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redundant codes, such as no- E eration codes ("nop" codes), into

i nstructi on®ACKARGENDR: OF HfoSBWENTEOM| ural ity of operation fields, wth
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1. Field of the Tnventi

The present invention relates to microprocessors and is
a technique for making effective use of redundant areas and

unused areas that are present within instructions.

2. Description of the Prior Art

In recent years,. increases in processing capability and
processing speed of appliances using embedded
microprocessors have led to.an,increasing demand for
.microprocessors (hereinafter simply referred to as
"processors") that can execute programs with high code
efficiency. This means that it is preferable for there to -
be no redundant areas or unused areas in the instructions
which compose a program. |

In particulaf, when,using.fixed length instructions,
such as VLIW (Very Long Instruction Words), there are cases
when it is necessary to insert redundant codes, such as no-
operation codes ("nop" codes), into instructions. VLIW are
composed of a plurality of operation fields, with each

operation field specifying an operation which corresponds to



2 one of a plurality of operation units provided within a processor. Due
to i nterdependenci es between operations, however, it is not always
possible to process a plurality of operations using parallel processing.
One conventional method of avoiding the gecreases in code efficiency that
acconpany the insertion of "nop" codes S the VLIWtype conputer system
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Fialasz, 1 EoTeadl queoPRokp  ERE€-BERERGRRCIRs, bAERRER, rRat IR’ O"
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operation. In this way, the existence of redundant areas within,
i nstruct i oneodeeefELehencHstRat oACEPMPaRYptheydBs LA oPe Ofy oipRy. codes

The above techni que, however, has a drawback in that the size of the .
constants thattRanVhEWrR¥Bet €EMPHEST: Fystem disclosed by Japanese Lald-

Open Patent Application H08—161169.

Fig. 1 shows the instruction format used in the above
technique.

As shown in Fig. 1, when a "nop" code needs to be
inserted into operation field#2, this technique inserts a
constant that is to be used by a different operation in
place of the "nop" code into operétion field #2 and inserts
instruction validation information into one part of
operation field #1 to show that the constant has been
inserted. When executing this instruction, a processor
first refers to the instruction validation information and
so determines that only a constant is present in operation
field #2. The processor then uses this constant as the
operand of an operation. In this way, the existence of
redundant areas within instructions due to the insertion of

. "nop" codes can be avoided.
The abowve technique, however, has a drawback in that

the size of the constants that can be inserted into the



redundant areas is |limted. As one exanple, when it is necessary to
insert a "nop" code into a 32-bit operation field,-it is not possible to
i nsert any part of a 64-bit constant. Simlarly, when there is an unused
8-bit area in a fixed 32-bit instructiong it is only possible to use the
unused area when inserting a constant ich is 8 bits long or shorter. In

this.case, Ekduh§fggffgg§§iggela&%Fgggrt an absol ute address which is

expressed using I'e the above techni que may be effective
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a is not possible to insert an absolute address which is
expressed using 32 bits.

.While the above technique may be effective when there
is a relatively large redundant area in an instruction, when
instructions have a relatively short length, such as 32
bits, any redundant area in the instructions will naturally
be short, preventing the insertion of constants into a large
number of redundant areas when using the above teqhnique.
This constitutes a major problem.

As a potential solution to the above problem, a
processor could conceivably be provided with a specialized
register ("constant register”) for storing constants.
However, a processor provided with such a register would
suffer from increases in processing time for context
switching during multitasking. To perform multiple tasks by
switching the processing according to time division, the
proceésor needs operate as follows. The processor needs to

switch to the operating system during the execution of a



4 task, to save the information ("context") that is required for the
reconmencenent of the execution of the task into a’. saving area, such as
menory, and then to restore the context of the next task to be executed.
This procedure is called "context smﬁtc%ing", and has to be perfornmed with
a high frequency. Wien a value stored iTi a constant register is also

i ncl uded in _a,ontex | ® LPGni r equi :
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processor including: an _instruction ) . .
also included in a context, this adds to the processing time

required when performing task switching.

SUMMARY OF THE INVENTION

In view of the stated problems, it is a first object of
the present invention to provide a processor for which the
size of constants that may be inserted into redundant areas
in instructions is not restricted by the word length of the
instructions. By doing so, it is possible to avoid the
presence of even small redundant areas in_instructions.
This supports the generation of programs with high code
efficiency.

A second object of the present invention is to provide
a processor that achieves the first object of the present
invention and can also reduce the processing time required
for context switching.

The first object of the present invention can be
achieved by a processor for decoding and executing an

instruction, the processor including: an instruction



5 register for storing the instruction; a decoding unit for decoding the
stored instruction; a constant register including & storage region for
storing a constant; a constant storing unit which, when the decoding unit
has decoded that the instruction |nclude§ a constant that should be
stored into the constant regi ster, stores the constant included in the

the const anFeBbgrERe ot Rkt ey, B tef&n%l;h:' GRS
The " const aaPCPaARg B B, Rl B adignts, " 1

executi on unit mg%ch mh n t he decodln uni t has decoded hft the
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constant whose word Ien h exceeds that of the small area. This assists

in the genefrBCLYRes) AR Skructiion 185 ther qanshaqE register if no

valid constant is stored in the constant register, and, if a
valid constant is already stored in the constant register,
stores the constant included in the instruction into the
constant register so as to retain the wvalid constant; and an
execution unit which, when the decoding unit has decoded
that the instruction specifies an operation which uses the
constant register, reads an entire value stored in the
constant register and executes the operation in the constant
register.

With the stated construction, pieces of a constant that
are provided in a plurality of instructions can be
accumulated (in a digit direction) in the constant register
to restore the original constant. Accordingly, even when
there is a small redundant area in an instruction, this
small area can be used to store one piece of a constant
whose word length exceeds that of the small area. This
assists in the generation of programs with high code

efficiency.



6 Here, the constant storing unit may store the constant included in
the instruction into the constant register after shifting the valid
constant that is already stored in the constant register, the valid
constant and the constant included in the instruction being linked in a
digit direction in the constant register. Wth the stated

construction, a cméﬁéﬁnthéaeoﬂetaﬁecslﬁykﬂhﬁduﬁytnﬁéyl ¥t&tertne eafbtanece
of the constant in e sane p05|t|on I n the constant reglster so t hat
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shoul d be used next. Here, the constant storing unit may shift the
valid consgpieifg atﬁé%ﬁh@' &oﬁQEéEEOEth &Qeaieaaagnstbeeasaﬁr thand
store the constant included In the Instruction |nsert|ng t he const ant
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inserted intot conStant register so as |gne wth the |[east
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e ension and o SAPCHhE SHaPRACehRERERBRAONL 5 conaretEehlBel 21 o0, o
an oper and, aé&uﬁﬁfa@gd by merely storing each piece of the7constant in
the same position in the constant register, so that there is
no need to consider which position in the constant register
should be used next.

Here, the constant storing unit may shift the wvalid
constant to a higher bit position in the constant register
and store the constant included in the instruction by
inserting the constant at a lower bit position.

With the stated construction, constants are inserteq
into the constant register so as to be aligned with the
least significant bit. As a result, a processor which is
especially well suited to the setting of variable-length -
constants in the constant register can be achieved.

Here, the processor may further include an extension
unit for performing extension processing to add at least one
of a sign extension and a zero extension to the constant.

With the stated construction, when the constant stored

in the constant register is used as an operand, it can be



guaranteed that the operand will have been given a suitable zero extension

or sign extension. Here, the extension unit ‘may performthe
extension processing on the constant included in the instruction before
the constant is stored into the constant_register. Wth the stated

construction, it can be guaranteed that 7a constant stored in the constant

register mﬁ%%aggégeggeghagi¥§Qr§§%g%ﬁgn§£ﬁﬂ,h§9g BbBfRegiyeheaOBRS tAGleONger

necessary constan romthe constant régister an
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8 given an extension, and since it becomes no longer necessary

to give a constant read from the constant register an

extension, the time taken by operations that use the

constant stored in the constant register can be reduced.

Here, the extension unit may perform the extension
processing on a constant that has been read from the
constant register.

With the stated construction, extension processing is
not required when storing a constant into the constant
register, so that the time taken to store a constant into
the constant register can be reduced.

.Here, the constant storing unit may shift the valid-
constant to a lower bit position in the constant register
and stores the constant included in the instruction by
inserting the constant at a higher bit position.

With the stated construction, constants are stored by
inserting values into higher bit positions in the constant

register, so that a processor which is well suited to



setting constants where the lower digits are all zeros can be achieved.
Here, the constant storing unit may not shift the valid constant in the
constant register and may store the constant included in the instruction
into a position in‘the constant register, adjacent to the valid constant,
the valid constant and the constant incPuded in the instruction bei ng

linked in a digit direction in the constant regi.ster. By doi hg so,
there wi 11 BESHITon G755 50 BN es5e EABnd oW Citacre Rkl FFaR G | 1
t he constan reg:s%%r. Accordi ngly, scheduling becones sinple for a

conpiler th *a constant between redundant areas in a plurality of
i nstructions. Here, the constant storing unit may stqre zero int.o
the constant regP&t&r Fﬁﬁe&P&?EF?taFFQFlFﬁé i @Yy 3P esbﬁﬁ?é&:ql¥4¥ﬁ9
constant register has b§§P read by the execution unit. %y doinqéso,
it can be gFRP&TERLd iR e Fonssanty tegisses And MR FEoXSh I icmsFidter
that the stored constant w_/I| have been given a zero extension.

Accor di ngl y incd@d@dai@ ddee ingt rusdidone ¥ posditdan dg thhe canstant

regi ster are not requir.ed whenever the stored content of the constant

regi ster isnesgd@ter adjageate to fheewadidd @onstiantynheavald bheanatant

execution wunit for executing a _branch operation in accordance with the

9 instructiegd thed aons teats tanlusiest iimg the tinabruntgon kaimg linked in
a digit direction in the constant register.

By doing so,_there will be no change in the positions
of constants that are stored in the constant register. |
Accordingly, scheduling becomes simple for a compiler that
divides a constant between redundant areas in a plurality of
instructions.

Here, the constant storing unit may store zero into the
constant register immediately after the entire value stored
in the constant register has been read by the execution
unit.

By doing so, it can be guaranteed just by'storing a
constant in the constant register that the stored constant

will have been given a zero extension. Accordingly,
separate deletion instructions for clearing the constant
register are not required whenever the stored content of the
constant register is read.

Here, the execution unit may have a branch execution

unit for executing a branch operation in accordance with the



into the constant regi ster when a branch operation.has been executed by

t he branch execution unit. Wth the stated construction, the stored
val ue of the constant register can be cl eared whenever a branch operation
is performed. As a’result, problens asso%iated with the presence of
unwant ed val ues in the constant register “can be avoided. Here, the
processor nmay be connected to an external nenory for storing an internal
state of thinptouetion, and theecpnstentostomingurtidr may|aihre £erwi ng
unit for saving, when the decoding unit decodes that the instruction is a
save i nstrutntonther coasitagtaregisternwhiea @ohstaach ropgirataon ihao hdan
external nenory, the value in the constant register into the external
menory; andemesuatedpbyhithet bmgnehi exkoutipnominditt.i ng the saving unit from
saving the value in the constant register when there is no valid constant
in the constant Wieghsthe. stated cWhshrubtishat &thec atsiredctvadme rosfd widant
save operations when the constant register is enpty or has an invalid

val ue can fénstahtdedeghstarr eanl be cheared edwneydy e drmh pematiiarxt
swi tching during nultitasking can be inproved. Here, the processor
may furtherignpegdormed.esher angesuli!, PAoblRAsOHAsHbeidRd Widlammdi ng
unit decodes that the instruction is a restore instruction for restoring a

val ue presence of unwanted values inl@hd RichdtrtC Gegjidtder &GS Y
fromthe external nenory, the
avoided.

Here, the processor may be connected to an external
memory for storing an internal state.of the processor, and
the processor may further include: a saving unit for saving,
when the decoding.unit decodes that the instruction is a
save instruction for saving a value in the constant register
into the external memory, the éalue in the constant register
into the external memory; and a save prohibiting unit for
prohibiting the saving unit from saving the value in the -
constant register when there is no wvalid constant in the
constant register.

With the stated construction, redundant save operations
when the constant register is empty or has an invalid wvalue
can be avoided. As a result, the processing time taken by
context switching during multitasking can be improved.

Here, the.processor may further include: a restoring
unit for restoring, when the decoding unit decodes that the

instruction is a restore instruction for restoring a value



value into the constant register; and a restore prohibiting wunit for
prohibiting the restoring unit fromrestoring the -value when the restore

i nstruction corresponds to a save instruction where saving was prohibited
by the save prohibiting unit. W, the stated construction,
redundant restore operations for returﬂing a value that was not actually
saved fromexternal nenory to the constant register can be avoided. As a
resul t, thelmprocdssiconstat toaehsber cOnomxthe sekternal BeRPRY. ntilei t aski ng
can be i nproved. Here, the processor may further include: a validity
i nf or mat i onvalwe agetonthe foonstant npeghster: yandfarnestone BrebiRytIAGt her
a valid constant is stored in the constant register, the saving unit

i ncl udi ng auwvat i fibt yprolhiibhreingnthearésgoning Gnithfvomgresdtovangdrhe
information stored in the validity information storage unit saved into the
external nep@lye whensehe pesbobetingtvactiornfeorraspondshto gabauety

I nformation to judge whether a valid constant is stored in the constant

regi ster, aigls®r@btbohi Whetbessaingowasnptohibitedvbpgtheesawkue of the
constant register on judging that there is no valid constant in the

constant rggbRiBitihgeuhesioring unit including a validity information
restoring unit for having the validity information in the external nenory

:g::g:gd into thegith the st¥BéddebistphetiBh| OPedtindagt vestoraend the
operations for returning a value that was not actually saved
from external memory to the constant register can be
avoided. As a result, the processing time taken by cpntext
switching during multitasking can be improved.

Here, the processor may further include: a validity
information storage unit for storing validity information
showing whether a valid constant is stored in the constant
register, the saving unit including a validity information
saving unit for having the validity information stored in
the validity information storage unit saved into the
external memory, the Save_prohibiting unit referring to the
validity information to judge whether a valid constant is’
stored in the constant register, and prohibiting the saving
ﬁnit from saving the value of the constant register on
judging that there is no valid constant in the constant
register, the restoring unit including a validity
information restoring unit for having the wvalidity

information in the external memory restored into the



prohibiting unit referring to the validity information in the external
menory to judge whether the restore instruction corresponds to a save

i nstruction where saving was prohibited by the save prohibiting unit, and
prohibiting the restoring unit fron1resppring a value on judging that the
restore instruction corresponds to a save instruction where saving was
-~ prohi bited. Wth the stated construction, the processor only needs
to refer tovahddisy dnformatéppastonage #ndita Bauidehtreslir¥e and restore
operations, so that above processing can be achieved by sinple circuitry.
Here, the verpbibjtingonniti safexving &o theaywadadd thdnioumafkign in
infarmation. into the external nmenory when the decoding unit has decoded

t hat the insheuextemnahd memoryntor judgen whedihsterthies zeshore initrectbon
the validity information restoring unit restoring the validity

i nf or mat i oncbraespbadexter rabarening tiruction athalig ysavid a8 i on st or age
unit when the decoding unit has decoded that the instruction in the

i nstructi onptreptibie¢ed byatheeshoeepraohtibidtiingn.unit, andVprohileising ethe
construction, the validity information can be saved or restored together

w th the cofkstbriahgt haitcdrshatestegisicera waluge sorsiglEingisthacttiva. As a
result, there is a reduction in the programsize required for

12 context reeitbeki Afistructiohecorreiporris did ya igdwe nais mrmated/omns have 2e
val i d nunber
saving was prohibited.

With the stated construction, the processor oniy needs
to refer to the validity information to avoid redundant save
and restore operations, so that above processing can be
achieved by simple circuitry.

Here, the validity information saving unit may save the
validity information into the external memory when the
decoding unit has decoded that the instruction in the
instruction register is a save instruction, the validity’
information restoring unit restoring the validity
information from the external memory to the validity
information storage unit when the decoding unit has decoded
that the instruction in the instruction register is a
festore instruction.

With the stated construction, the wvalidity information
can be saved or restored together with the content of the

constant register using a single instruction. As a result,

there is a reduction in the program size required for



of digits in a constant stored in the constant register, the save
prohibiting unit prohibiting a saving when the vali'd nunber of digits in
the validity information is zero, and the restore prohibiting unit
prohibiting a restoring when the valid Egnber of digits in the validity
Information is zero. Wth the stafed construction, the validity

I nformati on shows whether the content of the constant. register is valid
and the val contexrbeswihtching,. so that in addition to save and restore
operations, operations that use the constant in the constant register can
al so use the val iHetyg, i ther validityl dhfdirglationnimay show a valard anuidel
processor that executes instructions nade up of a plurality of operations

whi ch are tofbaigibpeihed tensgant lstlored des Hhe) cotldtarmpeaereagisiner i oclbe
processed in parallel are not present, a constant for use by a later

i nstructi onsgae pechbatedg ahdtt Rerdhnidititly @ savipladmer e wRidti on.
Wth the stated construction, constants can be inserted into not only

redundant axgmbebhadf @Xgstsi An REle WwaElliieity tikdlornddiGH 69 A1) €and
operation, but also into redundant areas in VLIWthat can indicate two or

nore oper at {RASrk8tdreSpRrBhe PikINUHi¥ prohibiting a restoring when

13 For a VLI W processor that executes instructions nade up of a

plurality ofnheP¢aaikoRAGmARKCRAE it P8 s WNLHAAddi®ty information is
Zero,. |

With the stated construction, the validity information
shows whether the content of the constant register is wvalid
and the wvalid number of bits, so that in addition to save
and restore operations, operations that use the constant in
the constant register can also use tﬁe validity information
for digit contrél.

For a VLIW processor that executes instructions made up
of a plurality of operations which are to be subjected to
parallel processing, when operations to be processed in
parallel are not present, a constant for use by a iater
instruction can be located into the instruction in place of
an operation.
| With the stated construction, constants can be inserted
into not only redundént areas that exist in instructions
that indicate a single operation, but also into redundant
areas in VLIW that can indicate two or more operations in a

single instruction.



paral |l el processing, instructions, which include a. constant for use by a

| ater instruction in place of an operation when operations that can be
subj ected to parallel processing are not present, nmay be used to have
certain operations- that do not involve,ége constant executed in parallel
while at the sane time accunul ating piet®es of a constant in order.

By doing so, when a constant is located in only one part of a VLIW the
storage of this c@ost anVLIdhprecessviothat exepatalsl dnswirtictdons made up
operations indicated by the VLIW Since this accunmul ated constant can be
used by a bt ar plutrialidy @ oped@tdionst whildhorgewdiod bee syl eatedeto
divided and located in a plurality of instructions. Here, it is also

possi bl e topagailaed prddedsimeseIndtructiofeodinighaitcuriauta nstant
instruction, the instruction including a format field for storing a format

code that SRAChideLDyAR IIBHIMGlnisHr eI ianglade Winldd Ywpdratissmivwioen
fields for specifying operations that are to be processed in parallel.

Thi's proces e riLdnic ltHit THPHE &b iREed Ho pPatdludINPrvocdsyags dLgi on
for storing a constant; a decoding unit for decoding a stored instruction,

the decodi g injdeddift / M W Ghded ¥ Hae e rade Fpdritidibtint i@ and

decoding that a constant is |located in at |east one operation field in the

instructi onp & GORRJIAA the constant executed in parallel whifie S#©rtHg unit
whi ch, when the decoding unit has decoded that the instruction includes a

constant  t hafaahquihfh BSR4 GNY Wndt WSS oidk o5 the

constant |ocated In
By doing so, when a constant is located in only one

part of a VLIW, the storage of this constant can be
performed in parallel with other operations indicated by the
VLIW. Since this accumulated constant can be used by a
later instruction, a constant of long word length may be
divided and located in a plurality of instructions.

Here, it is.also possible to achieve a VLIW processor
for decoding and executing an instruction, the instruction
including a format fiéld for storing a format code that
specifies an instruction format and a plurality of operation
fields for specifying operations that are to be processed-in
parallel. This processor may include a constant register
including a storage region for storing a constant:; a
decoding unit for decoding a stored instruction, the
decoding unit for referring to the format code of the
instruction and decoding that a constant is located in at

least one operation field in the instruction; a constant



the operation field into the constant register if no valid constant is
stored in the constant register, and, if a valid constant is already
stored in the constant register, stores the constant |ocated in the
operation field into the constant register so as to retain the valid

constant; and an execution unit which, en the decoding unit has decoded-
that the instrucgtion specifies an operation I ch uses . .the coqfhin%hat
register, r&%Q&iRg dmdt dhighse when, &8s decrding, £a% flegededn

executes the operation. . Wth the stated construycti.o T)when
generating %heLARstIdGidate inglydesy ac GBS AP aﬁr&@%&%%#, § St dssi bl e
to divide a constant of |long word |ength between a plurality of $¢IVV The
posi ti ons wik-nfon thes GoRshasts negdetesy IS§OXESHFhec GRASEARE ARRALETF o
fields) are clearly indicated by the format code, while the storgge,
desti nati ontbe epexahian fielsk iadesids codgitandy reddtar st AAGEAPHLi tion
(bit position within the constant register) are inplicitly indicated, so
that it is comscardarhs tskquesyiige the constant regdshison avte ¥Hrasydtidg a
constant given in an instruction into a specified position in the constant
regi ster. constant his lslynashiemtanededn dhed@ongiant ARIiStemenstores
15 generating a sequence of machine | anguage instructions using a
conpi | er or thiee ddarefant dosated iwhithe icpersdd any figld dmtq gh@ ucti on can
be divided and inserted into redundant areas

constant register so as to retain the valid constant; and an

execution unit which, when the decoding unit has decoded

that the instruction specifies an operation which uses the

constant register, reads an entire value stored in the

constant register and executes the operation.

With the stated construction, when generating a VLIW
sequence to be executed by the processor, it is possible to
divide a constant of long word length between a plurality of
VLIW. The positions within instructions used for locating
constants (operation fields) are clearly indicated by the
format code, while the storage destination of a constant
(the constant register) and the storage position (bit
position within the constant register) are implicitly
indicated, so that it is unnecessary to provide an explicit
operation code for storing a constant given in an
instruction into a specified position in the constant

register.

With the present invention described above, when



whi ch are unavoidably left in the generated instruetions. This enables
optimal scheduling to be perfornmed, and results in reductions in code
size, an effect which is of particular value to enbedded processors.

BRI EF DESCRI PTI ON OF THE DRAW NGS ghese and ot her objects,

advant ages and features of the inventioh"w || become apparent fromthe
followi ng description thereof taken in conjunction with the acconpanying
drawi ngs whgehetrhtimgrat sequepeei btcmachidenbanguaget hestnuehipos. usdnghe

dr awi ngs: Fig. 1 shows the instruction format used under the prior
art; . aFeemp2Peshowsthbelike| dastonstant whiah isstsedtbyna dh&eri s
executed by the processor of the present invention; Figs. 2B to 2D

show si xt eepns¥peetLbni 8ahr vet dovidkar ant, insebt&dgin8 sbdunhdgntr ageas
operation instructions, Fig. 2C showing twi n . operation instructions, and

Fig. 2D shgwiss §réghﬁaebﬂﬂabl9nlbﬁttiﬂCthengenerated instructions.
16 Fig. 3 is a table showi ng specific operations that are indicated

by the thre@niﬁpeﬁagiespepeimam gefleduleny toopad" per@odmédp2andt kelsudts
used in Fig. 2B to 2D Fig. 4 is a block diagram show ng the
hardware  i5 reductions in code size, an effect which is of particular

value to embedded processors.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, advantages and features of the
invention will become apparent from the following
description thereof taken in conjunction with the
accompanying drawings which illustrate a specific embo@iment
of the iﬂvention. In the drawings:

Fig. 1 shows the instruction format used under the
prior art; |

Fig. 2A shows the field structure of an instruction
fhat 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 operation instructions:



construction of the present processor; Fig..5 is a block diagram
showi ng the detailed construction of the constant register 36 of the
present processor and the peripheral circuits; Figs. 6A to 6D are
representations of "di fferent nethods fo storing a constant by the
constant register control unit 32 srmww1qr|Fﬁg. 5 wth Fig. 6A show ng
the case when the format code is "0" or "1", Fig. 6B show,ng th %ase when
the format code F$g9:43 ipjg. tablehshPwgnghsPes: lﬁh@ﬁefﬁéngPnﬁga cBd&E is
"5", and Fig. 6D showi ng the case when the format code is "2", "3", Qqr

"A" indgcatedsby theckhaeggtypeshefi eperRcion: soded "Const r 88 an of
the PC unit 33 of the present processor; Fig. 8 is a flowhart
showi ng a pandellop@™,h&hataadiecused 32- Biig.c @Bsttant2D/ Fig. 9 shows an
exanple of a programthat has the present processor execute the procedure
shown in Fig. 8, Fig. 4 Eisga block diagwamgsbleaingskbi hgrdMaréper ation of
the present processor when executing the programshown in Fig. 9;

Fig. 11 i s zonetaupitdonf of [nhegpresehit pracessoyr esent

17 processor execute a procedure that handles a 16-bit constant;

Fig. 12A shows thgifi.el5d idefa bilbicknddhgrast showiogs thehgetaid eskecut ed by a
standard processor; ' i

construction of the constant register 36 of the present
processor and the peripheral circuits;

Figs. 6A to 6D are representations of different methods
for storing a constant by the constant register control unit
32 shown in Fig. 5, with Fig. 6A showing the case when the
format code is "0" or "1", Fig. 6B showing the case when the
format code is "4", Fig. 6C showing the case when the format
code is "5", and Fig. 6D showing the case when the format
code is "2", "3f, or "A";

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

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

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

Fig. 10 is a timing chart showing the operation of the
present processor when executing the program shown in Fig.
9;

Fig. 11 is an example of a program that has the present



Fig. 12B shows the instruction format of the instructions shown in Fi g.

12A,

Fig. 13 shows an exanpl e of -a programthat has a standard

processor performthe same procedure as the program shown in Fig. 9;
14 shows an exanple of a programtgﬁ has a standard processor

Fi g.

execute the sane procedure as the progr
Is a bl ock diagram showi ng the construction of the peripheral circuit of

shown in Fig. 11, Fi g.

the const aréedls sb£’ edéchtet Heprbteéghiravthit cRandbesfat hé-bitst
enbodi ment ;

storage of @reopshept by the constant register control unit 90 when the

format code is "0" or "1", corresponding to when the value of the stored

Figs. 16A to 16H show the storage nethods for the

digit counter 91 g5g.0i2A7shows the Fifid ddfihDtidhl shothsbeustonge
nmet hods for the storage of a constant by the constant regi ster control

unit

90

the stored
storage nmethods fp{qthesp showaddenel iAseLREtEBA Ea{:éﬁ‘é'gosenﬁhant regi ster

contr
code
91 is

n 2" ,

ol
S
IIO

n 3"

uni
n 5"

or

2t NgrEoegBEuEedepYSa” 4tan8akaeppendsperf 0 When the val ue of
gt counter 91 is™"0"-"7"; Figs. 18A to 18H show t he

t when t he fornmat

%n§9£ﬁ8§985gggﬁo%g-gﬂe?iBDEIZX?lue of the stored digit counter

15

ows "t he storage nethod for the storage of a

constant by the cgpgtagy Laglstch cQuhbol Uei b BPoybsA ther hasmat code is

A, € store
standard processor perform the same procedure as the program

shoﬁn in Fig. 9;

Fig. 14 shows an example of a program that has a
standard processor execute the same procedure as the program
shown in Fig. 11;

Fig. 15 is a block diagram showing the construction of
the peripheral circuif of the constant register 36 in the
first modification of the first embodiment;

Figs. 16A to 16H show the storage methods for the
storage of a constant by the constant register control unit
90 when the format code is "O" or "1", corresponding to when
the value of the stored digit counter 91 is "0"-"7%;

Figs. 17A to 17H show the storage methods for the
storage of a constant by the constant register control unit
90 when the format code is "4", corresponding to when the
value of the stored digit counter 91 is "0"-"7";

Figs. 18A to 18H show the storage methods for the

storage of a constant by the constant register control unit



the constant register 36 is used as an operand; . Fig. 20 is a block
di agram showi ng the construction of the peripheral. circuit of the constant
register 36 in the second nodification of the first enbodi nent;

Fig. 21 is a state transition figure shﬂ%Lng the changes in the value of
the read flag storage unit 192 shown i i g. 20; Figs. 22A to 22F
show the changes in the_val ues of the read flqgsstorﬂge nit, 192 ﬁ@d t he
constant r &f Hhan dhe format Mo Ti CRFLTSPMAHE Jé‘? sHeWi ng t he
values imediately after the constant "0x87654321""€@s" gen read fromthe
const ant ré@]é%%rO%G‘,'-h?i gkored il FOWMeRF ngl the "YaTubs’ i medi atel y
after the 4-bit constants "0x8", "Ox7", "O0x6", and "0x5" have succgssively
been stored in tHHLgcohdtRRWS dehetsorsge MW@.f%Ft’%?lo%\’F?ﬁaqq‘leoga?ues

i medi ately after the constant "OxFFFF8765" has been read §r0n1the
constant rezgn3tangeby the congtapnt Jxegistep| seRtaphghahtsABWRGR HRe
construction of the peripheral circuit of the constant register 36 in the
third nodi ffemabncodet ke P2Fst"3frbori fhi ;or when the stored value of

19 Fig. 24 is a block diagramshow ng the construction of the
peri pheral the cconsbéntheegbatennd6rigivsed 38 An operapdarth nodification
of the first enbodi nent; : Fig. 25 is a block diagramshow ng the

construction of Fhbg.p20i pheaableck cdiagoimt seowbngt the FepsEreetieni aft he
the peripheral circuit of the constant register 36 in the
second modification of the first embodiment;

Fig. 21 is a state transition figure showing the
changes in the value of the read flag storage unit 192 shown
in Fig. 20;

Figs. 22A to 22F show the changes in the values of the
read flag storage unit 192 and the constant régister 36 in
the second modification, with Fig. 22A showing the values
immediately after the constant "0x87654321" has been read
from the constant register 36, Figs. 22B to 22E showing the
values immediately after the 4-bit constants "O0x8", "0x7",
"0x6", and "0x5" have successively been stored in the
constant register 36, and Fig. 22F showing the values
immediately after the constant "OxFFFF8765" has been read
from the constant register 36:;

Fig. 23 is a block diagram showing the construction of
the periphefal circuit of the constant register 36 in the

third modification of the first embodiment;



fifth nodification of the first enbodi nent Fig. 26 is a state
transition figure showing the changes in the valué of the read flag
storage unit 28; Fig. 27 is a flowhart show ng an exanpl e of
processing that handles a 24-bit constqgt; Fig. 28 shows an exanpl e
of a programthat has the processor of 'the fifth nodification of the first
enbodi nent performthe sane processing content as the flowchart shown _in
Fig. 27; Fig. 24 sipvad bloek akbrgram. shevspgathehgenphsuckéon of
processor of the first enbodi ment performthe same processing content as

t he flowchaitte grewiphersl gcigquit of thejgongbans zepisERrdBigiBMERRowi ng
the hardware construction of the processor 500 of the second enbodi nent;

Fi g. 31 shdieurttie nodifipatilemcefbthecfhrsheembodément: valid bits in the
constant register 320 and the stored value of the nunber of valid bits
regi ster 321; Fig. FR29.i82a shbockt dbagnamr shoiwdng whectonssrussdonoof
explain the operation in the second enbodi nent and the formats of the

i nstructi onsie peripheral circuit of the constant 2@gister 3Bi gn 3Beis a

bl ock di agram showi ng the detailed construction of the constant restore
circuit 322¢ifth modfffcaBiiohsod thbl €iwbitcbmbetiimeatt he operation of the

mul tipl exers 3224, 3225, and 3226 and the next nunber of wvalid bits
generation circuifig22?6 is a state transition figure showing the
changes in the value of the read flag storage unit 28;

Fig. 27 is a flowchart showing an example of processing
that handles a 24-bit constant;

Fig. 28 shows an example of a program that has the
processor of the fifth modification of the first embodiment
perform the same processing content as the flowchart shown
in Fig. 27;

Fig. 29 shows an example of a program that has the
processor of the first embodiment perform the same
processing content as the flowchart shown in Fig. 27;

Fig. 30 is a block diagram showing the hardware
construction of the processor 500 of the second embodiment;

Fig. 31 shows the correspondence between the number of
valid bits in the constant register 320 and the stored value
of the number of valid bits register 321;

Fig. 32 shows the instructions which are used to
explain the operation in the second embodiment and the

formats of the instructions;



Fig. 35 shows the detailed construction of the save/restore invalidation
circuit 301; Fig. 36Ais a flowhart that is used to explain the
operation of the present processor, while Fig. 36Bis a programthat is a
list of instructions (instructions 571- (§73) that corresponds to the
processing in the flowhart of Fig. 36/?, and Figs. 36C to 36G show changes
in the stored content of the constant register 320 and the valid bit
nunber register 3Rilg. 33 is &igloB8kAdiagaaf showing thewdegadieds | ow of
instructions for the case (case 1) when interrupt processing is comenced
when the vatomstfhdéfiohsbfwkchg tbastaht restore2eibicusitar3@2salid) is stored
I n the nunber of valid bits register 321, Fig. 37Bis a flowhart
showi ng the flow pig.i B4t ischi eapléowhibh defdénesashe? ppeirartiont exf hte
processing is commenced when the value "(bOO' (showing that all bits are

i nval i d) ismsieipllekarsha2edpbap26f wald 3206 ancedin erext3dimber of Fig.
38 is a flowhart show ng the operation of the

21 processpslid pase Yeaedathopaserduiwhizelz7;s to say the outline
operation for saving and restoring the value of the constant register 320;

Fig. 39 shows thepigrngh ghofBeehal Haedined! Ceaistantiionr ofadhey and
restoring only the value of the nunber of wvalid bits register 321;
save/restore invalidation circuit 301;

Fig. 36A is a flowchart that is used to explain the
operation of the present processor, while Fig. 36B is a
program that is a list of instructions (instructions 571-
573) that corresponds to the processing in the flowchart of
Fig. 36A, and Figs. 36C to 36G show changes in the stored
content of the constant register 320 and the valid bit
number register 321;

Fig. 37A is a flowchart showing the flow of
instructions for the case (case 1) when interrupt processing
is commenced when the walue "0bl0" (showing that the lower
26 Sits are valid) is stored in the number of valid bits
register 321;

Fig. 37B is a flowchart showing the flow of
instructions for the case (case 2) when interrupt processing
is commenced when the value "0b00" (showing that all bits
are invalid) is stored in the number of valid bits register

321;

Fig. 38 is a flowchart showing the operation of the



Fig. 40 is a function bl ock diagram showi ng the VLIW processor 600 that
equates to a VLI Wprocessor of the first enbodinent with the addition of
the context switching function of the second enbodi nent; and Fi g.

41 shows an exanplé VLIWG670 that is engpted by the processor 600.
DESCRI PTI ON OF THE PREFERRED EMBODI MENT Two enbodi nents of the

pr ocessor gl {hes B5eSER! cabdVENA@N A" Cadle sl | iRAcheL s Byt eherence o

the figure I's specification, the expression "instruction" refers

to a set of,cofp,Lh ejsétﬁﬁqgfgﬂwt 159 Ol OFle S oL DRgPERBCOL1 UBT OFCLBRY

si mul t aneousTy and 1h para expression "operation" refers to

aunit of p L pg a p arithmetic operation, a |ogic operation,
a transfer,égﬁgégﬁgrgﬁéﬁggaﬁi%%@is executed by the present processor in

parallel, as vellep3 99! fok@lend et 00b£2L58cERET-40! insfhuBERERSS! NO.

- First Enbodi _ hé processor of _ Irst enbodlnent
char act or i zEerppedipdnefioRSrso e ind FRFY: Fhe RLbEc0s The BRABRETOE 5 e
distributed agrgsg;3.PLUGELLLY 851,
| Fig. 40 is a function Block diagram showing the VLIW
processor 600 that equates to a VLIW processor of the first
embodiment with the additibn_of the context switching
function of the second embodiment; and

Fig. 41 shows an example VLIW 670 that is executed by

the processor 600.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Two embodiments of the processor of the present
invention are described below with reference to the figures.
In this specification, 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 ope:ation, 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.



Instructions in a specialized register to restore what was originally a
singl e constant. I nstruction Format First, the structure of the
i nstructions that are decoded and executed by the present processor wll
be described. The present processor i32%%VLIVVprocessor that decodes and
executes instructions with a fixed word ngth of 32 bits. Fig. 2A
shows the field structure of an instruction 50 to be executed by the
present processor. Figs. 2B to 2D, neanwhile, show sixteen instruction
formats. O these, the instruction formats in Fig. 2B sinmultaneously

I ndi cate thpgestopmbatiimeat the instruction formats in Fig. 2C two
operations, and the instruction formats in Fig. 2D a single operation.
This instruction Phehproeekisvedolorthilsefiirs tofentiddiinent arsbliszeanpvsed of
eight 4-bit physical fields shown in order starting fromthe MSB ( Most

Si gni fi cant £Birkx @BjBetOof the present invention. This pr@S&esforlils5l,
P1.0 field 52, ... P3.2 field 58 in Fig. 2A. O these, the range fromthe

P2.0 field BRakactBeiFedy @ dubecion ad abdimlitig gppscss ontfacl d 59,
while the range from the P3.0 field 56 to the P3.2 field 58 is called the

second operRhiseAnitl hAtOQre distribhtddcrdsd a Prutd®itpgend "const”
I ndicates a constant, and depending on the operation in which it is
instructions in a specialized register to restore what was

originally a single constant.

Instruction Format

First, the structure of the instructions that are
decoded and executed by the present processor will be
described. The present processor is a VLIW processor that
decodes and executes instructions with a fixed word length
of 32 bits.

Fig. 2A shows the field structure of an instruction 50
to be executed by the present processor. Figs. 2B to 2D,
meanwhile, show sixteen instruction formats. Of these, the
instruction formats in Fig. 2B simultaneously indicate three
operations, the instruction formats in Fig. 2C two
operatiéns, 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



used, this can be a nuneric constant or a character constant such as an

i medi at e, an absol ute address, or a displacenent.. The | egend "op"
represents an operation code that indicates an operation type, while the
| egend "Rs" indicates the register use%éﬂs t he source operand, "Rd" the
regi ster used as the destination operand;¥and "cc" an operation code

I ndi cating a branch operation that uses the stored value of a specialized
32-bit regi Rixldril, dedl. 0 nfidde 52 ,esent B3 2 efiswkd (GthdncdiggarRR et er
36 shown in Fig. 4) as the absolute address or relative address

(di spl acenerthes¥, atlbe aradgeleftomatheore2.0 fieldsS ruorethec B2 &l Tdeslqi 9N
directly after the codes described above show values that are used in the
operation iis etdibedtiiee ffisst apeerdtioon ffdId 559 orwhilee sgonrhngpefadmon
field 60. As one exanple, for the instruction format with the format code

"6", the 4-Dbine cEPSO afield0hStds thoOCEB £2 fieldesPlid ddllet Thanskddmd
4-bit constant "constl" Jlocated in the P2.1 field 54 are conbined to form

an 8-bit operation field 60. 24 constant that is the source
operand corresponding to the operation code "opl" of the first operation

field 59. Then CRN§S 2B "€9NBH, HE Cledénd Otcarytendeildddes a nunber
represents a constant to be stored in the specialized 32-bit register

provided in LERs PAREENANAT Q9SSRI N L OE tEONSHEPALISWI S afh3h shOWs i n Fi g.

4). As one exanple, for the instruction format with the format code "0"/

the 4-bit used, this can be a numeric constant or a character constant
such as an immediate, an absolute address; or a
displacement. The legend "bp" represents an operation code
that indicates an oéeration 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
stored value of a specialized 32-bit register provided in
the present processor (the constant register 36 shown in"
Fig. 4) as the absolute address or relative address
(displacement) of a branch destination.

The numerical values given directly after the codes
described above show values that are used in thg operation
in either the first operation field 59 or the second
operation field 60. As one example, for the instructioﬁ
format with the format code "6", the 4-bit constant "consfl"

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 "const" located in the P1.0 field 52 inplies the constant that is
to be stored in the constant register 36 which is inplicitly indicated.
Fig. 3 shows specific exanples of the operations that can be indicated by
the three kinds of operation code "cc", 540p1", and "op2" given in Figs. 2B
to 2D. These operations are described Tn detail bel ow The 4-bit
operation_code "cc" indicates one out of sixteen types of branch

i nst ruct i oncoBathntr &halt iisntheusburce sperandf codrasponsdneteorieti on
and a branch format. Exanples of branch conditions include "equal to

(‘eqg' )", "nepeegtdont coden@gpl™, ofndthegifdatsér opeaation 'fHield k. branch
format can be a format where the stored value of the constant register 36
serves as the abswhet ecadtaats "ebnstiMewhiahchsdasti rppemddedavidtteda by

having no "i" attached to the instruction menonic), or a format where the
stored val wembert tepresentsl a evnstant3Gos devatoarda ireltiie \speaial bzed
(denoted by having "i" attached to the instruction

25 menoni gp-piAs reidd eI Proviided dpendld Presrint agices=pr efeiés an
operation that branches to a destination indicated through absolute

addr essi ng Wik tan¥ §REister ERNGWEL L IFids (e cayp R esdmysTe | 0fbe
equal, while the operation code "eqi" represents an operation that

branches tqra desddrmaidion ifuline of dhdigEoreladl ictiaddessting ahpdt a
precedi ng conparison finds the conpared values to be equal.
constant "const" located in the P1.0 field 52 implies the
constant that is to be stored in the constant register 36
which is implicitly indicated.

Fig. 3 shows specific examples of the operations that
can be indicated by the three kinds of 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
sixteen types of branch instruction. Each branch
instruction is specified as a branch condition and a branch
format. Examples of branch conditions include "equal to
('eq')", "not equal to ('neq')", and "greater than ('gt')“.
The branch format can be a format where the stored value of
the constant register 36 serves as the absolute address of
the branch destination (denoted by having no "i" attached to
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



The 4-bit operand "opl" can be used to indicate an- arithnetic 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-regist transfer, such as any of a
"nmov" (transfer of word (32-bit) data), "nmovh (transfer of hal fword
data), or a "novb", (transfer of one q¥te dat%%. \ Q%#e 4-bit operand
"op2" can bE@NERNID i nfT AR HXAWPLE + NP IRTART® ITYT opErations or
inter-register transfers that can be indicated by theéggerand . opl", but
can al so be FARRAFAES AP QBEFEIRY Chat -brARFRLT ItH SR %ﬁkﬁ%ﬁ+%ﬁ such as
an "I d" (load of one word data fromnmenory into registers) or an "st"
(store of orgdisrarehiehrongh mbeplute rafddressing gjen a preceging
characteristic features of the fields 51, 52, 59, and 60 shown jn Fig. 2A
are descri bexpupawigon finds Thee POOWPAFed (VHHUSD| &R ke 2B £ orivkte iR

t hat . i 26 specifies the format of the
i nstructi on Gerapien ¢pdei feqhl | yepresent®. an oRYERTIOR ekt | REAREREHT t he
si xteen instruction formats shown in Figs. 2B to 2D. The P1.0 field

52 is a fieltb hwldestinabbernindicanedoperenghnrebafel voraddressipg when
operation. Wien a constant is l|ocated in the P1.0 field 52 (such as in the
i nstructionsa pwededimgfoomparisdesfinds the compared values)tenkee are
cases where the constant is to be stored in the constant
equal.
The 4-bit operand "opl" can be used to indicate an
arithmetic logic operation, such as any of an "add"
(addition), a "sub" (subtraction), a "mul" (multiplication),
an "and" (logical AND), or an "or" (logical OR), or an
operation that.is an inter-register transfer, such as any of
a "mov" (transfer of word (32-bit) data), a "movh (transfer
of halfword dataf, or a "movb" (fransfer of one byte data).
The 4-bit operand "op2"” can be used to indicate any of
ﬁﬁé arithmetic logic operations or inter-register transfers
that can be indicated by the operand "opl"”, but can also be
used to indicate a regiéter-meﬁory transfer operation such
as an "ld" (load of one word data from memory into
registers) or an "st" (store of one word data into memory
from registers).
The characteristic features of the fields 51, 52, 59,

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

The P0.0 field 51 holds a 4-bit format code that



register 36 (such as in the instructions with the format codes "0", "1",
"4", and "5"), and cases where the constant fornms 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 co "5, "7t, "8", "9", and "B").
When t he constant inthe P1.O field 52 i'S to be stored in the constant

register 36,,LNpkEed £naaesnabepe Ul ;ns@kac& B! sponsidse, i s stored

(such as in I'AStructi ons w ormat co and "1"), and cases

here S §RREIEREabySt BREd PAOB! BELLM Kb 3 L.%lgates GaBSLEnkrkocat ed in

either the PPF 9”0r con operatlon freld 60 (such
i.n the inst t the f "4" " When th
oper ati on cBREEEED: %Frss&aeﬁ. Rg-Raty; sBRNF, £ 6% 52 8%2 (such as
in the inst ti t des Ly "
:zdicgtcgsarg?angﬂﬁ m%ér&t?bﬁl é?aﬁggg ?hs étgPé valggnoﬁ %ﬁebgonstant

27 register § the abs Iute ddress or atlve S nent)
of a branch°88§?% Gﬁ% Tor $ﬁ8nF r P 56 gplon gl% %&n%%l her a
constant or _ a conbination erat n code f I |nd|c n n
operation (3QGRtEE iR &P@tﬁﬁepi% nglgaoﬂé Stfg gﬁﬁg%
transfer) that does not involve data trinsf m@ﬁy,ﬁﬁg esent

processor aWdtbh&hseSoFmaty Sefesor y) & dé&hTadoh
operands for the operation. The secopd o i,on E{eld 6 cgn hol d

t he sane cof@s8§s where the constant is to ore in the constan

register 36 (such as in the instructions with the format
codes "O0", "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 és 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 conctant 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
where this constant is stored together with a 12-bit
constant located in either the first operation field 59 or
the second operation field 60 (such as in the instructions
with the format codes "4" and "5").

When the operation code "cc" for branching is given in
the P1.0 field 52 (such as in the instructions with the
format codes "2", "3", and "A"), this indicates a branch

operation that uses the stored wvalue of the constant



as the first operation field 59 described above, but can also
alternatively hold a conbination of (a) an operation code for indicating
an operation (such as nmenory-register transfer) that involves data
transfer between the present processoréﬁpd t he periphery and (b) operands
for the operation. The above assi‘gnnent of different operation
types to certain fields rests on the prem ses for the resegé von

Neumann- t yee Pk aEeEs3f aRckRpyabsolute rddeedssaF yreb2tHYBHcRSS EWD or nore
branch operatjons sinultaneousI%, and that on[é one input/output port (the
oper and accedtsphacementingfhnd hrangh d¢stbprati@Rsferring operands is
provi ded between the present processor and_the ﬁeriphe%%r(nennr %.
The instruction fBremfsrshoperatipysfiokdt 3% orphdgecelt f%w%‘a\% gnt or
characteristic features. First, by focusing on the constant
"const", itacapmbination of (a) an operation code for IRdicagpRJt@ABt t here
are the following three types of instruction for storing a constant in the
const ant reppstati@s. (such as(ap gwakhmaticoleaicceperation"oprinter- _
In these instructions, the 4-bit constant located in the P1.0 field 52 is
stored in thegisheratranefes) ethd6. does not(2pvohwe datafbransfesde is "4":
In this instruction, a 16-bit constant located in the P1.0 field 52 to
P2.2 fiel d bétweent thedpreseht punseaspr esdi ther peéiphery (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 descfibed 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 wvon
Neumann-type processor whereby it is not necessary to
process two or more branch operations simultaneously, and’
that only one input/output port (the operand access unit 40
shown in Fig. 4) for transferring operands is provided
between the present processor and the periphery (memory).

The instruction formats shown in Figs. 2B to 2D have

the following characteristic features.

First, by focusing on the constant "const", it can be



(3) Wien 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 regi ster 36. Secondly, for the
present processor, a maxi mum of three Q@Frations can be indicated by a
single instruction, and in this case, can be seen fromthe triple
operation formats shown in Fig. 2B, either of the follow ng conbinations

of operatigaehYPRatCBReBE #860the followidy €heeeptypésooftimstsecsian
4-bit constant into the constant regi ster 36 and two standard operations

(when the £QEMBEoeHE hScofst@ht”in)the constaht)r&€Pesbeerasion that
performnms branchi ng using the val ue set in the constant register 36 as an

absol ute address (gf ﬁhéﬁlgﬁévgogggfe§§d@ngstmouségndgrd operations (when
t he 29 format code "2" or "3").

As described aboven theskN$hstEGELISnS] PRESEbitPESKSESRE Dorstadhighl y
efficient field structure that enabies a maxi num of three operations to be

si mul taneougly ptnelgaaid By ﬁsssestsd32nbtheleghguaﬁtoae isthler degar e
Construction of the Processor har dwar e constructlon of the
present processor (b$ wnen 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 n5T:
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 thé 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.

(1) One operation that sets a 4-bit constant into the
éonstant register 36 and two standard operations (when the
format code is "0" or "1").

{(2) One operation that performs branching using the
value set in the constant register 36 as an absolute address

or a relative address and two standard operations (when the



descri bed bel ow. Fig. 4 is a block diagram show ng the hardware
construction of the processor of the present invention. As described
above, this processor is a VLIWprocessor that can execute a maxi num of
three operations in parallel. The constgxuction of the processor can be
roughly divided into an instruction regé ter 10, a decoder unit 20, and an
execution unit 30. The instruction register 10 is a 32-bit register
that storefovmati godeult2"oort 3" )has been sent fromthe instruction fetch
unit 39. The decoder unit 20 decodes the instruction held in the

I nstruction register 10 and perforns output on control lines to the
execution unit 30 in accordance with the decoding result. This decoder
unit 20 can itsel Asbdesaxdbed dbovegd thentimgthmidtorond cfequoeser¥d and t he

i nstruction decoder 22. 30 The

i nstructi onpecedsor2have @ity &ff fidilentchfislkd osleru@Butdathalecodes the
"cc" operation code held inthe Pl1.0 field 12 and controls the PC unit 33

accor di ngl yenabllis 3 nepdimin @F denedeoprdfidnsleeodss §iwuDpeiadusy code
held in the P2.0 field 13 and controls the first operation wunit 37

accordinglyinam&age@eq?p eild @2 Gdacodeisdudedn . decodes the operation
code held in the P3.0 eld 1 and controls the second operation unit 38

and operand access unit 40 accordlngly The format decoder 21
decodes the 4-bit format code

. _

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 decoder unit 20 decodes the instruction held in the
instruction register 10 and performs output on control lines
to the execution unit 30 in accordance with the decoding

result. This decoder unit 20 can itself be roughly divided

into the format decoder 21 and the instruction decoder 22.



held in the PO.0 field 11 to identify the instruction format of the

i nstruction held in the instruction register 10 as "~ one of the sixteen
possi bl e instruction formats shown in Figs. 2B to 2D. In accordance with
the decoding result, the format decoder 81 permts or prohibits decoding
operations by the branch decoder 23, th% first operation decoder 24, and

t he second operatiQn decoder 25, and a vates the re ontrol unit
32 of the executi fﬁ?ﬂﬁ? Shpuction de ée¥o$%3}sd%ﬁmﬁﬁﬁ 19 tﬂcbﬁ?ﬁﬁ h
decoder 23, the firs eration decoder 24, and the sec ratio
decoder 25 #?ﬁﬁ@ﬁ@n%%l?@ é éﬁﬁ%dﬁﬁetgﬁerﬁFloﬂp?ﬁa h%nc§3$% gggdséﬁdghe
control sig ecution un constant signa
he 96 t hattbohrbield, FE°RHG, FRntrohs “Phgl Beainis 38 actneafRBTNT  8n un
30 is a bus for transferring constants and operands | ocated in the

31 |nstruct$%ﬁsFeﬁP§F%FlﬁE 8B°?ﬂ§re%écEFPBndgﬁ?@e%Othe operghiopxeedei on
unit 30 operates accordlng o the decoding result of the decoder unit 20
and is a cirkeld +Rathe|B2eAphbeddol3erpduePniral fukheufi B8tt APREation
operations in arallel. This_ execution unit 30 is conposed of an
executi on cowti®l 37nr€cardingby, uand 83segordgpreratier decodgrf2psthat
operation unit 37, a second operation unit 38, an instruction fetch unit

39, and an oefAdes atheseperatian. codatheldt e thepbheht Eiehdt h6 ardcuti on

unit 30, the constructions of the register control unit 32, the PC unit
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 25
fundamentally decode one operation in one cycle and send
control signals to the execution unit 30. Here, the 26-bit
constant signal line 26 that connects the instruction
register 10 with the execution unit 30 is a bus for

transferring constants and operands located in the



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

dr awi ngs.
control cir

The execution control unit 31 refers in general to the
cuits and wiring for controlling the conponents nunbered 33

40 in the execution unit 30 according tch he decoding result of the

decoder uni

t 20. This execution control™unit 31 includes the conponents

that are nofgBtiycePoAVkegtstor 2107 LGCEART exBEtidh Enii®ligos Tor Limi ng
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Ition control, status- managenent ,
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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 domponents 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
¢onstant register control unit 32 which is a characteristic
component of the present processor. The constant register
control unit 32 berforms control so that a 4- or 16-bit

constant "const"™ held in the instruction register 10 is

stored in the constant register 36 based on indications

a



corresponds to the address outputted by the PC unit 33 to the instruction

regi ster 10. The register set 34 is conposed. of fifteen 32-bit
general registers 35 and one 32-bit constant register 36. |n accordance
with the decoding results of the first eration decoder 24 and the second

operation decoder 25, the values which e stored in these sixteen
registers 35 and 36 are transferred to the first operation unit 37 and

t he secondgdpenabyrthenifiordt tvtbreoder Gleration is perforned or
alternatively the values are allowed to pass, before being sent to the
regi ster set 34 @het € dPFrcgrdamcmstani uni4) 3Hopsratesdiidéonthe bei ng
used. in the operations perfornmed by the first operation unit 37 and the
second opeobatiral wi tthiS brdmcly desoddmr2s] iand hautgmutsd arite reddséss in

33 36 can also be transferred to the PCunit 33, where it is wused to

gener at e aanciehtrinng] akiicass (dut illustathtasd)a obrine metest instruetion
The first operation unit 37 internally includes an ALU (Arithnetic Logic

Unit) for pey be etddud tdneldsedtid topHatinitruncion B&tdhtuntt s39f
data and a multiplier for performng nultiplications on two 32-bit sets of

data. This firstrhepamddrittitid fetdis AP MtEras Wn Nthd vudtynes of
operation (nanely, arithnetic |logic operations, and inter- register
transfer opalAK Eiom WHledtrtNindion) (vt fiTBistoPesas i efadgcogler 24.
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 fhe 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
6r alternatively the wvalues are allowed to pass, before
being sent to the register set 34 or the operand access unit
40. Here, in addition to being used in the operations
performed by the first operation unit 37 and the second

operation unit 38, the value stored in the constant register



The second operation unit 38 internally includes an ALU for perform ng
arithnetic logic operations on two 32-bit sets of data and a nultiplier
for performing nultiplications on two 32-bit sets of data, in the same way
as the first operation unit 37. This Sﬁiﬁnd operation unit 38 is capable
of executing two types of operation (namefy, arithnetic |ogic operations,
and inter-register transfer operations) under the control of the second
oper ati on @éceday aiso be tranpfemnest fed thec &S undit 30 ofhara det virler t he
control of the second operation decoder 25 and is a circuit that

transfers wse&dartds genenadie tane efififcitiore seldr®@ssarthathd s ayasst a8 arenory

(not. illustrated). The operand access unit 40 internally includes a buffer
for storinprepehanstimatioper and addresses. As a specific exanple, when
t he 34 operation code "Id" is in the

P3.1 field 16 of Thee fiinsdt ropeiradri one gindtte 371 G ntemnaldyd imfclomies tdratALB

| ocated in the external nenory is | oaded via the operand access unit 40

i nto one of(adichrediisd dicyiion Urliee )r efprs tpar Roamithdy Afficohmidteic Queyiad | on code
"st" is present, nmeanwhile, the stored value of one of the registers in

the regi st @pearitibhd st BIA-bit HeteXich nEtaRfy & multiplilde f¥xrunit :
33, the register set 34, the first operation unit 37, the second operation

unit 38, ampedftRrmioRe it ipitestiblid o) e IDNIaCtRt Do i dafnal TnESs
(the L1 bus, the Rl bus, the L2 bus, the R2 bus, the D1 bus, and
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 opération 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
6f 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

40 internally includes a buffer for storing operands and

operand addresses. As a specific example, when the



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 oggéation 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 ed

Const ruct i @pegfatinn &ode dHid'Rdg direrth®@s P3.1 field 16 of the

and its Periphery The following is a detail ed description of the
const ruct i dmsdfrudts aonsgisterdidt @ene3tramdd off ddta et pherbdcateduins.
35 . Fig. 5 i1s a block diagram show ng the detailed construction of

t he const artther egitstmral3Gnamakfis Heoadeet ivileertdle mpenand . acdess weit 40at
the fixed value ("0") 27 in the drawings refers to fixed wiring for four
signal |idestaaneiofl) the myisters 'iB' the registier ceistIhi Wkenstke
control unit 32 is conposed of five 3-input selectors 32a-32e and three
4-input selogmratsiorBdod@ M sthiise dresetn)s mdnwitifis! ethS6storednparead of
eight 4-bit registers 36a-36h. Here, each set of input and output data is
4-bit paraldfelomiatef the registeaecdrmianee rdistanntset 34 giwl stbrem Lhe

f or mat
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 R2Z bus, the D1 bus, and
the D2 bus) as shown in Fig. 4. Here, the Ll 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.

w beript
The following is a detailed description of the
construction of the constant register 36 and of the

peripheral circuits.



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
regi ster 36 according to one of the four_storage nethods given bel ow.
Figs. 6A to 6D show the four possible st%5age met hods in the present

enbodi nent . Fig. 6A shows a storage nethod for when the fornmat
decoder 21 detectpid.h@d ilshe Wloek Hiig@@m Bhidand the iRithilkd is "0" or
"1". This equates to the case when only a 4- bit constant |ocated in the

P1.0 fieldcbadtrudtaldi df tHE caEtdm irdAdtder3Sandiye teci fical ly,

the data that is stored in the constant register 36 is shifted upwards (to

the left indHipndAl iditedits UniNctdHbdd &ihtdithe Hisitvalue ("0")
36 stored’in the P1.0 field 12 of the instruction register 10 1s stored

in the |owest -§f G&fe Adfﬁv&ix{%g%fefré% Cﬁjﬁéé?f wiGAY Hr RS ISgn

Fig. 6B shows a storage net or when the format ~ decoder 21 detects that

t he val ue st; é fﬁEE Kb fd Wge "4". This equates to the case
when a 16- E‘lltq{e(;%gnsa{t}a fgccat ed sg-fav\r/%%n 0tslhe P1.0 field 12 and the P2.2

et o oo bl dolaeiin b PSRy ote

S hoen B BHIEAPREN d s SARANAE e SN ocat o0

register 1%25132h, whiie 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 contro;s the eight input selectors
32a-32h so that a constant stored in the instruction
register 10 or zeros are stored in the consfant 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
il 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



stored in the | owest-order 16-bits 36e-36h of the constant register 36.
Fig. 6C shows a storage nethod for when the format - decoder 21 detects that
the value stored in the PO.0 field 11 is "5". This equates to the case

when a 16-bit constant |ocated in the P 60 field 12 and between the P3.0
field 16 and the P3.2 field 18 is stored”in the constant register 36.

More specifically, the data that is stored in the lower 16 bits 36e-36h of
t he const attonad sirertlss Blk. GHiffelatl 12 ¢fetheipirstmectiion B8pipBRE aHY t he
16-bit constant located in the P1.0 field 12 and between the P3.0 field 16
and the P3.ix dtatet lih dfhe Howestrarde nnd +leit stegiditer SS6H @dchen t he

| onest -order 16-bits 36e-36h of the constant register 36.

37 feanstEntshmewgistext @ége net hod for when the format decoder 21
detects that the value stored in the PO.0 field 11 is "2", "3", or "A", or
when the instructFio dBEEmws?2a sirimies nidttiod hfor avisdrarthe efprsday ( R15)
Is indicated by at |east one of the P2.1 field 14, the P2.2 field 15, the

P3.2 fiel diddodemnR1 hdetiicts filedtl thte Vdlge esteias i e POSE fidkde the
value stored in the constant register 36 is reset to all zeros (which is

to say, therxonster, rerhsd edquiftd$ t&!€10¢ etise e 4 hes-B0f asbrvsd arer of
the constant register 36 has been used by at | east one of a branch

operation |sadtesl Berween Rihd B1 80 dedleid arp oed agnd P2 2 tikefd M8 is

operation field 59 or an operation in the second operation field 60.
stored in the constant register 36. More specifically, the
data that is stored in the lower 16 bits 36e-36h of the
constént register 36 is shifted to tﬂe.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 16~-bit constant
located in the P1.0 field 12 and between the P3.0 field 16
'and the P3.2 field 18 is stored in the constant register 36.
More specifically, the data that is stored in the lower 16
bits 36e~36h of the constant register 36 is shifted to the
upper 16 bits 36a-36d and the 1l6-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.



More specifically, imediately after the stored value of the constant

regi ster 36 has been read out to one of the PC unit’. 33, the first
operation unit 37 or the second operation unit 38, a 32-bit constant with
the value "0" is witten into the constagnt register 36. Here, the
value in the constant register 36 is cl ed after being used to ensure
that a value with a zero extension is always stored in the constant

register 36. A ZRirg. 50 estsows desiorafe metitiod hfor netesrd | tite aformeatos t hat
is performed when the effective nunber of bits of a value is below a

predet er m rigtodebe2l addebedtts that e oralits Ngrorddein ethe NP®. 0 heiddgher
bit positions so that the value takes up the predeterm ned nunber of bits.

38 A3 descridred 'amweervmn toe widniechd idet Rocidn edskbdder 022t he

i nstruction register 10 is "0", "1", "4", or "5", the constant that is

al ready st {extbdts tﬁtﬁaﬁoméa@énéemﬁtﬁégﬁﬁtet s(ehif tod 2idh Gathed ppl ae 1S
stored. Also, after the value stored in the constant register 36 1s read -

out and useast Mife SELT €l VEL UE fHeli®! B4 e0chdyr02 Ngistd 198 CROSHRN

register 36 is able to successively accunul ate constants until the next

time its Storeds opnfeitai nesed.s sibRdaid od Fonstdugiton of dhe Bdhit 33

The following is a detai | ed description of the con truction C unit

33. widke ARE FaPhOCKrtEQ" A SAOVESWs LAler CPOGISLEE 1 98 £ reset
to all zeros (which is to say, the constant register 36 is
cleared), after the stored valu¢ 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 ﬁhe second operation field 60.
More specifically, immediately after the stored value of the
constant register 36 has been read out to one of the PC unit
33, the first operation unit 37 or the second operation unit
38, a 32-bit constant with the value "0" is written into the
constant register 36.
Here, the value in the constant register 36 is cleared
after being used to ehsure that a value with a zero )
extension is always stored in the constant register 36. A
zero extension here refers to the insertion of zeros that is
performed when the effective number of bits of a value is
below a predetermined number of bits, with zeros being
inserted into the higher bit positions so that the value

takes up the predetermined number of bits.



the PC unit 33 in detail. As shown in Fig. 7, the PCunit 33 is conposed
of a fixed value ("4") 33a, that is wiring which pernmanently carries the
constant "4", a 2-input selector 33b, an adder 33c, a PC (Program Counter)
33d for storing an address of the nextééunruction to be decoded and
executed, and a 4-input selector 33e. An the PCunit 33, the

sel ectors 33b and 33e operate in accordance with cqntrol Sig??ﬁf B&f t he
decoder unit 20, ASodesgaibele aboveet whezschguvgdue drcthe B & Hie ﬁ"]d'

three types of values to the instruction fetch unit 39 as the effective
address.  of the instruction register 10 is "0f9 "L".A"Alu®thet e " is

added to the content of the PC 33d Thi s corresponds to when ng branch
i s taken -acdnstamtt thatstisualineadys stones diedieeFanstandetedifitdr i to
say, when the decoding result for a present instruction is that no branch
operation iis ishdifitedednd Ehaewaadme 4's jstoneted Alshaftek fhehgaHus one
I nstruction is four bytes, which is to say, 32 bits. 2. A val ue where

t he cont entstafrddd.rcdis adnstagitstragidtdrs 3addedaas wt End airedf the PC
33d This corresponds to when the content of the constant register
36 is used yisis Idmdd wealadk ries sidlertduit and@y pingussh dshevwamatantiecodi ng
result of the branch decoder 23 is that the P1.0 field 12 indicates a
branch to aegElsiéwe36 is able to successively accumulate constants

until the next time its stored content is used.

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.

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

effective address.



addr ess. 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 absol ute address for branching, such as when the decoding result of
t he branch decoder 23 is that the PL. Odééeld 12 indicates a branch to an
absol ute address. As descri be bove, the PC unit 33 includes a
speci al i zed adder 33c, and |s constructed to d|rectIy use
40 the valueAsV3ails MWACKS pd de s e _Bddcution
control can be perforned mnth the st or ed value of the constant regi ster 36
as a rel ati ve ad@hésscorraspondsoltot shagdmnes brangharial [taken tandirad next
I ndependent of the operations perfornmed by the first operation unit 37 and
the seconinepenation wsi to3be eReendteidorirfondesr Prdciedsdrs to say,The
following is a description of the operation of the present processor when
decodi ng awHemx&bet degosjiag fresuldpdaicat iopresent indtimictiiors s fimachart
showi ng an exanple of a procedure that handles 32-bit constants. First,
t he di ff er aocbrahehweperiatd osit dised.nddlosedyf (e megsdrerst RAaddild i s
found (step S80), and the result is nmultiplied by the stored

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

is to say, 32 bits.

mgw:ﬂmw

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.

This corresponds to when the content of the constant

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

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



value of R2 (step S81). The 32-bit constant "0x87654321" (the val ue
"87654321" in hexadecinmal) is then added to the result of this (steps S82,
S83), and finally the register RO is cleared (step S84). Fig. 9
shows an exanple of a programthat has th present processor performthe
procedure shown in Fig. 8. The progran14§ conposed of the three

I nstructions 71-73. In Fig. 9, one line corresponds to one instruction,

and the cehleeRtalife ettirdd By WHd Won St \We /s @£ DG Cso | €ttt eslramcht he
separate fields of each instruction. In Fig. 9, the value of each constant

I S expressegelcutiomndasit®dl Afbe performed with the stored value of 41
the legend fntn (n=0-F)" shows the format code "n", while the legend "Rn

(n=0-15)" ehuedmitatitt Uedidicr 36 L OfeldPbvé CHAGELSS 6P dme register
set 34. O these, "R15" refers to the constant register 36. Fig. 10

s @ Ui m NGrERAnite RIS i QRAFALION @ £ Nend PRSEHnAERE 058 Ofndhen

executlng t he program shown in“Fig. . This Fig. 10 shows the clock

cycl es, f paaren) I S 15,
and the datg tha{&%‘sf)om%s@%on theqﬁE ourF %%ﬁ%loﬁgﬁg@i%?d%%{dl@ 3?%&16&8

fol l owi ng i3 RMEL USRI D @i heg operation of the present processor for
each of thg§ nstructions /71 to‘% with reference to Figs. 9 and 10.

'“S””C“O@zp&_a:ign_oj_ﬂum_ssg;

The following is a description.of the operation of the
present processor when decoding and executing specific
operations.

Fig. 8 is a flowchart showing an example of a procedure
that handles 32—bit constants. First, the difference
between the stored values of the registers RO and Rl is
found (step S80), and the result is multiplied by the stored
value of R2 (step S81). The 32-bit constant "0x87654321"
(the value "87654321" in hexadecimal) is then added to the
result of this (steps $82, .583), 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.
fhe program is composed of the three instructions 71-73. 1In
Fig. 9, one line corresponds to one instruction, and the
content of each instruction is shown by mnemonics located in
the separate fields of each instruction. 1In Fig. 9, the

value of each constant is expressed in hexadecimal. Also,



After the instruction 71 has been | oaded into the .instruction register 10,
the present processor perforns the operations shown in the clock cycles
t0-tl1 in Fig. 10. The format decoder 21 judges fromthe value "fnt4" of
the PO.0O field 11-in the instruction regjster 10 that the present
instruction is a twin operation instructfon with the format code "4", and
so controls the execution unit 30 so that the two operations described

bel ow are ¢&hectegend) fimbmal (nei0-F) " Shokisr sheOfomaatorcode "n”  Tivhichhst ant
regi ster control unit 32 controls its

42 eight ithteelregjersk|"Rot dns=0325) 32showst lthie tiad ukS-diidrexbrist ante ¢Ox8765)
| ocat ed between the P1.0 field 12 to the P2.2 field 15 is stored in the

| ower 16 bithe afedilstensndimither egigister 3@taddar diof theddie "RIG'age net hod
shown in Fig. 6B. Accordingly, the content of the register R15 changes
from " OxOpe@e@80td che) @ AnESregd steawdda.n the clock cycles tO-tl in
Fig. 10. 2. Second Operation The second operation unit 38

receives an inputrief. Qe isshotefingl thar@x3hdId3 a3 thef dpearaadrel alf riggd st er
RO and the stored value "0x22222222" of the general register Rl, and

after subtpedeid Prddetidor wheamekBeutande ithes p¥Rrdr&hdwesuld Fig ! he
general register . As a result, the stored
' 9. This Fig. 10 shows the clock cycles, the content of the
general registers R0O-R3 and the'registér R15, and the data
that flows on the four buses L1, R1l, L2, and R2.
The following is an explanation of the operation of the

present processor for each of the instructions 71 to 73,

with reference to Figs. 9 and 10.

Instruction 71

| After the instruction 71 has been loaded into the
instruction register 10, the present processor performs the
operations shown in the clock cycles t0-tl in Fig. 10. The
format decoder 21 judges from the value "fmt4” of the P0.0
field 11 in the instruction register 10 that the present
instruction is a twin operation instruction with the format
code "4", and so controls the execution unit 30 so that the

two operations described below are executed in parallel.

1. First O "y

The constant register control unit 32 controls its



content of the general register RO changes fromthe value "0x33333333" to
the value "0x11111111" in the clock cycles tO-t1 shown in Fig. 10.

I nstruction 72 Next, after the instruction 72 has been | oaded into .
the instruction register 10, the preseni_processor operates as shown in
clock cycles t1-t2 in Fig. 10. The forna 24ecoder 21 judges fromthe val ue
"fnm4" of the PO.0 field 11 in the instruction register 10 that the

present insgigiet iMtetnsl $lEcOHLS AB2HA32ASEHUEhREGN theet h6t-be tf eomstagede

"4", and so _ _ 43 controls the execution
unit 30 so (0k87431e 1oCabhersétReen €recribedehelawiar eoexteured2i Field
paral |l el . 1. First Operation The constant register control unit

32 control s1gts Ltaedi Dheen@l 1606LC16rBiB2ap82Rne0cbhatahlte riGilitler
constant (0x4321) l|ocated between the P1.0 field 12 to the P2.2 field 15

i's stored i¥g tdecd g 16 bihs Qéow@ecxaeﬁhaat shewhstar Fi36 amcording to

t he storage nethod shomn in Fig. Accordingly, the content of the
regi ster R r " 7 " 3310 he
oot R Sonnass s v ulente 158 ke SO shaeu o

"0x00000000" to "0x00008765" as shown in the clock cycles

t0-tl in Fig. 10.

2. Second Operation

The second operation unit 38 receives én input of the
stored value "0x33333333" of the general register RO and the
stored value "0x22222222" of the general register R1l, and
after subtracting the latter from the former, stores the
result in the general register RO. As a result, the stored
content of the general registef RO changes from the value
"0x33333333" to the value "0x11111111" in the clock cycles

t0-tl1l shown in Fig. 10.

Instruction 72

Next, after the instruction 72 has been loaded into the
instruction register 10, the présent 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



The second operation unit 38 receives an input of the stored value
"0x00000004" of the general register R2 and the stored value "0Ox11111111"
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 t 3val ue "0x11111111" to the val ue
"0x44444444" in the clock cycles tl-t2 shown in Fig. 10. I nstruction 73
Next, afteledditrd 1S LEREdlbuftd S uRe Bd Aslehd ithd R&io operations

44 instruction register 10, the present processor operates as shown in

cl ock cycl g&.ige? ir}?aﬁj&ilé%n e}{;{c"tﬁmn éit?gfgjﬁ[el 21 judges fromthe val ue

"fm7" of the PO.0 I nstruction register 10 that the
present instruction is a twn operation instruction with the format code
"7", and so controls the execution unit 30 so that the two operations

descri bed §§#§%t§%$65§$5¥%§g in parallel. 1. First Operation The
first oper %ves an input of the stored value "0x87654321"
of the general regjst t t al_ ye " " af_the
general register e%)é g%%%%’ﬁ%%legﬁ%v\% ﬁoc{)rgge%c?\?'er&*ble? %%s%g:%bé'& ﬁhteé result
in the general. regi [ 1 As. alr | to4t he st.ored.content. of the

gener al reg?’sqargr *gt%%li?ﬁ]gﬁejﬁ%ﬁﬁ?%e I.E&h %&4%1-2191‘325 rit%%lt counstant

(0x4321) located between the P1.0 field 12 to the P2.2 field

15 is stored in the lower 16 bifs of the constant register
36 according to the storage method shown in Fig. 6B.
Accordingly, the content of the register R15 changes from
"0x00008765" to "0x87654321" as shown in the clock cycles

t1-t2 in Fig. 10.

2. Second Operation

The second operation unit 38 receives an input of the
stored value "0x00000004" of the general register R2 and the
stored value "0x11111111" of tﬂe 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 "0x11111111l" to
ﬁhe value "0x44444444" in the clock cycles tl-t2 shown in

Fig. 10.

Instruction 73

Next, after the instruction 73 has been loaded into the



t he val ue "0OxCBA98765" in the clock cycles t2-t3 shown in Fig. 10. 2.

Second Operation The second operation unit 38 receives an input of
t he 8-bit constant ("0x00") that is located in the P1.0 field 12 and
the P3.1 field 17 and allows this consta&? to pass so that it is stored
in the general register R3. As a result, t he content of the general
regi ster R3 changes fromthe previously held val ue "OxFEDCBA98" to

" 0x0000000Q'ns t31cHIVM) register 10, the present processor opérates ase
clock cycles t2-t3 in Fig. 10. As descri bed above for the present

processor, dhifmadn Nidck By A8 6 3Rly. 110 SplThe | fdrmavodpesdsrt hat
are  arranged into the two’instructions 71 and 72, with these parts being

successi vely SIRM IFEdd ORI AN ALt the D0 S £141g 115int oned

val ue. This store onstant 1s then wused according to the third

i nstruction, %}3}&&&5:{ %%j?sté?}y 110Kk Sthe e JUE olid Ersberon i Dst Be

flowchart o can e executed by the three instructions 71-73.

The fol |l owi ng. | | : | t
L SR A LT G, Ol ol Neoogr v anogessor

using a dif 16-bit constants. Fig. 11

shows an exanpl e ol f,87 ALARINRLIPOKESS Aot Plike CORS! 3P4 rallbisPr 00T am

S conposed: e frve lons 74 to
described below are executed in parallel.

1. First C i
The first operétion.unit 37 receives an input of the
stored value "0x87654321" of the general register R15 and
the stored value "0x44444444" of the general register RO,
and adds the two together before storing the result in the
general register RO. As a result, the stored content of the
general register RO changes from the wvalue "0x44444444" to
the value "OxCBA98765" in the clock cycles t2-t3 shown in-

Fig. 10.

2. Second Operation

The second operation unit 38 receives an input of the
8-bit constant ("0x00") that is located in the P1.0 field 12
and the P3.1 field 17 and allows this constant to ﬁass so
that it is stored in thé general register R3. As a result,
the content of the general register R3 changes from the -

previously held value "OxFEDCBA98" to "0x00000000", as shown



The operation of the present processor for each of -the instructions 74 to
78 is as described bel ow. I nstruction 74 When the instruction 74
has been | oaded into the instruction register 10, the format decoder 21
judges from the value "fm O of the PO.Q.field 11 in the instruction
register 10 that the present instruction s a triple operation instruction
with the format code "0", and so controls the execution unit 30 so that

the three ofef athénclock C)(cles t2-t3 in Fig. 10. 46 descri bed
bel ow are executed in parallel 1. First Operation The const ant

register control aAdideskZri8Y ldicvd (for & iprddeit PriRd HEHr P aBB2h so
that-the 4-bit constant ("0x8") located inthe P1.0 field 12 is stored in

the | owest p#c btdSs©int MeOLONSS L3811 6H Sdir1 1361 rPES Ok f}ﬂaﬁﬁ% thieaStHFage

met hod shown in Fig. 6A 2. Second Operation The first operation
unit 37 recgiy¥asgéd ineditid &S indRestiid e DiaddeDenpel trgdster RS,

and allows this value to pass so that 1t is stored in t he general register
RI. 3. Thirds PeiRyi Shccessively stored in the constant register 36
by shifting its stored wvalue. 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 inétructions 71-73.

The folléwing is an explanation of the operation of the
present processor using a different program that deals with
16-bit constants.

Fig. 11 shows an example of a program that handles a 16
bit constant. This program is composed of the five
instructions 74 to 78.

The operation of the present processor for each of the

instructions 74 to 78 is as described below.

Instruction 74

When the instruction 74 has been loaded into the
instruction register 10, the format decoder 21 judges from
the wvalue "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



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. I nstruction 75

When the instructien 75 has been |oaded into the instruction register 10,
the format decoder 21 judges from the v&Pue "fm O of the P0.0 field 11 in
the instruction . 47 register 10 that

t he presendeiscstibect ibedows axre rixelonteapdmatpamalilredi uction 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
sel ectors 32aF3ists Qpemitiidye 4-bit constant ("O0x7") located in the P1.0

field 12 is stored in the lowest 4 bits of the constant register 36

accordi ng to theThleOlcape taiit! kedishtewn contidod. weAt A2 ordticl DEafsat i on,
the constant "Ox87" is set in the |owest 8 bits of the constant register

36. : f-tﬁq@md igRraldloselectors3R2 323 sepaiit athalntbidY daetags an
i nput o e

("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. Second Operation

The first operation unit 37 receives an input of the
stored value of the general register R6, and allows this
value to pass so that it is stored in the general register

R1.

3. Third @ "

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

general register R2.

Instruction 75
When the instruction 75 has been loaded into the
instruction register 10, the format decoder 21 judges from

the value "fmt0" of the P0.0 field 11 in the instruction



stored val ues of the general register RO and the general register Rl, and
adds these val ues together. The first operation unit 37 stores the
addition result in the general register RIl. 3. Third Qperation

In the same way, the second operation Egﬂ 38 receives an input of the
stored val ues of the general register and the general register R2, and

adds these val ues together. 48 The
second openrddidtdini1o dhst ofRs presaidiinairyasion i a tdwipjener al
regi ster R2. I nstructions 76. 77 Instructions 76 and 77 are

execut ed i Ryddyen Hide MRt At TS Gi the d1d Oferma bdife a'0"gsldrid tde const ant
"0x8765" is stored in the lower 16 bits of the constant register 36.

Instructi opgiferols th&ékedhiodSUAIEIIPN &ris draercH rglashd it drie

i nstruction register 10, the present processor operates in the sane way as

when pr006%?%%9ﬁ%@§&rH@ié@ﬂaf@-executedAﬁnqﬁﬁﬁitﬂﬁﬂ.abOVe for the present

processor, bt constant "O0x8765" is split into four parts that are
arranged into the instructions 74-77, with these parts being successively
stored in the constant register 36 by shifting its stored value. This

stored cons angy 5 (b keRen

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
"O0x87" is set in the lowest 8 bits of the constant register

36.

2. Second Operation

The first operation unit 37 receives an input of the
stored values of the general register RO and the general
register R1l, and adds these values together. The first
operafion unit 37 stores the addition result in the generai

register R1l.

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.



according to the fifth instruction, instruction 78. Conparison with a

St andard Processor The following is a descri-ption of the processing
performed by a standard processor for a programwi th the sane processing
content as shown in Figs. 9 and 11 and conmparison with the processing of
the present invention. ‘Here, the expre on "standard processor"” refers to
a 49 processor that executes

| nstructi O‘i‘ﬁe""%%:%n\ﬂooga bB 'u 1tf' 98 t3lred? thid 2ddiitd ors rdsultaim as the
present processor ept or t | ack of a construction, such as the

constant Lgdi Eﬁ%r%ﬁ ng%rCQQstant regi ster control unit 32, for

accunul ating ¢ nstants t at 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

I nstructio re.: dfe =5 S osed that the standard processor can execute
three type;§&#£§5§+dgébg$%rﬁgﬁ I nstruction, instructions 101-103, and one
oo " ot e SHEGL ISP 7 08 A the send iy B

shows an exanpl e programto execute

Thi h t F
0. which i 88 asigoafaio eaneanpcfﬁaiégaﬂ?rg%é‘ﬁe SRt LT Crd S S TS
As can be S%%rnl:eb rghar 'l%qv gls Jb t%ndof:'ﬁie COx{J]:eant 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 prdcessing instruction 73.

As describeq above for the present processor, the 16-
bit constant "0x8765" is split into four parts that are
arranged into the instructions 74-77, with these parts being
successively stéred in the constant régister 36 by shifting
its stored value. This stored constant is then used

according to the fifth instruction, instruction 78.

. . wit]
| The following is a description of'the processing
performed by a standard processor fof 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



program for the standard processor includes two nore instructions that the
program for the processor of the present invention. The reason the
"nop" codes are included in the instructions 105 and 106 is that the

i nstruction 106 uses the operation res%ﬁ of the instruction 105, so that
these instructions cannot be executed i1 parallel. Also, the reason the
constant "0x87654321" is divided into an upper 16 L

50 bits pndcessomethag eixecutist imstruetions mhasenstand lengfilstst R
(instructions 107 and 108) is that it is not possible to set a 32-bit

const ant afitixad epeBdat bdtsgodadf dis thessamen@s e PRESENE PROGETIA%
32-hit instruction. ~ Fig. 14 also shows an exanple of a programfor a
standard percepsoforTithe leck af lkasdnstrewtdqn,ocasd @@ twhteanstant
program shown in Fig. 11. As can be seen by comparing Fig. 14 and Fig. 11,
t he progr apefostetre 36t andarthe wonsdssdr deydlsintes aondnodr ariifst3dctfh t han
the programfor the processor of the present invention. As

descri bed abewfuliitd nighsionstantiss tiverc tasck pedrhelivirdesk Ssattwesn t he present
i nvention have a highly efficient field structure whereby a maxi num of

t hree oper ahiser@ictdonde i ndicated using a conparatively short word |length

of 32 bits. Accordingly, with the processor of the present

invention, a 16-lplily.0n 232 shicksC @he! Filelidale fidE gidN 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
éingle operation instruction, instruction 104.

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

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

The reason the "nop"™ codes are included in the
instructions 105 and 106 is that the instruction 106 uses
the operation result of the instruction 105, so that these
instructions cannot be executed in parallel. Also, the

reason the constant "0x87654321" is divided into an upper 16



di vided across a plurality of instructions can be - accumulated in the
constant register 36 to restore the constant to its original form wth it
t hen being used for a branch operation or arithnetic |ogic operation.
Accordingly, when a small region is avag{ ble in an instruction, this
region can be effectively used for |oc ng a part of a constant, so that
the code size of the programcan be reduced conpared with when the same
51 procesgly 'asncPE‘a[ i Y o AR G AGESSH the dddip@at i ons of

t he Periphéra rcunt of the Constant
Regi ster 3 . £ ' ' } Pid rad yodid¢ cations
to the peri(}:pﬁ%'rszﬁe%;%bu{#{%ﬂé}%’%@n?{gﬁfﬁ%g%ﬂr%Ga% own in Fig. 5.
First Mdificatd Fil hp 15 0 S gﬁg ' SeryE {h (&5de for
constructi&osoﬁlbqge pt-é(?isp%ter%allgazci]blri'iizil‘ui':fcg;‘r%)%]ll hé %%)dgg%%ﬁ register 36 in the
present nodification and its_ connectjon, Lpas s 4 | he const ant
Fegi ster oahiSSHE Y (NGO 1 4 Fudfd Sfibie dngeaftefod 0F POOS
operate as a shifi, regjster, the constant register ¢ [t_ 90 shown
in Fig. 15 différsds ThAYe %Wi:o"_r%t%ﬁﬁm%%i td S8 s o
paral | el Irg%gnéf é%éggéegggg.SQﬁﬁi;'ﬁ?%é#émtﬁﬁg the same processing

content as program shown in Fig. 11. As can be seen by
comparing Fig. 14 and Fig. 11, the program for the standard
processor includes one more instruction than the program for
the processor of the present invention.

As described above, the instructions executed by the
érocessor of the present invention have a highly efficient
field structure whereby a maximum of three operations can'be
indicated using a comparatively short word length of 32
bits.

Accordingly, with the processor of the present
invention, a 16-bit or 32-bit constant that has been
divided across a plurality of instructions can be
accumulated in the constant register 36 to restore the
constant to its original form, with it then being used for a
Sranch_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



differences lie in the connections between the constant register control

unit 90 and the format decoder 21 and in - the construction of the
constant register control unit 90. The constant regi ster control
unit 90 is conposed of a stored digit nter 91 and eight input selectors

90a to 90h. The stored digit counter 9I"1is a 3-bit counter which shows
t he nunmber of valid bits in_the cogstant V\/nichd's cjDresently stored in the
constant rREPSEsRing i§ Regpfpsmed by a standard processor. 52
bit) units. On receiving an instruction fromthe fornat decoder 21
to store a constant located in the instruction register 10 into the
constant register 36, the constant register control unit 90 refers to the
present valQ@LsLCARIOBEILAILILGELILPASIR G Sdt hat it can store the
constant taken fromthe instruction register 10 at the appropriate
position in the constant register 36. TheQ5eHB%&QQQ$€§$§+§$9£§FFF6§5unit
90 then updates the value stored by the stored digit counter , 91. |
Similarly, on reZbevifedlovingi dat Bofepcsiption Gindevedddo MOALELGatigns
instruction decoder 22 that the stored value of the constant register 36 -
has been r&adthedpesdphieralacigsarist iadh thehcaniianthtreEfier3eshawd unit
90 uses the fixed value ("0") 92 to store all zeros in the constant

regi ster 3fn ®ige &gai n, the constant register control unit 90 then
updates the value stored by the stored digit counter 91.

a G K .

First Modification

Fig. 15 is a block diégram showing the construction of
a peripheral circuit of the constant register 36 in the
present modification and its connection pattern.

While the constant register control unit 32 shown in
Fig. 5 has the constant register 36 operate as a shift
register, the constant register control unit 90 shown in
Fig. 15 differs in having the constant register 36 function
as a parallel input register. More specifically, the
differences lie in the connections between the constant
register control unit 90 and the format decoder 21 and in -
the construction of the constant register control unit 90.

The constant register control unit 90 is composed of a
stored digit counter 91 and eight input selectors 90a to
90h. The stored digit counter 91 is a 3-bit counter which
shows the number of valid bits in the constant which is

presently stored in the constant register 36 in nibble (4-



In detail, on receiving an indication fromthe format decoder 21 that the
value in the P0O.0 field 11 is "0" or "1", the constant register control
unit 90 controls the input selectors 90a to 90h so that the one nibble
constant stored in the P1.0 field 12 i tored in the constant register
36 using one of the eight storage patte shown in Figs. 16Ato 16H in
accordance with the value "0" to "7" stored in the stored digit counter

91. Having gye $ t he 53 constant
regi ster cBhE! oP ﬁﬁ?f 90 then |ncrenents the stored value of the stored

digit counter 91 "1 | ar o] c I pdj Lop1from
tkglforn;t decog rrﬁfefﬁﬁ?gtﬁﬁ %ﬁ? ﬁu?#y?ﬂegﬁéﬁ Eh ?gr@%t!agbgaEk El
constant re control ,unit.90 trol s, the_i I to 90h
so that thE f8 PrﬁlﬁbF8n55ﬁ§FaﬁPc§%8 ean BFmégﬁtgﬁétﬁ%ﬁ Q% %éagnd t he
P2.2 field 15 is_ stored t he ,const gnt i ster .36 ei ght
storag; p&PF@LﬁQeSESRﬁtPHtFFsglsg 33 1%&% ﬁ°§EESP&;%8ggﬁ%?% t nEQ§é Lg
"O" to "7" stored in the stored digit coun #t I%&@%e& , the
const ant r ugi&t &0 68ﬁFF§IthtPeQGr RERt Vﬁ P@n@ §hFh§t e of the
stored digit counter 91 "4, rece|V|n% |nd|cq;|on romthe
format deceg@uanter 9ehge Fﬁétv&FugaPnSFREePGhG crask ?f jtakeg. t8%nst ant
register control unit 90 controls the input selegtors 904 t.0 90h o t hat
the four nilBStEVEEHAONaFEIdSSREd 10n ath&he apPTOPIi@ te) PASH Hémdth 1% P3. 0

field 16 and the P3.2 field 18 ) .
constant register 36. The constant register control unit 90

then updates the value stored by the stored digit counter
91. Similarly, on receiving notification from the format
decoder 21 or the instruction decoder 22 that the stored
value of the constant register 36 has been read and used in
an operation, the constant register contiol unit 90 uses the
fixed value ("0") 92 to store all zeros in the constant
register 36. Once again, the constant register control unit
90 then updates the value stored by the stored digit counter
91.

In detail, on receiving an indication from the format
decoder 21 that the value in the P0.0 field 11 is "0" or
"1", the constant register control unit 90 controls the
input selectors 90a to 90h so that the one nibble constant
stored in the P1.0 field 12 is stored in the constant
register 36 using one of the eight storage patterns shown in
Figs. 16A to 16H in accordance with the value "0" to "7"

stored in the stored digit counter 91. Having done so, the



Is stored in the constant register 36 using one of .the eight storage
patterns shown in Figs. 18A to 18H in accordance with the value "0" to "7"
stored in the stored digit counter 91. Having done so, the constant

regi ster control unit 90 then increnené%%the stored val ue of the stored

digit counter 91 by "4". On rec ing an indication fromthe format
decoder 21 . . 54 that the v%g%e I n t$e
PO. 0 fi el d cPRStant regipter, conprolyunid, S0 idian AR GrAmat i TR he

instruction decoder 22 that an operation has used the stored value of the
constant ragiug @f Ihastarahaigic cmwateghRlahyY r'dgister control  unit 90
controls the input selectors 90a to 90h so that a 32-bit "0" constant is
stored in the corfsimidaniayi smeres@izdngseandndicatdom Fram\shey fRrmeato,
the constant register control unit 90 clears the stored value of the
stored di gidecastamt2k that cche'value in tive PQ e Kigld dit ¥ dgi4lerthent rol
unit 90 in this first nodification of the first enbodi ment, pieces of a
const ant t hednsirantli segisteredcentoml arndlturd icontsfols rehe Uapwhs in a
speci al i zed regi ster can be reconstructed to formthe original single
constant, iselertcrseddmytasiOnidd thet ddvestfnir meibbskerconstant sbored?2.
However, unlike the constant register control unit 32, the constant
regi ster codtwiennthe 9L hsfidlal ckthdrahtthehirzd. 2 | Bielkkd Hyisnsopredt ion
| ocated in a follow ng instruction

the constant register 36 using one of the eight storage

patterns shown in Figs. 17A to 17H in accordance with the

value "0" to "7" stored in the stored digit counter 91.

Having done so, the constant register control unit 90 then

increments the stored value of the stored digit counter 91

by "‘4".

On receiving an indication from the format decoder 21
that the value in the P0.0 field 11 is "5", the constant
register control unit 90 controls the input selectors 90a.to
90h so that the four nibble constant stored 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 using one of the eight
storage patterns shown in Figs. 18A to 18H in accordance
with the wvalue "0" to "7" stored in the stored digit counter
91. Having done so, the constant regis;er control unit S0
then increments the stored value of the stored digit counter

91 by "4".

On receiving an indication from the format decoder 21



stored in higher-order bits in the constant register 36. Accordingly, when
havi ng the processor of this nodification performthe procedure shown in
Fig. 8 for exanple, the programshown in Fig. 9 needs to be anmended so

t hat the constant""0x8765'ir1instrucﬂ§%17l and the constant "0x4321" in
I nstruction 72 are interchanged. 55

Second Modi fication - Fig. 20 is a block diagram show ng the .
constructi @na@f tH&dl8ld BheitHe PO .QVifidla tie ipnedgntr3egicd era86 om the
present nodification and its connection pattern. The const ant

regi ster copt HQAlediffitng! HHAf £ild¥ S ol Hidnl G3d Ghd triidtidrrddcoddre Zpnst ant
register control unit” 32 showmn in Fig. 5 in that it has the constant

CUTSLer, s Bondial mpsanus dakuiale of fietomealiov o
roverel. | ddiedd 64 G ol IO EBR O S egoa: Tderepnet
0Lt Sl yr Caanlian e db dasteand . gon 50 e 5107
vali 0 AR dapd 65 e TR Nl B Hlgfodeanedas
LTI Sl BT L b0 S0t nd oo plbgl oyl e

the sign bit:. e sign ex n ] ud ether a
control unit 90 clears the stored value of the stored digit

counter 91 to "0".

With the constant register control unit 90 in this
first modification of the first embodiment, pieces of a
constant that are distributed among a plurality of
instructions in a specialized register can be reconstructed
to form the original single constant,.in the same way as
with the constant register control unit 32.

However, unlike the constant register control unit 32,
the cbnstant register control unit 90 has the constant which
is used by an operation located in a following instruction
stored in higher—oider bits in the constant register 36.
Accordingly, when ha&ing the processor of this modification
ﬁerform the procedure shown in Fig. 8, for example, the
program shown in Fig. 9 needs to be amended so that the
constant "0x8765" in instruction 71 and the constant

"0x4321" in instruction 72 are interchanged.



constant located in the instruction register 10 is-the first constant to
be stored after a read has been perforned for the stored value of the
constant register 36, and if so, <controls the constant regi ster control
unit 190 so that the constant in the |n§§ruct|on register 10 is given a

si gn ext ensi on before being stored

in the constant register 36, |If not, the sign extension control unit 191
control s tﬁ#ﬂxﬁﬁhd&ailikﬁgﬁkﬁkr control unit 190 so that the constant in
the instruction register 10 is stored in the constant. register 36 as S
wi thout a sign exEkGsidh. iTR dulegk diggram Fhewrg st cIMyBiIcHAM 9 1 i s
internally provided wth a read flag storage unit 192 for storln a 1-bit
read flag,thacepipheral heixcnie of the corskant gegisiegSantt theo jn
accordance with instructions fromthe format decoder 21 and the
i nstructi orpxiesenfernodification Rnd s iconnechien tPakse¥t on chart show ng
the changes in the value of the read flag storage unit 192. On
recei ving notifi cEité orofisbant eediostar chwrrk wiirloq el iwsks ucti on
decoder 22 that the stored value of the constant register 36 has been
read, the shodifktabionnisceimibir uodtti®icerstanheregistenicemerekad fl ag
storage wunit 192 after the read at "1". On the contrary, on receiving
notificati ounftod2tskownrimt Filgcoflein 2ihatait ahasobkhe aponsbanlt coeghstar
instruction register 10 has been stored into the constant register 36, the
si gn extens3énoperate so that a present stored value is shifted to

allow a new value to be stored. The constant register

control unit 190 differs, however, in that it adds a sign

extension before storage in the constant register 36 and

that it does not have the stored wvalue of the constant

register 36 cleared even when this wvalue has been read.

The sign extension process mentioned here is a process
which, when the number of wvalid bits in a value is less a
predetermined number of bits, regards the most significant
bit (hereinafter abbreviated to "MSB") in the value as a
sign bit and fills the upper bit positions with the same
logical value as the sign bit.

The sign extension control unit 191 judges whether a
constant located in the instruction register 10 is the first
constant to be stored after a read has been performed for
the stored value of the constant register 36, and if so,

controls the constant register control unit 190 so that the

constant in the instruction register 10 is given a sign



control unit 191 sets the stored value of the read flag storage unit 192
at "0". The sign extension control unit 191 refers to the read flag
storage unit 192 when storing a new constant in the constant register 36,
and adds a sign extension to the const before storing in the constant
57 register 36 if the value of the rea | ag storage unit 192 is "1".

It should be noted here that in Fig. 20, the signal I|ines that branch from

are oi gnal SFERBELERaPeTr bellh Mbrod Bl R inale i, Lhgi gl o e 'S
gﬁ;ﬁ;gtse?n9¥h5t°gt?oﬁ:§%p§§1tgi?\é;%X%%:‘n%t%%er ici?r?sﬁré)n]t %i%??ﬁ%f%%\gdf{h%gaéhfl ag
Fi o 9an SHORSCARE BSHER Tor SR ot SLaRe Uit (1S PR Enth |
From the CGHe 4AS CERERIATOEeR SUaT 110 AGS COB (' S ST TR content of
after he FOGIECRMARAR Liode MIRRARE o Grhon Sigastod, 4% adTRE ST ECT
SR L0 She ST LS Son e 7 L5 ARG £V BRSO o

i medi ately- after the val ue. "OxFFFF8765" stored in Fig. as been
%ith a read flag storage unit 195 égr storfhg asz£{E rea

flag, and updates the value of this read flag storage unit
192 in accordance with instructions from the format decoder
21 and the instruction decoder 22.

Fig. 2i is a state transition chart showing the changes
in the value of the read flag storage unit 192.

On receiving notification from the format decoder 21 or
the instruction decoder 22 that the stored value of the
constant register 36 has been read, the sign extension
control unit 191 sets the value of the read flag storage
unit 192 after the read at "1". On the contrary, on
receiving notification from the format decoder 21 that a
constant located in the instruction register 10 has been
stored into the constant register 36, the sign extension
éontrol unit 191 sets the stored value of the read flag
storage unit 192 at "0". The sign extension control unit
191 refers to the read flag storage unit 192 when storing a
new constant in the constant register 36, and adds a sign

extension to the constant before storing in the constant



read fromthe constant register 36. As descr.i bed above, this second
nodi fi cation of the first enbodi ment has a sign extension control unit
191 whi ch nonitors the need to add a sign extension using the read flag
storage unit 192, so that when a consta i s divided

58 and split between a plurality of instructions, the constant can be

accunul ated in, the cons register 36 .and so estored to i ri g8 nal
val ue with 585 ’éxf%r?sf(r)l‘w cb‘? 234 | %]ha storaq?e &1%2‘3 jl'%é a
bl ock dlagranlzgpmnng t he constructlon of the peripheral circuit of the
const ant regt 36 in the present nodi fication and its connection

pattern. The constant reqis control uni 9 f .

modi fication is sﬁ‘?n?l}sﬁu]t‘ﬁri?%él e thats i EE,J&T( &oqo tsﬁ%ﬁ?% n the
second nodi fication in that it has the const an %lster 36 qﬁﬁﬁit

that a preskitesiehal Reaneh Fzomthe QPERPLS | *%P SEREFRE ¢ %‘[‘%red
and in that it adds a sign extension. The difference with the second
modi fi cat i othe sSekeEter ghg%%t%ﬁmﬂ SHACKRFF ATR S WM SiR83 n‘@h%
constant in the constant register 36, but is perfornmed when rea

constant fremlyheorsespend FRgthe drighest of thel?P??mp%ﬁ§m94%QUt9m€ﬁthe

peripheral circuit of the - constant register 36 of the present
nmodi fi cat i ovh@ngespectivaneelectopditern are conpared with the perlpheral
circuit

Figs. 22A to 22F show the changes in the stored values

of the constant register 36 and the read flag storage unit
192 in this second modification,of the first embodiment.

Fig. 22A shows the content of the constant register 36
and the read flag storage unit 192 immediately after the
constant "0x87654321" has been read from the constant
register 36, while Figs. 22B to 22E show the content of the
constant register 36 and the read flag storage unit 192
immediately after the 4-bit constants "0x8" "0x8", "0x7",
"0x6", and "0x5" have been stored in the constant reglster
36. Fig. 22F, meanwhile, shows the content of the constant
register 36 and the read flag storage unit 192 immediately
after the value "OxFFFF8765" stored in Fig. 22E has been
read from the constant register 36.

As described above, this second modification of the
first embodiment has a sign extension control unit 191 which
monitors the need to add a sign extension using the read

flag storage unit 192, so that when a constant is divided



and connection pattern shown in Fig. 5, it can be seen that there is no

construction for storing all zeros in the constant:-register 36 in this

third nodification and that an extension control unit 291 and a zero/sign

ext ension unit . 58 59 293 are newy

provided in this third nodification. The constant register control

unit 290 perforns tF sane operations as the constant register control
SRLEF Jpeicen &

unit 32 s Bween & RIYTAA1tY 9binRbrUctians, hEne 6PBEtaRY ue
of the constant register_  36. |, When a constant that_is read out from
the const arftn rRgi dcermsk2teq,dn heGops tant r 6ILAFEr 238 8BFi P8I s the
zero/sign extension unif 293 so that the read constant is given a sign
ext ensi on OFESCOEFD Bt LF3i i HNh FFb1e aFtth FosEgnsextengieRs ension
control unit 291 is internally provided with a stored digit counter 292
which is a 3-bit counter. The stored digit counter 292 stores the nunber
of wvalid bits in the constant stored in the constant register 36 in

ni bbl e uni tBhixy Madificakiom indication fromthe format decoder 21 that a
new constant is to be stored in the constant register 36, the extension
control unit 291 Figerddeis A thlock clicatxini shewlng ethe@ogongtruethaonbef of
nibbles in the new constant. On receiving notification from the format
decoder 21 “hetperipberakbtchrcuice ibrtle comstant regbstervabudnothehe
constant register 36 has been read out, the extension control unit 291
resets the presenbfmofidfication and its connection pattern.

The constant register control unit 290 of this
modification is similar to the constant register control
unit 190 in the second modification in that it has the
constant register 36 operate so that a present stored value
is shifted to allow a new value to be stored and in that it
adds a sign extension. The difference with the second
modification is that sign extension is not performed when
storing a constant in the constant register 36, but is
performed when reading a constant from the constant register
36.

In the same way, when the peripheral circuit of the -
constant register 36 of the present modification and its
connection pattern are compared with the peripheral circuit
and connection pattern shown in Fig. 5, it can be seen that
there is no construction for storing all zeros in the

constant register 36 in this third modification and that an

extension control unit 291 and a zero/sign extension unit



stored digit counter 292. The extension control unit 291 outputs a
1-bit control signal that indicates the required type of extension (which
is to say, sign extension or zero extension) in accordance

60 w th an indication received fromthegnstructi on decoder 22 and
outputs a 3-bit control signal show ng tﬁ value of the stored digit
counter 292 to the zero/sign extension unit 293. The zero/sign

extensi on_ w3 283 AR § Brkidid S Opts R HP AUAPHILEELBY, the constant

register 36 as an input” and perforns el ther sign extension or zero

vl e bite (exprisad R aRg e R Bl ST eReaE, (e O
xt onsi on (oo SRR AR R LA et I o M e o
| 00 ii{"’VZISSth‘:’PS%"%” i MBS s M MR PRI O
G bits 1 e st e eé'%’ﬂ%ﬁ Fotlaial e have a hi gher order than
zero oxt Sﬁéfﬁn”“%an%%% 1Al AT S t%rYeSScé’%%f“ fea
e o AL 30, A4 B V2ol i
zero/sign extension unit 293 so that the read constant is
given a sign extension or a zero extension as appropriate.
To do so, the extension control unit 291 is internally
provided with a stored digit counter 292 which is a 3-bit
counter. The stored digit counter 292 stores the number of
valid bits in the constant stored in the constant register
36 in nibble units. On receiving an indication from the
format decoder 21 that a new constant is to be stored in the
constant register 36, the extension control unit 291
increments the stored digit counter 292 by the number of
nibbles in the new constant. On receiving notification from
the format decoder 21 or the instruction decoder 22 that the
stored value of the constant register 36 has been read out,
the extension control unit 291 resets the value of the
stored digit counter 292.
The extension control unit 291 outputs a 1l-bit control
signal that indicates the required type of extension (which

is to say, sign extension or zero extension) in accordance



As one exanple, when the stored value of the constant register 36 is
"0x87654321", the requested type of extension is Sign extension and the
nunber of valid bits is four nibbles, the zero/sign extension unit 293
out puts the val ue 0 61 "0x00004321".
As descri bed above, this third enbodinen? of the first enbodinent is able

to accunul ate and restpre a constapt that has been divi ded and | i
between a prtFl 3Ry IRALICRELLR (EEFRHECR NEF PR %s%%ﬁﬁrq%ﬁﬁgﬂeﬁgﬁﬁﬁg n%zhas
the value in_this constant register 36 used in a pranch or other h
oper ation BPRrowFPUEs FPTRLE SPRRrek: 2HERdh $roWLDe the YLyt oh. the
Fourth Modification, . Fig. 24 is a block diagram show ng the,
construct | oW-@¥ed i hhaher FPWater 292 teithe FEEOLITFER HHLIRIFR HNBE in the
present nodification and its .connection pattern. The const ant
regi ster cof®¥el unit 390 of this nodification is sinmlar to the constant
register control unit 32 shown in Fig. 5in that it has the constant
regi ster 36 operBi® ZRreh3ton ¢rensiontwnil 2233 as thei3dhit osteredw a
new value to be stored. The difference, however, lies in the nmethod used
to performvalgesoutpiuhgedndyi bhe heonstantigeegbster ofb i3S tar Trpwet aand
register 36. More specifically, in addition to shifting the stored val ue
of performs either sign extension or zero extension on this
value according to the type of extension and number of value
bits (expressed in nibble units) that are indicated by the
extension control unit 291. More specifically, when the
required type of extension indicated by the extension
control unit 291 is sign extension, the zero/sign extension
unit 293 outputs a value obtained by copying a logical value
of a bit that corresponds to the highest-order bit out of
the number of valid bits indicated by the extension control
unit 291 into all bits in the outputted 32-bit constant that
have a higher order than the indicated number of wvalid bits.
When the required type of extension is zero extension,
meanwhile, the zero/sign extension unit 293 outputs a value
obtained by writing zeros into all bits that have a higher
order than the indicated number of wvalid bits.
As one example, when the stored value of the constant
register 36 is "0x87654321", the requested type of extension

is sign extension and the number of valid bits is four

nibbles, the zero/sign extension unit 293 outputs the value



the constant register 36 fromthe high-order bit poesitions to the

| ow-order bit positions, a new constant located in -the instruction
register 10 is stored in the high-order bit positions of the constant
register 36. It sheuld be noted 62
here that the stored value of the constaﬁ? register 36 is cleared after
being read, in the sane way as in the construction shown in Fig. 5.

As can be g egHB%#§§ garing Fig. 24 with Fig. 5 the connection patterns

for the con8d¥ i“ster 36 are symmretrical in the direction of the bit

positions, wth the sanme conponents being_ used. . Wth this fourth
modi fication, a $8 H&SERILRAs8POVEI tmmg?\kﬁddambml@qm: e Wh sttt
register 36 to zero can be_ set into the constant register 36 using a
smal | er st ePhgaimentcdis; ablas tonacsuammliate \anch Beft ey BEMStahsthak
"0x87650000" is set after clearing the stored value of the constant
regi ster 3Baswbernt dvdgese andospddttt detwserrigg plsiraliiiey X6£ bit constants
"0x8765" and "0x0000" need to be stored. Wth the connection pattern of
Fig. 24, hanetsnctiensy isn&hes cons tamts iregiste@Ah" arsedws dhse wlnred.
This is useful when setting nuneric values wth a fixed deci mal point
where al |l 8l tbdsf gonstiant registeim@6 pmsiedt imaa teranady @r othéxr t h
Modi fication The processor of the fifth nodification is simlar to
operation after first adding a sign extension or a zero

extension.

F th Modificati

Fig. 24 is a block diagram showing the construction of
the peripheral circuit of the constant register 36lin the
present modification and its connection pattern.

The constant register controi unit 390 of this
modification is similar to the constant register control
unit 32 shown in Fig. 5 in that it has the constant regisfér
36 operate so that a present stored value is shifted to

" allow a new value to be stored. The difference, however,
lies in the method used to perfofm this shifting and in thé
storage position in the constant register 36. More
specifically, in addition to shifting the stored value of
the constant register 36 from the high-order bit positions
to the low-order bit positions, a new constant located in
the instruction register 10 is stored in the high-order bit

positions of the constant register 36. It should be noted



the processor of the first enbodinment in that the stored value of the
constant register 36 is shifted to allow a new value to be stored. This
fifth enbodi ment differs, however, 63
by having a new function whereby a nem13g2bit constant, which is given by
|l i nking a constant directly indicated as “the source operand 54 of the
first operation fheld 9 and the constant that is already stored in the

constant reBPEBeFhatsthes stored ¥alyg ofether songsank: rea1isher 3% 48 the
-effective source operand of the first operation field 59. The
fol | owi ng i St§288HapEE8TdLEdRgpERSA ofint §he SaMmef ¥A¥nas Wit khehe first
enbodi nment . Fi.g. 25 is a bl ock diagram show ng the construction of
t he peri pheFPRELrEGLtion shewncdRs®ig- Begister 36 in this fifth
nodi fication and its connection pattern. . The read flag storage unit
28 is a 1-bit nenBPyCBRabe seenebyt bompardngaFigtald withhEigenbt ahhe
register 36. This read flag storage unit 28 is used when judgi ng whet her
to clear thoenpestaenypRfFerns: forcthet sonsteptsregisser 36 areFig. 26 is a
state transition figure show ng the changes in the value of the read flag
st or age uni sye@etThealyvinughef dilrectéad bifaghet bisigposnitiol8,i wisht the " 1"
when the stored value of the constant register 36 has been read but the
storage of &amencompenents bedngomsednt regi ster 36 has not been
performed. When the value of the read flag storage unit 28 is "1" and an
operation indi cat Waght kbis fourth modification, a value which sets all
lower-order bits in the constant register 36 to zero can be
set into the constant register 36 using a smaller storage
circuit. As one example, when the new 32-bit constant
"0x87650000" is set after clearing the stored value of the
constant register 36, with the connection pattern of Fig. 5,
two 16-bit constants "0x8765" and "0x0000"™ need to be
stored. With the connection pattern of Fig. 24, however,
only one 16-bit. constant "0x8765" needs to be stored. This
is useful when setting numeric values with a fixed decimal
point where all wvalues following'the decimal point may be

ZeXxo.

Fifth Modificati
The processor of the fifth modification is similar to

the processor of the first embodiment in that the stored

value of the constant register 36 is shifted to allow a new

value to be stored. This fifth embodiment differs, however,



storage of a constant is specified, the constant register control unit 490
performs control so that the stored value of the constant register 36 is

cl eared before the new 64 constant is
stored. After this,  the value of the reag flag storage unit 28 is set at
"0". By prOV|d|ng a read flag sto gge unit 28 in this way, it is

possible to judge whether a zero clear is required when storing a new

constant. sy th#tiag honga FAAGEIon"GREFERYY a! el 9CHhRC Bigampyal ue of

the const ant register 36 inmed atel this value is rea doi ng

so, the St&ﬁf@hvf§u§h9% Bg/f?HﬁiE&tir88h§E35t3§19§?tEﬁé1%%&%%&&& dd S

ené|¥ety as describ I he processor resent
Shown i n g SodEeE ofraid $84E0CARTERLLE SokgnriBE, %Ld?%%%gﬁvf°r”ats
storage uni % ohbeahiutdabe; pol g hey Fggegggggggagcgz§%§gn%ff%g@stfx-as

nodi fi cati on e val ué  of he rea
t tial t . f t de
(val ue i n 138 ptSosypRited es. file’ rbilop8ry 19%?&813f37hes 58S £1 ag
"1t h " " f b h
175t oper SFFGREFra) sovser oRRetiitear Thenibiphoopstatiett ghede Serand
I's "Rsl" and the Eﬁgtfo 6gfn8pféa£ degaifgé description of this

difference with the first embodiment.

Fig. 25 is a block diagram showing the construction of
the periphery circuit of the constant register 36 in this
fifth modification and its connection pattern.

The read flag storage'unit 28 is a 1l-bit memory that
stores the internal state of the constant register 36. This
read flag storage unit 28 is used when judging whether to
clear the stored value of the constant register 36.

Fig. 26 is a state transition figure showing the
changes in the value of the read flag storage unit 28. The
value of the read flag storage unit 28 is set at "1" when
the stored value of the constant register 36 has been read
but the storage of a constant into the constant register 36
ﬁas not been performed. When the value of the read flag
storage unit 28 is "1" and an operation indicating the
storage of a constant is specified, the constant register
control unit 490 performs control so that the stored value

of the constant register 36 is cleared before the new



At the same tinme, the operation specified by the second operation field 60
I s executed. Wen doing so, the source operand is "Rs2" and the
destination operand is "Rd2". 65

Next, the constant ““const"” specified by é%e P1.0 field 52 is stored in the
area 36h of the constant register 36, and the areas 36a to 36g are cl eared
to zero. After this, the stored value of the read flag storage unit 28 is

n Oll | f H H n Oll
Frrst, the Sopsui HNCEoRE AR El LAE P ARG O Ve R0 SFIS
execut ed. @gﬁgfggén@nfg,zgyf%ﬁggégﬁ% f rand is "Rsl" and the destination

operand is nt, the operation specified by the
second operatio [ 60. 1 s execut ed. en_doi ng sS0,,4 he ur ce _operand
is "Rs2" and therhdisge#%é%#)lolj}g o‘?)el?ea%% %sag rage thit I\?eitl,nt B i s
the areas 36b 10 36h of,the constant, register 36 is shifted 4 bits to the
ot 50 as T 16 2eas LS| Fo  FRtE dne it 13 g0 sieftart aeduitede
specified b thetPl.O field 52 is then stored in the argﬁ 36h of the
Constant r AR FEIELOGHR DEY EORTEIRD (SAIHRG S 11T e LORARE 28 i o Kept

at "0". Processing for_the format cqge "1 1) When the val ue of the
read flag é?%ﬁ%@@?ﬂ%i¥°2%1?§r"ﬁhe stored value of the constant register

36 immediately after this value is read. By doing so, the
stored value of the cbnstant register 36 can be reused in
its entirety, as described below.

The processor of the present modification performs the
following operations for the instruction formats shown in
Figs. 2B to 2D in accordance with the value of the read flag
storage unit 28. It should be noted here that the processor
of this modification has the value of the read flag storage

unit 28 set at "1"™ as its initial state.

Processing for the format code
(lli]]!ﬁ in tha EQ Q ﬁj§1d JJ) "Q"

(1) When the value of the read flag storage unit 28 is nym

First, the operation "opl" specified by the first
éperation field 59 is executed. When doing so, the source
operand is "Rsl" and the destination operand is "Rd1l".

At the same time, the operatioﬁ specified by the second
operation field 60 is.executed. When doing so, the source

operand is "Rs2" and the destination operand is "Rd2".



First, the operation "opl" specified by the first .operation field 59 is
execut ed. When doing so, the destination operand i's "Rd1" and the source
operand is the 66 4-bit constant
"constl1l™ that is specified by the P2.1 field 54. At the sane tine,
the operation specified by the second operation field 60 is executed. Wen
doi ng so, the source operand is "Rs2" and the destination operand is

"Rd2". Next ., the constant "const" specified by .the P1.0O fieLd .52 is
stored in the ar &£¥8n tq?éi%tﬁ&tt arr%i”r%é'ioﬁpém‘ﬁ:e&/éﬂﬁeﬁlh% %r egshs%?iéto
36g are cleared to zerp., After this,_ _the stored value of the read_flag
storage unit? 2 i%t%‘iﬁé)a]tn whp ages IR Pf khe WS AN ECIEILeF| ga'st or age
unit 28 is "0" First, the operation "opl" specifieg%$¥ the first
operation 3l D 3%LIS 38R P FE PRI FPAFE thR 29Kt | oF bBBefand is
"Rd1" and the source operand is a 32- bit constant obtaineg bz | i nki ng the
stored val U®fstoedatrlue abthe ctradifkad LRRAHUREYi 4% e+S382hi 8K t he
4-bit constant "constl1l" that is specified by the P2.1 field 54. After the
content of THe. constant register 36 has been read, the read flag storage
unit 28 is set at "1". At the sane time, the operation specified by
the second operation field 60 is executed. Wen doing so, the source

operand is "Rs2" and the destination operand is "Rd2". . i
(2) When the value of the read flag storage unit 28 is "0O"

First, the operation "opl" specified by the first
operation field 59 is executed. When doing sé, the source
operand is "Rsl™ and the destination operand is "Rdl".

At the same time, the operation specified by the second
operation field 60 is executed. When doing so, the source
operand is "Rs2" and the destination operand is "Rd2".

Next, the value is the areas 36b to 36h of the constant
register 36 is shifted 4 bits to the left so as to be stored
in the areas 36a to 36g. The constant "const" specified by
the P1.0 field 52 is then stored in the area 36h of the
constant register 36. The wvalue of the read flag storage

unit 28 is kept at "on,

Processing for the format code "1"

(1) When the value of the read flag storage unit 28 is "1"
First, the operation "opl" specified by the first

operation field 59 is executed. When doing so, the

destination operand is "Rd1l" and the source operand is the



Next, since the value of the read flag storage unit 28 has been set at
"1", the constant "const" specified by the P1.0 field 52 is stored in the

area 36h of the constant 67 regi ster
36, and the areas 36a to 36g are cleare 0 zero. After this, the stored
value of the read flag storage unit set at " ". Processing for

e T Gl oA, HaR o a”€ o e B i i P e S

field 59 |§ execut ed. When doing so, the source operand is "Rsl" and the
destinatio 4operand s "Rdl". At the same tine, the operation

specified by the_second ergtion field 60 i s execute 0i ng_ SO the
source operand BF -sag%d dddt§ PRSTAL Jo?fér%f-?ﬁf”ré’ q\é\g’f £He &S

it is judged whether the branch condition of_ the eration . "cc" eC|f|ed
by the Pl.9peratdopn field§Gigpxeqyteq, %%e@cd%ﬁw %y f"?qﬁjsscf %ranch
destination address, fromthe content of the, constant reglster 36 and
stores theopezand i 1he2'Pandridy AfTeimeion operand fp \B2ie: of the
read flag storage unit 28 is kept at (2) Wen the value of the read

flag storage uni tNepgE 4 sthegconstant If|<‘+‘°§15t'f hepepefird dv "El Plife e ld by
the first
52 is stored in the area 36h of the constant register 36,

and the areas 36a to 36g are cleared to zero. After this,
the stored value of the read flag storage unit 28 is set at
"o".

(2) When the value of the read flag storage unit 28 is "O"

First, tﬁe operation "opl" specified by the first
operation field 59 is executed. When doing so, the
destination operand is "Rdl" and the source operand is a 32-
bit constant obtained by linking the stored value of the 36b
to 36h areas of the'constant register 36 with the 4-bit
constant "constl"™ that is specified by the P2.1 field 54.
After thé content of the constant register 36 has been read,
the read flag storage unit 28 is set at "1".

At the same time, the operation specified by the second
operation field 60 is executed. When doing so, the source
operand is "Rs2" and the destination operand is "Rd2".

Next, since the value of the read flag storage unit 28
has been set at "1", the constant "const" specified by the

P1.0 field 52 is stored in the area 36h of the constant



operation field 59 is executed. Wen doing so, the source operand is "Rsl"

and the destination operand is "Rdl". At the same time, the
operation specified by the second 68
operation field 60-is executed. \Wen doi so, the source operand is "Rs2"
and the destination operand is "Rd2". Next, it is judged whether the

branch condition of the operation "cc" specified by the P1.0 field 52 S

satisfied. _ If, 33 fin t h dest |

fromthe c&TEANt-S 5f5%ﬁ 8ﬁ3¢§hFrF@§'§%?rt§Bg d%gfbﬁégaﬁﬁﬁ resu |n t he
PC (progra ount The, val.ue of e re 28 is
set at "1 é:g‘&&'n&hfeors‘:t dfé’tat;}'é’[e (?gdé.' Byxe )élé%e ttt%[]r%q{%al uettof t he
read fl ag ora e un|t Zgb "1 First, the operation "opl"

speci fied eration field 59 is executed. Wen doing so, the
destination operand |s "Rd1" and the source operand is the 4-bit constant
"const1l" that is specified by the P2.1 field 54. At the sane tine,

t he operatlon speci fied by _the second operation field 60 is executed. Wen

doi ng so, tHECERRIIW Heralra- g litis are-“-he destination operand is

"Rd2". Next, it is judged whether_ the branch condltlo of the

oper ation "do" Wistkitheaine Rf mhe gead F1og istaradsied 28 %0t the PC

unit 33 finds the branch destination address L.
First, the operation "opl” spec1f1ed by the first

operation field 59 is executed. When doing so, the source
operand is "Rsl" and the destinetion operand is "Rdl".

At the same time, the operation specified by the second
operation field 60 is executed. When doing so, the source
operand is "Rs2" and the destination operand is "Rd2".

Next, it is judged whether the branch condition of the
operation "cc" specified by the P1.0 field 52 is satisfied.
If so, the PC unit 33 finds the branch destination address
from the content of the constant register 36 and stores the
result in the PC (program counter).

The value of the read flag storage unit 28 is kept at

"1".

_(2) When the value of the read flag storage unit 28 is "0"
First, the operation "opl" specified by the first

operation field 59 is executed. When doing so, the source

operand is "Rsl" and the destination. operand is "Rd1l".

At the same time, the operation specified by the second



fromthe content of the constant register 36 and stores the result in the

PC (program counter). The value of the read flag storage unit 28 is
kept at 69 "1" . (2) When the val ue
of the read flag storage unit 28 is "0O" First, the operation "opl"

specified by the first operation field® is executed. Wen doi ng so, the
destination operand is "Rd1" and the source operand is the 4-bit constant

" t1" that i Lfi the P2.1 field_ 54. . . At ' tine,
the. oper at 1 BIPAIEERT | P O Scersaiteger U8R dPind 887 ShExES0EES. e
doi , th e | and is_"Rs2" d the destinati d i

“razt. " ‘obesghl X5 WL T Rpd deunoteef TRaEIRRaRBREBORALE OROBT -t he
operation "cc" specified 3%%the P1.0 field 52 is satisfied.

LT PC
unit 33 finds thdBremdt dedil4easdvhethessthe BRARA EB’H%HPBfS 8;&{{8

constant register, 36 and stores_the result in the rogram counter).
The val ue cﬁpﬁ%t%'%%d??‘l’ SReGHEHed Ay tbe P%'Qef‘-lﬁig 53 lgr 88§§§%ﬁ§%or

the format code "4" (é% When the val ue of the read flag storage unit 28 is
mp 5o, the Bpaimit ods shhedsi ERephrapehsdeshdnghernt A8ATesSel d 60

I s executed. Wen doing so, the source operand is
from the content of the constant register 36 and stores the

result in the PC (program counter).

The value of the read flag storage unit 28 is set at
"ir.

(1) When the value of.the read flag storage unit 28 is "1"

First, the operation "opl" specified by the first
operation field 59 is executed. When doing so, the
destination operand is "Rdl" and the source operand is the
4-bit constant "constl" that is specified by the P2.1 field
54. |

At the same time, the operation specified by the second
operation field 60 is executed. When doing so, the source
operand is "Rs2" and the destination operand is "Rd2".

Next, it is judged whether the branch éondition of the
dperation "cc" specified by the P1.0 field 52 is satisfied.
If so, the PC unit 33 finds the branch destination address
from the content of the constant register 36 and stores the
result in the PC (program counter).

The value of the read flag storage unit 28 is kept at



"Rs2" and the destination operand is "Rd2". . Next, the sixteen bit
constant "const" that is ) 70

specified between the P1.0 field 52 and the P2.2 fleld 55 is stored in the
16-bit area 36e-36h of the constant register 36 and the content of the
areas 36a-36d is cleared to zero. Afte his, the value of the read flag

storage unit 28 is set at "0". (2) When the value of the read fl ag
storage unl'i"28 is "0" . First, the operation specified by the second
operation field 60 is executed. Wien doing so, the source operand is
"Rs2" and the destination operand is "Rd2". Next, the value stored

in the |l ower sixteen bits 36e- 36h of the constant reglster 36 |§ %hlfted
to the higla) Whent tbe lvalsue36f 8be¢, read fhegsistosagebinitorst 48t "0Const "
that is specified between the P1.0 field 52 and the P2.2 field 55 is
stored in the Iow&rssbxthenoperatsﬁa-36p16fsphelfasdsbxnthﬁe§i§§§r 36.
After this, the value of the read flag storage unit 28 is kept at "0".
Processi ngoi:eﬁ:atthenf dimld 6edds" BkecfitpduheWhene dodinge sof, the read fl ag
storage unit 28 is "1" First, the operation specified by the first
operation dkis@lithatlons opeaaided.s Mhﬂn"danﬂgthe siole c20 wpee amge rizn dthies

4-bit constant "constl" that is specified by the P2.1 field

54.

At the same time, the operation specified by the second
operation field 60 is executed. When doing so, the source
operand is "Rs2" and the destination operand is "Rd2".

Next, it is judged whether the branch condition of the
operation "cc" specified by the P1.0 field 52 is satisfied.

If so, the PC unit 33 finds the branch destination address
from the content of the constant register 36 and stores the
result in the PC (program counter).

The value of the read flag storage unit 28 is set at

"1".

(1) When the value of the read flag storage unit 28 is "1"

First, the operation specified by the second operation
field 60 is executed. When doing so, the source operand is
"Rs2" and the destination operand is "Rd2".

Next, the sixteen bit constant "const" that is



"Rsl" and the destination operand is "Rdl". - Next, the sixteen bit
constant "const" that is specified by the P1.0 field 52 and the P3.0 field
56- P3. 2 71 field 58 is stored in the
16-bit area 36e-36h of the constant gy ter 36 and the content of the
areas 36a-36d is cleared to zero. Afte his, the value of the read flag
storage unit 28 is set at "0". (2) V%en the value of the read flag storage

unit 28 is "0" i rst r eci f.i byt he £i ration
(el d 5o | SPBEATHES) PaRHER ISR, Fan0 Eiel8, SR énspiﬂa §2.2° iR SPELL
destinati on operand i ue pover

si xt een b|F§°§6§ lnBG%eoﬂ%%H&tcéﬁ§?aﬁge é&PsP r%gg cgng%aﬁteéﬂﬁtqﬁhe hi gher
si xteen bits 36a-36d, and the sjxteen bit S t st" &tgta% S

speci fi ed PReaps Fhel goatsat of the Bregsy r%g %@ lst éel st or ed
in the | ower sixteen bItS 36e 36h of the con tant |ster %ﬂ? ter this,
the val ue &Etemethdfa ey yadus afe thg regd fi ; dtessi ng

for the format code "6" (1) v%en the val ue of the read flag storage unit
28 is "1" set at Fi"st, the operation "opl" specified by the first
operation field 59 is executed. Wen doing so, the destination operand is
"Rd1" and the source operand is the 8-bit constant that is obtained by

|l i nking the 4-bit ' wan
(2) When the value of the ‘read flag storage unit 28 is "0"

First, the operation specified by the second operation
field 60 is executed. When doing so, the source operand is
"Rs2" and the destination operand is "Rd2".

Next, the value stored in the lower sixteen bits 36e-
36h of the constant register 36 is shifted to the higher
sixteen bits 36a-36d, and the sixteen bit constant "const™
that is specified between the P1.0 field 52 and the P2.2
fieid 55 is stored in the lower sixteen bits 36e-36h of the
constant register 36. After this, the value of the read |

flag storage unit 28 is kept at "0".

Processing for the format code "SU

(1) When the value of the read flag storage unit 28 is "1"
| First, the operation specified by the first operation
field 59 is executed. When doing so, the source operand is
"Rsl" and the destination operand is "Rdl".

Next, the sixteen bit constant "const" that is

specified by the P1.0 field 52 and the P3.0 field 56-P3.2



constant "const1" specified by the P1.0 field 52 and the 4- bit constant
"const1" specified by the P2.1 field 54. At the sanme tine, the
operation specified by the second 72
operation field 60-is executed. \Wen do%qg so, the source operand is "Rs2"
and the destination operand is "Rd2". (2) When the value of the read
flag storage unit 28 is "0" First, the operation "opl" specified by
the first fopeHabBOAsf istlodteddins theeds-bdt Whrea dHer@ 6o off lthe desti nation
operand is "Rd1" and the source operand is the 32-bit constant that is

obt ai ned byohbRlihkg rele stalrtug6saethe RontRntows thi hideas SHBBEABGS of
the constant register 36 with the 4-bit constant "constl" specified by the

P1.0 fiel de183raad tiheedohi t agast ahli s’ Cohe Valuredf itek peddeRy 1 field
54. Since the content of the constant register 36 has been read, the val ue

of the readibhragesi@idgQguiist s&¢ iax @M, at "1". At the same tine,
t he operation specified by the second operatlon field 60 is executed. Wen

doi ng so, ,SE? WA @ heORRANMR] J1S thidS Te s E1ld sdﬁﬁtaid@tdrﬁft PPN 16
"Rd2". rocessing for the format code "7" ~ (1) Wien the value of the

ggggi 1]: : gg E;O{ ﬁg f':fr@st %gglergf%gﬁlﬁne sge?g.r:?.?dextﬂxl}?%grﬁbrﬁgg ol ng;lsoc?, t he
source field 59 is executed. When doing so, the source operand is
"Rsl"” and the destination operand is "Rdl".
Next, the value stored in the lower sixteen bits 36e-
36h of the constant register 36 is shifted to the higher
sixteen bits 36a-36d, and the sixteen bit constant "const"”
that is specified the P1.0 field 52 and the P3.0 field 56-
P3.2 field 58 is stored in the lower sixteen bits 36e-36h of

the constant register 36. After this, the value of the read

flag storage unit 28 is kept at "0".

Processing for the format code "6%
(1) When the value of the read flag storage unit 28 is "1"
First, the operation "opl" specified by the first
operation field 59 is executed. When doing so, the
destination operand is "Rd1l"™ and the source operand is the
8-bit constant that is obtained by linking the 4-bit
constant "constl" specified by the él.o field 52 and the 4-
bit constant "constl" specified by the P2.1 field 54.

At the same time, the operation specified by the second



operand is "Rsl" and the destination operand is "Rdl". At the sane
time, the operation specified by the second operation field 60 is
execut ed. When doing so, the 73
destination operand is "Rd2" and the so§%ﬁe operand is the 8-bit constant
that is obtained by linking the 4-bit stant "const1" specified by the
P1.0 field 52 and the 4- bit constant "constl" specified by the P3.1 field

56. (2>o%@f£tiaﬁ fj;‘éﬂ?n gh ibe &egd £h2g Ghenagsingi so28thé surce
p op Fire B

First, the eration speci y the first operation field 59 is

execut ed. i 8Reokhg goufGe RdohSop&eandafd thgzdestination
oper and isgygg?ga Is ﬁsZAtQ?Eeﬂégngeggﬁgé tﬂe ggera?ion specified by the
second operation field 60 is executed. Wen doing so, the destination

operand is "Rd2" and the source operand is the 32-bit constant that is
Chaenes b  HEpAOshUCy TR, RhECeghl i gtbbagd Brlropgnigorodoy of
CL 0119, 92 SREhpe $nB. boRRUBAAN! ~oReohdscterpA bcull HLEGE L 11 eld
R SO AR R R W S LRGN S
First, thedggggggkggn"8B%EaﬁﬁeggfhﬁglhyakgetLErEEUrce operand is the

32-bit constant that is obtained by linking the value stored

in the lower 24-bit area 36c-36h of the constant register 36

with the 4-bit constant "constl” specified by the P1.0 field

52 and the 4-bit constant "constl™ specified by the P2.1

field 54. Since the content of the constant register 36 has

been read, the value of the read flag storage unit 28 is set

at "1i".

At the same time, the opera;ion specified by the second

operation field 60 is executed. When doing so, the source

operand is "Rs2" and the destination operand is "Rd2".

Processing for the format code "77
(1) When the value of the read flag storage unit 28 is "1"
First, the operation "opl" specified by the first
operation field 59 is executed. When doing so, the source
operand is "Rsl" and the destination operand is "Rd1l".
At the same time, the operation specified by the second

operation field 60 is executed. When doing so, the



operation field 59 i s executed. Wen doing so, the destination operand is

"Rd1" and the source operand is the E 74
8-bit constant given by linking the 4-bit constant "const1l" in the P1.0
field 52 and the 4-bit constant "constl”_in the P2.1 field 54. At

the sane tine, the operation specified 39 the second operation field 60 is
execut ed. Wen d0|ng so, the destlnatlon operand is "Rd2" and the source

d ' figl 7.
operand is 4N 5:?1 “cﬁié%ea 3 Gfk%sz SREGHd Ssobycd F@pa?a&d i€l €né

(2) Wen the va ue ag storage unit 28 is First,

t he operatigoR 4 tto nsé:%‘?ft: dred Rt il é{elﬁs b%eiﬁi‘%’ Eﬁ§|4i_§§tl s execut ed.

When doi ng 'soO, |on operan and the source operand is

the 32-bit tw 33 118 t S e i p_t he
| oner 24- bit° gs?czaté‘ad;f e clonssﬁ}éctq' regl s %’ 1‘% i%hﬁ% |%9%oﬁrsl?a2t

"const 1" | ol "const 1"
specified &?&t ?% | eqés%tg' sge%cl?iﬁ&% ‘p’gnfp%fit Jcé)g%%ﬁgs]§ant regi ster
36 has been read, the value of the read flag storage unit 28 is set at
"l At the sane time, the operation specified by the second

operation fjeld 60 is exe uted en doi S thQn, gpgkrand is
"Rd2" and tG@ 38&?% et 4mki§$ %gﬁfagg %ﬁ?g éés)p"'églflbed by
the P3.1 field 57E"rst, the operation "opl" specified by the first

J

operation field 59 is executed. When doing so, the source
operand is "Rsl" and the destination operand is "Rdl".

At the same time, the operation specified by the second
operation field 60 is executed. When doing so, the
destination operand is "Rd2" and the source operand is -the
32-bit constant that is obtained by linking the value stored
in the lower 24-bit area 36c-36h of the constant register 36
with the 4-bit constant "constl" specified by the P1.0 field
52 ‘and the 4-bit constant "constl" specified by the P3.1
field 56. Since the content of the constant register 36 has
been read, the value of the read flag storage unit 28 is set

at "1".

Brocessing for the format code "87

(1) When the wvalue of the reéd flag storage unit 28 is "1"
| First, the operation "opl" specified by the first

operation field 59 is executed. When doing so, the

destination operand is "Rdl" and the source operand is the



75 Processing for the format code "9" (1) Wen the value of the read fl ag
storage unit 28 is "1" First, the operation "opl" specified by the
first operation field 59 is executed. Wen doing so, the destination
operand is "Rd1" and the source operandiésthe 4-bit constant "const1l"
that is specified by the P2.1 field 54. At the sane tinme, the
operation specified by the second operation field 60 is executed. Wen

doi ng so, (g8 eI NHAPLGORM A 1ihkiRY trnd bt sSamperaakis” t he
8-bit constant given by linking the 4-bit” constant specified by the P1.0

field 52 with H? ﬁlThbd L LONP ISP larkP &G d | fithily cdr{?caﬁ?t Inddrpdtl 67in thd 2)

When t he v§1 e read flag storage unit 28 is First, the
operatlon'gﬁni é? £d by the first operation fleld 59 is executed.
When doi ng so, the destlnatlon operand is "Rd1" and the source operand is

the 32-bit cOnStante, bt alfect i |4l RibdiiA 1 Belpddh Mda 3iPond Yk O

the constant regis t “const ant const1" that 1Is

speci fied n&/@é{g}fﬁ i‘.éfédslfﬂissé &g&fz Wrﬁoﬂ{ té‘@ ca.gétant regi ster

36 has bee read orage un s set at

brecurod. RS EARTEOE, e%g{eh&pf&'-fﬁ&? b¥nd eh& S ELe BEALAS N { | B 60 i s

execut ed.
4-bit constant "const2" specified by the P3.1 field 57.

(2) When the value of the read flag storage unit 28 is "O"

First, the operation "opl" specified by the first
operation field 59 is executed. When doing so, the
destination opefand is "Rdl1" and.the source operand is the
32-bit constant that is obtained by liﬁking the value stored
in the lower 24-bit area of the constant register 36 with
the 4-bit constant "constl" specified by the P1.0 field 52
and the 4-bit constant "constl" specified by the P2.1 field
54. Since the content of the constant register 36 has been
read, the value of the read flag storage unit 28 is set at
i

At the same time, the operation specified by the second
6peration field 60 is executed. When doing so, the
destination operand is "Rd2" and the source operand is the

4-bit constant "const2" specified by the P3.1 field 57.



76 destination operand is "Rd2" and the source operand is the 8-bit
constant given by linking the 4-bit constant "const2" specified by the
P1.0 field 52 with the 4-bit constant "const2" specified by the P3.1 field
57. Processing for the format code "A™ (1) Wen the value of the read
flag storage unit 28 is "1" First/D the operation "op2" specified by
the second operatlon fleld 60 is executed. Wien doing so, the destination
operand i s pyRekh, . - oithe  16-bit constant that is

gi ven by | inKing const2" that is speC|f|ed by the

P2.0 field @ f It s&¥rElgRNtun qpqa;ZL t'het i s
speci fied % &'ﬁ‘e%% ° w}a%]\% 2 ‘e fe*&%Aﬁlle&rgt this, tgﬁq |nsl j udged whet her

t he branch condl l%t't ﬁ:eht%‘épe%tl ern%?&gns %q_lfg_leqdb@ytq{@_eﬂ]r&flel d 52

is satisfied. I unit e branch desti nati on address

fromthe corb f’fef&’@%%}eﬂe%t%gf w%t%éesult in the

PC (prograﬁ coun er) e sto value of t € read flag st or age

32:: gg ::d%s na"’gu;r}lppes ardd)i Sl e Al od e fdiﬁ%cag stenage

he operatlon op2 specl e second
4-bit constant "constl" that is specified by the P2.1 field

54.

At the same time, the operation specified by the second
operation field 60 is executed. When doing so, the
destination operand is "Rd2" and the source operand is the
8-bit constant given by linking the 4-bit constant specified
by the P1.0 field 52 with the 4-bit constant specified by

the P3.1 field 57.

(2) When the value of the read flag storage unit 28 is "0"

First, the operation "opl"” specified by the first
operation field 59 is executed. When doing so, the
destination operand is "Rd1l" and the source operand is the
32-bit constant obtained by linking the lower 28-bit area -
36b-36h of the constant register 36 with the 4-bit constant
"constl" that is specified by the P2.1 field 54. Since the
content of the constant register 36 has been read, the read
flag storage unit 28 is set at "1".

At the same time, the opération specified by the second

operation field 60 is executed. When doing so, the



77 operation field 60 is executed. Wen doing so,-.the destination operand
is "Rdl" and the source operand is the 16-bit constant that is given by
linking the 12-bit constant "const2" that is specified by the P2.0 field
53 to P2.2 field 55 with the 4-bit consjeant "const2" that is specified by
the P3.1 field 57. After this, it 1s judged whether the branch
condition of the "cc" operation specified by the P1.0 field 52 is

sati sfi ed. debtimatilon Rperand i3 MRAYS tamel Hrhen doumes tapestansh igdditgss from
the content of the constant register 36 and stores the result in the PC
(program gewdkeidonstant gilteh Hyondakialgiechd 4-41e bt eavhstang Stammsfl 'lni t
28 i.s then set at "1". Processing for the format code "B" Thi s

i nstructi ogpaifigilitgatiee @6 0 MEdIC IS0 WitaNthd Me-bddntaorstE@ntt he
constant register 36 is not referred to, regardless of the value of the
read flag 9iQymadeudeci®ied sy iRy Bl 10ffidlad @rration is the 24 bit

constant given by I|inking the 16-bit constant "const?2" specified by the
P1.0 field 52 to P2.2 field 55 with the 8-bit constant "const2" specified
by the P3.1 field 57 to the P3.2 field 58. ' The following is a

wRp"

detail ed el A

(1) When the value of the read flag storage unit 28 is "1"

First, the operation "op2" specified by thé second
operation field 60 is executed. When doing so, the
destination opgrand is "Rd1" and the source operand is the
16-bit constant that is given by linking the 12-bit constant
"const2" that is specified by the P2.0 field 53 to P2.2
field 55 with the 4-bit constént "const2" that is specified
by the P3.1 field 57.

After this, it is judged whether the branch condition
of the "cc" operation specified by the P1.0 field 52 is
satisfied. If so, the PC unit 33 finds the branch
destination address fram the content of the constant
register 36 and stores the result in the PC (program
counter).

The stored value of the read flag storage unit 28 is

| kept at "1".

(2) When the value of the read flag storage unit 28 is "0"

First, the operation "op2" specified by the second



78 operation of the processor of the present nodification when decoding
specific instructions. Fig. 27 is a flowhart show ng an exanpl e of
processing which handles a 24-bit constant. First, the difference between
the stored values of the registers RO apg RL is found (step S100). The
24-bit constant "0x876543" is then added to the result of this (steps
S101, S102), and finally the stored value of the register R2 is

t ransf er r edbgexatiioon r&ipld e60 Hls (etexmt®i3) When doirky gso28Rfows an
exanple of a programthat has the present processor performthe procedure
shown in Fidpst2ihatildre gpexpminis tRdifbse dfhd reounwe ioprrand ionsthe1 and
172.. The operation of the processor of the present nodification is
descri bed hied-pitni ¢dnsedret eticet tis tdissm thy lirsting tthonsl 247t acohdTant

It should be noted here that the stored value of the read flag storage

unit 28 is *donstR" hehatiis aspedfied Bynsthei®@2 o Adld 53 toA262 the
I nstruction 171 has been | oaded into the instruction register 10, the

format decogieg1 @155 udper thon-bie setswant MconoE2 hehdP. Os fspdelidded n the
instruction register 10 that the present instruction is a twin operation

I nstructi oy e the. {orf@igaceyye "4", and so controls the execution unit

30 so that the two operations described below are executed in parallel.

' After this, it is judged whether the branch condition
of the "cc" operation specified by the P1.0 field 52 is
satisfied. If so, the PC unit 33 finds the branch
destination address from the content of the constant
register 36 and stores the result in the PC (program
counter).

The stored value of the read f;ag storage unit 28 is

then set at "1".

. £ the format code "B"
This instruction only indicates one instruction, and
the content of the constant register 36 is not referred to,
regardless of the vaiue of the read flag storage unit 28. °
The operand of the operation is the 24 bit constant given by
iinking the 16-bit constant "const2" specified by the P1l.0
field 52 to P2.2 field 55 with the 8-~bit constant "const2™

specified by the P3.1 field 57 to the P3.2 field 58.

The following is a detailed explanation of the



79 1. First Operation The constant register. control unit 490
controls its eight internal selectors 490a-490h s6 that the 16-bit
constant (0x8765) | ocated between the P1.0 field 12 to the P2.2 field 15
is stored in the lower 16 bits of the cqonstant register 36 according to
the storage nethod shown in Fig. 5C Tﬁg3upper 16 bits of the constant
register 36 are cleared to zero. After this, the stored value of the read

second operhetatish o5 pfbredsor of ISR et cation ity
after subt ASRIRY HENee TRIRIAS R e stores the resalt in the
175 has been' | ondd 1 o 19 R SLRMPRAY SRqiRe A St iE 9t FEacGetiy o
2L ioes el inatles, Jina R0 KAE, b et on
e et o s i By Ui RER R A 4 g e
found (step S100). The 24-bit constant "0x876543" is then
added to the result of this (steps S101, S102), and finally
the stored value of the registér R2_is transferred to the
register Rl (step $103).

Fig. 28 shows an example of a program that has the
present processor perform the procedure shown in Fig. 27.

The program is composed of the two instructions 171 and 172.
The operation of the processor of the present modification
is described below with reference to these two instructions
171 and 172.

It should be noted here that the stored value of the
read flag storage unit 28 is "1™ in the initial state.
Instruction 171

After the instruction 171 has been loaded into the
instruction register 10, the format decoder 21 judges from
the value "fmtd" of fhe 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.



80 1. First Operation The operation in the P2.0 field 13 is an
operation which uses a constant as an operand, and since the stored value
of the read flag storage unit 28 is "0", a value ("0x00876543") given by
linking the lower 24-bits ("0x008765") g t he constant register 36, the
4-bit constant ("0x4") specified by ch P1.0 field 12 and the 4-bit
constant ("0x3") specified by the P2.1 field 14.is added to the stored

val ue of thRe EEinesmtlOpeatdiosy RO and the result s stored back into the

general register RO. The value of the read flag storage unit 28 is
then set at "1" The cSestahtOregdister controlThaited®®d cupdrzailisoritmit 38
receives an input of the stored value of the general register R2 and

al l ows thi sightl istierms Seedtvais 1490a5-4900r &b ithatheclgele-tit egi st er
R1. As descri bed above, a stored value of the constant register

36 is inplicgddpardtdioeg st )anbdatdd Hettesn thec ®Istatielddizaiecdhy an
operation to produce an operand that is used when executing the operation.

As a resul tpz gn £idied ats Ay tdrdttid ahed 14l 1 E WIHAME agdie keometdwE med
using only two instructions.

register 36 according to the storage method shown in Fig.

5C. The upper 16 bits of the constant register 36 are

cleared to zero. After this, the stored value of the read

flag storage unit 28 is set at "O0".

2. Second Operation

The second operation unit 38 receives an input of the
stored valué of the general register RO and the stored value
of the general register Rl, and after subtracting the latter
from the former, stores the result in the general register

RO.

Instruction 172

Next, after the instruction 172 has been loaded into
the instruction register 10, the format decoder 21 judges
from the value "fmté6" of the P0.0 field 11 in the
instruction register 10 that the present instruction is a
twin operation instruction with the format code "6", and soO
controls the execution unit 30 so that the two operations

described below are executed in parallel.



81 Fig. 29 shows an exanple of a programto be executed by the
processor of the first enbodi mnent when executing the procedure in the
flomchart shown in Fig. 27. As can be seen by conparing Fig. 29 and Fig.
28, the programfor the processor of t first enbodi ment includes one
nore instruction than the program for e processor of the present
nodi fi cation. As can be seen fromFig. 29, the processor of the first

enbodi nent 1i,s Fdmist Dueaxratdamerform one of the setting of a value in the

constant register and the use of the stored value of the constant register
in a single operhel eperatiohatin ther @2r. 0t iedaplls d« e qpeg@ddsimg shown
in Fig. 27, the two instructions 173 and 174 are needed to set the 24-bit
const ant wihlieha usws Elconstdnticls @h dpeiand;t iaad Isince sheedmkdd use
this constant. This neans a total of three instructions, instructions

173-175, akglueeddd.thds eddFldg storageopntidt i28 indW " nap'vaiase t o be
Inserted, with this being |ocated in the second operation field 60 of the

i nstructionrokd®s76543") AR WS Wy hethiahey &hevidwdhe pamicmssor of the
present nodification, a constant which effectively becones an operand can

be gener at & ohioPB 7P )ICUB Y ddiRtdnt r.fi?itgﬁéﬁtw, ithd he-wiahsdati¥tant
regi ster and a constant that is specified by an operation in an

misgauﬁgiegm-o\mt'h IdpR8i fikd RAS MY @1 @ Fiaild AP YelRxepisie an operation
constant ("0x3") specified by the P2.1 field 14 is added to
the stored value of the general register RO and the result
is stored back into the general register RO.

The value of the read flag storage unit 28 is then set

at "1" .

Second Operation

The second operation unit 38 receives an input of the
stored value of the general register R2 and allows this
value to pass so that it is stored in the general register

Rl.

As described above, a stored value of the constant
register 36 is implicitly indicated and is linked with
constants indicated by an operation to produce an operand
that is used when executing the operation. As a result, an
operation that handles a 24-bit constant can be performed

using only two instructions.



82 this generated constant. By doing so, the required nunber of execution
cycles can be reduced as conpared to the first enbodinent. The
processor which achieves the first object of the present invention has
been descri bed above by nmeans of the fjirst enbodi nent and the five
nodi fications, although it should be o Jious that the present invention is
not limted to the exanples described above. Further variations are b
described bel ow. Fig«{ B9 Shofs@ihiexamplen off & ATRFAT 1 Beh EXETehEPY
register 36 may be stored according to a method where the constant is
i nserted i rkthe IRFRGesFAUerohithe (Eixath qupadigens %ﬁeqrﬁﬁ?qqﬁ}nQﬂ{hﬁﬁ-order
bits (shown in Fig. 24). When storing a new constant intq the
constant r apesedurasin ithe dhgigharsisham dontiht Shy & 3% &Fd S
shown in Fig. 5 for exanple), or the previously stored constant may be
|l eft where by ¢emparingeFigw 2DRAAFiG: Ad Hhe Pregian ke ¥ position
(as shown in Fig. 15, for exanple). As net hods for extending the
hi gher ordeprdcessof of thmsfirst embedigent crcbidedtongl M&FOWn in Fig. 5,
for exanple), or a sign extension nethod (shown in Fig. 20, for exanple)
may be usedinstructidegthain nthe lprogramgfer wWe @rocessaxtahsihm or sign
extension is perforned, a nethod where constants are

present modification. As can be seen from Fig. 29, the

processsr of the first embodiment is only able to perform
one of the setting of a value in the constant register and
the use of the stored wvalue of the_constant register in a
single operation, so that in order to complete the
processing shown in Fig. 27, the two instructions 173 and
174 are needed to set'the 24-bit constant while a further
instruction, instruction 175, is needed to use this
constant. This means a total of three instructioné,
instructions 173-175, are needed. As a result, a no
operation code "nop" has to be inserted, with this being
loc;ted in the second operation field 60 of the instruction
175. ' -
As described above, with the processor of the present
modification, a constant which effectively becomes an
operand can be generated from the constant that is
accumulated in the constant register and a constant that is
specified by an operation in an instruction, with it being

possible to simultaneously execute an operation which uses



83 extended before storing in the constant register 36 (shown in Fig. 20,
for exanple) and a nethod where constants are extended after reading from
the constant register 36 (shown in Fig. 23, for exanple) are avail able.

As specific methods for perform ng zeroaﬁgtension, all zeros may be stored
In the constant register 36 immedi ately fter the stored value of the
constant register 36 has been read (shown in Fig. 5 for exanple), or the
fixed val u&éhi@' gemerated woastedtuheByadodimsy @a, ithetrequinrgd mupb¢Xhown
in Fig. 23, for exanple). By conbi ning the storage position, shift
execut i on/ ndnexecudiwn a@yclest ean be meduared &< awipared agthenfirst
executi on/ non-execution of a zero clear, a great nunber of wvariations of

t he presenemboddessdr. can be realized. In the present enbodi nent,
each processor only used one of the potential nethods described above,

al t hough this isTheotpradeissotrawhdaehf achtileerew atentfipradr essject Ast dihe .
exanpl e, a processor nmay have a construction whereby both zero extension
and sign exresem ifRjentd ore hiaer Beén \delstrdiidirabend angimsametdddeibei ng
sel ectively performed according to the operation code |ocated in an

instructi ofirst (efbodifdnite adldothec Hio@ MY fidth XY/ calitdudly ¥t th a

nuneric constant is given, although it is of course equally possible for

the invent ishpdld ¢ralobMildhsA thad d%eChresent invention is not limited
to the examples described above. Further variations are

described below.

(1) Constants which are stored into the constant register
36 may be stored according to a method where the constant is
inserted into lower-order bits (shown in Fig. 5) or into the
higher-order bits (shown in Fig. 24).

When storing a new constant into the constant register
36, a previously stored constant may be shifted (as shown'in
Fig. 5, for example), or the previously stored constant may
be left where it is and the new constant stored at a
different bit position (as shown in Fig. 15, for example) .

As methods for extending the higher order bits of a
constant, a zero extension method (shown in Fig. 5, for
example), or a sign extension method (shown in Fig. 20, for
example) may be used.

Regarding the timing at which zero extension or sign

extension is performed, a method where constants are



84 constant. This is because a |long character constant that is divided
across a plurality of instructions can be accunulated by successively
storing different parts of the character constant in the constant register
36. (3) As can be seen fromthe insbbuction formats shown in Figs. 2B
to 2D of the above enbodinment, only a 4°Bit or a 16-bit constant can be

stored in the cqnstant, register 36.by..a single ipnstr LON4iN bove
enbodinent?ngPasagﬁe%ﬁF§ i Sl 10 énlFH?tﬁPPghanrr%ﬁgg%%gsgﬁt(%ﬁégﬁtion.
As exanples, _it ig.equally possible to defipe,an, instr ' o] t

wher eby a &E-SFE-oéoa STpeKerp aﬁPdcénmﬁtﬂggowgarﬁnc#ﬁékggg%s?g%t
regi.ster 36 by a single instryctigon. To . do so, , it  is only_ nece ry to
change t he®X5RREEE 8% t5%: £&AALBL L£rRE™ ﬁEFiEﬂEFEFnEiFSgFFtéf 5§e§§§85 ant
register 36. _, (4% The processor of the Eieﬁint enbodi ment i s descri bed
as a VLI W-Br B&@ss@st HRT REX&™PWS)ofErafVEALARTs, 37 and 38, although the
present invention may, of course, also be applied to a grgcessor mﬁigout
VLI W ar chi t ect ur 8st BRECiEiE MeERods| Fo5nResHerRENgn26APt SERENFL0Bes@
instructions that only specify a single instruction. In,parhicular,

when usi ngzemosr By B stomeddd Jied Conskgntk, reahy teks SoudmrsrAdakely pe

defined with unused areas. As one exanple, the RI SC (Reduced Instruction
Set Conput efter the stored value of the constant register 36 has been

read (shown in Fig. 5, for examble), or the fixed value "0"
may be inserted when a constant is stored or read (shown in
Fig. 23, for example).

By combining the storage position, shift exedution/non—
execution, extension method, extension timing, and
execution/non-execution of a zero clear, é great number of
variations of the present processor can be realized.

In the present embodiment,.each processor only used one
of the potential methods described above, although this is
not a limitation for the present processof. As one example,
a processor may have a construction whereby both zero
extension and sign extension may be performed, with either
extension method being selectively performed according to

the operation code located in an instruction.

(2) In the above embodiment, an example dealing with a
numeric constant is given, although it is of course equally

possible for the invention to deal with a character



85 processor "R2000" that is produced by MPS TECHNOLOG ES, | NC. executes
instructions with a fixed word length of 32 bits. -The instruction set of
this processor includes- instructions with unused areas, such as an ADD

i nstruction where'five bits are unused, ,Wth the present invention, the
energence of this kind of redundant areB4n a single operation instruction
can be avoi ded. (5) In the present enbodi ment, the 4-bit operation code
"cc" refer sanstant.ndiThde isr Hecausserailions characsrsr songtapie thady d#

val ue of the constant register 36 that is inplicitly specified. This,
however, i slintitded |danass iaoPlurglitye ofr dastruchionsi 63R & that t he
operation code "cc" may be an operation which branches to a relative
address giaggumslated ot stiogsissdvedit sttogdnohdififerent pagdsaf ddenter or
an operation which perforns an indirect branch wusing a value stored in the
gener al registmateds coNshanthiin the doastasd, reigdstersBsnt regi ster control
unit 32 need not clear the constant register 36 imediately after the
stored value of the constant register 36 has been read, and instead nay
only clear the constant register 36 imedi ately after the execution of a
branch instg3ict i ;s par denseenn firesp thee instruktiope farmant sc stewhcdh
Deci si ons, such as which operations are to be assigned to the 4-bit

operation idfs. "2B"to @k oAy abisiec @mbodtithendt) lomlgas 4y-bidaldzed by
16-bit constant can be stored in the constant register 36 by
a single instruction in.the above embodiment, although this
is not a limitation for the present invention. As examples,
it is equally possible to define an instruction format
ﬁhereby 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 circuit of the constant register 36.

(4) The processor of the present embodiment is described as
a VLIW processor that has two operation uniﬁs, 37 and 38,
although the present invention may, of course, also be
applied to a processor without VLIW architecture that
includes only one operation unit and processes instructions
that only specify a single instruction.

In particular, when using instructions of fixed word
length, many instructions will be defined with unused areas.

As one example, the RISC (Reduced Instruction Set Computer)



86 changing the instruction decoder 23 and the constant register control
unit 32. Second Enbodi nent The following i's a description of a
processor which is a second enbodi nent of the present invention. The
processor of the present enbodi nent reglizes the second object of the
present invention, and is characterized having a function for avoiding
unnecessary operations during context switching by only storing and
restori ng PREcesSeE i"RANWO iR Gks produged Qﬁéﬂgh%c%ég%N9L°$ EShoul d be
noted here that in this enbodinment, the prefix "Ch" denotes that the
number in IfGesexefutesedfdvmetiongiwidily. a2 fixedaverdokergtrt®@bndf the

Processor Fig. 30 is a block diagram show ng the hardware
construct i bAtsf. t Fherinatmtism tssts el cinies cappode seer . inghedes esent
processor can be conposed of an instruction register 510, an instruction
decoder uninstroctienscetifth amused talss0s, suchnas nan rAhi bns teuctiomi t
550. In Fig. 30, the peripheral circuit which is connected to the present
processor wherewfiicte kit anwy unserk: erWikith nenerprédént himventsiasedtior
saving contexts, is also shown. . The instruction fetch unit 550 is
conposed okemargencst raftilos stiordigef deeduwsddmt stediim @ pingheéity of
I nstructions and an instruction fetch circuit for reading

operation instruction can be avoided.

(5) In the present embodiment, the 4-bit operation code
"cc" refers to an indirect branch operation that refers to
the stored value of the constant register 36 that is
implicitly specified. This, however, is not a limitation
for the present invention, so that the operation code "cc"
may be an operation which branches to a relative address
given as a fixed displacement from the present program
counter or an operation which performs an indirect branch-
using a value stored in the general registers 35. When this
is the case, the constant register control unit 32 need not
clear the constant register 36 immediately after the stored
value of the constant register 36 has been read, and instead
mhy only clear the constant register 36 immediately after
the execution of a branch instruction performed in response
to the operation code "cc". Decisions, such as which
operations are to be assigned to the 4-bit operation code

"cc", are design choices, and can be easily realized by



87 the next instruction to be executed fromthe i-nstruction storage
device and for transferring this instruction to the instruction register
510. The instruction register 510 is a 16-bit register that stores
one instruction that has been sent fro e instruction fetch unit 550.
The instruction decoder unit 520 decodes the instruction stored in the

I nstruction,reqi.ster,51Q_and ut put.s cantr signals in accordance with

t he decodiﬁ&angégﬁthFolpﬁérgfgéﬁ i §RCeArE g%o?nat%bﬁoﬁpﬁsﬁénﬁoted her e
that the instruction d coier unié 520 fundanmental | y decodes one

i nstructi ofSIASERE EPOEECINYRLENd2 control signals to the execution unit
530.. The execution unit 530 is a circuit which executes an

i nstruction based on the decoding result of the instruction decoder unit
520. This execution uniit 530 is conposed of an execution control circuit
300, a saverteSeESyeat=tdati on circuit 301, general registers 310, a
calculator 311, an operand access circuit 312, a constant register 320, a
number of valid Bhesfpédrwing 3812 deseriphaens @t drBroeeFEart wBgh iad
mul tipl exers 330, 331, and 332. The .save/restore invalidation circuit 301
and the coRsB&fONd eFbedimentcaift theoprasent érEention. unThespoogessolown

in nore detail in the other figures. The general registers 310 are
conposed oPf1dheo piesent embodiment realizes the second object of the

present invention, and is characterized by having a function
for avoiding unnecessary operations during context switching
by only storing and restoring the value in the . .constant
register when necessary. It should be noted here that in
this embodiment, the prefix "0b" denotes that the number in
question is expressed in binary.
Hardware Construction of the Processor

Fig. 30 is a block diagram showing the hardware
construction of the processér'of this second embodiment.
The present processor éan be composed of an instruction
register 510, an instruction decoder unit 520, an execution
unit 530, ahd an instruction fetch unit 550. In Fig. 30,
the peripheral circuit which is connected to the present
processor 500, which is to say the external memory 540 that
is used for saving contexts, is also shown.

The instruction fetch unit 550 is composed of an
instruction étorage device for storing a plurality of

instructions and an instruction fetch circuit for reading



88 registers RO-R15, with the stored values of these registers being
transferred to the calculator 311 or the operand access circuit 312 in
accordance with the decoding result of the instruction decoder unit 520
and control signals generated by the eéﬁpution control unit 300. These
values can then be used in operations, @ ransferred to the external nenory

540, or si l_ naé)léjvﬁgsﬁ]&éﬁ.soﬁ Q:nd bfeggqtggﬁc;é.{t B@E&gdtggii%gfégu&gf?generaI

regi sters e consta IS a regrster. The

stored val ue of. 1 he, con t,reqister 0 ds transfe .fhe.co ant
restore ci P?u?ﬁa‘%?z?eg‘?lcf%a%}hde %‘%eft s%ecre%:sng c’fa}? %ii‘ﬁggﬁ&g%ég 8% P’ﬁ%
decoding result of_ the instructi decoder unit 520 and control signals

generatedlﬁ?§§ﬁ¥c§%&ﬁnﬁ?Qﬁ§Qﬁﬁn *unit 300. The constant restore
circuit 322 generates, a new value usingt store | ue of the copstant
regi ster 320 andfﬁﬁnﬁﬂiﬁﬁQFqﬁﬁﬂtﬁﬁﬁfﬁqégréxarﬁﬁr%g%ggmlgtﬁ?%ﬁsFﬁrtﬁgag

I nstruction register 51£§ I n_accordance w th the decogin Besult of the
instructio§§9§§ﬁk9n%nﬁ9 Bt at dashdreen ReREat 88 ERehe executi on
control unit 300, and the value  of the nunber of valid bits register 321.
The const arPSYRGHHAR FEETh 19 338 msfers this generated val ue to the

cal cul ator 311 or_the operand access circuit 312. _The ener ated val ue can
then be used in dP®pEshidtion Aaradsy sthito 4 4xeedddl thRnory 540, or

sinply allowed to | ) ) ) o
instruction stored in the instruction register 510 and

outputs control signals in accordance with the decoding
result to the execution uniﬁ 530. It should be noted here
that the instruction decoder unit 520 fundamentally decodes
one instruction in one cycle and sends control signals to
the execution unit 530.

The execution unit 530 is a circuit which executes an
instruction based on the decoding result of the instruction
decoder unit 520. This execution unit 530 is composed of an
execution control circuit 300, a save/restore invalidation
circuit 301, general registers 310, a calculator 311, an
operand access circuit 312, a constant register 320, a
number of valid bits register 321, a constant restore
circuit 322, and multiplexers 330, 331, and 332. The
save/restore invalidation circuit 301 and the constant
restore circuit 322 in the execution unit 530 are shown in
more detail in the other figures.

The general registers 310 are composed of 16 32-bit



89 pass and so be transferred to the general regi.sters 310. However,
a value is sinply to be accunul ated, such as when.there is an "sfst"
i nstruction (described later in this specification), a new value is

gener at ed
const ant
descri bed

, is allowed to pass the calculator 311, and is stored in the

regi ster 320. The method for ﬁgnerating this new value is
in detail later. It should be noted here that the 13-bit si

when

gnal

line that ceghetesst R®-RiStr witthortheegitored Fadugsdoft khesrergoidtersit 530

is a bus for transmtting a constant

| ocated in the instruction register

510 to t hebeieguttirams fierinedc3® the calctlatoumi3dl o thiei dperand egi st er

. the bit position in the constant register 320 up to which the

di vi ded comstests kdxdwdn 3H2onied acamtdanceawiiths thel decodidgt e¢saldr vt i ne
a new value is stored in the constant register 320. Wien the instructi
stored in the instructiiomn deegideireruunitO 529 amd wotrtuelli eionailsh uses the

In the constant register 36 (such as an "addi" instruction which
w |l be degeneratddiss thd kxecuition’ @oh®rol( an/ithid0D .i NThleisé) vialuwtsored in
the nunber of valid bits register 321 by the execution control circuit
300. Speci tat theaeeusdd tike dpratipn]ercanzdamed the thieokad ertlale of
the nunber of valid bits register 321 and the nunber of wvalid bits in
constant r ggnelre 53 e SIPYY idLllowed tdlpass and so be transferred

321 shows

const ant

back to the general registers 310.

The constant register 320 is a 32-bit register. The
stored value of the constant register 320 is transferred to
the constant restore circuit 322 or to the operand access
circuit 312 based on the decoding result of the instruction’
decoder unit 520 and control signals generated by the
execution control unit 300.

The constant restore circuit 322 generates a new value
using the stored value of the constant register 320 and
constants included in the instruction stored in the
instruction register 510, in accordance with the decoding
result of the instruction decoder.unit 520, control signals
generated by the execution control unit 300, and the wvalue
of the number of valid bits register 321. The constant
restore circuit 322 transfers this generated value to the
calculator 311 or the operand access circuit 312. The
generated vwvalue can then be used in an operation,

transferred to the external memory 540, or simply allowed to

on

t he



90 The execution control circuit 300 refers in general to the
control circuitry and wiring which controls all of ‘the conponents 310 to
332 in the execution unit 530 based on the decoding result of the

i nstruction decoder unit 520. This exegﬁgion control unit 300 includes the
conponents that are normally provided a processor, such as circuits for

timng control, operation perm ssion/prohibition control, stabgﬁ
nmanagenment Pagfdang 80 Bst tdAneEREred tasthel gereral c8aALsELLS i*t for the
constant register 320. The save/restore_invalidation circuit 301 is a

char act er i BOWeVeXry c WhenoR VRdugr éScALTPLYCESsBE ARGUBNEREESs SUFMLESor dance
with instructions fromthe execution control circuit 300 \Wen the .
i nstruct i oWhenoith@rien itshan (sl iastrus§ione(dssgribed, laked, d&k it swhi ch
saves or restores the value of the constant register 320 and the val ue of
the const speciddicstdiond20 & aewnvailue dscgenexgted .t A8 @ilewed Fso@ass the
nunber of valid bits register 321, the save/restore invalidation circuit
301 changesheheadomladior Sildnalangod sofstoredopsr &G SFODSEENE XEPLUSERI? t o
"no operation"” (described in detail later). The calculator 311 is an
ALU (arithi30.c IThg mabhad foxhigemepertfiogmihdsi nenetviadale disd desginddded
operations on two sets of 32-bit data. This cal cul ator 311 operates
accor di ng ino dedratirlollanen.he Idx asdioildn beomoteld hiereuitha30@he 13-bifthe
operand access circuit 312 sets the output of the .
91 signal line that connects the instruction register 510 and
the execution unit 530 is a bus for transmitting a constant
located in the instruction register 510 to the execution
unit 530.
The number of valid bits register 321 shows the bit
position in the constant register 320 up to which the
divided constant has been stored, and so has its wvalue
updated every time a new value is stored in the constant
register 320. When the instruction stored in the
instruction register 510 is an instruction which uses the
constant in the constant register 36 (such as an "addi"
instruction which will be described later), the value "0bQO"
(all bits invalid) is stored in the number of valid bits
register 321 by the execution control circuit 300. Specific
examples of the correspondence between the stored value of
the number of valid bits register 321 and the number of

valid bits in the constant register 320 are shown in Fig.

31.



cal cul ator 311 as an operand address, sets the output of the nultiplexer
332 as an operand, and is a circuit which transfers operands to and from
the external nenory 540. This operand access circuit 312 internally
i ncludes a buffer ‘for storing this opergpd and operand address.
When the control signal 303 outputted b he save/restore invalidation
circuit 301 is "lgad", one word |ocated in the external nmenory 540_is read
out to the bus WELTHEL O FOREr Rt cebEceit c309 BeferAdinhgengralpltexer
331 and is stored in one register RO-RL5 out of the general _registers 310
or, when rdRHrFREECY Fikcbtryicardrwiting vhirht epngzoledaddr pfedheat er),
I n the constant register 320. In the same way, when the contro
si gnal 303 ¢ampPonRgnRke 31Q tR| 332 whn chhe sexeoubionnunat F3§i basedronRtheout
of the general registers 310, or, when saving the value of the constant
regi ster 3RGARERG | FRsulbief)the hingbruetben decodensunipt H53§i.st Fhil20 is
selected by the nultiplexer 332 and is witten into the external nenory
540 vi a t heexgrutirn cerexsl ciriti 3081kncludes vhencompoventsokhaitgaale 303
is "no operation”, the operand access circuit 312 ignores the operand and
operand adermezlHndoxiresdedt ipea f procassonpssecht asocitcattsh&orext er nal
menory 540. 92 Instruction Fornat
timing control, operation permission/prohibition control,
status management, and interruption control, as well as a
control circuit for the constant register 320.
The save/restore invalidation circuit 301 is a
characteristic circuit of the present processor and operates
in accordance with instructions from the execution control
circuit 300. When the instruction stored in the instruction
register 510 is an instruction which saves or restores the
value of the constant register 320 and the value of the
constant register 320 is invalid according to the value
"0b00" of the number of valid bits register 321, the
save/restore invalidation circuit 301 changes the control
signal 303 of the operand access circuit 312 to "no
operation" (described in detail later).
The calculator 311 is an ALU (arithmetic logic unit)
which performs arithmetiéal and logical operations on two
sets of 32-bit data. This calculator 311 operates according
to control by the execution control circuit 300.

The operand access circuit 312 sets the output of the



The followng is a description of the instruction . format for the present
processor. The format of the instructions used by the present processor is
shown in Fig. 32. As shown in Fig. 32, each instruction has a fixed word
l ength of 16 bits, wth the highest thr%ﬁ bits being the operation 1 (opl)
field. The instruction format is determned by decoding this field to see

rom st st CTHATIARE 3L ' 85 Fodiand SN et RN FE S on
hose op1 e oieted qfa2 i 4 dodkand Mok ik ta SRR S ¥ ng 1 our
he’ desti nat B ot vy i Vhiand < dihe SR ee il Mamoey i T4 | whi ch
L B A ot L ST B
sfst iml3 This irEtruction S orqi a value in the constant register

320 by haviffF tHEVRY 1% RETIR SRGEARD 3ddrei®r 320 shifted by 13

bits to the left _and 13-bit imedi ate (imml3) inserted into the
| ower - or der posi tvﬁ.tﬁ{’ }he control signal 303 outputted by theg3 the

320. When the value in the constant Qfgister 320 is
ad"”,

constant register ]
Cnval id, t REVRARSEQAR PYRLISAHHGR GRSRIE 301 1s "load", one word
located in the external memory 540 is read out to the bus
333 via the operand access circuit 312 and the multiplexer
331 and is stored in one register RO-R15 out of the general
registers 310 or, when restoring a value in the constant
register 320 (described later), in the constant register
320.
In the same way, when the control signal 303 is
"store", a value which is stored in one register RO-R15 out
of the general registers 310, or, when saving the.value of
the constant register 320 (described later), the value of
the constant register 320 is selected by the multiplexer 332
and is written into the external memory 540 via the operand'
access circuit 312.
When the control signal 303 is "no operation", the
operand access circuit 312 ignores the operand and operand
address and does not perform a transfer to or from the

external memory 540.



sign extension and is stored in the constant register 320 (which is to
say, the "shift-set" operation of the "sfst" is omtted). (2) addi

i MmB, Rn In this instruction, the value in the constant register

320 is shifted 6 bits to the left and agg-bit imMmediate (imb) is inserted
into the | owest 6-bits of the constant egi ster 320. The resulting val ue

o 015y | RASERREEERR Borpde 2, 2520 and he result s stored in Rn
mmdi ate s sinefy S VR iad, b S it igtion ¢€ Bt REraBishl i on
Pnval | dat oo ERat Spk OBy g prRSEli BESL Sor o Wing TESHRRE BRLBSCS (he val ue
mn i tho BRRerartiRhS.faed Sy tal BrETERt ptPottr et e HEuR ibosa (mn)

| MR S ins%ructlon restgées a val ue of the constan

94 registégb3265f? R he ekt et n 'H%%%Pyl%ﬁEF%%FhﬁntR%svél%éx8¢ wogd
register FTehgtﬁhgfgfgeggLsfegigﬁeéﬁegﬁigﬁggér%hgggrgfts being the
operation 1 (opl) field. The instruction format is
determined by decoding this field to see whether the
instruction is an "sfst" instruction. For instructions
aside from "sfst" instructions, the following three bits
compose the operation 2 (op2) field, so that the instruction
type can be determined by decoding these opl and op2 fields.
For an "addi" instruction, the following four bits are the
register field (Rn), which is'used to specify the number of
the destination rggister, and the next field is a constant
(imm6) , which specifies a 6-bit constant that is to be added
to the value of Rn.

The functions of the various kinds of instructions are

as follows.

(1) sfst imml3
This instruction stores a value in the constant

register 320 by having the value stored in the constant

register 320 shifted by 13 bits to the left and a 13-bit

immediate (imml3) inserted into the lower-order position of



addr ess. Constant Restore Circuit 322 Fig. 33 is a block diagram
showi ng the detailed construction of the constant restore circuit 322.

In Fig. 33, the nuneral 3220 denotes a circuit which I|inks the 13-bit
constant transferred fromthe instructi regi ster 510 via the bus 11 to
the lower 19 bits of the stored value the constant register 320 to

obtain a 3 It l.u mhere t he | ue f t const ant, reqgi ster for t he
hi gher bitghg cons%ap% ﬁé@ aéffi e SORS 5@Pgﬁl

whi ch i nks the [ constant the |l o |ts out .of the_ 13 . bits)
transferrel® 9?3%¥h§%0n§§r a&ﬁ'c{: hﬁmgt:"g’f% watue f§ $3@PLY G VeRed over
26 bits of the stored ,val ue of, the constant regi ster 320 to obtaln a
32-bit val G& ﬁh@?‘ epgdon, ande 15 stipredoddy e CARIstARt £8I+S teke 3R0gher
bits. g ral 3222 denotes a circuit which glves a sfg

ext ensi on t(UhP'FF % S@¥nsitls "shdfreetdy RerAtde® Sfndheulsitst r dgi st er
510 via the hus 11 to produce a 32-bit value. The nuneral 3223, neanwhile,
denotes a OMEEERA)whi ch gives a sign extension to the 6-bit constant (the
lower 6 bits out of the 13 bits) transferred fromthe instruction

95 register 510 via the bus 11 to produce a 32-bit val ue. In Fig.
33, the nuneral s 3224-3226 denote nultiplexers and the numeral 3227 is a
next nunbe

In this instruction, the walue in the constant register
320 is shifted 6 bits to the left and a 6-bit immediate
(immé) is inserted into the lowest 6-bits of the constamt
register 320. The resulting value in the constant register
320 is added to the stored value of Rn (where n is 0-15) in
the general registers 310 and the result is stored in Rn.
When the value in the constant register 320 is invalid, the
6-bit immediate is simply given a sign extension and is used
in the addition. After this instruction has been executed,

the constant register 320 is invalidated.

{3) save IMR, (Rn)
This instruction saves the value of the constant
register 320 in the memory using the value of the register

Rn in the general registers 310 as the saving address.

{4) restore (Rn), IMR

This instruction restores a value of the constant



generation circuit. Fig. 34 is a table which defines the operations
of the nmultiplexers 3224-3226 and the next nunber. of valid bits

generation circuit 3227. These are determ ned according to the control
signal 305 fromthe execution control cjircuit 300 and the value of the
nunber of valid bits register 321. In g. 34, the "sfst" and "use"
colums show the type of instruction that is stored in the_ instruction
regi ster 5¥89iskerh 320 £rom thespykarpalt REMOFNt S40 ¥sdRa ties védusufed by
t he execution control circuit 300. The rows corresponding to "sfst" show

t he oper at tH8s regifdege RnodRe $hehegngralsregistexst 31 iddn the SOHEE® in the
I nstruction register 510, while the rows corresponding to "use" show the
oper ati ons@#&@S8n instruction which uses a constant, such as an "addi"
instruction, is stored in the instruction register 510. The next nunber of
valid bits is the value outputted by the next nunber of valid bits
generation circuit 3227, and is a value which will be stored in the nunber
of valid biConstegitsRestox?] Gixontid 822 owi ng cycl e. Save/restore
invalidation circuit 301 Fig. 35 shows the detailed construction of
t he Fig. 33 is a block diagrgfh shawdhgesher deitadidleiddat i on
circuit 301. When the stored val ue of the nunber of valid bits

regi st er 3Zbnistrunti®h afhéheogionstiantuiresiore a@itmomis 322.

In Fig. 33, the numeral 3220 denotes a circuit which
links the 13-bit constant transferred from the instruction
register 510 via the bus 11 to the lower 19 bits of the
stored value of the constant register 320 to obtain a 32-bit
value where the value of the constant register forms the
higher bits.

In the same way, the numerai 3221 denotes a circuit
which links the 6-bit constant (the lower 6 bits out of the
13 bits) transferred from the instruction register 510 via.
the bus 11 to the lower 26 bits of the stored value of the
constant register 320 to obtain a 32-bit value where éhe
value of the constant register forms the higher bits.

The numeral 3222 denotes a circuit which gives a sign
extension to the 13-bit constant transferred from the
instruction register 510 via the bus 11 to produce a 32-bit
value. The numeral 3223, meanwhile, denotes a circuit which
gives a sign extension to the 6-bit constant (the lower &

bits out of the 13 bits) transferred from the instruction



value "1". When this is not the case, the nunber of valid bits register
321 outputs the value "0". The gate elenent 3011 is an AND circuit, the
gate elenent 3012 is an OR circuit, and the gate elenents 3013 and 3014
are AND circuits that have an inverse éﬁlue of the output of the AND

circuit 3011 as an input. The si lines 302(a), 302(b), and
302(c) each %res nt one bit in the 3-bit control signal 3 2, while the
signal i n§§géé 1903d8) th&na’uﬁoﬂ-(lc)t%é’(ﬂ?dr"&% e iY®4i n the
3-bit control si nal 303_shown in Fig si gnal lé&&;#¥1%¥g to
303(c) have the BeFéHd Qéce§§e 8PW@6P#53§§2ﬁe§§@@tF$9

operati on, The control _ si naI 304 Is a control
si gnal outﬁﬂgt§aeb?“mﬁﬁéleﬁggatP@nac@ﬁﬁﬁomqﬂhﬁﬁuq in Fig. 30.

Wien the instruction stored in the instruction reglster 510 is a save

i nstructi oFeBLTAtion: §i&cA&tr ucti on, the control signal 304 is set at.
"1", with the control signal 304 belng set at "0" in all other cases.

Wth the present Fé@nsBAudsi n tahiden whichs defdaesalthe openatdonsrissi tife
valid bits register 321 is "GOO and the control signal 304 is "1", which
is to say, md&dpliexers 3224-3226 and the next number ofgwalid bits

instruction.stored in the instruction register 510 is a save instruction

or a restogenexaitige: icdxcutilte 32@t.r olTheisgnd@re IEHepmineshrascording to

i ndependently of the control signal 302,
the control signal 305 from the execution control circuit
300 and the value of tﬁe number of valid bits register 321.
In Fig. 34, the "sfst" and "use" columns show the type of
instruction that is stored in the instruction register 510,
with this being shown by the control signal 305 outputted by
the execution control'circuit 300. The rows corresponding
to “sfsf" show the operations to be performed when an "sfst"
instruction is stored in the instruction register 510, while
the rows  corresponding to "use"” shdw the operations when an
instruction which uses a constant, such as an "addi"
instruction, is stored in the instruction register 510. The
next number of valid bits is the value outputted by the next
number of wvalid bits generation circuit 3227, and is a value

which will be stored in the number of valid bits register

321 in the following cycle.

Save/rest \nvalidati i rouit 301

Fig. 35 shows the detailed construction of the



and the control signals 303(b) and 303(c) becone “"0". As a result, the
operation of the operand access circuit 312 becones "no operation”.

On the other hand, when the stored value of the nunber of valid bits
register 321 is not "OhOO', or the val%g of the control signal 304 is "0",
the value of the control signal 302 is @utputted as the value of the

conrol o s Akors REAIM B Mg oo | e foll o ng i

chbodi ment 111 NSRS sroRh ValBelde Pl aimett, off ik Hiteh i s

Phe' i nt or r T5ORATE Sinde Baap0shheed oy nc v BHEC B S 1o
o iy VIS VSR 8 MY Rl LA
D ocess Ml oo el ety o P T YRS
corresponds tq the processing in Fig. 36A. In this exanple, a programfor

addi ng t he 3821piAS h ¥ C2RGRids, 'gate edemep A1 ihen QR ster RO s

given. Figs. 36C to 36F show
circuit, and the gate elements 3013 and 3014 are AND

circuits that have an inverse value of the output of the AND
circuit 3011 as an input.

The signal lines 302(a), 302(b), and 302(c) each
represent one bit in the 3-bit control signal 302, while the
signal lines 303(a), 303(b), and 303(c) each represent one
bit in the 3-bit control signal 303 shown in Fig. 30. These
signal lines 303(a) to 303(c) have the operand access
circuit 312 respectively perform no operation, é load, or a
store.

The control signal 304 is a cdntrol signal outputted by
the execution control circuit 300 as shown in Fig. 30. When
the instruction stored in the instruction register 510 is a’
save instruction or a restore instruction, the control
signal 304 is set at "1", with the control signal 304 being
set at "0" in all other cases.

With the present construction, when the stored Qalue of
the number of valid bits register 321 is "0b00" and the

control signal 304 is "1", which is to say, when the



the changes in the content of the constant register 320 and the nunber of

valid bits register 321 which acconpany the execution.of instructions 571
to 573, and Fig. 36G shows the effective operand when executing the

I nstruction 573. . The foll ow ng |§ a description of the operation for
each of the instructions 571 to 573. 18/should be noted here that before

t he present ramis executed, the value "OoQOO',. show t.hat_ t he val ue
of the conSHRUGTRL TrORsR 11 £he) LATEruGEicl FagisheR I thimbd $1V%al i d

bits reglster 321 as shown in Fig. (1), .sfst 0x0246 .(instruction
s71y | °% Lnnsractint 0k 4 At s EnshRIaR (i S 1o AT uot | on

register 510, this instruction 571 is executed in accordance Eﬁb%
foll owi ng %%@ss@%r }Yheindprendentdy (9fe e GRT G Gt i t
300. First, in the constant_restore CIFCUIt 322, the nultlplexer

3225 sel ecd AhshCHeroh $ignaler3tdy anddts (c) hecamsrdhice AF th Fig.

34. This is because the nstruction stored in the instruction register
510 is an reswkls "thesepexation Hf the csnand BaRsofckridurbe? of
alid bits register 321 is "0b00". As a result, the 13-bit
99 i medi decons®24me epexdliomSiruction 571 stored in the instruction
register 510 is given a sign extension and is “outputted as the 32-bit
val ue "0x0000024%1 the tofcherhand] eshen 3@ stpred aajae oD the aupber
outputted to the

of valid bits register 321 is not "0b00", or the value of

the control signal 304 is "0", the value of the control
signal 302 is outputted as the value of the control signal

303.

Operation of the Processor

The following is a description of the operation of the
present processor when executing specific instructions. It
should be noted here that in the present embodiment, it is -
supposed that the activation of a context switch is
performed by asynchronous interrgpts. The specific
processing performed by the interrupt handler has been
omitted, so that the present explanation will only focus on
the operations for saving and restoring the values of
registers.

Fig. 36A is a flowchart that will be used to explain
the processing of the present processor, while Fig. 36B is a

orogram (composed of instructions 571 to 573) which



nunber of valid bits register 321. The val ue "0x00000246" out putted
to the nmultiplexer 330 is sinply allowed to pass-by the cal cul ator 311 and
is sent to the constant register 320 via the nultiplexer 331. The value
of the number of .valid bits register 3§é is updated to "0bO1". By
means of the above processing, the confgnt of the constant register 320
and the nunber of valid bits register 321 are changed as shown in _Fig.

36D. It spenrespendst £@ ther progessing dpeFigd 36@ess I8 thiist e¥eMPAenf or ns
no operation since "no operation” is denoted by the control signals 302
and 303. ahpregramafos addingngbet 32thétgenasiiants £§ixd2345638(U. to the) sfst

0x1159 (Instruction 572) Once the instruction 572 has been stored in
the insvaluei dn tbgi regissed, ROhis ghvenuct Fags57236Cs tox 868t stiow n
accordance with the follow ng processes under the control f the execution

control ctheuchaggeés in the Epntenti pft thec conisdantr eegdiséeri 320i and22, the
mul tipl exer 3224 selects A and the nmultipl exer 3226 sel ects )

100 A i n theonumbee wift ralid. b34s Tkgdsiterb8Raussiche acicompangt ithe st ored
in the instruction register 510 is an 'sfst" instruction and the stored
val ue of ehecututibar odf ins&bkudthibhs 65831 £oe57321 and FAQ136GAsShawsestet , the

stored " effective operand when executing the instruction 573.

The following is a descripiion of the operation for
each of the instructions 571 to 573. It should be noted
here that before the present program is executed, the value
"0b00", showing that the value of the constant register 320

is invalid, is stored in the number of wvalid bits register

321, as shown in Fig. 36C.

{1) sfst 0x0246 (instruction 571)

Once the instruction 571 has been stored in the
instruction register 510, this instruction 571 is executed
in accordance with the following processes under the control
>f the execution control circuit 300. -

First, in the constant restore circuit 322, the
wltiplexexr 3225 selects A and the multiplexer 3226 selects
» in accordance with Fig. 34. This is because the
nstruction stored in the instruction register 510 is an

sfst" instruction and the stoﬁed value of the number of

alid bits register 321 is "0b00". As a result, the 13-bit



e e e

I
val ue "0x00000246" of the constant register 320is shifted 13 bits to the
|l eft and the 13-bit inmmediate "0x1159" of the instruction 572 stored in
the instruction register 510 is inserted into the lowest 13 bits of the
constant register 320. The resulting_32-bit value "0x0048d159" in the
constant register 320 is then outputt@ to the nmultiplexer 330. The val ue

"0b10" is4 pu 0 e | | | 8 e 21.
The val ue ﬁ%ﬁ%ﬁﬁ%ﬁlSBQQEﬁFpu%?e ?g@?ﬁtﬂﬁc ¥§% gzgrgﬁogsglgﬁsFﬁgly al | oned

to pass bynibecglet! 2bgisedt 896 1§ §20bn hOsibR ERR&RBRL' sdlsisr 320 via

t he nultlp exer ue of th number |d bits register 321 is

updated tg \ b ROLES g, the content of
t he constan?ggég?stagrtggos§ Bﬂ?ﬁga%g%bepﬁoga ?45 b£§sEng|ster 321 are

changed i f@?ﬁgigggg?go.BGEhel%afﬂguhebef"n?éeglsgeéﬁtﬁﬂﬁ£eabgooegrand

access circul orns nO oOperatron since "No oOpera 3not ed

by the COBtaBLe 8£00311a%88¢8"degRReell5e. 1S @ 5O N change to gggSQeggra'

(| nstouet 100 ST8he yaygs, “BiSabHiebBILFHER Elat S0 BB, ER B 00 G LIab,
rih e 81 LOuLTY RUDBERACEL BHER HAC BRI Db Rhol S T BRALAS R T
to the constant register 320 via the multiplexer 331. The
value of the number of wvalid bits register 321 is updated to
"0b01l".
By means of the above processing, the content of the
constant register 320 and the ﬁumber of valid bits register
321 are changed as shown in Fig. 36D. It should be noted
here that the operand access circuit 312 performs no
operation since "no operation" is denoted by the control
signals 302 and 303. There is also no change to the general

registers 310.

(2) _sfst 0x1159 (Instruction 572)

Once the instruction 572 has been stored in the
.ns;ruction register 510, this instruction 572 is executed
n accordance with the following processes under the control
f the execution control circuit 300.

First, in the consﬁant restore circuit 322, the

1ltiplexer 3224 selects A and the multiplexer 3226 selects



mul tipl exer 3224 selects B and the nmultiplexer 3226 selects A in
accordance with Fig. 34. This is because the instruction stored in the
instruction register 510 is an "addi" instruction (the rows for the |egend
"use" being operative) and the stored value of the nunber of valid bits
register 321 is "Ob1l0". As a result, t A90st ored val ue "0x0048d159" of the

const ant r @9 @loctiYdnteS WilkhediG Dighs &%itshgs! Yelcadad eh 6-bit

i medi ate "0x38" of the i1nstructiron™573 stored in the instruction register

510 is i n\%/.g{shtg‘ﬁﬁﬁl ts}f,%xjefﬁ"?ﬁ] t%ebiitrét%cttqpo.ncQ’éé&%{%te%%iiosri%r ar320. The

resul ting 0x12345678 e value shown in | I n the const ant

register 32Q ds3 W qlﬂé&#}c@itotnegntdo (%:Tkxtec(;‘%ﬁ%gjetéf RlaPtR .o?fg(11.']:1e3-'é_xillf'nk:\lﬁ:J \WF " Ob00"

S aI59 outputted" e nunber abits reglster _ ~ The
Lol e 0L AR B UL ST P gy e A
99t er e a0 T Bl SR, I ke 0 e
102,12, LIS PU e EOUR 19 ARk R AR, I (1
val 10 D1t et AL G512 S 39 e Wllncr op, SRR e sbove
valid bitsfH%@f%ég into the lowest 13 bits of the constant register

320. The resulting 32-bit value "0x0048d159" in the

constant register 320 is then butputted to the multiplexer

330. The value "0bl0" is also outputted to the number of

valid bits register 321.

The value "0x0048d159" outputted to the multiplexer 330

is simply allowed to pass by the calculator 311 and is sent

to the constant register 320 via the multiplexer 331. The

value of the number of valid bits register 321 is updated_;o

"0blo".

By means of the above proéessing, the content of the

constant register 320 and the numbér of valid bits register

321 are changed as shown in Fig. 36E. It should be noted

here that the operand access circuit 312 performs no

operation since "no operation" is denoted by the control

signals 302 and 303. There is also no change to the general

registers 310.



321 are changed as shown in Fig. 36F. It should be.noted here that the
operand access circuit 312 performs no operation since "no operation" is
denoted by the control signals 302 and 303. At this point, an

i nterrupt occurs during the execution j 1this exanpl e program The
following is a description of the operation performed for context
switching for. twp, case Lih different i upt positions. Case 1
The fol | owi-mg—epratraty af-siphtfrh@ledse-when an interrupt occurs
just before the "addi" Jinsfruction 573 uring the executi on t he exanpl e
program gi ven abd¥RSS aHke H%%EF??E%PQréﬂgég%sam%ﬁncﬁﬁ?ﬁﬁg %ﬂﬁggﬁing i s
performed. , Fig. 37A.is a flowhart show ng the flogw,of instructions
in case 1. }RFErushEoR nfegigher prblesthhy FAstERHREABed /Pulf g2¥eCHEGal e
"0x0048d159" has been stored in the constant register 320 and the val ue
"0b10" (nmeak? ACEPERANER WL bhethestpllawingt RECEBASEANENALE $her COnErede
val i d) . . . 103 has been stored in the
nunber of @fitheieseeuiicnefonbrol seirgrbtin3PR-Fig. 36E. When t he
value of the constant register 320 is saved in the interrupt Brocessing, a
"save | MR (R15)" Fhestucipobhescorsbarty restorei aireusti 882re§hster 510 and
Is executed. This instruction is executed by the execution control

circuit 300mpbtiptexey BR34caelectsdBsandpblie pondtiplexer 3226 selects

A in accordance with Fig. 34. This is because the
instruction stored in the instruction register 510 is an
"addi" instructién (the rows for the legend "use" being
operative) and the stored value of the number of valid bits
register 321 is "0blQ0". Aas a result, the stored wvalue
"0x0048d159" of the constant register 320 is shifted 6 bits
to the left and the 6-bit immediate "0x38" of the
instruction 573 stored in the instruction register 510 is
inserted into the lowest 6 bits of.éhe constant register .
320. The resulting value "0x12345678" (the value shown in
Fig. 36G) in the constant register 320 is then outputted to
the multiplexer 330. The value "0b00" is also outputted to
the number of valid bits register 321

The value "0x12345678" outputted to the multiplexer 330
is inputted into the A port of the calculator 311. At the
same time, the stored value of the register RO in the
general registers 310 is read and is inputted into the B

port of the calculator 311. The calculator 311 then adds



The stored value of the constant register 320 is inputted into the operand
access circuit 312 via the multiplexer 331 as an operand. On the other
hand, the value of the register R15 in the general registers 310 is
inputted into the B port of the calculg??' 311, is sinply allowed to

pass, and is I nputted into the operand ess circuit 312 as an operand

address. 4 ts gnaﬁﬁxﬁ’&#ﬂg a[cﬂﬁﬁdf§%ﬂe 39@51%’.&3‘!% g Stﬁé‘eré@ié‘@eié 1" as

t he cont roI pr esent ruct I on | S save or

restore insg qfﬁlgmeo?gg o P2 éﬁﬁﬁ%réugiéﬂ# éfﬁﬂ Py ting

"store" as t e contr ST gna e save restore |nvaI|dat|on

circuit 301]Eth t\e?%&é%gdﬂ;{ I % wgr J(_jspé,% S?isfgiait%e%l IS

"ol O, contro S ou

control g%agg&% @gd..é}@q:o.oper and access ci rcwt 312 perfornms a "store"
operation. 'S reans the operand access circuit 312 saves. the stored

val ue of the congé ster

320. It should be ﬁr}ﬁeeacfl%e?f ?ﬁ al%%ve mcerss%ng,vaqkfed coqr}i'serf%gqi €321
forns one part of he st a gister. of t resent £SsSor, so that it
o saved \enabent FeSLPLEE SIEHA dnd ninkek SF VaLd S HeatSeE o
the consta |st 320.is t ore Irs e content "Obl0" of
t he nunbern%?{v%"?dc ‘B‘.il?gdrﬁﬁ %WS’Z‘?L%L %%Gét at%’é ?r‘e(b‘fjscpet? eine tF%‘itored.
Alter here that the operand access circuit 312 performs no

operation since "no operation” is denoted by the control

signals 302 and 303.

At this point, an interrupt occurs during the execution
of this example program. The following is a description of

the operation performed for context switching for two cases

with different interrupt positionms.

Case 1

The following explanation deals with the case when an
interrupt occurs just before the "addi" instruction 573
during the execution of ﬁhe example program given above, and
describes the case when context switching is performed.

Fig. 37A is a flowchart showing the flow of
instructions in case 1. Here, the interrupt processing is
commenced just as the value "0x0048d159" has been stored in
the constant register 320 and the value "0bl0" (meaning that

the lower 26 bits in the constant register 320 are valid)



this, a "restore (R15),I MR instruction is stored in the instruction
regi ster 510 and executed. This instruction is executed by the execution
control circuit 300 performng the control described bel ow The
val ue of the register RL5 in the general registers 310 is inputted into
the B port of the calculator 311, .is sﬂﬂﬁ'y allowed to pass, and is

I nputted i t Sk 1 |t . §§¥g§%¥kjﬁf.

The execut P%% c%éﬁetr?gﬁ Cl rcwﬁf% rg'ﬁél}% sofﬁ% 3%'&,1% S e Cont rol

si gnal 304 t t present instruction is a save or restore
instructioﬁ#ﬁgﬁgqﬁgﬂgg'res ore operation perfornmed by outputting "load" as

501, 'hfﬁEt ;SL 0523'@4@%’%’% lﬁleuenu%et‘rﬂ%fcs%j%‘eﬂéh"éﬁ%%@iﬂﬁ%r%a?{%io-- l,
J ' 02 1] it,d , ) . Si

303 nd { nEHEARF Rl e dibeafd 18  4ATe PR I ARG 18 00

means that the %ger ant 105 ., access

circuit 315 < Jtrheq?%ajcpvé?‘tféti?&oﬁﬁ%jﬁ%‘ 10 3pd jc%n%’f%ﬁi#?%‘gi ster 320

via the multipl 331,.whigh is t that the val fth t ant
Fegi ster 3ApTR TRERRGHON {E tfeotted By 'dhe erReiioR STt on deal s

with the case when interrupt occurs just_  after the_ "addi" instruction
573 circuit é%b perf%rmfhg the control escribed below. '

The stored value of the constant register 320 is
inputted into the operand access circuit 312 via the
multiplexer 331 as an operand; On the other hand, the wvalue
of the register R15 in the general registers 310 is inputted
into the B port of the calculator 311, is simply allowed to
pass, and is inputted into the opeiand access circuit 312 as
an operand address.

The execution control circuit 300 outputs the value "1"
as the control signal 304 to show that the present
instructibn is a save or restore instruction, and has a save
operation performed by outputting "store" as the control
signal 302. -

In the save/restore invalidation circuit 301, the
stored value of the number of wvalid bits register 321 is
"0bl0", so that the control signal 302 is outputted as it is
as the control signal 303 and the operand access circuit 312
performs a "store" operation. This means that the operand

access circuit 312 saves the stored value of the constant



during the execution of the exanple program gi ven above, and describes the
case when context switching is perforned. Fi'lg. 37Bis a flowhart
showi ng the flow of instructions in case 2. Here, the interrupt processing
is comenced just as the val ue "0x0048 59 has been stored in the
constant register 320 and the value "O0Ob (aII bits invalid) has been

stored in the.n nber i d. bits, registe 321 qun 10 Fig. 36F.

Wien t he v&SFES rt 'on LYt skf%q‘%’tﬁfi v@?ja ?h%uﬁ?gr?gpt |
processi ng, ve IMR (R15)" jnstruction is stor dint |nstruct|on
regi st er f@ﬁéﬁﬁ 4? )&ﬁéﬁ%&g #ihsf??@ﬁr?ﬂﬁlQﬁFF x%%%t ﬂa %St he
execution contral It 300 performng the control gdescribed bel ow

The st or ed RRIHFESH Q%éHFb n eRﬁ?§%§g%@0 $Q thaputtet®i 2% %he operand
access circuit 312 V|a the multip|lexer 332 as an operand. On the other
hand, the VAIGREVEH R FERFES HFequsteh 1$1c53¥®Rral registers 310 is

I nputted into the B port of the calculator 311, is sinply allowed to

106 pass, and |§mq{blﬁh%d’43ﬁ’& Qﬂlé:rtﬁ)é?%%%e%%gkﬁ%ﬁlgz%ﬂs ako @

oper and addr ess. The execution control circuit 300 outputs the val ue

"1" as theesdmnest, skyhel o eentepty TR0 T Hef pklee cppumbeRseE u¥aldd is a

save or restore instruction, and has a save operatlon performed by
out put t i ng bidioreegistene32bnin dthe s$takus Jpegister is restored. After

this, a "restore (R15),IMR" instruction is stored in the
instruction registér 510 and executed. This instruction is
executed by.the execution control circuit 300 performing the
control described below.

The value of the register R15 in the general registers
310 is inputted into the B port of the calculator 311, is
simply allowed to pass, aﬁd is inputted into the operand
access circuit 312 as an.operand address.

The execution control circuit 300 outputs the value "1
as the control signal 304 to show that the present
instruction is a save or restore instruction, and has a
restore operation performed by outputting "load" as the
control signal 302.

In the save/restore invalidation circuit 301, the
stored value of the number of wvalid bifs register 321 is
"0bl0", so that the control signal 302 is outputted as it is
as the control signal 303 and the operand access circuit 312

performs a "load" opération. This means that the operand



In the save/restore invalidation circuit 301, the .stored value of the
nunber of valid bits register 321 is "0b00" and the value of the control
signal 304 is "1", so that the control signal 302 is invalidated within
the savel/restore i'nvalidation circuit %g%;and "no operation” is outputted
as the control signal 303 As a result operation is perfornmed by the

oper and access CIrCUIt t |.d be n ted herg t Junber. of
valid bits?® g%% %ﬂé} & THag @ %ufi¥4&¥?4§§§-:§° %ﬁé

pr esent proces or SO th save whenever, the st i.St

saved. %?&F trrf"eg’v%r cﬂ%t’ﬂ'ﬁtt’r‘?ﬂ‘gq’gﬁrer%gzo V{hg.c?g J'bse-
restored, first .t ont e t "Ob 0" of t he nunber of vaI bits re

1 Tn-t he SAB(RAY S (B4, o GAUSEAI: T4 aEeT Tah o (B 1 bR
instruction is stored in the instruction register 510 and executed Th|s
Instruction is executed by the execution control circuit 300 perform ng
the control described bel ow 107

The val ue éﬁﬁﬁhéaregister R15 in the general registers 310 is inputted
into the B port of the calculator 311, is sinply allowed to pass, and is

inputted into t h&heheFelPwing @xplanadiion 3tealss witho fdea s@ sedwhess an

The execution control circuit 300 outputs the value "1" as the control
si gnal 304 inFenowpt Recure s afiter e JRrdd" iinstogtdam isSstore

instruction, and has a
during the execution of the example program given above, and

describes the case when context switching is performed.

Fig. 37B is a flowchart showing the flow of
instructions in case 2. Here, the interrupt processing is
commenced just as the value "0x0048d159" has been stored in
the constant register 320 and the value "0b00” (all bits
invalid) has been stored in the number of valid bits
register 321, as shown in Fig. 36F.

When the value of the constant register 320 is saved in
the interrupt processing, ; "save IMR, (R15)" instruction is
stored in the instruction regiéter 510 and is executed.

This instruction is executed by the execution control -
circuit.300 performing the control described below.

The stored value of the constant register 320 is
inputted into the operand access circuit 312 via the
multiplexer 332 as an operand. On the other hand, the value
of the register R15 in the general registers 310 is inputted

into the B port of the calculator 311, is simply allowed to



restore operation performed by outputting "load" as the control signal

302. ~ In the save/restore invalidation circuit 301, the stored value
of the nunmber of valid bits register 321 is "0b00" and the value of the
control signal 304 is "1", so that the 6€ntrol signal 302 is invalidated
wthin the save/restore invalidation_c? uit 301 and "no operation" is

outputted ag,Lbe 5QA!1Q! 1abABREIIREc LHE (RRYahd WieUMLRECIED as

circuit 312 performs no op escri above, operand

access is ipgyalj g4 LBg e 2, so that no actual transfer is perforned
wi th the e§¥e#hg?£n§n%ryrgg . As a result, the nunber of nenory accesses

i 2 b : i,5ed ' o
the constant rogi Siey SRpRArARH°BAEUR CTINE 308, oo BUc A TeE LD

rocessing time required by
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the content of t e3 éonstant regi ster, neasning that there is an increase in
the value 8F9PALs39%cond effect of the present invention. Fig. 38
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stored value of the number of wvalid bits register 321 is
"0b0O" and the value of the control signal 304 is "1", so
that the control signal 302 is invalidated within the
save/restore invalidation circuit 301 and "no operation” is
outputted as the control signal 303. As a result, no
operation is performed by the operand access circuit 312.
It should be noted here that the number of valid bits
register 321 forms one part of the status register of the
present processor, so that it is saved whenever the status
register is saved.

When the value of the constanﬁ'register 320 is to be-
restored, first the content "0b00" of the number of wvalid
bits register 321 in the status register is restored. After
this, a "restore (R15),IMR" instruction is stored in the
instruction register 510 and executed. This instruction is
executed by the execution control circuit 300 performing the

control described below.



which is to say the operation for saving and restoring the value of the
constant register 320. Wen the present processor is to save or restore
the value of the constant register 320 (step S200), the processor refers
to the stored value of the nunber of Vg Ld bits register 321, and if this
stored value is "0b00", which is to say ere has been an indication that

Qwﬁwmﬂﬁﬁﬁﬁﬁﬁﬁﬁwﬁﬁﬁ%%%ﬁ%%%”
porform whgo vyl duliee gohiedl gaea Bup8P obe! EROLADGLORECRIPD, (31eP

S202) . rocessor hé~sécon present

;FYﬁgbgﬁ”.tgﬁﬁﬁffd ggaﬁﬁébﬁﬁ ARAYy facLs Hopubeby o R8HHE, SRR

second enbodlneng nggng of pOSSIb|e var aélons are given bel ow.
109 (1) I13°THRE s%%:’éﬁ'd S AEneR GREFARE, 899F 8RS tormat with a fixed

d | th of 16_bit : nd _6-bit di
rg&evef?gtheopreégaé $ﬁé§ﬂ€+8ﬂ ?gnﬁﬁgl ?%E??+Et%go ?PEHEE%IEH%H$§%%$h 1"

e sare ety LIE cSSPRLE! ofotuTtShE A0yane LS. conetant, Legioter 320 uere
the present, oY eRttoon' 359" 098! 6rokestb2e Lnettultion Kl %has a

restore operation performed by outputting "load" as the

control signal 302.

In the save/restore invalidation circuit 301, the
stored value of the number of valid bits register 321 is
"0b00" and the value of the contfol signal 304 is "1", so
that the control signal 302 is invalidated within the
save/restore invalidation circuit 301 and "no operation” is
outputted as the control signal 303. As a result, the
operand access circuit 312 performs no operation.

As described above, operand access is invalidated in
case 2, so that no actual transfer is performed with the
external memory.540; As a result, the number of memory
accesses in case 2 can be reduced by the amount required for
saving and restoring the constant register, thereby reducing
the processing time required by the context switch. As
shown by the present embodiment, when an immediate is

divided and distributed among a plurality of instructions

before being reconstructed in the constant fegister 320, the



(2) The processor was described as including only.one constant register
320 in the second enbodi ment, although the processor of the present

i nvention may be equi pped with a plurality of constant registers 320.

(3) The processor was described with aq gganple of save and restore
operations during context switching in tﬁ second enbodi nent, al though the

f sf

Ponctant r PATEs T FRE huhByE ok far R risgsé’ A3 hueR B e RBer,

it chi f 4 b th
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t he constant register é % The ocessor of the, second enbodi ment
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whi ch uses-an_inmedi ate, although the processor of the present i nvention

may al so exédlide %FhEFl§n§FFHE@|%ﬁ§e?Ea?f tRe PrRefeMEdRVention.

Fig. 38 is a flowchart showing an overview of the
operation of the present processor for case 1 and case 2,
which is to say the operation for saving and restoring the
value of the constant register 320. When the present
processor is to save or restore the value of the constant
registe; 320 (step S200), the processor refers to the stored
value of the number of valid bifs register 321, and if this
stored wvalue is "0b00", which is to say there has been an
indication that no wvalid constant is stored in the constant
register 320 or was previously stored in the constant

" register 320 (step S201), the processor does not perform
what would be a redundant saving or restoring operation
(step S202). -

A processor which realizes the second object of the
present invention has.been described above according to the
second emboeiment, although it should be obvious that this
processor is not limited to the second embodiment. Examples

of possible variations are given below.



(6) The processor of the second enbodi nent was described as using the

i nstructions "save MR, (R15)" and "restore (R15), - IMR' as the
instructions for saving and restoring the value of the constant register
320, al though other instruction fornatéogpy be used. As one
exanpl e, the saving and restoring of th constant register 320 may be

st type’ Olor andt oig A4ty AEGHATIEY Tao e HERERED Rotpel @1ER%S0'
ohi ah 15 ol VRV TR LRI ER (kb TRanea (1 by uad axbetiogtEpod SPRTETRd ang

t. d. t tt t ' th
[l oty ST ek ex‘%&%ﬁm 1?%@?\2%? "$58 Beedto bRk SR B ouRBhever the

regi ster R15 or i tatu |sler ved and restored

For "save IH&8TR¥y r% ééﬁﬂ cﬁ¥;(¥$ﬁgFmﬁ? ?ﬂséﬁ%c??ﬁﬁs“aYhegg is the
problemthat the total, code s be i ncreased due to resence of
t hese |nstrﬁﬁﬂﬁ¥ﬁ% r%ﬁ%ﬁF%ﬁﬁwﬁfﬁea%%v?%% CORSFRRE oF PAYSHET % cBR¥tant

regi ster 320 i s, invalid. er,. if instructions which clearly_ indicate

only the s ?ﬁf%ﬁﬁpr%%tkﬁ+%@ %ﬁ bie E%%%?Eﬁfs'r%bFE?thSQB ﬁP@uﬁﬂdEe

unnecessary as described above, there is the additjonal effect that the
code size @hVHAS thakdthe present invention is not restricted to

these bit lengths.

(2) The processor was described as including only one
constant register 320 in the second embodiment, although the
processor of the present invention may be equipped with a

plurality of constant registers 320.

(3) The processor was described with an example of save and
restbre operations during context switching in the second
embodiment, although_the.ﬁrocessor of the present invention
may perform transfer between the constant register and a
storage device regardless of whether a context switching is

being performed.

(4) The processor was described in the second embodiment as
being equipped with a number of wvalid bits register 321
showing the number of walid bits in the constant stored in

the constant register 320, although the same effect of the



(7) I'n the second enbodi nent, the value of the number of valid bits
register 321 is inplicitly saved and restored whenhever there is a context
switch as part of the status register, although the present invention is
not restricted to this nmethod. As shom21¢n Fig. 39, specialized

i nstructions which only save and restor he val ue of the nunber of valid

bits register 1 frned,.l ] e h thgt in Fig. 39,
t he Iegendssfzﬁga gﬁgég &ﬁg% ﬁg EF %Fﬁggﬁ%g 89t339§§?§t§?9§2?? while the

legend-"Rn%egﬁs?%gmgfigﬁnéfggskﬁ&sig&&gﬁ QSB?EQErr§Q5§E§r§n3leWEbﬁﬂoﬁtOres

t he addres n menory use or the save and restore

net ructi o€ &y vad Iy AIETIR sedve, B RASPRERSTARF, BRG1stuzb0s

i nstructi off i nstructions
112 where only one operation is given in each instruction, although it is
~equal ly possible for the processor to execute VLIWtype instructions where

Cane way a3Sn (RBe RERCEsBRG atnehe, Sccond dnbpifnlys"ies dastRLRd 7

uncfion bl ock
di agram showi ng the VLI\W}W .processaqr 600 which eguates t I .QCessor
of the fi ¢ 8 CR o WS ARE LR S eraf‘ﬁ’ ecg?ﬁft &h qs“v\%l‘tr\cg#%%
function ol 5% Seed o Tiediile, RlErSigh " pi8desit of the
present invention may also execute other instructions that

use immediates.

(6) The processor of the second embodiment was described as
using the instructions "save IMR, (R15)" and "restore (R15),
IMR" as the instructions for saving and restoring the value
of the constant register 320, although other instruction
formats may be used.

As one example, the saving and restoring of the
constant register 320 may be defined by instructions which
give the constant register 320 in a register list-type
operand or by instructions that have the constant register
320 saved and restored whenever a register (Rn) in the
general registers 310 whiéh is-always included in the
context or a statué register is saved and restored. As one
example of the latter case, an instruction may have the
implicitly indicated constant register 320 saved and

restored whenever the register R15 or the status register is



of this processor 600 has a nunber of valid bits register 631 and a
save/restore invalidation circuit 632 that have the sane functions as
their equivalents in the second enbodinent. Fig. 41 shows an

exanpl e VLIWG670 that is executed by tpﬁ present processor 600. The second
operation field 60 of this instruction ?0 whose format code 51 is "0Ox0"

I ncl udes e e | hat saves the content of the constant register
R15 in a s?%?%%eagﬁe%é%ﬁg?ﬁ%'externaI menory i ndicated by the general

register R3. Wiep Lhis, Qg*ﬁ%%gﬁ%)coggdiﬁrg@ggggd( thsrseecond operatioh

decoder 25, the “conten onstant register 36 passes through the

second opef gt o pnbhs38.Aaf] $SSERL bPohlEn OPEEENELACESES) UBlb 49zeA ter

this, the refinvarrdati on circul ers to the value of the
ot Thi s poihtLaRe. LBSERRPEULTRG FROCPFoRFEASHRS; Of ese sipsyzackishy °%
o oh b1 LS LhSSBHLRTLRL LU6RETLN" c8LckREng CRESEAL cORPLARE! rdf pRey)
constant T 388ndsr FETARGSVL| BPVEPEEects, SEPEFRGERPR: ENEBAr IR LY

t hat g i d ' d t he i ti f
Pop I nstRALCRERSORIA EBR SP0ARG: ABISSPRGEARG PESERRI RELBFAFodundant

contexts during task switching is realized. Thi s.10.S a VLILW
processor ﬁﬁgéﬁt8§n3§9p§6ﬁtmPgGUEPPSE§SFﬁrY as destRib8a°BWovd, Vehllre

is the additional effect that the code size can be reduced.

(7) In the secénd.embodiment, the value of the number of
valid bits register 321 is implicitly saved and restored
whenever there is a context switch as part of the status
register, although the present invention is not restricted .
to this method. As shown in Fig. 39, specialized
instructions which only save and restore the value of the
number of valid bits register 321 may be defined. It should
be noted here that in Fig. 39, the legend "IMB" shows the
number of wvalid bits régister 321, while the legend "Rn" -
shows the register in the general registers 310 which stores
the address in the external memory 540 used for the save and

restore operations.

(8) The processor of the second embodiment executes

instructions such as the "sfst" and "addi" instructions



code size and can execute high-speed task switching is achieved.

Al t hough the present invention has been fully described by way of exanples
with reference to acconpanying drawings, it is to be noted that various
changes and nodifications wll be appaif t to those skilled in the art.
Therefore, unless such changes and nod cations depart fromthe scope of

t he preseng,ioventi h I ryed bej kglbwnged t herein.
114 \What %%E%¥a?h% F?% %%F QngbggsgggégrEgégganghgﬁﬁuexecu?ing an

ntruct ! ogy cp BN UnOY pBB0bLe for oA pAYeUsEEOR adestet for

storing thevinstruction; means codi ng the stored

inst_ructio5/}:6‘[]5?;[__&3{?;e qm&ﬁﬂﬁﬁﬂgkg%g%%%&grai%gh§%thYao§tgbgggt&%agogrgpr

storing a Stori means “whi ch, when the decodi ng
means has decq dﬁéhat the instr. i Rel ydespd qapst 3 %%agn\%% uld be
stored int 5plel‘fé'%§‘3 £ rsé‘éllgg'tee#l%té:trg‘r%écé' ?’he constant inéluded in the

I nstruction,into the constant register if no valid constant is stored in

t he consta%ﬂrsFéﬁggFﬁﬁfmaﬁﬁ,.if a valid constant is already stored in the
constant register, stores the constant included in the instruction into
the constant register so as to retain the valid constant; and

Fig. 40 is a funétion block diagram showing the VLIW
processor 600 which equates to a VLIW processor of the first
embodiment with the addition of the context switching
function of the second embodiment. The execution unit 630
of this processor 600 has a ﬁumber of wvalid bits register
631 and a save/restore invalidation circuit 632 that have
the same functions as.their equivalents in the second
embodiment.

Fig. 41 shows an ekample VLIW 670 that is executed by
the present processor 600. The second operation field 60_¢f
this instruction 670 whose format code 51 is "O0xO" includes
a save oéeration that saves the content of the constant
register R15 in a storage area in the external memory -
indicated by the general register R3. When this operation
code is decoded by the second operation decoder 25, the
content of the constant register 36 passes through the
second operation unit 38 and is sent to the operand ;ccess
unit 40. After this, the.save/restore invalidation circuit

632 refers to the value of the number of valid bits register



execution neans which, when the decodi ng neans has. decoded that the
instruction specifies an operation which uses the ‘constant register, reads
an entire value stored in the constant register and executes the operation
in the constant register. 2. The prgﬁ ssor of Claiml, wherein
the constant storing neans stores the c ant included in the instruction

h f
Ism 19t ;[ nS ?ﬁéeﬁ\[/g%]é con?é r%t? 14, By F9%haH f‘nsqdotrheed thov Shovg%)nls aang S
the ?\S[ L W—“?’fj n%%ﬂ?*f%i%ab%sg%m;%?ﬁ”%‘a 09 i Eoring 168 WL LT,
3. T m
Shitts Phe spieirst mefifhes 26 10 G BRiehah APy ﬁ%}*ﬁ%h Shach

register and stores t f constant included in the instruction by |nserting
the const arf€HSS Wblere®i ¢ position 4. The processor of Caim 3,
further conprisin e tenS|on for performn exten on p. oceSS|ng to
add at |east onebft "b"ﬁ"eﬁié rﬁ‘% il g %H' ypetion
const ant .

of the second embodiment to the constant reconstructing VLIW
processor of the first embodiment, a pﬁocessor that can
avoid increases in code size due to the insertion of "nop"
instructions and can avoid the saving and restoring of
redundant contexts during task switching is realized. This
is to say, a VLIW processor which can support reductions in
code size and can execute high-speed task switching is
achieved.

Although the present invention has been fully described
by way of examples with reference to accompanying drawings,
it is to be noted that wvarious 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.



5. The processor of O aim4, wherein the extenqunn neans nprfnrnn

the extension processing on the constant included’'in the i nstructi
before the constant is stored into the constant registe “ "I I""
processor of C aimi4, wherein th t ensi on nean

e
extension processing on a constant thaﬁ ﬁgs been read from
116 constant giste The processor of Caim 2,

t he

wher

ein the

const ant stqﬁ?ﬁglﬁE%Lilﬁﬁgf%§ the valid constant to a lower bit position
th t th t ded
B L T

processor

(ein the constant storing neans does not

d ai
shift the 5%?|Br96ﬁ§ﬁaﬁtcPﬂth§153nstant regi ster and stores the constant

included in the instruction into a position in the caonstant

adj acent to the V&l HSBRUEHHPD registep ko FLeFHnIFReY 1B%

crsek

ste[ :
1O t he

constant included in the instruction are linked in %g |t direction in

the constant regf@¢eding meansnEop deeeding othey 3FoF

nstruction;

a constant register including a storage region for

storing a constant;

constant storing means which, when the decoding means

has decoded that the instruction includes a constant that

should be stored into the constant register, stores the

constant included in the instruction into the constant

register if no valid constant is stored in the constant

register, and, if a valid constant is already stored in the

constant register, stores the constant included in the

instruction into the constant register so as to retain the

valid constant; and

execution means which, when the decoding means has

decoded that the instruction specifies an operation which

uses the constant register, reads an entire value stored in

the constant register and executes the operation in the

constant register.

2. The processor of Claim 1,

wherein the constant storing means stores the constant

included in the instruction into the constant register after



wherein the constant storing neans stores the const.ant included in tne

I nstruction by inserting the constant at a higher bi i he
valid constant in the constant register. 10. The Hlmmllmm)"nm“lm 8,
wherein the constant storing neans storqggthe constant* ¢ t w s

117 included in the instruction by inserting the constant at a |ower bit
posi ti on t ey $figny3ng FNEd And tad KA S UL rd &) StRred irdlendhe
processor o arm 1, ereln the constant storing neans stores zero

into the cofsiedtefOLLiEL,] Mediately after the entire value stored in
the constant regis erg%as %ebn read by the execution means. 12. The

processor of C ai : s i eqil i %%ﬁs i%h r@cﬁg@ i
execution unit f"gilr‘éléale%u r|leng a faérh:%%@(aﬁ%nﬁ{lhn accor ancleév)iln't thJén

i nstruction . . \Wher e onst : Ik SEAE St zero into
t he constan'fh? eb?%?%‘?ggh% éaf%%%@ﬁe%pﬁa?%%&%gsd%n execu?{e}géby t he
branch execgéﬁggaﬂgléegister.

3. The processor of Claim 2,

wherein the constant storing means shifts the wvalid
constant to a higher bit position in the constant register
and stores the constant included in the instruction by

inserting the constant at a lower bit position.

4. The processor of Claim 3, further comprising extension
means for performing extension processing to add at least
one of a sign extension and a zero extension to the

constant.

5. The processor of Claim 4,
wherein the extension means performs the extension
processing on the constant included in the instruction

before the constant is stored into the constant register.

6. The processor of Claim 4,
wherein the extension means performs the extension

processing on a constant that has been read from the



13. The processor of Caima1l, wherein the processor Tsconnectet—to6
an external nenory for storing an internal state of the pro

t he processor further conprising: saving neans for sa mmu!’" I'H”II,
decodi ng means decodes that the instrugygon is a save instrue

saving a value in the constant register into the external

118 nenory, comstaaltueegistes.constant register into the external nenory;
and save prohibiting nmeans for prohibiting the saving neans from
saving the value in the constant register when there is no valid constant
In the constant register. 14. The processor of Caim 13, further
conprising: 7. The mzdcwssyy mfaQldiar 2restori ng, when the decodi ng neans
decodes that the instruction is a restore instruction for restoring a

val ue into the consiheiteinedhst eonfstamtt stordngemeansnmshifys tthe waldel i nto
t he constant register; and ' restore prohibiting nmeans for prohibiting

the restori ngon®ant fddm Nesiey bid gositdlone inhahet konstsintr edgigtart i on
corresponds to a save instruction where saving was prohibited by the save

prohi biting mRANStores! Thel OO¥tRERS Seicleided dnmthe ingtrwsticny si ng:
validity information storage neans for storing validity information

showi ng whet higfsextidlg kHOErytarts & & ed gher bit position.

8. The processor of Claim 1,

wherein the constant storing means does not shift the
valid constant in the constant register and stores the
constant included in the instruction into a position in the
constant register adjacent to the valid constant,

wherein the valid constant and the constant included in
the instruction are linked in a digit direction in the

constant register.

9. The processor of Claim 8,

' wherein the constant storing means stores the constant
included in the instruction by inserting the constant at a
higher bit position than the wvalid constant in the constant

register.

10. The processor of Claim 8,

wherein the constant storing means stores the constant



the constant register, ‘the saving neans i ncl.udi L di
i nformati on saving unit for having the validity inf ommmn :
the validity informati on storage nmeans saved into the . *exterhaly ,

t he save prohibiting neans referring to th validity
119 information to judge whether a val ild Zonstant is stored in the
constant register, and prohibiting the saving neans from saving the val ue
of the constagludegi dmerthen ijnsdgucgionaby tinsestiogntheakionstenst a%t a n t he
constant register, the restoring nmeans including a validity '
i nf or mat i onlowest bdithgasiitiionothaavithe twadidalcomistyanitnfior frlei conisitanite
external nenory restored into the validity informati on storage neans, and
t he r'est or erpgdisitieirt.i ng neans referring to the validity information in the
external menory to judge whether the restore instruction corresponds to a
save instruction where saving was prohibited by the save prohibiting
means, and prohibiting the restoring neans fromrestoring a val ue on
j udgi ng t hatllt.h&hee oo ssoxt wfc Cladmcdr,r esponds to a save instruction
where savi ng was prohi bited. 16. The processor of Caim 15,
wherei n the val i dwhereinothet constantngtoringsmeanst seoreal zdirbyinto the
information into the external nenory when the _

constant register immediately after the entire value stored

in the constant register has been read by the execution

means.

12. The processor of Claim 1,

wherein the execution means has a branch execution unit
for executing a branch operation in accordance with the
instruction, B

and wherein the constant storing means stores zero into

the constant register when a branch operation has been

executed by the branch execution unit.

13. The processor of Claim 1, )

wherein the processor is connected to an external
memory for storing an internal state of the processor,

the processor further comprising:

saving means for saving, when the decoding means
decodes that the instruction is a save instruction for

saving a value in the constant register into the external



decodi ng neans has decoded that the instruction in. t—ﬁ‘_TﬂSTftE%4iHLh_‘_

register is a save instruction, the validity-i restorlng
unit restoring the valldlty|nfornat|onfromthe ext E&I l&mr

validity informati on storage nmeans when ﬁge decodi ng neans

that the instruction in the instruction gi ster

120 is a restore instruction. 17. The processor of C aim

wher ei n themempru»tyhenwainstnantbnowgnataamu@quﬂiﬁr %ﬂtQMRﬂ%s9ﬁ9?§¥al
constant stored in the constant register, t he save prohibiting nmeans
prohibitingmameaytngndhen the valid nunber of digits in the validity

i nformation is zero, and the restore prohibiting neans prohibiting
a restoring whensatie pabhdbatabgr meandi §orsprehild ting dhey savHAG @S

is zero. 18. A VLIWprocessor for decoding and executing an

i nstructi onfromesaningudhieovalnel ddi frhea constants iraaister el ithere fid mat
code that specifies an instruction format and a plurality of operation
fields for apevalidngonstandt ionshehsonstanto tegigtemwssed in parall el

t he VLI W processor conpri sing: an instruction register for storing
the instruction; decodi ng neans for decoding the stored instruction,
t he '

14. The processor of Claim 13, further comprising:

restoring means for restoring, when the decoding means
decodes that the instruction is a restore instruction for
restoring a value into the constant register from the
external memory, the wvalue into the constant register; and

restore prohibiting means for prohibiting the restoring
means from restoring the value when the restore instruction
corresponds to a save instruction where saving was

prohibited by the save prohibiting means.

15. The processor of Claim 14, further comprising:

validity information storage means for storing wvalidity
information showing whether a valid constant is stored in -
the constant register, |

the saving means including a walidity information
saving unit for having the validity information stored in
the validity information storage means saved into the
external memory,

the save prohibiting means referring to the validity



decodi ng neans including a format decoding unit for r ' to the
format code of the instruction and decodi ng that a'--_coﬂmmmlim lmlaﬂﬂn I n
at | east one operation field in the instruction; * dg¢ COf ol
regi ster including a storage region for1
121 storing a constant; const ant g?oring means whi ch, -when the
decodi ng neans has ,decoded that the instructi.on i ncludes ,a cqnstant, that
shoul d be stBELIMAISN Fe Jnge, Mhetdgirs @ V2 ANt 35, &G ¢t ed
in the operation field into the constant register if no valid constant is
stored in t kBecSRRSHINt Lagister, aqd Rrohibifing IRk SaHn% nﬁ%ﬁrom
stored in the constant register, stores the constant |ocated indépe
operation fBavangnitdhe yalushSfatbe constants Feglsten anilpdee Fhay
constant; and . execution nmeans which, when the decodi ng neans has
decoded t hathege ifsUuMdldd SoRgtRNEs i Wife CARBRMhIRGFL USRI t he
constant register, reads an entire value stored in the constant register
and executes the &b& RGSHPring meanshdnglpding @ Sl dtyoigtarmation
wherein the constant storing neans stores the constant included in the
oper ation firesg¢omng tundt davingithee valdididy sinfanmaiane imlt
constant that is already stored in the constant register. -
external memory restored into the validity information

storage means, and

the restore prohibiting means referring to the validity
information in the external memory to judge whether the
restore instruction corresponds to a save instruction where
saving was prohibited by the save prohibiting means, and
prohibiting the restoring means from restoring a value on
judging that the restore instruction corresponds to a save

instruction where saving was prohibited.

16. The processor of Claim 15,

wherein the validity information saving unit saveslthe
validity information into the external memory when the
decoding means has decoded that the instruction in the
instruction register is a save instruction,

the validity information restoring unit restoring the
validity information from the external memory to the
validity information storage means when the decoding means

has decoded that the instruction in the instruction register



20. The VLI W processor of Caim 19, wherein. the constant storing

means stores the constant included in the operation field by inserting the
constant at a higher bit position in the constant reglst

val i d constant. 21. The VLIW pr ocessiQ of Claim 20, G”“ﬂlmluml "III ml
extension neans for perform ng extensio Broce55|ng to add at® | tast! ohe *of
a sign extension and a zero extepsion to the constant. 22. The. VLIW
processor o+SCRaF@PPere instrugklPRin the extension means perforns the
extension processing on the constant included in the operation field
before the constant is stored into the constant register. 23. The VLIW
processor of Claim 21, wherein the extension neans perforns the

ext ensi on b?@c€§§|H§°6ﬁ550509§t§%?1¥h551has been read fron1the const ant
regi ster. 24. The VLIWprocessor of Caiml i t he
constant storing We8KSist ésvﬁ%bdkﬁﬁs%aﬁ?rmﬁ§lPﬁs§P9WﬁgatN@ &5n§P§PFrét a

| ower bit position in the
" of digits in a constant stored in the constant register,

the save prohibiting means prohibiting a saving when
the valid number of digits in the validity information is
zero, and

the festore prohibiting means prohibiting a restoring
when the valid number of digité in the validity information

is zero.

18. A VLIW processor for decoding and executing an
instruction, the instruction including a format field for
storing a format code that specifies an instruction format
and a plurality of operation fields for specifying
operations that are to be processed in parallel,

the VLIW processor comprising:

an instruction register for storing the instruction:-

decoding means for decoding the stored instruction, the
decoding means including a format decoding unit for
referring to the format code of the instructién and decoding
that a constant is located in at least one operation field
in the instruction;

a constant register including a storage region for



constant register than the valid constant. 25. The VLI W processor_of
Cl ai m 18, wherein the constant storing neans.does not shift the

valid constant in the constant register and stores the L|“|“|mllr;m“llls|“lll
constant included in the operation fielq ,bnto a positio t
regi ster adjacent to the valid constant. 26. The VLIvarocessor of 8 aim

25, wherein the constant storing neans stores the constant
i ncluded i nstheingeaacopatantid by inserting the constant at a higher bit
position in the constant register than the val i d constant. 27. The

VLI W processor ofc@hatan5storing meahsrehiichhewbensthat decoding means
stores the constant by inserting the constant at a |lower bit position in
the consthas degbdedr thhtinthteinatrdcthost ancludes 2a8consgavt] whatocessor
of Claim 18, wherein the constant storing neans stores zero into
t he const shbulldgbet storedednbbethieatbrstahe eegisteral séoxesredhe in the
constant regi ster has been read by the execution nmeans. .
constant located in the operation field into the constant
register if no valid constant is stored in the constant
register, and, if a valid constant is already stored in the
constant register, stores the constant located in the
operation field into the constant register so as to retain
the valid constant; and
execution means which, when the decoding means has
decoded that the instruction specifies an operation which

uses the constant register, reads an entire value stored in

the constant register and executes the operation.

19. The VLIW processor of Claim 18,

wherein the constant storing means stores the constant
included in the operation field into the constant register
after shifting the valid constant that'is already stored in

the constant register.

20. The VLIW processor of Claim 19,
wherein the constant storing means stores the constant
included in the operation field by inserting the constant at

a higher bit position in the constant register than the



29. The VLI W processor of C aim 18, wher ei n t he—exeeution means has

a branch execution unit for executing a branch operati |
wth the i nstruction, and wherein the const anﬁiﬁ‘ﬁmﬂmn Q“‘
ant's =

stores zero into . 2 124

regi ster when a branch operation has beéﬁ executed by the branch execution
unit. 30. The VLI W processor of Caim18, wherei n the processor

i s connect ethligl gonstanthal nenory for storing an internal state of the
processor, t he processor further conprising: savi ng nmeans for

savi ng, when the decodi ng neans decodes that the instruction is a save
instruction for saving a value in the constant register into the external
menory, theVvalThe iVLIWMererssson ofd@htim 2Gi cfuntdhex eI+ S¥RFory; and
save prohibiting nmeans for prohibiting the saving nmeans from saving the
val ue in t hextensicmtmeans sfer péxforming éxtenwiom|prpeassingtte nrdde
constant register. 31. The VLI Wprocessor of Caim30, further
conpri sing:at leastresé oof ng sibgmsettensicn candiy zérd edtenioni g hbans
decodes that the instruction is a restore instruction for restoring a
val ue into édesecamst ant register fromthe external nenory, the value into
the constant register; and

22. The VLIW processor of Claim 21,

wherein the extension means performs the extension
processing on the constant included in the operation field

before the constant is stored into the constant register.

23. The VLIW processor of Claim 21,
wherein the extension means performs the extension
processing on a constant that has been read from the

constant register.

24. The VLIW processor of Claim 19,
wherein the constant storing means stores the constant
by inserting the constant at a lower bit position in the

constant register than the valid constant.

25. The VLIW processor of Claim 18,
wherein the constant storing means does not shift the

valid constant in the constant register and stores the



restore protibiting neans for prohibiting the restoring neans from
restor n the restore instruction corresponds to a save

[ nstru mmu@ g was  prohibited by the save prohibiting neans.

125 pkocessor of Clalﬁlié further conprising

validlty i nformati on storage neans for 8ring validity information
showi ng whether a valid constant is stored in the constant register,

the savi ng reastantc|imtiluglea dnl ithiet wperhddwat ifdelds Aniteg ay pios itdiomzn ng
the validity information stored in the validity information storage neans
saved into tine ocotisyart regimter adjacenthéosihe madhidbiconsgamtans
referring to the validity information to judge whether a valid constant is
stored in the constant register, and prohibiting the saving nmeans from
saving the value of the constant register on judging that "there is no

val i d const @rg. iThd hALTWnicudssayic @laim 25, the restoring neans
including a validity information: - restoring unit for having the validity

information in thehepdier e OMPLANteStOrddg meanshetoxeisdithe iodrmtait on
storage neans, and the restore prohibiting nmeans referring to the

validity infuridd®nin tideopdalivyl fiRDY by dnsetgd nghafheercdriztantesior e
I nstruction corresponds to a save instruction where
a higher bit position in the constant register than the

valid constant.

27. The VLIW processor of Claim 25,
wherein the constant storing means stores the constant
by inserting the constant at a lower bit position in the

constant register than the wvalid constant.

28. The VLIW procéssor of Claim 18, |

wherein the constant storing means stores zero into. the
constant register immediately after the entire value stored
in the constant register has been read by the execution

means.

29. The VLIW processor of Claim 18,

wherein the execution means has a 5ranch execution unit
for exgcuting a branch operation in accordance with the
instruction, |

and wherein the constant storing means stores zero into



—

savi ng was %roHTthEd'bV*the-save prohi bi ting means, and prohibiting the

restoring LMH” ing a value on judging that the restore

i nstruction!s ’W(WEWW!F save instruction where saving was prohibited.
126 33. The “VLFWbrocessor of Clain1z§4 wherein the validity

i nformati on saving unit saves the validffty information into the external
menory when the decoding neans has decoded that the instruction in the

i nstructi onthegcohatant xegdsternwhenct dranch opernaltdonahiag OEEMf or mati on
restoring unit restoring the wvalidity information fromthe external nenory
to the val iestetytied tynitheobranchagxerpiionmvuriti.ne decodi ng neans has
decoded that the instruction in the instruction register is a restore

i nstruction. 34. The VLI W processor of Caim 33, wherein the
validity informati on shows a valid nunber of digits in a constant stored
in the consBant ThegVIIW processoxt e LAadaprldhi biting neans prohibiting a
saving when the valid nunber of digits in the validity information is

zero, and wWhereddt @he prodielisornd sneamheutel ot ahg exteasialr i ng
when the valid nunber of digits in the validity information is zero.
memory for storing an internal state of the processor,
the processor further comprising:
saving means for saving, when the decoding means
decodes that the instruction is a save instruction for
saving é value in the constant register into the external
memory, the value in the constant register into the external
memory; and
| save prohibiting means for prohibiting the saving means

from saving the value in the constant register when there is

no valid constant in the constant register.

31. The VLIW processor of Claim 30, further comprising:
restoring means for restoring, when the decoding means
decodes that the instruction is a restore instruction for -
restoring a value into the constant register from the
external memory, the value into the constant register; and
restore prohibiting means for prohibiting the restoring
means from restoring the value when the restore instruction
corresponds to a save instruction where saving was

prohibited by the save prohibiting means.
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32. The VLIW processor of Claim 31, further comprising

validity information storage means for storing validity
information showing whether a wvalid constant is stored in
the constant register,

the saving means including a validity information
saving unit for having the validity information stored in
the validity information storage means saved into the
external memory,

the save prohibiting means referring to the validity
information to judge whether a valid constant is stored in
the constant register, and prohibiting the saving means from
saving the value of the constant register on judging that
there is no valid constant in the constant register,

the restoring means including a validity information
restoring unit for having the valiaity information in the
e;ternal memory restored into the wvalidity information
storage means, and _

the restore prohibiting means referring to the validity
information in the external memory to judge whether the
restore instruction corresponds to a save instruction where
saving was prohibited by the save prohibiting means, and
prohibiting the restorin§ means from restoring a value on
judging that the restore instruction corresponds to a save

instruction where saving was prohibited.
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33. The VLIW processor of Claim 32,

wherein the validity information saving unit saves the
validity information into the external memory when the
decoding means has decoded that the instruction in the
instruction register is a save instruction,

the validity information restoring unit restoring the
validity information from the external memory to the
validity information storage means when the decoding means
has decoded that the instruction in the instruction register

is a restore instruction.

34. The VLIW processor of Claim 33,

wherein the validity information shows a valid number
of digits in a constant stored in the constant register,

the save prohibiting means prohibiting a saving when
the valid number of digits in the validity information is
zero, and

the restore prohibiting means prohibiting a restoring

when the valid number of digits in the validity information

is zero.



