DESCRI PTI ON PROGRAM PRODUCT AND DATA PROCESSI NG SYSTEM 5 TECHNI CAL FI ELD
The present invention relates to *a control -program product described with
m crocodes or the like, and -a data processi ng system capabl e of. executing
the control program 10 BACKGROUND OF | NVENTI ON Processors (data
processi ng systens or LSIs) incorporgtd peration function such as

m cr opr ocessor (MPU) and digital siéﬁﬁ*ﬂﬁ?iﬂggsor (DSP) are known as
apparatuses for conducting ‘general - purpose processing and special digital
data processing. Architectural factors that have significantly contri buted
to inproved perfor nePREGRAM PRODUCDABESDATATEROCES SING $YHEEMNI ng

t echnol ogy, super-pi pelining technol ogy, super-scal ar technol ogy, VLIW
technol ogy, and addition of specialized data paths (special purpose .
-instruct] ons el ements further include branch-

predicti reglsfgpﬁéﬁaﬁiﬁﬁgﬁﬁe technol ogy, and the like. In the VLIW
technol gy, the A9ffpd %Bﬁﬁvé?lpgn&%és'tgﬂz rd] BroB¥AfoRuct BeRiibddQyif] | OW Tor 20
paral | el execution, I'mzatron I's con uct so that a conpi er i nproves.
the parall ehncr@@oessﬁrlmmnﬂadww;ﬁb@ssx@ fystepespablelofbxatafinghé cairobode. Thi s
technol ogy adopts an extrenely rational idea, elimnating the need for the
circuitry fprogeiecki ng the likelihood of parallel execution of individual
instructions as in the super-scalar Therefore, this technology is
considered to be extrenmely prom sing as neans for realizing the hardware
for parghlel 25 exgedidiPuNDBENGVENGIEN @ processor for use in processing
of an application that requires image processing or special data
processing, the VRloWéskérs (data processiig systems of LSTsYincoepdrhiing an opliation fmbiazause,
particularly in appl i cations requiring continuous _or sequential processing
usi ng t he ofshas misropressssor éMPUhemdedlgl signal progespar (BﬁBb@rﬁﬂcn@Nweam@ramﬁ@e or

data proces the data n_a reagi.ster asin‘
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On the ot hepcpdWat thbe dghifiahtty é&ﬂﬁiﬂﬁteﬁ &@mp&md B@x%mﬁﬁ&%f‘ﬂfé@&ﬁr%cés various
matrix 1 calcul ations, vect or calcul ations and the |ike are conducted W|th

hi gher perf mc]udmpnpelmmgmechmtpgyg amer-pqiehmngdmdagﬁduper-scalartscynold'gyem e,
t he nost advanced technaol.ogy fo
technology, and addition of spec1ahzed data paths (special purpose instructions). The

architectural elements further include branch prediction, register bank, cache technology, and
the like. . | o _
In the VLIW technology, the data paths are configured in advance so as to allow for
20 parallel execution, optimization is conducted so that a compiler improves the parallel
execution and generates a proper VLIW instruction code.  This technology adopts an
extremely rational idea, eliminating the need for the qircuitry for checking the likelihood of
parallel execution of Mdiviﬁud instructions as in the supe;—scalar. Therefore, ﬂﬁs technology '
is considered to be extremely promising as means for realizing ihe hardware for parallel
25  execution. However, gi\}en a processor for use"m 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 resulté, there is a limit in executing operations or data processing while
- holding the data ina general-purpose register as in VLIW.  This problem is the same in the
30 conventional pipeline technology.

On the other hand, it is well known from the past experiences that various matrix



achi evilng the hi ghest performance, the idea based on the VL1W becones maj or
with the various dedicated arithnetic circuits nounted according to the
pur pose of applications. 5 However, the VLIWis the technol ogy of inproving
the parallel-processing execution efficiency near a program counter.
Therefore, the VLIWis not so effective in, gigw@nexecu“ ng two or nore
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cl ocks, it reslumqruﬂwadﬂ@edallmaunt the RAM that stores all of nunber 20 of
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characteris e practical lev he purpose of

FPGA to ef f igoantddicatedntigmmné blﬂﬂltm?olbdiﬂlpleﬂleht@d MEH@kevet) ¢ BRGA b@dedt he
hardware, is not likely to be solved for the time being. 25 It is therefore
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be conducted within several clocks, it is required to mount the RAM that stores all of number

20  of combinations of information for reconfiguring the FPGA. This does not at all essentially
solve the economical problem of a long reconfiguration time of the FPGA. Moreover, the
original problem of the FPGA, i.e. poor AC characteristics at the pracﬁcal level, that comes
from the purpose of FPGA to efficiently implementing mapping in terms of the gate of the
hardware, is nbt likely to be solved for the time being,

25 It is therefore an object of the present invention to provide a system, such as a
program product, a data processing system capable of executing the program and a control
method of the processing system, in the system, complicated data processings are flexibly
executed at a high speed without using various dedicated circuits specific to those data
processings originally. It is another object of the present invention to provide a more

30 economical data processing system, a control method of the processing system and a program

product, allowing for dynamic hardware control even during execution of an application, and



vari ous:data processings at a high speed. SUMWARY OF THE | NVENTI ON 5
Therefore, the present invention provides a program product for controlling
a data processing systemincluding a plurality of processing units. The
program product or program apparatusincluding a data flow designation
instruction for designating input and/or output interfaces of at |east one
of the procespablepfimplersentingitho softiwarelayveldiexibility at thedarsiware layeh gndef execuiagit i on
of the processing unit sp as tq .defipe a data path configured by the
processi ng lYﬁF’P‘%SdE@PT‘Pﬁegs'“ﬁFBtgarW‘t‘?ﬁﬁfbe provided in a formrecorded or
stored on a recording nediumreadable wth the data processing system
such as ROM or RAM This programcan alternatively be provided in a form

enbedded in a trasgNERARNOFTHBEINVENEION of being transmitted over a
conput er network or anot her conmmunication. The present invention al so

provi des 5t he dat a Therfors shemyesyptsoventionprpvidesi apgogram prosuct far ¢anjrolling pdateessi ng
units including changeabl jnplﬁ ﬂnd/ r output.i erfaces;alioa unit for
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instruction and setting the input and/or output interfaces of the )
processi ng uxetutisn of the prmsessiog vwhsd aydo definedalata ppthtchnfigused by the proedssingut. t he
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processings. 25 A nmethod for controlling the data processing system

accordi ng t oconipatep netsverk or anothentompunicatidnudes a step of fetching a data flow
designation instruction that designat i nput . and/ or out put interfaces

of at |east one oleIelPéeSE‘Pté‘E’%‘éqn_ﬁ&oli’Fﬁ"_t?%s H‘]Fg@ PRNSYSIER MBI si ng
crecul Lo i O e SR e e St ek 69 L o
and/ or out pUfetching eefdatagiowidsighation sl @6 F5ridaggrating the Mpasarkioreatpit gur e sone
data path froma plurality of the processin units. Conventionally, the
only way to intrfades ofiatidastzone ofifhle pme&shhgdaitﬁmghpmrbstg aof ghe téme or timing of
execution of the processing unit; and a data flow designation unit for decoding the data flow
designation instruction and setting the input and/or output interfaces of the processing unit so
20  asto configure a data path from a plurality of the proéessing units. The program product of
the present invention controls the processing system.  Accordingly, the data path formed
from a combination of a plurality of processing units is changed with the program, so that
various data processings are executed with hardware, i.e., the data path or data flow, that is
suitable for each of that various processings.
25 . A method for controlling the data processing system according to the present
invention includes a step of fetching a data flow designation instruction that designates the
input and/or output interfaces of at least one of the processing units independent of the
processing execution timing of the processing unit; and a data flow designation step of
decoding the data flow designation instruction and setting the input and/or output interfaces

30  ofthe processing unit so as to configure some data path from a plurality of the processing

units.



. prepare-dedicated circuitry and inplenment a special instruction for using
the circuitry, thereby increasing the hardware costs. In contrast, in the
system of the present invention, such as the program product, data
processi ng system and control nethod thereof, the interfaces of 5 the
processing unit as an arithnetic/logic unit_are described, nmaking it
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counters, suefwes ledbilitysped Paed perfoimangegsing tedisatasheirouitry isrpso ibyghis

differeng c ts, \cannot be activated simil taneously. .In contrast, in the
pr esent ri|bnv ‘E‘{"fﬁ%‘f{‘; eqysh Hepg %ﬁ%p Secaabwgﬁﬂre&[eﬁ|V§}31{~]é'541§gﬁ%ﬂr\ngﬁ(%qqﬁ%e
data flow deghdnaidrod drehdrai Gl ' r. ings to be
perfornmed regardl eﬂsfs (s)ﬁéner%gr 535’??&%%?%%%?%mﬁ%@%ﬁ&?ﬁ%ﬁg’a‘%\}é@ﬁﬁ‘?‘lﬁ’. S

i nst ruct i on re@hfigulet duripg ekectficii ofaf applicitionbe ef fective in inprovenent in
paral | el processing performance fromthe application side can be _
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purpose as t1or perform ng as a genéral state nmachi ne, ure o

I nventi on hdisctions. ekt otheravordd)inghe clegerional insfritiod o6t twWdsramte prockdipgdr esent
invention enables a data path forned froma conbination of 30 the
processi ng &FPecively based e Empieiprogragmasintars: suplyas data processifigsead algotithe
processi ng | kg to the dat flow designation instructjon.
Accor di ngl yt&%&r{ ?‘Eg‘g‘?ﬁéggr@ﬂﬁ %08{&%%@ bglactlvg.i/eciJ simu aneous?y. lIn contrast, in the
present invention, the data flows are appropriately designated with the data flow designation

20 instructions, enabling the above processings to be performed regardless of the program
counters.
' Acco'rdingly, with this instruction set, data path that seems to be effective in
© improvement in paralle] processing performance from the application side can be incorporated
previously from the software, so that the data path (data flow) thus implemented is activated
25  from the software at the instruction level and as required. ~ Since these data paths are used
not only for the data processings corresponding to specific purpose, but also for such a
purpose as for performing as a general state machine, the structure of this invention has an
extremely high degree of freedom. | _ |
Moreover, the present invention enables a data path formed from a combination of
30 the processing units to be changed by designating the interface of the processing units

according to the data flow designation instruction. Accordingly, unlike the architecture of

this -



changi ng the connections between transistors |like FPGA, the data paths are
defined by nerely switching the interfaces between the processing units
havi ng an appropriate and/ or specific data processing function. Therefore,
the hardware is reconfigured in a short tinme. Moreover, the data :
processi ng system of the present invention_dges nqt have the. architecture 5
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20  the data flow designation step, it is desirable that the content of processing in the processing

unit is changeable or variable according to the data flow designation instruction. This
enables improvement in flexibility of the data path formed from a combination of the
processing units, whereby an increased number of data processings can be conducted by the
data-flow-type process with reduced hardware resources, allowing for improvement in
25  performance. |
Tﬁe FPGA architecture may be employed in individual processing units. As
described above, however, it takes a long time to dynamically change or reconfigurate the
hardware, and also another hardware for reducing that time of reconfiguration is required.
This makes it difficult to dynamically control the hard};vare within the processiﬁg unit during
30  execution of an application. Should a plurality of RAMs be provided with a bank structure

for instantaneous switching, switching on the order of several to several tens of units of



5 clocks woul d requires a considerabl e nunber of bank structures. Thus, it
"is basically required to nake each of the macro cells within the FPGA
programuabl e i ndependently and to detectable the time or timng of
switching for inplenenting a program based control nechanism However, the
current FPGA architecture is not enough to deal wi-th such _a 5 structure,
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20  inareduced or shorter time as compared to the FPGA that reconfigures the circuitry are
possible in the transistor level. Moreover, the use of the internal data path that is ready to
use some purpose previously reduces the number of redundant circuit elements and increases
the area utilization efficiency of the transistors. Accordingly, the mounting or packaging
density becomes high and economical processing system is provided. In the system, the data

25  paths suitable for high-speed processings are provided and AC characteristics of the system
become also excellent. Therefore, in the present invention, in the data flow designation unit
and step are capable, it is desirable to select a part of the internal data path of the processing
unit according to the data ﬂc_)w designation instruction.

It is also desirable that the data flow designation unit has a function as a scheduler

30  for managing the interface of the processing unit, in order to manage a schedule retaining the

interface of each processing unit that is set based on the data flow designation instruction.



i nterface of each processing unit that is set based on the data flow
designation instruction. 6 For exanple, in the case where matrix
calculation is perforned only for a fixed time and filtering is conducted
thereafter, the connection between the processing units.within the data
processing systemare performed prior to execution of each processings and
the each c¥onermpleninite dessowhens magix salculationdopeniosmed qubyfosa firgd timgeand ne
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bl ock formed fromﬁ\gor ?ﬁf’éﬁ%&f“@ﬁ%%@gé’?&ﬁg U : |u% gﬁé acczbrf g :ﬂﬁ%ei%@gt% ﬁgﬁ dat a
fl ow desi gngbin flofed plisality @Pproésihg uhifs afdeBnétiRbsraing o the dath AsivctiRsignallAOr y -
storing a plurality of configuration data defining the input and/or out put
i nterfaces iimstubtionpr Smesthe inerfabesdixa plaradity dfiprackssing ainigs tiecome chiegéableari on uni t
or step, to change the_ input and/or output interf ceg I n tge p{ocessi ng

bl ock By sareafigueplowih asinglewsigiction, datapaths agspeiated with thepluraity 9f RIPessHRg | n

h di | dat aof| ow desi i QN i QR Si: h
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Is controlled fromt{he programw thout making the rnstruction itself
redundant . BiReficeDinA@RdJETNG Yok fdinied DM plaslitiFiofjprotesiing umitsy zucessdingrto the
i nstruction set_including.data flow designation instruction of the 25
present i nvelata lon desighation insiru¢liony ates in nore detail a Y field of the

I nstruct,izon set of, Fig. 1. . Fig. 3.l : grg?l '

instr uct1i5on set Qflt ‘ﬁr"g’.r © ie.an’bl@gt.g pﬁg‘?% Au@%%&é@%%ﬁﬁ&% arcg %‘rﬁgrtlj H%&% a

regi ster by defifing fheidpufiddRi? ot Mferfiéed in tRe protésting bloth, lahks lini the @stadlodiat a

processing systemfor executing the instruction set of the 30 present

i nventi on. designation unit or step, to change the input and/or output interfaces in the processing block
by selecting one of the plurality of configuration data stored in the memory according to the
data flow designation instruction.  Since the configuration data is designated with the data

20  flow designation instruction, changing of the interface of the plurality of processing units is

controlled from the program without making the instruction itself redundant.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates an instruction set including data flow designation instruction of the
25  present invention. .

Fig. 2 illustrates in more detail a Y field of the instruction set of Fig. 1.

Fig. 3 illustrates one example using the ir;strucﬁon set of Fig. 1.

Fig. 4 illustrates how data are stored in a register by the instruction set of Fig. 3.

Fig. 5 illustrates a data processing system for executing the instruction set of the
30  present invention. .

Fig. 6 illustrates a program executed with a conventional CPU or DSP.



Fig. 6illustrates a programexecuted with a conventional CPU or DSP. 7
Fig. 7 illustrates a programof the data processing systemaccording to the
present invention. Fig. 8 illustrates conpiled program of the' program of
Fig. 7 using instruction sets of the present invention. 5 Fig. 9

Il lustrates another program of the data processing systemaccording to the
present invent i orFig. Fiillpstrd®s a progmitir efithesdatopracessing/systemrattagding tb the present pr ogr am
of Fig. 9. Fig. 11 shows a different exanple of the data processing system
capabl e of M¥@¥PYnating a data flow 10 Fig. 12 shows how data path is
changed. Fig. 13 ; ' . f o . & dat a
processi ng syst enﬁg%ﬁ%uasg gsgﬁgggé@g{aﬁgéﬂg{@)%ra@gg? zé‘g‘gg{?%‘?‘i iléggét?g&i he

i nstruct i ong,g glesédt invéifioRr esent invention. Fig. 14 shows the state where
different .dedicated circuits are formed with. different conbinations of
tenpl at els. 15 Fi Fig Phllustrates anodtiee program affthe deta proogshing systemRESTRINETo el OF THE
PREFERRED EMBODI MENT Hereinafter, the present invention will be described
in nore detBEsentMyeRtioRf erence to the drawings. Fig. 1 shows the structure

or format of the j.nstruction,se | NSEruct format Jer: 2@ according to the
present inventio _1.g.§l{qéf.llqsﬁgtfsrq?iqfl%%c _E%g'“tr?%%ytotgﬁgrto g?{l%fgfg'gf DAP/ DNA) 10 in
the present i F‘VG"Fi%QQ shéws &'Sﬁﬁ@reﬁt%bl@bfjﬁné déta btdcedsing isftedn Ephblgef | NSt ruction
execution basic field (X field) 11 and a second field call'ed instruction
execut i on pdsipaatmgiaciatadloed e field (additional field or Y field) 12 capable
of inproving efficiency of the subsequent instruction execution. The

i nstructd on execuligo? shews kow dasp pathjs changed) | 1 specifies a data operation

h 25 addi tian/ t ti OR td Al ti d
compar | son, “as welF BShpReE siteeRiseBRn AT Sk @RCE b8 nstmys such
as branchi n&paﬂ@gf&%&itiﬂgﬁ/%t?éro@eésﬂ@ﬁ&doﬁﬂ#@%é ihfAkhS %t ofEpRsdnPBvaRBhAL | ON

result is to be stored. over, in order to I1nprove the utilization

ef ficiency of theFignkitshows ihestateamtgrddifferant deditated drcitits drefdrmed with diffgrent

i nformati on of the instructions for execution. On the other hand, the
addi ti onal fquehigptions afitemplates;2 j s capabl e of describing an 30 instruction or

|ans;t rergig ons (i nfﬁrg.n%tihl?sﬁ%teé 8I(ljee(9%lnqulli]1})]at%£. t he execution i-nst r uction in the

DESCRIPTION OF THE PREFERRED EMBODIMENT
Hereinafter, the present invention will be described in more detail with reference to
* the drawings. Fig. 1 shows the structure or format of the instruction set (instruction format)
20  according to the present invention. The instruction set (instruction set of DAP/DNA) 10 in
the present invention includes two fields: a first field called instruction execution basic field (X
field) 11 and a second field called instruction execution preparation cycle field (additional field
or Y field) 12 capable of improving efficiency of the subsequent instruction execution. The
instruction execution basic field (X field) 11 specifies a data operation such as
25  addition/subtraction, OR operation, AND operation and comparison, as well as the conténts
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
efficiency of the instruction length, the X field 11 includes only information of the instructions
for execution. On the other hand, the additional field (Y field) 12 is capable of descn'bing an
30  instruction or instructions (information) independent of the execution instruction in the X field

11 of the same instruction set, and for example, is assigned for the information for execution



11 of t'he sane instruction set, and for exanple, is assigned for the
information for execution 8 preparation cycle of the subsequent

instruction. The instruction set 10 will be described in nore detail. The X
field 11 has an execution instruction field 15 describing the instruction
operation or execution instruction (Execution ID) to a processing unit
such as ar iprepsetipe eyclsfehemibsequent ptalction.t ype fiel d) 16 5 indicating

val i d/ lid of .the Y fiel d,th f
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type field 16 I's associated erled can be defined

i ndependent(EXe@ﬁoﬂnntd@@ﬁfce@mgmsmhagmméﬁcﬂogléumt dsielditypbfiel® fa el d 11. In
the Y field 12, the preparation information defined by the type field 16 is
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i nf ormati on 1 ndepéen regar SS o the i'nformation 1n the execution

I nstiruct i orbefdefned 1ﬂdé?edd6ntlyhﬂ’th\é debopiplorkdf thelothep figldsif il Je field 1descri be an
address information field 15 26 that describes an address ID (AID) 21, and

addr ess i nf or mat ilothe2Dfielihil 21thé prepanatiod infermation defioed bbeﬂteweliel@zms This

addr ess_i nf tion_descrihed in the 12 ysed f readi ng and
Wit ngmbet‘%%é%ﬁe‘? -egihs pegparaion igformation d&?Fﬂ'%’FﬁLlﬁéffel %@elé li Hﬂaqoé Ist er
files), d [ tion
n che v 1 g opbaRdr il ksl Pl RS *°P* spaficsBbE’ 10" an

addr ess i ncthéradfab@shawhieFig 2. d bt 1 &lriotud aghia ﬂxaemeqwtpmld)fs ﬁ%@(lﬁélanqhs
instruction (fetch address) and a start address upon parallel execution in

the Y fi el dor d@crilingiufdrreadioniindependentiyon regardlesmf the rnfoemwomm thesxepution possi bl e

to d b f t cti t
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words, it idefipabis MI)?ZI 0 Thisaddres infofnhatiofl ddséribeddn thefy fdldi12i6 ubddetor dadinges

sources for the subsequent execution instruction. Furthernore, in the Y
field 12, iandivgitingbetmiseter egvgtersenbuﬂ%t;eamlanqncmes)@nmhng;nmtpbﬁies» andblogkt i on or

data fl ow de5| nat fines i rfac sour tinatjon

processi _ng ?{‘%ﬁé/f’g ??PP‘S?\”& O‘L 5 %geﬁ Itk ﬂpz)ss{teto

ari threti c/Qgine tl&fﬂhfonﬁﬁo“)suéﬂ as 3 Afdfresd fdRating a branch destination upon execution of
20 abranch instruction (fetch address) and a start address upon paralle] execution in the Y field

12 as address information.

Inthe Y field, it is also possible to describe information 23 that defines an instruction
of a register type, e.g., defined immediate (imm) and/or information of registers serving as
source registers for the arithmetic operation or another logic operation instruction (including

25  MOVE, memory read/write, and the like). In other Words, it is possible to use the Y field 12
as a field 27 that defines sources for the subsequent execution instruction.

Furthermore, in the Y field 12, it is possible to describe data flow designation
instruction or data flow designator 25 defines interfaces (source, destination) and processing
content or function and/or their combination of an arithmetic/logic unit (ALU) or other data

30  processing unit, e.g., a template having data path(s) being ready to use. Namely, the Y field
12 is utilized as a field 28 for description for defining reconfigure dﬁta paths to be pipelines



30- processing unit, e.g., a tenplate having data path(s) being ready to
use. Nanely, the Y field 12 is utilized as a field 28 for description for
defining reconfigure data paths.to be pipelines 9 (data flows or data

pat hs) for conducting a specific data processing. Inthe Y field 12, it is

al so possible to describe e data.fl ow designator .25 for rti .
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a program Cgidrifes ai&rzsffﬁit&l&hwn%ﬂfé@d@ flo'w0 MARcF ifigly, R latd flowdpreVidedwith
understood that the format of the instruction set”as shown in Figs. | and
2 i s only oreonfiguable dpth pathofefinad by the i fiehd Kxdnablesdxaeptivpnvof prockspesndent

instruction fields_ according to the present invention, and the present
i nventi oh | Bdepspdentlyokapogramicrunterfordkiching asoge from eeede RAMang 2. 1t i s

possi bl e to provi angt her. instruction set..that no instructi on.1s,10
fesor i bed (NP1 o sebifhenisrioRe s Rpalicsiedfiptlon ol YR Bes 1 30 14
or Y field 434 é&}rip £ ion l‘th? &b iddBsdndet idsRictRf Helddc! udi ng

m xedly a m%r?onﬁlioggggeranlgggnghﬁﬁg& %?gta Foev]ddegéngnat gr and tehe progr ans
havi ng suchadcbelirigns tieyeéseminventionadrel the preseptingdntioeis ndtlemitedrto gredomnahavi ng t he

data fl ow designation instructions described continuously are also
possi bl e. Ashopadn Fige lard Ap| B is possille tarevide yothepiaptaigtipp et ghahne ingtrygtion is

1 ow dold graBraiaTNOP A hRd R e SPEY Setes BfpBhER L F12E, " °

recording eRicE JRER. AN ]ﬁPﬁE&nﬁ:ﬁBﬁ %fxﬁ!ﬁ%ﬁ%@bﬁ@%mﬂ&ﬂoﬂic ipExQﬁd afape of the

present invention. Fi'g. 3 ts OWs an exanp I nstruction set 10 of
t hi s i nvent daaflow dedignaton amdhe prograinsihading such itlerinstrattichGet aF€rld) possible. t Yhee
field 16 of the X field 11 indicates that 32-bit inmediate 20 is described
in the Y fi Blograms haying the dafa fawidssgnatien ingickians descrbebepntinupusly jake dlsecor ded as

i i e S
I nstructs Oninf/érﬁibg, hbwer! i‘ﬁro%ﬂiaﬁdg{?gﬁlctﬂéjvi gé}lrl;@daiﬁmﬁvﬁaéfgnﬁﬁmiiﬁtﬂu%nc ated in the

destination field 17. Accor whenthis nunber ] 1nstruction set TO)
i s fetched, regardikkdd fofm af desariptioh, and iatrecotdimiganediindréctrdingagéisd gogiath aré blso 25

i mredi ate "#00001234H" defined in the preceding instruction set TO1).
Thus, in t hwithipghersgens of thequesentanyentionai s enbodi ment (herei nafter, the nunber

j instruction seg. IS I rred . i ast ' et .Ta)) reparation
for the executi onf:'g'ljér)l%h_toﬁvﬁgﬁ %’gaﬁr{p?feqsfé% lﬁ‘%’a‘cﬁ% {eﬁ@t ‘ﬁ%@f ﬁ'ﬁ%’ftlgg'n Ié’éﬁe ﬁ‘%}% s made
by means of j.{ hﬁtnﬁ&i@ﬁ S&1109T-15 tHe4 e R 16 of the X field 11 indicates that 32-bit immediate
20  is described in the Y field 12 of the same instruction set. “#00001234H” is recorded as
immediate in the Y field 12 of the instruction set T(j-1). In the following number j

instruction set T(j), “MOVE” is described in the execution instruction field 15 of the X field
11, and register R3 is indicated in the destination field 17.  Accordingly, when this number j
instruction set T(j) is fetched, an ALU of a control unit stores, in the register R3, the

25  immediate “#00001234H” defined in the preceding instruction set T(j-1).

Thus, in the instruction set 10 of this embodimeﬁt (hereinafter, the number j
instruction set 10 is referred to as instruction set T(j)), preparation for the execution
instruction described in the instruction set T(j) is made by means of the preceding instruction
set T(-1). Accordingly, the whole of processing to be executed by the ALU of the control

30 unit cannot be known from the instruction set T(j) alone, but is uniquely determined from the

two instruction sets T(j-1) and T(j). Moreover, in the execution instruction field 15 of the

10



. set TO1). Accordingly, the whole of processing to be executed by the ALU
of the control 30 unit cannot be known fromthe instruction set TO al one,
but is uniquely determned fromthe two instruction sets TO-1) and TO).
Moreover, in the execution instruction field 15 of the 10 instruction set
TO 1), another execution instruction for another process prepared by the Y
field 12 of mstuctipnsetck(-hhanaihar exgeptiosingmctionsfogjanother pwgess preape bethelX) of the

Y field 12 of thec dnstruction set TO 1).. Further e, N field 16
and Y fiel d%‘flél lngfm?é’r?cﬁélI{lg l?&tflfciﬂn Y- &He&ﬂ&@?ﬂ‘gﬁﬁ%?fébﬁfﬁﬁoﬁy q%ﬁfeor mat i on
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TO 1). I n other rds, iL.n.this exanpl.e, |atency of. preparation, instruction
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descri bed i RyaRRbMREtnichSH H%é&ﬁﬂe&'fh HEX RId O ofit iﬁ%cﬁéﬂ@ﬁ@ighé(scme?(ﬁ%ng
instruction set. For exanple, In a control programo control ‘unrt

having a pl W fidld 1y ofthe infihédiatelppretedingdmstractidndet TN}, r Th ofhér WSS, d bel ow,
the preparation instruction need not be described in the imrediately

precedi ng i wsampletatensy Eprepapatipniinstreictionzorredpondsttaone ¢leckvi Homerert preparation
I nterfacg) of. AL or. the cqnfiguration of, tenplates set hy preparation
i nstr uct(ilﬁonéqfoﬁ? °’?L§’a¥|b? geswqbeﬂérg?tm&ﬁf inptryciian ?elrtlTB'E“?rl}Efl}edW“@g‘?te PIERUNE he

execution i i i [%ﬁ“ ' ' I i S
fetched for q%ir[ejgﬁnisgpn, ﬁ%‘gexglglplg’gg? gtg?d(‘)dr?l pf str 3CEl i@gﬁﬁ@%ﬁ@@@géﬁ#@bﬁ& in the
Y field 12 ofLUser fondita flowicomtral @$ deb€libet) belowsthe prbarati@insi@eddeed RGibeUct | ons

cycle before the instruction set 10 having the execution instruction
cor r espondi fgsoribed in éhegmaysdintelyi poeceding instrugtion ssh.  Brovidedthatthe stateenvirennsenat e

o ogister PrISBREATS S HREORstPn plieialaes o by Brepuaon roUawart ot ches
a il S e CeRd o
| at ched T AeSor kB ubiithe Bne el R in bR AL et 7 g

to the prepaprepaiation instsiction isif@chet fortekecuton, thegirépatatioh ifrédion cdit s deséribed
processor fetches the follow ng -nunber j instruction set TO, and 25 the

i mredi at et Hukhe Yafielh Eeof the igstaichien seh 1Qitheiis pesformed severat ingrussienssyilebeforec| e of
t he executi . . uct | N E' inthe X field 11._. Thereafter,. the data
itemin the J?Q‘F@;{'%E #@Q@%N@? SXPCUtIDR, InStchiop carmesponding 48 the Rreparation h e

regi ster R3iffrudthg menory or- the register file 29a. Even if

20 . ~ Fig. 4 shows the state where a data item is stored according to the instruction set of
Fig. 3ina register file or memory that functions as registers. A processor fetches the
number j-1 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 instruction in the Y
field 12 thereof. Then, the processor fetches the following number j instruction set T(), and

25 the immediate thus latched is stored in a buffer 29b in the execution cycle of the execution
instruction “MOVE” in the X field 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 file 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

30 conducting the process according to the preparation information prior to the execution

instruction.
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- the storage destination is not registers but nenories, by the instruction
set 10 ofthis enbodi ment enables the data to be |oaded or stored in the
execution instruction cycle by 30 conducting the process according to the
preparation information prior to the execution instruction. 11 Fig. 5
shows the schematic structure of .a processor (dat rocessing s em 38
havi ng a control Ki&ixshgws %ﬁ%ﬂ@“ﬁm’éﬁ’&%@‘ﬁ m%cegs%? RIRTas3Ng %@te%{niéS

! : ¢ 1 hi : _ i ¢ .18
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ALU 34t hor BPEmSHRE VSR sPoesteRy o ot Xheio kel BRI 5 Aebgnditb Uy s on
control uni f, R3odeaNd RGeR 117o¢ ifelrbtoibdlimtlarnds: 1078 a¥td debbrhink2r Qfsert e f et ched
instruction set 10 based on the information in the type field 16 of the X
field 11 anfinttionoftiecALLS 84rand to sipcsdestimticd segisferst3dd sa s toiacel the logis ocessi ng
unit (ALU) 34.  This second execution control.unit 33 is capabl e of

i nt er pr et i n@peratioa resylt of the AL&h34theseif or mation in the Y field 12

I ndependent |y of the description of the X field 15 11,  exc far the

nf of mald on | n_t nR GrREoTmRY el bl & Secanl efecp ot copubliRDa dT R £ e v
field 12 dghb@eSodadode tHeOMBeld 15 6FHE BANEd RXBIHbA 7 16 BiNel 8h tHehtbrnwsioh W t her
has a function to select or set the source and destination sides of the

ALU 34, i . ethe tytetfieldriiorof theldefield 1 b addioseledt soiree Rbisters34s ofithe afithmeti¢ ai n t hat
state continuously until a predeterm ned clock or until a_ cancel .
i nstruct i onpiosesging vt (AlRy)Sdy e T his secondhexegiition copteal unit Bdisicapablepfintepreting t he Y

Furt her det B APRBEEPSE TRREHFUR ey SeR SEREpSIGHY oh 5 oERAbiE ot X 48,
retainsig hag 1,%5;&#)?1’0? He iﬁo@ﬁrﬁﬁﬁ g’?‘f‘gﬁge g?l@ 6. Qfithe TtbrinatioR Hésgxlibeﬁ(r)i‘r} the Y5 T t her

i ncludes a plurality of c such execution contr units 32,
33 and ALUs 13definasditafipws, the sscont exectitonccoetroituit 33 fiirtheshasndaetior . selést ax

result, a DSP for high-speed inage data processing,. a general_ CPU or MU
capabl e of 5%theisgpres sinaion sides of the ALY 3 1.e.adgierinine the interfagef theALU

confi gured %,iaﬂgtot J@f%.inct%ts{a% colﬂﬁr.ln&ouglyg ufitd a%red%i%ﬁr?mé%f clgc(fcroir hglraaclanc%i reuitry.

instruction is given. Moreover, in the case where the information in the Y field 12 defines

20  data flows, the second execution control unit 33 further determines the function (processing
content) of the ALU 34 and retains that state for a predetermined period. -

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. Asa
result, a DSP for high-speed image data processing, a general CPU or MPU capable of

25  high-speed digital processing, and the like, can be configured using the control unit 30 as a
core or peripheral circuitry.

Figs. 6 to 9 show 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

30  atable starting with an address #START and is terminated upon detection of #END

indicating the last data.
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Figs. 6 to 9 show sone sanpl e prograns executed by the control unit 30 of
this enbodiment. A sanple program 4l shown in Fig. 6 is an exanple created
so as to be executable by a conventional CPU or DSP. This program extracts
t he maxi num value from30 a table starting with an address #START and is
term nated upon detection of #END indicating the |ast data. 12 A program
42 shown in Fi g. A’progmmeRphods irt Kg, t7hersspoadsio tecxdme prazeduréia thatfof Figg 6, 6,

the programis converted to the one suitable for the control] unit 30 for
execut i ng ttheprograis epnvertnd te dhegng suitahle fosrthecontrol ynitaQiforoprecutng ther ogr am 42 i s
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second i nstingetiicaesHt is ddde infike ¥fielduRioftheififs instiadtionsa 105 Hrtke firsecut ed on
the ALU 34 that has been ready for those execution instructions. Nanely,
at t he 10i menspetiontsatel O thedype fiekl J6rindieatestthas immediate § describedsin thee¥) field d2@pe

i st defined in the d i nat i field 17, th i n§t ' f " MOVE"
o e e e oSt on Lo ATy L0 (LIS o WO
to the instfuahl ol SfledRie th 36urls GRilor iR doRk 38X CPRrLBR byyhkr uction

rateé r t

can be sep om a preparation I nstruction at describes "an interface

‘for  executsetshdtimatictioaget o] the ekdtatisriaisthuetionstd hrkeduted dn the ADUSSI thathad O
performthe preparation 20 instruction described in the instruction set

that is fethsheteagy fopthoseexeeutioninstiuctioon Nemeludttheime whentée sacend according to

th ti. I nst J d I bed .i h.lnst ti ly th

execut | 9n dBrElREI TS SRRiGH e SogRd ke ORGnaidR eRdg, 8F ) "

execut ed, BAGAKRSS PVOVE in 1R 2 hEARGMA S ZOUMRR aedfe! Lhe ALU 34
cel'l'ent AC c and ‘I npr ov

Accordingly, ex aracteristics execution frequency
characteristics iFhughcairdiagto thbinsction sét bR ehe biegen? mveriow it exesutibn pi pel i ne,

al though the tinmes or timngs of operations with respect to the

instruction can be separated from a preparation instruction that describes an interface for
executing that execution instruction. Moreover, it is possible to perform the preparation

20  instruction described in the instruction set that is fetched prior to the execution instruction.
Therefore, according to the execution instruction described in each instruction set, only the
execution corresponding to an arithmetic operation itself is simply executed, because the data
has been read to the source side of the ALU 34.  Accordingly, excellent AC characteristics
and improved execution frequency ch;clractelistics is obtained. Moreover, like the

25  conventional pipeline, although the ti.r"nes or timings of operations with respect to the
execution instruction are different from that of the conventional pipeline, operations such as
instruction fetching, register decoding, and other processings are performed in a stepwise
manner.  Thus, the throughput is also improved. In addition, the program of this example
is capable of describing two instructions in a single instruction set. Therefore, by parallel

30  execution of a plurality of instructions near the program counter like VLIW, the processing

speed is further improved.
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~execution instruction are different fromthat of the conventional pipeline,
operations such as instruction fetching, register decodi ng, and ot her
processings are perfornmed in a stepwi se manner. Thus, the throughput is

al so inproved. In addition, the programof this exanple is capable of

describing two instructions . in a single_instructjon set, Therefore, by
paral | el 30 execuMasepvst, ingthispregsam 3, %Fdlﬁlmbr@'&hn&‘?s‘fmﬁ";mﬁée BeeoRm

SO e pr odmiiias Se s B AR SR BB b o addh NS ARl iR 0V e
i nstruction;f i&@e&& thd YideR 1_fzqmﬁeg>réc_e&mg HEHERRuGERh ,sgtapﬂcéd?angﬁqﬁ@&ﬁmg

subj ect branc stination 1s described in the Y field 12 of "'the preceding

t hi rd instr wfthebransledestiftion isdettglthe fetch eegisttsl upasor befor¢ éxecitionnf thedasth nat i on
is set to the fetch register upon or before execution of the fourth 5
i nst ruct Pon instructiontsets, Thisewherige braaehceonditions are wiisfied, the ingtryctipn eaf at thpe

i t ti t t .the . h ti ti i f et d d/ ted
w Ehout  any b5k fesphatpp is b apdR ePird Wit i n Fone% RERPEAL | on a
the branch %‘?@f‘e‘tnﬂ@ﬁ ﬂﬁmcﬁ&m d_ﬁé*ﬂﬁébrﬁ{cﬁﬁgsrtiﬂﬁtioﬂnsof that a)géiﬁﬁl%faﬂﬂ ekedftin x gcution

I nstruction-at t ranc stination can be nma I n advance. cordingly,

even the i rgédutdeh instructibn athhke brasvhelestinatidn canbé madd ia advancslt edtcovidinglypiévehoss of
even one clock. Thus, 10 the processing is accurately defined on a

cl ock- by- cl dh«ingastien attheprargh dpssingtion ipexseptedhwithpubloss efeven eneclacki nllaust i on,
whi ch descripes the data fl esi gnati.on i.nstructions 25 using the Y
filal ds ig Ohﬁqwgcqsggg*sgma&%’@%ﬂg&g%@ 3‘5&%&6&)?@%&& oduct 18 havigng such
data fl ow desi gnaty: ' ' ' ' L. R: : or
Gaved | n the: row S8 O e 4 piSkale e medieieiish, Which Qbeol BB A5 O |

wi th a data dkfigiution BS@udignss5aistigthd v fieldy B2 of thévastAictan s 10 odUsibgradh or 18
enbedded in a transm ssion nmediumthat is exchanged in a network

envi ronment preductl &kaving suchslata finw dasignationrgptruetionsia? is provided dethe forax stayed or

i t ti - 25 .d i i hi rogram 44, "DFELW". i n, . instruction
fort et o e 8 BR3P, kM, B Snobiep B Ohrate recorfthe Mediutn el Bith il

o i c . ; . . m

bontent 150" ifbocERi N binD "Btotcol i Bldefiin foghd U ot 16 EmbedtimBARERRICH) |

flow (data paddiym thaflsexbhangel & BietiverkienvitdninRAt Maf dlsoi bedlistrdbatdder mi nat i on
conditions of the data flow. Instruction |located the end, "DFLWS" is for
i nput ting--dat a t o Amengdihe datd flovdesignationdnstivetions 2§ desstibeskie thiswogramddssi ng  of

t he data pat, se data | desi gnat | on. i nst ' .25 .are described in
the Y 11eld DELWE SErait et mifise drom and HORE iRt Selond
execution Cojkifif infthatichrof cfhebts (ibfdfmation of interfaces) and processing content

20 (function) of the arithmetic processing unit 34 forming the data flow (data path). “DFLWT”

is an instruction defining the termination conditions of the data flow. Instruction located the
end, “DFLWS? is for inputting data to the data flow thus defined and actuate the processing
of the data path. These data flow designation instructions 25 are described in the Y field 12
as preparation information and decoded by the second execution control unit 33, so that the
25  structures (configurations) for conducting the data processes are set by the processing units
34,
Upon executing the program 44 shown in Fig. 9, the second execution control unit
33 functions as a data flow designation unit according to the data flow designation instruction
of the program, and the control according to the data flow designation step is performed.
30  More specifically, the second execution control unit 33 decodes the data flow designation

instruction 25 fetched by the fetch unit 31 and sets the input and/or output interfaces of a
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25 structures (configurations) for conducting the data processes are set by
the processing units 34. Upon executing the program44 shown in Fig. 9,

t he second execution control unit 33 functions as a data fl ow designation
unit according to the data fl ow designation instruction of the program
and the control _according to the data flow designation step is perforned.
30 More spd¥pgessing unit 34ungependens o thetime ar itisingl gxqcation ofithat procgssivg 4ais 3¢he dat a
fl ow desi gnati i,nstructigon 25 fetched .by.the fe unit 31 and sets the
| nput - and) o sien SeHEE ph 38 gaB fof &RFsPY g2 i Metrd Siedioncent of
the time or.q G i Or : I Lobecs it 3 ition,
dependi ng .locr?htt[ﬁpéﬁgg? fgeﬁfég\?vf’%iggékaﬂ{gtér {5)%55'1 sct%ir}tglzttsdl (@% ﬂ{g«%eggtl gunétec?(r)hrs]g\gg'xecut I on
control uniModvatethe Bendéxetitivngetrd] Deit 33 slsehifdtiofs &eichethulep 86 50 tpr ocessi ng
unit 34 as well. Moreover, the second execution control unit 33 also

funct i ors . aganage i sehefdle reganing)thg interfices ofgerhpeocessingawitédul e retaining the

I nterfaces of -eac rocessing unit 34. Accordingly, as sho I.n Fig. 10,
the second exec ut‘{l‘i‘}ﬁrd%f% ?sbﬁthYH imc}E 1%31%7 e Sg908 ?’?‘Fg“%&scogtﬁ‘ﬁ@ﬂ%\?%fun%o i nes

t he respect | ' L ) '

functions o%s\étahepggﬁgér%? ﬁér“r)etéél %%é%{é\%gétgﬁf én%s g@sﬂy@h@@%gdﬂ;gscreg% ﬁdgﬁe?ﬁg{r state
or confi gurfahdtions ofthret arithietid rocassint hiits 34,ARd rdtdifythat 3tafe Sradohfiduridn until
Accordingly, through the data flow or data path 10 configured with these
arithmetic the teemmaiangonditions aBsatisfied. sAcoordinghy; tweughdhe desa o ondatd patki g. 6

rocee I n_sequenpce, i.ndependent of {he program counter. |n other words, by
Gesi gnﬁ ngm"ﬁﬂgecﬂ%%thﬁe&&?h%@ R LT the §ame,propess as fb%ﬂ@@% in kig. 6
provi ded i | ' t ri '
Pt ocessi ng Tiar B b Hich @bl b udoerif coltler, 16 Sl Sondl bt bue o |
execut ed i ntiegandew! dedicated ircitRf foPthatfroédisis ProRilled R 410atiek 81 the ddtroflaiesd | ow

is 15 termnated if the ALU 34 functioning as DPI . SUB judges that DP 1

. R1 corr espurthethres arithmntic piicessing amitssiowhusnthBipipces of dethinmigitheomaxifiumhe dat a
fl ow enabl es,t he sane, process t hat the programs in Fi.g. 6 or 7
o be: oxec e REEHOH DUPERELe e BB M. AdGORER AGYS al t hough
t he congg ol | | = DUL pt 11t | unit 20
30 can eff'itgﬁlse]}ﬁ%?d;ﬁ?gigﬁl'y ?ﬁ?@g’é@n%"%%g Bﬁr%(%%ys\ﬁ) egéegkhagmgﬁlr%ﬁg%%ﬂ#tgh_ speed

| i ke a cont#ENDunit having dedicated circuitry for each specific process.
Using the instruction set and the control unit according to the present
invention, it is Thyessishiven nfig adefinition oftbe data flow anhbled thessam presess@s thatir i ous

processing Soﬁﬁeeprgér%x\ﬁl s gv(sjm inri:ié. r%eor 7 to be executed without using any branch instruction.

Accordingly, although the control unit 30 is a general-purpose control unit, the control unit

20 30 can efficiently perform specific processes at an extremely high speed like a control unit
- having dedicated circuitry for each specific process. o
Using the instruction set and the control unit according to the present invention, it is

possible that data flows or pseudo data flows for various processings are provided in the

control unit. ~ Also, it is possible to apply these data flows, as templates, to other processings
25 or pfograms. This means that, by software, the hardware becomes able to be modified or

changed at any time to the configuration suitable for the specific data processing, and the

resultant hardware configuration can be implemented also by other programs and/or in other

hardware. 1t is also possible to set a plurality of such data flows, so that a multi-command

stream can be defined in the control unit using software. This significantly facilitates parallel
30 execution of a plurality of processings or processes, and it becomes possible to arbitrarily

control their execution contents by programming,
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control- unit. Also, it is possible to apply these data flows, as tenplates,
to other processings 25 or prograns. This neans that, by software, the

har dwar e becones able to be nodified or changed at any tinme to the
configuration suitable for the specific data processing, and the resultant
hardwar e configuration can he inplenented al so by other programf nd/or in
other hardware. §g Jlsheawsadifierent embedimentefithedatn prpeassing sysiemcapablepit a 11 ows,

t hat Lti- d t . ' ' . [ [
SO inat o2 Tl AR e PR DGR e AR AT i 70
plurality OfaPpReasias HYRMUO iPHRIRIES &Sa systef LiSY, 8 HiRIESs LI RAM 3 Baving
arbitrarily control™t'heir execution contents by programm ng. 15 Fig.

shows a di f fhepaogtanedbredondeditherbn,tané a dathaunftrdd capablen fesshirigeam instpuetidnefravh
being controlled b thge S_Elo ram 41 having the data fl ow designatjon
d

i nst r uct® onthezgde e fethawis 43 joh Hhisssmbodimenionghadep p dota dewy dgeodsr syst em
LSI, d i d AM 3 L 0 t he. , 41 { ,
and’ a1 et chaURECL20 0 et Pl o o AR R orr R A bR 4R R -
39. The fet dbu%gﬁléﬁ%eﬁgralti@rﬁctﬁﬁ% ﬁﬁﬂﬁ}e'dﬁﬁ'ﬂgqﬁtﬁsi #idh thsfrh Qnseg 0der

or deco etched d

(DFDEC) 42b Ing a fet ata flow desighation Instruction 25,

and a decodaccotdingly,fths progamdi] ngntolliythis dbtaiphstbdsocd0 may iatibdobotithe datae dat a
fl ow designation instructions 25. Accordingly, the program4l controlling

this data pfowdesgnatioroinsipgtionsZh andothet generplepugpase insrpaiang e Sligmativels a
i nst ' 25 th i nstryctions. Al ively, a 10
or ogr anfd n PEBTALRANGTEITE 485 Rt daLGURL R eiPH A £ Peci BRGSO SSS 2
formed fromalRehumps&ittAtidy ARPF&vidddsh fid Chddd0aMEIRsoRhf Yiedfthubfbrs Ronf 0de

t e c? whi | e

RAM 39 so at t Instructions Tfrom these prograns are fetche

synchr oni zi thgse pregraiay are feteliep miile symtironiing d@m b apgopriaad mphodose
instruction is decoded by the general -purpose decoder 42a, and the decode

signal 4p i s supplhegenergkpuspase instragtionds deodsdibe theagnegarmurpose gepoder<ida,
rocessor 15, 43 i ncl udi ALUs,. isters and the .like. t he ot her hand,
Phe dara 11 8% tedsiespsht fsimtied Eesaiqed A enitded s mentPummeaisior ang
the decpgfle g4 st i r ' Hsrgnta U 45
for ,per%rm%;lglel?hlgg fs‘r]i'lé% ’r%%‘tptig }gﬁggt}#ﬂﬂe{éﬁ%ﬁ%o@% %P’stﬂgﬁg?)gé\gngntl c%érrgrlzi ses a
plurality oinsttiation pS 3sclessied by theiIDFDE(Q £, andithe décaddrsipilpRiSsupplieal to a data

reconfi gurabl e processing unit having data path(s) fornmed by .20 the
respective PPEWRIOCARSING Uk ) 45 feepepforming thejpstiyglionsan FPGA 46¢c, a RAM 46b or

ROM havi ng nmappi n t.he .FPGA .46c st ored therei i nterface.46d for
control ling data gﬁ%@%‘?ﬂg of _?WbSQWGB%Wé‘S?Eﬁ@k“ﬂ@% ?ta QoS HPE YUSr ati on
control por e 452 Eagf DPURBiYA RBorifidGrable processing unit having data path(s) formed by
.20  the respective FPGA. Accordingly, the DPU 46 includes an FPGA 46c, aRAM 46bor -
ROM having mappings of the FPGA 46c¢ stored therein, an interface 46d for controlling data

input/output to/from the FPGA 46c, and a configuration control portion 46a for supplying the
mapping information and interface information stored in the RAM 46b to the FPGA 46¢ and
interface 46d so as to define their configurations or states.

25 In this data processor 40, the fetch unit 42 conducts the step of fetching an
instruction set including the data flow designation instruction, and the DFDEC 42b functions
as the data flow designation unit and performs control process including the data flow
designation step. In other words, the DFDEC 42b decodes the data flow designation
instruction so as to designate the interface 46d of the DPU 46 through the configuration

30  control portion 46a of each DPU 46 of the DFU 45.  Accordingly, the data flow designation
instruction 25 allows for control of the connection of the DPUs 46 in the DFU 45, so that
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mappi ng i nformation and interface information stored in the RAM 46b to the
FPGA 46¢c and interface 46d so as to define their configurations or states.
25 In this data processor 40, the fetch unit 42 conducts the step of
fetching an instruction set including the data flow designation

I nstruction, and the DFDEC 42b functions as the data flow designation unit

and per f or néataati(E)dprmsd Stomsa plusality o DRY s arerenfiguredand/og sentepled flexibtsatep. | n

ot her words, the DFEDEC 42b decodes the data flow designation instruction
so as to delPPIPEARIR interface 46d of the DPU 46 through the

conf i gur ati on 30 ant 1k, A0 itid ParhParathd 296 bre BBighRdSford HRINETRUNIG. In

Accordingly, the data ow designation instruction 25 allows for control
of the connemtrastbychargig thifokerfdces ofithe DPUSRY, hbthes singldddta fifth d& tapablaofi( s)
formed froma plurality of DPUs 46 are configured and/aor controlled

f1 exi bl Y atexeeuting gnasheralaialpsacess. diffesentifigm thaz(@glg- 12(p) isieardigwrad from4wgivend 47b

ot € Cont | QU0 R AN CFA) Do Mg 28l a B AP s
cont | gur od ToLantied 8 AURFESG: filt bk Bl b BRRAlefRA (TS DR Le e
conf i gur abl gatd prdtssora0bY dtid software ubiRkthedfatal flow designdtioffirisiaktions. t s reaityl t hree

or nore data paths are possibly defined in the DFU 45 of the data
processor A4pariiel exeeution of apluralityxif prpcesses isl sigrifidahidyisiniplifiedn doreavérni€amuct i ons.

As a result rallel, ecution of a plurality of processes.i .

i gni f | Bant PRULS 8 fsavrileble, J0gthecaperopinte dafpasparpg prieursd frerexiihtpraise in

anot her appme}a&ggg@é%ath can be configured therewith for use in
0

anot her data proces reover, .the processing of conbining the DPUs 46

to configure, recwafdodeét! the pfocessing BPeonibhnglht BPRRUB t6 dhiiBere R Grwi t hout
di scontinuing the data processing in another data path, or w thout

di scont i nui ehgngeibe data pash samig donducted vathoutidiscantpuingdhesdata pecessing in@nether 15

wi t hout changi ng, of the processing in the FPGA 46¢,,.dynam c changi ng of the
it o pat b (R B ORI Potsising e PSSl PR 5AY IORHYSr f ace
46d. Mofgov. | ' WAl
(process ng i Ppdnplie 6P sk aNaL TRGK Mo hAGRE ShABIng OPE Rmabuth ¢
reduced by bepmeypasgible be mefel"chdfigingvhy setingrof teriftedfae 46dm | MorebverLinthecasd €.
Accordi ngly, a program can flexibly configure_ dat a&%at hs correspondi ng to-
the data prefdhaeging thepigpessing conigt pg@mcswngets@@n}oth@ Tl theyimetTequirge or
processi ng system 40

P 0095119 Rl AR B B BTG S Sk o

Accordingly, a program can flexibly configure data paths corresponding to the data processes

20 ofthe application to be processed by the data processing system 40, and that data processes
are executed at an extremely high speed. In the current FPGA, however, the hardware is
not enough to conduct mapping in several to several tens of clocks as described above.
Therefore, in order to execute a desired data flow processing, instruction thereof must be
made about several or several tens of clocks before the execution, thereby increasing the

25  limitations like requirement for consistency with the start of the data processing and with
branch instructions in describing the data flow designation instructions in the program.

Fig. 13 is a schematic structure of a data prdcessing system provided as a system

LSI 50, having a plurality of processing units (templates) capable of defining a data flow by
the instruction set 10 including the X field 11 and Y field 12 of this invention, This system

30 LSI 50 includes a processor section 51 for conducting data processings, a code RAM 52

storing a program 18 for controlling the processings in the processor region 51, and a data
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not- enough to conduct mapping in several to several tens of clocks as
descri bed above. Therefore, in ordér to execute a desired data fl ow
processing, instruction thereof nust be nmade about several or several tens
of clocks before the execution, thereby increasing the 25 limtations |ike
requi rement for consjstency with the start of the data processing and with
branch i nst B33 stering otheseantrol infgrmation @a data pf precessing andahe BAM $ikbecomes ons i n

h Figq. 13 i ti t tur f t ' t
br ot ded. as Sy SHR piefoBo: TRERRIeer i ey et iRl B Eaik o

t | at gﬁ@g -0 e i r ' 10
i( nglmljd?ngsz r? ?ihg?%g’ %%&{g\ p@ﬂ)}p %e%?qgéégﬁfqﬂg 'ﬁ?ts(n{llgs%drﬁ %rlllhL Irf]ilpég c@;&/}sotl em 30
LSI 50 i ncl uaits56fopcadadigivessild prodeslidg fa@atadonditeédsdiny whtl(BFRX 8%6&$61 Ngs, a

code RAM 52 storing a program 18. for controlling the processings in the
processof r eghtoel usit) S7napiable of precessing dasaln &dats flowischgmet her cont r ol

I nf or mat i d ' .and the RAM 53 b t I k
romory The pr ocodiet.SL Aol 6R eubNiRE: damsen e progran O (ot DPUTE 451 o161 Chi ng

, 3 : : | ' |t~ ALU,
Fi Pt Scont r oo L And NEF |2 RS BB L OE AT MR e el HEBRRR,,

processi ng UrheF U S3ihkludes & ®6h fegisten(FRYK)) 6k For sfing fldiiBn ff thO KRSl ¢y dat a
in a data flow schenme. The LSI 50 of this enbodi nrent decodes the program

code that i rihd fetshed insteistionoset 30, and afetthirdgisterd FR(Y)) 61 yifot oting inftasciomiplthe Y
I nst ruetjon set. .10 and ecut t he processing accordingly. The FU 55
: ncl ugeéba fﬂgﬁc]ﬁ tg%@‘?r}st gﬁe ](Qlﬁg ergggpju g an &@g‘i’%@’h@f ﬁ%@%ilmsﬂieimﬁtmﬁ@nx
field 11 of . f 1St UG i , tch.regpster {(FR
6|13e/ for s'? orkllt%%alﬂin@%?g |601%’ %ﬁ%ﬁ%g&@d%@ %(ge}ld(?g@l gfth%ﬁgtgqc_no Chp e ¢ t(Jn %er

i ncl udes an méwememhsﬁw S5rtlste GRRHAG 1’§£l§te1i qp@ 63 €drlsffing hithddn&Sof M ¢ NE
FR(X) 61x, and a Y decoder 62y for decoding the mstruc%l on latched in the

FR(Y) 61y. Tellowng isgruction sebaccordirigia g dacadegesstt of these@ec@itrsiaix asd 62y, agd an
addr ess -Ofé%"x :t‘ | 1 ow gg i nstruction s@te ccor di_n%&lto t he, decode result
of these ded¥ufer 8 1005 @5 $BRperagHpunich e 1he sgpsequgnidpstipiplaonssst i fgichsd pbany
counter .y5Th lf,g,?? L BSTHT, | S f time froma .
pr edet er m n§i§§a rgglga‘%)t?ﬁﬁ%gag%gs%%&?%%%aSﬁh&pﬁgle%é e 2. In this LS

50, the X decoder Ithis ISI50] theXsdeasdel b2 fah@iofs@mthé AbBRehehtidned fitK&eitionn
control unit.32 and the Y decoder :?Zé functions as the second execution

control uni tcosnl unit 32 and they¥ dgeedsr 6 cfions apribe seoondiexedutiomconrotiinitdy j.ef he Y
decoder 62y .co ts.the data.flow designgtion step of the present
i nventi on pfheo%%%ﬁesﬁ‘?@o&é\nﬁ' f‘gﬁﬂr‘g’f‘gﬁ’?}ﬁ ﬂ?ﬁ?dﬁe@bﬁc?%ﬁtsf‘h? dtpflave v field
ilﬁpaz / E)E'?ph?égiélﬁﬁ&ﬂ S Sfthe ﬂrgsenﬁﬂgenﬁ&?%e%iﬁé}ﬁe 856 A6V MherudBh iRl 'S

20 the Y field 12 of the instruction set 10, and based on the decoding, setting the input/output

=

interfaces of the processing units of the DFU 57 so asto configure the appropriate data path.
Thus, in the control method of the data processor 50 shown in Fig. 13, the fetch unit 55
conducts the step of fetching a data flow designation instruction 25 that designates the
input/output interface of the processing unit independently of the time or timing of execution
25  of'that processing unit. The Y decoder 62y conducts the data flow designation step of
decoding the data flow designation instruction 25 and setting the input and/or output
interfaces of the processing units so as to configure the data path from a plurality of
processing units. |
The multi-purpose ALU 56 includes the arithmetic unit (ALU) 34 as described in
30 connection with Fig. 5 and a register group 35 for.ston'ng input/output data of the ALU 34.

Provided that the instructions decoded in the FU 55 are the execution instruction and/or
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~interfaces of the processing units of the DFU 57 so as to configure the
appropriate data path. Thus, in the control nethod of the data processor
50 shown in Fig. 13, the fetch unit 55 conducts the step of fetching a
data flow designation instruction 25 that designates the input/output
I nterface of the processing unit_independent

| f th [ i,m f
]iai(ec u:j i on 2peprationinformstion of the ALK 34, ?]Wf-gd@(ﬁ g @g%ﬁ‘}’%gﬁeéﬁﬂg@t%‘hghggdgt a
! o . : Ot A2 e
hngset t1 aodkends Sl e S ASGHRY a wPRisR b R BRI WtF 5.0 2

as to confi dﬁ%}@ g,g}f@m;éld i o a5 RPIGREPHoNE units. The
mul ti-pur pogsgéthﬂL 8%%@?@3%?“%& arit hqrrltgetaiits(@%]ni tas( AEU) 34 oas described in
30 connection wi tTheBU 5% hawtemplaregecion 72 gvherefa phialitpof teinplaiendl forput / out put

data of the ALU 34. Provided that the instructions decoded in the FU 55
are the ®xecanfigaingions of aiplutality datadlows o1 psepdeduia Bewiar yaous PRESSIASGEE t he ALU

34, a decode sigpal, 4x o e X decoder 62x_and a code Si .4y ofthe Y
decoder 62y"‘5ﬁ"§‘(5J uﬁﬁl‘%ﬁ’&{’?‘{g’ﬂﬁ%ﬁ%@?ﬁ“@bw%ﬁ%‘gﬁr%@? ?glff" tg@pl%@ﬁlg%t?ﬁe so that
t he descri bgd nr. | | . | (=1 b . The
0RO 57 has 2oranf GRE0ReishERRLIO bR | Ao ol thedthe Bta BB FURE oB RUE-
conf.i gur i ngashearthmeticPproceading dhitdALY)S | Wiken the Yndeeodtp 62pderodidsalsdatflow ar i ous
processings are arranged. As described above in connection with Figs. 9
and 10, eacHesigaatitindnstrugtions 25 déseribedras prepatiation infoimatiop iribe Ysfieldyl % thec ui t )

having a functiqQn as a specific data path or data flow .sucgh .as,the

ari t hmel9 c- prEpRelveintegacss apd Qoﬂlelﬁs.O?bﬂéﬁ?P"t%@“\%ﬁ@gb‘H ¢ feginfates/dotfedh® he dat a
flow desig | | st tr ' paration information in
the Y fiel de%%&%%ﬂ%{f}d%%@%ﬁ,éﬁeéléﬁ?afeé%grg@gﬁ r}f“gﬂ)gontents of function of
processing in theAt&ihdy,asSs pdssible 1€ chanéithe r@pbaSSonnetivn ¢fsheolemplates DEU 57,
are set based on the signal ~y. Accordingly, it is possible to change t he
respective ewhpreesssesinsthafternplates Thyi the dasa flaw designator 3¢ dessabediimthenifield d2pl at es

by the d fl desi | bed i h f.i el d hus, with
g orto nat 1 on 1B PHBSeBRHER af Bescrambliit 11 Sherely) Seblf w%%ﬁmé{gzzgi fic
rbi na Chese templ 1, N TS SMETSD
ata 15,97 OpfResiidis tﬁemfofyg:ég%}‘ed(if?ﬂfe!tﬂﬁlﬁgé%n A%y oI Glife PRGN 72 Y

means of t ata“t1l ow nat or i e program Thus,

dedi cat ed cidesigniator itichiled i thelgr6pramdsi f Thus, dudivaes eﬂrmgt(g forthy spdeidici n t he
processor 51, whereby the processing therein is conducted independently of
t he control processing iproxjdedrin thewracessor § 1 wheteby thgragessingitherein isisendusted f 1 ow
dest e O SO P oA B oot G bl NSRRI U8 cota fow
designation instructions 25 are able to change the respective inputs/outputs of the templates

20 71 and processes in the templates 71 by software, the hardware of the processor 51 is
| modified or reconfigured at any time to the configuration suitable for the specific data
processing.
As shown in Fig. 14(a), in order to perform some process on the input data ¢in to
getting the output data dpout by the DFU 57 of this processor 51, it is possible to set the
25  respective interfaces of the templates 71 by the data flow designator 25 so that the data
processing is performed with the templates 1-1, 1-2 and 1-3 being connected in series with
each other as shown in Fig. 14(b). Similarly, for the other templates 71 in the template block
72,1t is jaossible to set their respective interfaces so as to configure data paths or data flows
with appropriate combinétions of a plurality of templates 71.  Thus, a plurality of dedicated
30 or special processing units or dedicated data paths 73 that are suitable for processing the input

data ¢in are configured at any time in the template section 72 by means of the program 18.
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20 .71 and processes in the tenplates 71 by software, the hardware ofthe
processor 51 is nodified or reconfigured at any tinme to the configuration
suitable for the specific data processing. As shown in Fig. 14(a), in
order to perform sone process on the input data 4in to getting the output

data 4)out by the DFU 57 of this processor 51, it is _possible to set the 25
respective interf Sndhe etherihand, insthe case adherp thegprogestiop performingondbsinptdedr 25 so

e S BRSOt OGRS iadhod BT g7l -3
Simlarly, g, &eEigna%J? fstri O Bt 86shéwn ?rf‘Fig.gl@fgcg.e PRy BedddBiCd0y décoded thel S

possible to set tHeir respectivé interfac as to configure data paths

or data fl owata floiwt desigpution siradtions25 80l 8386 change thé respeotivy intetfages of theenpl at es
71. Thus, a plurality of dedicated 30 or special processing units or
dedi cat el d&pmespanding tE@pliea1.arSich aontegbprocess (dagn finvedssignafingistep) ofghe Y dat a
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I nstructi onsind i-n BéingSévANELtddrin bdrigs wik €4ch othbRe Y decoder 62y decodes the
data flow designation instructions 25 so as to change the respective

i nterfaces of the Thessdemplatpofldire gottlimited to bescombine$as shownin Figl 14 batoeaysalfodat a
fl ow desi.gnati ng, st of 1 Y, decoder 62y enables one or g plurality of
dat a patslﬂs %ce%wzfﬁgéh?w x%éauﬁgf e ssnhﬁwmtg?@ﬁﬂ%@%% ?W@@lafeo be
configured i . I ' - =N oo mn
bei ng conne c7? Y tcr1I Qﬁng)@éﬁ&%@%g%ﬁf‘aﬁ wedgg%dé?t#etﬁaﬁﬁlg% Egﬁhﬁﬂ? é%mﬂﬁ pﬁ?éegssrll

limted to taﬁo&afﬁn%%@d thdf iseRedted i pdrhliel. 14 theltbde WiRYe Bplanlity bPpRRessorgisined as
showmn in Fig. 12. e single processing unit formed froma single tenplate
71 or conbi rase ¢asneatdd ta epdhinthgr throughfantappropratebusyit isadsn passie tb@oaéiregmmint o)
anot her pro

snother oSSR G relee L SRS SR SRR L 1
t hr ough i it T . _ dat
bt by 7430 o FREOARALY et rodebeot 51, HehdbyRERRE R fosiifle £ Bride it 1, (9202

mai nly 15 perdcesspctedtyircas) 9t ihe tempaesHoextiemelytdfectivbly. making it possible to
make use of the data processing resources, i.e., the tenplates 71,
extremely eff ecti Norgovemnikethe FPQA[mtpnsled fecovergaen implesapsthtion ofasimpleev en

i npl ement ati.on of a si »logic gate such,.as."AND' and "OR:, t.he tenpl ate
P T e She B b B 27 o DR Mmoo R SSP

data processing unit including therein some specific data path which basically has a function

5N

20 as ALU or other logic gates. The respectivé interfaces of the templates 71 are defined or
redefined by the data flow designation instructions 25 so as to change the combination of the
templates 71. Thus, a larger data path suitable for desired specific processing is configured.
At the same time, the processing content or processing itself performed in the templates 71

_ canalso be defined by the data flow designation instructions 25 changing the connection of

25 the ALU or other logic gates or the like within the template 71. Namely, the processing
content performed in the templates 71 are also defined and varied by selecting a paft of the
internal data path in the template 71.

Accordingly, in the case where the hardware of the DFU 57 having a plurality of
templates 71 of this example arranged therein is reconfigured for the specific data processing,

30 re-mapping of the entire chip as in the FPGA or even re-mapping on the basis of a limited

logic block is not necessary. Instead, by switching the data paths previously provided in the
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data pr-ocessing unit including therein sone specific data path which
basically has a function 20 as ALU or other logic gates. The respective
interfaces of the tenplates 71- are defined or redefined by the data fl ow
designation instructions 25 so as to change the conbi nati on of the
tenplates 71. Thus, a larger data path suitable for desired specif

processi ng tP@Pléféfnﬂ Qfuin the template sectioR Agyor by Fﬂiectlr@g]%pqa? @@b%@athgatbbﬂﬁémlreér

erfo b d by th
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processing content performed’in the tenpla are”al so defined and
vari ed by ssitihcd mingmam pejulrernént,tane evenrtietveen thederhplatpal 1) thervohdeetidrs s @ﬂ3e 71.

Accordingly, in the case where the hardware of the DFU 57 having a

plural i By opset eirponfigersd withiofa minimymeseuitet eange.r aHueenablpsthe hardwaretebenf i gur ed
for the Spelfl dat a ocessi ing of .the entife

Lhe FPoa orchaRse 4 Be Fuligrgos e i Godhe Bia Hareute Fagey Shockinidhor
necessary. wi tching the data paths previously provided in the
20 tenpl at etisnl;b;}felfhﬂsPp (%e tenpl ate section 72, or by selecting a part of

the data paths, tSiRelPSA fcbrpstatetnPRERGaR! ey ﬁBbﬂf@i&l}B@rsaﬁlbngﬂbwha/eﬁLUS or
I ogic gates grepared i n advance. In other words, within the tenplate 71,

connect i onsFRGA milude algigs nymbersof avisings thay areawnacessaryte Sumfogiceintitrydbr hi n a
I Ni enent ,. and even between the t | ates, 71 nneciions are
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the hardmr&gtwo Sy ARTCER R obilfick ket B APRUE: ks scReC i

data processing | a 'very short o , I'nunits o Si nce

FPGA i ncor pheé aplication td boixecided, ead dlfichavedepraiet A€ ahapactedl§tieat iTheonthisyveneer
FPGA i ncl ude a Iarzpmnunber of Wiri ngs that are unnecessary to form | ogi c

circuitry frieces®r b kpmploging tlwgemmlatgs 71o¢f$hl§) embpdy}mt which ingprporate:agipsepriatend such

redundancy .hi.nders. reductijon jn t.h o at FPGA o ies . a
| arger ar eal g oS 2t 1 opalf of PG & By oTEE B TOMDeBrSatt Bn t o be

procesee o TR, A1 e E@%‘Z*gsf*??@gﬁ@?ﬁ@?&%h@%ﬁ%sd' BcRAET tho abd®

i ncor por at epragessigguritei7en t}hmlbbd@@hﬂsasedbrﬁﬂufeﬁ@ﬁtdsgl(is%r)ﬁbcbrﬂéig@rfabla fceRbi Ng a
huge wast ef ul ar ea from belz@? produced as 15 in the FPGA, and al so capabl e
of i nprovi rgpabigeofsbiangingthe way’t:bwearw\@é@pmgwgl y Thug én Wistimventionottéss si ng uni t

57 in this e d on the te tes 7 rec
o ocessor . ARBIPTOYidE B g pceTEe E e repp b e e esbBir A “thus, i n
this inventdAfareahd higher-speed performance of hardware compared to a processor employing

20  FPGAs.

Appropriate logic gates are incorporated in these templates 71 previously, therefore,
the logic gates required for performing the specific application are implemented at an
appropriate density. Accordingly, the data processing unit using the templates 71 is
economical. In the case where the data procéssor is formed from FPGA, frequent

25  downloading of a program for reconfiguring the logic must be considered in order to
compensate for reduction in packaging density. The time required for such downloading
also reduces the processing speed. In contrast, since the processor 51 using the templates
71 has a high packaging density, the necessity of compensating for reduction the density is
reduced, and frequent reconfiguration of the hardware is less required. Moreover,

30 reconfigurations of the hardware are controlled in the units of clock. In these respects, it is

possible to provide a compact, high-speed data processing system capable of reconfiguring
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possi bl-e to provide the data processing system having both a hi gher-1Ievel
flexibility of software and hi gher-speed performance of hardware conpared
to a processor enploying 20 FPGAs. Appropriate |ogic gates are incorporated
in these tenplates 71 previously, therefore, the logic gates required for
perform ng the specific application are inplenented at an appropriate
density. Acbehadwye by means ofsafiwvase hetas diffargnifion thedPG-based teéwﬁfgatag@ 71 is
econom cal. In the case where the data processor is formed from FPGA,
frequent 2P"@GR-0adi ng of a program for reconfiguring the | ogic nust be
consi dered in or d@sreby, (ROPPEBIRLGWE AIFig 99 HEhidaa infRRENATLAReACREG)Y . The
time required for such downl oading alsO reduces the processing speed. In
contrast, sISnmpabidwsf colleetivdysdefining ot sattivg théwespeetine! interfses ahil doatentrofhi gh
packagi ng density, the necessity of conpensating for reduction the density

i's reddcedproesssngs(kageieatter fefeped 19 guaoafigusationidatehef thenemplates 7il grrpuged inbgui r ed.
Mor eover, 30 reconfj ations of the [ e are controlled in the units
o ok, empEEeaoRdpoe 8 optruration BAM {eRAYD 36 Sofod eEREIBRact |
hi gh- speed e | QAL ?&ﬁ@rdware
by means ofg)gg t%ﬁ?@?&%@yﬁgﬁeﬁ% %%Oﬁ{ohg&gwégggse}@g% I gur abl e
processor. Mor eansstructidndikOFOFSET elvdyprolvidedashn idsGuttivalofdrRdata floonf | gur ati on

register (CREG 75 ca&;bl e of collectively defining or setting the
respect i ve desigeatoragés Wheh the Nt decodes 62dgsodrsdlisinstaistion aesiied sonfiguratiefer red t o

fj i d f th | ates, 71 din the t
Sect 1 ol dagnoredidorferintishimamcreraie GRARDERS opded b e CRBG Y
e o ! Lot o . ) .
e st 1 o + A5 G oShglGOm e flatl of ERPERS 71 Bl FRMAREDBISLLhORC]) 1
i nstructi onar@thadnpel cdliéctivély.OVAltesi@biv@y TbRfighuration ma¥ BE cliahgedondBE BAAROF 82Y

decodes this instruction, desired configuration 10 data anong the
conf i gur at | iacessingblgik fommddbm apluralityciduptaes ™. | oaded into the CREG 75. As

't fi t the pluralit t enpl 71 inth

empl ate’ sect i on 13 asaPassRieih JaT etings teicoReyratap pEin e SPBBR M gur at | on
b ] i pural it

ey be ﬁ‘ansg fﬁ@}(id@@od@ﬁ?iggie%de@ﬂﬁF&Bﬁ%ﬁﬁdegg%a:ﬁbfg anﬁé%{IE@' siich vigrd! 1ty

of tenplates 'S possi bl e to set nge e configuration of

the indi vi dDBLWGCxsxplainbdabble.19nwhiditior, Bem¥ntidaedabone, Gidve the DIUEST & bgpabiaiod | ow
designation instruction 25 such as DFLW or DFLWC expl ai ned above. In

addi ti on, achanging, with@dinglednstiuctionnibe corfiguptions®f a phiraliggpefii¢raplates 71 that

requires a large amount of information, the instruction efficiency is improved as well as the

time expended for reconfiguration is reduced. _

20 The DFU 57 further includes a controller 77 for downloading thé configuration data
into the CRAM 76 on a block-by-block basis. In addition, “DFLOAD BCi” is provided as
an instruction of the data flow designator 25. When the Y decoder 62y decodes this
instruction, a number of configuration data Ci for the ongoing processing or the proceséing
that would occur in the future are previously downloaded into the conﬁguration memory, i.e.,

25  the CRAM 76, among a large number of configuration data 78 prepared in advance in the
data RAM 53 or the like. By this structure, a small-capacity and high-speed associative
memory or the like is able to be applied as the CRAM 76 and the hardware becomes |
reconfigured flexibly and further quickly.

Fig. 15 shows an example of the template 71.  This template 71 is capable of

30 exchanging the data with another template 71 through a data flow RAM (DFRAM) 79

prepared in the DFU 57.  The processing result of another template 71 is input through an
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changing, with a single instruction, the configurations of a plurality of

tenplates 71 that requires a |large anount of information, the instruction
efficiency is inproved as well as the tine expended for reconfiguration is
reduced. 20 The DFU 57 further includes a controller 77 for downl oadi ng the

configuration data into the CRAM 76 on a bl ock-by-bl ock basis. In
addi tion, "Fingsfeet] to input gacbes #lado 82d, apchthemare prrcessedhansioutpve taieutputs | ow

desi t 25, .d 2 ecodes ot hi ' ti mb

of “conti guraties ot ac, Tt Erphie vk Raraoscerls LPoog BRLUBIRE ¢ nat
co il | _ SMHE

meory 1 - e T e e S R e et 7o

prepar ed i ng@thgaResperdtioh hult Bah@ouRAlYIcache 88b trtistdring@he dynpatiéon resulticther e, a
smal | - capacity and hi gh-speed associative nenory or the like is able to be

appl i ed %as eutputCRAMBIG dihd pravessingrebul obthb templates 71 is egam butguirte dndtherxi bl y and
further quickly. Fig. 15_shows, an_ex the tenplate 71. This tenplate
71 is capab?@péﬁtﬁr@%}é&’e@iaﬁeﬁgcet @@M%ﬁ anot her tenplate 71 through a
data flow REVR(LFRAM) 79 prepared in the DFU 57. The processing result of
another tenplate 71 is input through an 22 1/0 interface 81 to input caches
82a to 82d, and tTHEN @+B)pDocessed and output to output caches 83a to 83d.

This tenplate 71 has a data path 88 cagable of performng the foll ow ng
processi ng on datBLSh ((BB)=Dand D respdétively stored in the input caches

02 Lo P and Sl SLol I LG, SerSbLon LSSl D SR R EAghe OO0
oSt Of kPP iRl AV o LTS D

10 Thi s t enjaha!t€ thélogdi@atés!sEictPatoftdd ipoieh 35 aaaerrssqinab&h?a%or ghe data stored
in the register 84, in this tenplate 71, controls a plurality of selectors

89 so as t oAewrdingly, by shapgmi thealatsen thiercpufigurasion registes §it.dn tettensplate 7h, austheont r ol
port | on 85, Rt Se S COTRALR o AL Aekprdlngly, - by hapdg the data
the 15 Tompraperl e docalits BT ovdE bitndlh QGANHS OO BAARTISE: |51 ng
the control porti B+0BSD :
| B-0)==D @)
Similarly, by changing the data in the configuration register 84, a part of the data
path 88 can be used so that the template 71 is utilized as a condition determination circuit
20  using the control portion 85, an addition/subtraction circuit using the adder 86, or a -
comparison circuit using the comparator 87. These logic gates are formed from dedicated
circuitry that is incbrporated in the template 71, therefore there is no wasteful parts in terms
of the circuit structure and the processing time. In addition, it is possible to change the input
and output data configurations to/from the template 71 by the interface 81 that is controlled
25 by the configuration register 84. Thus, the template 71 becomes all or a part of the data
flow for performing the desired data processing.
This template 71 is also capable of rewn'ﬁng the data in its own configuration
register 84, based on either one of the data from the aforementioned CREG 75 and the data
from the Y decoder (YDEC) 62y of the FU 55 functioning as data flow designation unit, and
30  selection thereof is controlled by a signal from the Y decoder 62y. Namely, configuration of
this template 71 is controlled by the Y decoder 62y or the data flow designation step
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(B+tC) =D (B-C) =D ... (B) Simlarly, by changing the data in the
configuration register 84, a part of the data path 88 can be used so that
the tenplate 71 is utilized as a condition determ nation circuit 20 using
the control portion 85, an addition/subtraction circuit using the adder 86,
or a conparison circuit using the conparator 87. These | ogic gates are

formed frompedenmedinde Yodecedst 2yaccersingite theda o desigeation SECtOBYA- at e 71,

the pr ocess TR o HosErehost hudvald aShdie.dhe bikdsf ittt o 5"
t put dat ' ' : B! 1 that

s Dot rol | SaRh BF B Rmde 71, B BR SIRIER Sgdikich ol teie igbhenaub L | he

becones al | a@bther tedplate®) adcoRlinmbab the dohfipurdtion dpeCi storedrigthelCRAM Sy &d dat a
processing.  This tenplate 71 is also capable of rewiting the data inits

own conf bguraaetheris torselgits part afhe spegificdlatapagh §&efithestemplete Rty thpdata intlem t he
af orenenti oned. CREG 75.and,th ata fromthe. Y.decoder,.(YDEC) 62y of the
FU 55 funct i ORfgHpten r%géqteé%ﬁsg%ygl&nfa&réﬂw goighaton INSEHEAO8FSs o ect i on t her eof
is controlled by ' 3 Jacad hgur ati on of
this tenplate 71 ?%&é%ﬁ%ly bﬁng%}'r%lgtﬁlt(}fé"% e@%ﬁf%g&y&g@@;ﬁ%@g&f | ow

desi gnat i on dekigfntiés ind@tidtiondETkithér ihdieiduallg e£RGesupd dyblacleOwhbréty theddtdgathlaf a
fl ow designation instructions 25. Therefore, both reconfiguration of

har dwar e ar ¢hpproséskired] is flexiblyrrecanfigared.change t he hardware configurati on of
the tenplate 71, sed on t DFSET [nstruction qr the like, toget.her with
anot her Yenpl at e( eé%%?’&ioﬁgleﬁ%nﬁﬁ%]7£l§ﬂPF lgmeﬁtt?ﬁwaba‘f%?"éﬁ@%eafre t¥n the
CRAM 76; an - t 9] sel I fil & ath 88 of
tho t ompl a BEY ol ShekShrfé s e O e Bihes BRIl bgie E0EOPTL ) U1
data flow desnfbiig Wiﬁ%& patCofligier a’éa-f;ﬁﬁ,cahﬂdhgmging,thd:@n{bixﬂﬁkmﬂtmemblatéae
tenplates 71 is changed by the data flow designation instructions 25

ei t her i ndi vildorpdriproing a mulfiplicitysof datalpraressings.widorsispedifically it the prasant of  t he
processor 51 is.flexibly reconfigured. 10 Tpe structure of the tenplate 71

i's not |imi tIBYFOHOM, spraevaiah Gam pathare proviged assgvers] gypes ofjemplales. g cthus,

. _ |
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combi nat i on théretythe REMBL pioRessingslaré PérfR@ed R afiimgroted Perfoidrcs tonditioh. IR a

processings. Mre specifically, in the present invention, somewhat caonpact
dat a pat hs caddition,cny gendessing that eanadt he;}pecgedjwnh therpenaplases. is Rifosmed with the

functions of the multi-purpose ALU 56 of the processor 51. Moreover, in the multi-purpose

ALU 56 of this processor, the penalty generated upon branching and others, is minimize by
20  the preparation instructions described in the Y field 12 of the instruction set 10. Therefore,
the system LSI 50 incorporating the processor 51 of this embodiment makes it possible to
provide a high-performance LSI capable of changing the hardware as flexibly as describing
the processing by programs, and it is suitable for high-speed and real-time processing. This
LSI also flexibly deals with a change in application, specification without reduction in
25  processing performance resulting from the change in specification.
In the cése where the summary of the application to be executed with this system
LSI 50 is known at the time of developing or designing the system LSI 50, it is possible to
configure the template section 72 mainly with the templates having configuration suitable for
the processing of that application. As a result, an increased number of data processings can
30  be performed with the data-flow-type processing, thefeby improving the processing

performance. In the case where a general-purpose LSI is provided by the system LSI 50, it
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. 15 by designating conbi nation of the data paths, the data-flowtype :
processings are inplenmented thereby the specific processings are perforned
in an inproved performance condition. In addition, any processing that
cannot be handled with the tenplates is perfornmed with the functions of
the nmulti-purpose ALU 56 of the processor 51. Moreover, in_the

mul ti - pur pol§ 8ossiklego senfighre the templatnsection 2 mawly wih thedemplaaesuitalie fos then
branchi ng and ot.hers, 4s mnimze by 20 the preparation instructions
“descri bed | Bopeuning offel oMt ¥ asnefismmote SheftaBR sRha® HagrdBoplf bbetilon,
system LS| SQibRemsadvisih, Iie FREGREQF thefik®f this enbodi ment makes it
possible to provide a high-performance LSI capabl e of changi ng the

har dwar e as f| exiTiug, theinsestion kdt agd the data prosessmg systenbyccprdongrtatie,present it i S
suitabl e for high-speed and real-tinme processing. This LSI also flexibly
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processi ng performance resultin om t he ghan L n.specd ficat.ion. t he
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application. As a result, an increased nunber of data processings can 30 be
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rocessi . performance, | he case where a ,general - pur.pos Sl IS
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often occurs in a general -purpose application sucfi ascl2 oat I hg- poi nt
operation, piwoéskibgbyisteat dapablesitoducting the processRig atd kigies speed, dhangirggahé i ke.
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Thus, the instruction set and the data_ processing systemaccording to the:
present 5 hadwareirohshegritime, aprbalsn haviag beftes A charactgristicsas h@mpatgi@tgm a flow
or pseudo dﬁ%& flow perform ng various processings, and by using a
software, t fardware for execut i ng the data flow can be changed at any
tinme tojg he confi i aqud 1 abte f ' Eﬂj@ HNQ.

l\/breove%% t he af oIf'a?Hﬁgﬁt@gsﬁlggioa(%g.h“lmtrée%%ylﬁre ¥o(rihgct:gn C%ﬁgﬁﬁg@?g&g_f | owt ype
processi ng teynplavoreion a2 topethef withe corvemiodil@enerdl-pRrposé eifbedlidd frdcessorigRl ate
region 72, can be incorporated 10 into the control unit or the data
processi ng BiPSessORoparaHngWith mperaenioeoden d dp igrass, Ryy pypcessing thatpansaidei on set

10 havi fi.eld 11 d-Y field L2. Th it i i bl id
dat o pr ocelidk] e smeRRaa we b totiied P teistnes R s BEE MSecha A gher
speed, changisBibeliABovel RSNEY, ﬁleicBni%gﬁ&ﬁf PrBtesidr BRs the ProbRIS QudhdN bRdelig ter AC

characteristics, as conpared to t
20 penalty and wasting of clocks for preparation of registers for arithmetic processing.

Accordingly, it is desirable to apply the processor 51 of this embodiment capable of decoding
the instruction set 10 having the X and Y fields for execution.
Moreover, with the processor 51 and instruction set 10 of this embodiment,
configurations of the DFU 57 are set or changed before execution of the data processing, in
25 parallel with another processing by the Y field 12.  This is advantageous in terms of
processing efficiency and program efficiency. The program efficiency is also improved by
describing a conventional mnemonic instruction code and data-flow-type instruction code into
a single instruction set. The function of the Y field 12 of the instruction set 10 of this
embodiment is not limited to describing the data-flow-type instruction code as explained
30  above.

The processor according to the present invention is capable of changing physical
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FPGA. 15 It is also possible to configure a system LS| that incorp'orat es
the DFU 57 or tenplate region 72 together with a conventional
general - pur pose enbedded processor, i.e., a processor operating with
menoni ¢ codes. In this case, any processing that cannot be handled with
the tenplates 71 may be conducted w th the general-purpose processor. As
descri bed affRath ation qrisucturepy e Y el 12 paerde sxgcutien:  dmeontpgpindhg such
as branching 20 .nenal t ' af C S r epar aty| f.registers
For a1t horreensp Bl Bt oY) dmBlSeerpiSind QnoRb BB e Mbs iy he™ "
processor %&%E@h&e&?ﬁﬁ&?.ﬁﬁa&@ﬂé@ﬁiﬁﬁa&%%@c@@o{ih'ﬂféiﬂl@%tta{éﬂﬂ{e' on set 10
I el ds

having the X and Y fi or execution. Mreover, with the processor 51
and i nst r ucinteoral datd proCessifig trif of thatipotesyandannot be nfilizgd frammithacutside. t AethieFU 57
are set or changed before execution of the data processing, in 25 parallel
wi th anct hefatpProesssasiapepraipg torfhe presankinyention, sethingan appeaphiatedagdlonsenpbles & s of
processing effigiency a rogramefficiency. Th rogram efficiency is

al so i rrprovlélals%(@m&%%w{lgﬁﬁacegsoéé%@%‘f‘ﬁeﬁbﬁyaﬁmgﬁﬁ - s‘{g}’achf?‘fe ¥code and
data-flowtype in ' ' - ' 3 A

Funeti on of "t he vt o ge RS iy UllcBurdtult DELEpicRnl ORI IERE prolifor ot 1 s
not |im tedudig theste &fitieghct bPthd disaudtion ekdcutish sequidhteis immovedoaewelasexpl ai ned
30 above. The processor according to the present invention is capable of
changi ng phipdepeadencomddmpreveshdagreeof fre vailabily) ofitheisternabdatypathis Y fiel d
12 prioy,to_exe u[fli on.. Jin contrast, in th convgnti?gnal hgrocessor, a

pl ur al |{({/ oPISHIG P PR Tee L BFQCessings frs hessivgly £xecuted s lops 8 the fXSeUting,  ough a
shared nmeno o ik ' . ' t at e,
the i nt or nafouEpEre R Abfle SYE by o s ool P U TS Mg B ool . e
from the outampleely Uiffetehepropattdsargdinalesesuslyaasliedi ng to the present

I nvention, setting an appropriate data flow enabl es an wunused hardware in
t he processor to Newiibeadveytagasef thercoepsnative designiof hardwaretand pefwase besomess
secondary eff.ect in.the control . unit t he present inventio nd .t he

pr ocessor B@Pﬁ?ﬁﬂ%‘%‘aa&a“@f omRipaton ﬂf%@“‘%‘ﬁ%‘f"rﬁ%ﬂdg‘\e @%Eeﬂm?fcﬂ% thee quence
is inprpyed ; hRESPERE ' ; ?

(availabilit ?@Bﬁdﬁgﬁuﬁ?ﬁ" R datagsgléet%é?ﬂg H%Qé%gﬂ?’gg,aﬁ?ﬁg{{aeé %’?’S%Q%]he

pr ocessi ngsreguested bg tieasenaed implenented dwleffdent andecdsorhioa neaaaruiithirgthe har dwar e
are available, even if instruction sequences for the processings. having

cont ext s of allowghighandapte cgpts.f dfas gxample; Based o boththe datadndios infermation relaipg | ed.

to the instruction set of the present invention (the former DAP/DNA) reflecting

configurations of the data paths those are already implemented, and to the hardware and/or
20 sequence subsequently added for executing the process, new type of combination that is
corresponding to the new data path (data flow) described with software, becomes most
optimal solutions for the process and contributes for improving performance are led while
minimizing the hardware costs. |
In the conventional hardware, configuration is less likely to be divided into elements.
25 Therefore, there is no flexibility in combination of the elements, and basically, the major
solution for improving performance is to add a single new data path. Therefore, the
conventional architecture is hard to evaluate numerically either in terms of accumulating some
information for improving performance or of adding hardware information actually
implemented for realizing the required improved performance, thereby making it difficult to
30 create a database. In contrast, according to the present invention, since compact data paths

are provided as templates and combination of the data paths is designated so as to conduct
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Now, the advantages of the cooperative design of hardware and software

becones point out flourishingly, and the conbination of the instruction

set and the control unit of the 15 present invention becones an answer to

the question -how al gorithns and/ or data processes requested by the user

are inplenmented in efficient and econom cal manner within the allowable

har dwar e cotbe dataflow-tEpeprpsessing, seapgragan besweenhaedvepse apdsafivare begemess gesly on

relating to.the instréﬁct ilon ieuﬁ of the (ﬁr.es-en.t I nkention ﬁthﬁ forn@r

DAP/ DNA) r ePHBEEH i eXBRpely POy Doagper f4TAmprRyine BEiqTapsho s B 15715 BIsHg ay

| npl ement edy, @i riR-SHRHIRARNIRH RN halwaS THE QFGAL BRAGNE BdsibiRgded for

executing the process, new type of conbination that 1s corresponding to

t he new dat the patibindtidaofiddta pashs rdgserdohsdtediclosels with Wrrdegred ef cnmibutimsto the

optimal solutions for the process and contributes for inproving performance

are | ed dnhi precessingiperiormange.t hEhiqwmakeastpessiiisstoaccumulatestimatiornedata wwhting todheiwar e,

configuration is Iﬁss lik l{e@t'o e divi deéi i pto el enents., 5 Therefore,

there i's nocah i RSTOmIApCs for (eghifepipeesses ad prrlormmussdvesecuiipMOseME SO ¢ he

maj or  sol ugj | | r - | a path.
J {e%ﬁeiﬂg foYoH @év%fé Fr%a@g%% gﬁ}?@ﬂwﬁa sg]g? g{éfbgt% %hx?gﬁe‘?mﬁﬁﬁ\{e&@& p

Ther ef or e, conventi ona e I'S val uate  nunerically

ei ther in tehthgut dkconbmuigidbitidog of ETnain prbevkdimt drcg@nérﬂfpugiﬁﬁé piocaginger f or mance
or of adding hardware information actually inplenmented for realizing the

required i ngxpestediresdi toshevsidition faritles pepiprmanké request is gredictedutom the agimulatest e a
dat abas In contrast, accordjng tQo the present invention, since conpact
dat a pat'hs P%?@a%?f(a}s? %@Nﬁga?‘;e‘ﬂ%{uﬁfl%seﬁrf@ theieseRdBveR#Pof t he data paths is
desi gnated so as . ~ 1 [ . peration
bet ween har dwar e g}%{j&%ﬁp ggrre% gg&%@@%@%t%wo{eé@fﬁ'g%% ?ﬁ r%ﬁmelélﬁgerrel y

meti cul ous ¢EmRACdesi Eu_ld ?%éiﬂdéti&gcd%ﬁs[ b a8 RE €om léting%e&ieﬁﬁeﬂ%ﬁi'gbmh theO
accumul ate trade-off information between hardware and software, therefore,

"possi bi | i t ymigimum fradecoffibétween new hafdverat andsaftivare tmbe dxdded oriMerepeat, cl osely with
the degree of contribution to.the 5 processin erfqr ce. .Thi kes it
possi bi'e. t ORISR L e SRICERIE e IShnE S BRI PAHE e itgide  Rhiaied
perfor C ' r L1or : el se are
Gl osel yo 1 o Sfort P el 4R3ASbecBt MRKHET RS RS pRRA HokBlind BY 0
data pat hs aplarditywf asdoleess thepredeatihveition MAP/DNASio@H e bédofies oiie dfflge mai n
processi ng or general - purpose processing, expected result to the addition

for the permostvssfelaspestjdfersmplemeptingdompad hardeatet he accunul ated 10 past data
of the.present invent.on. There;_ore,

of the hardware d instruction set
Che. present | nvenN g LI BUR A APSFSAE SHLE and BRHCtPR s &S OF f
the embodiments of this invention, such that, in the data processor, it is also possible to use an
20 external RAM or ROM instead of the code RAM or data RAM or the like, and to

additionally provide an interface with an external DRAM or SRAM or the like. The data

processors additionally having known functions as a data processor such as system LSL, e.g.,
- anV/O interface for connection with another external device, are also included in the scope of
the present invention. Accordingly, the present invention is understood and appreciated by
25  the terms of the claims Below, and all modifications covered by the claims below fall within
the scope of the invention.

As has been described above, the present invention allows data path(s) to be flexibly
rearranged according to program(s) by changing the respective interfaces of a plurality of |
processing units according to the data flow designation instructions. This makes it possible

30 to flexibly execute individual complicated data processes with the hardware at a high speed

without having various dedicated circuits specifically fixed to the respective data processes.
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current- desi gn and specification costs, but also to conpleting the next new
design with the mninumtrade-off between new hardware and software to be
added. Moreover, corresponding to the processing type, |ending an internal
data path to the outside is facilitated, 15 therefore hardware resource
sharing becones possible. Accordingly, parallel processing by a plurality
of nodul es Mbrepves, hyremploying as prasessing upityby Bplates prdvedsy vibacspeaficdata path,t he

nost useful aspects _for inplenenting conpact hard e. te that the

af or enent i ATE ’&ﬁtt%thﬁrpffé@g&v%’og ael?ﬁﬂb?ggat? h%‘f’%lﬁ’@%[ﬁr?fg%l\l'l?"%}n@g e of the
enbodi nent s, LSed I I i if is also
possi bl e ti‘"‘@g%’t‘“’ ﬁ;héfdﬂ%@%:c%aa[%%%@@Me{}%stgplgzg%?}%?t th F]e co%‘g‘ﬁ]f-jegkﬁt or data
RAM or the jhitKRtiorPsee fb@tﬂiﬂ#iﬂe@ﬂﬁé&w& P IThen, @i adcunuMted (ﬂa@@?ﬁtw Hebora® external
DRAM or SRAM or the like.. The data processors additionally having known
functi ords apossible & ke ypdeted stsamy tise dhsed ©n sybseqentlySiddedhaydware aonfigh@tiomt er f ace

for connection wth another external deyice, are also included in the scope
of the prc@ionpationpad sayence miergiationior performng thy PCgsHRge 59 thghthe @ptimal

d t ood i b - he | aj |1
a1 cat 1 oRutioR BLSR oBRE VAGR A, by [ brin: WlEpdin e SRy BShatle t3RTeef,
i nvention. éb?)liéhﬁén@&@éhr@@sﬁﬁﬁﬂélﬁﬂmﬁ@zﬁr\é%nd irﬂ@stxﬁénﬁ%ﬁhﬁrddvif&%‘ih@@vﬁ%' ows data
path(s) to be flexibly rearranged according to program(s) by changing the

respecti ve panfoeminze dboseairexopventianal pointed outpwillbe psoceered i merealesimbldinmeynérp t he
data flow designation instructions. This makes it possible 30 to flexibly

execut el ndndiths mventignyill besgoeficantly coplributable astechnplogy wasiaiclfedos at a hi gh
speed wth i i dedi cated circuits specifically fixed to the
respective gggtgﬁgi%{%@%%vﬁ%gqg&%y‘wbr eover, by enploying as processing units
the tenplates provided with a specific data path, according to the present
i nvention, data paths (data flows) capable of contributing to inproved _
performance can bDNDIGSTRINLARRLIGABALXINE resources, i.e., the tenplates and

the instruction gets for utilizing_.the tenplates. Then, K the accumuyl ated
data paths becone Pessng SySter Off g Rresent spventiop is pr ﬁgg%@cpr@,qc;ssor , LSI

subsequgnt | tﬂ@ﬂ&%a{?%?e%&&yﬁ@%ﬁ?ﬂg &Eﬂ;}@'gcesgi%?ﬁr@gé %ﬂ%g%a%{é%g (gng)? ?#%%

i nformation for per m ng a processi imy;,

sol ution. i sinfpmikddyirekitsf BlectroniCiedicsl, igtlalso tdhe bPicaPd&ies) and 8RR teDptical
resource sharing between applications, resource sharing in hardware and

i nvest nent iofegrataddhimawibdevises integrating electiogicfaod aptivaladevicesn s &n particulanacntrobnal
poi nted out, will, ‘ge. rtgceeded in re desirable mapner, 10 and this

i nvent i on PN 'ildg& F 0siroign 885 ot the prRsenb myeniionapd fate POGSFSInarg capableict ur e

for of flexibly executing the data processing at a high speed, and are preferable for the processes

20 required to have high-speed performance and real-time performance like the network

processing and image processing.
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constructing networked society. | NDUSTRI AL APPLI CABI LI TY The data
processi ng system of the present invention is provided as a processor, LSI

15 or the like ¢ WH“Lng vari ous data processings, and is

appl i cabl e not O@Eﬁ“\mﬂmﬂ rated circuits of electronic devices, but
also to the opti dew ce's, Sand even_to the optical integrated circuit
devices integrating electronic and o LAIMS devi ces. In particular, a
control programincluding the instruction set of the present invention and
data processor are capable of flexibly executing the data processing at a
hi gh speed,; and ar f i L8i &F

i gh- apeed per  oroRamgRéel 8 beroling o B pREATE SHIGFRLAIAE s pRriFe)
processi ng pasdssingmgits, pomprising aata Ry debipidtibh kfradtibh Farldesighating inpbi dnidiolr L VS
CLAIMS 1. A program product for controlling a data processing system

i ncl udi Ag Hupptinterfaeey obat leasy ensef thepoogssinganitcipdgpendeniipofiingag af expeijon

desi gnation.i,nstruction. f.or, desi gnat i i nput .and/ or 5 output interfaces of
at |east orff fprqcﬁgmﬁ,ugg&rsqe-p,lan%%ﬂeftlgpﬁﬂa%%%wggﬁyﬁgﬁ;p59°e§5m$i - of execution
of the processing unit for defining a data path configured by the
processing unit. 2. The program product of claim1l, wherein the data flow
desi gnati ore.i nst m4e program pradudt dLdait T, ehomin theddioflovd désignatian insiiciat  of
processing of the processing unit. 10 3. The program product of claim1,
wher ei n t hangiudeginfsinatipn for defining cortent ofipropessing diahe pieeessingnitiat a pat h, and

t he datlﬁ fl ow designation instruction includes information for selecting a
part off“the internal data path. 15 4. The program product of claim1,
wherein thg data i i i j i o I kan for
ot ni ng. an i nput A EET pRRoP el Wl okt LB BB ) e
from a pl uriateinhlydatafpathiendor ocessing units. 20 5. The program product of
claim4, wherein the data processing systemincludes a nenory storing a

plurality of confheslatafiavodesizaptiondestiuptioagnaiudes nfyswetion ey wecing ppart ofther f aces
in o

internal data path.

15
4. The program product of claim 1, wherein the data flow designation instruction
includes informaﬁon for defining an input and/or output interfaces in a processing block
formed from a plurality of the processing units.

20 5. The program product of claim 4, wherein the data processing system includes a

niemory storing a plurality of configuration data defining the input and/or output interfaces in
the processing block, and

the data flow designation instruction includes information for changing the input
and/or output interfaces in the processing block by seiecting one of the plurality of

25  configuration data stored in the memory.

6. A recording medium storing thereon a program for controlling a data processing
* system including processing units, the program comprising a data flow designation instruction
for designating input and/or output interféces of at least one of the processing units
30 independently of timing of execution of the processing unit for defining a data path configured

by the processing unit.
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t he processing block, and the data fl ow designation instruction includes
information for changing the input and/or output,g i e
processi ng bl ock by selecting one of the plurali tmm"mimmmamgtl on data
stored in the menory. 6. A recording medium storing tchereom asprogram for

controlling a data processing systemincluding processing units, the
program conprising a data fl ow designation instruction for designating

i nput and/ o outp pnt.erf .0f th eSSl its 30
i ndependent ['y of M@#ﬁg@%ﬂﬁe@@pﬁ%@% elgﬁ ?@tgd S’@%&%@%’Wﬁ?&cﬁ gorr Qg'ét?(?rﬂmgng a
data path c ! ; i ig € ,%;,,l,geq,gp;i- 1 VIl
0 O I I CQE&%B*#&%“% %%iﬂﬁggl%ﬁ%ngég?ﬂgmﬁﬂgﬂg’ﬂ%%%énbeddedSI'% é?%{i&rf}mg program
product f or desgnationlidstmgtiondorciesignating mpetsindpr sytptitanteifinel afkit kgstpme ofthei ng
units, the program conprising a data flow _designation instruction for

desi gnatd ngProResENg units insdependeslyrof tiping of gxesutioprof she nrecessinggiit forr definiag g
processi ng I ts.independently of.timng of execution of the processing
unit for de %Pﬁ‘&m §?§yﬁ)§t CEEHE Yt ed by the processing unit. 8. A data
processi ng system conprising: a plurality of processing units including
changeabl e i nput and/or output interfaces; 10 a unit for fetching a data
fl ow desi gn&ti on Adaapreiessing sysem defpdsiad:i ng the i nput and/ or out put
interfaces of at |east one of the processing units independently of timng
of execution of 2&pueraiyefpwesessigg unilstincluding changsable inpwhandies pujputtintorfacesii t f or-

decodi ng, the data fl.o ignat] instruction and,. settin he i nput

and/ or gout put int%?qltat‘év'ég&ﬁpgtaﬁééagg&%gg? n {psiryetiop for (98%’?‘“585 fthﬁé"pélt data path
15 froma p |l 5O8 i j : = Jdhe. LAg system
of ol aim 6 e utatt BlerkR oPLARBAGIcUR et sing it BcrERIBUP LOGRAELR
processi ng efecthtivn af tlepescessing unitj dndaccordi ng to the data fl ow designation

instruction. 20 10. The data processing systemof claim8, wherein the
processi ng unit. i héatytex designaienynitifor deseding the data flawglgsignation instruction and

setting the input and/or output interfaces of the processing unit for configuring a data path

&5

15 from a plurality of the processing units..

9. . The data processing system of cllaim 8, wherein the data flow designation unit
changes content of processing of the processing unit according to the data flow designation
instruction. |

20
10. The data processing system of claim 8, wherein the processing unit includes a

specific internal data path.

11. The data processing system of claim 10, wherein the processing unit includes at least
25  one logic gate, and an internal data path connecting the logic gate with the input/output

interfaces.

12. The data processing system of claim 10, wherein the data flow designation unit
selects a part of the internal data path of the processing unit according to the data flow

30  designation instruction.
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11. The data processing system of claim 10, whefgl §Ng unit

i ncludes at least 25 one logic gate, and an inL‘“l%mmwn"connecti ng
the logic gate with the input/output interfaceS. A at a=processi ng
system of claim 10, wherein the data fl ow designation unit selects a part

of the internal data path of the processing unit according to the data fl ow
30 desi gnatiBon i fide deteprosassinggystem pf qlainyBy wherem thedaterflow designgliopyint The gat a

processi ng .syst em.of .cl ai m,8 rein the data f [ i unit

i ncl udes a POHES # BRCURD aﬁ@@?’?@'&‘%? mf‘?ﬂgmﬁéﬁedgtleﬁ%ce% ﬁ%’fh?ﬁ%g%?@% gggof t he
processing unit. 14. The data processing systemof claim38, wherein the
data flow designation unit 5 changes input and/or output interfaces in a
processi ng Wl ock Theiategrdcessingayspdnu ofdlaim)B, whertih¢he datacftovsdésiggationiung accor di ng
to the data flow designation instruction. 15. The data processing system of
claim 14 fobpagesinp for eutpyf interfacaping psecgpsingdplagk fpmmed Qomayplwialﬂwgﬁhegur ation
data defining the input d/or, oyt pyt Lnterfaces in the processing 10

bl ock, Merﬁgws?wnﬁg?%’%ﬁlwg&*aﬁﬁw%ﬁ’gﬂﬂiwl@ﬁﬁﬂﬁés the input and/or
output interfaces in the processing block by selecting, according to the
data fl ow designation instruction, one of the plurality of configuration
data storedis n t EhedeEaprocessiiy sistem f ¢lEiintiagfuithér compiisicy 4 ine@ory setding a
processing systemincluding a (Pl urality of processing units having
changeabl e plarplity ofenafiguratian data defining the anput andéas eptputintegfaces insthe pragessigt chi ng a
data flow qﬁsikgngti.on instruction for designating the input and/or output
i nterfaces VI¥a¥'88st one of the processing units independently of timng
of execution of j gt _ i on step
of decodi ng 't he. dat UPAE Berakr ik haBRStne ot ol o AR O it
and/ or out ppbcdssiiglockFselodting i chting &s the dgta flowtdesigiatiom nbtingition,upe af thet a pat h
froma plurality of the processing units. 17. The nethod of claim 16,

wher ei n i n plwelity af eonfigeratianedatagtered mthemeporycont ent of 25 processing of the
processing unit is changed according to the data fl ow designation

i nstruction.

15 16. © A method for controlling a data processing system including a plurality of

processing units having cHangeable input and/or output interfaces, comprising:

a step of fetching a data flow designation instruction for designating the input and/or
output interfaces of at least one of the processing units independently of timing of execution
of the processing unit; and

20 ~ a data flow designation step of decoding the data flow designation instruction and
setting the input and/or output interfaces of the processing unit for configuring a data path

from a plurality of the processing units.

17. The method of claim 16, wherein in the data flow designation step, content of
25  processing of the processing unit is changed according to the data flow designation

instruction.

18. The method of claim 16, wherein the processing unit includes a specific interrial data
path, and
30 in the data flow designation step, a part of the internal data path of the processing

unit is selected according to the data flow designation instruction.
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18. The nethod of claim 16, wherein the processing-unit--neludes a specific.

internal data path, and 30 in the data fl ow i i , a part of
the internal data path of the processing unil i‘iﬁﬂg%lﬂﬂ“qumcordl ng to the
data flow designation instruction. 31 111111 1111111 C L M

S 19. The nethod of claim 16, wherein in the data fl ow designation step, a
schedule for retaining the interfaces of the processing unit is managed. 5

oo oot AT AETE e e SR A AP
plurality Ofre*aﬂf?ng&é@ﬁfe?ﬁb%%fﬂ{%#&eés U 'gsf : %eapcor ding to the data flow

desi gnation 1 ns tion. e net fo I'm 20, wherein the data
processi ng systemincludes a nenory 10 storing a plurality of

configuration data defining the input and/or output interfaces.in the
processi iy bl®ck, Tieanethod éficlainn &6,dettercint indhe digesflayndesignationtstep, an inputiand/ot

o O A B Bt B SRSk %
to the data {, o desd Gngtd B8 ahd b6 Wedidhon i}lghy%aon. -

21. The method of claim 20, wherein the data processing system includes a memory
10 storing a plurality of configuration data defining the input and/or output interfaces in the
processing block, wherein
in the data flow designation step, the input and/or output interfaces in the processing
block is changed by selecting one of the plurality of configuration data stored in the memory
according to the data flow designation instruction.
15
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