng means for decoding the operation
code in the second operation field; second execution neans for executing a
control of tmhedibaﬂdwmngEﬂs|mddeateﬂpbyomh@ﬁnﬂh&ﬂdp&m@bﬂeninfthaesecond
operation field, in accordance with a decoding result of the second
decodi pgereans priduass aecoemgdeeadsnfoandecoiqut ithe specafion code in
the third operation field,

cperations.

Fig. 8 is a flowchart showing an example of a
procedure that handles 32-bit constants. First, the
difference between the stored values of the registers RO and
Rl is found (step $80), and the result is multiplied by the
stored value of R2 (step S81). The 3Z~bit constant
"0x87654321" (the wvalue "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. 1In
Fig. 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. 1In 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, "R135"

refers to the constant register 36.



12 October 2002 -5=~ third execution neans for executing the arithnetic

1 0gic operation indicated by the operation cede in the firsi2dpaoberi2f2
field, in accordance with a decoding result of the third decodi ng neans;
format decodi ng neans for decoding e format code; and constant storage
means for extracting, when a decoding result of the format decodi ng neans
shows that a Ebmstadtissapteésemnty ioheatt |sHastingnehef opheatipat odpehat i on
field, the second operation field and the third operation field, the 10
const argréeserteprosesaoti ehean@xswartiing tttee extogrérdstonst anmt F20Q.. The VLIW
processor of claim 19, wherein the instruction is 32 bits long. IS 2Z. A
VLI W procesBiois EDgprLei showketetle nmdaizsk forclet chthg annkehitt oifngheuct i on
that includes n operation fields; and n operation units which are each
associ afeatemal hrag28t di&f B0eRB amel dfhea gl Oper akidn &nél dke: gianat he
fetched ins instruction and each i ndependently execute an operation

i ndi cattetht nfldwes assothat éduapenatisollf,i /ld LR pazmdl| R2.wi t h each ot her;
the VLTW processor being characterised by the n 2a operation fields not:
all being a spree Srbowiamg by bBnnekpbenagiam ioff eder optaplenodbfn. 22. The
VLI W processor of claim21l, wherein at .east one o f the n operation f
fields thes mr&deni fhroeassbengblr tacht lefr thygeriatdtomdteduls s71 ntdhe3n
operation field . 23. The VLTWprocessor of claim 22, wherein nis 3 and L
is 32. witl? xfeaberc00@ Figd. 95ah@® 24.. The VL2YJ processor of claim2T,,
wherein a nunber of operands included in at | east one operation field out
of the n operation fields is different to a nunber of operands in other
operation fields in the n operation fields. 25. The VLIWprocessor of Caim

24, whdimgitructieom ah L is 32.

After the instruction 71 has been loaded into the
instruction register 10, the present processor performs the
operations shown in the clock cycles t0-tl in Fig. 10. The
format decoder 21 judges from the value "fmt4" of the PO.0O
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 operaticns 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 1l€-bit constant
(0xB8765) located between the P1.0 field 12 to the P2.2 field
15 is stored in the lower 16 bits of the constant register
36 according to the storage method shown in Fig. 6B.

Accordingly, the content of the register R15 changes from



26. The vLTW processor of claim 21, wherein the n operation fields include
at | east one operation.field conposed of only an operati on18dotzn@082

| east one operation field conposed of an operation code and 15 at | east one
operand. 27. The VLI W processor of ghaim 26) wherein nis 3 and L is 32.

I nclude at | east one operation code and at an operation code and 20
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2. _Second Orveration

The second operation unit 38 receives an input of the
stored value "0x33333333" of the general register RO and the
stored value "0x22222222" of the general register R1l, and
after subtracting the latter from the former, stores the
result in the gen=ral register R0O. As a result, the stored
content of the general register RO changes from the value

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

t0-tl1l shown in Fig. 10.

Instruction 72

Next, after the instruction 72 has been loaded into
the instruction register 10, the present processor operates
as shown in clock cycles tl-t2 in Fig. 10. The format |
decoder 21 judges from the value "fmt4" of the P0.0 field 11
in the instruction register 10 that the present instruction
is a twin operation instruction with the format code "4",
and so controls the execution unit 30 so that the two

operations described below are executed in parallel.

1, Fir peration

The constant register control unit 32 controls its

eight internal selectors 32a-32h so that the 16-bit constant
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2. o) ion

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 "OxXFEDCBAS8" to "0x00000000", as shown
for the clock cycles t2-t3 in Fig. 10.

As described above for the present processor, the 32-
bit constant "0x£7654321" is split into two parts that are
arranged into the two instructions 71 and 72, with these
parts being successively stored in the constant register 36
by shifting its stored value. This stored constant is then
used according to the third instruction, instruction 73. By
doing so, the prccedure shown in the flowchart of Fig. 8 can

be executed by the three instructions 71-73.
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The operation of the present processor for the each of

the instructions 74 to 78 is as described below.

Instruction 74

When the instruction 74 has been locaded 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.

Fir rati
The constant register control unit 32 controls its
eight internal selectors 32a-32h so that the 4-bit constant
("Ox8") located in the P1.0 field 12 is stored in the lowest

4 bits of the constant register 36 according to the storage

method shown in Fig. 6A.

2. Second QOreration
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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.

In uction 7

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 "Q", and so
controls the execution unit 30 so that the three operations

described below are executed in parallel.

Fir Op ion
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 of the constant register 36 according to the storage

method shown in Fig. 6A. After this operation, the constant
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operation unit 37 stores the addition result in the general

register R1.

. 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 wvalues together.
The second operation unit 38 stores the addition result in
the general register R2.
nstr ions 76, 77

Instructions 76 and 77 are executed in the same way as
described above, and as a result the constant "O0xB765" is

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

Instruction 78

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

the same way as when processing instruction 73.
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arranged into the instructions 74-77, with these parts being
successively stored in the constant register 36 by shifting
its stored value. This stored constant is then used

according to the fifth instruction, instruction 78.

Comparison with a Standard Processor

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

Fig. 12A shows the field definition of the
instructions that are executed by a standard processor,
while Fig. 12B shows the format of the instructions. Here,
it is supposed that the standard processor can execute three
types of twin operation instruction, instructions 101-103,

and one type of single operation instruction, instruction

104.
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U& ()-"s10% U&iQ).- 13 shows an example of a program to be executed
by the standard processor. This program has the same
processing content as the program shown in Fig. 9, which is
to say the same procedure as the flowchart shown in Fig. 8.

As can be seen by 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 canr.ot be executed in parallel. Also, the
reason the constant "0Ox87654321" 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 fox

a setting instruction in a single 32-bit instruction.

4 also shows an example of a program for a

2

Fig.
standard processcr. 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



10 10 10S "10%&' ()-& k?kall mmdEb@ 10 h!!110% U& ()-'"10% U& () -%0%
U& ()-@10% U& ()-10% U& ()-fYF 10% U& () -m nenf ngnhnxn{ ni€ Addober 2002
h||109&|&f() "s10%| & ()- 10 U 10 U 10 U37s10% U& ()-@ 10% U& ()-L310%

U& ()-{nboooolpepdEbC 10
h!! @10%| & ()- @ 10%4 & () - &10%4|&f() @10%| & ()-@10%4 & ()-@"10%4| & () -

eppppqRogEEbE-48 ashihg bO%%ﬁ%iﬂaﬂQ&@L& EhortO%Hré (Dergth of 32
10%4| & ()-10%4| & ()-GLO%| & ()-9qqq’ rKr}rdEbC 10
h'ly@ @00 & () -1 +10%4| & ()-y) 10%4| & ()-' 10%}| & () -%40%t| & ()-#10%| & ()-}
rRsSsTsUseshsssbC 10 h!' ! 1 10%& ()-s&10%& ()-1 10%& ()-",s10%& ()- 104
Accordingly, with the processor of the present

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 is performed by a standard processor.

Modification

Figs. 15A to 15D show the instruction formats of VLIW‘
processors that are modifications of the present invention.
In these figures, the smallest interval demarcated by the
vertical lines represents one bit, while the legend "fmt"
shows the format field.

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

instruction shown in Fig. 15C is composed of a 3-bit format
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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

cperation field is short.

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

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

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 cocde
efficiency of instructions is high.

IIT. A format field is provided so that by giving an
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is present in an operation field where an NOP

instruction would normally need to be provided, the

code size of a program can be reduced.

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

Fig. 16 is a block diagram showing the construction of
a VLIW processor of the present 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
the modified instructions shown in Figs. 15A to 15D can be

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

The processor of the present invention has been
explained by means of the embodiment given above, although
it should be obvicus 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 beccmes possible to define
instructions with high code efficiency whereby a maximum of
four operations can be executed by a single instruction with

the comparatively short word length of 40 bits.

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

appropriately defining a new instruction format.
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accunulated 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. 28 to 2D of the above embodiment, only a 4-bit or a
16-bit constant can be stored in the constant register 36 in
the above embodiment by a single instruction, although this
is not a limitation for the present invention. As examples,
it is equally possible to define an instruction format
whereby a 12-bit or a 28-bit constant can be stored in the
constant register 36 by a single instruction. To do so, it '
is only necessary to change the connection pattern of the

peripheral circuits of the constant register 36.

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

as being included therein.
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What is claimed is:
(Very Leong Instruction Word) processor that

1. A VLIW
instxuction that has at least two

decodes and executes an
of which a first operation field can only

operation fields,
include one operation code for specifying an operation type
and a second operation field includes a combination of one

operation code and at least one operand used in an operation

N

indicated by the second operation field,
the VLIW processor comprising:

10
first decoding means for decoding the operaticn code in
the first operxation field;
first execution means for executing an operation
indicated by the operaticn code in the first operation field
15 in accordance with a decoding result of the first decoding

means;
second decoding means for decoding the operation code

in the second operaticn field; and

execution means for
ticn code in the secend coperation

operaticn

indicated by the ocoperands in the
in accordance with a decoding result

second executing the operation

20 indicated by the
field on data which is

secend cperation field,

of the second decoding means;

of bits occupied by the first

wherein a numker

25 operation field in the instruction is less than a number of
bits occupied by the second operation fileld,
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2. The VLIW processor of claim 1,
wherein a number of bits occupied by the operation cods
freld is equal to a number of bits

in the first operation
in the second operation

occupied by the operation code

field.

3. The VLIW processor of claim 2,

wherein ‘the instxuction includes three operation

fields,
wherein a third operation field in the three cperation

field occupies a same number of bits as the second operation
field and includes a combination of one operation code and

at least one operand,
the VLIW processor further comprising:

third decoding wmeans which decodes, when an operation

code is present in the third operxation field, the operation
code in the third operation field, and :
for executing an operation

+ 1. Ta ~ 3 :
cne third ¢peration field

third executing means
indicated by the cperation code in

on data which is indicated by the operands in the thixd

operation field, in accordance with a decoding result o¢f the

third decoding means.

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

flow of a program including the instruction.
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5. The VLIW processor of claim 4,
wherein the seceond executing means contrxols transfer of

the data that is indicated by the operands included in the

gecond operation field, and

the third executing means
arithmetic logic operation on the data that is indicated by

the operands included in the third operation field.

n

controls exscutes an

decodes and exaecutes an
of which

(i) a

10 6. A VLIW processor that
instruction that has at least two operation fields,
a first operation field can only include one of

single operation cecde for specifying an cperation type and

(ii) a constant, and
15 a second operation field includes one of (i) a

combination of one operation code and at least one operand
used in an operation indicated by the second operation field

and (ii) a constant,

the VLIW processor comprising:
first decoding means which decodes, when an operaticn

20
code is present in the first operation field, the operation
code in the first operaticn field;
first executing means for executing an operation
indicated by the operation code in the first operation
25 field, in accordance with a decoding result of the first

decoding means;
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second decoding mezns which decedes, when an cperation

code 1is present 1in this second operation field, the

operation code in the second operation field; and
for executing an
second operaticn

second executing means operation

5 indicated by the operation code in the

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

second operation field, in accordance with a decoding result
of the second decoding means;

wherein the instruction also includes a format field

including a format code indicating whether cnly a constant

10
is located in the first operation field and whether only a
constant is located in the second operation field,
the VLIW processor further comprising:
format decoding means for decoding the format code; and
15 constant storage means for extracting, when a decoding
result of the format decoding means shows that only a
constant ig 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.
20

The VLIW processor of claim €,
-

vherein a numter of bits occupied by the first

operation field in the instruction is less than a number of

bits occupied by the second operation field.

[ ]
wn

THE VLIW processor of claim 7,
wherein a number of bits occupied by the cperation code

in the first operation field is equal to a number of bits
the second operacion

8.

occupied by the operaticn code ‘in

30 field.
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9. The VLIW processor of claim 8,
wherein the inscruction includes three operation
fields,

wherein a third operation field in the three operation
number of bits as the second

wn

fields occupies a same
operation field and includes a combination of one operation

code and at least one operand,
the VLIW processor further comprising:

10 third decoding means which decodes, when an operation
code is present in the third operaticn field, the operation
code in the thixd operation field;  and

third executing means for executing an operation

indicated by the operation code in the third operation field
15 on data which is indicated ky the operands in the third

operation field, in accordance with a decoding result of the

third decoding means.

10. The VLIW processor of claim g,
20 wherein the fixst execucing means controls a ¢

flow of a program including the instruction.

11. The VLIW processor of claim 10,
wherein the second executing means controls transfer of

the data that is indicated by the operands included in the
gecond operation field, and

the third executing
arithmetic logic operation on the data that is indicated by

nmeans controls executes 2

the operands included in the third operation field.



10 10 10@®-"109%& ()- F+109% () - bQzwUe~\:

105 10% U& ()-! @ &L0%JUE ()-t! @

&1000U&' ()-t! @ &10%JUE () -t! @ &L0%UE' ()-t! @ &L0%WIUE () - t ZdE2\Octddh 2053 10%
U& ()->s10% U& ()->s10% U& ()->s10% U& ()-810% & ()-0810% & ()- ( dE-\: 105
1>s10% U& ()->s10% U& ()->s10% U& ()->s10% U& ()->s10% U& () - >s10%

U8 () - $PQRSCj bC 10510% & () - @, " 10% & () -

s

10

15

10 U 10

-50-

The VLIW processor of claim 11,

12.
the first operation field,

wherein the format field,
the operation code in the second cperation field, each
operand in the second operation field, the operation code in

the third operation field, and each operand in the third

operation field each occupy n bits in the instructien.

13. The VLIW processor claim 12,
wherein the instruction is 32 bits long and n is 4.

14. A VLIW processor that decodes and executes an

instruction that has at least three operation fields,

which
a first operation field includes one operation code
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= a second operation field includes an operation code

for controlling a data transfer, and

a third operation field includes an operation code for
controlling an arithmetic logic operation on date,

the VLIW processor comprising:

first decoding means for decoding the operation code
in the first operation field;

first execution means for controlling the control flow
of the program as indicated by the operation code in the
first operation field, in accordance with a decoding result
of the first deccding means;

second decoding means for decoding the operation code
in the second operation field;

second execution means for controlling the data
transfer indicated by the'operation code in the second
operation field, in accordance with a decoding result of the
second decoding means;

third decoding means for decoding the operation code
in the third operation field; and

third execution means for executing the arithmetic
logic operation indicated by the operation code in the third

operation field, in accordance with a decoding result of the

third decoding means.
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5 of bits occupied by the third operation field.

16. The VLIW processcr of claim 15,
wherein a number of bits cccupied by the operation code

in the first operation field is equal to a number of bits
occupied by the operation code in the second operation field

10
and a number of bits occupied by the operation code in the
third operation field.
17. The VLIW processor of claim 15,
15 wherein the second operation field occupies a same
number of bits as the third operation field.
18. The VLIW processor of claim 15,
wherein the instruction is 32 bits long.
20
19. A VLIW processor that decodes and executes an
instruction that has a format field and at lesast thres
operation fields, of which
. a first operation field can only include one of (i) an
25 operation code for contrclling a control flow of a progra

including the instruction and (ii) a ccnstant,
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operation field, and whether a constant is located in the
third operation field;
the VLIW processor comprising:
first decoding means for decoding the operation code
in the first operation field;
first execution means for executing a control of the
control flow of the program as indicated by the operation
code in the first operatioﬁ field, in accordance with a
decoding result of the first decoding means;
second decoding means for decoding the operation code
in the second operation field;
second execution means for executing a control of the
data transfer indicated by the operation code in the second
operation field, in accordance with a decoding result of the
second decoding means;

third decoding means for decoding the operation code

in the third operation field;
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third execution means for executing the arithmetic

logic operation indicated by the operation c¢ode in the firs

operation field, in accordance with a decoding result of the

third deccding means;
5 format decoding means for decoding the format code; and

constant storage means for extracting, when a decoding
result of the format decoding means shows that a constant is
present in at least one of the first operation field, the
second operation field and the third operation field, the

10 constant in the instruction and storing the extracted

constant.

20. The VLIW processor of claim 19,
wherein the instruction is 32 bits long.

15

21. A VLIW processoxr, comprising:

fetch means for fetching an I-bit instruction that

includes n operation fields; and
n operation units which are each associated with a

the n operation fields in ths fetched
each independently execute an operation

20 different one of
instruction and
indicated in the associated operation field in parallel with

each other;
the VLIW processor being
25 operation fields not all being a same size, and by I not

characterised by the n

being an integer multiple of n.

22, The VLIW processor of claim 21,
wherein at least cne of the n operation fields has a
J0 different length to other operation fields in the n

operation fields.

23. The VLIW processor of claim 22,

wherein n is 3 andLis32.
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24. The VLIW processor of claim 21,
wherein a number of operands included in at least one

operation field out of the n operation fields is different
to a number of operands in other operation fields in the n

operation fields.

25. The VLIW processor of claim 24,
wherein n is 3 an L is 32.

26. The VLIW processor of claim 21,
wherein the n operation fields

operation . field composed of only an
leaat one operation field composed of an operation code and

include at least one

operation c¢ode and at

at least one operand.

27. The VLIW processor of claim 26,
wherein n is 3 and L is 32.



