3 DESCRIPTI ON CONTROL - PROGRAM PRODUCT AND DATA PROCESSI NG SYSTEM 5 . -
TECHNI CAL FI ELD The present invention relates to a control program product
described with mcrocodes or the like, and a data processing system
capabl e of executing the control -program 10 BACKGROUND OF | NVENTI ON
Processors (data processing systens : Lncor porating an operation
function such as m croprocessor (Nﬁ@#séégﬁﬁpbftal -signal processor (DSP).
are known as apparatuses. for conducting general -purpose processing and
special digital data processing. Architectural factors that have :
si gni ficantly comtoNPROEPROGRARI FREUUCEANDIDATA PROCHSSINGSYSERor s 15

I ncl ude pi pelining technol ogy, super-pipelining technol ogy, super-scalar

t echnol ogy, VL1W technol ogy, and addition of specialized data paths

(specialﬁgurpose-in ééﬁ@é&ggﬁéH%The- architectural elenments. further include
branch prediction, | , cache technology, and the like.-There is
a clear differencep f. ol | 40 ine. 20
Basically, with tﬁléﬂ_e 5n§ﬁﬁlﬁ@%§%ﬁ{,ovf{?§ﬁﬁﬁﬂn%@r% ngr 6%@%&1@%%5
reliably i nphRHRSdeslon FHRUME MY a di@proesaing spstent Bpable of exxb@tihg th datrbne can be
expected to achieve at least .fourfold increase in throughput, and the

ei ght - st age programi ne wi | - achi eve eightfold increase in throughput, which
means that the super-pipeline technology additionally:inproves the
performance twice or nore. Since the progress in process enables

segment afg on of tResdp UM@FM@HO%P upper limt of an operat_i'ng
frequency will be’'significantly T nproved and the contribution of the

pi pel i ne t echnol ogfovdsédrs (atalprddebiing systenisurdsSls) indoypirsiing ah bperdfidrefimaion
-penalty of a branch instruction has not been elim nated, and whether a

super pi pel | sueh aermisfopeocessor (MBlULand dligitalrsignal prokegion (2 SR are nown astepparatuses |
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near a program counter sophi sticated”internal data paths. Al so
support eld Jlindlydetpiselining gchsdogynsuperpipdliaing taohnologyahipensdaixe technobegy; VEIWS
t echnol ogy has becone capabl e of | | ' . . )

technology, and addition of specialized data paths (special purpose instructions). The

architectural elements further include branch prediction, regisfer bank, cache technology, and
the ike. S
There is a clear difference in performance between non-pipeline and pipeline.
20  Basically, with the same instrﬁcﬁon, the number of pipeline siages reliably improves
throughput. For example, the four-stage pipeline can be expected to achieve at least
fourfold increase in throughput, and the eight—stage pipeline will achiev'e eightfold increase in
throughput, which means that the super-pipeline technology. additionally improves the |
. performance twice or more. Since the pfogress in process enables segmentation of the
25  critical paths,. an upper limit of an operating frequency will be significantly improved and the
contribution of the pipeline technology will be further incfeased. - However, the delay or
penalty of a branch instruction has not been eliminated, and whether a suplgr-pipe,line machine
will succeed or not d_epends on how much a multi-stage delay corresponding to the memory
accesses and branches can be handled with instruction scheduling b'y.a compiler.
30 The super-scalar technology is the technology of simultaneously executing

instructions near a program counter with sophisticated internal data paths. Also supported



execut i g about four to eight instructions sinultaneously. In many cases,
however, the instruction itself frequently uses the nost recent operation
result and/or result in a register. Aside fromthe peak performance, this
necessarily reduces the average nunber of instructions 5 that can be
executed sinmultaneously to a value nmuch smaller than that described above
even by nakibkgherpipgresssncoppilonentisizationieshmologi dhis teshnolpgyhas besprae papable of
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are further reduced. Acc 'ngly, the degree of contribution to Tnproved,

per f or mance &sidelfi®mlBe péakpeaSmants) thishebessanily retienthd everagde natwbertofinsthudtion® . 5
times on the average. ‘Should an extrenmely well conpatible application
exi st, a Pradhatean becexeguted simulisnerusly ki value muslhisealins then that desciahed @bovsfevemur
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woul d be on tlkeordérdEfouptimebeadess. 3.5 to 5 tines. In addition, given a
processor for use in processing of an application that requires i-mage -
processi ng or specilh¢ teghnology edmeg up ah the vext wochsology:  Ascarging tethissol ut i on -
either. This,i ecayse, . particularly J.n | i catjons requird cont i nuous
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i n execugjng 2 dnQ8 SorRbctEPPthathy. ifipro Vi th oo FBEhtiol ind rraldh 2
gener al -purpg e regc%ns?ior as In VaLIV??ﬁ@E?sl g’roo Ieﬁ)a?s the same-Tn the
convent i onal propeeVLIW iistraltivalcody . This tédhaologyh®iopisan extrantely ratiowal ided nown from
t he past experiences that various matrix calculations, vector cal cul ations

‘and t he | i ke elifpisatingtberaed orithe gircitry fenchesking sherlikslioogiet paraliebexeyioaint ed . i n
dedi cated citcuitry. Theref inth t echnol f of
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with the 2 extremely promising as means for realizing the hardware for parallel execution. However,

20  this technology is also incapable of executing a plurality of conditional branch instructions.
Therefore, a practical degree of contribution to performance would be on the order of about
3.5to 5 times. In addition, given a processor for use in processing of an application that
requires image processing or special data processing, the VLIW is nof an optimal solution
either. This is because, particularly in applications requiring continuous or sequential

25  processing using the operation results, there is a 1in1i1:_ in executing operations or data
processing while Holding the data in a general-purpose régister asin VLIW. This problem is
the same in the conventional pipeline technology. |

On the other hand, it is well known from the past experiences that various matrix
calculations, vector calculations and the like are conducted with higher performance Wheﬂ

30  implemented in dedicated circuitry. Therefore, in the most advanced technology for

achieving the highest performance, the idea based on the VLIW becomes major with the



various dedicated arithmetic circuits nounted according to the purpose of

appli«cations. However, the VLIWis the technol ogy of inproving the

paral | el - processi ng execution efficiency near a program counter. Therefore,

the.VLIWis not so effective in, e.g., executing two or nore objects
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speed, 10 and to provide a new solution. "More specifically, it is an
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program product, capable_of inproving the throughput |ike pipeline while
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processi ng . system capabl e of .executing the control program and its :
control mt’ﬂS&mﬁg@ggﬁﬂ'@fW@mn@bj ect of the present invention to provide a
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processi ng, even | ey are ‘conp at ed dat.a processi at a high speed
Wi t hout hawdiffigerit Gtatidpira ofithese coaventibnal REhrdiugies frdntreasing thetptoceorsped; to t he
respective data processing. Also, providing a data processing system _
capabl elOof andée providg ampre splptien: aMlore specifically, ibis eo abiediof thetpresent apventiondoof t he
obj ect of. this,invention. 20 MVARY OF, THE | NVENTI ON.The |.nvent or. of the
o beent - apPRSH § BREHL b FoRP PR PO Eerall SLOF AR DS BEHERP IS ¢ o
by the || m figdiheRfildlonifhné pethinyh bhififthe Qo bRABNAE ' daABroRp! Pel | ne
t echnol ogy I%)géihng%e%a e o?e%t e techn ogi eslaE%ve. Vb tg s%?é?flgyci:hﬁol y, the
i nstruct i orsystetn cagdblesdfexittitingthé contfel progfamaaml itsgoaimol pretido chidempties senbl y
codes, machine | anguages, or, the 25 |like) defining the-data Fropessi ng in a
processor i biest pkiberpresant iention i previde & epntrok pregvaRRrPdict eapakie of Bexiblyict i on

operati (execution.in uction) and. operand. defi,nin enviro nt or
hrertale PoRie rRvAaltEbbSEe BERBerBE REMRB e PiloeSig et 8 HED
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I nst.ruct i onpreesdssing: 0 Alsoa provitling acdamaardcesding system eapableof executigithSproganatd be
known at al]l until the instruction_set_ appears and bei ng decoded. The

present i nitAcfontnl method are engafithe ohipghofthis vertionur e of i nstruction- set
itself, thereby successively solving 3 ' _

20 SUMMARY OF THE INVENTION
The inventor of the present application found that the problems as described above
are caused by the limitations of the instruction set for the conventional non-pipeline
technology being the base of the technologies above. More specifically, the instruction set
(instruction format) of a program (microcodes, assembly codes, machine lahguages, or the
25 like) defining the data processing in a processor is a mﬁemonic code formed from

combination of an instruction operation (execution instruction) and an operand defining
environment or interface of registers to be used in executing that instruction. Accordingly,
the whole aspect of the processing designated by the instruction set is completely understood
when looking the conventional instruction set, cbntrary any aspect of the instruction set

30 cannot be known at all until the instruction set appears and being decoded. The present

invention significantly changes structure of instruction-set itself, thereby successively solving
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t he aforenmentioned problens that are hard to address with the prior art,
and enabling significant inprovenent in performance of the data processing
system In the present invention, an instruction set including a first
field for describing (recording) an execution instruction for designating
content of an operation or data 5 processing that is executed in at |east
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i s provided so that the preparation ormat1on e operati or data
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processing unit is an appropriate unit for formng the data processing
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of functionalitg or data _path,.and the unit includes a cantrql unit, an
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the |i ke having a spec a pr 'ng system ding to
t he present appavid dogiprisifgiheiab&® insttictionas! THE cor_ﬂfdl’?ﬁigﬁdnﬂ&nlb_e ipkovidetl in the
executing an operation or data processing; a unit Tor fetching an
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-20  template or the like having a specific data path.

A data processing system according to the presént invention comprises: at least one
proceséing unit for executing an operation or data processing; a unit for fetching an
instruction set including a first field for descﬂbihg an éxecution instruction for designating
- content of the operation or data processing that is executed in the processing unit, and a
25  second field for describing preparation information for setting the processing unit to a state
| that is ready to execute the operation or data processing that is executed according to the
execution instruction; a first execution control unit for decoding the execution instruction .in
the first field and proceeding with the operation or data processing by the processing unit that
is preset so as to be ready to execute the operation or data processing of the execution |
30  instruction; and a second execution control unit for decoding the preparation information in

the second field and, independently of content of the proceeding of the first execution control
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4.unit, setting a state of the processing unit so as to be ready to execute
anot her operation or data processing. A nethod for controlling a data
processi ng systemincluding at | east one processing unit for executing an
operation or data processing according to the present invention includes:

5 a step of fetching the instruction set including the aforenentioned first
and second fupiy| sgiting & staterof thepspressing usit 8¢ aio by Eeady foR¥eEyiRaNOIISE Qpérafipn or
‘instruction i{l the first field and proceeding with the operation or data
processi ng B9APEREcessing unit that is preset so as to. be ready to
execut e the operaty ' ' b | . and
a second control Ag@g%e%ogg%@rgg@%g,ﬁ&??gepe%&%@mgggﬁiﬁgnﬁsgﬁéﬂgontér?‘g%
step, the prspforakesnting & speratibn ondataprodessidgacserding do fhe pleden irbestintinchgles
state of the processing unit so as to be ready to execute an operation or
dat a pr oBes istep.of fchingthe insioictiomset ineluding the aforemengoned dirt pad segend #pldsina i on has
a first field for describing .an execut.ion Lnstucti and a second field
for descri biflifcoR atﬁapf&w‘ﬁ?ﬁ@f*ww'nﬁ%d?ﬁﬁ%&%gaﬁ@#%@ﬁ Wat is

I ndependent ' ks | g . i tion
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first field, and an instruction or information specifying registers is
descri bed i steplo€depodingdndeapendsntly of thedisstwonteol isiep b prepatation infhanation nethe

I nstructijon set  as . the conventional -assenbl e code,. however, the execution

i nstr uclabon sec&ﬂ@l%‘ﬂé“‘i?"é%ﬁ%?ﬂ WTB?W’ESWHFSQ%?Q m@%ﬁﬂ e ach ot her,
and ther_eforogelq{i tito gghggﬁ_spond to ea_ch other within the sane
instruction eref'ore, this instruction set has .a property that a
processing to be hestradiohyetabrdrgioahspragntinventio hdshdirsifitld fardesaibingng

system such as a _control unit, cannot be conpletely understood or being
not conpl et @hgxecytiestinstiustiony pnd a seetrid field for deseribing preparation infermatiott i on set
according tg the present.ioventian i spgnificant.ly di.fferent fromthe
convent i onal?prﬁWé it %ygw?ﬁqahlspﬁgpeaﬁggghﬂe quﬂq'ﬁ%“c?%’ea"ggl"i“ﬁlgi t?‘Ect i on
operati gy angoidSi p%}% iR Whi h&v G QnYEx‘i’cgm'n hdtd cribed
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i ndi vi dual | yin #sgudtiofl @peratiansutlyas “ADDt ik désciilied ipthe diess feldgintl bainsiwotionbr be
realized with the conventional instruction set becones readily perforned.
The pr epar atfifematian spesiiinggisters it describréinthe wrond field: u &t seems bris appasandly the t he
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and the preparation information are independent of each other, and therefore are not

20  correspond to each other within the same instruction set. Therefore, this instruction set has
a property that a processing to be executed by the processing unit of the data processing
system, such as a control unit, cannot be completely understood or being not completely
specified by itself. In other words, the instruction set according to the present invention is
significantly different from the conventional mnemonic code. In the present invention, the

. 25 instruction operation and its corresponding operand, which are conventionally described in a

| single or the same instruction set, are allowed to be defined individually and independently, so
that the processing that cannot be realized with the conventional instruction set becomes
readily performed.

The preparation information for the execution instruction described in the first field

30  of a subsequent instruction set is describable in the second field. This becomes possible to

make preparation for execution of an execution instruction before an instruction set including

5



make preparation for execution of an execution instruction before an
instruction.set including 5 that execution instruction appears. In other
words, it is possible to set the processing unit to such a state that is
ready to execute an operation or data processing that is executed
according to the execution instruction prigr to that execution instruction.
For exanpl e thatexqcutionjastrrtignappearsi e d& pheraverds, itasRassible fb 16t e PreRsEsngunido at
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characteristics (execution equency characteristics) becones inproved. In
t he convent impraveddi Ppamelypaminsinetal ‘ADD RO, R1p#I2BIH means|thbt b eegidtar® I andr oved
to 25 sone degree when the nunmber of pipeline stages is_increased so as to

consure a_sidA@grFaIZkpase added topsthorang theyiesult is dargd iaregister B HoweesdRr fi|e.
T RN R BB M AR e
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I nstruction set of the present invéntion, it is possible to describe the

20  the data path to which an arithmetic adder ADD; i.e., arithmetic/logic unit belongs,

overlapping with the execution cycle of the previous instruction set that is one clock before
the execution cycle of the execution instruction ADD. In this case, purely the arithmetic
addition is conducted, AC characteristics (éxecution frequenby characteristics) becomes
improved. In the conventional pipeline -f)rocessing, this problem would be also improved to
25  some degree when the number of pipeline stages is increased so as to consume a single stage
exclusively for a read cycle from a register file, However, in the conventional pipeline
processing, the above method necessarily increases the delay of output. In contrést, the
present invention can solve the problem without increasing the. delay.
In the instruction sét of the present invention, it is possible to describe the
30 = preparation information prior to the execution instruction. Therefore, in a branch instruction

such as conditional branch instruction, branch destination information is provided to the



30. preparation information prior to the execution instruction. Therefore,
I-n a branch instruction such as conditional- branch instruction, branch
destination information is provided to the 6.control unit prior to the
execution instruction. Nanely, in the conventional mmenonic code, - a human
can understand the whole meaning of the instruction set at a gl ance, but
cannot  knowecdntrolpnitiirior toethe exscutiondnstinctiont  Npmpewn inthe conveatinnplsaemanie cofe

instruction set of the, present . i.nvention,, t.h ol e neaning,of th
instruction & ‘Em%ﬂH{‘de%m’akfe‘?’_]%‘{l%ﬁ'ﬁméﬁg ﬂ’&‘%?ﬁ?%“ﬁfﬁat% aﬂ?eng

associ ated w s qggﬁ;l' » ti : v : ecution
I nstr :.IC'[ i on%&%?@lﬁﬁhus, h@ﬁ%@?ﬁdg&brlgg%lﬂ{a%blgpﬁég%?g%&&gp%@s% }g’ré]%egi(pri or
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set at the branch destination, and also to make preparation for the
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nost of the current CPUs/DSPs hav uccesgsi.vely.increased the 10 processing
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information falke prefardtion fordhd eeffidn indtrudlion aNHe brahdhlestinal6h inadwinegs ar e
essentially causes penalty that cannot be solved in principle. O course,

branch predi cti on, Ingeherglenioss ofithe lourrént GRUsMEPd hivesncshsstyelyfimoreasest théi gh- speed

| oop 15 handling techno] ogy,.enployed in DSP have succeeded i.n significantly
r educi ngﬂ% ucProperag FR‘F?‘?LY-&&@%”E‘?P Flne PrQASSIGLO & 1age (aier ‘%H}ef“ﬂeg’asa‘éai n
when a nunb ' : It
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Mor eover, i NplofRnt O bpepifivdllyirice thelTotch Sdiiréss RformBicH iR hbtdRen Gistathédsel by the
20 subsequent Instruction cannot be obtained in advance. This increases
conpl exi ty oddvaiices the pbive groblepsasséssaptially coyssapwalfy thatearion be sabvediimprinsipé. ng

byt e pr | o OBRRRE e Sl obhe] S el erd o Sy, o igest P>
it or mat 1o S ingCeHegr GRIEAEDSE thitihicdglel b Bcandy ISaRe B by, g

t he i nstruct Howewegthe prokleing cre 1dithd suefitd aghin whes & aithbeklof sucsakivebratishepenal ty

produced upoh execution of conditional branching: In contrast, in the

i nstructi on easur, ahd thersfope i isarwell-kmpwntfacs that thosesechnolegies pravide oeessemial i on

information is .. obtained in advance, the penalty produced upon execution of
condi tional If%RBhing is _ _

Moreover, in the conventional art, the register information required by the

v

20  subsequent instruction cannot be obtained in advance. This increases i:o_mplexity of
forwarding processing or bypass procéssing for increasing the pipeline processing speed.
‘Therefore, increasing the processing speed by the prior art cause a signiﬂcant increase in
hardware costs.

As described above, in the conventional instruction set, the address information of

25  the branch destination is obtained only after decoding the instruction set, making it difficult to
essentially solve the penalty produced ﬁpon execution of conditional branching. In contrast,
‘in the instruction set of the present invention, since the branch destination information is
obtained in advance, the penalty produced upon execution of conditional branching is
eliminated. Moreover, if the hardware has enough capacity or scale, it is also possible to

30 fetchthe pref)aration instruction at the branch destination so as to make preparation for the

subsequent execution instruction after the branch. If the branch condition is not satisfied,

7



“elimnated. Moreover, if the hardware has enough capacity or scale, it is
al so possible to 30 fetch the preparation instruction at the branch
destination so as to nake preparation for the subsequent execution
instruction after the branch. If the branch condition is not satisfied, 7
only the preparation is wasted, causing no penalty of the execution tine.
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bet ween tra'&éfnﬁﬂi%%as&%ﬁn%?ﬁe}gg.’:':)@ (Field Programmabl e Gate Arrays).
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due to the ametonreeomfigusation. Fhdsalsopossitle toraiere thegeconfigurationtinfommasion gf thasi ng on

h i . C ch | Sti f he, .FPGA h
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sol ved 180" bhdbgrduRo B Ahanfdf QREARE arohfeckREinRh S3GRm QIENIREN, an | nput

and/ or -out put I'nter proctessing unit i efined as
pr epar at i on Howeo¢riatordento éneblp eiedesvnliguratfonttd be ¢ondacted witkih séveral elseks it ison
(execution timn of the. processing unit. Thus, in _the second execution
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processi ng unit
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along reg’:onﬁguration time of the FPGA. Moreover, due to the architecture of FPGA for

20  enabling efficient mapping basing on the gate like hardware, the poor AC characteristics of
the FPGA at the practical level, the original problem of the FPGA, is not likely to be solved
for the time being. '

In contrast, in the present invention, an input and/or output interface of the
processing unit is separately defined as preparation information independently of the time of

25  the execution (execution timing) of the processing unit. Thus, in the second execution unit
or the second control step, the input and/or output interface of the processing unit can be |
separately set independently of the execution timing of the processing unit. Accordingly, in
the data pfocessing system having a plurality of processing units, by the second execution
control unit or the second control step, combination of data paths by these processing units

30 can be controlled independently of the execution. Therefore, an instruction defining an

interface of at least one processing unit such as arithmetic/logic unit included in the data



t he data processing systemhaving a plurality of processing units, by the
second. execution control unit or the second control step, conbination of
data paths by these processing units 30 can be controll ed i ndependently of
t he execution. Therefore, an instruction defining an interface of at |east
one processing unit such as arithnetic/logic unit included in the data 8

processi ng Pyeressingsptem tearded oileseibedadhs ssoand dieldbesnrpesidata lpwdssigRgiongat a
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al so def Pni tgbelsntfona more Lpgent:n@g%ngelmw@meﬁ in geather extgmal qpntrakunigior datat he
processing unit are included,i;n the preparation information. Therefore,

the second PRAEHIESHIEBEPIDMenit or the second control step designates the

processing 10 con i fSitlaki j 9 Jffe Ao uni t. Thus,
the data path canﬁ\gdgg%‘%ﬁf‘|-guragggaﬁgoé%%gg?ﬁﬁgﬂ?ﬁ%tﬁﬁ%rmre,h{ﬂ e second
executi on Cohfighkation bf the prdcEsting amioard irchided ialtheyirejardiion irdornfation: t i Therefiste,a
schedul er for managi ng conbi nation of data paths such as defining the
interface dlie sehendaexeculionecantrol wnifi ar thersecontl sontrnd stepl designates thegrposssing

i nformation for fetching and the interface 15 qof another procgessi upit in
order t d0hafanignt{cifGug coRtiguratipn) ‘%Fhed’é?cgsﬁﬂ?gd@@s ST, ‘_%Fg?ta Bitgﬁ‘fﬂ be conﬁgurfxﬂ e
case where %Ehé:ilﬁfl culation process is performed for a fixed tinme and
filtering process 1s preformed thereafter, connection between the

processi ng units Wufthériofe)the S&oad pteoRtiahiteo] ubiy 61t thesdcond tonbobstgy sasses are
praovided prior to the.each process, and the each process is_ perforned

sequent i al | yunsfion asa scherdulec fonmagagingrropbinstionofidae pathssuch@s definingdhe intesfaer her

20 conparison.cirguit. .or.external event detector engbl gs,nore, conpli.cated
T by SR e afiGmstie et SrEec et hefesior ponpE A 10t PG 2 16 SRR o
enpl oyedgi N Jendiad | ' ;@d@%f} | ind |10 Sl to
dynami chI y oE%ﬁd%ég%@gssﬁxg?@@?%@&gﬁghgﬁ%h I ona é%g?%%%@%?%}nﬁ.r e%m n t hat
time is reqithedase Whefe maRecaldulatioh piocess istpeifornttd fornd fixet tiyneaad fitering phoess
‘hardware within the 25 processing unit during execution of the application.

“Shoul d a pl igpieformedsherrafior,wonnectien hesween fhe processingriaits withia the daty prpcessing
i nst ant aneous_, s 't%pi n swi t chi n‘g e%n Ih{a tBrdefl of sev I’tﬁﬂ tf,) sevet al
system for these Efocesses are provided prior 1o the each process, and the each process is

performed sequentially by the time counter. Replacing the time counter with another

20  comparison circuit or external event detector enables more complicated and flexible
scheduling becomes possible.

The FPGA architecture may be employed in individual processing units. However,
it takes a long time to dynamicalb; change the hardware, and additional hardware for reducing
that time is required.  This makes it difficult to dynamically control the hardviraré within the

25  processing unit during execution of the application. Should a plurality of RAM be provided
with a bank structure for instantaneous switching, switching on the order of several to several
tens of clocks would require a considerable number of bank structures. Thus; it is basically
required to make each of the macro cells within the FPGA. independently programmable and
detectable the time or timing for changing as a program-based control machine. However, |

30  the current FPGA is not enough to deal with suf:h astructure.  Should the FPGA be capable

of deal with that structure, new instruction control architecture as in the present invention is



tens of .clocks would require a considerabl e nunber of bank structures.

Thus, it is basically required to nake each of the macro cells wthin the
FPGA i ndependent |y programmabl e and detectable the time or timng for
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20 ‘which leads economical production. Moreover, arranging the data path suitable for

high-speed processing, an excellent AC characteristic is obtained. Therefore, in the present
invention, it is desirable that in the second execution control unit and the second control step,
at least a part of the internal data path of the processing unit becomes selectable according to
the preparation information.

25 It is also desirable that the second execution control unit has a function as a

| scheduler for managing an interface of the processing unit so as to manage a schedule
retainiﬁg the interface of each processing unit that is set based on the preparation information.
Moreover, it is desirable that input and/or oﬁtput interfaces in a processing block

formed from a plurality of processing units are designated according to the preparation

30  information. Since the interfaces of the plurality of processing units are changed with a

single instruction, data paths associated with the plurality of processing units are changed

10



schedul er for managing an interface of the processing unit so as to manage
a schedule retaining the interface of each processing unit that is set

- based on the preparation information. Moreover, it is desirable that input.
and/or output interfaces in a processing block formed froma plurality of-
processing units are designated according to the preparation 30
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havi ng 3 first contrql unit suitable for general-purpose processing, such
as the dPit WdpRdRSHUCHAn:  as a processing unit, and a second control
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processing units having a Specitic | P pecomnes a system
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real -time performance |ike network processing and image processing. In the
i nstructi on sewnd oéntedhenibsuishiefor speciahprocassing sueh esceplurality of dats flow pracessingf or

operating the arithmetic/logic unit is described ] he first_field, and
the prepar atfiHPavingAsP G m%ﬁacﬁmeﬁw#@éﬁa#ﬂ%ﬂ 5 oRRROCSEIPB 0 gi ¢
unit andkor . : | | ' [ | nd
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provi ded. Conventionally, the only way to handle with conplicated data
processi ng ifer aperating the arithmetieflogigtuai issiesaribed inghecfivet fieldpanshthe:preparatioti cat ed
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units is described in the second field. Therefore, by the instruction set of the present

20  invention, the program product suitable for controlling the aforementioned system LSI is
provided. .

Cdnventionally, the only way to handle with complicated data processing is to
prepare dedicated circuitry and implement a dedicated instruction using that circuitry, thereby
increasing the hardware césts. In contrast, in the instruction sét of the present invention, the

25  interface of the arithmetic/logic unit and the contents of processings to be executed are
described in the second field independently of the execution instruction, thereby making it
_possible to include the composition for controlling pi;;elines and/or controlling data paths into
the instruction set. Accordingly, the present invention provides means that is effective in
execution of parallel processing near a program counter, but also in para-simultaneous
30 execution of two or more objects and para-simultaneous execution of two or more functions.

In other words, data processes and/or algorithm having different contexts are not performed
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25 interface of the arithnetic/logic unit and the contents of processings
-to be executed are described in the second field independently of the
execution instruction, thereby making it possible to include the
conposition for controlling pipelines and/or controlling data paths into
the instruction set. Accordingly, the present invention provides neans that
i s ef fecti veimultancenshcin themonvdntipaal mbtrustiopsinasdids requiradde simpiltaneoys processingit er
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(data flows) inplenented are activated or” executed using the instruction
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the 10 géta processj ng correspondi ng to _sone specific purposes but also for
a purpos® f data REQCESFing CagesPendiRedo sermpFnseific purpeses by also frcPumnse foraEiGHES of

t he ‘data pa : r Mor e ' L | in the second
field all ow%tlage %c@g%aeﬁﬁ&,®%+p§ﬁ?8%t@e c{a%amtagx%a}neg%&ﬁqggﬁﬁg ‘ion to be
readily gener at edMofecvely BRGForntadiol Bithd &06nd fitld MBwS B Brephrafivh djRfor thE
perfornmed using registers. However, buffering by the preparation cycle
makes it pofdiowing insfructionie be readilyrgeperated inagivance o réonstersionadlyy an) operatior giustt er
files instead of the register. econd field of the instruction set,

h th
the i nst r ucP? BFOTELPINEIEHHES; riag\w@gtbﬁﬁﬁm Hesarenaeien psemages PO n
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bet ween buf field ofhe idsitection 5&) the stnatibnsdésighisting &tgutvcsuqsdwemsm@s@wt ion.
control unit or the second control step, the 20 input/output or to/fromthe
menori es ar betpeerf mfiersdand mémpnesdbatiateincifided dn thg progessiog unit eantbedesaribed. Thi s
enhances relrﬁ%/r?ce Bet en indi vidual instructiqn sque ces, .and
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20 input/output or to/from the memories are performed independently of the execution

instruction.

This enhances relevance between individual instruction sequences, and contributes
to avoiding hardware resource contention prior to the execution, fhereby making it possible
to quick cbrrespondence to the parallel simultaneous execution requirements of a pluralfty of

25  instructions and/or external interrupt requirements. In addition, since the memory can
basically be regarded as a register, high-speed task switching can be implemented. It is also
possible to employ a prelqading—fype high-speed buffer instead of a cache memory that
cannot eliminate conventional ﬁfst-fetch penalty. Therefore, a high-speed embedded system
producing no penalty while ensuring a 100% hit ratio can also be impleménted.

30 In other words, by allowing the memory to be regarded as a register, a plurality of

asynchronous processing requests such as interrupts can be handled at a high speed, thereby
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to qui ek correspondence to the parallel sinultaneous execution requirenents
of a plurality of 25 instructions and/or external interrupt requirenents.
I'n addition, since the nenory can basically be regarded as a register,

hi gh- speed task smﬁtching can be inplenented. It is also possible to
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interrupt/|I RET can be processed at a high speed. Thus, environnents for

respondi ng to t heMexeover, io theffirsyor setondifidld, yt is possible del destiiera pluralityof pr ocessi ng
perfornmgnce due to the event can be prevente reover, in the first or
second 14 el ecytionimstrygiions mlgeﬁasﬂﬂaa%{;v%'@n }lﬁf{{}r&(ﬁ gt é?fP°i%‘;]%ﬁ'é’c@F figsh,or

I nstruct i ong.gy &y 8{1%ﬂn%!‘mhﬂﬁél&dé%ﬂé@%lﬁt%H&I%%u\cqoh%mgd?g?ﬂﬁbnﬁ1%{ possi bl e t hat

the first or second execution contr ural ity of

execution ciadépefdeniipprotédsing the plurdifdsniriepeidbnt exeutiGeinsthronste pRipafatibn ty of

I ndependent execution instructions or preparation instructions that are
descri bed iinstrustionsithat areslesasibedvindhef firet| it seaongh Beld respictivelyrh (Thus, flarthener

i mproved performance can be obtai.ned. 15 By inplenenting a data processing’
systemthat‘“’é’ﬁﬁggygl'??’ﬂ‘é“@&ﬁ?g%‘?btﬂ of the present invention as a core or
peri pheygl circui |

e L . _ : . cal dat
proces s{ ng syst em%gn\ﬂ]éﬁ% ni'tl%e&qah? @%%3%@5@%&&2@%@?&%&%%%&01 gﬁgaﬁg%/?:ﬁg aa :

hi gh pr ocespresegt inption asicordbriperi deilthy o i€ possible td Vit frther. |
illustrates an instruction set of the present invention. Fig. 2 illustrates
in nore det edonomical datagireressingtsystern h@m&lﬁc adyantages apdespiibed above apil favigg a

illustrates,.one exanpl e using the instruction set of Fig. 1.
high processin speeéj. g g

20 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 illustrates an instruction set of the 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 instruction set of Fig. 1.
Fig. 4 illustrates how data are stored in a register by the instruction set of Fig. 3.
25 Fig. 5 illustrates a data processing system fof executing the instruction set of the
present invention. | |
Fig. 6 illustrates a program executed with a conventional CPU or DSP.
Fig. 7 illustrates a program of the data processing system according to the present
invention.

30 Fig. 8 illustrates compiled program of the program of Fig. 7 using instruction sets of

the present invention.
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Fig. 4dllustrates how data are stored in a register by the instruction set-

of Fig. 3. 25 Fig. S5 illustrates a data processing systemfor executing
the instruction set of the present invention. Fig. 6 illustrates a program
executed with a conventional CPU or DSP. Fig.. 7 illustrates a program of

the data processi Fig 2 illusteatesanetberdiregyam of the datg peosessing systere aecpeing todhe=i . 8

Il lustrates cor;E'L | ed. program of the programof Fig. 7 using instruction

sets of thESSFRINERIONention. 13 Fig. 9 illustrates another program of

t he data processi | I | tion. Fig. 10
P LB SRR oy iAo o 1 70

illustrates data gur e g~ 9. Fig.

i ['lustrates anot hgjg Upfliastfites afsihidrdgtarsdesingispstert ke @kédutifp dhdd propéssssdgses by
5 the instruction sets of the present invention. Fig. 12 illustrates how
di fferenb ddhhinsiuetibnsetsofithepresent ifventiond wi t h di f ferent conbi nati ons of

tenplates. Fig. 13 illuystrates o of .the tenpl.ates, 10 SCRI PTI ON OF THE
PREFERRED ENBODI N%NTI%@P%I%EP\@ ifferent d @@ﬂ%‘ﬁ@ﬁ@?ﬁ?‘@&l&%ﬂtdescri bed
in nore det ?l’{nﬁfﬁ&ﬁgﬁf‘{eﬁi’ﬁ&ge to the drawings. Fig. 1 shows the structure

or format o ruction set (instruction format) according to the
present inventi onggl I®illétfds'éhé bOMe fefiplatdsnst ruction set of DAP/DNA)10 in
the present invention includes two fields: a first. field called

i nstruction execution basic field (X 15 field) 11 and a second field called

i nstruction executi on preparation ¢ e'fiel%](%additional field or Y
FION EERBED(E

field 29 capabl e HSG R4 THE P EDIMENIquent i nstruction
). o capabie o ! pg OIS S : _ Ll
Gt operati on sulhraib R pRSER bR bE aéchiel i fote Rl WihtpfBRAR &) °C

and conpar i $RidraRgyVe Fig, ShdvAahe SRIcRINS 6t fofthat bBthe Méfru@ioR 86t (aindctiBh RERESI NYS
such as branchi ng, and designates a |ocation (destination) 20 where the

oper ati on r escdrding to theptesenstnwentidn. Nhredustrectjoniset (Istaestion setiofiPARIZNAN &0 in
utilization  efficiency of the i ngtruct'

| h, the X fiel i d
oglj y inf or nféhq RyBseBt inyepion inliles dwp Sds: afiest gl g tﬂf&ﬁact&@@telmd‘wé&% AN u the
st 1 uotBon e 11 b dferbiekoalids FRRRRCo RO BEhiral P fels ViR Of

X field . orY 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
addition/subtraction, OR operation, AND operation and comparison, as well as the contents
of various other data processings such as branching, and designates a location (destination)

20  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 describing an _'
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

25  preparation cycle of the subsequent instruction. _ |

The instruction set 10 will be described in more detail. The X field 11 has an
_execuﬁon instruction field 15 describing the instruction operation of execution instruction
(Execution .ID) toa processing unit such as arithmetic/logic unit, a field (type field) 16
' indicating valid/invalid of the Y field 12 and the type of preparation instruction (preparation

30 infdnnation) indicated in the Y field 12, and a field 17 showing a destination register. As

described above, the descriptidn of the type field 16 is associated with the Y field 12 and can

14



11 of the sane instruction set, and for exanple, is assigned for the

I nformation for execution 25 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 ari t hoedefinéd indgpendentiyt of the desaiptiorstof the ottieefiels in che fﬂdﬂdl}ti ng

valid/invalid of the Y field 12 and the . type of eparation_instruction
(preparation 30 i nflatheY figd)i2;t gp@gqrgwniqug{npgon(d%ngr@' @2%&%‘2351"? eld 17
show ng a desti nat i on.regi [ SCr | . t oIl of the
type field 16&?8%1-lab ‘SO ezP? eené}a%.o? }ﬁrﬁ% @ﬁ%rﬁ%g‘f?%% el(c:l ég%eﬁﬁﬁgéd@éf@nned

i ndependent | Ymgﬁin%ﬁ}?oﬂéﬁ‘aﬁﬁﬁ biPSth&@ HataProdefithgdbdd9 forfek&dution. | Sote@petifid exbsipiéd. | n
the Y field 12, the preparation information defined by the type field 16 is
descri bed.5 ThthejeofepastmwindmFignZ. o rFimt, it dsmotkeisagain thatithie TYPEfield 16 ilthe X fieldrld is

informati on for rmki_gg) an_operation or other dfata rocessi ng readg for .
executi on. Soles dessdling inforpatiomindegensientlyr sxgprdleseo npgiopiythe gxequip - j ¢
i's noted again that TYRE .f i J.n the X field 11.is . rd.bi ng
i nformation |W§Eﬁ§%€%‘ﬁ§/ 3?“1%%&‘391 &gétsls B?ssﬁ‘?éo ??ﬁbbrer?ﬁtap%rﬁssilﬁg{‘ﬂ%%gﬁl ution
instruction. 44 : ' Idbrel IR b8 whithGassdel Rge 8N
address inf or%%tﬁlllﬂgdr?;c?llbg%Zglédg%%\?aqﬂggggﬁdbdggr&gﬁnﬂgg(ﬁﬁ@gss I D (Al D) e21 aﬁd
addr ess i nf or definedlsy A 2hieqh) ah address €ADRSpanidun inpet/outpat adgres D 21, e.g., an
addr ess (ADRSégimd an inBtht/out put ‘address 10 (ADRS. FROM TO), This address
i nf or mati th RS BROM/RO).h eThis gddeesyinfopmation desshbedsn the o ligld ﬂuélséc'ﬁ%ﬂfﬂfi ting

bet ween regisiers or, buffers and nor i.e Lncl udi . .ster. fi ) ...and
bl ock transf e{e#%aqdi vﬁ‘i{‘ %Beﬁggersr% g&@“é?/‘"r}frﬂée*%ln% 85%"?%‘%' IStfﬁ} {ﬂﬁé’ 4pd
field 1In addblbél@t?hxﬁféﬁingﬂiﬁ@DM@H&/oﬁféi Rady AR BotmitAn ' the ¥ fidl® gh a8diasel bl e
to describe the informalion such as an, ° address indicating a branch :
desti nati on utheinpet@utputiaddressiRAN) itdnaléo passible toodesaibe tHecnformatiod sechsas ad5 F)
and a start address (D) upon parallel execution in the Y field 12 as

addr ess i nf or #frespindicatings flestipafionjupon exegition ops braneh iastrughond§eeh asidress,

I nf or mat i 23 t hat . defi.nes—an instruction of reepd St.er .

defi ned i%’?re aatng aﬁa%ﬁidr ()(Pﬁ P ?W%?J%gﬁe%ﬁ‘%fn tpeggi‘%@e@sagfgéréig?%fgﬁal%ﬁ& as
source registers fof the™® figdli it 3ARb pBssBRED AbdcAbe ifformatidhi2S that Gines APBERAICLEN
i'nstruction (including MOVE, nenory read/wite, and the like). In other

words, it is ofessgiktertype)egs defiried iifediaté (imin) addoranformdtion lofire@isters(Reghisefving s
sources for the subsequen XxegutiqQn instruction., Furthernore, .in the Y

field 12, it $SOWEeEeites fopthy aatmelieonertion FRENOHNT bEicapFRHININSTIGIER { aces
(source, dest & aling MOVRS mBBS A e R Wi el 14 BRGNS, HIEpSRkibT5 ke the

combi nation o _
20 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 information 25 defines
interfaces (so.urce, destination) and processing conteﬂt or function and/or their combination of
an aritluhetic/logic unit (ALU) or other data processing unit, e.g., a template having data
path(s) being ready to use. In other words, the Y field 12 is utilized as a field 28 for

25  describing data flow designation instructions 25 for defining reconﬁgure data paths to be
pipelines (data flows or data pathss for conducting a specific data processing. It is also
possible to describe infonnaﬁon for starting or executing the data flow and information for
terminating the same in the Y field 12.  Accordingly, the data flows provided with
reconfigurable data paths defined by the Y field 12 enables execution of processes

30 independently of a program counter for fetching a code from a code RAM.

It should be understood that the format of the instruction set as shown in Figs. 1 and
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an arithnetic/logic unit (ALU) or other data processing unit, e.g., a
tenpl ate having data path(s) being ready to use. In other words, the Y
field 12 is utilized as a field 28 for 25 describing data flow designati on
instructions 25 for defining reconfigure data paths to be pipelines (data
flows or data paths) for conducting a specific data processing, It is also
possi bl e to Gésmly dre of efanphestof Dstriction set having tyodndepsadentinstryctiondieldst a 1 ow

and information for termnating the sane in , the Y.field 12 _Accordingly,
the data fl oRecopfingtodhepreseptmvention, aad é&?‘?ﬁ?“émﬁ%ﬂt‘an Bé’f’ﬁém’béfztp ﬁ@%ﬁ’ﬂg}gt he Y
field 12 enabl es .exe ' o] 38 ] %}bqr?e{ﬁ ;

counter for ?iéqv%lﬁﬁ@gglt %‘:ngg'é %%éﬁg?@ﬁl%%@ép%ﬁﬂﬂ@?ﬁﬂg ou cfh %éﬁglﬁg{e@??%ggmt hat
the format ofyeda€lihiet I T6é pORioRE the ndepedent ifield Fé. @ stypd fiskd 6 mipalieriatively by

one. of exanples of instruction set having two independent instruction
fields abBcoistated atthe héad ofthedefield i21v dhis ialso possible to bhange the erder pfithe Kifielhl) s

limted he f h in Figs., 1 and 2. I h
posi 11 ons- of 0¥ Heldia. { Fubisxarmple REcodha Riprpaarataie Y S TAB DRI tie X
i ti f [ dent, fiel e L ' L M b
5 ocated at SR NS p: pgrparon fctuidiiPfigseh el sORip % B AR KR, €

order of the o}%??épﬂraéén infoRSlationlar&udizeliAvheh thel0fidld X fFEbRribiag tHeexéduton
information of the Y field 12 is included in the X field 11, whether or

.not prepar at imstrudtiohdrdeaddedn i s present in the Y field 12 as well as the

type of the preparation informti are judged when.the X field 11 for
descri bi A8 the exedithe grampledesribed g@ﬂwa tge 8’@5&?@&.’5@@‘@@“@ REPHRIMI e

desor | bed | nipetiRarcdESd fnd STplaSi O RREAEGRANRY. “Ronlkl bytf | o7 A€
i nstruction fRidi&on fér%ngg% ii()%gbiek@pmde B ibtelR G sek fia Adibtntion Bidedciibéd NO

I nstruction is descri I's described) inthe X or Y fields and only

the X field [NOBis dséribet)dn 12 X er ¥ffields andanly the Kifield 11. orAnfieldh 42 isieffestivact i on
et is also possible by the above jnstructjon fornat. that ch 15
;S)r epi’; at i zn g%éib’ucﬁ%%e_ &??‘Tuﬁﬁo‘;:/ﬁ?@:s 812‘213‘[’1%’&19??3’&}? a&’@\fﬁ %W?‘f#&?ﬁglﬂqt Sifha
Lot C . S ; £ o
e pr ondb o PERERE) hiRiiol Rl thhall SAPA! bG8 Bt Ftpth €10 ol rociich

i nstruction imrhétRn¥edckiBédin I X Hald 31 e, tRNRepatativn Hemeotion et ishof indep¥ndent! d
12 of the sane instruction set 10. This instruction set may be incl uded
m xedly in t loéthsareupomigstarciominttke X fieldildsis simpltinepuslyedescribed intthe ¥figlddtof -

[ ti in which , the X field ‘and Y. field 20 i,nd dent of
eaoh ot hor - a it SR sHesto setc0on T enchion st ey b ir e CHEeLRRINe PR  uct | on
set. A speci i e SXATM fe ifriton 968 6 hOFLsdAfinOMinbR T vilid thé X Rld FERAY Réd O

of the

20 12 are independent of each other and have no relation to each other w1thm the same
instruction set. A specific example is not described below for clarity of description of the
invention, however, a program product having both the instruction sets 10 in which the
réspective description in the X field 11 and Y field 12 are independent of each other and the
instruction .sets in which the respective description in the X field 11 and Y field 12 are

- 25 associated with each other, a recording medium recording such a program are also within the
scope of the present invention.
Fig. 3 shows an example of the instruction set 10 of this invention. In the number
j-1 instruction set 10, T(j-1), the type field 16 of the X field 11 indicates that 32-bit immediate
" is described in the Y field 12 of the same instruction set. “#00001234H” is recorded as

30  immediate in the Y field 12 of the instruction set T(-1). In the following number j

instxﬁction set T(3), “MOVE?” is described in the execution instruction field 15 of the X field
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I nvention, however, a program product having both the instruction sets 10
I'n which the respective description in the Xfield 11 and Y field 12 are
i ndependent of each other and the instruction sets in which the respective
description in the X field 11 and Y field 12 are 25 associated with each

other, a recording nmedi umrecording such a programare also within the
scope of t hellpndregister RY smdicated iFihg desBinationfielddid. eAcsopdingly fwhem ehis manberict i on

set 10 of this inpvention. .ln the r j-1instruction.set 10, TO 1), the
Cype i of o DBBicher st ST kel an AT Saicontotig S3isif irerrigen R, e | <
described in Ty o) LRSS Hﬁ#i ..y #00001234H" is
recor ded asr]lg .| %e%?gﬁzﬁt%gﬁ%q?@gwﬁ%@ e@%ﬁ?bﬁ%t ion set TO-1). In
the fol I owi ng numbpysjin thestrhétiohisat 09E hisTdnibodimeMMbreinhfer A8 i@y i n t he
execution instruction field 15 of the X field 16 11, and register R3 is

i ndi cat ed i ninsthusticleset 1(hia réfemredfto es idstauttionset BG)); prepayationtierihd dxiesutionnber |

I nstruction set TO . is,f an ALU of, a control upit stores, in_ the

regi ster R3,DfiEton %@@Pﬁ%ﬂéﬁc 3 g@b@m@am iy Bpiscmeans phike fﬁﬁee@@m ipgruction
I( EZJ; (ra:J(r:l;:‘ ?2 r S%F?ﬂ:gs}n u %%grﬁg}]é& glei #@P?’Sh{lf %s%lﬂg L‘i l?e%ﬁe ieuiedrlbé’ftg? ‘?%QI Q? geleacggg&ne "

i nstructi on fttcardidt be kitfRiRdn tHe Mtrhi@ion SQET () $RAS! OIS unipihy dédinindd fdgSEHE | bed
in the instruction set TO is made by neans ofthe preceding instruction
set " TO-1). AwodnsiuatidmsetsTifel \ahd T§). o Mepreowes sstha gxdcotidrsinstooetian fieil Hofithe ALU
of the cgontrol uynit canpot be known fromthe instruction set TO_ alone,
but is ufi quBSHcHRR 8t R+ b Anothenexeqytion ingipiction for arathes pragessprepesed by thedY TO) .

Mor eover, i cut | A ' field. h O  on set.
Woreover T il SRR HRHAHE N MLl B S B Rl DB A0y R O Bt
field 12 of mmcﬁcsxﬁ@eﬂgng iFufthérdfold, RithéBhe fidd 1o a4 Y iaeH 120FMRGREGR %Ol the
Y field 12 of the instruction set TO1). Furthernore, in the type field 16
and Y fi el d (), afothehpreparationiinfoingation of anothe) exeaution linstrugtiondasceibedain thenf or mat i on
of anot her execution inst execution instruction

ruction described in the X
field of thmhpawwpﬂéaﬁeéﬁp&dw@emsgruet@gé?%é@.cnbfé- In this enmbodi nent,

pr epar atjizon i nf or Lon  prena | |- [ i t. Lon -

i nstr uctl_i5on descr {fﬁg{é&?lﬁm. e X%fe&néﬁ@odfﬁﬁ%ﬂpéﬁbhéﬁ @%ag?tﬁo&e{h?rgﬁ%égﬁ ) is
descri bed i rexédifion MstnhctibAl ddseritsed] inl 1he X RAETH G¥itRd MstRIcESES TG) ik BSkAbEliA 918 - Set
TO1). In other words, in this exanple, preparation instruction |atency
cor responds Y 8eldA2 of the smediwsoly precedingringtractinn setiT(41 hf dn other wordspesy thise :
described in_anagther instruction set prior to theﬁigﬂm Lately preceding 20
i nstructi on “SUPPIe,RIFPAEAIGRINSIEUCIOR lateney, onds tong slogk. (HRWevEh Pregaration ¢

having a pl utrhdin Bay be described in another instruction set prior to the immediately preceding

20  instruction set. For example, in a control program of the control unit having a plurality of
ALUs, or for data flow control as described below, the preparation instruction need not be
described in the immediately preceding instruction set. Provided that the state (environment
or interface) of ALUs or the conﬁguration of templates set by preparation instructions are
held or kept until the instruction set having the execution instruction corresponding to that

25  preparation instruction is fetched for execution, the preparation instruction can .be described
inthe Y field 12 of the instruction set 10 that is preformed several instructions cycle before
the instruction set 10 having the execution instruction corresponding to the preparation -
instruction. ' . '

| Fig. 4 shows the state where a data item is stored according to the instruction set of

30  Fig. 3 in a register file or memory that functions as registers. A processor fetches the

number j-1 instruction set T(j-1), and the immediate “400001234H is latched in a source
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ALUs, or for data flow control as described below, the preparation
instruction need not be described in the imrediately preceding instruction
set.. Provided that the state (environnent or interface) of ALUs or the
configuration of tenplates set by preparation instructions are held or
kept until the instruction set having the execution instruction

cor r espondi rrggister DR of saem:lébafrth@ processaraeconding torthe prepasationdastrigfiondn the i on,

instruct ?Lﬁtf‘geﬁflilﬁgr%r at %?Bﬁi?wﬁaﬂééﬁ%éﬁaﬁﬂﬁqé‘s% Jbﬁéﬁ'&ﬁeliéet 3. aruih
preparati on oy Rt ibaf et GARE MY i 2030 HEDAGROLERRRR Y Adube 1 1e

stored aCCOﬁﬂdtﬂ‘i!thdrp‘Md)VE" 5the N@eidan. STherdfter, e dataGtem3n the baffEcbis Qkved dt' e or
menory that functions as registers. A processor fetches the nunber j-1

_instruct iSon thesddress Qc)r;esmﬂnrgheﬁlemcmw@f'thmmmhﬁ register [fiket 2%k dEven ifa
source 17 register R of the ALU of the_ procgessor accordb g fo the
pr epar at i on HH¥PRage B?f‘t‘Pﬂlst'ﬁEfe&’ﬂSters but megorics, hyiths isruckiensset 19 pEthsy ocessor

~ fetches the I T i ate thus
| at ched is s‘%@r g@%{q&aﬂw&a& %%ﬁé&%h}eﬁéfggﬁh %ﬂt@@%ﬁrﬁ?ﬁ{] hcgagg%c ution

i nstruction cohiding ﬂn@pi'&t@ss%cédrdﬂégjtojtﬂe prépeatafiifSimatibSrictab ehelekdmtibm t he

buffer 29b is saved at 5 the address corresponding to the register R3 of

the nmenory dnstiubtiorr egi ster file 29a. Even if the storage destination is

not registers but penories )fﬁnhe instruction set 10 of this enbodi nment
enabl es Phe data tégéé PWRidIe schematicsirpeiare of 2 praseseiddete PRISEISISSY M) 1 cycle

by conductl r 0 rior
to the execu % |ns @gfo&ﬁ%ﬁ&eﬂ%ﬁﬁg}ﬁ@%@ﬁ&%ﬁh&@%ﬁ& llgco?ﬂ{?e of a
“processor (md@feﬁpemcﬂaeo&ysi BiopRsgratiidd Hading tHe@iMrh@tonléBist1 0 3Pitspabl e of
executing a program having the instruction setsS 10 of this enbodinent.

M crocodes cmbpilineotare savedia al8deBOMZP. t [Eheiconttol umt 3Quincisdas = faich uidit 3 hios

enbodi nent a%,re saved in . a code 39. The nt unit 30 includes a fetch

unit 31 for CFURGH RYTuGHon 6 ofcthe micropeserar mt%@dﬁml\éa?@gqomgmmthe

code | I

first executﬁ% wﬂ%ﬁﬁ?&ﬁéﬁ%ﬁ%%gps?b |oniagt¥au(!1’g§ gg‘ﬁ'?%%ﬁ“ﬁcatfopel d 11
of the fetchededodsteUlHitl@N] 6fthe fefhedindtfuckion Se1G5IASTS dOernBASSY dsseri8e
function of the ALU 34, and to select destination registers 34d so as to

| at ch the | deiction ofthe ALLUGH, ansktolselea Hlestinasionlregistets 34vksosis o lakhdheslogicr ol uni t

30 further Iorﬁgrlatlilgnel%sutofetlgl:eOKEU%é%he?e% on control unit 33 having a_

The control unit 30 further includes a second execution contrél unit 33 having a
20 function to decode the Y field 12 of the fetched instruction set 10 based on the information in
| the type field 16 of the X field 11 and to select sbﬁrce registers 34s of the arithmetic
processing unit (ALU) 34. This second execution control unit 33 is capable of interpl;eting
the instruction or information in the Y field 12 independently of the description of the X field
| 11, except for the information in the type field 16. fthe information described in the Y field
25 12 defines data flows, the second execution control unit 33 further has a function to select or
~ set the source and destination sidgs of the ALU 34, i.e., determine the interface of the ALU
34, and to retain that state continuously until a predetermined clock or until a cancel
instruction is given. Moreover, in the case where the information in the Y field 12 defines -
| data flows, the second execution control unit 33 further determines the function (processing
30 content) of the ALU 34 and retains that state for a predetermined period.

Accordingly, the first execution control unit 32 conducts a first control step of
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20-function to decode the Y field 12 of the fetched instruction set 10
based -on the information in the type field 16 of the X field 11 and to
sel ect source registers 34s of the arithnmetic processing unit (ALU) 34.
Thi s second execution control unit 33 is capable of interpreting the
instruction or information in the Y field 12 independently of the

descri pti on décoding the ek¢cution insthctioxindl X field 14 aed protesding withrthe opetdtion by pe
field 16. Ifthe information described in.the Y field 2512 defines . data
1 ovs, the sGHOBHRRABIORERIS BTFOEtRR foSHA GFACHHOMNYTHRONDY OSSR N thet it o

select or s | | ' JL e

ot er i e t hEes S SE AP LAGR: 1Rk S8R G bidSeselydr i elctution

cont i nuousl y ingthickibn.2 QX e other Mnﬂﬁﬂde;pérﬁﬁﬁﬂﬁfthﬂﬁohﬂenﬁqﬁméuﬁoh Bethe et on 1S
given. Mreover, in the case where the information in the Y field 12
defines %at execitionsontrd] snit 82 amtithe fissteantrolstepaotdusteduhereby3the Senondh execution
determ nes the anCtion %rlocessi ng 3(} cong&nt%‘, of the ALU 34 and retains
that state f&R WP REEPRSAsecond coptol siep o despding preparptionriptpapatiopdnthe Yon

Trat et on £a0 1R 0% oé BenE BBGhe M8 aflq b VG R S eERR ., "

dat a 'processeﬁotﬂ&qg{aq,kd&ss;@.' that execution instruction by the processing

unit that is preset so as to be ready to execute the operation or other

dat a processes of Thscontebamit30drther inshidesc pharality 6ficantbénativiseof siichrestecution
the content of the execution of the first 5 execution

i ndependent | y of
cont rol i t Coptrobiets 3 3rand &L UscH malines possible tienecy varninus pragessehe As@c ond

execution c i t.. caontr t decodi ng

o epar ati on' bR DSt ot tigsRES ol B pRRESHE ARk SRR RIS e
processi ng  uligh-sgeed digidl prdeassirpRshe theEX@A Bt BorligfreR BfgHHe Wnirdt iniP S8V 01 2
processing. This control unit 30 further includes a plurality of

conbi nat i onscasé oxpesihheraleiratifrpn 10 control units 32, 33 and ALUs 34, naking
it possible to ex utg varjious processes. As a result, a DSP for

hi gh- speed i mage dH8%0 [0 3ekovss seme sample prosmms exeguisd bx/the confiel i 36 of this

hi gh- sp el r §§gh t i can be configyred using the
cont rol ﬁi Sé@!(?tdgéeng %cor J]o&b%e;iri]%hsg&é‘{'m?%‘gdﬁanﬁi}m. “ﬂ_g&??gg S?Bs@%_fhoms some
sanpl e progreetutsbieBid @avéitiohd CPLHIISE, ThislpropPar® bxttddtsihe xRl Bl A
sanpl e program 41 shown in Fig. 6 is an exanple created so as to be

execut abl e btable gtgriipg mithan atldren#STARDS®R isteingnapedarpoa detestionaf #ENDhe  maxi mum
val ue from .a,tabl tarting with an address #START and is term nated upon
det ecti on of‘“%&ﬂﬁﬁg&eﬁﬁféﬁ%i ng the | ast data.

A program 42 shown in Fig. 7 corresponds to the same procedure as that of Fig. 6,

20 the program is converted to the one suitable for the control unit 30 for executing the

| instruction sets of the present invention. The program 42 is generated for executing two
instructions with a single instruction set. The program shown in Fig, 7 is converted through

. acompiler into an execution program of the instruction sets of the present invention so as to
be executed by the cbntrol unit 30.

25 Fig. 8 shows the complied program 43 having instruction sets 10 of the present
invention. The program product 18 having such instruction sets 10 is provided in the form |
recorded or stored in the_ ROM 39, RAM, or another appropriéte recording medium readable
by the data processing system. Moreovér, the program product 43 or 18 embeddedin a
transmission medium exchangeable in a network enﬁfonment may also be distributed. Itis

30 well understood in the programs 43 with reference to the program 42, preparation for the

execution instructions 15 of the second instruction set 10 is made in'the Y field 12 of the first
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A program 42 shown in Fig. 7 corresponds to the sane procedure as that of
Fig. 6, 20 the programis converted to the one suitable for the control
unit 30 for executing the instruction sets of the present invention. The
program 42 is generated for executing two -instructions with a single
Instruction set. The program shown in Fig. 7 is converted through a :
conpi | er i nt osawctionsetufi ol the fstrinstructiontsetel G, the type dieldd® indicates dliat inhmediateisent

i nvention so.as.tq. he ted by the, control it 30, 25 Fig. 8 shows the
compi 1 ed or ofPSkRin e B e entignaeton, She terandpecuinn Lontrl SRl on.
The program [ ' et ' ' ifR1t he
form recor dggggér‘kqtsl? gﬁg@q?r?ﬂ ? H@W@Eﬁﬁ %ﬁ‘gﬁg%ﬁ}]‘gsré‘zﬁ%gfé}% Irofgltg éA*L b
recor di ng megi urThessfistaHyahe fyoridisstidaicn ser 10 e ekatgtich/initRiRionyls ety decutéd e
program product 43 or 18 enbedded in a transm ssion nedi um exchangeable in
a net wor ko enon therAddh 84 that/has been readydorshoselsuecution instrucor80  Nemeély,at thertimeood i n

the prograns 43 with reference to the program 42, preparation for. the
execution i né‘fh%% F%?ﬁgfmwoq ?Fé?g IsEspritedniorthe registars de edi‘@)thiege%ﬂ@niﬁ?ldt he Y

field 12 of ' . le ‘fEJ,Ci' i I ' - [ j on set
10, the typetl?’ﬁ}é%#a_g%'?n:\s%f g:lglt%tes thg}%%f{%cr%%rﬁgftgcﬁ%&&?eis%ﬁ%lédgﬂ?%{eaﬁe'Y field.
12 as preparation iyl they-fiekR sFekeNeebriiiéionReCloNinktRlctibhy tb sé3ource
decodes the Y field 12 "and provi des the imrediate to source caches or

regi sters of registerydre/desgdbed Bh prepdratian infoymatioe ofthe exegutionsitstanctions {MQVE"1éhd t he
execution ing gtions 15 are executed 5 on the ALU 34 that has been ready
for thosgo exe‘éﬁ ght Pﬁ@?%‘?%‘ﬁgﬁloq‘éﬁe\%ﬂm&f@%n& g nsiipdien ¢t Osedbhd

I nstruct | on ﬁ@%ﬁ&lg 1b§e@é§ﬁﬂ{t ?re ﬁii:ﬁ%g@]iak%sde b ﬁElg‘iz-.deSt 'nation

field 17, instructions o e executroninstruction field 15

are sinply execut et thSpihtaai 43 theithird di 116 fbilc¥inl idtnfion s FREEBSbolEBAsT UCt i 0N
set 10, instructions to set source registers are described as preparation

i nf or mat i on that daseribes ebavei oPreparationinfoinaation fovitheEkeaution ingPuctio's ofithe he
execution ingtruction field,15 of the following third in ction set 10. .
The type fie?"ho‘i’@gm%%mf’msei ]r%‘sg‘ésﬁ‘i"%qdéﬁg‘eé)ﬁaﬁfe%&!‘%?é{ 2 of hed in
the Y figld ; : pr-aar - | £ -OW Ng~LNStruction’
sets 10 gdr e %‘%&)éggﬁgéggo' t-ﬁ%teﬁg%ég? llnlgtg%uéﬁgof\;scejqfﬁ%&%%@ﬁg | (#%8%6?2? Lr]rllagt ion for

t he execut i otorpasber(OMP)38d ¢énditfonblteanchitg (10E).N0Adcottiddly, by tHeltyel i 6abl 10
is described in the type field 16 and Y |tngl 12 of the ?hir 15

i nstructi on ¥dieldlg of theshiedinstructionset A, tarregisterdhktobs compired inghe followingt r uct i on

by the type PRBTHIIBTAIPR 1541 Diaedia o G AEND R HEE R p ot phades ofhod
r eg.i ster R Eﬁn&i’l‘?ie_?tﬁﬁi?&{ ANEXT (#R006500A)hrdYescribed as preparation information.

20 Accordingly, upon executing the execution instructions 15 of the fourth instruction set 10, the

comparison result is obtained in that execution cycle, because the input data have been set to

the arithrﬁetio—processing unit 34 that operates as a comparison circuit. Moreover, the jhmp

address has been set to the fetch address register. Therefore, by the conditional branching of

the execution instruction 15, another instruction set 10 at the transition address is fetched in
25 that execution cycle, based on the comparison resuit.

By the type field 16 and Y field 12 of the fourth instruction set 10, information on
' registers to be compared (RO and R1) and an address of the branch destination #LOOP

(#00000496H) are described as preparation information of the execution instructions 15 of

the following fifth instruction set 10, i.e., comparison (CMP) and conditional branching (JCC).
30  Accordingly, like the fourth instruction set, upon executing the fifth instruction set 10, the

comparison and conditional branching are performed at that execution cycle, because the

20



execution instruction 15, an inmmedi ate data of #END (#FFFFFFFFH), and an
address of the branch destination #LNEXT (#00000500H) are descri bed as
preparation information. 20 Accordingly, upon executing the execution
instructions 15 of the fourth instruction set 10, the conparison result is

obtained in that execution cycle, because the input data have been set to
t he arit hnet interfacoofsbeanithmetivi pro@ssinghiait 34 bas aready been igadydasascutsdhe EMEandt |
Mor eover, the j ., addre been set to the fetch address register.
Ther ef or e, bgc{:h!lgg%%dﬂhexgﬂtjgm'anchi ng of the execution instruction 15,
anot her instructio LS Edd LSerl SRR RniR 1 Padt hat
execution cycle, bghstggt{o%%t%c’fté%ﬁgsgrl so%ﬁd}aggtu@fdgaug%sr%%%ertl%e ?flé'gl(]g )i% and Y
field 12 of thaddres of fhe trassition dedtipmionddL OUP ark Béseritedtas prparationisferaitionoft o be
conpared (RO and RI) and an address of the branch destination #LOOP
(#00000495H) therexeahtion instiustionssof thedfpllovang sirth instraotion sét 3B, ief, movementMAYEh
I nstructions 15 of  t following fifth jnstyuctiaon set 10, i.e.
compari son ( ra’éﬁhﬂ‘gg -t i8] m&‘%a‘ﬁbﬁ‘lid‘f’gs"ftg@ﬁf}‘?cugﬁ)s%églf'reﬁ?‘ﬂ’&dy}fheld@?e t he
fourth instrycti , ] cutin | f Lnskruet i +hd he
compari son a#g&épﬂn%{?f%%}rl\%?e% ragﬁxg ng g‘(r)tgp%gli oa?lgrtehgq gﬁdﬁ%{@%@@%ﬁ: g‘r}:h %:ycl e,
because the addtedsioF hehtfic debthBtiI #IIGU® I tRat RkQRGESPdytle. Uni t 34 has al ready
been ready to execute the CWP and 'JCC described in'the X field 11. In the
Y field 12 of the fhis accortiigrto thelmstrustim. setldf theswesentanvesiyons therexeqution nat i on
(RI') and, an_ address of the_transition destination #Iég_ are descri bed as
prepar at £1®n  in§rection s ssparged Bomthe prsparation mstraction that deserihes iterfacss apgfor et g
si Xxth instrugtdl . - . oy {. | L] MP) .

iy BRuG o SRrtpeied BEMER st ), MR MRRONT oy

Accordi ngly, SI'X

i s stored i nidstgctidf & deSsribbdPi theibitRicon S3hass REhed Asordd flateciition insuaétioan i s
fetched fromthe address of the transition destination #LOOP in that

execut i on cydceordifplydhy theewscutiongnstractionsdeaseribted inceachinstsustionset.tanly the esent
i nvention, the execution éo i nstruction is se arateci fromthe pre arattai on

i nstructi on CYRPURSOEFTIRANG AtAMPULQPEratipR|Is SIPSE HRerely FICETiR%OPEHSE BF

executi ngg sulj £G | ' | t '

st ruct o e yeafiSREY dsOle 1S e dilrbOResNPIEN 30, WecBioBRE BlebiBeac |

t hat execut i charadigistics@hd MiprovefieRevitiomiédgnendy\chirb@erRieisé bisindd) S MdiedvegNs
described in each instruction set, only the execution corresponding
arithmetic opks the conventionglipigsliye, althongh the §imings of opemtionswitlusspectio theit a 15 have
been read or assigned to the,source sides.of the ALU 34, Accor.dingly, . '
excel | ont ACCEREHTIBPPHQR He SHBERE OBt d e spouTtPBA PPl iecions Sk b
charact eri st s @of rlHiRd Refter ¥ERY Snd other processings are performed in a stepwise

20  manner. Thus, the throughput is also improved.

XD

In addition, the program of this embodiment is capable of describing two
instructions in a single instruction set. . Therefore, by parallel execution of a plurality of
instructions near the program counter like VLIW, the processing speed becomes further
improved. .

25 ' Moreover, in this program 43, conditional branching is described in the execution
instruction field 15 of the fourth instruction set, and the address of subject branch destination
is described in the Y field 12 of the preceding third instruction set.  Accordingly, the address
of the branch destination is set to the fetch register upon or before execution o'f the fourth
instruction set.  Thus, when the branch conditions are satisfied, the instruction set at the

30  branch destination is fetched and/or executed without any penalty. It is also possible to

pre-fetch the instruction at the branch destination, so that preparation for executing the

21



l.i.ke the conventional pipeline, although the tim ngs of operations with
respect to the execution instruction are different fromthat of the
conventional pipeline, operations such as instruction fetching, register
decodi ng, and other processings are perfornmed in a stepwi'se 20 manner.
Thus, the throughput is also inproved. In addition, the programof this
enbodi nent . i exeeion iniseuction dtbe brandhrdgstinalion dan be mads in edvanpgy  Acserdipely, even

et rtct | on<e o eGSR YRR RSl R R BB Sty sl
becones fur tgﬂg érsocéslgi‘gégvalgﬁlr%tﬁg d%@é@ﬁ%{g Elocll-ﬂy—&l?él?oa%.og ram 43, conditional

branching is cr ron -r’nstructron field 15 of the fouwth

i nstruction set, ang dfighadibvasSorefram liobtk phEan iemdion! Whidh defifes dasa flows
described in the Y field 12 of the preceding third instruction set.

Accor di nd vy, usingehea¥ dieldd2 of the instraction aetdR of thetprasert inyantion feraxetuding He same -
fetch.regi ster upon or_before execution of the fourth  instruction set.
Thus, when tIecaHEs desribetabovs based o batclta omse cAmpRs e datp dwedeienatien ¢ ¢ he
30 branch desti ' 1.S..fet. [ , ] J . It is
al so possi bl lé%#c%ﬁsﬂﬁgg-d?%{’ &%lﬁﬁg&rﬁéﬁ S‘ét ﬁjgﬁf\g{' ?{iﬁl\éﬂ%{ﬁgﬁ%mﬁg@gﬁ%%%ana ‘SO

t hat prepar afidv@and SDFEWEL i dnifhtruEifon définiSpiRforhation of Brinestiohs @foRhatioRef br anch
destination can be made in advance. Accordingly, even the instruction at

t he branch detetfaces)dndprocessingeonterd dfimétionpofithé witkmetic peacessingnumit ¥ derkningTthes

t he processi | s accurately defined on a clgck:by-clock pasis, Fig, 9
further ]sohovﬁsa%aﬁ%’@j 4 ‘SFLWE s ae atrictiom defining She termpination genditions ofithe
flows 5 usi L el f dSt bt ic0

[ ove S U AR Yobhehoh bk BB SORNNH IS oA ng Bl SIBSIRN
data flows. dquERaCandRemete R ro¥imdesTid Rt fath, TREE daatfofesighatidgscri bed in
this program 44, "DFLW" is an instruction for initializing a data flow,'
and "DFLWC' instrugtionisi2Staredeséribed mdhe Yiifield 1212 prepargtionrinfofmation and décoded by the
(information of . interfaces) and processing content -(function) of the

1t ot ¢ PO Gon oLt Gy i (1 Lo e AR eOTEat GBS 1 DLW
is an ingtr | L ) % conditions of the data flow
Instr.ucpl%onlq‘a})dcﬁ;rgceeg&%h{eésena{tné%lg%é@gﬂs?gr inputting data to the data fl ow
thus defined and Waérthé fr 4 howh #l Fig 30 exteb@ed Aesepdtidexecliien orthidl anif | ow
designation instructions 25 are described in the Y field 12 as preparation

i nf or mati on Erﬁ@tsd@dbgimomlﬁonme\ stepgthe m@umdbu putput interfaces bf the proc&Sing vuit t hat
Lhe struoturee CoRnld QAL One) [ oL SOMNCLLRG Lhe 15 data priocesnesnd' ®
' contents of the processing to be executed in the processing unit according to the specification
20  of data flow in the program. Moreover, the second execution control unit 33 also functions
as a scheduler 36 so as to manage the schedule retaining the interface of respective procéssing
unit in the second control step.
Accordingly, as shown in Fig. 10, the second execution control unit 33 functioning
as scheduler 36 defines the respective interfaces (input/output) and contents or functions of _
25  the processing of three arithmetic processing units 34; and retains. that states and/ér
configurations until the termination conditions are satisﬁed. Accordingly, through the data
flow or data path configured with these arithmetic processing units 34, the same processing as
that shown in Fig. 6 proceeds in sequence independently of the program counter. In other
words, by designating the data flow, dedicated circuitry for that processing is brovided in the
30 control unit 30 prior to the execution by the three arithmetic processing units 34. Thus, the

processing of obtaining the maximum value is executed independently of the control of the
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When the program 44 shown in Fig. 9 is executed, the second execution
control unit 33 sets, as the second control step, the input and/or out put
“interfaces of the processing unit .independently of the time or timng of -
execution of that processing unit, as well as defines the contents of the
processing to be executed in the processing unit according to the

speci fi cat i oprogemebuntert a The data flow uﬂtenmamﬂylrlgﬂw ANBr Hdurstioning es BRL.SHB

executi on control, uni 3. also, fungtions as a scheduler 36 so as to
manage t he S]g{ig;@@hagﬂki,g{jicﬁpﬁﬁgo?%éo?ﬁ ¥rface of respective processing unit

n the second contypl 3fSRowhiGRE & Aution 8Fine BANok UndHled thelime bR 8EEON

execution control uniit nfng as scC I'"nes

respective ittt bPmhe prgrddPsHoh@uh Figl 6 oNWitkRbh@ip sy Bfanthghicags of 25 the
processing of three arithnetic processing units 34; and retains. that

st at es ard/ ofccoudinighy akttwugivthe comtral unit 3@:is ferrargenaliporpose itcifficiently perfarms a
sati sfi ed. Acc%écdi ngly, through the data _flow or data path configured with
t hese ari t hniPESEC pPerstiag:siiciently andatan extromelyhighspeedJike s spnigol #ait havisg shown i n

Fig. 6 proce L Se | ndependent|y of the program counter. In other
wor ds, by de(ge?%%tlg F’?\cgﬂﬁﬁgp%%ttsgg?&&ﬁ?ceﬁé ' cated circuitry for that

processing -is protegRfutidn'sBnd the@omtid] Ahit BtbidingGo B{éﬁéseﬁt%\kﬂﬁorﬁﬁ?@% lon by
~ the three arithmetic processing units 34. Thus, the “processing o -

obt ai ni ng t hpssitle iaprovidedateflows epparas tata flowsifap earides plogessihgs ih ehecontrolalnitof t he
22 progr%mc unter. The data flowjis termnated if the ALU 34 functioning-
as Dp 1.l0sygthep W5 fap alsphe appliedysitemplapsior exscutbrpther progessiags ¢fs shown in -

ig. 9, defipjiti .1 h f.] b h i I hat of
the. progr am AT (it e AL uind eRRAR, e Bl S B AR Bl Pen s
‘Accordingly ,coﬂﬁwlauﬁamé £6106 §ebifie! Btk pl%@ed'siﬁg,fh?addﬁiog,[%%ﬁ BdrfgtiaRORGre | ¢

efficiently pertorns a specific processing efficiently and™at an extrenely

hi gh speed Iredligedtbycasherpodgrams dr hambwiaregy  Itdealsccpussible 6o set a plurajityf afidatalflaivs,
specific proc ' set and the contral unit_according to

. The | i .

]Elhe pr](casent @ﬁsmg@{;ﬂﬁ%ﬁg%%oeﬁ?egi?@eﬁPWIH@tW%mghgr pa][?- data - -
| ' i ' 10, T { .

can 2l sadbe gpinl HRERRS ATl Redlin GOy UFlybressins, and B8R i

programs. Thoftrél®edtetidsittheirésitdiiopof t ware, -the hardware are nodified at any

time to the confi?uragion sui.table for the specific data processing, in
addi ti on, such coiig duisatschenmtiastauctureaf 4 duaiprioyessingigystemrprgvidedms arsysian dwar e.

20 STl R B Pk g B ™™

the inshucﬁon set 10 including the X field 11 and Y field 12 of this invention. This system

20  LSI 50 includes a processor section 51 for conducting data processingé, a code RAM 52
storing a program 18 for coﬁtroll_ing the processings in the processor region 51, and a data
RAM 53 storing other control information or data of processing and the RAM 53 becomes a
temporal work memory. The processor section 51 includes a fetch unit (FU) 55 for fetching
a program code, a general-purpose data processing unit (multi-purpose ALU, first coﬁtrol'

25  unit) 56 for conducting versatile processing, a data flow processing unit (DFU, second
control unit) 57 capable of processing data in a data flow scheme.

The LSI 50 of this_embodiment decodes the program code that includes a set of X

field 11 and Y field 12 in the single instruction set 10 and executes the processing accordirigly.'
The FU 55 includes a fetch register (FR(X)) 61x for sfon'ng instruction in the X field 11 of

30 the fetched instruction set 10, and a fetch register (FR(Y)) 61y for storing instruction in the Y
field 12 thereof. The FU 55 further includes an X aecoder 62x for decoding the instruction
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15 significantly facilitates parallel execution of a plurality of

processi ngs, and programmng easily <controls varieties- of their execution.
Fig. 11 is a schematic structure of a data processing system provided as a
system LSI 50, having a plurality of processing units (tenplates) capable
of defining a data flow by the instruction set 10 including the X field 11

and Y fi el dlachedin mFE(X) m;lﬂ@&f depngl@r @y&rdmodmgﬂainmﬁmb@&? the
processor segt] 51 fo ctiq ata.pr ssjngs, .a co g RA| égZ
S 1411 S R R o e W st e

or acossing S e sodhRid B9 delodR ettt e S p T 0,

section 51 ithePCERAMSIINShSdIpragiaim dolihtd). The hubbegh@it Gidtrigiondetiis Revhadteage, a
general - Eur pose data process unit (multi-purpose ALU, first control' 25
6

unit) 5 foﬁhm(ﬁ’Onua:plbdﬂjemﬁledlag' of the peagsam gfored inthe sodd RAMp20cessi ng uni t
DFU, d | ' 5 bl f . i.ng dafa | data fl
Scheire. The Lt 541 B L5 bk SerRer v/ Buesiss t Ao Bragiond Beteriige
> T ud ot il i g \ . . .
B T T R N

regi ster (FittionSased G the bChiRs ihstdbidatdeb@iBed ifl thelT¢ fidld f11 QF the lubtr@étiodQett he
fetched instruction set 10, and a fetch register (FR(Y)) 61y for storing

“instruction10n TheeY Wecobersd2y firtionsas thefsecing eXdcuticn dontrolhmit 38 ncAcmbedingly; X

decoder 62x for .decodjng the instruction 23 |atched in the FR(X) 61x, and
a Y decdfer ﬂ@%& decoder 2y Herf Stthresem@w&lis'@no} ¢ preaent jnvention, baggdopthe 1y The

FU 55 TUr t NG feph il iR SmidnHHhE] in the Y 501 150 8 hhrhdin 31 1BUCERR SRS 1l N

. 1
f ol | owi ng. n-'set according he "deco result” of gse” Gecoder s

62x and 62y theddsltroltofehisatOprotassing syeiem, MThefeleh Qi SNt step sifetchifpethe ubsequent
I nstruction set is fetched at any 5 tinme froma gredeterm'.ned addr ess of

t he progr aminstruetiod setof thepresent énventignioperfonmed; ingh¢ ¥ degaler 621 the flst contel 62x
functions as, the. af qrepentioned, first executio ontrol unit 32. '
Therefore, f£iB OE@‘H’E B the execption sction infthe rgc,ﬁglﬂ aeﬁﬁ{qcmdn&%ﬁl th¢ oOpgsatiogr esent

. D on. _ T e . . it
of 'the st OF S8 pRBesiE ot dled fn Rl by B8 pit S8k BER thaf b BEerrbosty
execution ceasfotRlreddyitd exedute fiperatitgbiydatalfitodciing ofliRE eRutidhANstRAdI infhe t he

second control step of the present invention, based on the preparation
i nf or mat i on Yodeseder §2yj independently of theifigist contrsfl stejp ¢hei sesandeonirelistep of decoding

Therefore, in the control .of this a processing system i.n the fetch
i 155, t hEreppERen B RR h e srhond AR fndietng e st Gthe MECsSHER BHIE S S8t f on
s perf or Mege rdafly {0/ Recktd 1B BFGAHARN dath Pockisigt cont r ol .

20 The multi-purpose ALU 56 includes the arithmetic unit (ALU) 34 as described in

connection with Fig. 5 and a register group 35 for storing input/output data of the ALU 34.

Provided that the instructions decoded in the FU 55 are the execution instruction and/or

preparation information of the ALU 34, a decode sigﬁal ¢x of thé X decoder 62x and a

decode signal ¢y of the Y decoder 62y are supplied respectively to the multi-purpose ALU 56,
25 so that the described processing is performed in the ALU 34 as explained above.

The DFU 57 has a template section 72 where a plurality of templates 71 for
' donﬁgurin_g one of a plurality data flows or pseudo data flows for various processings are

arranged.  As described above in connection with Figs. 9 and 10, each template 71 is the

processing unit (processing circuit) having a function as a specific data path or data flow, such
30  asthe arithmetic-processing unit (ALU). When the Y decoder 62y décodes the data flow

designation instructions 25 described as preparation information in the Y field 12, the
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step of. decoding the execution instruction in the first field and
proceeding with the operation 15 or data processing ofthat execution

i nstruction by the processing unit that has been preset so as to be ready
to execute the operation or data processing of that execution instruction;
in the 'Y decoder 62y, independently of the first control step, the second
control st eprespectieaiotétfagss a:pf@pmmatof ctionfof progessiag inf the terwplatesddniep--fthe| d and

setting the state of .th I in nit, so,as t be ready to execute the
oper at igon or p@&?%’“%%‘&‘é’ggﬁr@?% a’ier%éﬁ?f'ﬁ?d(‘?mbﬁ?g@g@y'ALU 56 iyncl udes the
arithmetic unit (A . 41 ' %@é@ﬁ\; ks nTe 8

regi ster group 3(5 #(‘Liaro@ﬁ%ﬁﬁtr{gﬁ?srg]@ﬁ?fgmj%ﬁ] d at a o%@ﬁégtlg%ﬁg%teég?%s?ged

that the i nstiidibéeasts ithgtaglaglates7 1 fjahddatdfown deignbior 25 desuifibedin ihe ¥ figld 12.0n
and/or preparation information of the ALU 34, a decode signal 4x of the X

decoder 62x Zhus, with derbitasioniofjthase templates 7 daty path(shsiitable foy therspecifigiats ed ,
tively to the, multj- ALU 56, 25, hat the.d i b

br 06essi hg. | BIEG RO ORMBRALAS derrbite fe8ioh 3 0 Mep S O FREEBRYS 7 has a

tenplate Se?&h&é‘d{dﬁm@g&gj@ fb:g'd{eash%cﬁﬁé ﬁéoe%s,ﬁ%s&wﬁedﬁ HleYrocesRP 51 Iildedly ONe

of a plurality da seu or "vari1 gus processings are

arranged. Astdgrdtessigdhaél kohductd Miepénliaily \f the chitétst of the prograb¥cou@N In
tenplate 71 is the processing unit (processing circuit) having a function
as a speci fi otheewerdpalub tapthe data Sow|designatiorcinstaotiens 25kt areipobsihie focchpagedbs si ng

unit (ALYU). Wien .the Y decodef 62y decqdes the data flow. desi.gnajion
i nst r uct 1 bnsTeSBECHUBPYtHRUPYS O&he&a}pfmsfom AP POPeITSIL e TRIES A WiS8RUaIED, ¢ he
24 respectivg.l : . ' | |
Corpl at oo, 71 e RgRAET A8G<50 31 Ry of KoGlRBRR p BRI W Wplfridlh |
t he signal 7yuitam§g@rt§t§gp,g¢iﬂcddﬁ7prb§esa$si ble to change the respective

n

connections of the tenplates 71 a processes in that tenplates 71 by the
data fl ow desi gnat As siRfndeEigr 12(a)iniarder teperforingonie prcess &n Teisput data ipin to

nbi nat i f.th t I 71, th .table f th i fi
RN SR N ORI
of the POr Alhekive gt oFBLLAHER 1315 6 dbdachPledliion B ki 51 10

is provided e processor ere € processing thereints
conduct ed i nprpesids Ripesfomiedivit thorinblates 0£1, 112anf 1 Bbeig conmecied in sekiss wigh her

words, due to the data flow designation instructions 25 that are possible
to change t heachothepaysbown inig. ri@(lgs/ Similarhy, for dhte athes tereplasesatla thetemplate block
51 S o 11 L 1t PRSBISAR 1 el mp R PUE s 50 0° ETRBH FPH O ediieani e
for the specijth GofiahttdionbaRRbRYf a plurality of templates 71.  Thus, a plurality of dedicated
) 20  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.
On the other hand, in the case where the process for performing on the input data
¢in is changed, it is possible to change the connection between the templates 71 by the data
flow designation instructions 25, as shown in Fig. 12(c). The Y decoder 62y decodes the
.25 dataflow designation instructions 25 so as to change the respective interfaces of the

corresponding templates 71.  Such control process (second control step) of the Y decoder

62y enables one or a plurality of data paths 73 suitable for executing another different

processings to be configured in the template section 72 with the templates 1-1, 2-n and m-n

being conmnected in series with each otﬁer.

30 In addition, the processing unit formed from single template 71 or combination of a

plurality of templates 71 can also be assigned to another processing or another program that
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As shown in Fig. 12(a), in order to performsone 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 15 respective interfaces of the tenplates 71 by

the data fl ow designator 25 so that the data processing is perfornmed with
the tenplates 1-1, 1-2 and 1-3 being connected in series with each other

as shown in Fisgxecb(l) pargielri [rathe gase nberetatpluralithefi processors lease ponngeted fgeecach

D o e ot S S BRRCE b A b AT,
I it f 7 . ' | i ' LAl
e, AT oyl ol e ol el ppas

processi'ng t hgrocagsrs1, thedefordit I3 paksibleionse ghd e pifcesdiny résbiiiRes, le. | thetehpiandsat e
section 72 by neans ot the program 18. On the other hand, in the case where

the process f @l, egtweriidly effeativelyn t he i nput data 4in is changed, it is
possi bl e to change the connegtion_between the tenplates 71 by the data
f1 ow desi gnation i ndoFeeves eﬁ%,nf'g;é\‘@ﬁﬁ%q t Fover gyen implementation 0%@3&? er 62y

decodes the . da fl ow i Lo | A ' ; e
respective i ngj Rt ggclba?s ﬁﬂﬂ?@%&?@%&lﬁ%t{éﬁéf#ﬁ%ﬁ?ﬁfe é%és?@?n‘%ﬁ%%q%%ﬁg?%ﬁe&ep
process (secopsta pRskiAL ubt MEhdiRg thefdf s¥me Sl data Hah vﬁﬁ@ﬂiaﬁéqll? R&s Dfunéion
plurality of data paths 73 suitable for executing another different

processi ngs t as AbUmonfheglogiegates: (The respevtivesinterfaces bf the teniplatést M . arddefinethqrl at es
1-1, 2-n d mn I ng connected in series with each.other. 30 In

addi ti on, hefﬁéPﬁf@gngh?gia@RW 4388%18“ MBtERRtens vl SO 2p ange e Gompnatgn of e i on
of a plurali tenmplat e A k essi ng
o Bnolher "or el AP AASCP b 580 SR A ISR FASKDE T RrfESEP
plurality of BAffeeshefife We Fb&s feh€st préceSgtitselPheMOIméd i PhedtBmplates 71

appropriate bus, it is also possible to configure a train (data path) 73
havi ng the t eangllsatbeslefied by theidaadlovadesigaation nstruatianss2 Schengingsthe gornbetionio

T e OB o3R8 e A8 T o BB S
ffecti . ' ' ' e o
el AR b TR B s Byt o

71 of the pr einfofial Haty path e tefnpiatd71gher - [ evel  data processing unit
i ncluding therein sone specific data path which basically has a function

as ALU or ot her | ogAccopdingly in theease aberedhe haedwane efftheDEY Sthavinga plumiityeefes 71

are defined or 10 redefined by the data fl.ow desi tion ingtructions, 25 so
as to change Wﬁ%?f&c’ﬁm S5 ¢ arged t _lafe@gxf'ﬁss_w.geg%mg? SpEoific fgfe progessingpat h
suitable for gdesiigl FRRGhileChBROFARSIPEA 'of et M- hidfififlon the basis of a limited

20 logic block is not necessary. Instead, by swifchi‘ng the data paths previously provided in the

templates 71 or in the template section 72, or by selecting a part of the data paths, the desired
data paths are implemented using the ALUs or logic gates pfepared in advance. In other
words, within the template 71, connections of the logic gates are only reset or reconfigured
within a minimum requirément, and even between the templates 71, the connections are only
25 reset or reconfigured within a minimum required range.  This enables the hardware to be
chaﬁged to the configuration suitable for the specific data processing in a very short or limited
time, in units of clock.
Since FPGA incorporates no logic gate, they are extremely versatile. However,
FPGA include a large number of wirings that are unnecessary to form logic circuitry for
30  implementing functions of a specific application, and such redundancy hinders reduction in

length of signé] paths. FPGA occupies a larger area than that of an ASIC that is specific to

26



At. the:sane time, the processing content or processing itself perfornmed in
the tenplates 71 can also be defined by the data fl ow designation
“instructions 25 changing the connection of the ALU or other |ogic gates or’
the like within the tenplate 71. Nanely, the processing 15 content
performed in the tenplates 71 are also defined and varied by selecting a
part of the the applicatioh telbé exepaéd) andaldoltave doppddad ACEharadieristicsli g yntrastthehe
case where the hardware of the DFU 57 having a plurality of tenplates 71
of this exanpPeesspr ok ampleying thedemplates Tleof dhs ?rglmdéapnf which HisoPQEs aNPEORTdies

Bl aubisi) >t erol .
F e mappi ng. o6 RESR afiengy is b o enting £ ool St Mg popa Bl Ellepd
Instead, by gdmiHA%nd B ble gﬁhgxr%‘vg\%‘ﬁ‘(éRG%ﬁaXad?érQHdsfjeﬂcéd?diB%g, th 1P/ at es

71 or in the tenplate sectl selecting a part of t dat a pat hs,

the desi reed prdedssngaiit 57 intifs énihpliaienrtasel onsthe@milaces Al isa recorfigariable paicessor
prepared in advance. In other words, within the tenplate 71, connections
of the | ogi ccagahieef changingthyhardware by;means obmpiogtame d Thug, irfhis inveption, Hism

requi rement, and even .hetween the tenplates..71, .the copn i on e only
o eset or PRGN FRRE e AR oS TR B AR EIRYE Doy Fnapi o5 t he
hardware to @A t Eém | dviife p%l%ﬁ =i fic data
processi ng i% a vergﬂ%ﬂ%}r% or f@%gﬂw}tﬂf ne, ?%KH uni #ﬁa%@cﬁs%ﬁﬁ%ﬁﬂ%e FPGA
i ncor por at esFR®A4.0gi ¢ gate, they are extrenely versatile. However, FPGA

include a | arge nunber of wirings that are unnecessary to formlogic
circuitrlp for 30 Appsomistelogin gatesaseincerperatstl inthessdernplates Hopreviewsly, thereferad
such redundancy hinders reductign in |Iength of. si.gnal.paths. FPGA occupi es
S e ger ar A€ g eR BT 0 oD s SRR BRI PSRRI Bl | oot | on
to be execut haye - Sl fGgt rast, the
processor 51app§§%gﬁ§[gid% he telfrp t g@%%&&%&ﬁ@ﬁ%g@%%@%ﬁplﬁ clhg

i ncor por at e expiomipdli alntthe ta9¢vhierg te@ataipfocesbunis frmed FOMIPTAS firfugk event i ng a
huge wasteful area from being produced as in the FPGA, and al so capabl e of

i nproving t Howabading ofie pegras ot seonfigytas e lpeiz mushke epasidersd ifrasdessai ng uni t
L e L
Sibodiesied . or . e | "

havi ng.bot h S eates o EDSrERR RS’ iR Wi e oBRid T SRR B B o

per f or mance fhabahighpackagingdersity themeeessityast esimpensating foryedugtior Sensit B -
Appropriate |l ogic gates are incorporated in these tenplates 71 previously,
t her ef ore, reduced, and frequent reconfiguration of the hardware is less required. Moreover,

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

20  possible to provide a compact, high-speed data processing systerh capable of reconfiguring
the hardware by means of software that is different from the FPGA-based reconfigurable
PrOCESSOT.

Moreover, the DFU 57 shown in Fig. 11 includes a configuration register (CREG)

75 capable of collectively defining or setting the respective interfaces and content of

25 processings (hereinafter referred to as configuration data) of the templates 71 arranged in the
template section 72, and a configuration RAM (CRAM) 76 storing a plurality of | |
configuration data Ci (hereinafter, i represents an appropriate integer) to be set to the CREG
75. An instruction like “DFSET Ci” is provided as an instruction of the data flow

_ designators 25. 'When the Y decoder 62y decodes this instruction, desired configuration

30  data among the configuration data Ci stored in the CRAM 76 is loaded into the CREG 75.
As a result, configurations of the plurality of templates 71 arranged in the template section 72
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the logic gates required for performng the specific application are

I npl emented at an appropriate density. Accordingly, the data processing
unit using the tenplates 71 is econonmical. In the case where the data
processor is fornmed from FPGA, frequent downl oading of a program for
reconfiguring the logic nust be considered in order to 15 conpensate for
reducti on i napeahkiggd nojlectivelyi t Yterfittivelyj configuration meagt bk ohangertén tiie badisocafdi ng

al so reduces the pr%cessing speed, In contrast, since the processor 51

usi ng t he t eRfACEEIBE lo?lifqii@@gomiag#fﬁ&bﬂfé@mﬂ@e%@nsi ty, the necessity of

conpensating for regdugtion.the density i reduced, .and £r. ent
reconfiguration of ﬁtl%%sorpaolsﬁ%foesefgr ﬁh@igf tﬁeec(?aﬁ% l'onl%ﬁlgg}pévlu‘fu%"template 7

reconfi gur at ivpesthefy ddasddr 8o HuabBesEdabPMw Hslghtion TstiGion s tsichods mgﬁfor In
t hese respects, it is 20 possible to provide a conpact, high-speed data

processi ng sPFLAVE expleitedabode. r Braiditiog s nregtioned abdvay siva the DEU 62 Breapable of
software that_ is different fromthe FPGA-based reconfigurable frocessor.

Mor eover, t h&haneingsyithshdagle instruction, thexonfiguratigesofa pluselity gliemplatsn 71 thet st er
(CREG) 75 capabl e .of coll ecti el y.defini or setting. the res tiye
nterfaces alGoRs A Eae SBpUE Sl Srbichy hs BoResPe pRG it Gt B bET s LS

confi gurati ogyd déaffo;fbgoﬁﬂ?m{i B%edidegdr ranged in the tenplate section
72, and a configuration RAM (CRAM) 76 storing a plurality of configuration

data G (herei naf t he DFUrsdfurciee ichidesra dpwollep? Rk downlbatigy the tenfigeratien ddto t he
CREG 75. An instruction like "DFSET G" is provided as an instruction of
the dat al§ | olto the SRAM 76108 abipckpgidblock hesisy eaddition, “DRLOAR BEE'Ss piovised as
instruction, desired confiqurati.on 30 t no. e copfiguration data G
Stored i n  hat Eiaisron e pla R dbfnalor 1S Coethey deode By oo i

confi gur at i ofgmttion EwRibeF & cobfieuitioh & k | ate
section 72 27 ar gﬁ’changed chl Igélgit Fve%@f\?tﬁlgﬁgﬁ%g{%@sﬁt{:}%%tfhggﬁg?g}@ may
be changed othat weuld acdus inthe futurp aepeadously downlodell o configtiration mehmky, iy, Of
tenplates 71, It is also possible to set or change the configuration of 'the

i ndi vi dual t B§$iRAM 7p; amqigeaange aumbes ef eppiguretion dgtaci$separeddn efin the
desi gnat j;on | r b on., 25 su s DFLW or .5 DELWC.expl ai ned abgve. In
addi ti on%é)ash#%in{ﬁwg%éeaf tgsﬁbee, ﬁg’itﬁié gqchge,ma%gaqagbcaéxﬂzxﬁaés% ASNLHYE ng,
With a singl gembHidriid iikes ablet6 be aflib@sy e CRAM P4 arfd tRé Hr@lvirk Bedfmel €MMP! at es
71 that requires a |l arge anmount of information, the instruction efficiency
i s inmproved msonfighteddlsxiblpend further quicklynded for reconfiguration is reduced.
The DFU 57 further_includes a contraller 77 for downl oadi ng the
configuration dat aFig. 13 shows an example of the template 71.  This template 71 1s capable of
exchanging the data with another template 71 through a data flow RAM (DFRAM) 79
20  prepared in the DFU 57. 'The processing result of another template 71 is input through an
VO interface 81 to input caches 82a to 82d, and then are processéd and output to output
caches 83ato 83d. This template 71 has a data path'88 capable of performing the following
processing on data A, B, C and D respectively stored in the input caches 82a to 82d; and of
storing the operation result in the output cache 83b and storing the comparison result in the
25 output cache 83c. The processing result of the template 71 is again output to another

template through the I/O interface 81 and DFRAM 79. -

IFA=2?
THEN (C+B)==
ELSE (C-B)==D =+ (A)
- 30 This template 71 has its own configuration régister 84. The data stored in the

register 84, in this template 71, controls a plurality of selectors 89 so as to select a signal to be .
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10 jnto the CRAM 76 on a bl ock-by-block basis. In addition, "DFLOAD BG" is
provided as an instruction of the data flow designator 25. Wen the Y
decoder 62y decodes this instruction, a nunber of configuration data G

for the ongoi ng processing or the processing that would occur in the
future are previously downl oaded into the configuration nenory, i.e., the
CRAM 76, anopninpat th dhejegio gatbssucloés wotnélipgtiontds padder86cand goppaspiar 84 i n advance

i gh- Speed. as A6eTADBNLY CHABRE AR I CORBEFAton FE $4cn HRIpTPIER ettt
CRAM 76 and the har e y t '
qui ckly. Fig. Tgessmgwgé% nggﬂgﬂg qt{fﬁfﬁ-q ]ﬁgg{s{%% tpgﬁéhgl F@Jﬂ&ainp Leh%ﬁge[ e 71 is
capabl e of ’(éﬁiﬂﬁﬂ& ﬂ)ettﬁﬂbvﬂﬁé Probésti 1381@6 fbﬁ/ld&@ﬁ&h@ﬁt @sirfg the bomted porior 85 .2

fl ow RAM ( DFRAM 20 prepared in t 57. The processing result of
anot her tehpl ate 71(B"§)‘F—Tﬂ3ut t hr ough an 1/0 interface ‘81 to input caches

82a to 82d, and thezB% __J}Drocessed and aqutput to output caches 83a to 83d.
This tenplate 71 ha data path 88 capantle of performng the foll ow ng

processi ng on data B and D r.espec

82a to 82d, and of 6@11181:1 g& "?“%H&‘%f %ﬁe?g@ﬁ{aﬂoxﬁmviargﬂfﬁaiaﬁ%gghgﬁc%%

and storing tgﬂhgg SRt ied'sd ﬁ§tuché tein lafe 78 iRt BllcofidifibtfdeledmnatidhErouit
processing re t of the tenplate I's again output to another tenplate
thr ough t he 1ihfing the eortat porfidn wmmﬁwamm&unwmwm 86ddaEL SE ( C- B)
=D ... (A) 30 This tenplate 71 has its own _configuration_ regjster, 84.- The
data storé® i Gompasison eikghit ngng the comparatps 87. t dpedesic gates a&)ﬁqm fs'o‘adfﬂ“ﬁlﬁ‘?ﬂ ity

I'

-of selectors 89

gates such as® rtg?t ITJ'BFCESrE%rﬁgegg‘athsheggﬁteB@ogﬁﬁef%%ﬁ{?éé gﬁ 6(;&’3%&“} COI‘%@ Y,

by changing t BendagditsfubthR 260 HeipgitesingUiel S Mitifion Sdis pbRiblelts chaﬁlg’é’ﬂﬁtnﬁ)u? 1,

another processing using a part of the data path 88 i s possible to

proceed. For exdogpue datacohfighrativesiplfamirethe ﬂem;ﬂd’neﬂ‘byﬂlemten@,cqﬁbﬂnatss ccmyfollsi al so
provi ded wi t hout using the control portjon 85. 5 (B+C) =D (B B)
Simlarly, -bybrHhesgnfigyratinn registes 3t thetemplate chee?mséﬁuogﬁatﬂ Bﬁtheﬂatﬁart of

the data pat QPW?% aﬂ‘gﬁﬁgﬁﬁ"ggeﬁlf%dhgakf tcgssmé_errpl ate 71 is utilized as a

condi tion det ‘
This template 71.is also capable of rewriting 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, and selection thereof is controlled by a signal
from the Y decoder 62y. Namely, configuration of this template 71 is controlled by the Y

20 decoder 62y or the second control step performed by the Y decoder 62y, according to the
data flow designation instructions 25. Therefore, both reconfiguration of hardware are
possible, the one is to change the hardware configuration of the template 71, based on the
DFSET instruction or the like, together with another template(s) according to the
configuration data Ci stored in the CRAM 76; and another isto select a part of the spec:ﬁc

25  data path 88 of the template 71 by the data in the configuration register 84 set by the data
flow designation instruction 25. '

Accordingly, configuration of the templates 71 is changed by the data flow
designation instructions 25 either individually or in groups or blocks, whereby the data path of
the processor 51 is flexibly reconfigured. |

30 The structure of the template 71 is not limited to the above embodiment. It is

possible to provide appropriate types and number of templates having logic gates for
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usi.ng the control poftion 85, an addition/subtraction circuit using the
adder 86, or a 10 conparison circuit using the conparator 87. These |l ogic
gates are fornmed fromdedicated circuitry that is incorporated in the
tenpl ate 71, therefore there is no wasteful parts in terns of the circuit
structure and the processing tine. In addition, it is possible to change
the input anembiningselestinga pastafiinper datd-patk, and chianging theeombinptiontof thelttetnplateh e
interface 81 that is controlled hy the configyration, register 84. Thus,
the tenplate %ﬁ@%‘@mgamuh icity ??Q?t? pmcestswgs.dg\(l%re %ec;ﬁcgg(,, ndhe peserbr ni ng
t he desired : éfﬂ'a- | 8 Late 1.1 an3, I iting
the data in ﬁﬁ&g%?@ﬁn Sgorné‘fwocﬁh&pﬁgﬂgglag%@?&é%dsgg‘%lé%%g ei%#@?tg%nél% or the
data from t hepyedesipmiting tortbigtion BEGe dfta pails, tHeRlafFlow- é?moésbiﬁ sYar&l Byfétidnted
(YDEC) 62y of the FU 55, and selection thereof is tggn roll e%l by a signal
fromthe ¥ deberdesthespecifipiprostssingscaseperfpomerd inen inyrovedi performmaprextondifion.i sin

trolled b he Y 20 decoder .62 r . the second control ste erformed b
the v decoder a8, agy BrgeesinG tiakcantiet be bandledrmithnelieatPipieass SHOTMWIDE ons 25,
Th f , b | .qur-at [ 0ssi bhle, .the one is to
Change t he nalHiRERInd Al bR &1 YRR focdlsts 10 Mo Es it B miiEpindetd
i nstruction OALWI3E of {hsHrodeSiaf thteniilyldendated BSun braitRihg i Stherf GEnihidOby O the

configuration data C stored’'in'the M 76;" and anogher Is to select” a
part of the dhepiepirationdfstrdetions gestiibed & the Yt fiebd 12cofithesihstruciorset 1he Thateforen t he
confi gur fl ow desi gnation instruction 25.

g\ccpr di nabiy,oh%%gg{eé{ﬁéésmg{o%ﬁ%h{ggﬁgﬁgé@ qflilﬁﬁ gmeg epd dnakes it m;llblﬁtt% flow
wher Sby ¢ ho dAPuSdEhipRRatonRnfe LT tarkIEbY bile e Brasfio % By RiAmeBsy e

structure of thésrot@smy By Frogrhmt,and Rhs duitsbid REhERspEls aﬁ@%ﬁrﬁéﬁegésgﬁg?t Thid 1S

possi bl e to provide appropriate types and nurnber of tenplates h ng | ogic
gates for 29 L&dnaiso flexil)y deats witht 4 chgnge ipapplication; spedification withat reduetivnt ishangi ng

the conbination of the te Iat?s 71 for performng.a nultiplicity of data
processi ngs. W&l%&’?@ag%qe%ﬂq&ﬁ%@eﬁh@g%msmﬂwm-i on, somewhat conpact

data patRg are proyj \/ ?I ] . .

desi gnating conbi ngéﬁlgﬁa%ﬁ}%%tgé a p%fﬁéthg% tg%bgé%s%%— %/h;vé"ﬂb oscsé%tgxpngs
are i npl ementlssl 56 is knowa kythé lide P&s/elopifig B QiRERE RdSysté LSES6, ' siblé t&"

i mproved performance condition. In addition, any processing that'cannot be
handl ed wi t h copfisurethe template sestiqpei2mainty withithetternplates hiavingtconfigsiratibn switable for

mul ti-purpose ALU 56 of.the processor 51. Myeover, in the nmulti-purpose
. PUTPOS§hd processing of tltlat ap cation. Xsaresult, anEncreased num%er or}data processgxgs gan

be performed with the data-flow-type processing, thereby improving the processing

20  performance. Inthe case where 2 general-purpose LSI is provided by the system LSI 50, it
is possible to configure the template section 72 mainly with the templates suitable for the
processing that often occurs in a general-purpose application such as ﬂoating—point operation,
multiplication and division, image processing-or the like.

| Thus, the instruction set and the data processing system according t§ the present

25  invention make it possible to provide an LSI having a data flow or pseudo data ﬂovs}
perfonning?nr various processings, and by using a software, the hardware for executing the data
flow can be changed at any time to the configuration suitable for a specific data processing.
MoreoVer, the aforementioned architecture for conducting the data-flow-type processing by
combination of the templates, i.e., the DFU 52 or templafe region 72, can be incorporated

30 into the control unit or the data processing system such as ﬁrocessor independently of the

instruction set 10 having the X field 11 and Y field 12. Thus, it is possible to provide a data -
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ALU 56 of. this processor, the penalty generated upon branching and ot hers,
Is mnimze by the preparation instructions described in the Y field 12 of
the instruction set 10. Therefore, 10 the system LSl 50 incorporating the
processor 51 of this enbodi nent makes it possible to provide a

hi gh- performance LSl capable of changing the hardware as flexibly as

descri bi ng t hpropessingesystemgapablepnf ogndanting theprotassingsat 3 ighessipeed; ehanging ithes peed
and real -tinme processing. Thjs LS| also {)Iexi ly deals with a. change in
appl i cation, shEeware mA shoreriimenanskalsodaying begtsr A %‘?‘?ﬁf@‘s‘g%@s‘ﬁ’é‘? 1R He
resul ting fronh; 2 change in specification. 15 In the case where the
summary of the "application to be executed with this system LSI 50 i.s known
at the tinme of devel RPRiahg possiiADIcBAgNEL d YSteMISI et h&rpSrdtes tHe DFU pP6si bl e t.0
configure the tenplate section 72 nainly with the tenplates having

confi guratifon templatdregion 32 together withoweasentignad genetab:purppseleimbeddedprocassoy i.e., 2
result, an increased nunbeir of data, processings can be perfornmed wth the
dat a- f | ow t ypePRFesss SPEAENg Wilmassgonicrodes, i Mythisicase, Ay PEACSsINgG thay ot By nance.
In the case whgr eral -purpose,.LSl js provided by the t Sl, 50,
it is possibl benflgd X’%ﬁﬁfegtﬁ‘%‘g‘teﬁgp?"élr’?ﬁ CandyCiel] Wt e Booetdlc uese HRb Ry o As
tenpl ates suit adabsbell hovelMoweRbrOfHR SoivRRkidnAProddof Ras M p#bBlerhsIsudh as branching
general - purpose application such as floating-point. operation,

mul ti plicati onpenalty shidwrastingof clockgfer preperationiofigpgisters foharithmétie. pridessing. t he

I nstruction set and the data processi ng systemaccordjng to the present.

25 inventibh rArerdinglpddsdesireble to applytheqodgssor &) ofiihiy pmbodiment capablesf degoding
do data flgw. perforni ' ] and by usi ftware,

the har dware T OF MEaso st O Pmine e X el BTN BeRinged ar any time to the

configuration suitabigrdook, @itﬁ%?}écbé%oxdﬂtﬁdlﬁsﬁ&gﬁﬁ lsaqlo of W @8btRment,he

af orenenti oned architecture for conducting the data-fl owtype processing by
conbi nat i on of tdmfiguretigus af the DAU &7 are tdi er ehabpdsbefore exeogpion bEthedgiagmocéssingcmn be
i ncorporated 30 into the control, unit or_ the data.processing, stgste such.as

processor i ndeprsaligbwith gnogher progessing By the o fiekh 1% o (Thipds asdyantagponsya Bl d 11
dyYfielg 12 ff. | ' i . . , '
ayst em capiibl ris ftied] aRF ARk Adnty, O I Srobrdt b Bent) A ERRIRILY |

hardware in a ééaaibth donV@htiosd! thneémSflc Aavichen E5de afid dAd-feRayRGhRiicHdn dode ind

conpared to the FP It is also possible to configure a systemLSl that
i ncor por at es tssngbHustfiction seb  t Eheflmation ofthe YifieldA 2tof thetibstmictiontset 1D of this

conventi onal general - purpose enbedded processor, i.e., a r,ocessor :
operating withe 1 neblijmited tp descrbing the dafa-Hlgptyps ipstuctionpde A%, ¢x ot be
above. :
20 The processor according to the present invention is capable of changing physical

data path configuration or structure by the Y field 12 prior to execution. In contrast, in the
conventional processor, a plurality of multiprocessors are connected to each other only
through a shared memory. Therefore, even if there is a processor in the idle state, the
| internal data processing unit of that processor cannot be utilized from the outside. In the
25  data processor according to the present invention, setting an appropriate data flow enables an
unused hardware in the processor to be used by another control unit or data processor.
As secondary effects, in the control unit of the present invention and the processor
- using the same, efficiency bf the instruction execution sequence is improved, as well as
independence and improved degree of freedom (availability) of the internal data path is
30  ensured, therefore, the processings are successively executed as long as the executing

hardware are available, even if instruction sequences for the processings having contexts of
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handl ed with the tenplates 71 can be conducted with the general - purpose
processor.. As described above, however, the conventional processor has

t he problens such as branching penalty and wasting of clocks for
preparation of registers for arithnmetic processing. 10 Accordingly, it is
desirable to apply the processor 51 of this enbodi ment capable of decoding
t he i nstruct¢opplesaly differentzproperties are sikmaaneowsly supblird. f or executi on. Moreover,

Conf i gur at 1 ons.of N BivaRlgss 8 e Eoate e oL B rES BRATARPE e
dat a' pr 00esshtih ol fourih il ol ARh Pl BEAGERS AP oBfol uht 6 e 12-

This is adv ageous intérns O processing eftti.ciency and program
ef ficiency. J@nihREiGTBRbMhbLAnMSVeritS ttﬂlqa@nbmwwmg&thxﬁs atiisratadPro@sses
-conventi onal mMmenoni c instruction code and data-flowtype instruction code
into a & ngtequésted by thetusararesiatplenithted fmaﬁ'ncuenbmd@bondnucai(mhmwr withip thef  t he

I nstruction set 10 of this enbodinment is not |i mte%ﬂ@mﬁg scr bi ng t he
dat a- f | ow-t yﬂ'@WPWS hardweregpste o dior S’@‘T@J@pb?’é%@ﬂbw&%@@a oriptormationgelating

according to ent ent IO b si cal dat a
pat h confi gu Fe 18ﬁru8$or§§ef; ‘E;PTSS“'SE‘“?‘H‘E'SWR?‘? %ﬁ%ﬁgmrﬁl o t‘r']'g/gecut I on.
contrast, I Nednfifuratfs ¥ME UAR ﬁhthpﬂnefe%@afeadﬁmpléﬁﬁhﬂea ¥an@to 1 harum%pr s ar e
connect ed to each ot her only through a shared nmenory. .-Therefore, even if

there is a psequamsssubseqnertlyaddedlfor exeaitiag thelpeocessymesv typé oMmhmﬁatss ng unit
- of that processor cannot be utilized fromthe outside. In the 25 data

processotd aceasreshonging & the aew data path (data low) deseribedwith spftware, Beromss Mosk e dat a
- fl bl d. h d d h .
contr ol unt coRel HPRE 7 Be e 0 chtnB o  EpRb R et a M "W

of the presephinhifigHehrwaiitosde processor using the sanme, efficiency of
the instruction execution sequence is inproved, as well as independence

and i nproved degr e tief cohventidwalrhdrewarke) abfiguratioh isdessiikely torheativided intatelemeatsh is
30 ensured, therefore, .the processings are_successively executed . as |ong as
the executi nhrerefareckhgreds nor lé)f‘P&B'F‘ nat@!)@ﬁa\ePeFﬁgtﬁraH€¥Fséﬁ‘7ﬁ s for

the procgssi H?o‘fh&lﬁrg%ﬂ%% Lo o a0 TERSL Yoo SHUBCORET 10 are

si mul t aneous sup I dvan e coopera 'V esi gn of
har dwar e andconOértivad GrcHeCRIER haﬂa% Bvahaid nufrﬂeﬁbﬂlly &iffhen il tesmsBFdcdubiRilatiag fintat | on
of the instruction set and the control unit of the present invention
beconmes an anfomsationdort imprayingpeifomanhcawraif gdiing Handwaseisfoomatita astupocesses 5

requested b t eusr ar | ement in efficient nd eco om
Wi '?hl n the y emented for rea?mngale requ%ec? gnproveﬁ perfoxmance erel ng it %ﬁilicuﬁo

create a database. In contrast, according to the present invention, since compact data paths
20  are provided as templates and combination of the data paths is désignated so as to conduct
the data-flow-type processing, coopération between hardware and software becomes easily
esfhnated in an extremely meticulous manner for improving performance. It is also possible
to accumulate trade-off information between hardware and software, therefore, possibility of
the combination of data paths may be connected closely to the degree of contribution to the
25  processing performance. This makes it possible to accumulate estimation data relating to he
cost, the performance for required pfocesses, and performance for execution those are closely
relating to both hardware and software. In addition, since ﬁe data paths are implemented
without discontinuing execution of the main processing or general-purpose processing,
expected result to the addition for the performance request is predicted from the accumulated
30  past data of the hardware and instruction sets of the present invention. -

Therefore, the present invention contributes not only to significant reduction in
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al | owakl e hardware costs. For exanple, based on both the data and/or
I nformation relating to the instruction set. of the present invention (the
former DAP/DNA) reflecting configurations of the data paths those are
already inplenented, and to the hardware and/or sequence subsequently
added for executing the process, new type of conbination that is 10
cor r espondi ngurtent désign andwspecificatipmtdsts( biaalso td con)platiog thei nextchewi desigrs with deer e,
beconmes nost _optinmal sglutions for the process and contri butes for
i nprovi ng pemmm#@é&gﬁ'betwwwhaédwam%ndrﬁpéwrstq ddsd.- aMPEOYSEst s. In the
conventional hardware, confiquration is |ess |ik L vided i.
clements. | TROTEPOIRnE to fERLOPSRR syef ebeing gl 2 palifta e Al Rctithel

el enents, an ' | s f j ' BHCE i S
To add a s naretng A e R e e ol PR ShEBITe 1
hard to eval uphealifsfetodales bfthepreteat inventibre(DAP/DIN Aamoduies) bécomegs emenaf the
i nformation for inproving performance or of adding hardware information
actual ly i nﬁloélr%ﬁnﬁ@dpqcéﬁr o igwplementing compact 8yfdWaed | npr oved per f or nance,

thereby making it diffjcult to create a database. |In,contr.ast, accordin
to theypr esentg i NVt H&ei%%eﬁqwmﬁgﬁ%&%{a pd%‘feﬁs_"&ﬁ?'ﬁg'_nfﬁd 'éf?tglcb?lbw argoonﬁgg g
tenpl ates ang.cambARRA Bﬁthﬂfinv%ﬁt?on,dﬁkﬁtlﬁéixﬂﬁ% Heft&gn%%é%&?% 812 Podibid £ s sl UCt
t he data-fl owtype processing, cooperation between hafdware and software

beconmes easi kjternf RANM®Y ROM instedd 66thé eude RAM®E ata RAM onths liles;, afidwo | npr ovi ng
performance. |t is also possible to accunulate trade-off infornmation

bet ween Har dedditionallypreide andnterfacevdthen xternaljoRANMbon SRAMqr thetlike cEhetdattat i on
of data paths nmay be.connected cl ose to the,degree of contribuijpn to the
25 br ocenel niRBNTS R e kLot U HoRge e P ESE Bt on
data rel ati ngy {0 i6rfack Rt lconrelonRiH MbHR Gferhdl HeviGlibte ARE indfuR6FH PSsco

per formance for execution those are closely relating to both hardware and
sof t war e. | nthegehsént inventitinn C Acddndingly tiee predetsnvention isphdenstaddeanid apprediated by

di sconti nui ng execution of the main processing or general - purpose .. _
processi ng, hetgrmspbthe clainbelows and-all medifications cpvsred byethedaims belawdell withinest i s
predi ct efghfr m t he ?ﬁﬁurml ated 30 past data of the hardware and instruction
sets of e BPECRTOI RN Bn. Therefore, the present invention contributes
not only to signi fixGARy frbglfib@enlifonmis FHVBENYy RERLARGNE: BRARL Bhgat | on
costs, but also to conpleting the next new design wth the mninm

trade- of f beproeessing systehnofihepreseatrioventidit, was possible hrepradide firthddspedial arstructions
corresponding tg the processjng type, lending an internal data path to the

outside is fRAdientashose descabestabpye. hRossible examplesiprlyde: SKEPRK forcactivatioe,
possi bl e. - Acfﬁ%&ﬁ'&g{&'a c&%ﬁtadrl)ﬁlﬂn,pén%%? Riokd &j&i’s (programs) simultaneously and

20 supporting the parallel processing activation at the instruction level; “XSYNK” for

* synchronizing objects (programs); “XPIPE” for instructing pipeline connection between
parallel processings; and “XSWITCH” for terminating a current object and activating the
following object. . ' '

As has been described above, the technology including the instruction set of the
| 25  present invention, programming using the instruction sets, and the data processing system
capable of executing the instructi_on sets are based on the sighiﬂc_;éntly improved principle of
instruction-set structure or oonﬁguratioﬁ, therefore, the explained problems that are hard to
address with the prior art are solved and significant improvement in performance is achieved.
In this invention, the structure of instruction sets are reviewed and constructed from
30 acompletely different standpoint of the conventional way, thus, the instruction set of the

present invention extremely efficiently solves many problems that seem to be extremely hard
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5.a plurality of nodules of the present invention (DAP/DNA nodul es) becones
one of the nost useful aspects for inplenenting conpact hardware. Note
that the aforenenti oned data processing systemand instruction set are one
of the enbodiments of this invention, such that, in the data processor, it
i s al so posesdivesviththepaorant. dxtually, inl theypriorart, ROMructire ebigstoictionrset aaditheRAM or

data RAM or_the. like, and to 10 addi tionall i d i nt et f i th
ext or nal . iR syouly Gt eBod viee it f g beeSimpemetlof bR an ' havi ng
known funct} RS 110

ntorface. B oR RRpRR A RORA oty Bher el B hinbing Sl ol ) o i 1

the scope: @foblén¥tn e@Sseital sen¥ee NThe BonvetioRalGHBIEDtS to $dM Al tRSOblemfwRh theon i s
under st ood and appreciated by the terns of the clains below, and all

nmodi i cat i duge, compliceidd hardwhare cohfigunatioh birewaised b sighificinhintSasenecastsdpe of t he

I nvention. |In a, new progranmm ng environmen rovid by the instruction set
and the datdgvelopingtae W‘Q;S%}laéﬁt%ﬁoﬁtﬁ@“?ﬁoéé"eg’ﬁ'efynvgﬂ? F‘%;‘ﬁl,s afsp mceeasggdii pl e to
provi de further .speci.al inst.r i Pl i d | bed above.
Possi bl eXRBATORRIPY poesBlguRt coloudlbishs B heteltbBREy PR 0°0

current prQe&saiinvetfonOthe TRfrEctidRis& Ghat NI tAdSrginl aAd divs ?ﬁ@ﬁt?)to ffed 20
supporting the parallel processing activation at the 1nstruction |evel;

" XSYNK" f orapplicatiairequiremients, ioprjoeided (Therefore i invénkbh Pisvideomeans shat isatot ng

pi pel i ne connecti on between parallel processi ngs; and "XGW TC T'  for

t er mi ndfi ngPnly c@pablegfimpnoyiag progduet peefermanes eificiensy butralsp ipredkelp faattain As has
been described, ahove. the technol I ncl udi | nstruction set of the
25 present WM@?%%mﬁgaﬁﬁﬂ@ﬂﬁ%&ﬁsw&ach81“_?]%3{0%%%'i on sets, and the data
processi ng syst eMoedRAcSrthg Y486 F&béh@inbaﬁioh,ruaiarﬂaﬂfs i(@uta BAVS) cafaBlelsed on
the significantly inproved principle of instruction-set structure or

conf i gur at i contributingrte improyedtpesfornantacandd agouniulatedsviththe resowrcdsaer theo addr ess
with the prior, art are solvyed and significant inpr verH]snt i n performance is
t

achi eved. |EMplatesandheinstrustion setsdosytilizing thedemplates s ¢ eaecamylated datay oy eved

conventibondaigeconRossily b SeRlugd fahy fine bisef Bh sHbAERE adlcHarhilte
extrenely ebhfigirgiohlinfonmtivesndRients RfdnfafonithidierfoRfng tHe dBR pPocdeéstigesy har d

33 to solve with'the prior art. "Actually, in the prior art, the structure
© of i nstructthanheeptimahsbhition is casilytobtaineil.o nAsopdigly, bythe present inyationptesauicasi ng

har dwar e haye. been i npl enented based on the , extrenely standardi zed,
traditi onals\{"b‘? ¢ °4"t§’é%a§?s°t“1‘?8g'@898 mrlﬁmarer@ﬁgw%meawr}gwdme fgf

improving performance, those are conventional pointed out, will be proceeded in more

20 desirable manner, and this invention will be significantly contributable as technology
. infrastructure for éonstructing networked society. |

INDUSTRIAL APPLICABILITY
The data processing system of the present invention is provided as a processor, LSI
25  or the like capable of executing various data processings, and is applicable not only to the
integrated circuits of electronic devices, but also to the optical devices, and even to the o_ptical
integrated circuit devices integrating electronic and optical devices. In particular, a control
 program including the instruction set of the present invention and data processor are capable
of flexibly executing the data processing at a high speed, and are preferable for the processes
30  required to have high-speed performance and real-time perfoﬁnance like the network

processing and image processing.
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problems in the essential sense. The conventional attenpts to solve all ‘the
problenms with the 5 huge, conplicated hardware configuration have caused a
si gni fi cant—rerease+n-costs for developing the technology that is to

contribute tq. i . The cost is also increased in various
i nformation }m Eﬂﬂﬂiﬂm mwtcs configured based on that technology. In the
present inventd oly, ~ "ction set haddMsShoul d be the original and '

gives priority to the application requirenments, is provided. Therefore,
this invention provides neans that is not 10 only capable of inproving

product performance,effigi I I d Lkel .y : ﬁg%t i

devel opnent eilfi Ci eﬁc?“%?q]&’?‘%ﬁ%? P‘tb;%‘“‘ggé@?"és?\"c@ gfstrtx §ﬁ5¥t6 ucqt?ﬁsé. r%egav%?,
accordi ng to HARHRAEAFKecitiod fisirhd¥ion fot Aederafind onfedPdfanoperation erajatiprecesding
contributing to inproved performance can be accunmul ated with the resources,
i .e., the 5t ethpt Berecuted dh atheasti one progessing nnis fonsing o data (pracessinggystem, and asecands .
Then, the accunul ated data 15 paths becone pogssible to, be updated at.any

ti me based onﬁddﬂy@qs@hmgym@ré&m inferraation £or seiHng the Rrocessvg unih Q2 stakeithah Sand

sequence informatjon for.perform ng the dat C i Qﬁ-

opti mal sol ut f%’ﬁy #osexg‘&‘g?ﬁOBg?tﬁnr?ég'?taR{:oc‘:SWgﬁ}%F f«.;,e%gc?{e?%gco-%@ré%{eoﬁé F%venotni on,
resource  shakipGcBRI HEFRpARRINI TSRO in thESLSHIGRIASH T tibperatibRoENRL € and

i nvestnent of hardware To i mprovi ng performance, those are conventi onal

poi nted out, pidckssing beingmdemadent of thocontédOofthe exealtion imstmetiom, desonitied initlge first
invention will he significantly contributable as technology infrastructure
for const AQct fiplg ofthevsirp@ignselci et y. | NDUSTRI AL APPLI CABI LI.TY The data
processi ng system of the present invention is provided as a processor, LSI
25 or the like capable of executing various data processings, and is

appl i cabl e nob onlyThOcdnit@l profrafPrédultofilai Ui Witeréih thRlpPdparafoh mfsHiiiGiFfor theut

al so to the optical devices, and even to the optical " integrated circuit
devi ces i nt egesdcutian instexctiorodesaribadink thefirstdizld af@sibsequent instpmtion setiisalescribed in
control programincluding the instruction set of the present invention and
data pr ocessoﬁheép@néﬁﬁlébl e of flexibly executing the data processing at a
hi gh speeg and are preferable for the processes 30 required to have

hi gh- speed” performance and real -ti me performance |ike the network
processing ang. i MyThPEREBFHbEEAM pdddubtdficlaith | whetdid the bidpatatidd ihfdimation CL Al M5
1. A control program product conprising an instruction set including . '
a*first fiel dincludes information for designating an input and/or output interface of the processing unit

independently of execution timing of the processing unit.

20 4. The control program product of claim 1, wherein the preparation information

includes information for designating content of processing of the processing unit.

5. The control program product of claim 1, wherein the data processing system
 includes a plurality of the processing units, and the preparation information includes

25  information for designating a combination of data paths by the processing units.

6. The control program product of to claim 1, wherein the processing unit includes a
specific internal data path, and the preparation information includes information for selecting a
part of the internal data path.

30

7. The contro] program product of claim 1, wherein the preparation information
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- .
descri bi ng an exe ' ' f [ for designating content of an operation
or data processi ngmgﬁ"mam\s“‘ui\mﬂt ed in at | east one processing unit
form ng a data pr ng systém*and a second field for describing
preparation information for setting the processing unit to a state that is
ready-to execute the operation or data processing that is executed :
accor di ng t oinclhéesdnformatipnfor designatinginpuy/eutputistepacepirarocsssingtieskfermesn in t he
second field.is for .the erati.on or data processing being independent of
the content BPM@R r@%ﬁﬁfggmc?sﬂ%}“ﬂ@tion described in the first 10 field

of the instruction set. 2. The control program product of claim1, wherein
the preparation information for the execution instruction described in the
first field 8f a sTesgs tpraduet ofielainh Pvisesdin the dste picessipg sysfem inbladesacond
field. 15 3. The control program product of claim1l, wherein the

pr epar at i®on memoryrstaring a plurality efcbentigurdtion data definingdhe igpusiapdiax ouipptanterfacpsin

and/ or outpu inter]‘a% I?,f ‘Ehe processing unit independently of execution
timng of th eBFQ‘}E%QSiﬁQ #ft. 20 4. The control program product of claim
1, wherein the pre L QR . -k B ' ' .

desi gnati ng cont en@gél%b%rrgtg%dég%%\%ﬁgfn%[&ﬁeeé ’%‘?’%@%@’;‘ Fdrfgg lgérﬁﬁg%g.gftﬁ'%@ugag'ﬁtorfol
program pr odesifig@raticil datdStdred ifiRE Mbmorl 6 caigmgRhaiama ahd/or Sutfit ttrficBCinykes a
plurality of the processing units, and the preparation information includes
25 i nf or mat i precessing bleek. gnat i ng a conbi nati on of data paths by the

pr ocessi units. 6. The control program product of to claim1l, wherein the
processiﬂg unit includes a specific internal data path, and the

preparation gnfor ' | ' ' f | . of the
i nt er nal dat% pat h”ﬁéﬁﬂt}&l%ﬂﬁ?ﬁ{dp%t%g@ %%ggvr}ﬁe%gnotgglé?&&&%lmgg rsﬁ %Frﬁ }_\}ﬁ%ear ein
the prepar at figfcontblinfiichidihg af arithmetidokio thit 8xbe probasiiB i) And #SecOfbédhial | Ng
i nput/output interfaces in a processing block formed ‘froma plurality of
t he processi vt inclading asghe proeespngyanita apluralitiuafidata fflowl progessing wiiteineludinglae dat a

processi ng syst.em incl ydes 5.menory storing a plurality of configuration
dat a defi ni n%’ ﬁ%‘n Whaat%lﬂﬁﬁﬁf‘dout put interfaces in the processing bl ock,

and 15 the control program product includes the instruction set in which the execution
instruction for operating the arithmetic/logic unit is described in the first field, and the
preparation information designating interfaces of the arithmetic/logic unit and/or the data flow
_processing units is described in the second field.
20 10. The control program product of claim 9, wherein the preparation information

includes information for designating a combination of data paths by the data flow processing

units.

11 The control program product of claim 9, wherein the preparation information

25  includes information for selecting a part of the internal data path.

12. The control program product of claim 1, wherein an instruction designating

input/output between a register or buffer and a memory is described in the second field.

30 13 The control program product of claim 1, wherein a plurality of the execution

instructions and/or the preparation information are described in the first and/or second field
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the preparation information includes infermtion for selecting one of the

plurality of configuration da Ly the nenory for changing the

i nput and/ or out put intermmﬂtmmnﬂkmmﬁcessi ng bl ock. 10 9. The control
program product of claim ¥ I € data processing systemhas a first
control unifesPRAVENdi ng an arithmetic/logic:unit as the processing unit, and
a second control wunit including as the processing units a plurality of

data flow processing units including a specific internal data path, and 15

‘the controlygpr ogr@fecmmg%édaumcusiﬁ% tHehédn ia'&éﬁtfdé@?dg%?n Séthpristhg Wh irshudtien

execution instruction Tor operating the arithnetic/logic unit 1s described
in the fir sktihtledisg a fstfiddfor d@citiag @i éxecution nstrwotibn for ddsigriatimpeontapt ofdner f aces
of the arithmetic/logic unit and/or the data flow processing units is

descri b&d iaperation eicdatrpogassngithatipexeoutediinat leash opepropessing wit formagadatef cl ai m

9, wh in th ti I nf ' L ncl udes._.i nf ti f _
AT
11. Th : : | : o=y '

L o, O sl ST il N M B 7

data path. ekécutddcording k@the pxsegfictiihstruetbg the@tepatatiominformativarie the sacbnd
I nstruction designating input/output between a register or buffer and a

nenory is dishtis fdyshe operatipe ordatapracessieg bping igdeperglentii theceontentnf thy exgeution |
product, of .claim 1, wherei j ty of .the execution instructions

and/ or ]tohe_W@ﬁ%?%qweﬁamtg?ﬁé&f%g@’%‘%ﬂMW%d in the first and/or second
field 36 11122{100000rrerrerrerrerrtilti . CL respectively., 14.- A
~recordi ng nmedi um recording thereon a control program conprising an

i nstruction]s.set A f@hsifisiof niediuby 18Ving embétided thegtfite ¢onfroNgogamsapHsingan
instruction for designating content of an 5 operation or data processing
that is exeosiustion set meludings firsbfield for dessabingian exesution instrigtign fordigsignating ocessi ng
system and a second field for describj n? %%ceq?%r.at i.on, informtion.for
Setting. t hesonsPLOLAD Eperation ordata procesing thatds cecuied if atiggst o1 RERSTREN o
oper at ign ' ' B ' t; gution
oDt ol BRSSP B STl
for setting the processing unit to a state that is ready to execute the operation or data
processing that is executed according to the execution instruction, the preparation -
information in the second field is for the operation or data processing being independent of
the contents of the execution instruction described in the first field of the instruction set.
20
16. A data processing system, comprising;
at least one processing unit for executing an operation or data processing;
a unit for fetching an instruction set including a first field for describing an execution
instruction for designating content of the operation or data processing that is executed in the
25  processing unit, and a second field for describing preparation information for setting the
processing unit to a state that is ready to execute the operation or data processing that is
executed according to the execution instruction; |
a first execution control unit for decoding the execution instruction in the first field
and proceeding with the operation or data processing by the processing unit that is preset so

30 as to be ready to execute the operation or data processing of the execution instruction; and

a second execution control unit for decoding the preparation information in the
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fi-eld ¥s for the operati processi ng being i ndependent of the :
content of the eﬂﬁmw i Bm E‘Ecti on described in the first field of the
instruction set. V18EE n nmedi um havi ng enbedded therein a.

control programconprising an instruction set including a first field for.
descri bing an execution instruction for designating content of an_

oper at i on osecgrd Belpansk independently af contenteofdln preceeding a?tm BrskexegrionspuEa §aitng
unit 15 form pg a. dat rocessi ng, syste and a second field f descri bi ng
T bpar ot | on Sithihsdle pORR bRESBE bl SR ISR e Beii W tptrtior of Blast ot et | o
ready to engd\’:ﬁﬁinghe operation or data processing that is executed
according to the 8xecution instruction, the preparation information in the
second field is for the operation or data processing being i ndependent of

the contents of the execution instruction described in-the first field of
t he i nst$uct¥.on s&he dpprocessing syatem of cloioe b whereinthe Bisy orsesopd exécuion at | east
one processin ni.t. for execuyti an .operatjon,or .dat rocessing, a unit
for fetchingomi! phitineledes ity obtxetion sRpltal Rartians frindeptndgpty pEecsiing g an
execution | {,p&:tl ig&ﬁ ' 1 B j 2 gdat a
processi ng Pﬁgéth S ﬂed%g%lgg{é I n{'@ﬁgﬁ‘l“g%“ggg@%@is’?%“ﬁu t, Bglr%l‘%E %1%38%5‘3 field -
for descri binge firseaaedind Geldirespedtiveyi on for setting the processing unit to a
state that is ready to execute the operation or data processing that is
execut ed. according to the execution instruction; a first execution control
unit for,. decoding fhe execution instruction in the first field and,
proceedﬁ%g §8en Trbe PrREGSSIRg Systepiof slajg) fy, dedere E%W'rdzexs%'eaggmf@uwmt
that is pre ; } :
brocessi hg. S pipu A Aol R B2 0HNG Srob Rl b hiBRRANA B REn HRE
unit for deepiepfbcedsidgphiepar ation information in the 37 11111111111111Hi 11
11111111 * C L second field and, independently of content of the

proceedi ng of the first execution control unit, setting a state of the.

rocessin it sQ as.to be ready tq execute an eratjon or data_
Br ocessi ng. TQ: 17. ?hﬁ@atmpﬁsﬁv%ﬁ’éé@!q%&%g ’iﬁn‘ggﬁcﬂ’i‘ _%‘FWHEP@?"?PIPWE first
or secopsl eﬁ%%é&&nhéﬁ?{’{,eg%%%ﬁesﬂfg&m%q%fta plurality of execution control

portions for 1 ndepen Ssi ng a urality of independent execution
instructions or preparation information that are descri bed :

20. The data procéssing system of claim 16, coinprising a plurality of the processing
units, wherein the second execution control unit controls a combination of data paths by the
_ processing units.
20
21 The data processing system of claim 16, wherein the processing unit includes a

specific internal data path. .

22, The data processing system of claim 16, wherein the processing unit includes at least
25  onelogic gate and an internal data path connecting the logic gate with an input/output
interface.

23, The data processing system of claim 21, wherein the second execution control unit
| selects a part of the internal data path of the processing unit according to the preparation

30  information.
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in:the first or secondl{w' ﬂ"Mg gl Y- 10 18. The data processing
system of claim 16, whe el 'myﬂexecut ion control unit sets an

i nput and/or output interface off tlhe processing unit |ndepende_ntly of
execution timng of the processing unit. 19. The data processing system of
claim 16, wherein the second execution control unit 15 defines content of

processi ng o4t he PPedatapiopessing systemad claimh 6, avbersinthesseend ngqﬁlyspmﬁcxbﬂnitzljai m
16, conprisi a plural it f the.processin ni.t relnhl%al}es on
executi on coRtPE R Eadonquimyt biktiotes s HRErIRe @P%@tfagg&i?mgp 6%3#; the"
rocessi ng ugj : ; S infmaticat em of cl ai m 16, erein
ltohe pro'cegsi'ggdcﬁsﬁﬁngg{uﬁ%?cﬁg@gga@d’g@%ﬁéﬁl nternal data path.. 22. The data
processi ng system of claim 16, wherein the processing unit includes at
least 25_one_logic gate and an internal data path connecting the |ogic
gate wi t h?anZ¥-nput Tbedasaprocessingsysismef clam 247 Gemprising qanm?'s sﬁtom;g spbt?m c;ff .
clairm 21, wh I n t.he.secand execution contrp nit .selects part_of, '
i nternal dat §5’§’J§PWL%‘? daﬁﬁg&ﬁ%?@s‘gﬁ ge ioﬁl?pé‘f:l? F%&%P{%&SS%@&?&EMW 30
information. 38 || el : : Si1R4 :
processi ng system tc])%%%ﬁogéll %%t}onﬁﬂﬁ%%%ﬁﬁg@éu l}téﬂ%é%tcgsolp tlﬂltﬂani t
changes i npuprogessihg bloeknbpselecﬁﬂgt@refoaﬂﬁwrﬁgaommg@mibﬂ datlsRFdd ih tHeMRGndry OM a
plurality ofthe. ~processing units, according to the preparation
i nf or mat i on. a%omNg tyitke prepasation pfwmeiiony system of claim 24, conprising a
menory s{ ring a plurality of configuration data defining the input and/or
out put i n‘?erfaces I n the processing block, wherein the ;ecoad execution
control unitsghan | i acssy Lk i ng
bl ock by sel %%ti ngﬁ%niﬁﬁ?hﬁgﬁ%ﬁ@%%‘%w%n {“gfﬁér at'| onéxga aﬁ(s: %@igﬁfn-the
menory  accohatiarfgndtion béveschedufer f tnianaping nditefde @ the pPocessing unit.

27. The da';a processing system of claim 16, further comprising a first control unit
15 including an arithmetic/logic unit as the processing unit, and a second control unit having as
| the proces;ing units a plurality of data flow processing units including a specific data path,
wherein . '
the first execution control unit operates the arithmetic/logic unit, and
the second execution control unit sets interfaces of the arithmetic/logic unit and/or

20 the data flow processing units.

28. The data processing system of claim 27, wherein the second execution control unit

~ controls a combination of data paths By the data flow processing units.
25 29. - The data processing system of claim 27, wherein the data flow processing unit has a
specific internal data path, and the second execution control unit selects a part of the internal

data path of the data flow processing unit according to the preparation information.

30. The data processing system of claim 16, wherein the second execution control unit

30 has a function to control input/output between a register or buffer and a memory.
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26. The data proc | tem of Claim 16, wherein the second execution
control wunit has(mﬂ g@,ﬁm&” “"’schedul er for managi ng an interface of
t he processing unit. L processi ng systemof claim 16, further
conprising a first control unit 151-i_ ncluding an arithmetic/logic unit as
the processing unit, and a second Ttontrol unit having as the processing
units a plurdlity Amethed Hriconvelingaciatagiroesssing systern includg atleast opepriotgssinglat a
path, wherein ft he first execution control unit.operates the

Bri thmet i o/ | YU BT GHRFHANE 4 GPCTFHON SE AT BrOGKSBR PRI 1ol uni t sets

I nterfaces of the | m}j-"% | i ’ﬂi&?&i ta. ssi ng
units. 28. The data:#é@fﬁ oce£5| Jélq‘géyg%t%sotfl C a%%g%?ie%}grr%&{ eﬁgégééﬁgﬁ
execut i on coiitfuetion for Hesigastingicohtentdf eroperation erdanfpretaisihgnhdt isexeyutédia thtat a
flow processing units. 25 29. The data processing systemof claim 27,

wherei n the pfacessiig ww, pndocseeandhiglddon desérbingprepasation infosmationdersgitingsdhen pat h,

and the second execution control upit selects a part of the internal data

path of the Ha?easmalawtsﬁa%%t@?tﬂfgr%&w eXReuts e apgragien Pfrfg’tﬁcﬂre‘fﬁ&f'la&ﬁ’& S

I nf or mat i on.e,%&t?dTmofaﬁhg%&rﬁ%ggaﬁ' JstNRaEm of claim 16, wherein the second
unrt

execution contro as a runctron®to control input/output between a

register or buff ers SBcofr6TREP oY decdfink HelekeduliEH ihdthuctidd ih tHelfirktifeld an@~MSI | | 31.

A method for controlling a data.processing systemincluding at |east one
processi ng proceeding with tdeqpeiation endataprocessing bydhe prateasing wutdbatiispreset sotosi ng:
a step of fetcg‘%{& an instructi,on ‘:Csﬁ%t inclyding a first. field for

descri bilfly ohe readyde exeghte the pperatien prsfpta RIPCEIEIE ¢ tha SXReptien istEwRtiopsandh e
operation or -data ps%g ' |8 4 To 9 i unit,
and a second fiel oérh%ﬁ}s'tg@is%P%déﬁrgglgéﬁrgﬁ%geétﬁp g&%aﬂ{s?gn t%ggt%_é’etp?i ng the
processi ng Ustepardtidn infSrnidti6n ik sebshdRRIANd sQtifEskaté 6f thé proessing uhi o Atodat a

processing that is executed according to the execution instruction; a
first cont r diereadyo efecute theciperptiomer dataratessmg. i nstruction in the first field
and proceeding with the operation or data processing by the processing
unit that is preset so as to 10 be ready to execute the operation or data

; L : . rea
fecodi ngi nfepend gt a1, Whlofln i¥i6opy SGRATHof A Bt artf bt
i nfor mat i on interfidesf #RpPGEssingaintl ivserinddpehdenty 6f ckédatien frhing BEthe hRswRSdrignaituni t

so as to

33. The method of claim 31, wherein in the sécond control step, content of processing
of the processing unit is defined.

20 _ |
34. The method of claim 31, wherein the data processing system includes a plurality of
the processing units, and in the second control step, a combination of data paths by the

processing units is controlled.
25 35 The method of claim 31, wherein the processing unit has a specific internal data path,
and in the second control step, a part of the internal data path of the processing unit is

selected.

36. The method of claim 31, wherein in the second control step, inﬁut and/or output

30  interfaces in a processing block formed from a plurality of the processing units is changed.
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be. ready to execut é t on_or data processing. 15 32. The nethod of
claim31l, wherein in Eg!ﬂ%g mﬂuﬂj ﬂl step, an input and/or output

interface of the pro i ndependent|y of execution tinng
of the processing unit. 33. The met hod of claim 31, wherein in the second

control step, content of processing ‘of the processing unit is defined. 20
34. The net hdd- of ch@ﬁmﬁtt;qdofwiméﬂmhw@aﬂ@tapﬁog@%@giswgmsly@lv@mmmes a

plurality of _ the uni.t s d in the ntr st.e

conbi nati on §¥0 H%?Eﬂ’ﬁ'gl gpghion Bﬂ‘%@ 'ﬂH‘l‘?‘?‘l‘B g*af:%sdn H?S 35.

The net hod o? Q‘bﬁﬂ:k MEI’EI n the proce55| ng unit has a specific internal
dat a pat h, nd 1 n_the second control step, a part of the internal data
path of the proces ithgsesmd execution step,chesitiput fid/or dueputriritérfadesin thelpaodessing,
wherein in the second control step, input and/or output 30 interfaces in a
processi ng bbloek ateshanged by selecingyngod theplurality waen@umﬁes datagtorediin thej s
changed. 40 | ILLILEL tErerr itith- o 1 11 1tirr €L MS 37. The nethod of
claim 31, wh&*®8I°%W-t he data processing systemincludes a menory storing a
plurality of configuration data defining the input and/or output interfaces
in the processing block, and in the second -execution step, the input

and/ or out pugi nt erﬂ;@ﬁleﬁaod Bf didim 30! Wheéin intlle sdeortd cdaitfolaked, & ShBdifsireRining an -

sel ecting one of the plurality of configuration data stored in the nmenory.
38. The met hwerfﬁpeofthemosﬁsmmtlemamgﬁdthe second control step, a schedule
retaini ngo interface of the processing unit is nmanaged. 10 39. The

nmet hod of“clai-m 31, wherein in the second control step, input/output

between a rggi st eqyOp el bRGiARY, FndERR t)_(e beforftOdhtS! slte‘f)fjinplflt;output between a

register or buffer and a memory is controlled.
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