PROGRAM EXECUTI ON METHOD AND DEVI CE USI NG THE SAME BACKGROUND O pbirbe(4
“INVENTION 1. FIELD OF THE | NVENTI ON The present invention relates to a ,
program executi on nethod and a device using the sanme. In particular,“@”é
present invention relates to a program execution nethod whi ch uses data
hol di ng unit based on a general -purpose register and to a program execution
devi ce using said nethod. The present invention can, for exanple, be
applied in a mcroprocessor which uses a pipeline nmethod. 2. DESCRI PTI ON OF
THE RELATED ARTSréGRASGEXESurmmd METHODUANDODESECE COSPNG ETHE SSAME e- chi p

m croprocessor is a device sinultaneously offering high processing .
performance in all types of usage, |ow power consunption and small system
area. This type of mcroprocessor often uses a pipeline nethod of internal
data processing, in which BACESROUND OF THEI INENTEGN nul ti pl e stages and

mul tiple instructions are simultaneously processed in different stages,
1. FIELD OF THE INVENTION

The present invention relates to a program execution
method and a device using the same. In particular, the present
invention‘relates to a program execution method which uses
data holding unit based on a general-purpose register and to a
program execution device using said method. The present
invention can, for example, be applied in a microprocessor
which uses a pipeline method.

2. DESCRIPTION OF THE RELATED ARTS .

A RISC (Reduced:Instruction Set Computer) single-chip
microprocessor is a device simultaneously offering high
processing performance in all types of usage, low power
consumption and small system area. This type of microprocessor
often uses a pipeline method of internal data processing, in
which processing is divided into multiple stages and multiple
instructions are simultaneously processed in different stages,
thereby increasing processing speed. Therefore, the consider-
ation of branching instructions which disrupt the flow of
pipeline processing is recognized as an important aspect of
microprocessor design.

Fig. 3 shows pipeline processing in a generally used
conventional micro?rocessor. In Fié. 3, processing is at a
different stage at each clock and, in the example depicted, 1

instruction is processed completely in 5 stages. These S
g
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t hereby increasing processing speed. Therefore, the consider- ation of

*branching instructions which disrupt the flow of pipeline processing is
recogni zed as an inportant aspect of m croprocessor design. Fig. 3 shows
pi peline processing in a generally used conventional mcroprocessor. In
Fig. 3, processing is at a different stage at each clock and, in the
exanpl e depicted, 1 instruction is processed conpletely in 5 stages. These
5 2 stages are expressed as IF, ID, BX, MEM WB, and respectively
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Conput ati-on, "Menory Access, and Wite-Back of necessary data to the
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whi ch generates branching when data in a
from register), Computation, Memory Access, and Write-Back of
necessary data to the register.

Now let us assume that instruction 1 is a branching
instruction which generates branching when data in a
general-pﬁrpose register referred to in the instruction is
zero. Ordinarily, the EX stage determines if the data in the
general-purpose register is zero. Consequently, when branching
is actually generated, the branching destination address is
fetched from the instruction memory by an instruction whose IF
stage (shaded in the diagram) commences simultaneously with
the end of the EX stage of instruction 1 (shaded in the
diagram), namely instruction 4. Therefore, in this
configuration, branching delay is 2 cycles. "Branching delay”
denotes the number of cycles (in this example, cycles 2 and 3)
bétween a cycle which processes a branching instruction and a
cycle which actually commences processing the instruction at
the.branching destination. When there are many such cycles,
the penalty for branching increases, hindering high-speed
processing.

A technique for reducing branching delay was proposed in
"Computer Architecture - A Quantitative Approach to Design,
Realization and Evaluation"” (David A. Patterson and John L.
Hennessy, Nikkei BP Publications), pages 262~264. Fig. 4 shows
a virtual microprocessor DLX branching determining circuit as

discussed in the above publication. In DLX, a zero determining



general - purpose register referred to in the instruction is zero.
“Ordinarily, the EX stage determnes if the data in the general - purpose
register is zero. Consequently, when branching is actually generated, the
branchi ng destination address is fetched fromthe instruction nenory by an
I nstruction whose | F stage (shaded in the diagran) conmmences simultaneously
with the end of the EX stage of instruction 1 (shaded in the diagram,
namely instruction 4. Therefore, in thisgconfiguration, branching delay is
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cycles 2 and 3) between a cycle which procesSes a branching instruction and
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branchi ng desti nati on. en there é?é many such cycl es, tﬁ% penalty for
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Patterson and John L. .
the zero determining portion. The determination result is sent
to a circuit comprising an IF stage and the address of the
next instfuction to be fetched is specified.

In this configuration, data is read out from the register
during the ID stage and the computation unit 4 computes the
data during the EX Stage. So far, this is identical to the
conventional method. However, it is the zero determining
portion 6, and not the computation unit 4, which determines if
the register data is zero. The zero determining portion 6 is
provided specifically for this fuhction, and determining is
thus completed during the ID stage. As a result, fetching of
the instruction at a branching destination address can
commence simultaneously with the end of the ID stage,ﬂwithogt
waiting for the end of the EX stage. Fig. 5 is a diagram |
‘showing the pipeline processing in a DLX microprocessor when a
program branches. Here, a branching destination address is
fetched in the IF stage (shaded) of instruction 3 which
commences when the ID stage (shaded) of instruction 1 ends.
Branching delay can thereby be reduced by 1 cycle.

DLX has a branching delay of 1 cycle, which is regarded as
the minimum delay possible with an ordinary pipeline-system
microprocessor. However, even with the same branching delay,

how high the clock frequency can be raised with the given
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Hennessy, N kkei BP Publications), pages 262-264. Fig. 4 shows a virtual

- m croprocessor DLX branching determning circuit as discussed in the above
publication. In DLX, a zero determ ning 3 portion 6 is provided for
determ ni ng whether or not register data between a group of registers 2 and
a conmputing unit 4 is zero; a branching determning portion 8 is provided
for determning if branching has occurred based on the result of the zero
determ ning portion. The determ nation fesult is sent to a circuit
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fetched is specified. 1n this configuration, data is read out fromhe
regi ster g@uidyoid heeddeed age 120¢ctiBe €RAPEVALAPD PN forhaiiEONLQY the data

during the EX stage. So far, this is identical to the conventional nethod.
However, ibwés ihecksfo fidgidiicy R@s to be lowered by 10% due to the
‘critical path resultantly created. In the case of DLX, a zero
determining portion 6 is pfovided to the ID stage as shown in
Fig. 4, but since this determining circuit determines the zero
states of‘32 bits of data input thereto, this_naturally causes
delay. Attempting to cohclude the determining of zero and

branching in the ID stage inevitably lowers the maximum clock

frequency.

SUMMARY OF THE INVENTION

The present invention has been devised after consideration
of the above points and aims to provide a program execution
method and device capable not only of minimizing branching
delay, but also of raising maximum clock fregquency.

In order to achieve the above objectives, when storing
data in data holding unit, a program execution method of the
present invention records whether or not the data has a value.
Then, when it is necessary to determine if data stored in the
data holding unit has a value in a predetermined set of
values, the record is referenced instead of the data holding
unit. The "predetermined set of values" here is fixed as
required on a case by case basis, and may consist of multiple
values such as, for instance, "~1 and 1" or “positive
integers.*

As explained above, the problem is the delay caused by
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portion 6, and not the conputation unit 4, which determnes if the register
data is zero. The zero determning portion 6 is provided specifically for
this function, and determining is thus conpleted during the ID stage. As a
result, fetching of the instruction at a branching destinati on address can
commence sinultaneously with the end of the ID stage, wthout waiting for
the end of the EX stage. Fig. 5 is a diagram show ng the pipeline
processing in a DLX m croprocessor when a program branches. Here, a
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given recorded together with the data. In order to judge if data has
a value in a predetermined Set of values, rather than
performing an arithmetic computation on the data in the data
holding uﬁit, the content of this record is referenced. It is
thus possible to reduce the time required for judging.
Consequently, in addition to reducing branching delay, it
becomes easier to raise clock frequency.
In the program execution device of the present invention,
a flag for indicating whether or not data held by the data
holding unit has a value belonging to a predetermined set of
values is provided in a one-to-one relationship with the data
holding unit. When this flag is a zero flag, it can be uéed
for many branching judgement. The data holding unit may, for
instance, comprise a general-purpose register. In this
configuration, since it is possible to judge if data stored in
the data holding unit has a value belonging to a predetermined
set of values simply by checking the flag, processing
performance can be improved.
A conventional microprocessor includes a system called
condition coding and has a flag such as a zero flag which
reflects the computation result. However, this flag only
reflects the result of the previous computation and does not
correspond directly to the register contents. Consequently, in

the case of a register whose contents were written some time
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4 circuit configuration is another matter. Even when branching delay is
reduced to 1 cycle, the overall performance will lower if clock frequency
has to be | owered by 10% due to the critical path resultantly created. In
the case of DLX, a zero determning portion 6 is provided to the ID stage
as shown in Fig. 4, but since this determining circuit determ nes the zero
states of 32 bits of data input thereto, this naturally causes del ay.
Attenpting to conclude the determ ning of zero and branching inthe ID

stage I NOWLLAPLY, | WES difi BRULTUILCLECheLLEAVROTY: SRS (h T
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One aspect of the program execution device of the present
invention comprises data hdlding unit for holding data
required to execute a program; a flag provided in a one-to-one
relationsnip with the data holding unit; computing unit for
performing computations to data held in the data holding unit;
judging unit for judging if the value of data obtained by
computation belongs to a predetermined set of values;
rewriting unit for rewriting data obtained by computation in
the data holding unit; and flag altering unit for altering a
state of the flag ih accordance with whether or not the value
of rewrite data belongs to a predetermined set of values.

In this configuration, the computing unit performs
computations on data held in the data holding unlt Judging
unit judges whether or not computed data has a wvalue belonglng
to a predetermined set of values. Write back unit writes back
computed data to the data holding unit as required. Flag
altering unit alters the state of the flag in accordance with
whether or not write back data has a value in a predetermined
set of values. Thus it is possible to learn if data in given
data holding unit has a value in a predetermined set of values
by referencing the relevant flag. There is no need to perform
a computation on data in the register as is the case in

condition coding and it is possible to reduce branching delay,

for instance.



data in data holding unit, a program execution nethod of the present

I nvention records whether or not the data has a value. Then, when it is
necessary to determne if data stored in the data holding unit has a val ue
in a predeterm ned set of values, the record is referenced instead of the
data holding unit. The "predeterm ned set of values" here is fixed as
required on a case by case basis, and may consist of multiple values such
as, for instance, "1-1 and 1", or "positjve integers." As explained above,
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in the data hol'dirng uni Ien1 act of
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val ues is recor t her e data order to judge ta has
writing this fact back into the data holding unit is not
critical, there is no need for the judging unit to perform at
high-speed. In other words} since no critical path is created
as in the conventional technology described above, clock

frequency can be raised.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing the internal configuration of
a microprocessor comprising a program execution device in an
embodiment of the present invention.

Fig. 2 is a diagram showing the configuration of registers
26 in an embodiment of the present invention.

Fig. 3 is a diagram showing pipeline processing in a
generally used conventional microprocessor.

. Fig. 4 is a diagram showing a brancﬁing deﬁermining

circuit in a hypothetical microprocessor DLX.

Fig. 5 is a diagram showing pipeline processing when a

program branches in a DLX microprocessor.

DESCRIPTION OF THE PREFERRED EMBODIMENT
The preferred embodiment of the pfesent invention will
next be explained with reference to the diagrams.
[1] Overall configuration and operation of the device.
Fig. 1 shows the internal configuration of a

microprocessor comprising a program execution device in an



a value in a predeterm ned set of values, rather than perform ng an
arithnetic conputation on the data in the data holding unit, the content of
this record is referenced. It is thus possible to reduce the tine required
for judging. Consequently, in addition to reducing branching delay, it
beconmes easier to raise clock frequency. In the program execution device. of
the present invention, a flag for indicating whether or not data held by
the data holding unit has a value belongjng to a predetern1ned set of
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1. IF Stage Circuit -

Instruction fetch portion 10 supplies an address for
fetching én instruction from instruction memory 12 and
controls the reading out of the instruction. In order to
calculate the next fetch address, first adder 16 adds 4 (which
is the length of one instruction byte) to the current fetch
address. Second adder 18 adds an offset address 60 for
branching to an address held in a program countef 14 described
below. This offset address is supplied by an instruction
decoder 22 described below. An address selector 20 selectively
outputs the output of the first adder 16 when there is no
branching and.selectively Outputs the output of the second
adder 18 when branching. A branch determining portion £4
explained below determines whether or not there is branching.
The address selected by address selector 20 is éent.to
instruction fetch portion 10 and used as the next fetch

. address.
2. ID Stage Circuit

Instruction decoder 22 decodes the instruction read out
from instruction memory 12. Program counter 14 holds the
address of the instruction presently being decoded. After
decoding, the offset address 60 is sent to the second adder 18

to indicate a branching destination address. The register
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condition coding and has a flag such as a‘zero flag which reflects the
conputation result. However, this flag only reflects the result of the
previ ous conputation and does not correspond directly to the register
contents. Consequently, in the case of a register whose contents were
witten sonme tine 6 earlier, it is only possible to determne if the
data in the register is zero by performing a conputation for the data once
again. This restricts high-speed processyng. One aspect of the program

execut i on,dayicesdf of hendrefadted BEeHdcUiseAMRE! sedtdalonhohsiNe-tiyd for
hol ding data required to execute a program a flag provided in a one-to-one
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conputations to data held in the data holding unit; judging unit for

judging ifigeheirabHeioh dagaDbdAiiwTiditing whether or not the decoded
instruction is a branching instruction to branch determining
portion 24.

Fig. 2 shows the configuration of registers 26 which
consists 6f a plurality of general-purpose registers for
operating the microprocessor. l-bit flags are provided in
one-to-~one relationships to conventional 32-bit
general-purpose registers RO, R, R2..... In the present
embodiment, when data is read out from a general-purpose
register, the-correspon&ing flag is also read out. As
explained below, each flag is set only when the data in the
corresponding general-purpose register is zero.

From the data 66 read out from registers 26, the 1 bit
which relates to the flag is sent to branch determining
portion 24 and the other 32 bitsﬁare sent to cémputation unit
30 and memory access controller 40. Branch determining portion
24 controls the address selection of address selector 20. More
concretely, branch determining portion 24 indicates that
identification signal 62 is a branching instruction and, when
the flag indicates branching, branch determining portion 24
instructs the address selector 20 to select the output of
second adder 18. This is because one type of branching
instruction indicates branching when the flag is set; and,
conversely, another type of branching instruction indicates

branching when the flag is cleared.



conput ati on belongs to a predeterm ned set of values; rewiting unit for
rewiting data obtained by conputation in the data holding unit; and flag
altering unit for altering a state of the flag in accordance w th whet her
or not the value of rewite data belongs to a predeterm ned set of val ues.
In this configuration, the conputing unit perforns conputations on data
hel d i-n the data holding unit. Judging unit judges whether or not conputed
data has a val ue belonging to a predetengi ned set of values. Wite back

unit writes ck conmu .data to the data holding unit as required. Flag
altering ﬁhi§§:§% %?%: gﬁégate of the flag in accordance wth whether or
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-general-purpose register data has changed to zero as a result
of the computation. The register zero determining portion 32
performs 32 input NOR or a similar logical function. The
computation result and the determination result of register
zero determining portion 32 are stored as 33-bit data in
computation result register 34, which outputs to register
write portion 50.

The determination result of register zero determining
portion 32 corresponds to a zero flag in a condition code
system, but it is a feature of the pfesent embodiment that
this result is finally rewritten to the flag of the
general—purpoée register which.now has zero data.

4. MEM Stage Circuit

Data memory 44 is used as a work area and access thereto
‘is controlled by memory access controller 40. Data 68 to be
stored in data memory 44 are sent to memory access controller
40 from'registers 26. Furthermore, a memory address.is sent
from computation unit 30.

The'memory zero determining portion 42 determines whether
or not data read out from data memory 44 is zero. This is in
order to correctly alter the flég when this data is loaded
into a general-purpose register. Data which has been read out

and the result of memory zero determining portion 42 are sent



7 Furthernore, in this configuration, since the route between judging

whet her or not a flag should be altered and witing this fact back into the
data holding unit is not critical, there is no need for the judging unit to
perform at high-speed. In other words, since no critical path is created as
I n the conventional technol ogy descri bed above, clock frequency can be

rai sed. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a diagram show ng the

i nt er nal configuration of a nicroprocesspi conprising a program execution

device in_an resent. . .iny b ig. 2 is a diagram
show ng t A2 %gn;?l gur é|‘on o‘#é]‘fe%e&t (‘a"rrslt S6P ?g{:aﬁn Abodi nent of the present

inventions.Fﬁg.Sgaéé A48 am showi ng pi peline processing in a

Register write portion 50 rewrites required data in the
general-purpose register. In compliance with the processing at
that time, either the outpﬁt of computation result register 34
or the output of data memory 44 is selected and rewritten into
the generél-purpose register. Simultaneously, the flag of the
general-purpose register is altered.

[2] Flag Operations

Flag operations characteristic of the present embodiment
will next be explained.
1. Flag Preparation

When an arithmetic computation has been performed between
general-purpose registers, the flag provided for the computed
register is set if the data of that register has changed to
zero as a result of the computation. For instance, let us
suppose that |

SUB RO, R1, R2
denotes an instruction to "subtract data in Rl of the
general-purpose register from the data in RO and store the
result in R2" and produces a subtraction result of zero. With
a microprocessor using conventional condition coding, the flag
is set to zero when the computation ends. If a subsequently
executed instruction is one which alters the flag state, there
will be no evidence remaining to indicate that the
general-purpose register R2 data is zero. In the present

embodiment, register zero determining portion .32 determines
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general |y used conventional microprocessor. Fig. 4 is a diagram showi ng a

- branching determining circuit in a hypothetical mcroprocessor DLX Fig. 5

is a diagram showi ng pi peline processing when a program branches in a DLX
m cr oprocessor. DESCRI PTI ON OF THE PREFERRED EMBODI MENT The preferred
enbodi nent of the present invention will next be explained wth reference
to the diagrans. [1] Overall configuration and operation of the device.
Fig. 1 shows the internal configuration pf a m croprocessor conprising a
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to the registers 26 from register write portion 50 and are
stored in the 32-bit data storage portion of general-purpose
register R2 and in the flag-respectively.

The formation route of the flag is different when
transferrihg data between the memory and the general-purpose
register. For instance, suppose that

LD RO,.(Rl)
denotes an instruction to “"load data stoied at Rl in the
memory to general-purpose register RO“. When this instruction
has been carried out, memory access controller 40 controls the
reading out of 32 bits of data from Rl in data memory 44.
Memory zero determining portion 42 determines if the data read
out is zero and sends the result to register write portion 50.
Register write.portion 50 sends the data and the deﬁermining
result to registers 26 and writes them into the 32-bit data
storage portion of general-purpose register RO and in the flag
respectively. |
2. Referencing Flags

Let us consider a case in which data in general-purpose
register R2 is referenced by a conditional branching
instruction. Now, when

JPZ R2, (R3)
is an instruction to "branch to address R3 in the memory if
the data in general-purpose register R2 is zero," in a

conventional method, the data must actually be read out from



1. IF Stage Grcuit Instruction fetch portion 10 supplies an address for

- fetching an instruction frominstruction nmenory 12 and controls the readi ng .
out of the instruction. In order to calculate the next fetch address, first

adder 16 adds 4 (which is the I ength of one instruction byte) to the

current fetch address. Second adder 18 adds an of fset address 60 for

branching to an address held in a program counter 14 described below. This

of fset address is supplied by an instruc@'on decoder 22 described bel ow. An

e outgg% of the first adder 16

address sel ector 20 selectively oytputs .
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with the data in general-purpose register R2, it is possible
to determine Very early in-the ID stage whether or not
branching should be carried out. Since there is now no need
for a cir&uit such as the DLX zero determining portion 6 shown
in Fig. 4, a high clock frequency can be used.

In 1., the flag for data read out from the memory was
treated separately, but if the flag is written as a
general-purpose register flag, the flag subsequently joins the
data of the general-purpose register and there is no need to
know that the source address was the memory.

The above explanation described the contents of the
present embodiment. The following modifications to the
technology of fhe embodiment are envisaged.

(1) In the present embodiment, a newly-provided flag
indicated whether or not data in the general-purpose register
was zero, but other examples can of course be envisaged. For
instance, the flag can be used to indicate whether or not data
can be described in 16 bits, or whether or not the data
exceeds a specific value A or such like.

(2) Data forwarding is a method of using the result of a
predetermined stage of a certain instruction early in a
predetermined stage of another instruction by providing a
by-pass between pipeline stages. Forwarding was not mentioned

in the above description of the present embodiment, but this



I nstruction decoder 22 decodes the instruction read out frominstruction
menory 12. Program counter 14 holds the address of the instruction
presently being decoded. After decoding, the offset address 60 is sent to
the second adder 18 to indicate a branching destination address. The

regi ster 9 nunber 64 or the like to be accessed is sent frominstruction
decoder 22 to registers 26. Instruction decoder 22 outputs an
identification signal 62 indicating whegher or not the decoded instruction
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in the group of general-purpose registers 26, a flag which

would ordinarily be fixed at the W stage can be fixed during

the A stage and referenced.in the R stage of the instruction

which immediately follows. Consequentiy, even when an

inst:uctién to write data to a specific general-purpose

register is followed by a branching instruction to branch if
Y this general-purpose register data has a predetermined value,
the branching instruction can be performed without the need
for a stall (a wait cldck).

While there has been described what is at present consid-
ered to be a preferred embodiment of the invention, it will be
understood that various modifications may be made thereto, and
it is intended that the appended claims cover all such modifi-
cations as fali within the true spirit and scope of the

invention.



general - purpose regi sters RO, R _R2———T n the present enbodi nent, when

- data is read out froma general -pur he corresponding flag is

al so read out. As expl ai ned bel ow, m\mﬁﬂ“w\g only when the data in

t he correspondi ng general-purpose Iws 2erd. Fromthe data 66 read
out fromregisters 26, the 1 bit which relates to th;ﬁ“§ﬁm S AR gﬁ%ﬂ

branch determ ning portion 24 and the other 32 bits : tjat i on

unit 30 and nenory access controller 40. B anch deteLﬂLﬂnggi%gﬁgﬂﬂ_Zﬂ

control s thaqaddr eparmsbegsion of address selector 20. Mre concretely,

branch determ ning portion 24 indicates that identification signal 62 is a

branching instruction and, when the flag indicates branching, branch

determ ning portion 24 instructs the address selector 20 to select the

out put of secengraddan éfecdbison imetiosdlusher®dni:ype of branching

I nstruction indicates branching when the flag is set; and, conversely,

anot her type a@ftoriagcliang insdatetheldingliwmite usedatoli egestinghe flag is
cl ear ed.

program, information that indicates whether or not a value of
the data belongs to a predetermined set of values is recorded;
and |

when it is necessary to judge if the value of data stored
in the data holding unit belongs to the predetermined set of
values, the information, and not the contents of the data

holding unit, is referenced.

2. A program execution method according to Claim 1, wherein:

the value belonging to the predetermined set of values is

zZero.

3. A program execution method according to Claim 1, wherein:
judgement of whether or not the value of data stored in

the data holding unit bglongs to thé predetermined set of

values takes place when judging whether or not the program is

branching.

15% 4. A program execution method according to.Claim 1, wherein:
the value belonging to the predetermined set of values is
zero; and
judgement of whether or not the value of data stored in

the data holding unit belongs to the predetermined set of
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10 3. EX stage circuit Conput
* conputation to data 66 sent fron1reﬁ|sters i& Si mul t aneously, register

zero determ ning portion 32 de ﬂmll &Iuﬂm l!ﬂener - _ - r data
i on

S out a predeterm ned

has changed to zero as a resul THIS SHEGT HAS BEEN
determ ning portion 32 perforns "32° I nput ~|mIaREmeEDaI fupction.
The conputation result and the detern1nat|on result -of—tegt-ster—zero

determ ning portion 32 are stored as 33-¥at data in conputation result
regi ster I 3S,Ls oLt RS I nation
resul t o?gﬁgaﬁiﬁegﬁ%ﬁt&er %dg&?‘gr W?;%%ﬁgg %Ic:)r{r?egggrrl\%s&foo zero flag

LR ? congdir-bheniggde system but it is a feature of the present enbodi ment

5. A program execution device using at leasﬁ one data holding
unit for executing a prograﬁ, wherein:

a flag for indicating whether or not data held by the data
holding unit has a value belonging to a predetermined set of
values is provided in a one-to-one relationship with the data

" holding unit.

6. A program execution device which references data stored in
data holding unit to judge if program branching should be
executed, wherein:

a flag to be referenced when judging if program branching
should be executed is provided in a one—to-dne relationship

with the data holding unit.

7. A program execution device comprising:

data holding unit for holding data required to execute a
program;

a flag provided in a one-to-one relationship with the data
holding unit;

computing unit for performing computations to data held in
the data holding unit; | |

judging unit for judging if the value of data obtained by
computation belongs to a predetermined set of values;

rewriting unit for rewriting data obtained by computation
——‘_\_.\
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this result is finally rewi ag of the general -purpose
“regi ster which now has zero d Circuit Data nenory 44 is

used as a work area and accesglﬂ“k‘ﬁ“ roI | ed by nenory access
controller 40. Data 68 to be dnm ta menor § SeRt—-0—geNDI Yy
access controller 40 fromregisters 26. Further W aﬂfg Asﬂﬂﬂmess S
sent from conputation unit 30. The nenory zero d termR Fkﬁ&ﬁﬂtlon 42
det er mi nes whet her or not data read outl”rom data menory 447 TS-zero. This
is in ordgrehe &#¢4 asdldimd iifit;hanld ag when this data is | oaded into a
general - purpose regi ster. Data whi ch has been read out and the result of

nMenory zero fiEd§ral tenihd Ariito Fo4? adteriagt a stdde aof Fhdifladptia to
regi ster wite portion 50.

accordance with whether or not the value of rewrite data

belongs to a predetermined set of values.

8. A program execution device according to Claim 5, wherein:
the flag indicates that data stored in the data holding

unit is zero when said data is zero.

9. A program execution device according to Claim 6, wherein:

the flag indicates that data stored in the data holding

unit is zero when said data is zero.

10. A program execution device according to Claim 7, wherein:
the flag indicates that data stored in the data holding

unit is zero when said data is zero.

11. A program execution device according to Claim 5, wherein:

the data holding unit comprises a general-purpose register

used when the device executes a program.

12. A program execution device according to Claim 6, wherein:

the data holding unit comprises a general-purpose register

used when the device executes a program.

13. A program execution device according to Claim 7, wherein:

the data holding unit comprises a general-purpose register

—_—
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5. WB Stage Circuit Register wite portiron 50 rewmites required data in the

gener al - purpose register. In conpli essi ng at that tine,
ei ther the output of conputation reamﬂlmllmlqmwgl r the output of data
menory 44 is selected and rewitten int e @ener pur pose regl ster

Si mul taneously, the flag of the general - purpose regist

Fl ag Operations Flag operations characteristic of the TTHASlggEWt
will next be explained. 1. Flag Preparati ok8 Wien an ar tREtPLAOEmut atijon
has been pebSgfnvhenctheatevire edecqutiegoacpkegshers, the flag

the conputed register is set if the data o? ﬁ regi ster has changed to
zero as a result of the conputation. For instance, |let us suppose that SUB
RO, Rl, R2 denotes an instruction to "subtract data in RL of the

_—
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general - purpose register fromthe data in RO and store the result in R2"
and produces a subtraction result of zero. Wth a m

conventional condition coding, the flag is set to ze quﬁhgﬁﬂﬂhﬁﬁSQﬁﬂl%tlon

ends. |If a subsequently executed instruction is one |(ﬂ15gmjk§3the ag
state, there will be no evidence remaining to indi Cated $ire :
general - purpose register R2 data is zero. In the present enbodi nent,

regi ster zero determning portion 32 d& ernines 12 that data to be

stored i NPROCIENAIEXBOUIIDN MEFHSDEANBIDESICRIUSINGITHE BaMEnd t he det er ni ni ng
result total of 33 bits are sent to the registers 26 fromregister wite
portion 50 and are stored in the 32-bit data storage portion of

general - purpose register R2 and in the flag respectively. The fornmation
route of the flag is differAB8TRACIH OF THE DISCLOSURE

A group of registers 26 consists of a plurality of
general-purpose registers RO, Rl,..... A flag is provided for
each of these general-purpose registers. When data to be
written to, for instance, general-purpose register RO is zero,
the register flag is set in conjunction with the data writing.
Thereafter, it is possible to determine with a conditional
branching instruction if the general-purpose register RO data
is zero by looking at the flag, and there is no need to read

out data and perform a computation.

FIG. 2
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transferring data between the nmenory and the general - purpose register. For
‘I nstance, suppose that LD RO, (Rl) denotes an instruction to "l oad
data stored at RL in the nenory to general -purpose regi ster RO". Wien this
i nstruction has been carried out, nenory access controller 40 controls the
reading out of 32 bits of data fromRl in data nenory 44. Menory zero
determ ning portion 42 determnes if the data read out is zero and sends
the result to register wite portiompf. Register wite portion 50 sends
the data and the determining result to registers 26 and wites theminto
the 32-bit data storage portion of general -purpose register RO and in the

flag respectively. 2. Referenging Flags Let us sider a case in which
data i n genefal -purposg regi r R is referencﬂgpby a conditional
R R Y |
FETCH PORTION| MEMORY
— M 22
PROGRAM INSTRUCTION
COUNTER 60 DECODER
16 -~ ) 64 33
18 62 { /26
\-@ 20 24 |  REGISTERS
BRANCHING 433 433
o |- .12 s
, __PORTION ]66/ V< {32
COMPUTING ;30
UNIT -
/32 4s4
= MEMORY
34 §33
COMPUTATION
RESULT |
REGISTER
33 |
REGISTER
WRITE PORTION )
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Is an instruction to "branch to address R3 in the nenory if the data in
‘general - purpose register R2 is zero," in a conventional nethod, the data
nmust actually be read out from 13 general - purpose register R2 and a
conput ati on nust be perfornmed to conpare the data with zero. However, in
the present enbodi nent, since the flag is read out sinultaneously with the
data in general -purpose register R2, it is possible to determ ne very early
in the I D stage whether or not branching should be carried out. Since there
is now no need for a circuit such as the DLX zero determi ning portion 6
shown in Fig. 4, a high clock frequency can be used. In 1., the flag for
data read out fromthe nenory was treated separately, but if the flag is
witten as a general - purpose registez/ilag, the flag subsequently joins the

25
32 bits 1 bit

»lc—»

REGISTER RO FLAG

REGISTER R1 {FLAG
REGISTER R2 FLAG) -

Fig. 2

TIME

INSTRUCTION1| IF | ID ,//é,( EM| WB
INSTRUCTION 2 i | D |/ex [MEm|wB
INSTRUCTION 3 /] b | EX |MEM| WB
INSTRUCTION 4 GYEY b | EX |meEm| wa
. y /

AR . J—
INSTRUCTIONS "ol J B
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data of the general -purpose register and there is no need to know that the
. source address was the nenory. The above expl anation described the contents
of the present enbodinent. The follow ng nodifications to the technol ogy of
t he enbodi nent are envisaged. (1) In the present enbodinent, a

new y-provi ded flag indicated whether or not data in the general - purpose
regi ster was zero, but other exanples can of course be.envisaged. For

i nstance, the flag can be used to indicate whether or not data can be
described in 16 bits, or whether orr§y4the dat a exceeds a specific value A
or such like. (2) Data forwarding is a nethod of using the result of a
predeterm ned stage of a certain instruction early in a predeterm ned stage
of another instruction by providing a by-pass between pipeline stages.
Forwar di ng was not nentioned in the above description of the present

enbodi nent, but this

ID STAGE
Y
EX STAGE

e —

S

REGISTERS
fe———
COMPUTING
UNIT

©|

_ZERO
DETERMINING
PORTION

PORTION

DETERMINING

[ BRANCHING

IF STAGE
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14 feature can of course be incorporated into the system For instance, by
‘providing a by-pass to the output of stages A - R in the group of
gener al - purpose registers 26, a flag which would ordinarily be fixed at the
W stage can be fixed during the A stage and referenced in the R stage of
the instruction which imediately follows. Consequently, even when an
instruction to wite data to a specific general -purpose register is

foll owed by a branching instruction to branch if this general -purpose

regi ster data has a predeterm ned v4ue, the branching instruction can be
performed without the need for a stall (a wait clock). Wile there has been
descri bed what is at present consid- ered to be a preferred enbodi nent of
the invention, it will be understood that various nodifications my be nmade
thereto, and it is intended that the appended clains cover all such nodifi-
cations as fall within the true spirit and scope of the '

~

TIME
INSTRUCTION1 | IF 104\ EX |MEM| wB
INSTRUCTION 2 IF | D | EX {MEM| WB
7
INSTRUCTION 3 WiE14 b | Ex |MEM| WB
INSTRUCTION 4 L
1 CLOCK

Fig. 5
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- invention. 15 WHAT IS CLAIMED IS: 1. . A program execution methodpysl
conpr S|n ) Storl(,rig dat a hoIding unit data to be uped | n_ the execution
AU TeNdakice

|ug ontent information that indical @EPREAHINNG. o not a
Y edeternmined set. of one SEWB?&SIJ&I ues, t he

sanent m@mmmbmm(@sﬂ.ﬁﬁshamsmwﬁmmwl atlonshl p with the data

data hoI d| ng unlt when it is necessary to judge if the val ue of data stored
Argroupof registers{36)so 2 Plygality ﬁﬁsenealweossr c&ivkere rhflpglg pavided forgagh pfghese . A
pHiPOse KegistRrs: dWhen tha qopputed data taferipritton do, forjingtance, the ragisterds p prodeteranined value
)r@e register ﬂ@g-pg, B§t gb@ngng;og wgth\‘:gdzgﬁwntmg Thereafter, it is possible to determine if the general
purpose register data is zero by looking at the flag, there is nonwdtoreadout reglster data.

This is used for judging if program branching should occur, SO mmumsmg branching delay.
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__LegLsLe#s—aﬁd—the—tontent infornation conxu

of fi Q&gffi’f
ea?ﬁi‘m]ﬁ? nbgpllan pr H@WSH ‘ %aas ?rgt hoglilja'!E!IrIEHnE“ “*!LM e :I :nespecmmej
"Lm mue b IonglmLAOEmhe priedet er m ned set c.t_..ua.l..l.tes__l;_zer.n_?q4
utior ng to Caim 1} REPLAGEMENTUSKEETEN

of whether or not the value of data stored in the data }hg gs
to the predeterm ned set of val ues takeslplace when j ud

o}
gi r
the progwamri $SbCBATMENJISS. A program execution rethg%wq§§€§§%fn to

Claim 1, wherein: the value belonging to the predetertin
is zero; and '

1. A program execution method, wherein:
storing data in data holding unit used for executing a
program, information that indicates whether of not a value of
the data belongs to a predetermined set of values is recorded;
and
. when it is necessary to judge if the value of data store&
in the data holding unit belongs to the predetermined set of

~ values, the information, and not the contents of the data

holding unit, is referenced;

wherein a flag is stored in relation to said data.

2. A program execution method according to Claim 1, wherein:

the value belonging to the predetermined set of values is

zero.

3. A program.execution method according to Claim 1, wherein:
~“\judgement of whether or not the value of data stored in
the data holding unit belongs to the predetermined set of

vdlues takes place when judging whether or not the program is

branching.

4. A program execution method according to Claim 1, wherein:

the value belonging to the predetermined set of values is

zero; and

judgement of whether or not the value of data stored in

the data holding unit belongs to ‘the predetermined set of
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16 judgenent of whether or not the val ue of data stored in the data hol di ng

uni t- beIongs—%e—%he—ﬁfede%efﬁfﬁed set of val ues

uddeng',

wnether or not ranchlng 6. A ﬂEmgmgMEﬁxqﬁﬂgﬁo devi ce
usi ng at Ieastﬁ ﬁmﬁ“ [llxﬂj!l ‘unit for execufi pg—e* : n/n rein: a
flag for |nd| not data hel d by ihgiunit has a
val ue belonging to a predetermnm ne set ofjgval ues Li®9?i n| a] one-t 0- one
rel ationship with the data holding unit. 7. itj on device
accordi ng aj rein the flag is r=ferenced mhen judging if
progran1br§%§ﬂi§% gﬂ%ﬁﬁﬁDmggexecuted 8. A pkoee devi ce

conprising: data holding unit for holding data reqU|red to execute

1. A program execution method, comprising:

Storing in a data holding unit data to be used in the

execution of a program, recording content information that
indicates whether or not a value of the data belongs to a
predetermined set of one or more values, the content
information being recorded in one-to-one relationship with
the data holding wunit; and referencing the content
information recorded with the data holding unit when it is
necessary to judge if the value of data stored in the data
holding unit belongs to the predetermined set of values.

2. A program execution method according to Claim 1,
wherein the data holding unit comprises a plurality of
registers and the content information comprises a plurality
of flags, each flag being provided in one-to-one
relationship with a respective register.

3. A program execution method according to Claim 1,
wherein: '

the value belonging to the predetermined set of values
is zero.

4. A program execution method according to Claim 1,
wherein:

judgement of whether or not the value of data stored
in the data holding unit belongs to the predetermined set
of wvalues takes place when Jjudging whether or not the
program is branching.

5. A program execution method according to Claim 1,
wherein: _

the value belonging to the predetermined set of values
ig zero; and

TFe3351-7
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a program a flagprovided in a one-to-one rel

the data hol di ng mml
obt ai ned by conp

for rewrltlng data" obtdined by conpufjation in the data
and flag altering unit for alterifig a st te of the flag in
mnth whet her or not the value of rewite data B

dat a

at a

t iﬂﬁﬂ@f’.@mﬂntm&"w
g unit; conp utlnﬁ"unlt for performn co -

!ﬂﬂﬂl@ﬂ?ﬂlflaf or ctot ar mingo SR W oA,

chEA%01 581 8804 NG 44 R b N el A ings vgLt 1S
of wvalues takes place when judging whether or not the
program is branching.

6. A program execution device using at least one data
holding unit for executing a program, wherein:

a flag for indicating whether or not data held by the
data holding unit has a value belonging to a predetermine
set of values is provided in a one-to-one relationship with
the data holding unit.

7. . A program execution device according to Claim &6,
wherein the flag is referenced when Jjudging if program
branching should be executed.

8. A program execution device comprising:

data holding unit for holding data required to execute
a program;

a flag provided in a one-to-one relationship with the
data holding unit;

computing unit for performing computations to data
held in the data holding unit; :

judging unit for judging if the value of data obtained
by computation belongs to a predetermined set of values;

rewriting unit for —rewriting data obtained by
computation in the data holding unit; and

flag altering unit for altering a state of the flag in
accordance with whether or not the value of rewrite data
belongs to a predetermined set of values.

9. A program execution device according to c¢laim 6,
wherein:

the flag indicates that data stored in the data
holding unit is zero when said data is zero. '

held in

rewiting
hol di ng
accor dance
erm ned

set of val ues.j@dgemént poiigriiatisecoti apt dhd cealascofdidyta t 8togkdi m 6,
wher ei n: {Qe

zero when sa



17 10. A program execution device according to claim 7, wherein:
the flag indicates that the data stored in the data holding unit is zero
when said data is zero. 11. A program execution device according to claim

8, wherein:

the flag indicates that data stored “mmﬁuwmmmtuﬂ"ng unit is
zero when said data is zero. 12. A program execu dlng to

claim6, wherein; the data hol ding unitqzconprises a gen er dl - pur posé .
regi ster used when the device executes a program 13. A program execution

devi ce acqqrding i) I%“[n 7 (?\M]\}\}n %nt hee g.Lcdeat %CQ:OI %[5‘23 uq:l t cg;ar%rl se7s a

general - purpose r

use evice exe a pro

wherein:

the flag indicates that the data stored in the data

holding unit is zero when said data is zero.

11.

A program execution device according to claim 8,

wherein:

the flag indicates that data stored in the data

holding unit is zero when said data is zero.

12.

A program execution device according to claim &6,

wherein;

the data holding unit comprises a general—?urpose

register used when the device executes a program.

13.

A program execution device according to claim 7,

wherein:

‘the data holding wunit comprises a general-purpose

register used when the device executes a program.

14.

A program execution device according to Claim 8

wherein:

the data holding unit comprises a general-purpose

register used when the device executes a program.
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14. A program execution device accordlng to Caim 8 wherein: the
dat a holdlng unit conprises a géherai-purpose regi ster used when the device
executes a program

18
PROGRAM EXECUTION METHOD AND DEVICE USING THE SAME

ABSTRACT OF THE DISCLOSURE

A group of registers 26 consists of a plurality of
general-purpose registers RO, Rl, .... A flag is provided for
each of these general-purpose registers. When data to be
written to, for instance, general-purpose register R0 is zero,
the register flag is set in conjunction with the data writing.
Thereafter, it is possible to determine with a conditional
branching instruction if the general-purpose register RO data
is zero by looking at the flag, and there is no need to read

out data and perform a computation.
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