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rocessor For Executing H ghly Efficient VLIW BACKGROUND OF THE | NVENTI ON

(') Field of the Invention The present invention re rocessor
th VLIW (Very Long Instruction Wrd) architectur W"ﬂﬂ*lmwmwmrtlcular to
a processor that executes instructions with conparativ ort

llength andefygh gpdeyef thokRBeyn (2) Description of th or—Art-Wth the
i ncrease in demand for nultinedia devices and the mniaturizati on of

el ectronic circupiScés8sbecedr ¥xacutiddHighby BPELAcRegtowray need for

m croprocessors that can process nmultinmedia data, such as audio data and
I mge data, at high speed. One kind of processors that are capabl e of
nmeeting this need are processors that use VLIWarchitecture, these being

her ei naf t sacdRovRd Op @BE" YhUWipromessors”. VLI Wprocessors include a
nunber of internal operation wunits and so are able to sinultaneously

execute a funbeiedfi ofpehat Tomsnkionne VLIWIin parallel. Such VLIWare
generated by a conpiler that investigates the extent to which parallel
processing is pdBsebpreaenthénsenttenpregasas| §vep asecessosT e thc Nadwl i ng.
For enbedded microprocessors used in consuner appliances, however, it is

i nportant tesvipbpRrgsInghsucsdensVosddf agebatass 1 rso @mgt 195 agtd cwla
with their
to a processor that executes instructions with comparatively

short word length and high code efficiency.

2 ipti he Prio

With the increase in demand for multimedia devices and
the miniaturization of electronic circuits in recent years,
there has been a growing need for microprocessors that can
process multimedia data, such as audio data and image data,
at high speed. One kind of processors that are capable of
meeting this need are processors that use VLIW architecture,
these being 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
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~tP~~~1 e reeer reeer ekt rrirr orrrr 1111 *G000x2 2 high

I'nci dence of no-operation instructions (hereinafter referred to as "NOP

i nstructions”) and resulting poor code efficiency, are far fromideal. One
exanpl e of a VLI Wprocessor that executes instructions with relative short
word length is Japanese Laid-Open Pat®ent Application H09-26878. This

techni que , | 62CRS; BoARLASR! RESSSLPY: ABRALALLSUERALALS (ReYleiWaragessor I or

executing Structronst can simultaneously 'indicate a maxi mum

of two ope%g£égpgd EEggE_lﬁo?ngnﬁggﬁgefbﬁge)iQEBVE%EEQ%iH@WE@bﬁﬁcddEB
nrque, 1g. 1A

stated tec W th show ng the Instruction formt for

si mul taneoaflgycwﬂ& atbpg WP epshathegs.and Fig. 1B showing the
instruction format for i1 ndicating only one operation. This technique ains

to inprove code ghéi ekenpgYe 8Y hneltwi pHodedsbit thakuexieruttee formt field
410 that shows the nunber of operations in each instruction and the

execution prderucthenkndieat renaeiva BRskOURoel Lengaperiat iTapmrimsea single
32-bit instruction, however, does not achieve a sufficient degree of

paral | el i smaidhepeni Pagkat hpplpeabiem HOB-dé678aseShils ¢eddrgfduei ency of
I nstructions when performng an operation using a constant that exceeds a
gi ven wor dtkeapeh. aAdadre peraapbéngwhappaaagaspichagonst antVLIW processor

for executing'32—bit instructions that can simultaneously

indicate a maximum of two operations.

Figs. 1A and 1B show the instruction format of the

stated technique, with Fig. 1A showing the instruction

format for simultaneously indicating two operations and Fig.

1B showing the instruction format for indicating only one

operation. This technique aims to improve code efficiency

by including a 2-bit value in the format field 410 that

shows the number of operations in each instruction and the

execution order.

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.



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. 3 SUMVARY OF THE I NVENTION I n view of the
stated problens, it is a first object of the present invention to provide
a VLI Wprocessor that executes instrudtions of comparatively short word

| engt h, bgggga?%hcﬁa%%EaI i gTq%%ree of parallelismand a highly

ef ficient ructure so at” Several operations can be sinultaneously

indicated. As ong.ex3npl 8¢ %Fg_egtgl;:e@ogﬁg Oréq[[sa,t ingSj_tiaa(l Perdndbspted by a

single 32-bit instruction. IS a sec ] ect e present invention

to “provide e Yl WRIAGRSS AR bl 8X QLM Ny i dIStA Upt 1PNSr e dso£OBRAEAL | Vel y

short word length“that have a structur whereby the overall code

ef ficiency el the GeERatRLIValsY o URRIMRGIAN wBp yMeF: haded | Dengensgt ant s
of conparatively long word length. The first object can be realized by a

VLI W (Ver y pha@ngrh ildhs thiatiet ia0m 1 Yér dle gife@C &5 Ga tdlat e s desd andh egRTYt €S an
instruction that has at | east two operation fields, of which a first

operation fiffi¢iedt @dde istchddarensPRAHA | vende oforaspens f gangban
operation type and a second operation field includes a conbination of one
oper ati on codeldrahemtusllyedsdicradegper el arsededampie operieg ¢ odri Rdreat ed by
the second operation field, the VLI Wprocessor including: a .
operations can be indicated by a single 32-bit instruction.
It is a second object of the present invention to
provide a VLIW processor for executing instructions of a
comparatively short word length that have a structure
whereby the overall code efficiency will be comparatively
unaffected even when handling constants of comparatively
long word length.
The first object can be realized by a VLIW (Very Long
Instruction Word) processor that decodes and executes an
instruction that has at least two operation fields, of which
a first operation field can only include one operation code
for specifying an operation type and a second operation
field includes a combination of one operation code and at
least one operand used in an operation indicated by the
second operation field, the VLIW processor including: a
first decoding unit for decoding the operation code in the
first operation field; a first execution unit for executing

an operation indicated by the operation code in the first

operation field in accordance with a decoding result of the



first decoding unit for decoding the operation code in the first operation
field; a first execution unit for executing an operation indicated by the
operation code in the first operation field in accordance with a decodi ng
result of the 4 first decoding unit; second decodi ng unit for decoding
the operation code in the second operation field; and a second execution

unit for executing the operation indicated by it peratio | e
second opevyfé'lris(Fn d%c&d(éncgfl Wit \ﬁnis(,er?oni%ts q%ﬁé%/%lar{lidlr%@?tﬁéef odp]ee?%y;ll s(j intn t he
second operation.field . i. cor, i1 ; ' I esith ta ofeddigy second
decodi ng Q&2 fndcﬁdrfige slor}l, %5|encseaéa&t%eq \gfse{}%nlg&gggr% on iIn E% hee

| nstructi oR,Gam At Ul GAtRS B (RPIdddith @by ORSIALL G afflecé thout

an expli ci I catl on of an operand, word length of instructions can

be reduced  As A idERlde ih HINSURERE e ddt@o XELl @Soh NEd talattiingts of
conparativel'y short word | ength, but which have a highly efficient code

structure S tihal; SRR! &y Y Fdaihdiehsisatdrrdespst ytiddi tiadled, i s
achi eved. Here, a nunber of bits occupied by the operation code in the

first operatd eirddmidhdawih efurRicddimy medert £ thé ssecoupidzbddinde
operation code in the second operation field. As a result, all operation
codes that wie.included in an instruction will be conposed of the sane
nunber of bits,

By doing so, since at least one operation in the
instruction can be indicated by merely inserting an
operation code without an explicit indication of an operand,
the word length of instructions can be reduced. 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, a number of bits occupied by the operation code
in the first operation field may be equal to a number of
bits occupied by the operation code in the second operation
field.

As a result, all operation codes that are included in
an instruction will be composed of the same number of bits,
which simplifies 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



whi ch sinplifies conponents 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 sane nunber of bits as

t:he second operation field and nmay include a conbination of one 5

operation code and at | east one operam, the VLIVVprocessor further

including: a third decodi ng unit_which decodes, %heﬁh ?ﬁeration code is
3 2 ot

present |rPR?ﬁﬁ?*ﬁ?dc%$%r%E¢0%tf}%ﬂiF OT%eOB%E? nPERESCHRPFd

t el d; d hird t f
"Rl cat od 447 THEE REPATTN chatt A (RECPRIPE GeE aTTRe LEr A aa. dSrE whi ch
[ di cat ed d the third o d
W th & decti FREFESLPY G1t ne® (RFT S Hecbl k Qe%*%.*%g”aéé%gﬂégh{‘tfl@‘iﬁvh W
pr ocessor %éh cPLolodogige of R2rahley SIPREIERVeLDIge aRer gl kagsatan
be si mul t ahdou3 r med can e ac |eve I rst executing

Untt Y CORLLoLs R%CQHHOJsor [22 %@Ed%)ﬁ%péﬂ%géfkéf‘f&ﬁ'diﬂ&l&QﬁeanéS/r Wgki on. As

a result, erations ot no require a | arge nunber

of bits ¢ 9854 tPnatEQOEE QP&p&aLLLY ﬁl?iéildTBhSdareanaha&h
instructig§F§£ﬁE€§?he |% code ef%f0|€%cy ca% be defined. Here, thelSecond

executing imdicABYdCOPt e bpenshes iNfthderHata opatatsonndieatiediby the
operands i ncluded in

accordance with a decoding result of the third decoding

unit.

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

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

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



the second operation field, and the third executing unit may control
eéxecutes an arithnetic |logic operation on the data that is indicated by
the operands included in the third operation field. As a result, data
t;ransfer to and froman external nenory can be indicated by a single
operation in an 6 instruction, so tha® the operand access circuit that
should be provided in a VLIWprocessor can be sinplified. h% STolol]

obj ect of LRELEHESERD | HPetRén L8N OPETARChREFES Shy 14 Wt océ&ssor t hat
decodes and executes an instruction that has at | east, .t peration
fields, of PRhPERVILSA ALy doy&d: PERFSECE &5R g’ﬁl ?lfnﬁéllfj%dgne of (i) a
single operatiop,code for, specifying,an operatio .and (i el
constant, and a 880ﬁ80888r8£P88tfP§|&%angﬁégékoﬁg%ﬁgﬁﬁgg gghboﬁbination
of one operati.qn c n I 1 ra used iy % QRATAL iQN

i ndi cat ed Sﬁhﬁﬁgeggggh% %%g$%fﬁgﬁeﬁggﬁd%%%ﬁd@%ﬁ a égkstant, the VLIW -

processor i, ncl yding:o A 4y rts.thasd%ccos.ie%%tu@y;o \Mﬁe%tq.%qp%%ldme'b@mhich
operation codei's presént in the first operation field, the operation code

in the fiLSteionel Ylandid i d idatl MGLUdhddidnd @ @Gt ing1aN
operation in by t

icate he operation code’in the first operation field, in
accor dance opelry 13 HE QU For apddi ffidgher idperaddenditipainiid @ iseend

decodi ng unit which decodes, when an operation code is present in the

second opelnstart eldhd thesaididpdTraadds ifidike isedaniks 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 including: a first
decoding unit which decodes, when an operation code is
present in the first operation field, the operation code in
the first operation field; a first executing unit for
executing an operation indicated by the operation code in
the first operation field, in accordance with a decoding
result of the first decoding unit; a second decoding unit
which decodes, when an operation code is present in the
second operation field, the operation code in the second
operation field; and a second executing unit for executing
an 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 of the second decoding unit.

With the stated construction, when it is necessary to

put meaningless code into an operation field in an



gperation field; and a second executing unit for. executing an operation
i'ndi cated 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 unit. Wth the
stated construction, when it is necessary to put neaningless code into an

operation {Leld. o, an T, LBSLLUELI Racdye PRShanksLRab e Libadused by a

di fferent ~Opératiron fray be |nser SO t processor can
be reallzegod pLe s Cﬂdég”ﬂnwééauﬁ]%'%é BBLaN B8YenathholnIRoge sRlekiseiency
despi te having on h word len t the instruction al so

I ncl udes acéﬁrﬁétréhfiged'BS&UQkQQuélﬁerﬂﬁ&tﬁ@éelbﬁglQﬁ&bﬁghwh%tﬁehlgﬂly a
constant 1s located in the first operation field and whether only a

constant igsohocatedcianthedssgond RAeLAYI 6ALY &l dhotlie wdkbW epigeBesSSOr
further including: a format decoding unit for decoding the format code;

and a constant sgor@getn8i inforucexbriaglsddinvhedes deg¢odinag fesukt of the
format decoding unit shows that only a constant is present in at |east one

of the firshcopeingi antbrrhd abdet hAdseaeantigopreahieenohilegl d, conlseanenst ant

in the instruction and storing the extracted constant. As a result,

constants psatedatedahnopbeafivatfopkdatéan féedtdorad wWhethercomdtvamt

storage unit for use by an operation in a later instruction, so that

decreases ¢onsbdrt is located in the second operation field, the VLIW
processor further including: a format decoding unit for
decoding the format code; and a constant storage unit for
extracting, when a decoding result of the format decoding
unit shows that only a constant is present in at least one
of the first operation field and the second operation field,
the constant in the instruction and storing the extracted
constant.

As a result, constants placed in an operation field
can be stored in the constant storage unit for use by an
operation in a later instruction, so 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 code in the second operation field, each operand
in the second operation field, the operation code in the

third operation field, and each operand in the third

operation field may each occupy n bits in the instruction.



efficiency can be avoided even when handling constants of a conparatively
|l ong word | ength using instructions of a conparatively short word | ength.
Here, the format field, the first operation field, the operation code in
t.he second operation field, each operagd in the second operation field,
the operation code in the third operaPion field, and each operand in the

third operation/fi !thaéfﬁ%%p %%ﬁg?¥g%§§b%§ IR 1t Re st ry@hic@n.trdit Wth

the stated constraction, the at conpose an instruction have

the same nggggos%f AN LiSes WG o rLRARIL S HNG drftf @fuie 1CidC Wiltss OfwHilen VLI W
processor to be sinplified. Here, a VLI Wprocessor may include: a fetch

uni t for  LALENIAD ik Ldkidrrlalls dilehi @y Umichdainiep o imn bd | el ds;
and n operation units ich are each associated with a different one of

the n oper @ty ifdi@lqds in the fetched instruction and each independently
execute an operation indicated in the associated operation field in

parallel wth eaeheqt henLIthe ddedsproerssdndieidey ehdreacthenirzed fimr t he n
operation fields not all being a same size, and by L not being an integer
nul tipl e offeftchiiddh drher-afiat eichstonsitriunt itdmt tierleides o o fiom al | of
the operation fields in an instruction to have the sane word |ength,
maki ng it pFassidy e dmi defdpeerd misin uotiitmsihiiath atd gadods sddiaiehdjitins a
result, a VLIWprocessor that _
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 L 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

simultaneously performed.



executes instructions of conparatively short word | ength, but which have a
highly efficient code structure so that several operations can be

sinmul taneously indicated is achieved. Here, n nay be 3 and L may be 32.
The stated construction realizes a VLIWprocessor with a high degree of
paral | el i sm whereby three operations tat are specified by a single 32-bit
instruction can be sinultaneously perforned. a nynber of operands
included in at I%%B?roﬁenBB%?HtPBnOP?éﬁﬂd%u%nﬁiugﬁg ﬁnoﬁér £A8H PPEl ds may
be different to a nupber of operands in other operation fields in the n
operation ?P%¥ﬂ§1°VVFhe?ﬁeOEFanth%ngtPHEF?Bﬁont%é? dSsT™RY REed for every

operation din |nstru tion_to have the_sa n f. o S, SO
t hat instr%%f%%ﬁe?B ef fRfghpe aéagaeleogﬁge eg2|0|gﬁ€y&§an%%
defined. Here hthe n %atioE hglds may include at | east one operation
field conpbRetdf oﬂP? 18Pefrafi8ni-code and at |east one operation field

conposed of an ogeratipn code.andal,|.east, one aper 3gd VLR g St at ed

constructi on, t het TroncWor eng '§ s orter an the case when

every Oper8$é92 ahgkgtlbﬂ gmeaasa ﬁ Qﬂﬁﬁ?w%%hgﬁ 2 CATRINRHOR a0 an

operation ~cod operands processor that executes
number of operands, so that instruction formats with a high

degree of code efficiency can be defined.

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

With the stated construction, the instruction word
length is shorter than the case when every operation field
in an instruction contains a combination of an operation
code and operands, so that a VLIW 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.



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
Qut which have a highly efficient code structure that allows several
operations to be specified by a singl®instruction. This effect is

especially i C I fQr enhedded pr ors that process nultinedia
data. 10 gg&ék §%§€§F§?&8ﬁ g&"ﬁﬁ? These and ot her objects,

advant ages and fgatures_af he invention wl|  hec t he

f ol | owi ng descr?%f':‘ls(?n“a‘f1 ePESF T SPITGHE 1 STVERE |gc?(r%ma\;inriaq2p¢%1ae ra%%ggr?banyi ng
dr aw ngs iLch.i .rate.a,specific e i f iwvention. In the
dr awi ngs: nglhé lk}%eé%‘o%B%éﬁ'&W%encs r[lfeuc F%E.(;an%i‘norgra nr}tﬁntosnp utsﬁe%efudnlgle%%% pri or

art. W Belorldshoniag A RSUEULON SORR: e e Wnoper al | ons ar e

si mul t aneo i cate ig. show™ng an i nstruction formt where

one only oa%e{gh.gt%wﬁg idl%ivﬁ%t%d;wtﬁi& 12A ShQuE-d he el 0k 54 rad ol dneife an

i nstruction I's executed by the processor of the present invention;
Figs. 2B tgr2longhawaindiepn tyResHy dAsdinygd:d on format, with Fig. 2B

showi ng triple operation instructions, Fig. 2C showing tw n operation

instructions, an#iki.g.1a2@nds@MVsNPwsiingteruendioal iforratd rusdd ansjer the
prior art, with Fig. 1A showing an instruction format where
two operations are simultaneously indicated and Fig. 1B
showing an instruction format where one only operation is
indicated;

Fig. 2A shows the field structure of an instruction
that is executed by the processor of the present invention;

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

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

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

Fig. 5 is a block diagram showing the detailed
construction of the constant register 36 of the present
processor and the peripheral circuits:

Figs. 6A to 6D are representations of different



Fig. 3 is a table showing specific operations that are indicated by the
three types of operation code, "cc", "opl", and "op2", that are used in
Figs. 2B to 2D, Fig. 4 is a block diagram show ng the hardware
gonstruction of the present processor; Fig. 5 is a block diagram show ng
the detailed construction of the constlant regi ster 36 of the present

processor and the peripheral circuits; Figs. e nt ations
of differ@ﬁ@%ﬁégréé?uék??%ﬂgsﬁ(ﬁqqlt%P%o%ét%ﬁé %§ngﬁéggoﬁé§gﬁﬁé?egister
control unjt S i 4, Fi PR Fig. hewyNdghhsnokase when the
f or mat co&gqts%%%nﬁlé\{r]t %é%"ﬁé ggéﬂ%w %’g ‘tgﬁgﬁ gg%e \?\%eﬁh?he ?or mat code

is "4", FigsSCmipwng %(glﬁ?ggsgodé(\hfgl e IDQFW@g,'CPSi@.iSB'Eﬁow@ﬁ the. 6D

showi ng the case when t ormat code is "2", "3", of "A"; Fig. is a

bl ock di agram Showh "ghd heoApi@ilede £oneinruckign et thewPhgushé 33sef the

present processor; Fig. 8 1s a flowhart showing a procedure that handl es

a 32-bit const aAle Foomad Sh@wsignmexanphe piga ppoghawihbathbasathe
present processor execute the procedure shown in Fig. 8, Fig. 10 is a

ti m ng chafdershayd ngother opedationof, t e pregenn”processor when executing

the programshown in Fig. 9; Fig. 11 is an exanple of a programthat has

t he Fig. 7 is a block diagram showing the detailed
conétruction of the PC unit 33 of the present processor;

Fig. 8 is a flowchart showing a procedure that handles
a 32-bit constant;

Fig. 9 shows an example of a program that has the
present processor execute the procedure shown in Fig. 8;

Fig. 10 is a timing chart showing the operation of the
present processor when executing the program shown in Fig.

9;

Fig. 11 is an example of a program that has the
present processor execute a procedure that handles a l6-bit
constant;

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

Fig. 12B shows the instruction format of the
instructions shown in Fig. 12A;

Fig. 13 shows an example of a program that has a
standard processor perform the same procedure as the program
shown in Fig. 9;

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



present processor execute a procedure that handles a 16-.bit constant;

Fig. 12A shows the field definition of instructions that are executed by a
standard processor; Fig. 12B shows the instruction format of the
i.nstructions shown in Fig. 12A; Fig. %E%Shoms an exanpl e of a programthat
has a standard processor performthe me procedure as the program shown

in Fig. 9sFLf4ald é?B%@sgereéﬁgghﬁeoﬁhé BLAET gFbEBahrBagsa the pYcyydad d

processor execute the sanme procedure as the program shown in Fig. 11;
Figs. 15A fRodmDisihewgnodhfications to the structure o the instructions
executed by the VLIVVprocessor of the present invention; and Fig. 16 shows

a modi fication tpighe headwer espCoORsHIHEHi eDcatibhe poeshBt spracesse o o
enabl e the execution of the instruction shown in Fig. 15A. DESCRI PTI ON CF

THE PREFERRER ENBORLYENOnAnegEbadeaEBYy €het MBIAr peesessoaf otheher esent
invention is described belowwth reference to the figures. 1In this
enbodi ment prebenexpnesaitann?i aatiruction" refers to a set of code that is
decoded and executed by the present processor sinultaneously and in
parallel, with tEég.ekpr ebswona"mpeificanioneter §heohardwiatreof processing,
such

construction of the present processor to enable the

execution of the instruction shown in Fig. 15A.

DESCRIPTION OF THE PREFERRED EMBODIMENT

An embodiment of the processor of the present
invention is described below with reference to the figures.
In this embodiment, the expression "instruction" refers to a
set of code that is decoded and executed by the present
processor simultaneously and in parallel, with the
expression "operation" refers to a unit of processing, 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.

nstructi 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



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,
t.the structure of the instructions that are decoded and executed by the
present processor will be described. The present processor is a VLIW

P;ﬁgfﬁsor t%é?%l ts. ﬁg%ﬁbﬂsomw@?%ie% st r%%?%ffey%%aaﬁolig)s(?rgﬁéﬁl on 50

to be execygedbyithe present processor. Figs. 2B to 2D, neanwhile, show
sixteen instruction formats. O these, the instruction formats in Fig. 2B

si nul t aneously i ndigato IR tIREMAId1IRNSs t A h S S £ICAH ODn § @EFBESOANSHI 9.
2C two operations, and the instruction formats in Fig. 2D a single

operation. thitke idedduttdd By Thdasreasdix sy gsdengt higs. 32sbtbs2pand is
conposed of eight 4-bit physical fields shown in order starting fromthe

M5B (Most QieHtiwHidant shdw siktdbr) irfddetictilon Plofndteld 82, theseP3tRefiel d
58 in Fig. 2A. O these, the range fromthe P2.0 field 53 to the P2.2
field 55 iimmatdedidihefddnsis adperrig OreH i #lrubOanabu s byt hedtiaage these t he
P3.0 field 56 to the P3.2 field 58 is called the second operation field
60. operations, the instruction formats in Fig. 2C two
operations, and the instruction formats in Fig. 2D a single
operation.
This instruction 50 has a fixed word length of 32 bits
and is composed of eight 4-bit physical fields shown in
order starting from the MSB (Most Significant Bit) as P0.0
field 51, P1.0 field 52, ... P3.2 field 58 in Fig. 2A. Of
these, the range from the P2.0 field 53 to the P2.2 field 55
is called the first operation field 59, while the range from
the P3.0 field 56 to the P3.2 field 58 is called the second
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



In Figs. 2B to 2D, the legend "const"” indicates a constant, and dependi ng
on the operation in which it is wused, this can be a nuneric constant or a
character constant such as an i medi ate, an absol ute address, or a

di spl acenent. The legend "op" represeggf an operation code that indicates
an operation type, while the |legend " i ndi cates the register used as

the source peLang., L80! e Laghst gL ausadyas thesdestl Babyameaparand. and

"cc" an operaFlon co ng ranch operatiion that uses the 14

stored val ﬁeogr@s§ﬂ%ck§bhéggo%ZTQBE Ledisthat Rle@visded 3w shi@mpresent
processor (the constant register 36 shown in Fig. 4) as the absolute

address or gl gl ay Ve s2¢deessof direphacedRit brofred dtigRchddestsisnat i on. The
nunerical values given directly after the codes described above show

val ues thatgakpldsecentt)t & aperahicdndelstigiatthen.the first operation field
59 or the second operation field 60. As one exanple, for the instruction
format with the fTaemaumeedeal6¥aliube 4ikieh dametaity 'acaest the lcodatsed in
the P1.0 field 52 and the 4-bit constant "constl" located in the P2.1
field 54 aneseeibiededbowef Ghowarradueist thatnstrantustedatini ¢ hehe@peaatd®roper and
corresponding to the operation code "opl" of the first operation field 59.
The const ann ‘edohstr’ thie dirss oeergrdonddd edid 19 % omimsesecaicesent s a
constant to be stored in the specialized 32-bit register provided in the
present propesasion fdeld 60. As one example, for the instruction

format 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 combined to form an 8-bit

constant that is the source operand corresponding to the

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

The constant "cbnst" which is not appended with a

number represents a constant to be stored in the specialized

32-bit register provided in the present processor (the

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

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

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

constant that is to be stored in the constant regiéter 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 out of



constant register 36 shown in Fig. 4). As one exanple, for the instruction
format wwth the format code "0", the 4-bit constant "const" |ocated in the
P1.0 field 52 inplies the constant that is to be stored in the constant
register 36 which7s inplicitly indicated. Fig. 3 shows specific exanples
of the operations that can be indicatléd by the three kinds of operation

code "cc", "opl"., and "op2" qgiven in Figs.. 2B tq.2D. .,These operations are
descri bed ﬁf"ﬁ%%ﬁ Itiﬁéﬁ%vfgﬁ%%ﬁbi*n%ﬁ)@%ﬁ%%‘ c%}aecl%‘ cbcrpar}cﬁ’ai Eat es one out
of 15 i Xt.ee of. branch. instructij NG i r j j

speci fi lexal’sns;% ‘{)%/Cgtﬁ% 1 cohdi eicolnfla%éd a:ts bér %%%r@f &%&@%na%ﬁisggéfﬁ%fﬁih
condi t ons i giglade "eeal do of EAcy oAl Al LR IideT ddua gy gr eat er

than ('gt') e bran ormat can or mat ere the ored val ue of

the constant. e(rjig)u st erng»@he;@jﬂest@s(l H&éa)b.s’olég@ apdrass: afhard her b apeh

destination (dénot'ed by i ng no ttached to the instruction

menoni ¢), e FMryhRIe dd1e 1d o etbrivad UghOfe iR CNSEadtvd Bge S6Er 36
serves as a relative ‘address (denoted by having "i" attached to the

instructi onchdMesmit £nt ASg e EXIE Ervd Haa HpeHatdmyvlaade d@dress epEesents
an operation that branches to a destination indicated through absolute

addr essi ng tte b vafeie cdel ticha teiospardsont d ok Hdwel oppar'ed” @t teesh¢d be

equal, while the operation code "eqi" represents an operation that

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

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



to a destination indicated through relative addressing when a preceding
conparison finds the conpared values to be -equal. The 4-bit operand "opl"
can be used to indicate an arithmetic |ogic operation, such as any of an
"add" (addition),-a "sub" (subtractlo , a "mull" (multiplication), an
"and" (logical AND), or an "or" (logid& OR), or an operation that is an

- sf 2-b
Gaia) | o "PRerATLFARSFEF T8 RaPPRERE ORPasT O CRCrROdR" CCE, SRaTer 6T onc
byt e dat The 4- b t 2" de «ndi cat th
| Chiet | CERh) EBpBP oLl One=0re: Rl cFhoBPaE ARy r BALf br RUCy gt fa e

I transfeérs at can
indicated b he oper.and 1" b t
register-n%%%é g?rgﬂg%gﬁtSp ra??o%kgg2ﬂ8ﬁg§9aggﬁPgisg ngkagigﬁegngd dat a
from nenory. i Qf on,[agi S) 0 n " o] af mens Fdrdata into nenory
fron1regis¥%r +H (%gggcégr?g?ig ?gasgféskgf tﬁe ffgfdstSI 52, 59, and

60 shown 'Pe?%gte%é )3be desekibedshelaworThaePloldr uakd 54 tBohdmoa y4- bi t

format code specifies the format of the instruction 50. Mre
speC|f|calkyomtgbélggegsgleld 51 specifies one of the sixteen instruction

formats shown in Figs. 2B to 2D. The P1.0 field 52 is a field holds a
constant or an operahheaceedestoe Schramreb ofietati dhelbehla 68nsbant is
and 60 shown in Fig. 2A are described below.

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

The P1.0 field 52 is a field holds a constant or an
operation code for a branch operation. When a constant is
located in the P1.0 field 52 (such as in the instructions
with the format codes "0", "1", and "4" to "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 "0", "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



| ocated in the P1.0 field 52 (such as in the instructions wth the fornat

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 "G I, filly, "4", and,"5"), and cases where the constant

forms one part of the operand in the first operation field 59 or the

second 0pe&ﬁék@”tﬁh§|@oﬁgtﬁﬁﬁcﬁsa§tb9ehh€o bRBLRUGLH EBNS WitBithe for mat
codes "5", 9", B"). he constant in the P1.0 field 52

is to be ébﬁéedntnlbbat@an&haatlthegl &her f36stt bepeeagioncFgied dMier er only
this 4-bit constant is stored (such as in the instructions with the format
codes "0" @Rd 3&tpndanpezasesdnltiedere t(bushcasstianthies istsared tiogst her
with a 12-bit constant |ocated in either the first operation field 59 or

t he secondwapir aheofiotmaltdc6desstidl aadi A5t'he instructions wth the format
codes "4" and "5"). \Wen the operation code "cc" for branching is given in
the P1.0 field 5®@hésutheaspematheni petleuttebnfoni bhanhbinfoisagivedegn' 2",
"3", and "A"), this indicates a branch operation that uses the stored

val ue of thbecBhsfahieddygiSdt dsugd as thethbsdhgteugddoass wathy ghegtive
address (displ acenent) of a branch destination. The first operation field
59 hol ds efPRBAtacERSt akt + 0P "a @BADI'AGYF oRDeF (RF1&ATEFePar 6 ode for

indicating an operation (such as an arlthnE c Io%%p operation or inter-
operation that uses the stored value of e constant

register 36 as the absolute address or relative address
(displacement) of a branch destination.

The first operation field 59 holds either a constant
or a combination of (a) an operation code for indicating an
operation (such as an arithmetic logic operation or inter-
register transfer) that does not involve data transfér
between the present processor and the periphery (memory),
and (b) source and destination operands for the operation.

The second operation field 60 can hold the same
content as the first operation field 59 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



regi ster transfer) that does not involve data transfer between the present
processor and the periphery (nmenory), and (b) source and destination
operands for the operation. The second operation field 60 can hold the
sanme content as the first operation field 59 described above, but can also
alternatively hold a conbination of (a}8an operation code for indicating

an operatig %éégghﬁéé gETRO XS B?QhéﬁeéPéEggikﬁr)s&RﬁHtaﬂ%%h%3§(d%h%

transfer BetNeen”t present Proceésso I'phery an b) operands

for the ?{}Fg@tégf dhe @ﬂg&’é/éﬁﬁ ”EBE:tOf (tHf fog'é‘?:%doa‘é'b%fs'soﬁntl)tp% to

certain f ds res on t rem he preSent von Neumann-type

processor JheiEbyni Fibs B9t f850€§§asxekel$§ oBERGSS WO pelbviBed branch
operations simultaneodsly, only oOne |nput/output port (the

oper and acsesgedRi £hd0preBenR pRoEEYIsot) ahar theapelrgbhiety qRemRYS .i S
provi ded between the present processor and the periphery (nmenory). The

instruction forrmphs sASWPutLPibhJSorRBts0sBbwhaye rilge.f aBl @v BY have
characteristic features. First, by focusing on the constant "const", it can

be seen ttwé fbeLewahg therkekkewsngct ireeutrgpes of instruction for
storing a constant in the constant register 36. (1) Wen the format code is
"0" or "1": In tResetinbyrbctusnsg bhethebiponstastarficonstdtedti gant be P1. 0
field 52 is stored in the constant register 36.
seen that there are the following three types of instruction
for storing a constant in the constant register 36.
(1) When the format code is "O0" or "1":
In these instructions, the 4-bit constant located in
the P1.0 field 52 is stored in the constant register 36.
- (2) When the format code is "4":
In this instruction, a 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 16-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.



(2) When the format code is "4": In this instruction, a 16-bit constant
|'ocated in the P1.0 field 52 to P2.2 field 55 is stored in the constant
regi ster 36. (3) Wien the format code is "5": In this instruction, a 16-bit
constant located imthe P1.0 field 52 and the P3.0 field 56 to P3.2 field
58 is stored in the constant register!®6. Secondly, for the present

processor, a maxi mum of - Shree operatl ons. can, be i 1di cahsdaky ensbnehe

i nstruction, and case, as can be Seen fromthe triple operation

formats sniWhilaft dedfscot DeTall Lhe Sophoutadosesbtishtonaneh onaralion

types can be used. e operation that sets a 4-bit constant into

the consta LS 3 w t &f{andard operations (when the format code
is "0" or " Q§£§%2§8%%e§%gg§at¥%n thgt performs branching using the value

set in the constapj) rGgk stedr36i s Paebset £benador&sshing asirgathee
address and two standard operations (when the format code "2" or "3"). As

described apovge t8€ LASthectbRecant pegsetér PEoassanr abavduaechighigss
efficient field structure that enables a maxi mrum of three operations to be

si nmul t aneoust yai pdisaied Bydpessnghe Blebstandstducpeuvatiohar dwhes the
Construction of the Processor
format code "2" or "3").

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 processor 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.



The hardware construction of the present processor is described bel ow.

Fig. 4 is a block diagramshowi ng the hardware construction of the
processor of the present invention. As described above, this processor is
a8 VLI Wprocessor that can execute a maxi num of three operations in
parallel. The construction of the pr@8&ssor can be roughly divided into an

instruction reglg%%rdﬁfp|§%§%§§9 u&ééoggerggg ?Hs@?ﬁﬁﬁ&bﬂnheﬂﬁ'ﬁn3o The

I nstruction regi regl s ores one instruction

that has Q9%§e§§€%r359955h9e igé £ugé:QHdL§EEQOEREto§% u0onThRendeeader

unit 20 decod 6 TRSTTUCTT n t Instruction register 10 and

performs opfpud ©8 EﬂatéﬁécuéiaﬁsuﬁQttﬁé exequbbeRanbit w3n knaccor dance
with the decoding result. This decoder unit 20 can itself be roughly

di vided i njOcbfend or88L1 €eCOBiRl s 2dedBdekh@nii BSPOUCRNOA ts@egoBer rdZghliye
instruction decoder 22 is conposed of a branch decoder 23 that decodes the

"cc" oper alieidé@denbel ehé nféhrat Plde8ofikel d1ladnandheothsalactienPC unit 33
accordingly, a first operation decoder 24 that decodes the operation code

- held in thee®P3d®rf22ld 13 and controls the first operation wunit 37

accordingly, and a second operation decoder 25 that decodes the operation
code held in theTs. Inftehdti6n adieicoder 22 is composed of a branch

decoder 23 that decodes the "cc" operation code held in the
P1.0 field 12 and controls the PC unit 33 accordingly, a
first operation decoder 24 that decodes the operation code
held in the P2.0 field 13 and controls the first operation
unit 37 accordingly, and a second operation decoder 25 that
decodes the operation code held in the P3.0 field 16 and
controls the second operation unit 38 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 format
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 decoder 24,
and the second operation decoder 25, and activates the
register control unit 32 of the execution unit 30.

The format decoder 21, the branch decoder 23, the

first operation decoder 24, and the second operation decoder



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 PO.0 field 11 to identify the instruction format of the instruction
held in the instruction register 10 as__ one of the sixteen possible
instruction formats shown in Figs. 2Bt o0 2D. In accordance with the

decoding result, the farm} decoder 2 ] hi.bi 0diaRG

oper at i on&> Wqﬂ?%ﬂEﬁé;Vcéﬁﬁﬁég e ggég%éﬁ g%e?é?iggbggcgggrg§4, and

t he second operation deco i thg. rggist eEneontE-elitunit

32 of the Ce%fgccrtﬁahl _osnlc-{fhaﬁts g%; t‘Zlkgee %?%‘Sﬁ%“é?%ﬁ%% gq tﬁ_g branch decoéer 23,

the [irstcOparall o deepder, 246 3ptatheossicond ener ahienudeseder 21 25
e

f undament &19 eco ne operatron in one cycle and send control signals

to the exequii o unid 30:n Hete, ekbeu2ohi tini€OBEt @Bt asbgsalfolri ne 26 that
connects the instruction register 10 with the execution unit 30 is a bus

for tran ﬂﬂéf%fﬂf@tééﬁ&&wsomaaa srhast edchgetihén ithetruction
register 10 to the execution unit 30. The execution unit 30 operates

accordi ng {psthect decodbfgstesuitd 06 the dreodetonnithi2038nd is a circuit
that 1is capable of executing a maxi num of three operations in parallel.
Thi s execution urid &fedstiompased 30 aperakesuatonrddngr s Ghet 31, a PC
unit 33, a register set 34, a first operation unit 37, a second operation
unit 38, adlecoding result of the decoder unit 20 and is a circuit that

is capable of executing a maximum of three operations in

parallel. This execution unit 30 is composed of an

execution control unit 31, a PC unit 33, a register set 34,

a first operation unit 37, a second operation unit 38, an

instruction fetch unit 39, and an operand access unit 40.

Out of the components in the execution unit 30, the

constructions of the register control unit 32, the PC unit

33, and the constant register 36 are shown in greater detail

in the other drawings.

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 control, as well as the

constant register control unit 32 which is a characteristic



instruction fetch unit 39, and an operand access unit 40. Qut of the
conponents in the execution unit 30, the constructions of the register
control unit 32, the PCunit 33, and the constant register 36 are shown in
greater detail in“the other draw ngs., The execution control unit 31 refers
in general to the control circuits eu%?vmrlng for controlling the

component s AUIRELEd (33 (ha 40.LRENE BxacULEon YAL! (3ASRGRAT digtast he

decodi ng r &SU uni-t 3 ‘exécuat ron- -cont r ol un|t 31

i ncl udes t B EARRORRRES 3tzhgter%%meowaltlr>bl RLO¥hdedal B-acpr 9gesser, such as
circuits for timng contr operation perm ssion/prohibition control,

status napaggwank. "%%%s%ntﬁ%&ﬁpﬁhoﬁh%oﬁh%QEuc%iowekbgi%té&e1OCQBStant
regi ster control unit 32 which is a characteristic 22- conponent of the

present prgeessar inlRBeCRBRs@AML @AlgSkler GBNbagkdudht iddipationss contr ol
so that a 4- or 16-bit constant "const” held in the instruction register

10 i s stogedennbiyheheofsiraat Hegosieer 236 based on indications given by
the format decoder 21. The PC (Program Counter) unit 33 operates under the
control of the braeckcddeaderam3Coandealit putis BBeopddaess undeanthet er nal
menory (not illustrated) of the next instruction to be decoded and
execut ed t eonlteolnsifr tritei b ahehcldegoder3@3, Thadi petputsi ghef eddiregsi Ln39
fetches an instruction block fromthe external nenory (not illustrated)
via a 32- an external memory (not illustrated) of the next instruction

to be decoded and executed to the instruction fetch unit 39.

The instruction fetch unit 39 fetches an instruction

block from the external memory (not illustrated) via a 32-

bit IA (Instruction 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



bit 1A (Instruction 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 PCunit 33 to the instruction register 10.
The register set 34 is conposed of fif2d3en 32-bit general registers 35 and
one 32-bit constant register 36. .In_accordance wth the decoding results
of the firéP- of&r&yi @é‘(‘?(r}&é'ronzfoatl?&ltnﬁe usESy idt eraql'?%%atdleoc%sger 25,

t he val ues which are st%redéﬁgtthese si xt een ngi ers are

rans er 1 oBSrGONEY BRs Bpdi oA 5 A - (e CGbom GUETALT on uni
f g \ggg;? bSPSF q:%‘:‘)’léf%é‘lizce%{%r ’I (%rr}réﬁgral%e %lttoprre'&atﬂn\é héét YR MES &4 £5 gk Foved

r
regl ster set r the operand access

unit 23 4% Hieaidd LN 48Ry 1Y 3R P G oper A i pefor red

by the first operation unit e secon operation unit 38, the val ue

stored in 2@ qRs eglteﬁaec@ shfle s 361030 ARGHe tiansiay negbd cad he PC unit

33, where it 1s u to generate an effective address that is used as a
branch desyyNaldoesHtieddilst. operation unit 37 internally includes an ALU
(Arithrmetic Logic Unit) for performng arithnetic |logic operations on two
32-bit sets of dgha @idsa Wpera¥iioty undart 3Perihaemngg Inulinqiludsd iansAbB t wo
32-bit sets of data. This

(Arithmetic Logic Unit) 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. This

first operation unit 37 is capable of executing two types of

operation (namely, 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
of the second operation decoder 25 and is a circuit that

transfers operands between the register set 34 and the

external memory (not illustrated). The operand access unit



first operation unit 37 is capable of executing two types of operation
(namely, arithnmetic 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 performng
arithmetic | ogic operations on two 324%t sets of data and a mul tiplier

f f ' | tiplicati 32-hit ts.of data, i

s the fir8D ToREFReLY SRFLCaes TEbeEEond o ePRiRIn SR CP™d P apabl 6
f ti t t f ti .y, i ti | Qg ti ,

and' T nter - Pogrene: SBike3peR" opArat SREr SR TRA S okt 78l TOF tho Second

operation dggoder 25.o[f1e qRar 3nd;acess panh! £A1pgleales cyader the control
0 2% and 1s

of the sec opération decoder acircuit that transfers

oper ands b%&‘é@%ﬁcttq%nr 2Qlo3 5%k 587, 3HnRNG e o 8 HaRENEh HEHRN Y olcé®led in

illustrate he operand access unit 24 40 internally includes a buffer

for storingnaperandsanther@Res 370 120dLE8% the BpeR@sid aecesaing.t ween
t he opera?P%n co%e ﬁld"eisE?; t he P3é1 field 16 g? the instruction

regi ster 1QntQn@neoit ehelalgilhalrs Sl atrt eddiktethgetxBar.naheteradey is
| oaded via the operand access unit 40 into one of the registers in the

regi ster sebedatidherddee "sapenat ipgeseots ‘hetdhwhs lprnesdet s toemadMvidlale t he
stored value of one of the registers in the register set 34 is stored in
the externalf RRI®IOE the registers in the register set 34 is stored in
the external memory.
The PC unit 33, the register set 34, the first
operation unit 37, the second operation unit 38, and the
operand access unit 40 are connected by internal buses (the
L1 bus, the Rl bus, the L2 bus, the R2 bus, the D1 bus, and
the D2 bus) as shown in Fig. 4. Here, the L1 bus and the Rl
bus are each connected a respective one of the two input
ports of the first operation unit 37, the L2 bus and the R2
bus are each connected to a respective one of the two input
ports of the second operation unit 38, and the D1 bus and
the D2 bus are respectively connected to an output port of

the first operation unit 37 and the second operation unit

38.

Detail n tion of the nstant Register
and its Periphery
The following is a detailed description of the

construction of the constant register 36 and of the



The PC unit 33, the register set 34, the first operation unit 37, the
second operation unit 38, and the operand access unit 40 are connected by
internal buses (the Li bus, the Rl bus, the L2 bus, the R2 bus, the D1
bus, and the D2 bus) as shown in Fig. 4. Here, the L1 bus and the R1 bus
are each connected a respective one of2%he two input ports of the first
operation unit §7t hhe.LZug s and the R2 bus are each connected to a
respect i vePONEPBF P he“tRS Y TPUt  ports of the second operation unit 38, and

the Di bus and %bﬁ Eg_?gg?agggE?ﬁgggéggﬁ]ghgggg%FQ%QIdégylpggput port of

the first operation’ uni ond operation unit 38. Detailed

constr uct 1 0fin of +hBe 1 GANSIEARN RRGSlah 3¢ A delid FPlARNY e foll owi ng

is a detai escription of the <construction of the constant register 36

and of the,25; ReEhPhesalouditsCui itoteFin@red ting td ek ¥idgFaIashoveng the
det ai | ed cons?ruction of the constant register 36 and of the peripheral

circuits. potenhene thawinke fiorRdsvaluEiked witdrng fhe fhemisggmakfers to
fixed wiring for four signal |ines carrying the constant "0". The constant
regi ster conhegl cHRirkid3d ithec ymRIRGtofromf.i ve 3-input selectors 32a-32e and

three 4-input selectors 32f-32h, while the constant register 36 is

conposed of ei ghThe constant register control unit 32 is composed of
five 3-input selectors 32a-32e and three 4-input selectors
32f-32h, while the constant register 36 is composed of 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 below.

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



4-bit registers 36a-36h. Here, each set of input and output data is 4-bit
paral l el data. In accordance with control signals fromthe 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 are2§ored in the constant register 36

according to one of the four storage _nethods given bel ow. Figs 6A1é0 6D
show t he f&GPLEEsdPpItEesPor Agéimbeheds Ot FhEhdPSEELERt OBNBEIERERE. R g. 6A

shows a stoQrage nethqd for en the formgt. .decoder 21 ects at the
val ue storéd PHOFRE P@.G%FiEEHeSEIOFQergﬁ'Bﬁ%"feglfﬁﬁ§ ggha§%st§g the case
when only a 4- bi const&nt b cated in the P1.0 field 12 is stored in the
const ant  r EQRSEEPt3&eINS-E sp8cifical |y, the data that is stored in the

Crtn oL I SH YRR Bt

units and t he 4- I el 2 of the

instructiogeE§%%§;%ﬁ. te%%éékﬁ%gét§% gﬁgugog%%gégrq%rtﬁbbbguorggggher 36h

of the const regi ster Ws a storage nethod for when the

format degqdgry 2} .det aghs Lhahikhe rwakhe HaQkednen theePBi@ Lhals@antl is
"4". This equates to the case when a 16-bit constant |ocated between the

PL.0 fieldil2 st theRen? thieelpd .35 fig1a5t0r eghd Rnh@2censtiand negiist er 36.
More specifically, the

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 between the P1.0 field 12
and the P2.2 field 15 of the instruction register 10 is
stored in the lowest-order 16-bits 36e-36h of the constant
register 36.

Fig. 6C shows a storage method for when the format
decoder 21 detects that the value stored in the P0.0 field
11 is "5". This equates to the case when a lé6-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 thét 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 shows a storage method for when the format



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 | ocated
between the P1.0 field 12 and the P2.2 field 15 of the instruction
rregister 10 is stored in the |owest-qorder 16-bits 36e-36h of the constant
regi ster 36. Fig. 6C shows a storage #et hod for when the format decoder 21

detects thaL phe vahug stared bl BEePR-0utl Qi el s (i .pd Seeguat es to

t he case cons | ocat inth d 12 and et ween

the P3.0 figldgleywandsthe 342 nfi gl d A8, $het Qred Atdish cost@t s£0i ster
36. More speglflgally? thg da?a tﬁk w%snStore q n theJiomer 16 bits

36e-36h of ybhe anehatt thediceheka3® keqikitkired 1G)t he uUnPeEadéd by sat
36a-36d and the 16-bit constant ocateg inthe P1.0 field 12 and bet ween

the P3.0 fhehdtlénand st kaeP3221 ffheh.d 18 ofcniche2 pstiucid ore J eghstey. 40 is
stored in the |owest-order 16-bits 36e-36h of the constant register 36.

Fig. 6D shews1la 9t79r agd melehed . Bogivhanighe froristeiataecosieth@lcasé ect's
that the value stored in the P0O.0 field 11 is "2", "3", or "A", or when

t he instrughege d®eodarul?stdekeactia theat cohs tammstmyigtegt St@erif{ Rid3ets
indicated by at |east one of the P2.1 field 14, the P2.2 field 15, the
P3.2 fieldolallan¢rdse (RBIBHfiisl dol8ayThitheeqemsdsnt nemistee 3ahkse the
val ue stored in the constant register 36 is reset to all zeros (which is
to say,. thdeemeshantefiteyi sher s3eried value of the constant register 36

has been used by at least one of a branch operation located
in the P1.0 field 12, an operation in the first operation
field 59 or 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 wvalue "O0" 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 insertioﬁ of zéros that is
performed when the effective number of bits of a value is
below a predetermined number of bits, with zeros being
inserted into the higher bit positions so that the wvalue
takes up the predetermined number of bits.

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

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



cleared), after the stored value of the constant register 36 has been used
by at | east one of a branch operation located in the P1.0 field 12, an
operation in the first operation field 59 or an operation in the second
Qperation field 60. Mre specifically, imrediately after the stored val ue
of the constant register 36 has beenzg%ad out to one of the PCunit 33,

he fi . g H
constant viEh SRRSO bCCRgE T8 AFPERen FRBCRNE BARSCaAt CRag SCaroSE
Here, the glu%a?hﬁkgggcgﬂatgnﬁeﬁegéfﬁgr1§65£5r hear gdsoaf hetebetng used to

ensure tha h~a“zero ension 1s always stored in the constant

register 39,14\ ggé?ﬁﬁxi n§h§|c88§€ €f§é§ %Qekh§6'ﬂ§eEEh8noQE agHos that

is perforned when e effective nu Its of a value is below a

predet er m nedynupher 9t oPelSyaMibhi §988§e986n9 Biynaeihgdsbnt enthe hi gher
bit positions so that the value takes up the predetermn ned nunber of bits.

AS descr'Q€9n§99M€ r@??@té?e3ﬁah§eabMet86 BQcBebikekdlylicefimtihatienst ruction
register 10 Is , or "5" 28 +the constant that is already

stored in &Bﬁsﬁgﬁﬁkaﬁhtiﬁgtﬁbehex86thﬁesht%tedoaad aoneentaliseukssdst or ed.

Al so, after the value stored in the constant register 36 is read out and
used, this stored value is deleted. By doing so, the constant register 36
is able to successively accunulate constants until the next tinme its

stored conbehsilsduSedstruction of the PC Unit 33

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

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

In the PC unit 33, the selectors 33b and 33e operate
in accordance with control signals from the decoder unit 20,
so that the selector 33e outputs one of the following three
types of values to the instruction fetch unit 39 as the

effecti#e address.

1. A value 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 be executed in order, which is to say,



Detail ed Construction of the PC Unit 33 The followng is a detailed
description of the construction of the PCunit 33. Fig. 7 is a block
di agram showi ng the construction of the PCunit 33 in detail. As shown in
Fig. 7, the PCunit 33 is conposed of a fixed value ("4") 33a, that is
wiring which permanently carries theZnstant "4", a 2-input selector 33b,
an adder 33c¢ C (Program Counter). 33d for or| ress +9f, 4 he
next |nstrUEFPoﬁEF %@go é@gdéﬁsghg %Q%eéupégse d*a %rﬁﬁﬁggqsgﬁﬁé?§¥§33e
In the PC um t he selectors 3 e r N #3GCQrd th
control i aPEaFom BRE SHaeBaes GRRE-Ca0 S 00 Tnt SPRe e octer “oe but put s
one of the.,fol t ype f I t RS ie@n futich unit
39 as the éffgbgﬁbgggdg ?th %E éng ﬁé%t%ﬁgfg%943%|§%§gdg E% t he content
of the PC 33d. Tg%% cabr ggpands to when no branch is taken and a next
instruction’is to Bé éxecuted in order, which is to say, 29 when the
decoding result for a present |nstruct|on is that no branch operation is
i ndi cated. The reason "4" is added is that the Iength of one instruction
is four bybesa WGl Whe O +9aY cod2ehitt $f ZheA dtalstanthefegitsherc @ end  of
the constant register 36 is added to the content of the PC 33d This
cor r espondgddedvien tihee ceoitteeitt odf thize REOIEIdANT

This corresponds to when the content of the constant

register 36 is used as a relative address for branching,
such as when the decoding result of the branch decoder 23 is
that the P1.0 field 12 indicates a branch to a relative

address.

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

This corresponds to when the content of the constant
register 36 is used as an absblute 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 an absolute

address.

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

absolute address in parallel with and independent of the



register 36 is used as a relative address for branching, such as when the
decodi ng result of the branch decoder 23 is that the P1.0 field 12
indicates a branch to a relative address. 3. A value given as the content
Qf the constant register 36 This corresponds to when the content of the
constant register 36 is used as an ab3¥®l ute address for branching, such

as when the decoding result of the _bra e r,e23 : t

freld 12 |oRAEAEend BEERRKTES kN sHeoFicst ShYTacddddnfady it ;%’oé\ae,
the PC unit 33 ingludg§ig ﬁgggigbized adder 33c, and is constructed to
directly u%%co?%e Paftie*store by "the constant register 36, so that branch
execution control can be perfornmed with the stored value of the constant
register 36 as a relative address or an absolute address in parallel wth
and i ndepe, nt B¢ 30 @R isgps performed by the first operation unit
37 and the ~ second operation uni . Operation of the Processor The

following is a degerieptihenifl tBeaopesatliphioh bife ther eptatiicressaherhen
decodi ng and executing specific operations. Fig. 8 is a flowhart show ng

an exanpl eppésantpPpesedyiert kknh@aedoesnd2abid exersitdanies sgeaistic t he
di fference between the stored values of the registers RO and
operations. :

Figp 8 is a flowchart showing an example of a
procedure that handles 32-bit constants. First, the
difference between the stored values of the registers RO and
Rl is found (step S80), and the result is multiplied by the
stored value of R2 (step S81). The 32-bit constant
"0x87654321" (the value "87654321" in hexadecimal) is then
added to the result of this (steps S82, S$83), and finally
the register RO is cleared (step S84).

Fig. 9 shows an example of a program that has the
present processor perform the procedure shown in Fig. 8.

The program is composed of the three instructions 71-73. In
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, "R15"

refers to the constant register 36.



Rl is found (step S80), and the result is nultiplied by the stored value
of R2 (step S81). The 32-bit constant "0x87654321" (the value "87654321"
in hexadecimal) is then added to the result of this (steps S82, S83), and
finally the register ROis cleared (step S84). Fig. 9 shows an exanpl e of
a programthat has the present processlor performthe procedure shown in
Fig. 8. The programis conposed of the three instructions 71-73. %n Fig.
9, one line corresPont® i dnelMiRg reR3ForShARNS hele cRREM I RhcHRe
instruction is shown by mmenoni cs | ocated i the separate fieldg.ﬁf each

i nstruct | CAEeSANTi BrOGESEAE WHER X BFURIRA EBRASPRRTTFE *RPFestdd T
h decimal. Also, _th d fm =0-F)" tn",
Wht Te thed i qBRS RhI¢ nLB 589vS SHineCTREEVarEbeSt or B8 FhERac o FE

i st i th i st 3 Ot "R15" t ant
ool st FEngnal prebthBers Rotfa: My REF T rertarey REeT ol opheradper S

present prgﬁgﬁsgiowgegne?ﬁgukggge% gggrggéa§1§hggn LAqFRY. 9. This Fig. 10

shows t he k=Cycles, € con general registers RO-R3 and the

regi ster RI15, anghéhﬁofﬁéai?ghfé_£$0$$p?ﬂ%$@§oﬁ08f Pusespddat fn &2, and

R2. The follow ng s an explanation o operation of " the present

processor fpr gagheAt pRBcbBSbEUEbL0BECH1oEOtHS, invkElictebrsemtetdo7Bigs. 9
and 10. Instruction 71

with reference to Figs. 9 and 10.

n ion 7

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.0
field 11 in the instruction register 10 that the present
instruction is a twin operation instruction with the format
code "4",\and so controls the execution unit 30 so that the

two operations described below are executed in parallel.

1. First Operation

The constant register control unit 32 controls its
eight internal selectors 32a-32h so that the 16-bit constant
(0x8765) located 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



After the instruction 71 has been | oaded into the instruction register 10,
the present processor perforns the operations shown in the clock cycles
tO-tl in Fig. 10. The format decoder 21 judges fromthe value "fnt4" of
the PO.0 field 11 in the instruction reglster 10 that the present
instruction is a twin operation instrd&ion with the format code "4", and

S0 cont ol o4 60 6y8SHLI 05 Uikl PEst Nal Lhewm! WA eRer Biiens deswd bed

bel ow are executed I n paral Cperatlon e consta gl ster
control unig_g32 ggngigls 1hts eight internal selectors 32a-32h so that the
16-bit constant 0x8765) [ocated between the P1.0 field 12 to the P2.2
field 15 is stored inthe lower 16 bits of the constant register 36
according to the storage nethod shown in Fig. 6B. Accordingly, the content
of the regp steecHl8 gpapgesohrom 32 " OxOOOOOOOD" to "0x00008765" as shown
in the clock cycles tO0-tl in Fig. 10. 2. Second Operation The second
operation unit 3Bhéesetynsd Gpetdpidn oinithe3gstecedvesl e 16pa333F3FHe of
the general register RO and the stored value "0x22222222" of the general
regi ster Rtonad valter "8xb3328333Y otfiethat genetrdnrehe sterm®0, asidore= t he
result in the general register RO As a result, the stored content of the
general regtered ROluhalQee2222222heoVative ge0%833338335ter Rie waldie
"Oxlillli11" in the clock cycles

after subtracting the latter from the former, stores the

result in the general register RO. As a result, the stored

content of the general register RO changes from the value

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

t0-tl 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.

Fir ration
The constant register control unit 32 controls its

eight internal selectors 32a-32h so that the 16-bit constant



t0-ti shown in Fig. 10. Instruction 72 Next, after the instruction 72 has

been | oaded into the instruction register 10, the present processor

operates

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

judges fromthe vatue "fnt4" of the PO.0 field 11 in the instruction

regi ster

the tuo oBBRACEGLs TRSEE B BBk P Sar Se e A tpiralTa P12 Brear

10 that the present instructi®h is a twin operation instruction

21

the two o e eXecuted i n para
Oper ati on e.:Gco regi.ster t el st oF2 tHRNIRlst anftS re@iGhler
i nt er nal sgseé§o§§5§%§-§§ht§% %ﬁ%@qtﬁg fgggif constaﬁ% 35 (0x4321) | ocated

bet veen thegPl fotihd 12 ke 12 gPhod fisthda L ShOTA | isahe | over 16

bits of the constant ing to the storage nmethod shown in

Fig. 6B.

" 0x00008765" to "0Ox8

egister 36 a

Aee@la:@iiﬁ@h:g}; e comienl off khe register RIS ohnges forom

val ue "Ox1%11t211in ¢fig.heaogeneral register RO and nultiplies the two

t oget her
result,

before storing the result in the general register RO As a

the stored content of the

2. Second Operation

The second operation unit 38 receives an input of the
stored value "0x00000004" of the general register R2 and the
stored value "0x11111111" of the general register RO, and
multiplies the two together before storing the result in the
general register RO. As a result, the stored content of the
general register RO changes from the value "0x11111111" to
the value "O0x44444444" in the clock cycles tl-t2 shown in

Fig. 10.

nstr i 7

Next, afte; the instruction 73 has been loaded into
the instruction register 10, the present processor operates
as shown in clock cycles t2-t3 in Fig. 10. The format
decoder 21 judges from the value "fmt7" of the P0.0 field 11
in the instruction register 10 that the present instruction
is a twin operation instruction with the format code "7",
and so controls the execution unit 30 so that the two

operations described below are executed in parallel.

é54321" as shown in the clock cycles tl-t2 in Fig.

10. 2. Secepdo@pesalgsen tBhe ox@o@sd 3ener alsi @howdl in3& heeediooks cgrzlienput  of
the stored val ue "0x00000004" of the general register R2 and the stored



general register RO changes fromthe value "OIIII1111" to the value
"0x44444444" in the clock cycles tl-t2 showmm in -Fig. 10. Instruction 73
Next, after the instruction 73 has been |oaded into the instruction

regi ster 10, the present processor operates as shown in clock cycles t2-t3
in Fig. 10. The format decoder 21 judfes fromthe value "fnt7" of the P0.0

field 11 in the inEtrucELon register 10 that the present instruction is a
tw n oper at+ f ith the format code "7", and so controls the
execution unit 3Q, so_th h opet at kgn Ghisbed Beboaw e weyecut ed
in parallel. 34 QEFrg%r%%egggféﬁg?ﬁegﬁﬁ?s?9o%§?§?igﬁ uni t §7 receives an

i nput of tQg°F§§O§§§E§aM§§RZQ§§§§§43g%ntﬂ% A% e3ene@lyilseeis s Rk and

the stored™va 44 the general” register 'RO, and adds the two

together befare. 3tay Raiike "Pﬁ%ld'4?44i4'44“'h%f ganReiRindredi Helfi sRer Am 2
result, the stored content of the general register RO changes fromthe

val ue " 0x44444444s Be &S ¥aLUencOXEBAYSLOR L dridhend edsuyclies ik t 3
shown in Fig. 10. 2. Second eration The second operation unit 38
recei ves agehapdll @kdilkeer8rDI.t aengt arisul'tOX@He) stiated Tdnaeaited i rthdie

P1.0 field 12 and the P3.1 field 17 and allows this constant to pass so
' general register RO changes from the value "0x44444444" to
the value "OXCBA98765" in the clock cycles t2-t3 shown in

Fig. 10.

2. con ration

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

As described.above for the present processor, the 32-
bit constant "0x87654321" is split into two parts that are
arranged ihto the two instructions 71 and 72, with these
parts being successively stored in the constant register 36
by shifting its stored value. This stored constant is then
used according to the third instruction, instruction 73. By
doing so, the procedure shown in the flowchart of Fig. 8 can

be executed by the three instructions 71-73.



that it is stored in the general register R3. As a result, the content of
the general register R3 changes fromthe previously held val ue
"OxFEDCBA98" to "0x00000000", as shown for the clock cycles t2-t3 in Fig.
10. As described above for the present processor, the 32- bit constant
"0x87654321" is split into two parts B9at are arranged into the two

instructions 71 and 72, with these parts being suc Sj r in the-
const ant regi st FMBECPERT (3HhPT t%‘%ﬁ%}%%l?fgl%ef%iéﬁ{%%‘?gg{?cgﬁstant is
then wused.according to the third instructj j FianeK3c B¥a140i ng
so, the prtﬁbeecﬁﬁees?ﬁ%vﬁr?%e?%%rfﬁl%]\ﬁ a%t&%#ggf%#e?%gﬁ éugetexecut ed by the
three instructions .71- he follow ng is an expl anation of the
operation‘gf%fH@gé%%%e%gn%gg%%%éor using a different programthat deals

Wi th 16-bit consgnt sy Flighyd 1o Sho¥snsle eXAMP! Sr&framPERSE aRahABEshandl es a
16 bit constantﬁigﬂis progr%n&?s conﬁ%sed of téiféive instructions 74 to

78. The opgeg %;@%%swﬁtprefﬁﬂg PrOg§EsROLsf ebmbbecgash ehe Ehee

instructions 74 to /78 1s as described below instruction 74 When the

instructi oy, Jérh@si bggn7hoagdedginto the instruction register 10, the
format decoder 21 judges from the value "fnt0" of the PO.0 field 11 in the
instruction regrsd espdPfathen dhetpe eseatentisproceéssori §oa thepeech of

the instructions 74 to 78 is as described below.

nstruction 7

When the instruction 74 has been loaded into the
instruction register 10, the format decoder 21 judges from
the value "fmt0" of the P0.0 field 11 in the instruction
register 10 that the present instruction is a triple
operation instruction with the format code "O0", and so
controls the execution unit 30 so that the three operations

described below are executed in parallel.

Fir ion
The constant register control unit 32 controls its
eight internal selectors 32a-32h so that the 4-bit constant
("0x8") 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. n rati



gperation instruction with the format code "011, and so controls the
execution unit 30 so that the three operations described bel ow are
executed in parallel. 1. First Operation The constant regi ster control unit
32 controls its ekght internal selectors 32a-32h so that the 4-bit

constant ("Ox8") located in the P1.036eld 12 is stored in the |lowest 4
bits of the constant register

g 36 .according.to the_storag E%QP““ in
Fig. 6A. 2. Secoh8Coper Fi89e§6tl?ﬁeuPFFsg705§F§ﬁfgﬁ Gﬁ%§'§3 rgggives an
input of the stored.valu the general r.egist , oW i s
val ue to pasered VRS tc’%i g @Fé‘%ri trﬁglg‘%r?}ra 6’?%@%%% Rl. 3. Third
Operation In.the sane way, the seco rati j d.80L1 MEST st | Nput
of the stoF&d¢YFaltePsrst %@ é@r?é:r e]ﬂ% ;]'ceégi%;”:t%ertdl?g'?1 ;Hr?lift %i}} ows theiegzl val ue to
pass so thg@ it is stored in the general register R2. Instruction 75 Wen
the instructi'on 75 has been |oaded into the instruction register 10, the

format decoder 21 judges from the value "fm O of the P0O.0 field 11 in the
instruction register 10 that the present instruction is a triple

operation insthUGld ¢pwdh dohe format code "0", and so

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

general register R2.

Instruction 795

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

described below are executed in parallel.

1. First Operation

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



controls the execution unit 30 so that the three operations described
bel ow are executed in parallel. 1. First Qperation The constant register
control unit 32 controls its eight internal selectors.32a-32h so that the
4-bit constant ("0x7") located in thearfl.o field 12 is stored in the

| owest 4 bits of the constant register’ 36 according to the storage nethod

shown in Figyydir Aft&sr LN ScPEIQld .8 il Sostend Sdnst@nB7regssser in
t he | owest 8}%|ts of the constant register 36. 2. Second Qperation The

first operajgon unit 37 receives an input of the stored values of the
general register RO and the general register R, and adds these val ues
together. The first operation unit 37 stores the addition result in the
general register RL. 3. Third Operation In the sane way, the second

operation unj ts&Bomid@cepaestian i nput of the stored val ues of the general
register RO and the general register R2, and adds these val ues together.
The second operalTMwlfiﬁst:ﬁbemanknntdnituﬁﬂtﬁenei%@%ﬂ@nihnpﬂheogehbﬁal

regi ster R2. Instructions 76, 77 Instructions 76 and 77 are executed in the
sane way asstolesdr vabde abof cthargenaral reaql steneR@onrdakbe” grB?E8L i s

register R1l, and adds these values together. The first
operation unit 37 stores the addition result in the general

register RI1.

Thir e ion
In the same way, the second operation unit 38 receives
an input of the stored values of the general register RO and
the general register R2, and adds these values together.
The second operation unit 38 stores the addition result in

the general register R2.

nstr ions 7 77
Instructions 76 and 77 are executed in the same way as
described above, and as a result the constant "0x8765" is

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

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

the same way as when processing instruction 73.



stored in the lower 16 bits of the constant register 36. Instruction 78
Once the instruction 78 has been | oaded into the - tnstruction register 10,
the present processor operates in the sane way as when processing
i,nstruction 73. 38 As described above for the present processor, the 16
bit constant "O0x8765" is split into f@A& parts that are arranged into the

T4-77 h b
Const ant regi ot S BEBGTEhER: £ Sa”?ereiﬁﬁ?eﬁg%ﬁ “BrRoEs3RE cie0 A Bt i
th d di t 2P
MASR ;Sgtdﬁﬁggé éggéggs Bx?hégfoFFg§P é |s%§bd§§§%rggkg%no% e progg;gfzg
per f or med b]\éﬁ%{}ﬁctegndﬁig %gc %‘Ehc gﬁspﬁqgﬁqm Wit W@ seS B g YeBTY N

content as I"gs arison wth the processing of

the present, | La0, sHEekEq &Retﬁépt:%a%%t %te%&%%feci DIEOERE U £LIGILr S O

a processor ?%ggiexe utes instructions whose word length is fixed at 32

bits, and |ssthe,safPva3ukle Rh§SeRkoRERC RSB anteiGeRphdOudd®e | ack of a
constructi©on, Such as the constant register 36 and the constant register

control una&cézdlher £ 02 ¢ Gl FichNG nGeRS-RAs , t Rals tiawea ikeermadi vi ded bet ween
instructions. Fig. 12A shows the field definition of the instructions that
are executed by a standard processor,

omparison with a Standard Proce r

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.



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. 39 Fig. 13 shows an exanple of a programto
be executed by the standard processor.39This program has the same

processi ng contept as,th g I BeFLOnr9qrvhi B be ekecB@gdt he
same procedure aEEFhe1?|g&gﬁgrgﬂgﬁg§ﬁﬁ?ﬁ Fg. 8? gg can be seen by

conpari ng &ggtné3s%aﬂdﬁka- QockBgorPr 0gham pebgirha hhandaed spmecessor
i ncl udes t nor e |nstrucP|ons that the programfor the processor of the

present inﬁ%BEE%@in he oheasen akheneNPPogedfRS shawe ihciFiged 9, nwhieh is
instructions 105 and 106 is that the instruction 106 uses the operation
result of thesiaRsthecishar bRocedarthat thes&lowahnrtcishows dankdyg.bé .

executed in parallel. Also, the reason the constant "0x87654321" is
divided into an mgpeanlbe Beta brdcampawenglfili.t 33t hatd &ig.sét ithet he
constant register R (instructions 107 and 108) is that it is not ,
possi bl e t preeiram Frbithecsnshdardapdoarssper anicdirdesdEWicomOrg set ti ng
instruction in a single 32-bit instruction. Fig. 14 also shows an exanple
of a programsftaucsionsatdiatd theopeogsrm FRrs tHCoPrRREFES T I9E
processing content as programshown in Fig. 11. As can be seen by
present invention.

The reason the "NOP codes" are included in the
instructions 105 and 106 is that the instruction 106 uses
the operation result of the instruction 105, so that these
instructions cannot be executed in parallel. Also, the
reason the constant "Ox87654321" is divided into an upper 16
bits and a lower 16 bits that are set in the constant
register Ri (instructions 107 and 108) is that it is not
possible to set a 32-bit constant and an operation code for
a setting instruction in a single 32-bit instruction.

Fig. 14 also shows an example of a program for a
standard processor. This program has the same processing
content as program shown in Fig. 11l. 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 preseht 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



conparing Fig. 14 and Fig. 11, the programfor the standard processor

i'ncl udes one nore instruction than the programfor- 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
wher eby a maxi num of three operatlons4§bn be 40 indicated using a

conparatlvel short word | ength of 32 its, Accordi,n ,

processor %ﬁ tFRt ée%%h?g #n %ﬂ??ﬁﬂtlgegg BPPTEr w@fdb?F%ggﬁgfg%Eﬂfhat has
been d|V|ded across a plurality of instructions can be accunulated in the
constant r b ter 36 to restore the constant to its original form with it

then bei ng Used L0 EAPS\ PR 8hLOBrBECHENTR! Efel pgecapRerat] on

Accordingly, when a sna egion is av e in an truction, this

region can heoefigh! i yely- y§ed ok 052 b@%atcbagtanaartha@ hAsCRRYANL, SO that
the code size o program can be reduced conpared with when the sanme

processi ng?liél@@af%ﬂsgsba ﬁlé&éﬁﬂ@ﬂzdo@ 968%3Rkt i oMBdichinc#fe on Figs. 15A to
15D show the instruction formats of "VLIW processors that are nodifications

of the preseptmhD¥€8&I OR. théNcbhesenti gegasterhgeshal rest-dret emaal
dermarcated by the vertical lines represents one bit, while the | egend
"fm" shogsnsbentotomithiertlginal 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



The instruction shown in Fig. 15A is conposed of a 5- bit format field, a
7-bit operation field, and two 10-bit operation fields. The instruction
shown in Fig. 15B, nmneanwhile, is conposed of a 2-bit format field, a 4-bit
qQperation field, and two 13-bit operation fields. The instruction shown in
Fig. 15Cis conposed of a 3-bit format*41 field, a 3-bit operation field,

dt 13- bi t] fields. Fi. , i u in Fig.
10D o cohmptda st Jabaluerefafhan ey Ao L adbLy MpsrelpoAn D8
13-bit tq fiel h f IS Y ti h fol | owi
siniiar??? ae%ﬁgh LE%g?%%gf5§§?dﬁ%%55%esc?€b% 8?%r¥ﬁetg€bvgyge%%gdigen?mgzg

shown i n FigyoBeai oeTHeaLASLI EGLAON MOUth] eAGb Dol bpxedeain3ibias. 11,

Each instruc S one format nd three operation fields. 1ii. The

three operathop,bi ehds;igoopetabaye ffe1&ame structure, which is to say,
3

two of the operation i el ds have the same structure, while the renaining

operation field tge§B0kbur Aypes e8!l insthesei d@uaty pese ofolDowimgt i on have
the sanme characteristics as the instruction 50 described in the above

enbodi mentsihilIhetiest twiehi o6 bryeractiehdsst destuibedhineblye aaboazi num
of three operations can be indicated in spite
embodiment and shown in Fig. Z2A.
i. The instruction word length is fixed at 32 bits.
ii. Each instruction has one format field and three
operation fields.
iii. The three operation fields do not have the same
structure, which is to say, two of the operation

fields have the same structure, while the remaining

operation field is short.

As a result, these four types of 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 code
efficiency of instructions is high.

III. A format field is provided so that by giving an



of the conparatively short 32-bit word length. Ii. A small operation field

which is ideal for inserting small instructions, such as branch
instructions that do not require two operands, is provided, so the code
efficiency of instructions is high. Ill. Aformat field is provided so that

by giving an 42 indication that a corfs#ant or one part of a constant is

present In an PSRN (el el & SR dngidgidn gpul doagcamhly need

to be provided, e o siZe of a program can be ‘reduced. On the ot her

hand, the four tyi|%e_sp sérpts\t,ﬁr‘#g%]d %reﬁs&{iﬁ%ﬂl@%y&@é& wave the

foll owi ng characteri‘stics romthose of the instruction 50

d i bed i th [ oS 1 Nst [ ' HO. A h
Tt R T

t he advant ages o r mat meani ng a greater numnber of

instruction typeggan de defé nedrvhrofcad hee akddidedt o provide at | east
one operand in each of the three operation fields. The instructions shown

in Fig. 15B to Fig. 15D, neanwhile, have-the advantage of two enl arged
operation codes ("op2" and "op3"), so that a greater variety of operations

can be defined. Fig.tHS dther MOck diregresnshopwey dheixonstcutdbnen of a
VLI W processor of the present invention for executing the instruction
shown i n Fidpsdbibedsalbave bel secmavy thepielhowinhi chavasteysstanswith the

construction shown in Fig. 4, the

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, meanipg 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. 13B
to Fig. 15D, meanwhile, have' the advantage of two enlarged
operation codes ("opé" 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. 1In 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



fundanental construction of the processor is the sanme, although there are
sone differences in the connections between the instruction registers 10,
110 and the decoder wunits 20, 120. In this way, VLI Wprocessors for
executing the nodified instructions showm in Figs. 15A to 15D can be
realized by making only partial changee3to the VLIW43 processor described
in the above enbodi nent. The processor_ of the present invention has been
expl ai ned PYORBARSTofleERELRBRABOUNERE BPOER 388991mﬁp hough it shoul d be
obvi ous that several further nodifications are possible. Four exanples of
such are given below. (1) The enbodi nent and above nodification of the

Pength is 32 bi §Qaﬁé'rag§%§?%ﬁ? A T R

length is 32 bit erations are I cat ed,

al t hough tﬁé Péiﬁ |n%ggélogolﬁhgoggbogay%qthg V%geg ogganQQhoﬁghpne

exanpl e, Wi Tn urt i ncl'ude anot her

4- bi t OperaE'gﬂgﬁﬁgebgng2898BQeEhag'ngegggr%%ch@%khﬂal%ﬁﬁakgbﬁk are

i nstructi oh wor ength oing so, it becones.possible to

define | “EBEEEE'J.%“S o,k Bkgﬁpiege %f Eehensy Wigkabpeaommxi num of  four
operations can be executed by a single instruction with the conparatively

short word length of 40 bits. (2) The instruction 50 of the above
enbodi ment only includes one field (the P1.0 field 52) that uses an
inplicit (1) The embodiment and above modification of the present

invention all deal with the case where the instruction word
length is 32 bits and a maximum of three operations are
indicated, although the present invention is not limited to
these numbers.

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

the comparatively short word length of 40 bits.

(2) The instruction 50 of the above embodiment only
includes one field (the P1.0 field 52) that uses an implicit
operand (the stored wvalue 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.



operand (the stored value of the constant register 36), although the
present invention need not be linmted to this, and so have two or nore
such fields. This can be handl ed by appropriately defining a new
i.nstruction format- 44 (3) In the above enbodi nent, an exanpl e dealing
with a nunerical constant is given, #4though it is of course equal |y
possible for the invention to deal with a charact stant Ipls IS
because a I(8ng cﬁ&r&BFePbSUﬁsFQHPd%ﬁéﬂtvsande%%m? 28P5dY BFaR ty of

i nstructions can accunul at.ed b succ rd £ent parts of
the char aBtl@Pr&Gﬁg't §r9tns|tr?ntthé's g Fé’r‘it aﬁ%’zﬁ %6% %E%SJJISS;\ be seen
fromthe instryction farmat i,n t D 5Hg¥/

enbodi nent eqblﬁ‘ Y3 PRS be’l'tbq:Bl Sfa? ebl"fwc%lrtf- ant?t%cac%azbl "Btored LIRSS
constant reg tter 36 i) s”l% FRAve .amo orﬁ%ntcrpd;%a%éélnggcgqggg;g qg{atorbs

al t hough tﬁ not IAitation for the “present invention. As exanples,

it is gaqua ?%t .8 d to dg: \%%lq.'?: O W QR iRl a gy eby a 12-Dbit or

a 28-bit c can constant register 36 by a single

instructio WY1¥ 6L IS Dhd UG ¢ s coNnectdan
pattern of Iglt¢h-Eﬂ.lug'|)'(caélr| phe H Sdcc?:recuﬁtsﬁa ?fc t he cogtnstlant regi rst?aer 36. Al though

the presenhrﬂa&\é%&tézo%dﬁs@cé?ﬁeflrf WHey coigsrtetthiystay 6. exanpl es with
reference to acconpanying drawings, it is to be noted that various changes
and nodifications will be apparent to those skilled in the art.

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

peripheral circuits of the constant register 36.

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

as being included therein.



Therefore, unless such changes and nodifications depart from the scope of
the present invention, they should be construed -as being included therein.
45 What is claimed is: 1. A VLIW(Very Long Instruction Wrd) processor
t.hat decodes and executes an instruction that has at |east two operation
fields, of which a first operation fids can only include one operation
code for specifying_an operation type and a second operation field

i ncl udes a Béﬁb?ﬁagﬂéﬁmﬁﬁ bAé operation code and at |east one operand used

B R e e E s S R R

processor conpri g means ing the operation code

inthe firgt ti fi L fLESt Is f id
oper at i on SPRALER: BACDS ERECBRcPD: BN CERIE R RE T FFel “oparat on el d in

accor dance it 3 deqoding 83ubhigh Lhetiskslrleaelisn cimmansarsesony

decodi ng ne ecodi ng the operation code™ in the second operation

field; and;sesqnd SKECWHERALTBANSCHA! FOICEHHIE il GpelHd atidmdiyes ed by
the operation code in the second operation field on data which is

i ndi cated Byt he sR@HAN ?eirEtE.Bﬁ £5@3eNd neRicly @n dordlitha tibracedratance
with a decoding result of the second decodi ng neans. .
operation code and at least one operand used in an operation
indicated by the secoﬁd operation field,
the VLIW processor comprising:
first decoding means for decoding the operation code
in the first operation field;
first execution means for executing an operation
indicated by the operation code in the first operation 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; and
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

of the second decoding means.

2. The VLIW processor of Claim 1,
wherein a number of bits occupied by the first

operation field in the instruction is less that a number of



2. The VLIWprocessor of Claim1, wherein a nunber of bits occupied by the
first operation field in the instruction is less that a nunber of 46 bits
occupi ed by the second operation field. 3. The VLI Wprocessor of Caim 2,
wherein a nunber of bits occupied by the operation code in the first
operation field is equal to a number 46 bits occupied by the operation
code in the second operation field. 4. The VLIWprocessor of Caim 3,
wher ei n t Heitmsocaepied PrcthdesecardcoppEAbirBniifi8lds, wherein a third
operation field in the three operation fields occupies a sane nunber of
bits as the second operation field and includes a conbi nati on of one

operation code and_at | east one 3ﬁeiand, t he VLI W processor further
conpri si ng3 - t FRe dVHEHoBFRGERE]As OhhF LAt Bedodes, when an operation code is

present in the third o eégggﬁgsgigkgbﬁ%gﬁggggﬁgghogztEggeohgrgggohhird

operation field;WaRGthi éxecdting ah operation

i ndi cated by .the operati.on _code_in.thecthtrd.Qp hoR .f i,e ta which
i's indicat%%éﬁylPhgg8p§f5ﬁgsopﬁr?EéEPhF%gi?oﬁgrg@?%% ?Feﬁdbgﬁﬁggcggrdance
wWth a decBQkQQOESE%E%dOEyt@Ee bREEdc98R0€LAG ABARSe second operation

field.

4. The VLIW processor of Claim 3,
wherein the instruction includes three operation

fields,

wherein a third operation field in the three operation
fields occupies a same number of bits as the second
operation field and includes a combination of one operation
code and at least one operand,

the VLIW processor further comprising:

third decoding means which decodes, when an operation
code 1is present“in the third operation field, the operation
code in the third operation field; and

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

third decoding means.

5. The VLIW processor of Claim 4,



5. The VLIWprocessor of Claim4, 47 wherein the first executing neans
controls a control flow of a programincluding the instruction. 6. The
VLI Wprocessor of Claimb5, wherein the second executing nmeans control s
transfer of the data that is indicated by t he operands included in the
second operation field, and the thi rd 4kecut i ng nmeans controls executes an

arithmetic logic V%Fe%a%;)%r}l on tJEﬁ: dﬁqzdéac&)ﬁq{'g Iigeddi&AHED 1Y a tden©PSI ands

included in the t erationtie VLI W processor that decodes and

executes an igﬁt fl +0¥9 H}@tlm?{ ée@}% i Apefadn on fields, of which a
u

first opera’filon only 1 nclude one of (i) a single operation code
for specifying an operation type and (ii) a constant, and a second
operation field includes one of (i) a conbination of one operation code

and at Ieasé_()fdrgeopgf@ngroé@éagiof Neflncppehasj on i ndicated by the second
operation frel and (ii) a constant, the VLIWprocessor conprising: first

decodi ng means Whikdir &leg ogles, sdﬁwﬂuEﬁkéwmmfngcmzamxxhpn@r¢&@sbnansﬁerhe
first operation field, the operation code in the first operation field;

first exeCUéfnﬂhéEaﬂﬁafﬁha€X£§uim@gcaﬂe@pbyathen0p$ndm@atEﬂcbyd@ﬁeln
operation code in the first operation
the second operation field, and
the third executing means controls executes an

arithmetic logic operation on the data that is indicated by

the operands included in the third operation field.

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

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

a second operation field includes cne 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 comnstant,

the VLIW processor comprising:

first decoding means which decodes, when an operation
code is present in the first operation field, the operation
code in the first operation field;

first executing means for executing an operation

indicated by the operation code in the first operation



48 field, in accordance with a decoding result of the first decoding
means; second decodi ng nmeans whi ch decodes, when an operation code is
present in the second operation field, the operation code in the second
gperation field; and second executing neans for executing an operation
i ndi cated by the operation code in t hét&econd operation field on data

which is indicated by the erands. i n, t nd.operabkopnbi ebdstin

accordancer%vﬁe@#’a J&éc%%ﬁ%@‘%)ne%eul todr%hgggoe%gﬁg g%cogi ng nmeans. 8. The VLIW

processor Q (g&§487h%gW§rein the instruction also includes a format field
code

i ncl udi ng SorTe i hdi cating whether only a constant is located in

the first operati |8l é’&g} eidials O YcR d6epstant when! anabpdrabidhe
%%ééééaéae LI Y c

second operation processor further conprising: format

decodi ng neang fos ©He£o8h N0t hend csd@éng08peragnancanslant theoppgeantans
for extracting, when a decoding result of the format decodi ng neans shows

that only a.4ONst e i SebbeSeHbet @t 2dnl €asldonandf the first operation
field and the second operation field, the constant in the instruction and

storing the extragdeshdomssanting. mddwes VEGYW procesing efi Chakat8onwher ein
* 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.

8. The VLIW processor of Claim 7,

wherein the instruction also includes a format field
including a format code indicating whether only a constant
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 |

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

instruction and storing the extracted constant.

9. The VLIW processor of Claim 8, wherein



wherein a nunber of bits occupied by the first operation field in the

instruction is less that a nunber of bits occupied by the second operation
field. 10. The VLIWprocessor of Claim9, wherein a nunber of bits occupied
hy the operation code in the first operation field is equal to a nunber of
bits occupied by the operation code i #% he second operation field. 11. The

VLI W pr ocessor Ofwr%v%aei:ﬂ ;Q,%%%’Ifid&otﬂet% %&%%Cgr?%n‘%éjdﬁsr;@r ee

operation fields, erein pera e three operation

fields ocoupies, as SATEs QuabeEs Ble bidSe AScd it Se6ONElss 0BREE 4 ofukbek doand

i ncl udes a i nation of one operation code and at | east one operand, the

VLI W procesgog s f YL Bt e §OBPT £15 N cdith ' Shalesedbngr i@eas which decodes, when

an operation code 1s present 1n the third operation field, the operation
code in the third operation field; and third executing neans for executing
an operation indicated by the operation code in the third operation field
on data whigh, ignéndicat peobysibe opecratin 90 the third operation field,

in accordance with a decoding result of the third decoding neans. 50 12.
The VLI W processogh&fe{has mddber of bits occupied 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.

11. The VLIW processor of Claim 10,
| wherein the instruction includes three operation
fields,
wherein a third operation field in the three operation
fields occupies a same number of bits as the second
operation field and includes a combination of one operation
code and at least one operand,
the VLIW processor further comprising:
third decoding means which decodes, when an operation
code is present in the third operation field, the operation
code in the third operation field; and
| third executing means for executing an operation
indicated by the operation code in the third operation field
on data which is indicated by the operands in the third
operation field, in accordance with a decoding result of the

third decoding means.



wherein the first executing neans controls a control flow of a program
i'ncluding the instruction. 13. The VLI Wprocessor of C aim 12, wherein the
second executing nmeans controls transfer of the data that is indicated by
t.he operands included in the second operation field, and the third
executing nmeans controls executes an S5& ithnetic |ogic operation on the
data that is indicated by the operands included in the third operation
field. 14. 1Phe TWd WIghbqassesser @faiGhaidr herein the format field, the
first operation field, the ggeration code in the second ﬁgeratég@rgield,
each operand inYhREeecdh® diasdt CFPTHEINE RIRP DAL Fon° cdde®T - °1T he
third operation field, and each operand in fhe_third operation field each
occupy ntﬂﬁk?WrPﬁfﬁaRWﬂﬁ?ﬁRﬂ#Qﬁ%UQEﬂg1?&?Vi?%§5?5%%%20r of O aim 14,
wherein the instruction is 32 bits long and nis 4. 16. A VLIW processor
t hat decodes and executes an instruction that has at |east three operation

fields, of H\/\ﬂigﬁge g{)#vﬁfﬁrc? %ﬁagoé Oogf L'féfimiffl udes one operation code 51

for controlid1 ( ( ogran1|hcluding the instruction, a
f?ggg?e?Pe;ﬁglc”]Jﬂé%é&ﬁr%ﬂé“?é%&ﬁh(gﬁgéﬁﬁPWbcﬂggnsf@énf?@iéOfféﬂgf@rdata
of the data that is indicated by the operands included in
the second operation field, and
the third executing means controls executes an

arithmetic logic operation on the data that is indicated by

the operands included in the third operation field.

14. The VLIW processor of Claim 13,

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

operation field each occupy n bits in the instruction.

15. The VLIW processor of Claim 14,

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

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

a first operation field includes one operation code



a third operation field includes an operation code for controlling an
arithnetic |logic operation on data, the VLI Wprocessor conprising: first
decodi ng neans for decoding the operation code in the first operation
field; first execution nmeans for contrglling the control flow of the
program as indicated by the operationﬁéode in the first operation field,

in accordapce with a di,n t e of LSk ragC Qdicidi®dnthesecond
decodi ng 8ﬁsC98Fr8égg§%n8 gﬁé%gégrg%?%nbcogebri%rthe second %Beration
field, secoggtgﬁgggéhon means for controlling the data transfer indicated
by the ope%a ion code’in the second operation field, in accordance with a

decoding result of sEE%ndS‘gﬁ@%@.t%ﬁoéhegd@ﬁaihdblai a6 dpeeditignmeads for
e

decodi ng the operation co in the third operation field; and third

executi on pRans.chek a1aGY! iangalthe taknkifert i and ogi ¢ operation indicated by
the operation code in the third operation field, in accordance with a

decodi ng result af thhed bherdtdegodiagdmaniude? ah7 opkiratiln\oedecéssor of
Claim 16, wherein a nunber of bits occupied by the first operation field

in the i nstbeihoan iing laes % rtidimed iU oeri cofopelratsi coc cupidatdy t he second
operation field and the nunber o
the VLIW processor COmMprising:
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 deceding result
of the first decoding 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.



of bits occupied by the third operation field. 18. The VLI Wprocessor of
Claim 17, wherein a nunber of bits occupied by the operation code in the
first operation field is equal to a nunber of bits occupied by the
operation code in the second operation field and a nunber of bits occupied
by the operation code in the third op@ation field. 19. The VLI W processor
of Claim17, wherein the second operation field occupies a sane nunber of
bits as the7thThd Up&Wapirogessekdof20laimelflLl W processor of Caim 17,
wherein the instruction is 32 bits long. 21. A VL] Wprocessor that decodes
and executes an Whaseibcei BUPALt OhaBihSt BFFEPIEREPY ghﬁ gﬁrﬁgast t hree

operation fields, of which a first operation field can, only include e of
(i) an opepatpsaoBodécdEr iBokhrORPERGUS TR FSI FFBWFBPta%pﬂﬁﬁéﬁ% of!

including the instruction and (ii) a constant, 53. secan rati field
i ncl udes oRét&f OCFIPARdopYr ARPoFSERHE PBFr€5ﬁPPo%FF;8 gngrgﬁgfgfa%%ggata

oper at i bn OSABLEST CESHERGF Pig B SPREAMSEREAFag c TBetrat on o dath and
(ii) a constant, the format field including a format code that
18. The VLIW processor of Claim 17,
wherein a number of bits occupied by the operation
code in the first operation field is equal to a number of
bits occupied by the operation code in the second operation
field and a number of bits occupied by the operation code in

the third operation field.

19. The VLIW processor of Claim 17,
wherein the second operation field occupies a same

number of bits as the third operation field.

20. The VLIW processor of Claim 17,

wherein the instruction is 32 bits long.

21. A VLIW processor that decodes and executes an
instruction that has a format field and at least three
operation fields, of which

a first operation fiéld can only include one of (i) an
operation code for controlling a control flow of a program

including the instruction and (ii) a constant,



indi cates whether a constant is located in the first operation field,

whet her a constant is located in the second operation field, and whether a
constant is located in the third operation field; the VLI Wprocessor
conprising: first decoding neans for decoding the operation code in the
first operation field; first executi o®3means for executing a control of the

control flow of the program as i ndicat hy t.he, operati on ,.co in the
first operation B &€& oé’@(?&rt&é’l‘?cél\ﬁi%h lé’Cldledceodi%nge roe{s]uﬁ]tc) of the first

decodi ng neans; second decodin ans .for decodi hes g tiop gpgde ain
t he second©BF&R&H%h q‘ngel of,oorsé%’&:%og;é‘ iao%%e%gr%# oC?f e‘%()%({:%tél ng g cgn?r ol
of the data transfer_indicated by the operation code in the second

operation FRESFANY &rdance with a decoding result of the second

decodi ng means; (i decadlg pans or sdeaqiidy dde gperal iam code i

the third operation executl on neans for executing the
arithmetic | gl G 0Reraidon:d A GALEN 10 d e opef Ghhefi €0tegid éperatish
operatlon'ﬂgﬁﬁi in accorS%nce mnfﬁﬁh decoding result of the third
decodi ng megns;. £ or4md decodi nsbmans: for decoding the format code; and
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 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 operation 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:



constant storage neans for extracting, when a decoding result of the
format decodi ng neans shows that a constant is present in at |east one of
the first operation field, the second operation field, and the third
Qperation field, the constant in the instruction and storing the extracted
constant. 22. The VLI W processor of Cl%t m 21, wherein the instruction is 32
bits long. 23. A VLIWprocessor, conprising: fetch neans for fetching an
L-bit instructioppbkat exerglidasmeangerfati exetiuslicg; thed aridpdmedtdin units
which are each associated with a different one of the n operation fields
in the fetchgdc iopelratdicnon naricaemch biynddise Ppematl o &Qd 1dh Hiferdt it
indicated in the associated operation field in parallel with each other;
the VLI W popeessdionbeiind &;hamaetaadrdendsy Wittd @ 45 EMD T FIE 9L hdt" Sl |
being a sane size, and by L not 55 being an integer nultiple of n. 24. The
VLI W pr oceshdirdofde@cgiim@ Reantserei n at | east one of the n operation fields

has a different length to other operation fields in.the n Qpe épm
fields. 25. The Viorwad GesessmDHMmeGrd rﬁof4,de“'\ﬁr?g‘rneq H:bﬁa i & an(J&%I i's 32.
and '
constant storage means for extracting, when a decoding
result of the format decoding means shows that a constant 1is
present in at least one of the first operation field, the
second operation field, and the third operation field, the
constant in the instruction and storing the extracted

constant.

22. The VLIW processor of Claim 21,

wherein the instruction is 32 bits long.

23. A VLIW processor, comprising:

fetch means 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 L not



26. The VLI Wprocessor of Caim23, wherein a nunber of operands included
in at | east one operation field out of the n operation fields is different
to a nunmber of operands in other operation fields in the n operation
f.ields. 27. The VLIWprocessor of Claim?26, whereinnis 3 and L is 32.
28. The VLI Wprocessor of Claim23, whlrein the n operation fields include
at |l east one operation field conposed of only an operation code and at

| east one ppengt bANihtehercoiaposplleobfan.operati on code and at |east one
operand. 29. The VLIWprocessor of Claim28, 56 wherein nis 3 and L is
32.

24. The VLIW processor of Claim 23,
wherein at least one of the n operation fields has a
different length to other operation fields in the n

operation fields.

25. The VLIW processor of Claim 24,

wherein n is 3 and L is 32.

26. The VLIW processor of Claim 23,

wherein a number of operands inciuded 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.

27. The VLIW processor of Claim 26,

wherein n is 3 and L is 32.

28. The VLIW processor of Claim 23,

wherein the n operation fields include at least one
operation field composed of only an operation code and at
least one operation field composed of an operation code and

at least one operand.

29. The VLIW processor of Claim 28,



i 56

wherein n is 3 and L is 32.



