5 Technical Field The present invention relates to a digital

ng apparatus and a nmethod for controlling the apparatus that
al | ow *8f%% fast operation in systemcontrol. 10 Background Art Generally
in the field of systemcontrol such as-sérvo control, efforts are made to
mnimze an error between an actual output and an expected target val ue
provided froma device to be controlled. In recent years, a digital signa
15 processor (hereinafter abbrevi at pdsteIiBE2)orhas been w dely used, which
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tailored to a particular use. However, nmany DSPs have a configuration in
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an instruction decoder 4, the junp address is set in the programcounter 2
O herw s r.Jgs incremented by one in synchronization wth a
systemlg ogééégsﬁ(raglg%ga%‘ﬁﬂs witten into the program nenory 3 through 35 the
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the DSP is acﬁlvatéd, e instruction decoder 4 interprets the(frogran1mord
provi ded fragttiad output and an expected target value provided from a

St @ : DESCRI PTI ON DI G TAL SI GNAL PROCESSI NG APPARATUS AND I TS
siﬁ@

‘device to be controlled. In recent years, a digital signal
15 processor (hereinafter abbreviated to DSP) has been widely
used, which accepts such an error as a digital value and
performs operations on the digital value to generate an
optimal manipulated variable for the device to be controlled.
Operations in some DSPs are implemented by hardware
20 tailored to a particular use. However, many DSPs have a
configuration in which the operations are controlled by a
program. The DPS, like a microprocessor, performs
processing according to a given program and is characterized
by more sophisticated operations at higher speed than the
25 microprocessor. '
FIG. 5 shows an internal configuration of a conventional
DSP. In FIG. 5, a program counter 2, in which any value can
be set through an external bus 1, generates a read address
of program memory 3 when a process by the DSP is activated.
30 When a jump instruction is detected in an instruction decoder
4, the jump address is set in the program counter 2. Otherwise,
the counter is incremented by one in synchronization with a
system clock.
A program is written into the program memory 3 through
35 the external bus 1 and a program word at the address output
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5 program nenory 3 and generates a control signal 9 for controlling

i nternal conponents, a data nenory store address provided to a delay unit

8, and a data nenory read address for reading data X, Y to be input into an
arithmetic and logic unit 6 froma data nmenory 5. 10 The control signal 9
is a signal for controlling the arithnet2c-and logic unit 6, data nenory 5,
and delay unit 8 in the DSP. The delay unit 8 tenporarily holds the data
menory store address generated by the instruction decoder 4 and transfers
15 it to thg, %@@@fﬁm5c8ﬁhQ@raZW§bthH @tF!ﬁﬂ&ﬂﬁﬂéngﬁﬂ Pehi Admefryt

The predeternlned period represents delay tinme unti %e arlthnetlc
and | ogi c Wit 6 outputs resultant data of an operation specified by an
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t he data rrem)rg/ 3] Whem bhalates uldmefy t ie operation is vvrltten into the data
menory after e instruction deoer 4 detects,ap operation . jnstruction,
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menory 5 whanitlmeeexteandl lstgaiwsunlt &3 &mahem@ryswvrandedelayoum dat a
menory 5 af8t eﬁtpg 'B%H uction decoder 4 detects an external input

i nstruction 3 OWws an exanple of a process that requires tine for
processi ng ot heThehde lepenatitofstémpseavalyomoidb thededss siempry sthiré 6,

an error Qﬂ% e ut put
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process A i Iégl n 10 cycles, the tinme for generating the manipul ated
ase

variable 1 on the error 11 is limted. The follow ng process should
be perfornmed w tHien phedetarndded rameriperiodnrppsessnty dadaipekdmeon i s

performed Rasegd; omd Usﬁcftft'ir@ét%é 204 1Oy d € o 8kt rte@%l%tard'aQﬁ and

a value 15 of variable 1 (Z') i1s selected by a selecCtion unit
provi ded t @%rdeespeBatici: e Pl HEed oPHs 28n 18datS o hased on the val ue

sel ectgd by the el efdt &Mnebiy1g, 1§t@6ﬁ§lt;h%eldnts@r aRdicat ger espalb1&f dfhe
process 1 bagoeglgg tQEarggg\lrtidefi %h?oﬁ%ﬁr ahe external bus 1 and has the
capability of outputting data to the arithmetic and logic unit
6 according to the data memory read address and the capability
i of storing data output by the arithmetic and logic unit 6

25 according to the data memory store address provided from the
delay unit 8.

The arithmetic and logic unit 6 has arithmetic
capabilities for supporting operation instructions in a
program stored in the program memory 3.

30 A MUX 7b selects the result of an operation performed
by the arithmetic and logic unit 6 to transfer it to the data
memory 5 when the result of the operation is written into the
data memory 5 after the instruction decoder 4 detects an
operation instruction, or selects an external status signal

35 10 to transfer it to the data memory 5 when the external status



20 into variable 1 (Z1), and outputs the final result of the process 1 as a
mani pul ated variable 13. Z1 input into the selection unit 12 is a value on
whi ch an operation was perfornmed and stored in variable 1 by process 1 a
cycle before. The mani pul ated variable 13 cal culated in the above25
described nmethod is used for driving the3device to be controlled in such a
way that the manipul ated variable 13 is read through the external bus 1 and
input into an output circuit such as a digital-anal og converter, for

exanmple. | %i@@a@bwel@.ewltt@erexm echét dag ad gedtRe; t31a&fté.e 8@8eext er nal
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from pr oces’sn%thcé‘éPé‘c‘il%EOS?rt%@estéilcetﬁ iBSheHheL LRBHHT ?'HSFFECtGOi"f t he

external signal gf;iss @hdWs 4h b&aﬁ@l@b&dabﬁrbb@s%eltﬁﬁﬁ:l Q@qﬂﬁlﬁes]-%l%@m
in FIG 6 if the external status signal 10 ws part

of a progrd?¥ | BRPFRSEHE T St Sther ’Eh‘épﬁﬁéﬁ}}loﬁsyld}o%ee@éos‘%%rpﬁ FIG 6
i's processqﬂr@&egben@SP $h0wmsln6FI£h érrdhelpr ograndif ovrehpeobeswebm 21
~ 22 - 23 -3 i Eg_ dp ess B" 'g FI G 7ferrbod|esvtche5flow
" process Aa“sae?E‘&? oRUGRIL 3 gnp?688§§e§' SEERT T @ BV &b

t he i nstrucdombsoilldedr.anaf mrarn&@uf]rajmd heapiaplemlsens imfdomadtieon for
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in the conparison process € conpare 1 nstruction 22 e program
count ed52 iefiwpkambdtced byZ bhels asehegéedn hyard aﬁﬁbeqt{-oz Sl!n)ltl 4 2stagred at
address T t RIS gn address value existing in process Bis
set in the ?%g?g%?bghnter &é% t he execution of the junp instruction 25,
then control is peceedstB pes §1525“B oparatdeasdagedPhpehat YdhUEs
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performed and stored in variable 1 by process 1 a cycle before.

’ The manipulated variable 13 calculated in the above-
25 described method is used for driving the device to be
controlled in such a way that the manipulated variable 13 is
read through the external bus 1 and input into an output
circuit such as a digital-analog converter, for example.
In the above-describe example, it is assumed that the
30 external status signal 10 shown in FIG. 5 is a one-bit signal
and that the output from process A is selected by the selection
unit 12 shown in FIG. 6 if the external signal 10 is 0, or
21 is selected by the selection unit 12 shown in FIG. 6 if

the external status signal 10 is 1.



- 5 values, the nunber of instructions 27 in FIG 7 would increase by N2,
increasing in the required anount of the program nmenory 3 and increasing
the mninmumtinme for processing by the selection unit 12 by 5 x ( N2 )
system cl ock cycles . This 5 overhead nay cause shortage of tinme assigned
to control process to be perforned essentially. However, a conventional DSP
as descri bed above takes tine for the process of selecting a variable based
on information provided externally in program processing and requires an 10
i ncreased anountFId. pr ogli@ws, pantr edsangrole arediiligw dimnoet c @ e pwhgtam
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I nvention I's conftl gured SO as to conpri se q program menory for stori ng a
program a PeBYFHNP chtaeCompatigah R e i ks taruepiegie it o $AedCpregram
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an address according to the instruction read fromsaid - 6 ~ program
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external signpy &8R& execution of the data transfer instruction 26.

If the values do not match in the comparison process by

20 the compare instruction 22, the program counter 2 is
implemented by one, a value in variable 1 (Z21) is stored at
address T of the data memory 5, an address value existing in
process B is set in the program counter 2 by the execution

‘ of the jump instruction 25, then control is passed to process

25 B.

In process B, anoperation is performed based on the value
stored _at address T of the data memory 5. Thus, an input to
process B is selected from one of the output value process
A and variable Z1 according to the value of the external

30 status signal 10. In this example, the longest path of the
process by the selection unit 12 is “21 — 22 — 23 — 24 —
25" and the process requires at least five system clock
cycles.

Furthermore, in this example, one value is selected out

35 of the two values. If a value were to be selected out of N



10 neans for selecting one of an output generated by said neans and an
output fromsaid arithnmetic and logic unit to store the selected output in
said data nenory. A digital signal processing apparatus controlling nethod
according to claim2 is an nethod for controlling the 15 digital in claim
1, conprising the steps of reading an -exiernal input instruction fromthe
program nmenory according to an address generated by the program counter,
decodi ng said external instruction and issuing an operation control signal,
staring dataIfes L3 nimbleieo extreytialcsignal2 priecessl nowdd 1aeansraaser di ng
to said opg}(yatl on control signal, reading a myltiply instruction from said
pr ogr am nefst YWz a%coFBFﬁ&a‘F&“tghé-"acH‘rees‘%e%‘éhE?Qt IO s AT o andEdlint er,
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i nstruction to mul {gé varlag rZl'avallableto be sel ected by
sai d procefFEF Wit a stpfrrl r‘i’d:“be ST bt AE sl tiplication in said data
30 nenory, and emcexte:ngaarmaddntmshamdlsE)raso@esardibwealri}adﬂ/e thkadtyaei abl e
2 and storﬁ% result of tg,le |on iLn _said S_atg rmﬁ.oré as_a regu t of
sel ecting elpﬁﬁcesﬁsg sg &ngtY?)ﬁlFB SaBPEFH REtHHROTIRA Ilaint al
signal pr ocpass:i@eappaltamsalaqparrdlmg:gnaml procéssing am.ﬂfiregqmedeSOaas to
corrprigg pr.ogr a pro ram coul ter
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arithnetic an per orm ng an operat ased on 't

out putl¥romosesd cangumpision andl talipfepstAg the result of the operation
to said data menory, said apparatus being characterized by having data

sel ection neans for determining a condition by using an external signal as
i nf ormati o® ¥srlenergeodr HnvANWHRN and neans having a condition

determ nation layidatgrSeLRE! 1 hoehkYeh ¥ IGAPRDELET ¥pbok -G MhsRi d data
sel ection neans_ to be executed. A digital_signal _ processing apparatus

control | i nPHRR HeBS a2 RErRiF AYLE6S c? é?%ﬁ%t’i% ShIRRLNRECFBF SBAt RBPRFAF UShe

digitapoi n £@iiA3cosAIYI fiethddletbhePal 0bwr e@gllangfetd&ﬁb:wtdb&h:@alt
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det er m nat icus tiat af seleciianryl asidr act iimp randemssti hy abgnpar pkboessing
control si gnal Grieadi ng data available to be selected by the data sel ection
25 neans fr & data menory according to said operation control signal,
transferring the{'cdas@lsel enée@rbyolaaisd, date degechilos inparls moooess ggt o an
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i nstruction,

I Ona | nst ucti nstruction can
reduced by i ﬁgcp@Idattum wgwmlsazeéncdm t%ebmtnlng 3gshwans ioar

processi ng @ébg&ge{:g@abg_tlajgw_ signal or neans for
30 That is, adigital signal processing apparatus according
to claim 1 of the present invention is configured so as to
comprise a program memory for storing a program, a program
counter for reading an instruction from said program memory,
an instruction decoder unit for outputting a control signal

35 and an address according to the instruction read from said



_ g _ selecting condition determi nation data and a condition determ nation
data selection instruction selecting instruction decode capability. In
addition, data selection processing tinme required per 5 control processing
interval is reduced to increase the quantity of operation instructions
essential to the control. Thus, circui+ &iZe can be reduced to mninmze an
I ncrease in power consunption and costs and signal processing speed can be
i nproved. 10 When a control process is changed based on an external status
during the prxegtéhaendra, B d@lay unie dbevdeleptinenetechtideessbenopat
remar kab-leqe%ﬁ!(\acially.as t he nunber of . external statuses, whi c@ are.
i scr i mi nati CORERT LBRE LT s TR he CBREr BETSHdeeid PECPREFdAged.
15 F’-ri ef Derfta ]Pbisyc? oh ﬁ?lrélwdﬂ@‘%lslél &utput st romisedld dhagramtdforadecoder
configuration of a digital sigpal, processi apparatus _according to_.
Enbodi ment B 47 HrRELRT SRLERTTRT 00 Fres SSATESE BREGPLmIFPBWSPAfati ng
E)F akdg;sa s:mm%zim;ljproacml sapcnoithmgt ie d4he Topodi urht forFb&r f3rindng

oc iagram of a digital signal,_processing, appatatus_accordi.ng. to
Enbodi ment 3 GPTHEE bTRsShe SHERBnt Toria tr 5B RE L BRHe sAIA FR b meRe g 1o
a data sel extd onr2bspeaceny adecormgsiwglt cof hehEnbedinmmio®; té¢| 218 data
bl ock di agram of a confLguratli . el | L5 +or I n r.at us
accordi ng tnbenéoﬂff osralac{r [Lj‘ ggﬁ?ét%% %lgﬁdder%a%%%é%? diptg%glggéﬁ{r%g%(%%ﬁta ﬁat
requires tiseyial gropessing medtey folfgpreabesliag aneitesyst emapunt eold 30
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to the pri@ndiran @espubbleofosaldr ayiitgur@itic end nbegitonnit tg store
: the selected output in said data memory.
A digital signal processing apparatus controlling
method according to claim 2 is an method for controlling the
15 digital in claim 1, comprising the steps of reading an
external input instruction from the program memory according
to an address generated by the program counter, decoding said
external instruction and issuing an operation control signal,
storing data processed by the external signal processing
20 means according to said operation control signal, reading a
multiply instruction from said program memory according to
the address generated by said program counter, decoding said
multiply instruction and issuing an operation control signal,
multiplying data memory variable 1 available to be selected
25 Dby said processed data according to said operation control
signal and storing a result of themultiplication in said data
memory, executing said multiply instruction to multiply data
memory variable 2 available to be selected by said processed
data and storing a result of the multiplication in said data
30 memory, and executing an add instruction on said variable 1
and variable 2 and storing a result of the addition in said
data memory as a result of selecting the external signal as
a condition for determination.
A digital signal processing apparatus according to claim

35 3 is configqured so as to comprise program memory for storing



The digital signal processing apparatus and a nethod for controlling the
appar atus according to one enbodi nent of the present invention wll be
described below. in detail with reference to the drawi ngs. 5 [Enbodi nent 1]
A digital signal processing apparatus and its control nethod according to
enbodi mrent 1 of the present invention wi¥l-be described. FIG 1 is a block
di agram showi ng a configuration of the 10 digital signal processing
apparatus according to enbodiment 1 of the present invention. In FIG 1,
the functi W@nﬁgﬁmeﬁ @rrmj:cab[us:ohntmogbarrreadﬁhgr ag, msognamimrrﬁrym&
data nmenory 5, MJX 7, delay unit 8 and con ée%ﬁ’ are the sane as

those of t @t iBFOdFA™n & 3% Jﬁ?ﬁ‘r%c #ﬁn erruc‘WJo% toder 4 has

prior-art dﬁﬂqd\uﬂglhgnatconsrbrLomgvhamhahBeaﬁummreaso&ccntreln.mtgetbnghe
conpare instructi

F T b nat ed TAaicrbeBiaR PRaY, PR ETE BRASFHN hefned s s BRIL R 1S

operatien fdecdybng thenadhiressaoceppar ifseom 2G4 iepeirettonct iont dencder,

el i m nat ed. , Because t he_conditiopal i trutlon nd_ | i.nst ion

are elimndd® BeUOEY fPF o uW’i‘??ﬁab %ngsgge r 8 ‘f‘ﬁ% ?bggguct‘?o%paecoder

4 into the ﬁrmgrsaerﬁ.@aurﬁteru@tmnedém@at%xﬂ&rﬁhs&rmdeg &t s besgtds oan

external tu nal. 10 a8 its in pr t SS on
and o A0 e 3aPPEe SRR e Bl R T By R TR FAC EEERREBE

encoder 51 amd Ild;ewlesmxt biedk: pletr ficsr maisrsq reed ofpfeata ttiven dassadaln shat deatsai gnal

the sel Bt Bachmr ot O0R, sARH AAEh, fnakiPdha LOMBEEEEIRG i, 2EGRILCHE
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signal is [ : I n z d
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outputting & ered WbiRNy AYUSS iNgx @O0 EXtEinahe Jemaal: nd$ thEpuBasignalkoro is

1. Here, tqﬁ @e\@n@%ﬁ% 5ﬁp;aq§fmregnswvms ~abHeik3oR @egeéﬁehgehohn C

| anguage, erefore fepresent "0100 0001" in
hexadedpraldataspedecteljns UGt Dow eaBabald taf L8 TorGt kR g | mflef daka

exenpl ary pg@fgéglglgomdr& R&Epd é,@eéggegase where it is processed by the
DSP shown in FIG 1, The_programflow, "process A -~ 31 32 -~ 33 -> 34 ~

process B', showh ‘ilthF@.l Eléﬁﬁéleé§q9m%'“i@gf?BRPra*p‘Pécé’@tEOqureg ection

unit 12 ~ preeRss Beccoshawy tB Ei@.un64 lFeaehx althidel ifagt euﬁﬁtlr@rls_lln&; the
transferred_fromthe praogram neno to the instructio decader i's

assumed t hal19Atadt gt T pt oc% pﬁlﬁﬁﬂgvzgﬂeatﬂteepls ef Gf7 &8y B@en
stor.edzion t&endataomeweeﬁnldétfmﬁsaata siegralt (IrbOADOt ion tOsA0RKE

ooVt 0ed ahotehcihnehs, e Xt el LA A A S0, BrogEsS] Bh T
t he externabrogpam cosnrtecet,i dacdiiisigosnidncéh@ition determination data
selection instruction and issuing an operation control signal,
! reading data available to be selected by the data selection

25 means from the data memory according to said operation control
signal, transferring the data selected by said data selection
means according to an external signal to said data memory,
and storing said selected data in said data memory according
to an address from the delay unit.

30 According to the configuration and method, the circuit
arrangements and the amount of program memory that were
conventionally required for executing a compare instruction,
conditional ju.mp instruction, and jump instruction can be
reduced by adding relatively small-sized circuits such as

35 means for processing an external status signal or means for



20 Then, by the execution of nmultiply instruction 32, the value at address
K of the data nenory 5 and the out put value process A are transferred from
the data nenory 5 to the arithnetic and logic unit 6, where a

mul tiplication, the process A output value x the high-order byte of the

val ue at 25 address K, is perfornmed, t+heh +he result is stored in the data
menory at address Gl. Then, by the execution of a multiply instruction 33,
the val ue at address K and the value of variable 1 ( Z1 ) are transferred

fromthe daiel sEODRY thalthanardddmixcataﬂdnlagta amid 6,coldisionl tiplied
by | ow orde te, of tge vaIu at_ address gnd the result is stored in

30 b
the data ‘?‘?/r“?) DRt 408, 88s3cse 'ﬁ?et]tﬁrbhl%ﬂl’é?c 308 PSSO above i s

"a" and tﬁmém@tﬂeh bgtedes cdibifithe vaI ue at address Kis "0x0100",
for exanpl e. iﬂﬁggée descri,bed %rocess wi |l be descri.bed in detajl. 35 | f

t he external LGAgR 19218 lef‘l‘*l‘éhonm 1RI Fidtegeaut e Pgr
addr esss5K Qj‘ortth:eonapﬁoﬁesermgS betetﬂmabnx:@deedﬁdzedaaodesmnémb abbge. In

h , th | i h I h d
byre of thaUAr O haarsas tor res Tttt R S EE htns oti8r o,
as a 5 result, tTmsoutputwiad sezproteds ﬁedsceddr@dliaumm essi®irehsehe
dat 5.~ The t I t
cat 2 TETE N P sogE A URE SB35 Ebetl AU 5 Blp S e B

result of aramddetimprodatia at address Gl + 10 data at address &, is

stored, ,n addre ft { of .a
instr u%{)i on 34 I} i cé{(}lg-‘rrp %d‘[%é(?%% %%/ﬁ(;&eg %gg d%gsgx%%gnac]i ta
at addr ess sG2atepresaEiTs tthhaeepeouasgnﬁoi)wt puogvamethemmw-m@h‘éneh@de t he

result, the S t el : t 4addn of ¢t he data
menory 5. &P{%eggoﬁtéggﬁ%, %%ﬁ éséégé'ggég gt% aﬁé}s%m&é%féfhe dat a
rrem)ry 5 byextereatoseatisesvawhdishe aze @dslar inimabied. cqpditignst fer
process A %Mélﬁgl YReOL AP Grded s, sehechedasddle i nput into process

B, depending on’t external state si gnaf 10. 20 I'n process B, an operation
is pertdrned on the value stored at address T. Here, the processing in the

sel ection utie#2pakWRYHtRABIS T IBFQWPRgshe path, "31 -~ 32 ~ 33 -~ 34",
and therefore takes four system cl ock cycI es. Wile the value is. selected

fromthe two valfis ilnied Ploskddagram phed CANe F52 be0RA o 84944 N

val ues and &£yveRai rpmé\s§1ﬁ§f@pQQHt@aea@éégamﬁb tomtibbAshEHEl 1 UE the
multiply instructions dd instructions shown in FIG 2 are needed

to be perf(ﬂﬁ%ﬂen?héflgﬁ&téoqrhe requi red amount of program nenory 3 can be
reducedoand the gig) nyniélaepfegrtaﬁef%wprx@qwﬁlm ty dheasgel sefleemivm t 12

[Sgﬁbwgd: Reﬁlgﬁ?gelsg g%c%rzl.%rfngastc} ghe Emgodl}uentzw. jsystem cl ock cycles.
FIG. 3 is a block diagram of a digital signal processing
apparatus according to Embodiment 2 of the present invention;
P FIG. 4 is a program flow relating to a data selection
25 process according to the Embodiment 2;
FIG. 5 is a block diagram of a configuration of a digital
signal processing apparatus according to a prior art;
FIG. 6 is an example of a processing form that requires
time for processing other than calculations in system control
30 processing for a servo system according to the prior art; and
FIG. 7 is a program flow relating to a data selection

process in the example according to the prior art.

Best Mode for Carrying Out the Invention



- 12 A digital signal processing apparatus and its control nethod
according to enbodi nent 2 of the present invention will be described. FIG
3 is a block diagramof the digital signal processing 5 apparatus according
to enbodi ment 2 of the present invention. In FIG 3, the functions of an
external bus 1, programcounter 2 , prog¥am nenory 3 , data nenory 5

delay unit 8 , and control signal 9 are the sane as those of the prior-art
DSP shown in FIG 5. An instruction decoder 4 has prior-art decoding 10
functions from whiechigheafiuaethan wfot8tSipgedpPerataaNPRA S nBhiodCEbLeN,
condi ti onal 'qu instruction, and junp instruction is elimnated and to

whi ch the ﬁ% 1Okt BRI TR ARRAT T S AR SRR L0 PRG PREOIIRERTE Sfolhei n

FIG 4 is piderbndhenebftgont RE1ar iddreds 6r apdd! peilownid fedwsl I9icth
prior-art (%peratl on functions from which a conparison operation function is

el i m nat ed T SEEERRESt he8 EBRICEAIHAIS unp i nstruction and junp instruction
are el i natmtbodife@prenyi onal. systemfor witing addresses fromthe

i nstruction decqoder, 4 into fhe rogram counter 2 is 20 elimnated. \Wen the
data sel ect insfr Gdﬁl&?]ills%%%\;ﬁ PROEPES LAY SPRAFARYY, 2% MBE 69°8EFRLt s
out put X omdtodlata Iy toferibo @xhennal oFt el presd ih@enk ibn QE11

sel ects ou%}put Y of.thg data nenory if the external status signal 10 is 1.
A MIX 62 2556225 PR out put of the MUX 61 if the instruction executed is
a data sel ect | @FS@.UCt ism @l ediasyridre shuttwoilrig af can fakgudateidrc cfntdhleogi ¢
unit 6,1f the insiruction executed is_an_instruction.other than a.dat

sel ectt ns AT oh < San L s S PR thpore tREARR b, “BhefifBhY, v
of the datd 3 reErpresersel bcrent dependingFda.t he eheefnakbtiobgsabflani f
the instructj,on executed,is_a da sel e pnstr i Qn, resul f an
operation ;?é?tfeo]f'rﬁ%g %‘y}gt fie gﬁqq#@icgo%xﬁéefogk%%%ﬁ% gﬁe‘ﬁgf%uss igggd Y
! n the dfat aemmy V5 j MEk| Betaelay mﬂn'nti&stgmdtd:ontgwécaﬁ.gatails 9ampre the

| nstruction giher, tnag.Ehe A3ta, 35 selestel BRPTUGHAM 1 #1d3 5 Theydel ay
unit 8 tenporarily ho §s 4 data nory Store address generate by the

i nstrut?i onrdecoder idnaddcodanst eras ipriortastddeaodémgr ucafioas from

pr edet er m pad Wai [ | e t; f thed U prlicdgsesibhed
earlier. 5 é/}_@f%%o%sﬁésgﬁto\ﬁof&a %ﬁ%@%@#ﬁg%_gf th{g{exenﬁ ary process
shown in FIORQN&LTHORAE JHE® WiEteryqti@npr BEs JEFPH NHE WEPLGROWA in FI G

3. The progiipihQ¥ed.Preaesebre, tht BrA%eseHo aPWH4it MGt 4 gaiodi es
the flow, "process A -] selection unit 12 --~ process B",” shown in FIG 6.

Each 10 of R Fn3¥EulPrsRd ian (Tt EPRed IFPBNHE hrd f ARPAERBPY 3 to the

i nstrusyi onglecodesnd fuhktibressdinedihdahtan . out put from process A and
vari able 1 have al ready been stored in the data nenory 5. First, the output

val ue process ABGCAIPUEDEr BRPPELOTR I PP hanBRFHCHEREY P15 aHPR he val ue

of vari abl & ds€Zd¢tisnodireuklfidmarsd, \a Sjdthen pbrtdeivahyesadizeselesct ed
in the MJX 61 ac ordirg%ito the val ue  of B‘he extﬁ{nal st at us si gnal 210, t he
e tHie

sel ected vV HETHEL byOPHEeRRACE2? a1t e PRI HHlrELs

data nmenor yebiminapedcess B, an operation 20 is perforned based on the
val ue zéored at address.T. gtfa t he riabl e

i s ZaPected PO TREIRBU? L ABBES ok B cecad AT Rethatud DR ne
ext ernal stiatsisispgnal pEr.fdisie,atheegeteesssngd tdmeedeconontuniandl2
always passes, i LEQugh ;Qnley e @9 7.
One example of the operation of the encoder 51 will be
described. It is assumed that the external status signal 10
30 is one-bit signal and that an output from process A is selected
in the selectionunit 12 in FIG. 6 if the external status signal
10 is 0, or Z1 is selected in the selection unit 12 in FIG.
6 if the external status signal is 1. The encoder 51 has the

capability of outputting a one-word value, “0x0100”, if the



25 therefore takes one systemclock cycle. Wiile the value is selected from
the two values in this exanple, the value may be selected from N val ues,

and even in such a case only N1 data select instructions are needed to be
executed. Therefore, the required anmount of program 30 nenory 3 can be
reduced and the m ni mum processing tiaelof -the selection unit 12 is as

short as N-1 system clock cycles . - 14 CLAIMS 1. Adigital signal
processi ng apparatus, conprising a programnmenory for storing a program a
program coeRicird0r sbataad Ngnan 1insbrashiBuip@nt sagth phegarkeaoay, an

instruction decoder unpit for outputting a control signal, and an address
according t8%%P} wst+5c?§‘8n93‘§§&“ﬁ10rﬁg%aa‘?‘bs p'?b‘é?%in ?r@nﬁv‘"’yq ‘a del ay unit

]for del ayi ng thaeaédlr)e@s:é'otgmnfimvga'rdp'rastehm@t E?xmﬂeﬂ@wal@@tﬁsﬁﬁmry
or outputting data based 10 on the address _outpyt from said, inst j,on
decoder un%@%%é%%&@ﬁfnifcﬁu%ﬁ%%géﬂeOngBﬁEegﬂﬁﬁésQﬁﬂhiﬁn %Q%nﬂgﬁéﬁggelay
unit, and aeprdddieticland hadi cowdit” fin pexiqesimnglan repeyadt e based on

t he dat t put _f i.d dat dt f [ t |t .of th
operat i on 1o’ SaFCaats AR yEARE S5, 8 BSOAFAT0S BN HUE chAPACTEPRIAT Iy

havi ng: expeiowdsSisgrain @rocass) kg ineane taseprneeesingiampextessal signal
and neans for selecting gne_of an OUt%E% generated by said neans and_an

out put froftS€aPF FasitOiietilc F&ft ogi CREPE LS a& §rl@%he RRA R 6at pht i n
said data 20 genes 8.3 2> Fhe—-<cPiddrs e hpdsHewn coMtr 0| | Doedibed degi tAk

[ I [ t ing.t | ai i Si t f:
" cadi T an oty el LTSBAE fngt rEELPORLPRoMTTe T ogr ARCEE ety SECBRdi ng
to an addressFgenebat eBab ¢fietpecpabrectntes; idetoanagesaied éxbernhk
I nstructi Ogrr% Axfﬁx‘éq%gc r% LB 'j%%tcﬂ[‘éi%n %eggaaclér St or '1'{919%&1?1{188655“

by the ext SI gna 0cessing neans according to said operation
control sighalt aneawtpyt of muh tigces Hdt andtvanidipben s hiayepadyeadyneaeny

accordi ng EQFQQ? qﬂ&r@gg ggggr%%%%gp/§gjd program counter; decoding said
mul tiply instruction and 1ssuing an -operation control signal;
15 First, a signal (“0x0100” or “0x0001” provided above),

which is the external status signal 10 processed by the
encoder 51, is stored at address K of the data memory 5 by
the execution of the external input instruction 31 shown in
FIG. 2.

20 Then, by the execution of multiply instruction 32, the
value at address K of the data memory 5 and the output value
process A are transferred from the data memory 5 to the
arithmetic and logic unit 6, where a multiplication, the

" process A output value x the high-order byte of the value at

25 address K, is performed, then the result is stored in the data
memory at address Gl. Then, by the execution of a multiply
instruction 33, the value at address K and the value of
variable 1 (Z1) are transferred from the data memory 5 to the
arithmetic and logic unit 6, Z1 is multiplied by low-order

30 byte of the value at address K, and the result is stored in
the data memory 5 at address G2. The high-order byte
mentioned above is “01” and the low-order byte is “00” if the
value at address K is “0x0100”, for example.

The above-described process will be described in detail.

35 If the external status signal 10 is 0, then “0x0100” is stored



- 15 nmultiplying data menory variable 1 available to be selected by said
processed data according to said operation control signal and storing a
result of the multiplication in said data nenory; 5 executing said nmultiply
instruction to nultiply data nenory variable 2 available to be sel ected by
sai d processed data and storing a resdl fllof the nultiplication in said data
menory; and executing an add instruction on said variable 1 and 10 vari abl e
2 and storing a result of the addition in said data nenory as a result of

Z_el _etct: ng taftelaﬁdleéml Ksbgnaheadiat £ atuhdipns oy ErkeemicdaldrOrn 1 ,3]-:a§

igital sigha rocessjng apparatus, conprising a program nmenory for
Storing o HERTERCE ShOipan LBAPEE farers THndi Ryt SRL LRataale: 6 r om
sai d progr RIRIPRa1LE grddsetd antdecpidgh-viidler! B teUbRUL hENGa Bus08tT O
signal and an_address accordlng to the instructiqon read from said gro ram
menory, a GSIREIHIK: fbF HREaHFAGEERe PadtO®IE JRlMR ¥ (B Sai ¢ nstFulti on

decoder; datesuetpriyhé csuoptpuvrhiing gabacsased 120 szvddie Adddshise st Ut

fromsaid instruction decoder unit and, storing data based on the address
DUt put e o P R F APy SandThs T} EELiFRCaRE | B Mol o PERBE By L

per f or m ng oo teRevat uena bashir €8s tihe sdat ax auomyt ahkomogeododaia sespey and
transferring the.result.,of the operation to said data nenory, 25 said
appar at us Sgiﬁﬁﬁ%ﬂ%?%cééfized by havi ng: data sel ection nmeans for
determ ni ng a cdeditt,i athébyremihy af ert eddaltisingnalatss athfaotdmes ®nGlot t he

g : g < q o i : . q
nstr Uk otk 3k PR SRS Cfy 0 8r  EOREY AR BY kB SR ELy
execut ed. 4. b¥h&heeekedutdorcorft rol ddginsbrdegival 34i.gndh phecwsaipye

appar at us 3ea0r0] Ndq t 9n6L8" Myde LYPTd $4 PO L NE1SECAS LY 'at address G2

represents the proéess A output value + 0x0000, therefore the
result, the process An output value, is stored at address T

15 of the data memory 5. On the contrary, if 0x00001 was stored
at address K of the data memory 5 by the encoder 51, variable
Zz1l would be stored. That is, the process A output value or
variable Z1 is selected as the input into process B, depending
on the external state signal 10.

20 In process B, an operation 1is éérformed on the value
stored at address T. Here, the processing in the selection
unit 12 always passes through the path, “31 —» 32 — 33 — 347,
and therefore takes four system clock cycles.

; While the value is selected from the two values in this

25 example, the value may be selected from N values and even in
such a case only one external input instruction, N multiply
instructions, and N-1 add instructions shown in FIG. 2 are
needed to be performed. Therefore, the required amount of
program memory 3 can be reduced and the minimum time for the

30 processing by the selectionunit 12 shown in FIG. 6 is as short
as 1 + N + (N-1) = 2N system clock cycles.

[Embodiment 2]



- 16 reading the condition determ nation data select instruction fromthe
program nmenory according to the address generated by the program counter;
decoding said condition determ nation data selection 5 instruction and

i ssuing an.operation control signal; reading data avail able to be selected
by the data sel ection neans fromthe datl®2 nenory according to said
operation control signal; transferring the data selected by said data

sel ection 10 nmeans according to an external signal to said data nenory; and

storing said selpecet €2t asi fngdi grdaka "l%?)r pHYGOI 6k Nen§al s debay roni t .
AA @A AL AzﬂAilE @n ?@r °AS A‘%AfA AA, A{S&SH6X|} 1

/ YHV} xsni d“fz‘} %1’(9&]%’1%‘}%&]%%‘}‘%9?&&}5@&] L Qfc e Ppreasnl daventcda e ufidd] ca ¢
a] ca] ca] cRyJsajeateabedl.ca] cal ca] cal] cRal U & "#$$z2%R&&) u* v* Mt/ 1w45666999{ :

; =H=t =} xsni d_Z] ca cal calca cal calca] ca] ca] cal ca] ca ca a]ca]ca]

ca] ca] ca] ca] ca] cFa% %da% & ’6 léaﬁi’if‘d‘l t%%%gﬁ}D%EQQ@L ‘II’KFS E8IAUW X
YZZ[\, 5 apparatus according to embodiment 2 of the present invention.
11 i Nraa}xsnld Z] ca] ca] ca] ca cal ca ca calcalc a] cal ca] ca] ca]
ca] ca] ca] caﬁ%éﬁ | Ca] E]é%’ N ’c%‘}%é%fcé}‘c%xﬁﬁ hk@lﬁlﬂl Bj Pjgll%'l?%{ Hg‘?lrrﬁ’&oquu
qaa} xsni d_Zj ¢ £&4 Gt £ &) C ahtal ﬁéh@%]yca], C@él:@}} ag] celeahed eaheabaal ca]
ﬁa]ca]ca]c g g %ﬁg]c%lca eg]ca £ ar o in

s- &10%<vx i°—‘ 09 &40 ?%ﬁi’@fﬁ@@ Fhe) 88T RAEPRSUS oW |
10@FF&'()\MEWWBSBN Bﬁla%bb&ubknwdkﬁébdﬂéwﬁhwh&s(brEbké&ﬁﬂQﬂ&hﬁ@&ng) F'lq
O's- &1040b& (1 FibhsS:83% nich the function of interpreting a compare

instruction, conditional jump instruction, and jump
instruction is eliminated and to which the function of
interpreting a data select instruction 41 shown in FIG. 4 is
added. Therefore, the arithmetic and logic unit 6 has

15 prior-art operation functions from which a comparison
operation function is eliminated. Because the conditional
jump instruction and jump instruction are eliminated, a
conventional system for writing addresses from the
instruction decoder 4 into the program counter 2 is

20 eliminated.

When the data select instruction 41 shown in FIG. 4 is
executed, a MUX 61 selects output X of the data memory if an
external status signal 10 is 0, or selects output Y of the
data memory if the external status signal 10 is 1. A MUX 62

25 selects the output of the MUX 61 if the instruction executed
is a data select instruction or selects the output of an
arithmetic and logic unit 6 if the instruction executed 1is
an instruction other than a data select instruction. That
is, for the output from the MUX 62, output X or Y of the data

30 memory is selected depending on the external signal 10 if the
instruction executed is a data select instruction, or the
result of an operation performed by the arithmetic and logic
unit 6 on outputs X and ¥ in the data memory is selected if
the instruction executed is an instruction other than the data

35 select instruction.



& ()-F"!
b@ Ny, 8! @$10%& () - S! 109Z& () - - @O%Z& () -f&L0%&Z& ()-M 10b 10b
10b@10%& ()-s1 ="

QMUBb@ ¢ YA0UR ()-s!s 9L0%@RB () -s! YL0YB6& ()-s! X @$L09ZZE& ()-! X" @S$LOYR (
-1 @$10%&' ()-/ Y| gf[<!c , 10% u& ()- *0Z310Z 10Z ,: $109%&Z& () -

Ts-&109%& () -F'xyz{|}1

1t°,: $109& ()- !, :$109& ()- ,:$10%& ()-

YSWUf [ <! @A0%u& () -0! c@ @A0%Iu& ()-0! T@ @A0%Iu& ()-0! " @L0%Iu& ()-0! @
10%uué&' () - 0! @/fiﬁ%e ﬁé])aﬁ}lﬂf’fé ’ 1 8 0% 61ds 19udla #Quemory store
10uu'X @9&09’3 % a4.0%uu )-0! xX™ @4 %uu I P<lo % %ﬂ4&f()
-1 040948 ] ‘%J 0/&6@@6 € bV/&B R THGE AOR) g2 (&)’d%l LESDE £[39+<

10@1‘ @893;110%@@ -d B UBG Yy | B D SR VR f B BHLALE Whir3tiNUERal) - ! ha

" O0%R ()- & |
© @S THYRR
5

10@@ |

10

15

20

25

30

FIG. 4 shows part of a program flow of the exemplary
process shown in FIG. 6 in the case where it is processed by
the DSP shown in FIG. 3. The program flow, “process A — 41
— process B”, shown in FIG. 4 embodies the flow, “process
A — selection unit 12 — process B”, shown in FIG. 6. Each
of the instructions is transferred from the program memory
3 to the instruction decoder 4. It is assumed that an output
from process A and variable 1 have already been stored in the
data memory 5. ' _

First, the output value process A 1is output from port
X of the data memory 5 and the value of variable 1 (Z1l) is
output from port Y, either of the values is selected in the
MUX 61 according to the value of the external status signal
10, the selected value is selected by the MUX 62 and stored
at address T of the data memory 5. In process B, an operation
is performed based on the value stored at address T.

That is, the process A output value or variable Z1l is
selected for the input into process B according to the value
of the external status signal 10. Here, the process by the
selection unit 12 always passes through only “41” and
therefore takes one system clock cycle.

While the value is selected from the two values in this
example, the value may be selected from N values, and even
in such a case only N-1 data select instructions are needed
to be executed. Therefore, the required amount of program
memory 3 can be reduced and the minimum processing time of
the selection unit 12 is as short as N-1 system clock cycles.
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5 reading an instruction from said program memory, an
instruction decoder unit for outputting a control signal and
an address according to the instruction read from said program
memory, a delay unit for delaying the address output from said
instruction decoder, data memory for outputting data based

10 on the address output from said instruction decoder unit and
storing data based on the address output from said delay unit,
and an arithmetic and logic unit for performing an operation
based on the data'output from said data memory and
transferring the result of the operation to said data memory,

15 said apparatus being characterized by having:

external signal processing means for processing an
external signal and means for selecting one of an output
generated by said means and an output from said arithmetic
and logic unit to store the selected output in said data

20 memory.

2. The control method for controlling the digital.
signal processing apparatus according to claim 1, comprising
the steps of: -

reading an external input instruction from the program

25 memory according to an address generated by the program
counter;

decoding said external instruction and issuing an
operation control signal;

storing data processed by the external signal processing

30 means according to said operation control signal;

reading a multiply instruction from said program memory
according to the address generated by said program counter;

decoding said multiply instruction and issuing an
operation control signal;
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5 executing said multiply instruction to multiply data
memory variable 2 available to be selected by said processed
data and storing a result of the multiplication in said data
memory; and

executing an add instruction on said variable 1 and
10 variable 2 and storing a result of the addition in said data
memory as a result of selecting the external signal as a
condition for determination.
3. A digital signal processing apparatus, comprising
a program memory for storing a program, a program counter for
15 reading an instruction from said program memory, an
instruction decoder unit for outputting a control signal and
an address according to the instruction read from said program
memory, a delay unit for delaying the address output from said
instruction decoder, data memory for outputting data based
20 on the address output from said instruction decoder unit and
storing data based on the address output from said delay unit,
and an arithmetic and logic unit for performing an operation
based on the data output from said data memory and
transferring the result of the operation to said data memory,
25 said apparatus being characterized by having:
data selectionmeans for determining a condition by using
an external signal as information for the determination; and
means having a condition determination data select
instruction capability for causing said data selection means
30 to be executed.
4, The method for controlling the digital signal
processing apparatus according to claim 3, comprising the
steps of:
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and
storing said selected data in said data memory according

said delay unit.



