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CONTROL PROGRAM PRODUCT AND DATA 
PROCESSING SYSTEM 

TECHNICAL FIELD 

[0001] The present invention relates to a control program 
product described With microcodes or the like, and a data 
processing system capable of executing the control program. 

BACKGROUND OF INVENTION 

[0002] Processors (data processing systems or LSIS) 
incorporating an operation function such as microprocessor 
(MPU) and digital signal processor (DSP) are knoWn as 
apparatuses for conducting general-purpose processing and 
special digital data processing. Architectural factors that 
have signi?cantly contributed to improved performance of 
these processors include pipelining technology, super-pipe 
lining technology, super-scalar technology, VLIW technol 
ogy, and addition of specialiZed data paths (special purpose 
instructions). The architectural elements further include 
branch prediction, register bank, cache technology, and the 
like. 

[0003] There is a clear difference in performance betWeen 
non-pipeline and pipeline. Basically, With the same instruc 
tion, the number of pipeline stages reliably improves 
throughput. For example, the four-stage pipeline can be 
expected to achieve at least fourfold increase in throughput, 
and the eight-stage pipeline Will achieve eightfold increase 
in throughput, Which means that the super-pipeline technol 
ogy additionally improves the performance tWice or more. 
Since the progress in process enables segmentation of the 
critical paths, an upper limit of an operating frequency Will 
be signi?cantly improved and the contribution of the pipe 
line technology Will be further increased. HoWever, the 
delay or penalty of a branch instruction has not been 
eliminated, and Whether a super-pipeline machine Will suc 
ceed or not depends on hoW much a multi-stage delay 
corresponding to the memory accesses and branches can be 
handled With instruction scheduling by a compiler. 

[0004] The super-scalar technology is the technology of 
simultaneously executing instructions near a program 
counter With sophisticated internal data paths. Also sup 
ported by the progress in compiler optimiZation technology, 
this technology has become capable of executing about four 
to eight instructions simultaneously. In many cases, hoW 
ever, the instruction itself frequently uses the most recent 
operation result and/or result in a register. Aside from the 
peak performance, this necessarily reduces the average 
number of instructions that can be executed simultaneously 
to a value much smaller than that described above even by 
making full use of various techniques such as forWarding, 
instruction relocation, out-of-order and register renaming. In 
particular, since it is impossible to execute a plurality of 
conditional branch instructions or the like, the effects of the 
super-scalar technology are further reduced. Accordingly, 
the degree of contribution to improved performance of the 
processor Would be on the order of about 2.0 to 2.5 times on 
the average. Should an extremely Well compatible applica 
tion exist, a practical degree of contribution Would be on the 
order of four times or less. 

[0005] The VLIW technology comes up as the next tech 
nology. According to this technology, the data paths are 
con?gured in advance so as to alloW for parallel execution, 

Oct. 27, 2005 

optimiZation is conducted so that a compiler improves the 
parallel execution and generate a proper VLIW instruction 
code. This technology adopts an extremely rational idea, 
eliminating the need for the circuitry for checking the 
likelihood of parallel execution of individual instructions as 
in the super-scalar. Therefore, this technology is considered 
to be extremely promising as means for realiZing the hard 
Ware for parallel execution. HoWever, this technology is also 
incapable of executing a plurality of conditional branch 
instructions. Therefore, a practical degree of contribution to 
performance Would be on the order of about 3.5 to 5 times. 
In addition, given a processor for use in processing of an 
application that requires image processing or special data 
processing, the VLIW is not an optimal solution either. This 
is because, particularly in applications requiring continuous 
or sequential processing using the operation results, there is 
a limit in executing operations or data processing While 
holding the data in a general-purpose register as in VLIW. 
This problem is the same in the conventional pipeline 
technology. 

[0006] On the other hand, it is Well knoWn from the past 
experiences that various matrix calculations, vector calcu 
lations and the like are conducted With higher performance 
When implemented in dedicated circuitry. Therefore, in the 
most advanced technology for achieving the highest perfor 
mance, the idea based on the VLIW becomes major With the 
various dedicated arithmetic circuits mounted according to 
the purpose of applications. 

[0007] HoWever, the VLIW is the technology of improv 
ing the parallel-processing execution ef?ciency near a pro 
gram counter. Therefore, the VLIW is not so effective in, 
e.g., executing tWo or more objects simultaneously or 
executing tWo or more functions. Moreover, mounting vari 
ous dedicated arithmetic circuits increases the hardWare, 
also reduces softWare ?exibility. Furthermore, it is essen 
tially dif?cult to solve the penalty occurs in executing 
conditional branching. 

[0008] It is therefore an object of the present invention to 
study the problems from a different standpoint of these 
conventional technologies for increasing the processor 
speed, and to provide a neW solution. More speci?cally, it is 
an object of the present invention to provide a system, i.e., 
a control program product, capable of improving the 
throughput like pipeline While solving the penalty in execut 
ing the conditional branching, a data processing system 
capable of executing the control program, and its control 
method. It is another object of the present invention to 
provide a control program product capable of ?exibly 
executing individual data processing, even if they are com 
plicated data processing, at a high speed Without having to 
use a Wide variety of dedicated circuits speci?c to the 
respective data processing. Also, providing a data processing 
system capable of executing the program, and its a control 
method are one of the object of this invention. 

SUMMARY OF THE INVENTION 

[0009] The inventor of the present application found that 
the problems as described above are caused by the limita 
tions of the instruction set for the conventional non-pipeline 
technology being the base of the technologies above. More 
speci?cally, the instruction set (instruction format) of a 
program (microcodes, assembly codes, machine languages, 
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or the like) de?ning the data processing in a processor is a 
mnemonic code formed from combination of an instruction 
operation (execution instruction) and an operand de?ning 
environment or interface of registers to be used in executing 
that instruction. Accordingly, the Whole aspect of the pro 
cessing designated by the instruction set is completely 
understood When looking the conventional instruction set, 
contrary any aspect of the instruction set cannot be knoWn 
at all until the instruction set appears and being decoded. The 
present invention signi?cantly changes structure of instruc 
tion-set itself, thereby successively solving the aforemen 
tioned problems that are hard to address With the prior art, 
and enabling signi?cant improvement in performance of the 
data processing system. 

[0010] In the present invention, an instruction set includ 
ing a ?rst ?eld for describing (recording) an execution 
instruction for designating content of an operation or data 
processing that is executed in at least one processing unit 
forming a data processing system, and a second ?eld for 
describing (recording) preparation information for setting 
the processing unit to such a state that is ready to execute an 
operation or data processing that is executed according to 
the execution instruction, is provided so that the preparation 
information for the operation or data processing that is 
independent of the content of the execution instruction 
described in the ?rst ?eld in the instruction set is described 
in the second ?eld. Thus, the present invention provides a 
control program product or control program apparatus com 
prising the above instruction set. This control program can 
be provided in the form recorded or stored on an appropriate 
recording medium readable With a data processing system, 
or in the form embedded in a transmission medium trans 
mitted over a computer netWork or another communication. 

[0011] The processing unit is an appropriate unit for 
forming the data processing system and into Which the data 
processing system can be divided in terms of functionality or 
data path, and the unit includes a control unit, an arithmetic 
unit, and a processing unit or data How processing unit 
having a someWhat compact data path being capable of 
handles as a template or the like having a speci?c data path. 

[0012] A data processing system according to the present 
invention comprises: at least one processing unit for execut 
ing an operation or data processing; a unit for fetching an 
instruction set including a ?rst ?eld for describing an 
execution instruction for designating content of the opera 
tion or data processing that is executed in the processing 
unit, and a second ?eld for describing preparation informa 
tion for setting the processing unit to a state that is ready to 
execute the operation or data processing that is executed 
according to the execution instruction; a ?rst execution 
control unit for decoding the execution instruction in the ?rst 
?eld and proceeding With the operation or data processing 
by the processing unit that is preset so as to be ready to 
execute the operation or data processing of the execution 
instruction; and a second execution control unit for decoding 
the preparation information in the second ?eld and, inde 
pendently of content of the proceeding of the ?rst execution 
control unit, setting a state of the processing unit so as to be 
ready to execute another operation or data processing. 

[0013] A method for controlling a data processing system 
including at least one processing unit for executing an 
operation or data processing according to the present inven 
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tion includes: a step of fetching the instruction set including 
the aforementioned ?rst and second ?elds; a ?rst control step 
of decoding the execution instruction in the ?rst ?eld and 
proceeding With the operation or data processing by the 
processing unit that is preset so as to be ready to execute the 
operation or data processing of the execution instruction; 
and a second control step of decoding, independently of the 
?rst control step, the preparation information in the second 
?eld and setting a state of the processing unit so as to be 
ready to execute an operation or data processing. 

[0014] The instruction set according to the present inven 
tion has a ?rst ?eld for describing an execution instruction, 
and a second ?eld for describing preparation information 
(preparation instruction) that is independent of the execution 
instruction and includes the information such as register and 
immediate data. Accordingly, in an arithmetic instruction, an 
instruction operation such as “ADD” is described in the ?rst 
?eld, and an instruction or information specifying registers 
is described in the second ?eld. It seems be in apparently the 
same instruction set as the conventional assemble code, 
hoWever, the execution instruction and the preparation infor 
mation are independent of each other, and therefore are not 
correspond to each other Within the same instruction set. 
Therefore, this instruction set has a property that a process 
ing to be executed by the processing unit of the data 
processing system, such as a control unit, cannot be com 
pletely understood or being not completely speci?ed by 
itself In other Words, the instruction set according to the 
present invention is signi?cantly different from the conven 
tional mnemonic code. In the present invention, the instruc 
tion operation and its corresponding operand, Which are 
conventionally described in a single or the same instruction 
set, are alloWed to be de?ned individually and indepen 
dently, so that the processing that cannot be realiZed With the 
conventional instruction set becomes readily performed. 

[0015] The preparation information for the execution 
instruction described in the ?rst ?eld of a subsequent 
instruction set is describable in the second ?eld. This 
becomes possible to make preparation for execution of an 
execution instruction before an instruction set including that 
execution instruction appears. In other Words, it is possible 
to set the processing unit to such a state that is ready to 
execute an operation or data processing that is executed 
according to the execution instruction prior to that execution 
instruction. For example, it is possible to describe an instruc 
tion for operating at least one arithmetic/logic unit included 
in a control unit of the data processing system in the ?rst 
?eld of a certain instruction set (instruction format or 
instruction record). And it is possible to describe an instruc 
tion or information for de?ning interfaces of the arithmetic/ 
logic unit such as a source register or destination register for 
the above operation in that at least one arithmetic/logic unit 
in the second ?eld of the preceding instruction set. Thus, 
before the execution instruction is fetched, the register 
information of the arithmetic/logic unit is decoded, and the 
registers are set. Then, the logic operation is performed 
according to the subsequently fetched execution instruction, 
and the result thereof is stored in the designated register. It 
is also possible to describe the destination register in the ?rst 
?eld together With the execution instruction. 

[0016] Accordingly, With the instruction set of the present 
invention, the data processing can be conducted in multiple 
stages like the pipeline processing and the throughput is 
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improved. Namely, an instruction “ADD, R0, R1, #1234H” 
means that a register R1 and data #01234H are added 
together and the result is stored in a register R0. However, 
in terms of the hardware architecture, it is advantageous for 
high-speed processing to execute or perform the read pro 
cess from the register R0 and data “#01234H” to the input 
registers of the data path to Which an arithmetic adder ADD, 
i.e., arithmetic/logic unit belongs, overlapping With the 
execution cycle of the previous instruction set that is one 
clock before the execution cycle of the execution instruction 
ADD. In this case, purely the arithmetic addition is con 
ducted, AC characteristics (execution frequency character 
istics) becomes improved. In the conventional pipeline 
processing, this problem Would be also improved to some 
degree When the number of pipeline stages is increased so as 
to consume a single stage exclusively for a read cycle from 
a register ?le. HoWever, in the conventional pipeline pro 
cessing, the above method necessarily increases the delay of 
output. In contrast, the present invention can solve the 
problem Without increasing the delay. 

[0017] In the instruction set of the present invention, it is 
possible to describe the preparation information prior to the 
execution instruction. Therefore, in a branch instruction 
such as conditional branch instruction, branch destination 
information is provided to the control unit prior to the 
execution instruction. Namely, in the conventional mne 
monic code, a human can understand the Whole meaning of 
the instruction set at a glance, but cannot knoW it until the 
instruction set appears. In contrast, in the instruction set of 
the present invention, the Whole meaning of the instruction 
set cannot be understood at a glance, but information asso 
ciated With the execution instruction are provided before the 
execution instruction appears. Thus, since the branch desti 
nation is assigned prior to the execution instruction, it is also 
possible to fetch the instruction set at the branch destination, 
and also to make preparation for the execution instruction at 
the branch destination in advance. 

[0018] In general, most of the current CPUs/DSPs have 
successively increased the processing speed by shifting the 
pipeline processing to a later stage (later in the time base). 
HoWever, problems come to the surface upon execution of 
branch and CALL/RET of program. More speci?cally, since 
the fetch address information has not been obtained in 
advance, the above problems are essentially causes penalty 
that cannot be solved in principle. Of course, branch pre 
diction, delayed branch, high-speed branch buffer, or high 
speed loop handling technology employed in DSP have 
succeeded in signi?cantly reducing such penalty. HoWever, 
the problems come to the surface again When a number of 
successive branches occur, and therefore it is a Well-knoWn 
fact that those technologies provide no essential solution. 

[0019] Moreover, in the conventional art, the register 
information required by the subsequent instruction cannot be 
obtained in advance. This increases complexity of forWard 
ing processing or bypass processing for increasing the 
pipeline processing speed. Therefore, increasing the pro 
cessing speed by the prior art cause a signi?cant increase in 
hardWare costs. 

[0020] As described above, in the conventional instruction 
set, the address information of the branch destination is 
obtained only after decoding the instruction set, making it 
dif?cult to essentially solve the penalty produced upon 

Oct. 27, 2005 

execution of conditional branching. In contrast, in the 
instruction set of the present invention, since the branch 
destination information is obtained in advance, the penalty 
produced upon execution of conditional branching is elimi 
nated. Moreover, if the hardWare has enough capacity or 
scale, it is also possible to fetch the preparation instruction 
at the branch destination so as to make preparation for the 
subsequent execution instruction after the branch. If the 
branch condition is not satis?ed, only the preparation is 
Wasted, causing no penalty of the execution time. 

[0021] Moreover, since the register information required 
by the subsequent instruction is knoWn simultaneously With 
or prior to the instruction execution, the processing speed 
can be increased Without increasing the hardWare costs. In 
the present invention, a part of the processing stage con 
ventionally conducted on the hardWare in the conventional 
pipeline processing is successfully implemented on the 
softWare processing in advance during compiling or assem 
bling stage. 

[0022] In the data processing system of the present inven 
tion, the second execution control unit for processing based 
on the preparation information may be a unit that is capable 
of dynamically controlling changeable architecture by con 
nection betWeen transistors, such as FPGA (Field Program 
mable Gate Arrays). HoWever, it consumes much time to 
dynamically change the hardWare like the FPGA, and an 
additional hardWare is required for reducing that time for 
recon?guration. It is also possible to store the recon?gura 
tion information of the FPGA in RAM having tWo faces or 
more and the recon?guration is executed in the background 
so as to dynamically change the architecture in an apparently 
short time. HoWever, in order to enable the recon?guration 
to be conducted Within several clocks, it is required to mount 
a RAM and store all of a possible number of combinations 
of reconstruction information. This does not at all essentially 
solve the economical problem of a long recon?guration time 
of the FPGA. Moreover, due to the architecture of FPGA for 
enabling ef?cient mapping basing on the gate like hardWare, 
the poor AC characteristics of the FPGA at the practical 
level, the original problem of the FPGA, is not likely to be 
solved for the time being. 

[0023] In contrast, in the present invention, an input and/or 
output interface of the processing unit is separately de?ned 
as preparation information independently of the time of the 
execution (execution timing) of the processing unit. Thus, in 
the second execution unit or the second control step, the 
input and/or output interface of the processing unit can be 
separately set independently of the execution timing of the 
processing unit. Accordingly, in the data processing system 
having a plurality of processing units, by the second execu 
tion control unit or the second control step, combination of 
data paths by these processing units can be controlled 
independently of the execution. Therefore, an instruction 
de?ning an interface of at least one processing unit such as 
arithmetic/logic unit included in the data processing system 
recorded or described in the second ?eld becomes data How 
designation. This enables improvement in independence of 
the data path. As a result, the data How designation is 
performed While executing another instruction program. 
Also, an architecture that an internal data path of the control 
unit or data processing system in the idle state alloWs to be 
lent for a more urgent process being performed in another 
external control unit or data processing system is provided. 
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[0024] Moreover, information also de?ning content of 
processing and/or circuit con?guration of the processing unit 
are included in the preparation information. Therefore, the 
second execution control unit or the second control step 
designates the processing content (circuit con?guration) of 
the processing unit. Thus, the data path can be con?gured 
more ?exibly. 

[0025] Furthermore, the second execution control unit or 
the second control step has a function as a scheduler for 
managing combination of data paths such as de?ning the 
interface of the arithmetic/logic unit for decoding the reg 
ister information for fetching and the interface of another 
processing unit in order to handle a Wide variety of data 
processing. For example, in the case Where matrix calcula 
tion process is performed for a ?xed time and ?ltering 
process is preformed thereafter, connection betWeen the 
processing units Within the data processing system for these 
processes are provided prior to the each process, and the 
each process is performed sequentially by the time counter. 
Replacing the time counter With another comparison circuit 
or external event detector enables more complicated and 
?exible scheduling becomes possible. 

[0026] The FPGA architecture may be employed in indi 
vidual processing units. HoWever, it takes a long time to 
dynamically change the hardWare, and additional hardWare 
for reducing that time is required. This makes it dif?cult to 
dynamically control the hardWare Within the processing unit 
during execution of the application. Should a plurality of 
RAM be provided With a bank structure for instantaneous 
sWitching, sWitching on the order of several to several tens 
of clocks Would require a considerable number of bank 
structures. Thus, it is basically required to make each of the 
macro cells Within the FPGA independently programmable 
and detectable the time or timing for changing as a program 
based control machine. HoWever, the current FPGA is not 
enough to deal With such a structure. Should the FPGA be 
capable of deal With that structure, neW instruction control 
architecture as in the present invention is required for 
controlling the timing dynamically. 

[0027] Accordingly, in the present invention, it is desirable 
to employ as the processing unit a circuit unit including a 
speci?c internal data path. By the processing units having 
someWhat compact data paths prepared as templates and 
combination of the data paths of the templates, the data 
?oW-type processing is designated and performed. In addi 
tion, a part of the internal data path of the processing unit 
becomes selectable according to the preparation information 
or preparation instruction, the processing content of the 
processing unit becomes changeable. As a result, the hard 
Ware can be more ?exibly recon?gured in a short time. 

[0028] A processing unit provided With an appropriate 
logic gate or logic gates and internal data paths connecting 
the logic gate or gates With input/output interfaces is here 
inafter referred to as a template since the speci?c data path 
provided in that processing unit is used like a template. 
Namely, in the processing unit, it becomes possible to 
change the process of the processing unit by changing the 
order of data to be input/output to the logic gates or changing 
connection betWeen or selection of the logic gates. It is only 
necessary to select a part of the internal data path that is 
prepared in advance. Therefore, the processing can be 
changed in a shorter time as compared to the FPGA that 
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requires change of the circuitry at the transistor level. 
Moreover, the use of the previously arranged internal data 
path for the speci?c purpose reduces the number of redun 
dant circuit elements and increases the area utiliZation 
ef?ciency of the transistors. Accordingly, the mounting 
density becomes high, Which leads economical production. 
Moreover, arranging the data path suitable for high-speed 
processing, an excellent AC characteristic is obtained. 
Therefore, in the present invention, it is desirable that in the 
second execution control unit and the second control step, at 
least a part of the internal data path of the processing unit 
becomes selectable according to the preparation informa 
tion. 

[0029] It is also desirable that the second execution control 
unit has a function as a scheduler for managing an interface 
of the processing unit so as to manage a schedule retaining 
the interface of each processing unit that is set based on the 
preparation information. 

[0030] Moreover, it is desirable that input and/or output 
interfaces in a processing block formed from a plurality of 
processing units are designated according to the preparation 
information. Since the interfaces of the plurality of process 
ing units are changed With a single instruction, data paths 
associated With the plurality of processing units are changed 
With a single instruction. Accordingly, it is desirable that in 
the second execution control unit or step, input and/or output 
interfaces of the processing units are changeable in the unit 
of the processing block according to the preparation infor 
mation. 

[0031] Moreover, it is desirable to provide a memory 
storing a plurality of con?guration data de?ning the input 
and/or output interfaces in the processing block, and to 
enable the input and/or output interfaces in the processing 
block to be changed by selecting one of the plurality of 
con?guration data stored in the memory according to the 
preparation information. When the con?guration data is 
designated With a data How de?ning instruction, changing of 
the interfaces of the plurality of processing units are con 
trolled from a program Without using the redundant instruc 
tion. 

[0032] Furthermore, the data processing system having a 
?rst control unit suitable for general-purpose processing, 
such as the arithmetic/logic unit, as a processing unit, and a 
second control unit suitable for special processing such as a 
plurality of data How processing units having a speci?c 
internal data path, becomes a system LSI that is suitable for 
processing requiring high-speed performance and real-time 
performance like netWork processing and image processing. 
In the instruction set of the present invention, the execution 
instruction for operating the arithmetic/logic unit is 
described in the ?rst ?eld, and the preparation information 
de?ning an interface of the arithmetic/logic unit and/or the 
data How processing units is described in the second ?eld. 
Therefore, by the instruction set of the present invention, the 
program product suitable for controlling the aforementioned 
system LSI is provided. 

[0033] Conventionally, the only Way to handle With com 
plicated data processing is to prepare dedicated circuitry and 
implement a dedicated instruction using that circuitry, 
thereby increasing the hardWare costs. In contrast, in the 
instruction set of the present invention, the interface of the 
arithmetic/logic unit and the contents of processings to be 
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executed are described in the second ?eld independently of 
the execution instruction, thereby making it possible to 
include the composition for controlling pipelines and/or 
controlling data paths into the instruction set. Accordingly, 
the present invention provides means that is effective in 
execution of parallel processing near a program counter, but 
also in para-simultaneous execution of tWo or more objects 
and para-simultaneous execution of tWo or more functions. 
In other Words, data processes and/or algorithm having 
different contexts are not performed simultaneously in the 
conventional instruction since it is required to simultaneous 
processing according to remote program counters pointing 
far beyond points each other. In contrast, by appropriately 
de?ning data ?oWs With the instruction sets of the present 
invention, such processes are preformed regardless of the 
program counters. 

[0034] Accordingly, With the instruction sets of the present 
invention, When the data paths are effective in improvement 
in parallel processing performance from the application side 
previously, such data paths are con?gured or arranged 
previously using the second ?eld by the softWare. Then, the 
data paths (data ?oWs) implemented are activated or 
executed using the instruction level as required by the 
softWare. The data paths are applied not only for the data 
processing corresponding to some speci?c purposes but also 
for a purpose for activating state machines, therefore, the 
applications of the data paths are extremely free. 

[0035] Moreover, the information in the second ?eld 
alloWs a preparation cycle for the folloWing instruction to be 
readily generated in advance. Conventionally, an operation 
must be performed using registers. HoWever, buffering by 
the preparation cycle makes it possible to use memories 
(single port/dual port) or register ?les instead of the register. 
In the second ?eld of the instruction set, the instructions 
designating input/output betWeen registers or betWeen buff 
ers and memories that are included in the processing unit can 
be described. Therefore, When the input/output betWeen the 
registers or betWeen buffer and the memories are controlled 
in the second execution control unit or the second control 
step, the input/output or to/from the memories are performed 
independently of the execution instruction. 

[0036] This enhances relevance betWeen individual 
instruction sequences, and contributes to avoiding hardWare 
resource contention prior to the execution, thereby making 
it possible to quick correspondence to the parallel simulta 
neous execution requirements of a plurality of instructions 
and/or external interrupt requirements. In addition, since the 
memory can basically be regarded as a register, high-speed 
task sWitching can be implemented. It is also possible to 
employ a preloading-type high-speed buffer instead of a 
cache memory that cannot eliminate conventional ?rst-fetch 
penalty. Therefore, a high-speed embedded system produc 
ing no penalty While ensuring a 100% hit ratio can also be 
implemented. 

[0037] In other Words, by alloWing the memory to be 
regarded as a register, a plurality of asynchronous process 
ing requests such as interrupts can be handled at a high 
speed, thereby making it possible to deal With the compli 
cated data processing and continuous data processing in an 
extremely ?exible manner. Moreover, since it does not take 
a long time to store and recover the register, it becomes very 
easy to deal With the task sWitching at a high speed. In 
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addition, since the difference in access speed betWeen the 
external memories and internal memories is completely 
eliminated, the ?rst-fetch penalty problem in the cache 
memories becomes solved efficiently. Accordingly, CALL/ 
RET and interrupt/IRET can be processed at a high speed. 
Thus, environments for responding to the event con?gured 
easily and reduction in data processing performance due to 
the event can be prevented. 

[0038] Moreover, in the ?rst or second ?eld, it is possible 
to describe a plurality of execution instructions or prepara 
tion instructions like VLIW, and it is possible that the ?rst 
or second execution control unit include a plurality of 
execution control portions for independently processing the 
plurality of independent execution instructions or prepara 
tion instructions that are described in the ?rst or second ?eld 
respectively. Thus, further improved performance can be 
obtained. 

[0039] By implementing a data processing system that 
employs the control unit of the present invention as a core 
or peripheral circuitry, it is possible to provide a further 
economical data processing system having the advantages as 
described above and having a high processing speed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. I illustrates an instruction set of the present 
invention. 

[0041] FIG. 2 illustrates in more detail a Y ?eld of the 
instruction set of FIG. 1. 

[0042] FIG. 3 illustrates one example using the instruction 
set of FIG. 1. 

[0043] FIG. 4 illustrates hoW data are stored in a register 
by the instruction set of FIG. 3. 

[0044] FIG. 5 illustrates a data processing system for 
executing the instruction set of the present invention. 

[0045] FIG. 6 illustrates a program executed With a con 
ventional CPU or DSP. 

[0046] FIG. 7 illustrates a program of the data processing 
system according to the present invention. 

[0047] FIG. 8 illustrates compiled program of the pro 
gram of FIG. 7 using instruction sets of the present inven 
tion. 

[0048] FIG. 9 illustrates another program of the data 
processing system according to the present invention. 

[0049] FIG. 10 illustrates data ?oWs con?gured by the 
program of FIG. 9. 

[0050] FIG. 11 illustrates another data processing system 
for executing data processes by the instruction sets of the 
present invention. 

[0051] FIG. 12 illustrates hoW different dedicated circuits 
are formed With different combinations of templates. 

[0052] FIG. 13 illustrates one of the templates. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0053] Hereinafter, the present invention Will be described 
in more detail With reference to the draWings. FIG. I shoWs 
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the structure or format of the instruction set (instruction 
format) according to the present invention. The instruction 
set (instruction set of DAP/DNA) 10 in the present invention 
includes tWo ?elds: a ?rst ?eld called instruction execution 
basic ?eld (X ?eld) 11 and a second ?eld called instruction 
execution preparation cycle ?eld (additional ?eld or Y ?eld) 
12 capable of improving efficiency of the subsequent 
instruction execution. The instruction execution basic ?eld 
(X ?eld) 11 speci?es a data operation such as addition/ 
subtraction, OR operation, AND operation and comparison, 
as Well as the contents of various other data processings such 
as branching, and designates a location (destination) Where 
the operation result is to be stored. Moreover, in order to 
improve the utiliZation ef?ciency of the instruction length, 
the X ?eld 11 includes only information of the instructions 
for execution. On the other hand, the additional ?eld (Y 
?eld) 12 is capable of describing an instruction or instruc 
tions (information) independent of the execution instruction 
in the X ?eld 11 of the same instruction set, and for example, 
is assigned for the information for execution preparation 
cycle of the subsequent instruction. 

[0054] The instruction set 10 Will be described in more 
detail. The X ?eld 11 has an execution instruction ?eld 15 
describing the instruction operation or execution instruction 
(Execution ID) to a processing unit such as arithmetic/logic 
unit, a ?eld (type ?eld) 16 indicating valid/invalid of the Y 
?eld 12 and the type of preparation instruction (preparation 
information) indicated in the Y ?eld 12, and a ?eld 17 
shoWing a destination register. As described above, the 
description of the type ?eld 16 is associated With the Y ?eld 
12 and can be de?ned independently of the descriptions of 
the other ?elds in the X ?eld 11. 

[0055] In the Y ?eld 12, the preparation information 
de?ned by the type ?eld 16 is described. The preparation 
information described in the Y ?eld 12 are information for 
making an operation or other data processing ready for 
execution. Some speci?c examples thereof are shoWn in 
FIG. 2. First, it is noted again that the TYPE ?eld 16 in the 
X ?eld 11 is for describing information independently or 
regardless of the information in the execution instruction 
?eld 15. In the Y ?eld 12, it is possible to describe an address 
information ?eld 26 that describes an address ID (AID) 21 
and address information 22 Which intended use is de?ned by 
AID 21, e.g., an address (ADRS) and an input/output 
address (ADRS.FROM/TO). This address information 
described in the Y ?eld 12 is used for reading and Writing 
betWeen registers or buffers and memories (including reg 
ister ?les), and block transferring like DMA becomes ready 
by the information in the Y ?eld. In addition to the input/ 
output address (R/W), it is also possible to describe the 
information such as an address indicating a branch destina 
tion upon execution of a branch instruction (fetch address, F) 
and a start address (D) upon parallel execution in the Y ?eld 
12 as address information. 

[0056] In the Y ?eld, it is also possible to describe 
information 23 that de?nes an instruction of a register type, 
e.g., de?ned immediate and/or information of regis 
ters (Reg) serving as source registers for the arithmetic 
operation or another logic operation instruction (including 
MOVE, memory read/Write, and the like). In other Words, it 
is possible to use the Y ?eld 12 as a ?eld 27 that de?nes 
sources for the subsequent execution instruction. 
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[0057] Furthermore, in the Y ?eld 12, it is possible to 
describe information 25 de?nes interfaces (source, destina 
tion) and processing content or function and/or their com 
bination of an arithmetic/logic unit (ALU) or other data 
processing unit, e.g., a template having data path(s) being 
ready to use. In other Words, the Y ?eld 12 is utiliZed as a 
?eld 28 for describing data How designation instructions 25 
for de?ning recon?gure data paths to be pipelines (data 
?oWs or data paths) for conducting a speci?c data process 
ing. It is also possible to describe information for starting or 
executing the data How and information for terminating the 
same in the Y ?eld 12. Accordingly, the data ?oWs provided 
With recon?gurable data paths de?ned by the Y ?eld 12 
enables execution of processes independently of a program 
counter for fetching a code from a code RAM. 

[0058] It should be understood that the format of the 
instruction set as shoWn in FIGS. 1 and 2 is only one of 
examples of instruction set having tWo independent instruc 
tion ?elds according to the present invention, and the present 
invention is not limited to the format shoWn in FIGS. 1 and 
2. For example, the positions of the some ?elds in the X and 
Y ?elds are not limited. The position of the independent 
?eld, e.g., type ?eld 16 may alternatively be located at the 
head of the Y ?eld 12. It is also possible to change the order 
of the X ?eld 11 and Y ?eld 12. In this example, since the 
information of the Y ?eld 12 is included in the X ?eld 11, 
Whether or not preparation information is present in the Y 
?eld 12 as Well as the type of the preparation information are 
judged When the X ?eld 11 for describing the execution 
instruction is decoded. 

[0059] In the example described beloW, the execution 
instruction and preparation instruction are described in the X 
?eld 11 and Y ?eld 12 respectively. HoWever, by the 
instruction format, it is possible to provide an instruction set 
that no instruction is described (NOP is described) in the X 
or Y ?elds and only the X ?eld 11 or Y ?eld 12 is effective 
actually. Another instruction set is also possible by the above 
instruction format that such a preparation instruction having 
operands such as register information relating to an execu 
tion instruction described in the X ?eld 11, i.e., the prepa 
ration instruction that is not independent of the execution 
instruction in the X ?eld 11, is simultaneously described in 
the Y ?eld 12 of the same instruction set 10. This instruction 
set may be included mixedly in the same programs With the 
instruction sets of the present invention in Which the X ?eld 
11 and Y ?eld 12 are independent of each other and have no 
relation to each other Within the same instruction set. A 
speci?c example is not described beloW for clarity of 
description of the invention, hoWever, a program product 
having both the instruction sets 10 in Which the respective 
description in the X ?eld 11 and Y ?eld 12 are independent 
of each other and the instruction sets in Which the respective 
description in the X ?eld 11 and Y ?eld 12 are associated 
With each other, a recording medium recording such a 
program are also Within the scope of the present invention. 

[0060] FIG. 3 shoWs an example of the instruction set 10 
of this invention. In the number j-l instruction set 10, 
T(j—1), the type ?eld 16 of the X ?eld 11 indicates that 32-bit 
immediate is described in the Y ?eld 12 of the same 
instruction set. “#00001234H” is recorded as immediate in 
the Y ?eld 12 of the instruction set T(j—1). In the folloWing 
number j instruction set T(j), “MOVE” is described in the 
execution instruction ?eld 15 of the X ?eld 11, and register 
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R3 is indicated in the destination ?eld 17. Accordingly, 
When this numberj instruction set is fetched, an ALU of 
a control unit stores, in the register R3, the immediate 
“#00001234H” de?ned in the preceding instruction set T(j— 
1). 
[0061] Thus, in the instruction set 10 of this embodiment 
(hereinafter, the number j instruction set 10 is referred to as 
instruction set T(j)), preparation for the execution instruc 
tion described in the instruction set is made by means 
of the preceding instruction set T(j—1). Accordingly, the 
Whole of processing to be executed by the ALU of the 

control unit cannot be knoWn from the instruction set alone, but is uniquely determined from the tWo instruction 

sets T(j—1) and Moreover, in the execution instruction 
?eld 15 of the instruction set T(j—1), another execution 
instruction for another process prepared by the Y ?eld 12 of 
the preceding instruction set is described independently of 
the Y ?eld 12 of the instruction set T(j—1). Furthermore, in 
the type ?eld 16 and Y ?eld 12 of the instruction set T(j), 
another preparation information of another execution 
instruction described in the execution instruction ?eld of the 
folloWing instruction set is described. 

[0062] In this embodiment, preparation information 
(preparation instruction) of the execution instruction 
described in the X ?eld 11 of the instruction set is 
described in the Y ?eld 12 of the immediately preceding 
instruction set T(j—1). In other Words, in this example, 
preparation instruction latency corresponds to one clock. 
HoWever, preparation information may be described in 
another instruction set prior to the immediately preceding 
instruction set. For example, in a control program of the 
control unit having a plurality of ALUs, or for data How 
control as described beloW, the preparation instruction need 
not be described in the immediately preceding instruction 
set. Provided that the state (environment or interface) of 
ALUs or the con?guration of templates set by preparation 
instructions are held or kept until the instruction set having 
the execution instruction corresponding to that preparation 
instruction is fetched for execution, the preparation instruc 
tion can be described in the Y ?eld 12 of the instruction set 
10 that is preformed several instructions cycle before the 
instruction set 10 having the execution instruction corre 
sponding to the preparation instruction. 

[0063] FIG. 4 shoWs the state Where a data item is stored 
according to the instruction set of FIG. 3 in a register ?le or 
memory that functions as registers. A processor fetches the 
number j-l instruction set T(j—1), and the immediate 
“#00001234H” is latched in a source register DPO.R of the 
ALU of the processor according to the preparation instruc 
tion in the Y ?eld 12 thereof Then, the processor fetches the 
folloWing number j instruction set T(j), and the immediate 
thus latched is stored in a buffer 29b in the execution cycle 
of the execution instruction “MOVE” in the X ?eld 11. 
Thereafter, the data item in the buffer 29b is saved at the 
address corresponding to the register R3 of the memory or 
the register ?le 29a. Even if the storage destination is not 
registers but memories, by the instruction set 10 of this 
embodiment enables the data to be loaded or stored in the 
execution instruction cycle by conducting the process 
according to the preparation information prior to the execu 
tion instruction. 

[0064] FIG. 5 shoWs the schematic structure of a proces 
sor (data processing system) 38 having a control unit 30 
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capable of executing a program having the instruction sets 
10 of this embodiment. Microcodes or microprograms 18 
having the instruction sets 10 of this embodiment are saved 
in a code ROM 39. The control unit 30 includes a fetch unit 
31 for fetching an instruction set 10 of the microprogram 
from the code ROM 39 according to a program counter 
Whenever necessary, and a ?rst execution control unit 32 
having a function to decode the X ?eld 11 of the fetched 
instruction set 10 so as to determine or assert the function of 
the ALU 34, and to select destination registers 34d so as to 
latch the logic operation result of the ALU 34 therein. 

[0065] The control unit 30 further includes a second 
execution control unit 33 having a function to decode the Y 
?eld 12 of the fetched instruction set 10 based on the 
information in the type ?eld 16 of the X ?eld 11 and to select 
source registers 34s of the arithmetic processing unit (ALU) 
34. This second execution control unit 33 is capable of 
interpreting the instruction or information in the Y ?eld 12 
independently of the description of the X ?eld 11, except for 
the information in the type ?eld 16. If the information 
described in the Y ?eld 12 de?nes data ?oWs, the second 
execution control unit 33 further has a function to select or 
set the source and destination sides of the ALU 34, i.e., 
determine the interface of the ALU 34, and to retain that 
state continuously until a predetermined clock or until a 
cancel instruction is given. Moreover, in the case Where the 
information in the Y ?eld 12 de?nes data ?oWs, the second 
execution control unit 33 further determines the function 
(processing content) of the ALU 34 and retains that state for 
a predetermined period. 

[0066] Accordingly, the ?rst execution control unit 32 
conducts a ?rst control step of decoding the execution 
instruction in the X ?eld 11 and proceeding With the opera 
tion or other data processes according to that execution 
instruction by the processing unit that is preset so as to be 
ready to execute the operation or other data processes of that 
execution instruction. On the other hand, independently of 
the content of the execution of the ?rst execution control unit 
32 and the ?rst control step conducted thereby, the second 
execution control unit 33 performs a second control step of 
decoding preparation information in the Y ?eld 12 and 
setting the state of the processing unit so as to be ready to 
execute the operation or other data processing. 

[0067] This control unit 30 further includes a plurality of 
combinations of such execution control units 32, 33 and 
ALUs 34, making it possible to execute various processes. 
As a result, a DSP for high-speed image data processing, a 
general CPU or MPU capable of high-speed digital process 
ing, and the like, can be con?gured using the control unit 30 
as a core or peripheral circuitry. 

[0068] FIGS. 6 to 9 shoWs some sample programs 
executed by the control unit 30 of this embodiment. A 
sample program 41 shoWn in FIG. 6 is an example created 
so as to be executable by a conventional CPU or DSP. This 
program extracts the maximum value from a table starting 
With an address #START and is terminated upon detection of 
#END indicating the last data. 

[0069] A program 42 shoWn in FIG. 7 corresponds to the 
same procedure as that of FIG. 6, the program is converted 
to the one suitable for the control unit 30 for executing the 
instruction sets of the present invention. The program 42 is 
generated for executing tWo instructions With a single 
















