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Description

[0001] The present invention relates to an improved
pipeline data processing apparatus for simultaneously
executing a plurality of data processes by pipeline
processing.
[0002] Recent years have seen remarkable improve-
ments in the performance of microprocessors, to which
improved clock frequencies and internal parallel
processing have greatly contributed. The former im-
proved clock frequencies may be attributed to the ad-
vancement of VLSI (Very-Large-Scale Integrated Cir-
cuit) technology represented by processing technology
and high-speed circuit technology, while the latter inter-
nal parallel processing may be attributed mostly to the
advancement of architecture technology represented by
pipelining technology and sparse color technology.
[0003] In the internal parallel processing, the above-
mentioned pipelining technology is temporal parallel
processing technology whereby a sequence of data
processes are divided into a plurality of stages (pipe-
lined) so that the plurality of data processes are per-
formed in an overlapping manner. On the other hand,
the sparse color technology is spatial parallel process-
ing technology whereby a plurality of data processes are
performed simultaneously in parallel. By using these
two technologies in combination, the improvements in
the performance of microprocessors have been
achieved.
[0004] Referring now to FIG. 17, a description will be
given to an example of the structure for spatially as well
as temporally performing a plurality of data processes
in parallel, which is obtained by applying the foregoing
sparse color technology to a conventional pipeline data
processing apparatus for temporally performing a plu-
rality of data processes in parallel.
[0005] In the drawing are shown pipeline data
processing circuits 150, 151, and 152 arranged in par-
allel to each other. The parallel arrangement enables the
pipeline data processing circuit 150, 151, and 152 to
spatially process three sets of data. Since the pipeline
data processing circuits 150 to 152 have the same struc-
ture, a description will be given only to the internal struc-
ture of the pipeline data processing circuit 150 as a rep-
resentative of the three circuits. In the pipeline data
processing circuit 150, data is inputted to each of first
and second input ports 118 and 119, first and second
registers 120 and 121 store respective data inputted to
the above input ports 118 and 119, a 2-input adder/sub-
tracter 130 receives the respective data stored in the
two registers 120 and 121 so as to perform addition or
subtraction with respect to the respective data, and a
register 132 receives an operation result 131 from the
adder/subtracter 130.
[0006] In each of the above pipeline data processing
circuits 150 to 152, a data process is pipelined in three
stages which are: a data reading stage; an operation
executing stage wherein the read data is subjected to

addition or subtraction actually performed; and a data
writing stage wherein an operation result is stored. In
FIG. 17, registers 140a to 140f are for preliminarily stor-
ing respective data to be supplied to the 2-input adder/
subtracter 130 of each of the pipeline data processing
circuits 150 to 152 and subjected to an operation per-
formed thereby, while registers 140g to 140i are for stor-
ing operation results outputted from the respective pipe-
line data processing circuits 150 to 152.
[0007] Below, a description will be given to the oper-
ation of the above conventional pipeline data processing
apparatus shown in FIG. 17.
[0008] First, a consideration will be given to the case
where three types of adding operations C, D, and G are
executed by the first, second, and third pipeline data
processing circuits 150, 151, and 152, respectively:

[0009] Since the above three operations have no da-
ta-dependent relationship therebetween, they can be
executed completely independently. Specifically, as
shown in the operational timing chart of FIG. 18(a), the
reading of data A and B, the reading of data E and F,
and the reading of data H and I can be performed simul-
taneously in the data reading stage. Moreover, opera-
tion of A + B, operation of E + F, and operation of H + I
can be executed simultaneously in the operation exe-
cuting stage. Furthermore, the writing of data C, the writ-
ing of data D, and the writing of data G can be performed
simultaneously in the data writing stage. In this manner,
the three types of data processes can be executed in
parallel by the three pipeline data processing circuits
150 to 152.
[0010] However, the above conventional pipeline data
processing apparatus has the following disadvantages,
which will be described below in detail. In the case
where the execution sequence of the following three
adding operations C, J, and G has been predetermined
in this order, it is assumed that adding operation C is
performed by the first pipeline data processing circuit
150, that adding operation J is performed by the second
pipeline data processing circuit 151, and that adding op-
eration G is performed by the third pipeline data
processing circuit 152:

C = A + B

D = E + F

G = H + I.

C = A + B

J = E + C
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[0011] Among the foregoing three types of opera-
tions, two operations C and J have a data-dependent
relationship therebetween. Specifically, since the sec-
ond operation J = E + C should be performed by using
the result of the first operation C = A + B, the first oper-
ation C = A + B and the second operation J = E + C
cannot be performed simultaneously. Consequently, as
shown in the operational timing chart of FIG. 18(b), the
second operation J = E + C should be initiated one cycle
after the initiation of the first operation C = A + B.
[0012] The execution sequence of the second opera-
tion J and the third operation G is determined by either
an Out-of-Order method or an In-Order method. The
former method enables the execution sequence of a plu-
rality of data processes to be changed, while the latter
method follows the predetermined execution sequence
of a plurality of data processes and inhibits the data
processes from being transposed. In the case where the
use of the Out-of-Order method is presumed, therefore,
the third operation G = H + I can be performed simulta-
neously with the first operation C ahead of the second
operation J, as shown in FIG. 18(b). In the case where
the use of the In-Order method is presumed, on the oth-
er hand, the third operation G should not be performed
ahead of but should be performed simultaneously with
the second operation J, i.e., one cycle after the execu-
tion of the first operation C, since the transposition of
the operations is inhibited.
[0013] As described above, in the conventional pipe-
line data processing apparatus, the plurality of opera-
tions C and J cannot simultaneously be executed wheth-
er the In-Order method or the Out-of-Order method is
used. As a result, if a data-dependent relationship exists
between a plurality of data processes, instructions to
perform the respective operations C and J are not is-
sued simultaneously to the respective pipeline data
processing circuits 150 and 151 and the instruction to
perform the second operation J is issued one cycle after
the first instruction to perform the first operation C. In
the case where the use of the In-Order method is pre-
sumed, on the other hand, an instruction to perform the
subsequent third operation G having no data-dependent
relationship is also issued one cycle after the instruction
to perform the first operation C. Hence, the conventional
pipeline data processing apparatus has the disadvan-
tage of considerably low processing speed because a
plurality of data processes having a data-dependent re-
lationship therebetween cannot be performed at high
speed.
[0014] EP 0 312 764 A3 discloses a data processor
which enables the selective simultaneous or asynchro-
nous execution of mutually independent instructions of
different classes in parallel coupled execution units and
which enables the sequential execution of mutually de-
pendent instructions of different classes by delaying the

G = H + I.
execution of a dependent instruction in a second exe-
cution unit until the completion of execution of a precur-
sor instruction in a first execution unit.
[0015] It is therefore an object of the present invention
to provide a pipeline data processing apparatus where-
in, even when a data-dependent relationship exists be-
tween a plurality of data processes, a plurality of instruc-
tions to perform the processes can be issued simulta-
neously to respective pipeline data processing circuits
such that the plurality of data processes can adequately
be executed, whether the In-Order method or Out-of-
Order method has been adopted. Moreover, even when
a data process having no data-dependent relationship
succeeds the data processes having a data-dependent
relationship therebetween, the pipeline data processing
anparatus enables an instruction to perform the suc-
ceeding data process to be issued simultaneously with
the instructions to perform the preceding data process-
es having the data-dependent relationship therebe-
tween, thereby improving the performance of process-
ing speed.
[0016] To attain the above object, the present inven-
tion as defined in the appended claims has adopted a
structure provided with a plurality of stages obtained by
adding a specified number of stages to the three stages
which are a data reading stage, an operation executing
stage, and a data writing stage such that the above data
reading stage and operation executing stage can shift,
if necessary, to an arbitrary stage in the plurality of stag-
es.
[0017] Specifically, a pipeline data processing meth-
od of the present invention whereby a plurality of instruc-
tions to perform respective data processes are executed
by a plurality of pipeline data processing circuits com-
prises the steps of: simultaneously issuing, when at
least two data processes have a data-dependant rela-
tionship therebetween, instructions to perform the re-
spective data processes to the respective pipeline data
processing circuits; then executing first the antecedent
one of the above data processes on which the subse-
quent one of the above data processes is data-depend-
ent by the pipeline processing circuit in charge of the
above antecedent data process; and subsequently ex-
ecuting, at a point of time one cycle after the execution
of the above antecedent data process on which the
above subsequent data process is data-dependent, the
subsequent data process by the pipeline processing cir-
cuit in charge of the above subsequent data process.
[0018] A pipeline data processing apparatus of the
present invention comprises: a plurality of pipeline
processing circuits; and an instruction issue control por-
tion for simultaneously issuing a plurality of instructions
to perform respective data processes to the above re-
spective pipeline processing circuits, wherein each of
the above pipeline processing circuits comprises: an in-
put data register for receiving and storing data from the
outside; a data operating circuit for receiving the data
stored in the above input data register and performing

3 4



EP 0 730 223 B1

4

5

10

15

20

25

30

35

40

45

50

55

a specified operation with respect to the input data; an
intermediate pipeline register disposed in a stage sub-
sequent to the above data operating circuit; a final pipe-
line register disposed in a stage subsequent to the
above intermediate pipeline register; and a path switch-
ing circuit for causing an operation result from the above
data operating circuit to pass through or bypass the
above intermediate pipeline register and inputting said
operation result to the above final pipeline register, the
above instruction issue control portion adding the
number of Dummy stages to be inserted, in each of
which nothing is executed, to each of the above instruc-
tions simultaneously issued, thereby enabling an oper-
ation executing stage in which the above data operating
circuit performs the above specified operation to shift to
an arbitrary stage in a plurality of pipeline stages.
[0019] With the above structure, a plurality of (e.g.,
three) pipeline data processing circuits are arranged in
parallel according to the present invention. In the case
where a data-dependent relationship exists between the
plurality of (three) data processes (e.g., when operation
C = A + B, operation J = E + C, and operation K = H +
I), a plurality of instructions to perform the plurality of
data processes are issued simultaneously to the above
respective pipeline data processing circuits. In the pipe-
line data processing circuit for performing the first data
process C, a data reading stage and an operation exe-
cuting stage are assigned to the first and second stages,
respectively. In the pipeline data processing circuit for
performing the second data process J, the data reading
stage and operation executing stage are assigned to the
second and third stages. In the pipeline data processing
circuit for performing the third data process K, the data
reading stage and operation executing stage are as-
signed to the third and fourth stages. Consequently, the
plurality of data processes C, J, and K are sequentially
executed so that, even when a data-dependent relation-
ship exists between these data processes, the data
processes are adequately executed.
[0020] Here, the respective instructions to perform the
above plurality of data processes C, J, and K are issued
simultaneously and the subsequent instruction (i.e., the
instruction to perform the fourth data process) is issued
in the second cycle. In the conventional embodiment,
the fourth instruction is issued in the fourth cycle. Con-
sequently, according to the present invention, a large
number of consecutive instructions can be issued with-
out stagnation so that the plurality of data processes
having a data-dependent relationship therebetween can
be executed at high speed.
[0021] The above objects and novel features of the
present invention will be more apparent from the reading
of the following description in conjunction with the ac-
companying drawings.
[0022] The accompanying drawings illustrate the pre-
ferred embodiments of the present invention.
[0023] In the drawings:

FIG. 1 shows the overall structure of a processor;
FIG. 2 illustrates the operation of pipelining opera-
tion;
FIG. 3 shows the overall structure of a pipeline data
processing apparatus according to a first embodi-
ment of the present invention;
FIG. 4 shows the internal structure of a pipeline data
processing circuit constituting the pipeline data
processing apparatus;
FIG. 5 shows a first variation of the pipeline data
processing circuit;
FIG. 6 shows a second variation of the pipeline data
processing circuit;
FIG. 7 shows a third variation of the pipeline data
processing circuit;
FIG. 8 is a timing chart showing a basic operation
of the pipeline data processing circuit;
FIG. 9 is a timing chart showing another basic op-
eration of the pipeline data processing circuit;
FIG. 10 is a timing chart showing still another basic
operation of the pipeline data processing circuit;
FIG. 11 is an operational timing chart in the case
where three data processes are performed by a
pipeline data processing apparatus according to the
present invention:
FIG. 12 is an operational timing chart in the case
where a large number of data processes are per-
formed by a conventional pipeline data processing
apparatus;
FIG. 13 is an operational timing chart in the case
where a plurality of data processes are performed
by the conventional pipeline data processing appa-
ratus;
FIG. 14 shows the overall structure of a pipeline da-
ta processing apparatus according to a second em-
bodiment of the present invention;
FIG. 15 shows the structure of a principal portion of
a processor including the pipeline data processing
apparatus according to the second embodiment of
the present invention;
FIG. 16 is an operational timing chart in the case
where six data processes are performed by the
pipeline data processing apparatus according to the
second embodiment of the present invention;
FIG. 17 shows the overall structure of a convention-
al pipeline data processing apparatus;
FIG. 18(a) is an operational timing chart showing a
basic operation of the conventional pipeline data
processing apparatus;
FIG. 18(b) is an operational timing chart showing
another basic example of the conventional pipeline
data processing apparatus; and
FIG. 18(c) is an operational timing chart showing
still another basic operation of the conventional
pipeline data processing apparatus.

[0024] Below, the preferred embodiments of the
present invention will be described with reference to the
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drawings.

(First Embodiment of Pipeline Data Processing
Apparatus)

[0025] FIG. 1 shows a first embodiment of the present
invention, in which are shown: a processor 1; an instruc-
tion memory 2a for preliminarily storing an instruction
program; and a data memory 2b for preliminarily storing
a large number of data sets. It is not necessarily required
to provide the above instruction memory 2a and data
memory 2b as separate components. A large number
of instructions and data sets may be stored together in
a single memory.
[0026] The above processor 1 consists of an instruc-
tion control portion 3 and an instruction execution por-
tion 4 for executing such an instruction to perform the
processing of data. The above instruction control portion
3 consists of an instruction fetch portion 5, an instruction
register 6, and an instruction decoding portion 7, and an
instruction issue control portion 8. The above instruction
fetch portion 5 generates one or a plurality of instruction
addresses and transmits them to the above instruction
memory 2a, while fetching one or a plurality of instruc-
tions necessary. The above fetched instructions are
stored by the above instruction fetch portion 5 in the in-
struction register 6. The above instruction decoding por-
tion 7 decodes every specified number (e.g., three) of
instructions stored in the instruction register 6. The
above instruction issue control portion 8 issues an in-
struction to the resource corresponding to the instruc-
tion based on the result of decoding. For example, if the
instruction directs the processing of data, the instruction
issue control portion 8 issues it to the above instruction
execution portion 4. If the instruction is a branch instruc-
tion to control the stream of the instruction program, the
instruction issue control portion 8 issues it to the instruc-
tion fetch portion 5. Moreover, if the operation of the
above instruction issue control portion 8 is to be de-
scribed roughly, it examines, when the instruction is to
be issued to the instruction execution portion 4, the state
of the resource required for executing the instruction in
the instruction execution portion 4 and the presence or
absence of a data-dependent relationship between a
plurality of instruction data sets and issues only an ex-
ecutable instruction to the instruction execution portion
4. As for the internal structure and operation of the
above instruction issue control portion 8, they will be de-
scribed later in detail.
[0027] The above instruction execution portion 4 con-
sists of a register file 9 for temporarily storing data, an
execution processing portion 10 for performing an op-
eration with respect to data and an execution control
portion 11. The above execution control portion 11 loads
data required by the execution processing portion 10 to
perform an operation with respect to data from the
above data memory 2b, while storing the data in the reg-
ister file 9. In actual execution of the operation in the

execution processing portion 10, the above execution
control portion 11 reads data stored in the above register
file 9 and controls the execution processing portion 10
so that the operation in accordance with the instruction
is executed thereby and stores the operation result in
the register file 9.
[0028] In the above processor 1, the operation with
respect to data is performed by pipelining processing.
As shown in FIG. 2, the pipeline processing consists of
five stages. In the first stage, an instruction is fetched.
In the second stage, the instruction is decoded and is-
sued. In the third stage, data is read from the register
file 9. In the fourth stage, an operation is executed with
respect to data. In the five stage, the operation result is
written in the register file 9. The above second and third
stages may be implemented by a single stage.
[0029] FIG. 3 shows a specific structure of the above
execution processing portion 10 as a pipeline data
processing apparatus of the present invention. In the
drawing, reference numerals 100, 101, and 102 desig-
nate pipeline data processing circuits arranged in par-
allel to each other. Since the pipeline data processing
circuits 100 to 102 have the same structure, a descrip-
tion will be given to the internal structure of the pipeline
data processing circuit 100 as a representative of the
three circuits. In the drawing are shown: first and second
data input ports 18 and 19 for receiving data from the
above register file 9; first and second data input registers
20 and 21 for storing respective sets of data received
from the above respective data input ports 18 and 19;
and a 2-input calculator (data calculating circuit) for re-
ceiving the respective sets of data stored in the above
two data input registers 20 and 21 and executing addi-
tion or subtraction with respect to the respective sets of
data.
[0030] In the drawing are also shown: a first (interme-
diate) pipeline register 40 disposed in a stage subse-
quent to the above calculator 30; a second (intermedi-
ate) pipeline register 60 disposed in a stage subsequent
to the above first pipeline register 40; and a selector
(path switching circuit) 70 disposed in a stage subse-
quent to the second pipeline register 60. The above first
pipeline register 40 receives a data operation result 31
outputted from the above calculator 30 and stores it. The
above second pipeline register 60 receives the output
data from the above first pipeline register 40 and stores
it. The above selector 70 receives the data operation
result 31 outputted from the above calculator 30 and the
respective sets of data stored in the above first and sec-
ond pipeline registers 40 and 60, selects any one of the
three, and outputs the selected one. In the drawing, a
reference numeral 81 designates a final pipeline register
for receiving the output data 80 from the above selector
70 and stores it.
[0031] In each of the above pipeline data processing
circuits 100 to 102, the above registers 20, 21, 40, and
60 and selector 70 provided therein are controlled by
the above execution control portion 11 of FIG. 1 (FIG. 4
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shows only the pipeline data processing circuit 100).
Reference numerals 9a to 9i designate registers in the
above register file 9.
[0032] The above pipeline data processing circuit 100
may also be composed of any of the pipeline data
processing circuits shown in FIGS. 5 to 7. The pipeline
data processing circuit 120 shown in FIG. 5 is obtained
by increasing the number of pipeline stages of the pipe-
line data processing circuit 100 of FIG. 4 by one. Spe-
cifically, in FIG. 4, an additional pipeline register 90 and
an additional selector (path switching circuit) 91 are pro-
vided between the selector 70 and the final pipeline reg-
ister 81. The above additional pipeline register 90 re-
ceives the result of selection from the selector 70 and
stores it. The above additional selector 91 receives the
operation result 31 from the calculator 30 and the re-
spective sets of data stored in the intermediate (first and
second) pipeline register 40 and 60 and in the additional
pipeline register 90, selects any one of the three, and
outputs the selected one. The output 92 from the second
selector 90 is inputted to the final pipeline register 81
and stored therein. The pipeline data processing circuit
130 of FIG. 6 is obtained by providing a pipeline register
30a in the calculator 30' for execution of addition or sub-
traction in a 2-stage pipeline. In the pipeline data
processing circuit 140 of FIG. 7, a first selector 52 is
interposed between the first and second pipeline regis-
ters 40 and 60 and a second selector 72 is interposed
between the second and final pipeline registers 60 and
81. The above first selector 52 receives the operation
result from the calculator 30 and the data stored in the
previous-stage (first) pipeline register 40, selects either
one of the two, and outputs the selected one. The above
second selector 72 receives the result of selection from
the above first selector 52 and the data stored in the
previous-stage (second) pipeline register 60, selects ei-
ther one of the two, and outputs it to the final pipeline
register 81. The calculator 30 in each of the above pipe-
line data processing circuits 120 and 140 of FIGS. 5 and
7 may also be composed of the calculator 30' in the pipe-
line data processing circuit 130 of FIG. 6. To compose
the three pipeline data processing circuits 100 to 102
shown in FIG. 1, any one or some of the processing cir-
cuits 120 to 140 described above may be used singly or
in combination. However, in the case where some of the
processing circuits 120 to 140 are used in combination
to compose the pipeline data processing circuits 100 to
102, their pipelines should have the same number of
stages.
[0033] Next, a description will be given to the execu-
tion of one operation by the single pipeline data process-
ing circuit (100, for example) before a description will be
given to the operation of the pipeline data processing
apparatus shown in FIG. 3 wherein a plurality of opera-
tions are performed in parallel. Since the pipeline data
processing circuits shown in FIG. 4 to FIG. 7 exhibit the
same basic operation, a description will be given below
to the pipeline data processing circuit 100 of FIG. 4 as

a representative.
[0034] The pipeline data processing circuit 100 ena-
bles the execution of data processing with three timings
shown in FIGS. 8, 9, and 10. In FIGS. 8 to 10, respective
cycles for illustrating the timings for the pipeline
processing are designated as first to fifth cycles, while
respective stages in hardware for illustrating a flow of
data in the pipeline data processing circuit 100 are des-
ignated as a data reading stage, an operation executing
stage, a Through (1) stage (first pass stage), a Through
(2) stage (second pass stage), and a data writing stage
for the convenience of illustration. A data process is ba-
sically executed in five pipeline stages. In FIGS. 8 to 10,
the timing for the pipeline processing is associated with
an actual flow of data in the pipeline data processing
circuit.
[0035] FIG. 8 shows the most basic operation of the
pipeline data processing circuit 100. The data process-
ing (e.g., operation C = A + B) is executed as follows:
The selector 70 selects the output from the second pipe-
line register 60. In the first cycle, data A and B is read
and stored in the respective input registers 20 and 21 in
the data reading stage. In the second cycle, the opera-
tion of A + B is executed in the operation executing stage
and the operation result C is stored in the first pipeline
register 40. In the third cycle, data (operation result C)
passes through the Through (1) stage and is stored as
it is in the second pipeline register 60. In the fourth cycle,
data (operation result C) passes through the Through
(2) stage and is stored as it is in the third pipeline register
80. Thus, in the two Through stages, no processing is
performed with respect to the data (operation result C)
and the data simply shifts to the subsequent stages in
sequence. In the fifth cycle, the operation result C is writ-
ten in the data writing stage. In FIG. 8, the data flows in
the pipeline data processing circuit 100 without stagna-
tion.
[0036] In FIG. 9, the first cycle of the five-stage pipe-
line is used as a Dummy cycle. The selector 70 selects
the output from the first pipeline register 40. In the first
cycle (Dummy cycle), nothing is executed so that the
pipeline is on hold. As a result, even when the timing
proceeds to the subsequent second cycle, the data does
not actually shift from the data reading stage to the sub-
sequent operation executing stage. It is not until in the
second cycle that the data A and B is read in the data
reading stage and stored in the respective registers 20
and 21. In the third cycle, operation of A + B is executed
in the operation executing stage and the operation result
C is stored in the first pipeline register 40. In the fourth
cycle, the operation result C passes through the
Through (1) stage and is stored in the third pipeline reg-
ister 80 via the selector 70. In the fifth cycle, the opera-
tion result C is written in the data writing stage. Briefly,
the data from the Through (1) stage (i.e., the operation
result C stored in the first pipeline register 40) bypasses
the Through (2) stage and shifts to the data writing
stage.
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[0037] Here, it should be noted that, when the first cy-
cle is a Dummy cycle, the data J and K for the subse-
quent data process (e.g., L = J + K) cannot be inputted
in the second cycle. In this case, since the data reading
stage is reached only in the second cycle, the subse-
quent data J and K can be inputted only when the data
A and B currently executed shifts to the operation exe-
cuting stage, i.e., the third cycle.
[0038] FIG. 10 illustrates the operation when Dummy
cycles are assigned to the first and second cycles. The
selector 70 selects the output from the calculator 30. In
the first and second cycles (Dummy cycles), nothing is
executed so that the pipeline is on hold. As a result, even
when the timing proceeds to the subsequent third cycle,
the data A and B does not actually shift from the data
reading stage to the operation executing stage. It is not
until in the third cycle that the data A and B is read and
stored in the respective registers 20 and 21 in the data
reading stage. In the fourth cycle, operation of A + B is
executed in the operation executing stage and the op-
eration result C is stored in the third pipeline register 80
via the selector 70. In the fifth cycle, the above operation
result C is written in the data writing stage. Briefly, the
data from the operation executing stage (operation re-
sult C) bypasses the Through (1) and (2) stages and
shifts to the data writing stage.
[0039] Here, it should be noted that, when the first and
second cycles are Dummy cycles, the data for the sub-
sequent data process cannot be inputted until the third
cycle is initiated. In this case, since the data read cycle
is reached for the first time in the third cycle, the subse-
quent data can be inputted only when the data A and B
currently executed shifts to the operation executing
stage, i.e., the fourth cycle.
[0040] Next, a description will be given to the internal
structure of the above instruction issue control portion
8 of FIG. 1. As shown in the drawing, the instruction is-
sue control portion 8 comprises; a data-dependency de-
tecting portion 8a; a resource hazard control portion 8b;
and an issue control portion 8c. The above data-de-
pendency detecting portion 8a receives information ob-
tained through the decoding of a plurality of (three) in-
structions from the above instruction decoding portion
7 and judges, based on the information, the presence
or absence of a data-dependent relationship between
the data processes (e.g., C = A + B, E = C + D, and G
= E + F) directed by the three instructions. The above
resource hazard control portion 8b receives a signal rep-
resenting that any of the above pipeline data processing
circuits 100 to 102 is executing the Dummy cycle shown
in FIGS. 9 and 10 (Dummy-cycle-execution signal),
judges that there is a resource hazard on receipt of the
signal, and outputs the resource hazard signal to the is-
sue control portion 8c. The above issue control portion
8c judges whether or not each of the pipeline data
processing circuits 100 to 102 is in the executable state
in which the instruction is executable and further judges,
if it has judged that the instruction is executable, whether

or not the above Dummy cycle shown in FIGS. 9 and 10
should be inserted. If the Dummy cycle should be insert-
ed, the issue control portion 8c determines the number
of Dummy cycles to be inserted and adds the number
to the instruction and outputs one or a plurality of instruc-
tions to the above execution control portion 11 such that
the instruction or instructions are executed in the pipe-
line data processing circuit or circuits in the executable
state.
[0041] Specifically, the above issue control portion 8c
judges whether or not each of the pipeline data process-
ing circuits 100 to 102 is in the executable state by ex-
amining whether or not each of the pipeline data
processing circuits 100 to 102 is executing a Dummy
cycle. If each of the pipeline data processing circuits 100
to 102 is not executing a Dummy cycle, the issue control
portion 8c judges that it is in tne executable state.
[0042] The insertion or no insertion of a Dummy cycle
and the number of Dummy cycles to be inserted are de-
termined in the following manner. First, it is judged
whether or not a data-dependent relationship exists be-
tween the data process previously executed and the da-
ta process to be subsequently executed or between a
plurality of data processes to be simultaneously execut-
ed. If there is no data-dependent relationship, it is de-
termined that the number of Dummy cycles is 0, which
indicates that no Dummy cycle should be inserted. If
there is any data-dependent relationship, on the other
hand, the number of Dummy cycles to be inserted is de-
termined as follows: For ease of understanding, a con-
sideration will be given to the case where three data
processes C = A + B, D = E + C, and G = F + D are
executed in orderly sequence, as shown in FIG. 11. The
number of Dummy cycles to be inserted is determined
first for the data process to be executed with the highest
priority and then determined sequentially for the other
processes with lower priorities. If the number of pipeline
stages of the calculator 30 in the pipeline data process-
ing circuit (which is "1" in the pipeline data processing
circuit of FIG. 4 and is "2" in the pipeline data processing
circuit of FIG. 6) for executing the data process D (or G)
which has a data-dependent relationship with the ante-
cedent data process C (or D) is designated at a (by way
of example, a description will be given hereinafter to the
pipeline data processing circuit of FIG. 4 in which a =
1), the number of Dummy cycles to be inserted in the
antecedent data process C (or D) which is executed by
the pipeline data processing circuit and on which the
subsequent data process D (or G) is data-dependent is
designated at b, and a difference in the initiating cycles
of the above data processes having a data-dependent
relationship (C and D or D and G) is designated at c, the
number x of Dummy cycles can be calculated by the
following equation:

x = a + b - c.
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[0043] In the above example shown in FIG. 11, since
the first data process C = A + B has no antecedent data
process on which it is data-dependent, the number of
Dummy cycles is "0". As for the second data process D
= E + C which has a data-dependent relationship with
the first data process C, the number b of Dummy cycles
to be inserted in the data process C is "0" and the dif-
ference c in the initiating cycles of the two data process-
es is "0" (simultaneous execution), so that the number
x of Dummy cycles to be calculated becomes 1 + 0 - 0
= 1. As for the third data process G = F + D which has
a data-dependent relationship with the antecedent data
process D, the number b of Dummy cycles to be inserted
in the data process D on which the data process G is
dependent is "1" and a difference c in the initiating cy-
cles of the two processes is "0" (simultaneous execu-
tion), so that the number x of Dummy cycles to be cal-
culated becomes 1 + 1 - 0 = 2.
[0044] As will be appreciated from FIG. 11, of the
three data processes C, D, and G, the first data process
C is executed with the timing of FIG. 8, the second data
process D which has a data-dependent relationship with
the antecedent process C is executed with the timing of
FIG. 9, and the third data process G which has a data-
dependent relationship with the antecedent process D
is executed with the timing of FIG. 10. Consequently,
even when respective instructions to perform the three
data processes C, D, and G having a data-dependent
relationship therebetween are issued simultaneously,
they can be executed without stagnation. The data proc-
esses C, D, and G are completed at the same time, so
that the In-Order method is surely implemented.
[0045] In FIG. 1, the execution control portion 11 re-
ceives an instruction issued from the issue control por-
tion 8c and causes that one of the pipeline data process-
ing circuits 100 to 102 which is designated by the in-
struction to execute the data process directed by the in-
struction. The above execution control portion 11 con-
trols the selector 70 of the above designated pipeline
data processing circuit so that the output from the sec-
ond pipeline register 60 is selected when the number x
of Dummy cycles that has been added to the corre-
sponding instruction is 0, that the output from the first
pipeline register 40 is selected when the number x of
Dummy cycles is 1, and that the output from the calcu-
lator 30 (operation result) is selected when the number
x of Dummy cycles is 2. If any of the pipeline data
processing circuits 100 to 102 is executing a Dummy
cycle, the above execution control portion 11 transmits
a Dummy-cycle-execution signal to the above resource
hazard control portion 8b.
[0046] Next, referring to FIG. 12, the operation of the
pipeline data processing apparatus of the present em-
bodiment will be described by using a more complicated
data processing sequence:

C = A + B (1)

[0047] Of these ten data processes, each of the data
processes except the data processes (1), (4), and (8)
has a data-dependent relationship with the antecedent
data process.
[0048] In FIG. 12, three instructions to perform the da-
ta processes C, E, and G are decoded first and issued
simultaneously. The first data process C, the second da-
ta process E, and the third data process G proceed in
the pipeline data processing circuits 100, 101, and 102,
respectively. Among these, a data-dependent relation-
ship exists between the first and second data processes
C and E, while a data-dependent relationship also exists
between the second and third data processes E and G.
The number x of Dummy cycles to be inserted in the
pipeline data processing circuit 101 becomes 1, since a
= 1, b = 0, and c = 0 in the above equation for calculation.
The number x of Dummy cycles to be inserted in the
pipeline data processing circuit 102 becomes 2, since a
= 1, b = 1, and c = 0 in the above equation for calculation.
[0049] In the first cycle, three instructions to perform
the subsequent three data processes J, L, and N are
decoded. Since the two pipeline data processing circuits
101 and 102 are executing Dummy cycles, resource
hazard signals are generated for these processing cir-
cuits 101 and 102. In response to these, only an instruc-
tion to perform the fourth data process J is issued so
that the data process J proceeds in the pipeline data
processing circuit 100. Since the fourth data process J
has no data-dependent relationship with any of the ex-
isting data processes C, E, and G, the number x of Dum-
my cycles is 0 in the pipeline data processing circuit 100

E = C + D (2)

G = E + F (3)

J = H + I (4)

L = J + K (5)

N = L + M (6)

P = N + O (7)

S = Q + R (8)

U = S + T (9)

X = U + V (10).
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for performing the data process J.
[0050] In the second cycle, the other two instructions
that have not been issued in the preceding cycle and an
instruction to perform the seventh data process P are
decoded. Since only the pipeline data processing circuit
102 is executing a Dummy cycle, a resource hazard sig-
nal is generated for the processing circuit 102. In re-
sponse to this, two instructions to perform the fifth and
sixth data processes L and N are issued and the data
processes L and N proceed in the pipeline data process-
ing circuits 100 and 101, respectively. Here, a data-de-
pendent relationship exists between the fourth and fifth
data processes L and N, while a data-dependent rela-
tionship also exists between the fifth and sixth data proc-
esses L and N. Consequently, the number x of Dummy
cycles to be inserted in the pipeline data processing cir-
cuit 100 becomes 0, since a = 1, b = 0, and c = 1 in the
above equation for calculation. The number x of Dummy
cycles to be inserted in the pipeline data processing cir-
cuit 101 becomes 1, since a = 1, b = 0, and c = 0 in the
above equation for calculation.
[0051] In the third cycle, the other instruction that has
not been issued in the preceding cycle and instructions
to perform the eighth and ninth data processes S and U
are decoded. Since only the pipeline data processing
circuit 101 is executing a Dummy cycle, a resource haz-
ard signal is generated for the processing circuit 101. In
response to this, two instructions to perform the seventh
and eighth data processes P and S are issued so that
the data processes P and S proceed in the pipeline data
processing circuits 100 and 102, respectively. Here, a
data-dependent relationship exists between the sev-
enth and eighth data processes N and P. Consequently,
the number x of Dummy cycles to be inserted in the pipe-
line data processing circuit 100 becomes 1, since a = 1,
b = 1, and c = 1. On the other hand, the number x of
Dummy cycles to be inserted in the pipeline data
processing circuit 102 is 0, since no data-dependent re-
lationship exists between the seventh and eighth data
processes P and S.
[0052] In the fourth cycle, the other instruction that
has not been issued in the preceding cycle and an in-
struction to perform the tenth data process X are decod-
ed. Since only the pipeline data processing circuit 100
is executing a Dummy cycle, a resource hazard signal
is generated for the processing circuit 100. In response
to this, two instructions to perform the ninth and tenth
data processes U and X are issued so that the data proc-
esses U and X proceed in the pipeline data processing
circuits 101 and 102, respectively. Here, a data-depend-
ent relationship exits between the eighth and ninth data
processes S and U, while a data-dependent relationship
also exists between the ninth and tenth data processes
U and X. Consequently, the number x of Dummy cycles
to be inserted in the pipeline data processing circuit 101
becomes 0, since a = 1, b = 0, and c = 1 in the above
equation for calculation. On the other hand, the number
x of Dummy cycles to be inserted in the pipeline data

processing circuit 102 becomes 1, since a = 1, b = 0,
and c = 0 in the above equation for calculation.
[0053] In the present embodiment, the point of time at
which all the instructions to perform the ten data proc-
esses have been issued falls in the fifth cycle, while the
point of time at which the execution of all the data proc-
esses has been completed falls in the ninth cycle, as will
be appreciated from FIG. 12. On the other hand, if the
above data processing sequence is executed using the
conventional pipeline data processing apparatus of FIG.
17, the point of time at which all the ten data processes
have been issued falls in the eighth cycle, while the point
of time at which the execution of all the data processes
have been completed falls in the tenth cycle, as shown
in the timing chart of FIG. 13.
[0054] From a comparison of the embodiment of the
present invention shown in FIG. 12 to the conventional
embodiment shown in FIG. 13, it will be appreciated that
the pipeline data processing apparatus in the embodi-
ment of the present invention has an advantage over
the conventional embodiment in terms of the perform-
ance of operating speed.

(Second Embodiment of Pipeline Data Processing
Apparatus)

[0055] FIG. 14 shows a pipeline data processing ap-
paratus showing a second embodiment of the present
invention.
[0056] In the present embodiment, three additional
pipeline data processing circuits 103 to 105 having the
same structure are provided in parallel in the structure
of FIG. 1. Each of the pipeline data processing circuits
103 to 105 has a multi-input calculator 30'' having three
or more inputs (three inputs in the drawing). In compli-
ance with the 3-input calculator 30'', there have been
provided three data input ports 17 to 19 and three data
input registers 20 to 22 each for storing data inputted to
the corresponding data input port. The data stored in the
data input registers 20 to 22 is inputted to the above
3-input calculator 30'' and subjected to addition or sub-
traction. As for the other components, they are the same
as those of the pipeline data processing circuit of the
first embodiment shown in FIG. 4, so that the description
thereof will be omitted by providing the same compo-
nents with the same reference numerals. In FIG. 14, ref-
erence numerals 9j tp 9r designate registers in the reg-
ister file 9.
[0057] FIG. 15 shows the structure of a principal por-
tion of a processor including the above pipeline data
processing apparatus of FIG. 14. Since the overall struc-
ture of the processor is similar to the structure of the
processor of the above first embodiment shown in FIG.
1, only different components will be described below.
The processor of FIG. 15 is different from the processor
of FIG. 1 only in that the instruction issue control portion
8' with the issue control portion 8c' is provided instead
of the instruction issue control portion 8 with the issue
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control portion 8c. The issue control portion 8c' alters a
plurality of data processes to be executed so as to elim-
inate a data-dependent relationship between the data
processes. For example, in a plurality of (two) data proc-
esses having the following data-dependent relationship
therebetween:

the latter data process is replaced by

Thereafter, an instruction to perform the data process D
is issued so that the data process D is executed by the
above pipeline data processing circuit 103 having the
3-input calculator 30''. Consequently, a plurality of data
processes originally having a data-dependent relation-
ship can be executed simultaneously in parallel as a plu-
rality of data processes having no data-dependent rela-
tionship.
[0058] Accordingly, in the case where the following six
data processes having a data-dependent relationship
are executed in the pipeline data processing apparatus
of the present embodiment:

instructions to perform the six data processes having a
data-dependent relationship can be issued and execut-
ed simultaneously under the two effects of elimination
of the data-dependent relationship by the pipeline data
processing apparatus having the 3-input calculator

C = A + B

D = E + C,

D = E + C

= E + (A + B)

= E + A + B.

C = A + B

D = E + C

G = F + D

H = I + G

J = K + H

L = M + J,

30" and insertion of the Dummy cycle described in the
first embodiment.
[0059] Although the present embodiment has substi-
tuted the 3-input calculator 30'' for the calculator 30 of
the pipeline data processing circuit shown in FIG. 4, it
will be appreciated that the calculator 30 of each of the
pipeline data processing circuits shown in FIGS. 5, 6,
and 7 may be replaced by the 3-input calculator 30".

Claims

1. A pipeline data processing apparatus comprising at
least one pipeline processing circuit (100), wherein
said pipeline processing circuit (100) comprises:

an input data register (20, 21) for receiving and
storing data from the outside;

a data operating circuit (30) for receiving the
data stored in said input data register (20, 21)
and performing a specified operation on the in-
put data;

an intermediate pipeline register (40, 60) dis-
posed in a stage subsequent to said data oper-
ating circuit (30);

a final pipeline register (81) disposed in a stage
subsequent to said intermediate pipeline regis-
ter (40, 60);

a path switching circuit (70) for causing an op-
eration result from said data operating circuit
(30) to pass through or bypass said intermedi-
ate pipeline register (40, 60) and inputting said
operation result to said final pipeline register
(81);

means adapted to, if required because said
specified operation requires data from another
operation, introduce at least one dummy cycle
before executing the cycle in which the data is
received and stored; and

means adapted to bypass at least one interme-
diate pipeline register (40, 60), so as to com-
pensate for said at least one dummy cycle,
thereby enabling an operation executing time
cycle in which said data operating circuit (30)
performs said specified operation to shift to an
arbitrary time cycle in a plurality of pipeline time
cycles.

2. A pipeline data processing apparatus according to
claim 1, wherein said pipeline data processing ap-
paratus further comprises:
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at least one more pipeline processing circuit
(101, 102) which is the same as said pipeline
processing circuit (100); and

an instruction issue control portion (8c) for si-
multaneously issuing a plurality of instructions
to perform respective data processes to said re-
spective pipeline processing circuits (100, 101,
102), and for adding the number of dummy cy-
cles to be inserted, in each of which nothing is
executed, to each of the instructions simultane-
ously issued.

3. A pipeline data processing apparatus according to
claim 2, wherein
the plurality of instructions simultaneously issued
from said instruction issue control portion (8c) in-
clude respective instructions to perform at least two
data processes having a data-dependent relation-
ship therebetween.

4. A pipeline data processing apparatus according to
claim 1, wherein
said pipeline data processing apparatus further
comprises at least one more pipeline processing
circuit (101, 102) which is the same as said pipeline
processing circuit (100), and
said plurality of pipeline processing circuits (100,
101, 102) are arranged in parallel to each other.

5. A pipeline data processing apparatus according to
claim 2, wherein
said plurality of pipeline processing circuits (100,
101, 102) are arranged in parallel to each other.

6. A pipeline data processing apparatus according to
one of the claims 1 to 5, wherein
the intermediate pipeline register is composed of
first (40) and second (60) pipeline registers,
said path switching circuit is composed of a selector
(70) interposed between said second (60) and final
(81) pipeline registers, and
said selector (70) receives the operation result from
said data operating circuit (30) and respective op-
eration results stored in said first (40) and second
(60) pipeline registers, selects any one of the oper-
ations results, and outputs the selected one to said
final pipeline register (81).

7. A pipeline data processing apparatus according to
one of the claims 1 to 5, wherein
the intermediate pipeline register is composed of
first (40) and second (60) pipeline registers,
said path switching circuit is composed of a first se-
lector (52) interposed between said first (40) and
second (60) pipeline registers and a second selec-
tor (72) interposed between said second (60) and
final (81) pipeline registers, said first selector (52)

receives the operation result from said data operat-
ing circuit (30) and an operation result stored in said
first (40) pipeline register, selects either one of the
operation results, and outputs the selected one to
said second (60) pipeline register, and
said second selector (72) receives the operation re-
sult selected by said first selector (52) and an oper-
ation result stored in said second (60) pipeline reg-
ister, selects either one of the operation results, and
outputs the selected one to said final pipeline reg-
ister (81).

8. A pipeline data processing apparatus according to
claim 6 or 7, wherein
a stage in which said data from the outside is stored
in said input data register (20, 21) is a data reading
stage,
the stage in which said data operating circuit (30)
performs said specified operation and stores the
operation result in said first pipeline register (40) is
the operation executing stage,
a stage in which the operation result stored in said
first pipeline register (40) is stored in said second
pipeline register (60) is a first pass stage, and
a stage in which the operation result stored in said
second pipeline register (60) is stored in said final
pipeline register (81) is a second pass stage.

9. A pipeline data processing apparatus according to
one of the claims 1 to 8, wherein
said data operating circuit (30) has an internal pipe-
line register.

10. A pipeline data processing apparatus according to
one of the claims 1 to 9, wherein
said data operating circuit (30) is composed of an
adder or a subtracter each having two or more data
input ports.

11. A pipeline data processing apparatus according to
claim 6 or 7, wherein
in the pipeline data processing circuit (100) that has
received the instruction, when the number of dum-
my cycles to be inserted that has been added to the
received instruction is "0", the data input register
(20, 21) receives and stores the data from the out-
side in a first cycle, while the selector (70) selects
the operation result stored in the second pipeline
register (60).

12. A pipeline data processing apparatus according to
claim 6 or 7, wherein
in the pipeline data processing circuit (100) that has
received the instruction, when the number of dum-
my cycles to be inserted that has been added to the
received instruction is "1", the data input register
(20, 21) receives and stores the data from the out-
side in a second cycle, while the selector (70) se-

19 20



EP 0 730 223 B1

12

5

10

15

20

25

30

35

40

45

50

55

lects the operation result stored in the first pipeline
register.

13. A pipeline data processing apparatus according to
claim 6 or 7, wherein
in the pipeline data processing circuit (100) that has
received the instruction, when the number of dum-
my cycles to be inserted that has been added to the
received instruction is "2", the data input register
(20, 21) receives and stores the data from the out-
side in a third cycle, while the selector (70) selects
the operation result from the data operating circuit
(30).

Patentansprüche

1. Pipeline-Datenverarbeitungsgerät, das mindestens
eine Pipeline-Verarbeitungsschaltung (100) auf-
weist, wobei
die Pipeline-Verarbeitungsschaltung (100) auf-
weist:

ein Eingangsdatenregister (20, 21) zum Auf-
nehmen und Speichern von Daten von der Au-
ßenseite;
eine Datenoperationsschaltung (30) zum Auf-
nehmen der Daten, gespeichert in dem Ein-
gangsdatenregister (20, 21), und zum Durch-
führen einer spezifizierten Operation in Bezug
auf die Eingangsdaten;
ein Zwischen-Pipeline-Register (40, 60), ange-
ordnet in einer Stufe, auf die Datenoperations-
schaltung (30) folgend;
ein End-Pipeline-Register (81), angeordnet in
einer Stufe, dem Zwischen-Pipeline-Register
(40, 60) folgend;
eine Pfadumschaltschaltung (70) zum Bewir-
ken, dass ein Operationsergebnis von der Da-
tenoperationsschaltung (30) durch das Zwi-
schen-Pipeline-Register (40, 60) hindurchge-
führt oder im Bypass daran vorbeigeführt wird,
und zum Eingeben des Operationsergebnisses
zu dem End-Pipeline-Register (81);
eine Einrichtung, angepasst so, um, falls erfor-
derlich, da die spezifizierte Operation Daten
von einer anderen Operation erfordert, minde-
stens einen Dummy-Zyklus vor einem Ausfüh-
ren des Zyklus, in dem die Daten empfangen
und gespeichert sind, einzuführen; und
eine Einrichtung, angepasst so, um minde-
stens ein Zwischen-Pipeline-Register (40, 60)
im Bypass zu umgehen, um so den mindestens
einen Dummy-Zyklus zu kompensieren,
um dadurch einen Operationsausführungszeit-
zyklus zu ermöglichen, in dem die Datenopera-
tionsschaltung (30) die spezifizierte Operation
durchführt, um zu einem wahlweisen Zeitzyklus

in einer Mehrzahl von Pipeline-Zeitzyklen zu
verschieben.

2. Pipeline-Datenverarbeitungsgerät nach Anspruch
1, wobei das Pipeline-Datenverarbeitungsgerät
weiterhin aufweist:

mindestens eine weitere Pipeline-Verarbei-
tungsschaltung (101, 102), die dieselbe wie die
Pipeline-Verarbeitungsschaltung (100) ist; und
einen Befehl-Ausgabesteuerabschnitt (8c)
zum gleichzeitigen Ausgeben einer Mehrzahl
von Befehlen, um jeweilige Datenprozesse
durchzuführen, zu den jeweiligen Pipeline-Da-
tenverabeitungsschaltungen (100, 101, 102),
und zum Hinzufügen der Zahl von Dummy-Zy-
klen, die eingesetzt werden sollen, wobei in je-
dem davon nichts ausgeführt wird, zu jedem
der Befehle, die gleichzeitig ausgegeben sind.

3. Pipeline-Datenverarbeitungsgerät nach Anspruch
2, wobei
die Mehrzahl von Befehlen, gleichzeitig ausgege-
ben von dem Befehl-Ausgabesteuerabschnitt (8c),
jeweilige Befehle umfassen, um mindestens zwei
Datenprozesse durchzuführen, die eine datenab-
hängige Beziehung dazwischen haben.

4. Pipeline-Datenverarbeitungsgerät nach Anspruch
1, wobei
das Pipeline-Datenverarbeitungsgerät weiterhin
mindestens eine weitere Pipeline-Verarbeitungs-
schaltung (101, 102) aufweist, die dieselbe wie die
Pipeline-Verarbeitungsschaltung (100) ist, und
wobei die Mehrzahl von Pipeline-Verarbeitungs-
schaltungen (100, 101, 102) parallel zueinander an-
geordnet sind.

5. Pipeline-Datenverarbeitungsgerät nach Anspruch
2, wobei
die Mehrzahl von Pipeline-Verarbeitungsschaltun-
gen (100, 101, 102) parallel zueinander angeordnet
sind.

6. Pipeline-Datenverarbeitungsgerät nach einem der
Ansprüche 1 bis 5, wobei
das Zwischen-Pipeline-Register aus einem ersten
(40) und einem zweiten (60) Pipeline-Register auf-
gebaut ist,
wobei die Pfadumschaltschaltung aus einem Selek-
tor (70), zwischengefügt zwischen dem zweiten
(60) und dem End-(8 1)-Pipeline-Register, aufge-
baut ist, und
wobei der Selektor (70) das Operationsergebnis
von der Datenoperationsschaltung (30) und jewei-
lige Operationsergebnisse, gespeichert in dem er-
sten (40) und dem zweiten (60) Pipeline-Register,
aufnimmt, eines der Operationsergebnisse aus-
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wählt und das ausgewählte eine zu dem End-Pipe-
line-Register (81) ausgibt.

7. Pipeline-Datenverarbeitungsgerät nach einem der
Ansprüche 1 bis 5, wobei
das Zwischen-Pipeline-Register aus einem ersten
(40) und einem zweiten (60) Pipeline-Register auf-
gebaut ist,
wobei die Pfadumschaltschaltung aus einem ersten
Selektor (52), zwischengefügt zwischen dem er-
sten (40) und dem zweiten (60) Pipeline-Register,
und einem zweiten Selektor (72), zwischengefügt
zwischen dem zweiten (60) und dem End-(81)-Pipe-
line-Register, aufgebaut ist, wobei der erste Selek-
tor (52) das Operationsergebnis von der Datenope-
rationsschaltung (30) und ein Operationsergebnis,
gespeichert in dem ersten (40) Pipeline-Register,
aufnimmt, irgendeines der Operationsergebnisse
auswählt und das ausgewählte eine des zweiten
Pipeline-Registers (60) ausgibt, und
der zweite Selektor (72) das Operationsergebnis,
ausgewählt durch den ersten Selektor (52), und ein
Operationsergebnis, gespeichert in dem zweiten
Pipeline-Register (60), aufnimmt, irgendeines der
Operationsergebnisse auswählt und das ausge-
wählte eine zu dem End-Pipeline-Register (81) aus-
gibt.

8. Pipeline-Datenverarbeitungsgerät nach Anspruch
6 oder 7, wobei
eine Stufe, in der die Daten von der Außenseite in
dem Eingangs-Datenregister (20, 21) gespeichert
sind, eine Datenlesestufe ist,
die Stufe, in der die Datenoperationssch altung (30)
die spezifizierte Operation durchführt und das Ope-
rationsergebnis in dem ersten Pipeline-Register
(40) speichert, die Operationsausführungsstufe ist,
eine Stufe, in der das Operationsergebn is, gespei-
chert in dem ersten Pipeline-Register (40), in dem
zweiten Pipeline-Register (60) gespeichert wird, ei-
ne erste Durchgangsstufe ist, und
eine Stufe, in der das Operationsergebn is, gespei-
chert in dem zweiten Pipeline-Register (60), in dem
End-Pipeline-Register (81) gespeichert wird, eine
zweite Durchgangsstufe ist.

9. Pipeline-Datenverarbeitungsgerät nach einem der
Ansprüche 1 bis 8, wobei
die Datenoperationsschaltung (30) ein internes
Pipeline-Register besitzt.

10. Pipeline-Datenverarbeitungsgerät nach einem der
Ansprüche 1 bis 9, wobei die Datenoperations-
schaltung (30) aus einem Addierer oder einem Sub-
trahierer, wobei jeder davon zwei oder mehr Daten-
eingänge besitzt, aufgebaut ist.

11. Pipeline-Datenverarbeitungsgerät nach Anspruch

6 oder 7, wobei
in der Pipeline-Datenverarbeitungsschaltung (100),
die den Befehl aufgenommen hat, wenn die Zahl
von Dummy-Zyklen, die eingesetzt werden sollen,
die zu dem empfangenen Befehl hinzugefügt wor-
den sind, "0" ist, das Dateneingangsregister (20,
21) die Daten von der Außenseite in einem ersten
Zyklus aufnimmt und speichert, während der Selek-
tor (70) das Operationsergebnis, gespeichert in
dem zweiten Pipeline-Register (60), aufnimmt.

12. Pipeline-Datenverarbeitungsgerät nach Anspruch
6 oder 7, wobei
in der Pipeline-Datenverarbeitungsschaltung (100),
die den Befehl aufgenommen hat, wenn die Zahl
von Dummy-Zyklen, die eingesetzt werden sollen,
die zu dem empfangenen Befehl hinzugefügt wor-
den sind, "1" ist, das Dateneingangsregister (20,
21) die Daten von der Außenseite in einem zweiten
Zyklus aufnimmt und speichert, während der Selek-
tor (70) das Operationsergebnis, gespeichert in
dem ersten Pipeline-Register, auswählt.

13. Pipeline-Datenverarbeitungsgerät nach Anspruch
6 oder 7, wobei
in der Pipeline-Datenverarbeitungsschaltung (100),
die den Befehl aufgenommen hat, wenn die Zahl
von Dummy-Zyklen, die eingesetzt werden sollen,
die zu dem empfangenen Befehl hinzugefügt wor-
den sind, "2" ist, das Dateneingangsregister (20,
21) die Daten von der Außenseite in einem dritten
Zyklus aufnimmt und speichert, während der Selek-
tor (70) das Operationsergebnis von der Datenope-
rationsschaltung (30) auswählt.

Revendications

1. Appareil de traitement de données du type pipeline
comprenant au moins un circuit de traitement pipe-
line (100), dans lequel
ledit circuit de traitement pipeline (100) comprend :

un registre d'entrée de données (20, 21) pour
recevoir et mémoriser les données depuis
l'extérieur ;

un circuit d'opération de données (30) pour re-
cevoir les données mémorisées dans ledit re-
gistre d'entrée de données (20, 21) et effectuer
une opération spécifiée sur les données
d'entrée ;

un registre de pipeline intermédiaire (40, 60)
disposé dans un étage postérieur audit circuit
d'opération de données ;

un registre de pipeline final (81) disposé dans
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un étage postérieur audit registre de pipeline
intermédiaire (40, 60) ;

un circuit de commutation de trajet (70) pour
obtenir qu'un résultat d'opération depuis ledit
circuit d'opération de données (30) passe par
ou contourne ledit registre de pipeline intermé-
diaire (40, 60) et entrer ledit résultat d'opération
dans ledit registre de pipeline final (81) ;

un moyen adapté pour, si requis lorsque ladite
opération spécifiée requiert des données à par-
tir d'une autre opération, introduire au moins un
cycle fictif avant l'exécution du cycle dans le-
quel les données sont reçues et mémorisées ;
et

un moyen adapté pour contourner au moins un
registre de pipeline intermédiaire (40, 60), afin
de compenser ledit au moins un cycle fictif, per-
mettant ainsi un cycle de temps d'exécution
d'opération dans lequel ledit circuit d'opération
de données (30) effectue ladite opération spé-
cifiée afin qu'elle se décale vers un cycle de
temps arbitraire dans une pluralité de cycles de
temps de pipeline.

2. Appareil de traitement de données du type pipeline
selon la revendication 1, dans lequel ledit appareil
de traitement de données de type pipeline com-
prend, en outre :

au moins un circuit de traitement pipeline sup-
plémentaire (101, 102) qui est le même que le-
dit circuit de traitement pipeline (100) ; et

une partie de commande de sortie.d'instruc-
tions (8c) pour sortir simultanément une plura-
lité d'instructions pour effectuer des traitements
de données respectifs auxdits circuits de trai-
tement pipeline respectifs (100, 101, 102), et
pour ajouter le nombre de cycles fictifs à insé-
rer, dans chacun des cas où rien n'est exécuté,
à chacune des instruction sortie simultané-
ment.

3. Appareil de traitement de données du type pipeline
selon la revendication 2, dans lequel
la pluralité d'instructions sorties simultanément de-
puis ladite partie de commande de sortie d'instruc-
tions (8c) inclut des instructions respectives pour ef-
fectuer au moins deux traitements de données pos-
sédant une relation de dépendance de données en-
tre eux.

4. Appareil de traitement de données du type pipeline
selon la revendication 1, dans lequel
ledit appareil de traitement de données du type pi-

peline comprend, en outre, au moins un circuit de
traitement pipeline supplémentaire (101, 102) qui
est le même que ledit circuit de traitement pipeline
(100), et
ladite pluralité de circuits de traitement pipeline
(100, 101, 102) sont disposés en parallèle les uns
par rapport aux autres.

5. Appareil de traitement de données du type pipeline
selon la revendication 2, dans lequel
ladite pluralité de circuits de traitement pipeline
(100, 101, 102) sont disposés en parallèle les uns
par rapport aux autres.

6. Appareil de traitement de données du type pipeline
selon l'une quelconque des revendications 1 à 5,
dans lequel
le registre de pipeline intermédiaire est composé
d'un premier (40) et second (60) registres de pipe-
line,
ledit circuit de commutation de trajet est composé
d'un sélecteur (70) intercalé entre ledit second re-
gistre de pipeline (60) et ledit registre de pipeline
final (81), et
ledit sélecteur (70) reçoit le résultat d'opération de-
puis ledit circuit d'opération de données (30) et les
résultats d'opérations respectifs mémorisés dans
lesdits premier (40) et second (60) registres de pi-
peline, sélectionne l'un quelconque des résultats
d'opérations, et sort le résultat choisi audit registre
de pipeline final (81).

7. Appareil de traitement de données du type pipeline
selon l'une quelconque des revendications 1 à 5,
dans lequel
le registre de pipeline intermédiaire est composé
d'un premier (40) et second (60) registre de pipeli-
ne,
ledit circuit de commutation de trajet est composé
d'un premier sélecteur (52) intercalé entre lesdits
premier (40) et second (60) registres de pipeline et
un second sélecteur (72) intercalé entre ledit se-
cond registre de pipeline (60) et ledit registre de pi-
peline final (81), ledit premier sélecteur (52) reçoit
le résultat d'opération depuis ledit circuit d'opéra-
tion de données (30) et un résultat d'opération mé-
morisé dans ledit premier (40) registre de pipeline,
sélectionne l'un quelconque des résultats d'opéra-
tions et sort le résultat sélectionné audit second (60)
registre de pipeline, et
ledit second sélecteur (72) reçoit le résultat d'opé-
ration sélectionné par ledit premier sélecteur (52)
et un résultat d'opération mémorisé dans ledit se-
cond (60) registre de pipeline, sélectionne l'un quel-
conque des résultats d'opération, et sort le résultat
sélectionné audit registre de pipeline final (81).

8. Appareil de traitement de données du type pipeline
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selon la revendication 6 ou 7, dans lequel
un étage dans lequel lesdites données depuis l'ex-
térieur sont mémorisées dans ledit registre d'entrée
de données (20, 21) est un étage de lecture de don-
nées,
l'étage dans lequel ledit circuit d'opération de don-
nées (30) effectue ladite opération spécifiée et mé-
morise le résultat d'opération dans ledit premier re-
gistre de pipeline (40) est l'étage d'exécution d'opé-
ration,
un étage dans lequel le résultat d'opération mémo-
risé dans ledit premier registre de pipeline (40) est
mémorisé dans ledit second registre de pipeline
(60) est un premier étage de passage, et
un étage dans lequel le résultat d'opération mémo-
risé dans ledit second registre de pipeline (60) est
mémorisé dans ledit registre de pipeline final (81)
est un second étage de passage.

9. Appareil de traitement de données du type pipeline
selon l'une quelconque des revendications 1 à 8,
dans lequel
ledit circuit d'opération de données (30) comporte
un registre de pipeline intérieur.

10. Appareil de traitement de données du type pipeline
selon l'une quelconque des revendications 1 à 9,
dans lequel
ledit circuit d'opération de données (30) est compo-
sé d'un additionneur ou d'un soustracteur chacun
possédant deux ou plusieurs points d'accès d'en-
trée de données.

11. Appareil de traitement de données du type pipeline
selon la revendication 6 ou 7, dans lequel,
dans le circuit de traitement de données du type pi-
peline (100) qui a reçu l'instruction, lorsque le nom-
bre de cycles fictifs à insérer qui a été ajouté à l'ins-
truction reçue est "0", le registre d'entrée de don-
nées (20, 21) reçoit et mémorise les données de-
puis l'extérieur dans un premier cycle, tandis que le
sélecteur (70) sélectionne le résultat d'opération
mémorisé dans le second registre de pipeline (60).

12. Appareil de traitement de données du type pipeline
selon la revendication 6 ou 7, dans lequel
dans le circuit de traitement de données du type pi-
peline (100) qui a reçu l'instruction, lorsque le nom-
bre de cycles fictifs à insérer qui a été ajouté à l'ins-
truction reçue est "1", le registre d'entrée de don-
nées (20, 21) reçoit et mémorise les données de-
puis l'extérieur dans un deuxième cycle, tandis que
le sélecteur (70) sélectionne le résultat d'opération
mémorisé dans le premier registre de pipeline.

13. Appareil de traitement de données du type pipeline
selon la revendication 6 ou 7, dans lequel
dans le circuit de traitement de données du type pi-

peline (100) qui a reçu l'instruction, lorsque le nom-
bre de cycles fictifs à insérer qui a été ajouté à l'ins-
truction reçue est "2", le registre d'entrée de don-
nées (20, 21) reçoit et mémorise les données de-
puis l'extérieur dans un troisième cycle, tandis que
le sélecteur (70) sélectionne le résultat d'opération
depuis le circuit d'opération de données (30).
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