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CINVENTION FI ELD OF THE | NVENTI ON The present |nvent|o to a
program executi on nethod and aprogram executi on device using sald hod.
In particular, the present invention relates to a program execution nethod
and device using a general-purpose register for executing a program

DESCRI PTI ON OF THE RELATED ARTS - 1 Mbst control -driven conputers for
sequentially fetching, decoding and executing instructions stored in a
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Fig. 4 shows a configuration of a conventional R SC (Reduced Instruction
Set Conputer) System m croprocessor which conprises a nenory 1, an
instruction fetch unit 2, an instruction decoder 3, a group of resisters

4, a Cconpuitdskatiis @Faﬂ{tag:bﬂpémﬁg@ess unit 6. In this configuration,
|nstruct|ons such as corrputl ng I nstructions, data transfer (load / store)

| nstructl r@%s#ﬁé‘u ¢ fetched from the nmenory 1 and designed; the
conmputing ~unit en car ri es out an arithnetic conmputation as indicated

The present invention relates to a program execution method
and a program execution device using said method. Inparticular,
the present invention relates to a program execution method and

device using a general-purpose register for executing a program.

DESCRIPTION OF THE RELATED ARTS

Most control-driven computers for sequentially fetching,
decoding and executing instructions stored in a memory are used
as program execution devices such as microprocessors.

Fig. 4 shows a configuration of a conventional RISC {Reduced
Instruction Set Computer) System microprocessor which comprises
a memory 1, an instruction fetch unit 2, an instruction decoder
3, a group of resisters 4, a computing unit 5 and a data access
unit 6. In this configuration, instructions such as computing
instructions, data transfer (load / store) instructions and such
like are fetched from the memory 1 and designed; the computing
unit 5 then carries out an arithmetic computation as inaicated
by the instruction sign.

Conventionally, in addition to an arithmetic and logicunit
(ALU) for carrying out basic arithmetic operations such as
addition, subtraction, logical OR and AND operations and such like,

a computing unit 5 as shown in Fig. 4 further comprises, for



by the instruction sign. Conventionally, in addition to an
arithmetic and |l ogic unit (ALU) for carrying out basic arithnetic
operations such as addi tion, subtraction, '

| ogi cal ORandANDoper at i onsandsuchl i ke, a conputlng unit 5 as shown in Fig.
4 further conprises, for - 2-
instance, a multiplier connected in parajblel thereto for carrying out

mul tiplication at high speed. A computing unit in which an ALU for
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arithmetic unit 5 comprising these types of computing devices,

a general method has been to provide a computing instruction
corresponding to a computation carriedout by the computing device.
This computation instruction is described in the program and read
into the processor. In other words, in addition to basic
conputations such as ADD {Integer Addition), OR (logical OR) and
the like, expanded arithmetic computation instructions such as
MUL (Multiplication), MAC (Multiplication and Addition
Calculation), FSUB {(Floating-Point Subtraction) and such like can
be described in a program and executed.

However, in this type of processor, it has not been possible
to carry out a designated computation without first executing an
instruction to prepare data required for the computation by
storing the data in a computation data storage location (such as
a register, for instance) and then executing an instruction to
start and carry out the computation. For example, shown below
is a program envisaged when carrying out repeated multiplication
of operand data stored in a memory using an RISC processor. Here,
since 2 load instructions are required in order to transfer data
to 2 registers (R2, R3), at least 3 instructions must be executed

for a single multiplication.



be described in a program and execut ed. However, in this type of
processor, it has not been possible to carry out a designated conputation
wi thout first executing an instruction to prepare data required for the
conputation by storing the data in a conputation data storage |ocation
(such as a register, for instance) and thgn executing an instruction to
start and carry out the conputation. For exanple, shown below is a program
envi saged when carrying out repeated nultlpllcatlon of operand data stored

in a menory usingpan RRSC(RHPCERSOL- mléiglrc; ppce 2 load instructions are
required in order to trans er data P’eglsters (R2, R3), at least 3
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overall processing rate will remain at 3 instruction cycles for
1 computation, thereby hindering performance improvement.

The u PD77240 (Trademark) DSP manufactured by NEC Corp. is
an example of technology intended to solve the above problem. The
features of this DSP as detailed on page 66 of "uPD77240 User
Manual" (September 1991) are as foliows.

1. Inaddition to a conventional ALU, the DSP has a circuit
for carrying out floating-point multiplication (FMPY). The ALU
starts computation in response to a clear computation instruction
{such as ADD or SUB) and the FMPY automatically starts computation
of transferred data in compliance with. a data transfer
instruction.

2. In the FMPY, transfer data to registers K and L for
multiplication input are multiplied in each instruction cycle.
The multiplication result is output from the output bus of the
FMPY one instruction cycle later andwritten in themultiplication
output register M two instruction cycles later.

This DSP attempts to solve the problems mentioned above by
starting multiplication only in compliance with a data transfer

instruction.

However, 1in this DSP, the FMPY is only capable of



an exanpl e of technol ogy intended to solve the above problem The features
of this DSP as detailed on page 66 of "[err] PD77240 User Manual"

(Sept enber 1991) are as foll ows. 1. In addition to a conventional
for carrying out floating-point nmultiplication

ALU,

the DSP has a circuit

(FMPY). The ALU starts conputation in gesponse to a clear conputation
instruction (such as ADD or SUB) and the EMPY automatically starts
conputation of transferred data in conpliance with a data transfer
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input registers and 1 output register, consequently increasing
the overall hardware size. With a RISC processor, since all types
of arithmetic computations such as addition, subtraction,
multiplication, division and trigonometric functions are
required in order to carry out scientific and technical
calculations used in image processing and CG and such like, if
an additional 32-bit register has to be set for each computation,
large-scale hardware will inevitably be required.

One method of solving this problem is to reduce the total
number of registers by jointly using input registers K, L for
multiple computations. In this case, however, it is necessary
to specify which computation is to be carried out on -input datai
Such a specification cannot be carried out using a normal data
transfer instruction and to clarify the computation would be

contrary to the design principles of the FMPY.

SUMMARY OF THE INVENTION

The present invention has ©been conceived after
consideration of the above-mentioned problems and aims to provide
a program execution device capable of carrying out different
computations at high speed with a low amount of hardware size.

The present invention further aims to provide a program execution
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desired, such as high-speed division, for instance, it is necessary to

. provide a dividing circuit having the sane configuration as the FMPY. This
dividing circuit also requires 2 input registers and 1 output register,
consequently increasing the overall hardware size. Wth a R SC processor,
since all types of arithnetic conputations such as addition, subtraction,
multiplication, division and tri gonometé'i c functions are required in order
to carry out scientific and technical™ *tal cul ati ons used in image
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i nvention further ainps to provide a program execution
and a computation is set beforehand, and if the general-purpose

register is described when a program is read out, a computation
related to the general-purpose register is executed. Here,
"general-purpose register” denotes a register capable of multiple
applications and computatiéns, the intention of which is
different from a special-purpose register which is limited to a
single computation such as, for instance, the DSP registers K and
L mentioned above in the description of the related arts. 1In the
appended claims, "computation” includes not only all arithmetic
computations normally defined by that texrm, such as
multiplication, floating~-point arithmetic, specific
calculations designed by a user, logical operations and such like,
but also a variety of computations including processing relating
to loading and storing of data required in processing.
According to this aspect of the present invention, since
a different computation is allocated to each general-purpose
register, there is no need to clarify the computation type.
Therefore, a desired computation can be carried out at higher
speed with just a few instruction §teps. Furthermore, since a

newly added computation can be related to a different



-5- device capable of flexibly carrying out subsequent additional and
expanded conputations. Furthernore, the present invention ains to provide
a program execution device which enables a user to easily program

di fferent conputations. (1) According to the program execution

met hod of the present invention, a relation between a specific
general - purpose register and a conputagion is set beforehand, and if the
general - purpose register is described when a programis read out, a
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and storing of data required in processing.
deneral-purpose register. Consequently, there is no need for new

programming techniques unfamiliar to the user.

{2) In another aspect of a program execution method of the
present invention, when carrying out a computation related to the
general-purpose register, the computation is carried out on data
stored in that general-purpose register. - For instance, if
general-purpose register A is related to "addition", by
transferring data to general-purpose register A, addition can be
carried out using that data. In other words, in this aspect of
the present invention, the general-purpose register does not only
indicate the type of computation to be carried out, but also
simultaneously becomes the source register of the computation.
As a result, programming can be carried out naturally and
efficiently. |

(3} In another aspect of a program execution method of the
present invention, when carrying out a computation related to the
general-purpose register, the computation to be carried out is
specified after first considering the access state of the
general-purpose register. A conventional general-purpose
register has 2 access states: read and write. It is thus possible

to designate an even greater number of computations by utilizing
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According to this aspect of the present invention, since a different
conputation is allocated to each general -purpose register, there is no
need to clarify the conputation type. Therefore, a desired conputation can
be carried out at higher speed with just a few instruction steps.
Furthernore, since a newy added conput-ation can be related to a different
-6- general -purpose register, the range of functions can be expanded

whi | e nmai ntai ni ng upward conpatibility. An advantage here is that the
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register is coded in a program; and computing unit for carrying
out an identified computation to data stored in the general-
purpose register.

In this configuration, decoder decodes a program which has
been read out. When the point at which a general-purpose register
is described is reached, the decoder identifies the computation
related to that register. For example, the computation may be:
"General-purpose register A = ADD". The computing unit then
carries out the computation which has been identified on data
stored in the general-purpose register.

In this aspect of the invention, a computation can. be
specified by, for instance, a data transfer instruction which
loads data into the general-purpose register. This has the same
effects as explained in (1) above.

(5} In another aspect of the present invention, the decoder
identifies a computation after considering the access state of
the general-purpose register. This isbasedon the same principle
as explained in (3) above, and produces similar effects.

{6) According to another aspect of the present invention,
the general-purpose register in cases (4) and (5) is treated as

a virtual register for indicating the computation to which the



carried out using that data. In other words, in this aspect of the present
invention, the general -purpose register does not only indicate the type of
conputation to be carried out, but also sinultaneously becones the source
regi ster of the conputation. As a result, programm ng can be carried out
naturally and efficiently. (3) I'n another aspect of a program
execution nethod of the present inveat8ona, when carrying out a conputation
related to the general-purpose register, the conputation to be carried out
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general - purpose register. A conventional general-purpose register has
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program executi on device of the present Invention
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According to this aspect, the amount of hardware size
required can be significantly reduced in comparison with a case
where a group of general-purpose registers is provided for each
type of computation.

{(7) In another aspect of the program execution device of
the present invention, when data has been transferred to a
general-purpose register by executing a data transfer instruction,
the computing unit starts computation, related to the
general-purpose register, of the data. 1In this configuration,
the computing operation of 2 operands can be automatically started
by means of 2 load instructions, thereby enabling the computation
to be carried out at high speed with few instruction steps.

For a more complete understanding of the present invention
and the advantages thereof, reference is nowmade to the following

description taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram depicting an overall configuration of
a program execution device according to an embodiment of the

present invention.



pur pose register. In this configuration, decoder decodes a program
whi ch has been readout. When the point at which a general - purpose register
is described is reached, the decoder identifies the conputation related to
that register. For exanple, the conputation may be: "General - purpose
register A = ADD'. The conputing unit then carries out the conputation

whi ch has been identified on data stored in the general-purpose register.
In this aspect of the invention, a conpUt%ITon can be specified by, for

i nst ance, a dat aFiganafier ai disagran idep iwtiicly ahdadsematlaconfogthetion of
general - purpose register. This has the sane effects as explained in (1)
above. the EBrohd apophedingspedt Of shbenpirskihg.i bvention, the decoder
identifies a conputation after considering the access state of the
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(3) above, and produces simlar effects. (6) According to another
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and (5) is treated as a virtual register for indicating the conputation to

which the 5n4 specified computation types. - 8-

Fig. 4 1is a diagram depicting a configuration of a

conventional generally used RISC processor.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred embodiments of the present invention will
next be explained with reference to the diagrams. The present
embodiment explains a program execution device which
automatically starts computation in response to an instruction
to transfer data to a specific general-purpose register. In this
device, computation in a computing unit identical to that shown
in Fig. 4 is started in the normal manner by a clear computation
instruction, while computation in another computing unit
(hereinafter "second computing unit") is started only in response
to an instruction to transfer data to a specific general-purpose
register.

Let us suppose, for example, that this device has a total
of 16 general-purpose registers RO ~ R15. Of these 16, 11
registers R5 ~ 15 belong to resisters 4 (explained below) and 5
registers RO ~ 4 are virtual registers charactelristic: to the

present embodiment.

Fig. 1 shows an overall configuration of a programexecution



register is related. In this case, the general-purpose register can be
vi ewed as addressi ng neans for sinultaneously specifying a data
destination and a conmputation to be carried out on said data. Therefore,
provi ded that the destination has a data storage section, the
general - purpose regi ster need not actual y store the data.

According to this aspect, the amunt of 1Rardware size requi red can be
significantly reduced in conparison with a case where a group of
gener al - pdepise degtbeepsessnpr ewbdaéimént . edoh Fitgy.pd ,ofnssapaetiongnand
(7) I'n another aspect of the program execution device of the present

i nvent i on dawlaemaxat stdasd béen reranryf dr.r edi st mictgemss adrpuaposesedgiviter by
executing a data transfer instruction, the conputing unit starts
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configuration, the conputing operation of 2 operands can be automatically
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a program gxec |qy deV|ce accordlng to an enbodi ment of the

In accordance with the instruction type, instruction
decoder 3 splits the instruction code into predetermined fields
and extracts an operation indicating the type of computation to
be carried out, an operand having an immediate data contained in
the instruction code, source and destination register numbers and
the like. Here, it is judged whether the computation will use
second computing unit 7 by determining if the register number is
0 ~ 4, that is, if the register is one of the virtual registers.

When the operation designates a normal computation
instruction, computing unit 5 carries out a normal computation
on the source operand. The result of this computation is sent
via signal line 5A to data access unit 6 and rewritten via signal
line 6A in a register in resisters 4 indicated by the destination
register number.

Alternatively, when the operation designates a data
transfer instruction, if the general-purpose register described
in the instruction is any one of RO ~ R4, the computation is carried
out by second computing unit 7. In this case, operand data is

sent from instruction decoder 3, not to resisters 4, but directly



present invention. -9- Fig. 2

I's a diagramdepicting an internal configuration of the second conputing
unit 7 shown in Fig. 1. Fig. 3 is a diagramdepicting the

rel ati onship between virtual registers RO ~ 4 and their correspondi ng
access states and specified conmputation types. Fig. 4 is a diagram
depicting a configuration of a conventibhal generally used RI SC processor.
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transfer data to a specific general-purpose register. In this deviceg,
conput at i onoinpuhatbepurdsigl tuAst serfetliacai oral tHae dAdwhdats aFeesyundt
started in the normal manner by a clear conputation instruction, while
conput ati oA.i n another conputing unit (hereinafter "second conputing
unit") is started only in response to an instruction to transfer data to a
speci fi ¢ gener al Fpyt Poskows the internal configuration of second computing
unit 7. In the present embodiment, second computing unit 7
carries out normal multiplication and MAC consisting of complex
multiplication and addition. Such MAC are often used in audio
processing, image processing and the like.
In Fig. 2, X register 71 and Y register 72 are both actual
registers which store operand data for computation. These data
are sent from instruction decoder 3. Each of X, Y registers 71
and 72 has a data existent flag {not shown in the diagram) which
is set when data is stored, and reset when computation is under
way and the register is ready to receive the next data.
Multiplication or MAC calculation commences-automatically each
time both the 2 flags are set.
MAC results and multiplication results are stored
respectively in MAC result holding portion 73 and multiplication
result holding portion 74. Multiplier 75 (indicated in Fig. 2
by X) and adder 76 (indicated by +) respectively carry out
multiplication and addition to data input thereto and output the
result. The outputs from X register 71 and Y register 72 are
applied to multiplier 75. Multiplier 75 carries out

multiplication and sends the result to multiplication result

holding portion 74 and adder 76. The outputs of MAC result holding



regi ster. Let us suppose, for exanple, that this device has a total
of 16 general -purpose registers RO ~ RlL5. O these 16, 11 registers RS
15 belong to resisters 4 (expl ained below) and 5 registers RO ~ 4 are

virtual registers characteristic to the present enbodinent. Fig. 1
shows an overall configuration of a progsam execution

- 10 - device in the present enbodi nent. In Fig. 1, |nstructions and data
are stored in menory 1. Instructions are accessed via [ bus 1A
data are E@@@é@éd":\*/laé‘ddﬁtlhtb%l&B 75 pretkhen per L flgfjcﬁotﬁ#‘{] E u‘g%é‘?%u ly

fetches instructions such as data transfer instructions and co utatl on
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instruction decoder 3. I n accordance with the instruction type,
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i nstruction code, source and destination register nunbers and the |ike.
Here, it ixgdeddoeshiwhet.her the conputation will use

Fig. 3 shows the relationship between virtual registers RO
~ R4 and their corresponding access states and types of
computations specified. 1In the diagram, access state "READ"
indicates that data is to be read out from the general-purpose
register; this may be, for instance, a data store instruction into
the memory or a move .(copy) instruction to move data to another
general-purpose register. Alternatively, access state "WRITE"
may for instance constitute an instruction to load data from the
memory into the register, or a move (copy) instruction to move
data from another general-purpose register, or an instruction to
move {(write) data to-the general-purpose register from another
general-purpose register, this move (write) instruction having
an immediate data.

1. Write operation to each register.

When data is written to register RO, immediate data
contained in the write instruction (defined as d0) is written
unaltered into X register 71.

Writing of data in register Rl denotes an unsigned MAC using
do0 and immediate data (dl) which is carried out simultaneously
with the writing of data dl into Y register 72. In other words,

multiplier 75 executes an unsigned multiplication of data d0 and



second conmputing unit 7 by determining if the register nunber is 0 ~ 4,
that is, if the register is one of the virtual registers. When t he
operation designates a normal conputation instruction, conputing unit 5
carries out a normal conputation on the source operand. The result of this
conputation is sent via signal line 5A tg data access unit 6 and rewitten

via signal line 6Ain aregister in resisters 4 indicated by the
destination_ register

n er. , Alternati.,vel en t Qperati.
desi gnat es9ar ddt& adfifaén‘ggbé‘rddisng}ﬂﬁ&ql&r},pﬁ'ill‘catg:ﬁé’ng%%%‘\r{\g? Eﬁu?ﬁ%s‘% er%éil lg{zjer
described in the instruction_is any one of RO ~ R4, conp ti,on i.s
carried o¥RChyeseton®cbipat fRgabmasuAt LF ?F?Ee‘gafsne&g‘gp’é?ﬁﬂ# gﬁléﬂlnsg
sent frominstruction decoder 3, not to resisters 4, but directly
to second pompdehnd3uabt trevngwsiiBRaresihk- 3A. After carrying out a
conputati on characteristic to the present device, the conputation result
is sent via signibthihe WA tenldndcacegdsteni R2 & the sameFmgnnersydwd t he
i nternal configuration of second conputing wunit 7. In the present
enbodi nent regésted RO Eitimghendt f feremse itha totihe mumpaitahilom pbi sy isrd and

MAC consi sting of conpl ex
out after consideration of the sign.

Writing of data to register R3 denotes an unsigned MAC using
d0 and immediate data (d2) which is carried out simultaneously
with writing of data d2 into Y register 72. In other words,
nultiplier 75 executes an unsigned multiplication of data d0 and
d2 and the result is stored in multiplication result holding
portion 74. Data is written to register R4 in the same manner
as register R3, with the difference that computation is carried
out after consideration of the sign.

2. Read operation from each register

When data is read out from register RO, the contents of MAC
result holding portion 73 and multiplication result holding
portion 74 are cleared to be used for commencing a new MAC or such
like.

When data is read out from register Rl, data stored in MAC
result holding portion 73 can be read out. This also applies when
reading out from register R2, but in this case the content of MAC
result holding portion 73 is cleared after reading. When reading
from register R3, data stored in multiplication result holding

portion 74 is read out.

In the above configuration, when carrying out an unsigned



mul tiplication and addition. Such MAC are often used in audio processing,
image processing and the |ike. In Fig. 2, Xregister 71 and Y

regi ster 72 are both actual registers which store operand data for
conput ati on. These data are sent frominstruction decoder 3. Each of X, Y
registers 71 and 72 has a data existent fhag (not shown in the diagram
which 1is set when data is stored, and reset when conputation is under way

and the register is ready to receive the next data. I\/UItirpIic éion or MAC
cal cul at | BElEdpAdRaEICRUIOMROPEERNY TR SitRESHot At t REMPLH] a@‘g EPeSeRt .
MAC results and nultiplication results are stored respectively in MAC
resul t holiddagapedt bonregisnersuRbi phlcBEi ofiorr baatanaet dihg pRHLPGHRT4.
Multiplier 75 (indicated in Fig. 2 by X) and adder 76 (indicated by +)
respect i velrpgean ypagube msktdi.pl Oxhyi 2nimstracioniorate teyeliethdiender et o
and output the result. The outputs from X register 71 and Y register 72

are applied tep mad)plrsy 1Ro « oM tir®higr 75 carries out
mul tiplication and sends the result to nmultiplication result

hol di ngporti on74,pandgglderg§, TReout pdrsofC)resul t hol di ng
- 12 - portion 73 and mul ti plier 75 are then applied to adder 76. Adder
As another example of processing, let us consider a signed
MAC for calculating the AND of a one-dimensional array of data
stored in memory and storing the result as a one-dimensional array
in the memory.
MOV R5, RO (clear MAC result holding portion 73)

Ll: LD RO, (R6++) (RO < men (R6), R6 < R6 + 1)

LD R2, (R7++) (R2 < men (R7), R7 < R7 + 1)

CB R9, L1

(Branching if R9 is non-zero. Post-determination RS

«R9~-1)
NOP - {delay slot for branching instruction)
MOV RS, Rl {result is stored in R8)

Here, a signed MAC is carried out on operand data stored at memory
addresses indicated by registers R6 and R7 and the result is stored
in register R8. Register R9 is used as a counter.

The embodiment described above does not require a large
amount of hardware since registers RO ~ 4 do not actually exist.
Nevertheless, a variety of computations can be efficiently
designated and executed at high speed using register numbers and
access states. Furthermore, since a new computation type can be

added without having to add a new instruction, the range of



76 carries out addition and outputs the result to MAC result
hol di ngportion73. Data readout fronmVACresulthol di'ngportion 73 and
mul tiplication result holding portion 74 are sent to data access unit 6.

Fig. 3 shows the relationship between virtual registers RO ~ R4 and their
correspondi ng access states and types of conputations specified. In the
di agram access state "READ' indicates that data is to be read out from

t he general -purpose regjster; this may be, for instance, a data store
instrUctioﬁumﬁﬁéonﬁhéaﬁeﬁﬁr?XB@néeﬁﬁV§¥@86ﬁ¥¥mWH§¥ﬁ&ét?ﬁhr?%eﬂﬁviﬁmﬁi%rto
anot her general -purpose register. Alternatively, access state "WRITE' nmay
for i nstand&ecorfstlilowiadan vegdetdensonteo £bad BEE8SRE onfRPRALARMbr Y20t 0
the register, or a nove (copy) instruction to nove data from another

gener al - purqpos® irvedilst.er, or an instruction to nove (wite) data to the
general - purpose regi ster from another general-purpose register, this nove
(wite) instructi{dn hathig erbodinmedi,ad epeatidic dendtfdt-eowmperset repisberach

regi ster. When data is witten to register RO immedi ate data
cont ai ned idedivhatdd & spwiirfici compieeiinedyps ai(d computatien is shatteded
into X register 71. Witing of data in register RL denotes an

unsi gned MAG BiddEdand@ aaehi tREdiEi dat a 48Ed aiternits faky.i eHowgier,

si mul t aneousl y with the witing of data dl into Y register 72. In other

wor ds, the need for this data existent flag can be removed by allowing
the designated general-purpose register not only to designate the
computation type but also to start the computation. 1In the
present embodiment, this function can be appended to registers
Rl ~ 4 which specify writing of data in Y register 72.

(2) In the present embodiment, second computing unit 7
started computation automatically in compliance with a data
transfer instruction, but this invention can also be applied to
the architecture of a conventional program execution device which
starts computation in response to a clear computation
instruction.

While there have been described what are at present
considered to be preferred embodiments of the invention, it will
be understood that various modifications may be made thereto, and
it 1is intended that the appended claims cover all such
modifications as fall within the true spirit and scope of the

invention.



mul tiplier 75 executes an unsigned nultiplication of data dO and

- 13 - dl, the adder 76 adds this multiplication result to the preceding
MAC result, and the final result is stored in MAC result holding portion
73 as the new MAC result. Data is witten into register R2 in the

sanme mannBRAESIEoCLASYEDt 86:R1, with the difference t hagim, M 'on is
carried out after consideration of tlhe gn. W'lmlwllgl |o
regi ster R3 denotes an unsigned MAC using dO and i medi ate ‘dat®a (¢d2f¥ which
is carried out sinmultaneously wth witing of data d2 into Y register 72.

In other words, A rBiddiin eexéauexaut@strdy URSkINeth A fnp! acabroyroh data
dO and d2 and the result is stored in nultiplication result holdlng

portion 74snPatiding W khkentheihed § .in the same manner as register
R3, with the diffe?ence t%at cé%pgta%?gﬁﬁﬁs carried out after

id i Lan. i f h i ,
Ghen data i o rega SuptiPl pebyethiof BRECRRAC anbeRt LR RREE FEELF E Rl di ng
ortion 74 are cleared_to be

portion 73 _and nultiplication result holding
used for & n%?%@ugah%ﬁph#QS%ﬁ’ gggﬁrekpgg_ang when a program is read

out if an information corresponding to the general-purpose

register is coded in the program, a computation related to the

general-purpose register is executed.

2. A program execution method according to Claim 1, wherein
when a computation related to the general-purpose
register is executed, the computation is executed using data

stored in the general-purpose register.

3.2 A program execution method.accordiné to Claim 1, wherein

when a computation related to the general-purpose
register is to be executed, a computation to be executed is
identified after consideration of the type of access to the

general-purpose register.
4. A program execution method according to Claim 1, wherein the
general-purpose register comprises a virtual register which

indicates a computation related thereto.

5. A program execution device comprising



When data is read out from register Rl, data stored in MAC result hol di ng
portion 73 can be read out. This also applies when readi ng out from
register R2, but in this case the content of MAC result holding portion

73 is c“ I ﬁugﬁmil ng. Wen reading fromregister R3, data stored
i n omul t]1PEEACKEDN SRR IR hol di ng portiqrf 74 is read out. In the
above cohfigurtati®on® when carrying out an unsigned

- 14 - mul tiplication on operand data stored at nenory addresses

i ndi cated by regi spenerR-pndpRse fragistmnder t#eorbrd oWatd HPodP&m may
be used. Only 2 instructions are required here. LD RO, (R5) (RO
<- men (RXjomputed; LD R3, (R6) (R3 <- nmen (R6) ) As anot her

exanpl e of processing, |let us consider a signed MAC for calculating the

AND of a one-di negstenat Ay dNenf i Bl vy asterimet 4 thi sreprelytaddsadvanget he
result as a one-dinensional array i1n the nenory. MOV R5, RO

(clear MAG.Lesuhl holging &ﬂ93§é73)re 1stdD RhehR6+wm (RAfSrmATNOARO) ,

R6 <- R6+Ct61) cQDRZ,D-((HW +) (R2 éhman(R?), R7 <- R7T + 1) CB

R9, L1 corresponding to the general-purpose register is coded in the
program; and

a computing unit for carrying out an identified

computation using data stored in the general-purpose register.

6. A program execution device according to Claim 5, wherein
the decoder identifies a computation after consideration

of the type of access to the general-purpose register.

7. A program execution device according to Claim 3, wherein
the general-purpose register comprises a virtual register

which indicates a-’computation related thereto.

8. A program execution device according to Claim 5, wherein

when data has been transferred to the general-purpose
register in compliance with a data transfer instruction, the
computing unit starts a computation, related to the

general-purpose register, of said data.



(Branching if R9 is non-zero. Post-determ nation R9 <-R9-1)

.NOP (delay slot for branching instruction) MOV R8, R1
(result is stored in RB) Here, a signed MACis carried out on operand data
stored at nenory addresses indicated by registers R6 and R7 and the result
is stored in register R3. Register R918s-used as a counter. The
enbodi nent descri bed above does not require a | arge anount of hardware

si nce reisters t t i ety of
e E@gnéﬁf Iﬂg}sgﬁﬁ@ﬁ ﬁ%‘iﬁdm s tproGRYRY @k EREEB], DBVYEE ety

conput ati ons can esi gnated and executed at hi gh speed

usi ng reglmﬁmqw%lsm states. Furthernore, since a new
conputation type can be added wi thout having to add a new instruction,

t he range of - 15 - functions can be
expanded and programmng is extrenely sinple. The following variations to

the presegi smgganfgtSg&%grgﬁ{lg%xgmsn device deblrid b S.pHbRdL TR, 2

specific genera purp €SI gna ecI'ti c conpu _

and compul gL, 5 gL e LB, sprar e Wik M sl ol ot dalg, e ston
al I 'ow ng program size, while permitting future expansion of the range of
functions. General-purpose register_s RO ~ R4 are virtual
registers and a specific computation is related to read/write
processing to and from each of these registers RO ~ R4, When
instruction decoder 3 has designed an instruction, if it has been
determined that the instr_uction is a data transfer instruction:
denoting access to any one of the general-purpose registers RO
~ 4, the computation related to the register to be accessed is

carried out. A expanded range of computation types canbe related

to different general-purpose registers.

FIGURE 1



t he designated general -purpose register not only to designate the
conputation type but also to start the conputation. In the present

enbodi ment, this function can be appended to registers Rl ~ 4 which
specify witing of data in Y register 72. (2) I'n the present

enbodi nent, second conputing unit 7 started conputation automatically in
conpliance with a data transfer instruction, but this invention can al so
be applied to the architecture of a conventional program execution device
which starts conputation in responseir}® a clear conputation instruction
Wil e there have been descri bed what are at present considered to be
preferred enbodi nents of the invention, it will be understood that various
nodi fications may be made thereto, and it is intended that the appended
clainms cover all such nodifications as fall within the true spirit and
scope of the invention. VWHAT IS CLAI MED | S: - 16 - 1

A program execution nethod for executing a program containing a

_ i on, wh in: | ati be fi | -
fog ster and a computation is st ""L'z\?\&e‘?—mﬁliéﬁﬁeé‘lnﬁ whbn| a programis read
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Fig. 1



out if an information corresponding to the general -purpose register is
coded in the program a conputation related to the general-purpose

regi ster i s executed. 2. A program execution nmethod according to Caim
1, wherein when a conputation related to the general - purpose

regi ster is executed, the conmputation is executed using data stored in the
gener al - pur pose register. 3. A program execution nethod according to
Claim1, wherein when a conput &/43n rel ated to the general - purpose
register is to be executed, a conputation to be executed is identified
after consideration of the type of access to the general-purpose register.
4. A program execution nethod according to Caiml1, wherein the

general - purpose regi ster conprlses a I i ndi cates a
computation related thereto. F%Q@ Iéﬁtﬁﬁ@ﬂ&h’ RECODERI3:g

71
( | _3A
—1 x RO |
75
~ R;
Y [ ~
[ bl 4
73 v
B2 nssu%ﬁom
ING PORTION | )
R3 MULTIPLICATION
- RESULT HOLD-
ING PORTION
75 76
_7A
X +
TO: DATA ACCESSOR 6

Fig. 2



a general -purpose register for storing data to be conputed; a
decoder for identifying a conputation related in advance to the
general - purpose register when an information corresponding to the
general - purpose register is coded in the program and a conputing

unit for carrying out an |dent|f|ed nB ation using data stored in the
gener al - pur pose register. : A prog é 1 execution device according to
Claimb5, wherpRQg A te—decoder—tdent+f{+es—a—eo
consi deration Esfsype of READs to thp general \WRITRPse regi sttr 7.
AprogrameXeJu“I‘ga d e accordi ng to ("J:llm"_) wherein
gener al - pur poge r stey conp a virtupl r whi ch indi dgates a
conmputation r 3_I_§_1'_[_______t__hg_ etOCIt% _____ A propr M}ﬁm& devi ce adcordi ng
to Caimb5, w1erem MA@«RESUL@ has BE{NPUTETON F'F'é’d"’t'b'"f’ﬁ“é"'
gener al - pur poge gi st er QUTRYTP! | ance wi er I nstrjuction
the conputi ngufstéi tMﬁc ‘ﬁﬁg’ﬂfjﬁ on;T %p genera1 ={pur pose
ooster'of [ R | QUiary e | GNEDMAG

R3 MULTIPLICATION | INPUTTOY

__________________ _OUTPUT _(UNS_I_GN_ED MULTIPLICATIQ_I}I)
R4 UN NPUTTO Y
(UNAssiaNEp) | MFUTTO MULTIPLICATION)

Fig. 3
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