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DEVI CE AND METHOD 10 Fiel d of the Invention 25 SEP 2002 PCT/ JP99/ 0£5815t" 2001
Thi's invenwoo9/seehat es to a tone generation device, nethod peflysbombsorbution
medium Mre specifically, the invention relates to a tone generation

device, nethod, and 15 distribution nedium whereby the quantlty of data
handled in the various processing stages, such as re

Generating tones from nenmory, processing it, and storlng |t aMWEwﬁmm“mmmm
again, is such that the delay tine fron1mhen there is a reques

expression of prescribed tone until 20 it is actually expressed cawsss no
problens, and it is handl ed col | eDESCGRYPINION quantity such that the bus

can be used effectively. Advances in sem conductor technol ogy
possible to have on a single chip an arithnetic processing 25 ”ﬂ@mm Wﬂ@gﬂm
exanple, a ! RN di gital signal Proces
and a tgral nTrEf’gﬁory (ﬁg{\ﬁce (P(iﬁ:rq’ exa%%%m c random access mem)?y
or stafic RAM (SRAM ). Data is passed between themvia a bus. Z 5 S~f~
207 WD 99/591 32 PCT/JP99/ 02501 2 In a conventional tone generation device,
sound source oroce55|no such as pitch conversion or envel ope processing is
done by t xS HE St ievi ces with a period Ts (tine of
sanpl i ng perlod) correspondlng to a 5 sanpling frequency of 44.1 kHz or
48.0 kPiz, Riedid iof evhg yInyent @0 second or 1/48,000 second. For exanple, as
shown in Figure 1, data for generating tones that is stored in a nenory,
etc. is read byrlﬁrne avdrtniedn cedraoesstog detiec gyenem tguanidetnice,
corresponding to

method and distribution medium. More specifically, the

invention relates to a tone generation device, method, and
15 distribution medium, whereby the quantity of data handled
in the wvarious processing stages, such as reading data for
generating tones from memory, processing it, and storing it
into memory again, is such that the delay time from when
there is a request for expression of prescribed tone until
20 it is actually expressed causes no problems, and it is
handled collectively in a quantity such that the bus can be
used effectively.
Advances in semiconductor technology have made it
possible to have on a single chip an arithmetic processing
25 device (for example, a central processing unit (CPU) or
digital signal Processor (DSP)) and a main memory device
(fér example, dynamic random access memory (DRAM) or static

RAM (SRAM)). Data is passed between them via a bus.



10 1 Ts: Then the arithnetic processing device perforns pitch Convirigﬁ?’?ﬁm
ot her sound source processing on this 1-Ts data that has been read®a
tenporaril yW@¥¥#82it into nenory for subsequent processi ng POTUREERE01g by
a laterstage arithnetic processing device). A tone is generated 15 by
repeating this operation as nmany tinmes as necessary. A large quantity of
data (a quantity of data corresponding to a broad bit width) can be passed
at one 20 tine, and the operation is done nost efficiently, if the
arithmetic processing device and the nain nmenory device are connected by a
bus whose cl ock frequency is high (high 2 5 SEP 2Q2 WO 99/59132

PCT/ JP99/ 02501 3Ispeedynuentibns: bone wjeherationodevidebi sowndt honeaas t he
nunber of bits which can be transferred at once and is also referred as the
w dth of dapacbessifytsuthhags phbtyentewnersioncogesnvralopa pevcessangs
descri bed above, the data needed for tone generation is passed between the

arithnetic pgogggsi Bg Qﬁ&éé%ﬁﬂ@hﬂx@@m&fﬁ% aegyiugd&évseeénﬁm@nya in the
small unit of I Ts, corresponds to the sanpling frequency. Thus there

ucing an ar PERGR: £E of bbe cof SHmbPos BeRENT ThREPSSRbRER T o

hi gh- sp‘fd and broad _bit w dth bus therebetmeen because t he,dat a exchanged
is smal 1> i FaMRLARG; FERARERGY PEndt e} IHAF ORF 48 cP ckiPy. tHRLTHE BYBERNt

|nvent|on reads frommenory a quantity of data corresponding to n Ts all at
once, perfoi6%4sbﬁﬂdSG@QE@eobrbéé%s@%é se@endgai n stores it into nmenory as
necessary, making it possible to efficiently use a high speed, broad bit
wi dt h bus. 20 ThBomretxdmpleéc s oskoen ngn déigwere of , t data ofier geependbingas a
readi ng neans that reads, via a broad bit wdth bus, data for generating
tones that tsnefotréati bstdeordd NiNesOfiemory, etc. is read by the

arithmetic processing device in a quantity corresponding to

10 1 Ts. Then the arithmetic processing device performs pitch

conversion or other sound source processing on this 1-Ts

data that has been read and temporarily writes it into

memory for subsequent processing (processing by a later-

stage arithmetic processing device). A tone is generated

15 Dby repeating this operation as many times as necessary.

SUMMARY OF THE INVENTION
A large quantity of data (a quantity of data
corresponding to a broad bit width) can be passed at one
20 time, and the operation is done most efficiently, if the
arithmetic processing device and the main memory device are

connected by a bus whose clock frequency is high (high-



, . WD199159132 4 2 5 SFP 2Q72 PCT/ JP99/ 02501 device as well as a
generation neans that generates tones using the data read by the ﬁ%édﬁﬂbzmﬂ
means, andwdw/seerdi ng nmeans and generation neans handl e coptegpionglal dat a
of ntimes (where nis an integer greater than or equal to 2) 5 the tone
sanpling period. The tone generation nethod of this invention-also includes
a step in which the arithmetic processing device reads, via a broad bit
wi dt h bus, data for generating tones that is stored in the nmain nenory
device as well as a step 10 in which thg tone is generated using the data
read in the reading step, and the reading step and generation step handl e
col | ecti vetpedd) aand whoseebitwhddbhnissbuoadnt elyerifyreddeh méams othequal
to 2) the tone sanpling period. Further, the distribution mediumof this
i nvention AGmpepvodebiaspwhgehntahabei 8Sranafabred byt cogespahdr i halseauses
the tone generation device to execute processing that is characterized in
that it ingbedesed L8a8hB0wsHeR b8 MRtghphike arithmetic processing device
reads, via a broad bit width bus, data for generating tones that is stored
in 20 the main eyi S e ' t i Lch the tone
i S generated us?ﬁgn%%ggdétgg?ggg%?%h??etéggdgﬁggéégg?ﬁaﬁ%v%ﬁgmgéading step
and ge ra%ion sgeg 25 gEP“ﬁC% VWO 9 1§9£32 PGT/ JP99/ 02541 5. handl e
col | ect’i ve ?Sﬁﬁf edt 2RV P e ? 8ra3 AeFEan ?ﬁt%%%? %?%%f% 19Rah® or equal
to 2) the tone sanpling period. In the aforesaid tone generation device,
tone generBRFBRABERBAEN ake JRELENBEE LG NPRECFEFINY AL 10 andekl®ating a
tone is read, the tone is generated using the data that is read, and in
thi s readimginndenpenygrdevore (@(memony)nini hee shall omeitaedl 1 nBsfrequency is
handl ed

which corresponds to the sampling frequency.

Thus there has been the problem that if the tone

10 generation device is comprised using an arithmetic
processing device, a main memory device and a high-speed
and broad bit width bus therebetween, because the data
exchanged is small, it is difficult to transfer data
efficiently.

15 The present invention reads from memery a quantity of
data corresponding to n Ts all at once, performs sound
source processing, and again stores it into memory as
necessary, making it possible to efficiently use a high-
speed, broad bit width bus.

20 The arithmetic processing device of the tone generator
has a reading means that reads, via a broad bit width bus,

data for generating tones that is stored in the main memory



collectively. In the follow ng, an enbodi nent of this invention iszlg P 200
described with reference to the attached drawings. Fig. 1 is a diagr nﬁghém'
expl ai ns coMRMW%Hal data 15 readi ng, processing, and witi RETIPPUI25G! i s a
bl ock di agram showi ng the configuration of an enbodi nent of a conputer
entertai nment device in which the tone generation device of this invention
is wdely used; 20 Fig. 3 is a block diagramshow ng the configuration of a
Y one generation devi ce; " 2 5 SEP~ ~ 2072 WD 99/59132 PC T/JP99/ 02501 6
Fig. 4 is a diagramexplaining the data 4low in the tone generation devi ce;
Fig. 5 is a_diagramexplaining envel ope processing; Fig. 6 is a diagram

expl ai ni ng FRELEHARRt YRR S theIeNeRPion Beaps thghgengrates stenel agr am
expl ai ni ng data readi ng, processing, and witing. DETAI LED DESCRI PTI ON OF
THE PREFERREDLEY/BUD: MRTS teadhey dthe meadingrmeassi nndevieeredding tone
generator (synbols 8-1 to 8-4 in Figure 2) has a reading nmeans (for

exanpl e, stepa®8 amd [generation hedaneatndMe ecal bewst {(d)y dta dHrn
generating tones that is stored in the main nenory device (5) as well as a
generation fER&S (FEr&Xamny ean Sifieddr Yrddtdid Gthish Or tdplaDenerAf es tones
using the data read by the readi ng neans, and the readi ng" neans and

gener ation r collectively data of n tines (where n is
Al AT

an integer greater 0 2) the tone sanpling period. 20 Figure

2 is a block diagram of an exanpl e of .the configuration in the case where
the tone gener a?ﬂb% R C%er}esragg]pqr} JELPd, %fg BriAR SR devi ce.

'n this includes a step in which the arithmetic processing device
reads, via a broad bit width bus, data for generating tones
that is stored in the main memory device as well as a step

iO in which the tone is generated using the data read in the
reading step, and the reading step and generation step
handle collectively data of n times (where n is an integer
greater than or equal to 2) the tone sampling period.

Further, the distribution medium of this invention

15 provides a program that is readable by a computer that
causes the tone generation device to execute processing
that is characterized in that it includes a reading step in
which the arithmetic processing device reads, via a broad
bit width bus, data for generating tones that is stored in

20 the main memory device as well as a generation step in
which the tone is generated using the data read in the

reading step, and the reading step and generation step




,, Z 5. SEP 2002 WD 99/59132 PCT/Jf 99102501 7 conputer entertainnegt gﬁgiaﬁ
nmedi a processor 60, which consists of one LSI chip, is connected i@a S 1
bus 55 t o Wwo9lsdsEl) 57. Host interface 1 of nedia processor &/ gongissi S of
FI FO 31, register 32, and direct bus 33, each 5 of which is connected to
host bus 55. Connected to CPU bus 11 of nedia processor 60 are register 32,
direct bus 33, CPU 3, instruction cache 6, SRAM 7, and bit converter 10.
Connected to main bus 12 of nedia processor 60 are FIFO 31, bus arbiter 2,
instruction 10 cache 6, SRAM7, bit conyerter 10, DVAC (direct nenory
access controller) 4, DRAMS5, and digital signal processors (DSPs) 8-1

t hr ough 8héndilesicolRdchiveiyc data 6ar in0USmasoqaheireg nstiepanadheederg to a
program stored in a nenory, not shown. For 15 exanple, host CPU 57 nmay
store prograakedNdnddl drf E8ad econdithe el Bamipdings parEBdROM conpact

di sk, read-only nmenory), not shown, into DRAM 5 or conversely acquire

brograms and 4342 305808 BEAVRe lUnlaiald 80 uciask CRHng7 makes a

request to DMAC 4 and causes executl transter between FIFO 31

and DRAM 5. Al sq,. host 57 directly access DRA and ot her devices
vi a direcﬁeﬁﬁ§a%§9n m?tgggEPa?gE§Lﬁbr OQZmF%fPTPQg%gQSS?r, r Hus
arbiter 2 arbitrates the use rights to main bus 12. For exanple, when
there s geneFa&ingr gr te@aea isr z8aker theoHORSs -SCOENSFat8IDNAERS, tHEs
arbiter 2 gives the bus access to DVAC 4 so that data transfer by DVA
(direct nmeatay thasacdesspadanaipd radéhfisomeadsmngCRUds generbRANNS. dRERE 31
tenporarily stores the data that is output fromhost CPU 57-and outputs it
to DRAM So¥fi a mdimesbithelZpone sampling frequency is handled

collectively.

In the following, an embodiment of this invention is

10 described with reference to the attached drawings.

BRIEF EXPLANATION OF THE DRAWINGS

Fig. 1 is a diagram that explains conventional data
15 reading, processing, and writing;

Fig. 2 is a block diagram showing the configuration of
an embodiment of a computer entertainment device in which
the tone generation device of this invention is widely
used;

20 Fig. 3 is a block diagram showing the configuration of

a tone generation device;



and tenporatily stores the data that is transferred from DRAM 5 angf?%tButs
it to host CPU 57. Register 32 is a 10 register that is used when 2002
hand- shaki ng¥® 89/#3d3% bet ween host CPU 57 and CPU 3; it st or ePCa&P/A250k
"expresses the status of commands and processing. CPU 3 accesses instruction
cache 6, | oads and executes the program stored therein, and as necessary
accesses SRAM 15 7 and is supplied with the prescribed data. If there is no
‘data that is needed for SRAM 7, CPU 3 nakes a request to DMAC 4 and causes
execution of a transfer of data by DVA frdnm DRAM5 to SRAM 7. If there is
no programthat is needed for jinstruction cache 6, CPU 3 nakes .a request to
20 DMAC 4 and caufed -efedst ifodigaram, e¥pladndngnher dafapibhom: ém BREM 5 to
instruction cache 6. 1 ~1 25 SEP 200t WD 99/591 32 PCT/ JP99/ 02501 9 SRAM
7 can access tomeg gésesss immd devdetegnd write data sinultaneously from both
CPU 3 and DVAC 4; for exanple, it is a dual-part SRAM and is provided as a
data cache, and amdgg Ghdsdat @i&g%ﬂ\d exip 12RAYNY, eh&re&bgéegrd&b@sﬁhqt; is 5
frequently accessed from CPU 3. SRAM 7 nay have a two-bank conposition, one
bei ng connected tgigRUgbyg L1 d@_’&%ﬂalihee(itﬂl%rinti?xg”%h@ Bperd2iohNdlr ¥hki on
cache 6 is a cache nenory where any address can be accCessed and data can be
read and i ; ~F0Qf. the pragrans stored in DRAM 5, it stores prograns
that are re%%%%tP$ gggésgédgpgbn1CPU 3. Bit converter 10 converts the bit
wi dth of the data anu% via_CRPU bus 11 tgﬁthe bi t %ﬁdth f.or exanple, 128
bits) correspondi Ag9to 'main 3283 M FXETAHIELY 8330 d°28 8 nverts the bit
w dth (for exanple, 32 bits) of the data input via main bus 12 to the bit

wi dt h corr es PEREERF NG CROGH WEitingnd out puts it. DSP 8-1 consists of
program RAM 21-1, which stores prograns used when DSP core 23-1 perforns
various 2U operations, data RAM 22-1, which stores data, DMAC 20-1,

DETAILED DESCRIPIION OF THE PREFERRED EMBODIMENTS

10 The arithmetic processing device of the tone generator
(symbols 8-1 to 8-4 in Figure 2) has a reading means (for
example, step S3 in Figure 6) that reads, via a bus (12),
data for generating tones that is stored in the main memory
device (5) as well as a generation means (for example, step

15 sS4 in Figure 6) that generates tones using the data read by
the reading means, and the reading means and generation
means handle or process collectively data of n times (where
n is an integer greater than or equal to 2) the tone
sampling period.

20 Figure 2 is a block diagram of an example of the
configuration in the case where the tone generation device

is applied to a computer entertainment device. In this



whi ch manageés the transfer of prograns and data stored in rr V\029§I §a§'3[9ﬂ02
10 these, and audio interface 24-1, which outputs to 2 5 SEA ~ 2~~~~

PCT/ JP99/ ORoQd/spiskt i pl exes 9 the audi o data generated by DShty1/9wee/ 0259t 1

Al t hough the description is omtted, DSPs 8-2 through 8-4 |ikew se each
have the sane internal structure as DSP 5 8-1. Miltiplexes 9 selects the
audi o data output fromaudio interfaces 24-1 through 24-4 and outputs it to
speaker 50. Figure 3 is a block diagram of the conposition of the tone
generation device. Main nenory unit 41 syores data 10 for tone generation
that is read froma CD-ROM or other recordi ng nmedi um not shown, as well as
cdata in t hEPuHErer i oH-9rEyRentTdeviegn pragesspm i amhiahet i c
processing units 42-1 through 42-4 each are connected to bus 43, which has
a suffici emdnsisttmdbhianevlih ¢HRB, his syonrectied nald npathdusorasetmondence
between Figure 3 and Figure 2, main nenory unit 4l corresponds to DRAM 5,

arithmeti c e gy 4.1 tHESU A htler fadd® T eSOl i d ds¢ ot 0 DSPs 8-1

through 8-4, and bus 43 corresponds to bus 12. 20 necessary, data stored

in main rreremslh&st oﬂflmdeﬁd V&f%@{éﬂt hyet i 6, e efb?usl 3t3hf 42- 4,

expan5|on pitch conversion, pe proce55|ng, an 91 59132
ransmi 1t o8 40 an?'r‘é%?%‘ahcee%l% & b B cor ot shown e
Connected to CPU bus 11 of media processor 60 are
register 32, direct bus 33, CPU 3, instruction cache 6,
SRAM 7, and bit converter 10. Connected to main bus 12 of
media processor 60 are FIFO 31, bus arbiter 2, instruction
10 cache 6, SRAM 7, bit converter 10, DMAC (direct memory
access controller) 4, DRAM 5, and digital signal processors
(DSPs) 8-1 through 814.
Host CPU 57 executes various processing steps
according to a program stored in a memory, not shown. For
15 example, host CPU 57 may store programs and data from a
recording medium such as a CD-ROM(compact disk, read-only
memory), not shown, into DRAM 5 or conversely acquire
programs and data stored in DRAM 5. 1In doing so, host CPU
57 makes a request to DMAC 4 and causes execution of a
20 DMA transfer between FIFO 31 and DRAM 5. Also, host CPU 57
may directly access DRAM 5 and other devices via direct bus

33.



In Figure 4, main nmenory unit 41 is DRAMS5, arithnetic devices 42-% Shggugﬁ,
42-4 are, respectively, DSPs 8-1 5 through 8-4, bus 43 is the main“dsotfn)?
t he processM@PIFR@ by each unit and the flow of the data ar BCTHABRESMd.
-Conpressed data of the tones that host CPU 57 reads froma CD-ROM or ot her
recordi ng nmedium not shown, is stored in conpressed data unit 5a of DRAM

5. The stored 10 data is transferred to DSP 8-1 via bus 12. DSP 8-1 decodes
*(expands) the conpressed data that is transferred. This expanded data is
then either transferred to and stored i ngpost-expansion data unit 5b of

DRAM 5 or, as necessary, is reproduced by speaker 50 via multiplexes 9. 15
The data stored Pas pﬁglbﬁﬁahsil&l@%ﬂ%ﬁ%rﬁhe 35 € sTEERES by DML B-Dus ghd-

pitch conversion is performed on it. Pitch conversion neans, when
gener ati ng Rotroerampbe gewikemt eheret iera (reqiest) farsidatai nrtenstér bfromor
exanpl e, taking the nusical note "do" as the fundanental tone and changi ng

20 the frequeseycpl $hiofpimEneNtisls toASitdOr2 exards eche fbh@sicéosyar di ng
is done in a cassette tape recorder (if nore data than usual is played back

per unit of i » iNgs +NR 9 1@’% SN Efﬁﬂgo i FLAE IR99dA2501 sound
is heard at g%ﬂer p?tc . Ict%:jn:::,asg C er%';r’)f%orxst 'S aJ(':t t%at iélrp%rder to
make a und higher, iLt. LS necessary, to. c t.he ing speed (pitch),
read th neifcﬁgfg,c%ﬁﬁdb% n%?‘g%s r?’ﬁ@%%u@% a7 aﬁﬁ%gn@'ersel y, if a tone
5 lower than the fundggpntal tone is to be €K£r ssed,. it suffices to have

data that is | esEl¥Ran!i heRPRIRLLRY e ¢he %3 tRABlBXPIERYRd at the
fundanental tone. The data that is pitch-converted by DSP 8-2 is either
transf erredfremahastt 6P@dS 7 mpd t Wt RWES/ ekt e RRAM Uhi Yigcnaon opupRMRL 5 or,
as necessary, is played back by speaker 50

and temporarily stores the data that is transferred from

DRAM 5 and outputs it to host CPU 57. Register 32 is a
10 register that is used when hand-shaking is done between
host CPU 57 and CPU 3; it stores data that expresses the
status of commands and processing. i
CPU 3 accesses instruction cache 6, loads and executes
the program stored therein, and as necessary accesses SRAM
15 7 and is supplied with the prescribed data. If there is no
data that is needed for SRAM 7, CPU 3 makes a request to
DMAC 4 and causes execution of a transfer of data by DMA
from DRAM 5 to SRAM 7. If there is no program that is
needed for instruction cache 6, CPU 3 makes a request to

20 DMAC 4 and causes execution of a program transfer by DMA

from DRAM 5 to instruction cache 6.



via multipl éxes 9. Data stored in pitch-converted data unit 5c is 5
DSP 8-3, and envel ope processing is perforned. This envel ope proces g@ﬁl@mz
done in orvwer9ws9ixzhange (set) the 15 tinbre. In order to ch2ayaPI¥sali nbre
of a sound of the sane nusical interval, it suffices to vary the sound

vol ume of the sound expression and sound silencing (attack and falloff).

For exanple, the tinbre of an organ can be reproduced if, as shown in
Figure 5(A), the sound volune 20 reaches its maxi num val ue i nmedi ately

after the sound is initiated, a fixed Sound vol une continues, then the

sound vol une reaches its ninimum val ue (di sappears) |nned|atel WO

99/ 59132 13 Z %RBEP72@2“P@W%PQ@PEZB@@’-’&FFePnflhEeééuﬂBdl 'gréFPeﬁe*éa and
the tinbre of a piano can be reproduced if, as shown in Figure 5(H), the
sound vol sipuitbaskhesslysfnemi hohhvePung gnédDHACy4after exampbendits
initiated, it is gradually attenuated, then, after the 5 sound is silenced,

the soundiyohudeal-pvstgsSRAMahhy $8Bpkevided BSPa8d3tat b&che, and
envel ope-processed data is either transferred to and stored in

envel ope- gnor§seRd data §Hb£e§dlﬂfDﬁEﬁW%5 9t s88rB8CAALAN ¥hat Sikepr oduced
by speaker 507via nultiplexes 9. 10 The data stored in envel oped- processed

dat a !ﬁ'tfPQghénEf daQ¥e£§EﬁSf€0?ﬂg U gfecé °9eﬁ§¥ H?ké 40DG0 0Bahk

Ef f ect processing is processlng ds a ange e sound such as an
echo or dlStOftIg.. The g éect process cbgméraniierr 9 and stored
in ef fectSpraRassadaali1 ehﬂgtcggngg 5 o 8P kB pr ocessing
is conpleted after being done only once, the processed data is expressed by
speaker S®tRPE FoIBRpReRBE H2-

Instruction cache 6 is a cache memory where any
address can be accessed and data can be read and written;
10 of the programs stored in DRAM 5, it stores programs that
are frequently accessed from CPU 3.
Bit converter 10 converts the bit width of the data
input via CPU bus 11 to the bit width (for example, 128
bits) corresponding to main bus 12 and outputs it, and
15 converts the bit width (for example, 32 bits) of the data
input via main bus 12 to the bit width corresponding to CPU
bus 11 and outputs it.
DSP 8-1 consists of program RAM 21-1, which stores
programs used when DSP core 23-1 performs various
20 operations, data RAM 22-1, which stores data, DMAC 20-1,

which manages the transfer of programs and data stored in



| f effect processing is done twce or nore, first, the first-tine g;ect, ,
processing is done by DSP 8-4, and this 20 data is tenporarily tr éEPeﬂMZ
to and storW@ M94982f ect processed data unit 5e. Then, if secP@TIRIPRSMSfect
‘processing is done, DSP 8-4 reads the data that is stored V W 99/5913Z

14 Z 5 SE P 2002 PCT/JP99102501 in effect-processed data unit 5e and
perfornms the second tine effect processing on it. Thus effect processing is
‘done nultiple tines by exchangi ng data between DSP 8-4 and effect-processed
data unit 5e. 5 The flowchart in Figurel6 is referred to in describing the
operations of the DSPs of the tone generation device shown in Figure 4. An
exanpl e i stiERe 8- ANYRRALPeiPbRREACR patisl oWiEGR RGPS 1FP st ep S1, DSP
core 23-1 of DSP 8-1 checks the availability of main bus 12. In step

S2, usi ng Tuipkblexer t9 othehaudhecfabd gerexabedaby PSR edremdih-bus |2
checked in step SI, DSP core 23-1 decides whether main bus 12 is in a

usabl e state, iAltidwghwohedsdesdeipeionndd hatiBGeU 8-ESpdrde@htiBecugicPU 3,
DVAC 4, etc. is transmitting or receiving data on it. This decision is nmade

fromthe regly) fheewsdUsadhPhaGé €heldamd 1ifrétrhtesh Hivdyr@ids Qygp 12 is

not available, it returns to step S1, and the processing beginning there is
br oceeds 15 1 eptiPirtents 5 SEEHEEE 10T ITG 4uts Bl BoE Tored i n
COmPr 25oehELS ikde 85,88 FEOY! Pucdiah b P s JEbg, corfespondi na to 1 Ts
speaker 50.
Figure 3 is a block diagram of the composition of the
tone generation device. Main memory unit 41 stores data
10 for tone generation that is read from a CD-ROM or other
recording medium not shown, as well as data in the
generation process. This main memory unit 4 and arithmetic
processing units 42-1 through 42-4 each are connected to
bus 43, which has a sufficiently broad bit width (128 bits).
15 In making the correspondence between Figure 3 and
Figure 2, main memory unit 41 corresponds to DRAM 5,
arithmetic devices 42-1 through 42-4 correspond,
respectively to DSPs 8-1 through 8-4, and bus 43
corresponds to bus 12.
20 As necessary, data stored in main memory unit 41 is
read into arithmetic devices 42-1 through 42-4, expansion,

pitch conversion, envelope processing, and effect



'~ 5 SEP 202 ' WD 99/59132 PCT/JP99I1 02501 r 25 for waveform data fz;rS
generating a tone, and assum ng that the sanpling frequency is 44. kﬁé? LA
Ts-is 1/ 4W0095%B2ond. That is, DVAC 20-1 DVMA-transfers an RORAIR99/025D1 dat a
‘corresponding to n Ts fromDRAMS5 to data RAM 22-1 via main 5 bus 12. If
the value of nin n Ts is greater than or equal to 2, the decision is nmade
specifically in consideration of the followng. First, if a large val ue of
'n is used, the quantity to be processed all at once increases, and the 10
time fromwhen a sound expression requeklt is nmade until the above-descri bed
processin%ﬂg i tch, conversion, envelope processjng, etc.) is done in, DSP 8-1
t hr ough 8 I s e | L PRELIERCRY R akerisEranaRitted (i del ay
time fromwhen a sound expression request is nmade until the 15 sound is
actual | y a0t cseprpdusemhtby eaanlayhatkedenice camotshiwrignored, i.e., the
delay m ght be |l ong enough for the user to notice. Conversely, if a small
value of n is uBeEiqurdobgmdirermemotry beitidl | is dmRgers ofadithmetic
above-descri bed delay 20 problemoccurring, it will not be possible to nake

efficient desgidds n|d 1 bilsrddgh Wi ch dBs, ar@é;_ﬁ@éi:b}élaw didrd aud therefore
can transfer a |large anount of data all at 2 5 SEP~~2002 WO 99/ 59l 32

PC 11 D99 42001 5 0N0%us TRKI 19 4hESalAThes | ik SIS IRIUL MG 1 15 set

to a value such"that the delay that arises en a“soun essi on

request i d ntil. it i | ayed back is.n netJ ced by.r]{t%ﬁre ser, and
such t hat %r?aq?en sea'f%h c'%xﬁl%eﬁhieﬁl% ?Vc?%nﬁ?. a4 Ferst ctaﬁ:g ‘of
conpressed data read bgl DSP core 23-1 in step S3 is subjected to expansion

processing i n {WPESESoh A3t Qpthe teres ddiar Jest &Y Rds ZRA¥Sher to

from a CD-ROM or other recording medium, not shown, is
stored in compressed data unit 5a of DRAM 5. The stored

10 data is transferred to DSP 8-1 via bus 12. DSP 8-1 decodes
(expands) the compressed data that is transferred. This
expanded data is then either transferred to and stored in
post-expansion data unit 5b of DRAM 5 or, as necessary, is
reproduced by speaker 50 via multiplexer 9.

15 The data stored in post-expansion data unit 5b is read
by DSP 8-2, and pitch conversion is performed on it. Pitch
conversion means, when generating a tone, to generate
another (higher) musical interval by, for example, taking
the musical note "do" as the fundamental tone and changing

20 the frequency of this fundamental tone. For example, if
fast-forwarding is done in a cassette tape recorder (if

more data than usual is played back per unit of time), the



store .the expanded data in DRAM 5, in other words, whether 10 it i g
necessary to performpitch conversion on it. If it is decided that t e§§F @mz
no need to WO8Y8918he data in DRAM5, it proceeds to step S9,PCGHAPIPAIOh Ts
‘portion of data on which expansion processing was done is transferred to

mul ti pl exes 9. Then, the transferred data is selected by 15 nultipl exes 9,

is output to speaker 50, and is expressed. If in step S5 it is decided that
‘the data is to be stored in DRAMS5, it proceeds to step S6, and the
availability of main bus 12 is checkedl2 The processing of step S6 and step
S7 is the same processing as the 20 processing of step S1 and step S2,
respectlvépyndsésaheéﬁélaﬁaﬂlBhgbﬁrlplF§honllgeas clgag ¥sem shis + o
99159132 PCTI JP99/ 02501 17 If in step S7 DSP core 23-1 decides that main

bus 12 i sfac&i thbkeini brgevceedmake st epusd, haghebVALt2@s1negkesatriye

expansi on- processed data and DMA-transfers it to and stores it in

post - expamsi eRadgkatuei E‘eﬁalﬁg DBéMiS( L 8cH®, Nr&alUshé2neXiedptagessi ng of
the flowhart in Figure 6 one in t e same way for DSPs 8-2 through 8-4

as vell. HaweYgbrehBePERe8 aaouglee @aaétéeadcbﬂv§£§al 3 k¢ datgpkhat has

been stored in post-expansion data unit 5b e proc 55|ng done 10 in step

S4 Ts bl LGB GONKELST BAPERRRSAENT,1 A00nLN; SLER S8 LigrdesLinalpon Lo whi ch

the data i's transterred i's pi conver 8-3, the
dat a read | steg g hs dahatthgé has b en stored,in gitch-conﬁerted dat a
unit 5c, bF8 i ABVBOABT AN 8REPI®, ?%SeFQ%PobE % CpFBEESY¥PRY, and in
step S8 the destination to which the data is transferred is
envel ope- fP6cESBEdigata Re| BXREeERPE 88 the Dopdamantahet@Bta read in step
53 is data that has been stored in envel ope-processed data unit 5d or
ef fect 20 proc®heedatlat ahahi is5pifch-ebheetrtedobgsBERg8+8 deneitheror nore
tinmes), the processing done in step $4 is effect
transferred to and stored in pitch-converted data unit 5c
10 of DRAM 5 or, as necessary, is played back by speaker 50
via multiplexer 9.
Data stored in pitch-converted data unit 5c¢ is read by
DSP 8-3, and envelope processing is performed. This
envelope processing is done in order to change (set) the
15 timbre. 1In order to change the timbre of a sound of the
same musical interval, it suffices to vary the sound volume
of the sound expression and sound silencing (attack and
falloff). For example, the timbre of an organ can be
reproduced if, as shown in Figure 5(A), the sound volume
20 reaches its maximum value immediately after the sound is

initiated, a fixed sound volume continues, then the sound

volume reaches its minimum value (disappears) immediately



WD 99/5691372°18 2 5 SEP ~ 2002 PCT/ JP99/ 02501 processing, and in step S8 the
destination to which the data is transferred is effect-processed da aSEFhiQOOZ
5e. As deswidomoizabove, with the tone generation device of p&t/Ipdofaysnti on,
as shown in Figure 7, each DSP (arithnetic 5 device) reads data
corresponding to n Ts all at once, the read n Ts portion of data is
processed all at once, and for subsequent processing, the processed n Ts
bortion of data is witten into DRAM or other nenory all at once, so a
broad bit wi dth bus can be used efficiem!ly, and tone 10 generation can be
done without the occurrence of any delay. The distribution nmedium by which
the user iafpenvikiedsqund tenpilenced pgardstheatinbee wt a piakovean
processi ng includes, besides information recording nedia such as magnetic
di sk and Gz Rfdpratisted bif | oms nethwen bin Neiqwréss (Bp, stitd ssuddtves ke Or
digital satellite. As described above, with the tone generation device,

t one generlaéé@{bémiﬁ'@%aﬁﬂﬂlﬂi@éidxﬁbﬂé@éﬁ\_ﬂ@ﬂi*‘fﬁfﬁé"ﬁ €fé Ld¥@id Cifrocessi ng
device reads, via a bus, data for generating tones stored in a main nmenory

unit, and Whﬂﬁ i 0 i rﬁﬁghd of n times
t he tone slérrp |én%e%’er‘?§3fgl ?ﬁ%@%@?%ﬁ%ﬂ%ﬂ%@ us’ ?éa%%lga% possible to
efficiently utiljze broad bit w dt h. bus 25 S~ 2~~ 9 CLAIMS What
is clat neo"y‘?%r.lé 1+5 ﬁf]o Ciner it iW%vY%urﬁ%ﬂﬁ%f"%ngﬁqc?‘f% i%“agrjtﬁ:‘é'ssi ng
device and a mai n nenory device connected by a bus wherein said arithnetic
processi ng devide IR §ohdiHRE Rl APRIPFRERESeq/datdi iF Ritheat a for

generating tones fromsaid main nenory device; tone generation nmeans
gener at i ng-ransferrgdcq hnda toredhdinenvslepetoreces s mbtes  urnitd

5d of DRAM 5 or, as necessary, is reproduced by speaker 50
via multiplexer 9.

10 The data stored in enveloped-processed data unit 5d is
read by DSP 8-4, and effect processing is done on it.
Effect processing is processing that adds a change to the_
sound, such as an echo or distortion. The effect-processed
data is transferred to and stored in effect-processed data

15 unit 5e of DRAM 5. When the effect processing is completed
after being done only once, the processed data is expressed
by speaker 50 via multiplexer 9.

If effect processing is done twice or more, first, the
first-time effect processing is done by DSP 8-4, and this

20 data is temporarily transferred to and stored in effect-
processed data unit 5e. Then, if second-time effect

processing is done, DSP 8-4 reads the data that is stored



wher ei.n said readi ng neans and sai d tone generation nmeans collectively read
data on the tone of n tines a sanpling period (Ts) and then procesg S8 an
data all atwomegeizphere n is an integer greater than or equapct/opredio2send .
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tone i s generated and expressed by said tone generation neans, and the bus
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the bus is an 128-bit width bus. 3. In gconputer entertainment system
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2002 20 said media processor has an arithnmetic processing device, a main
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in said data transfer, data on the tone of n tines a sanpling period (Ts)
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bus are formed on a single sem conductor chip. 5. The conputer
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consists of one or two or nore digital signal processors. 6. The conputer
ent ert ai nnehbwayshemighrel ai m Anwarappheeashpgbgstal whiighapepfoemssor

consi sts of any of an expansion processing neans that expands tone

conpr essededphAsi8nPht68E90ME S| @A BEEpess| NBspeapset PaL1changes the
frequency when the tone is generated, an envel ope processing neans that

Fone -~ B R En o A RePaT | Ko et Hot T By A/ FoRaT
= 5la SE-"=200: e metfiod Tor 3" fone”
vemory hovFIE EFEtbrRecER BheakLaE. ChEnBrFSLRG - AEY <o Bpiabh: PBRoFAL i ng

t he arithnaéic rocessins device to read_data for genera ing a.,tone from
sai d main ﬁﬁkgddéviﬁEe i 31 saPdPbGereand-fefeF 28rAgWRRENEE N2 4E] RYSt he
data read in said operating step, and said operating step and said

gener at i ngl3t &9 é@lFe%%@bbﬁysFégﬁvdéﬂa°§he¥h@°¥6ﬁe Bhekher n@BotheEanpl i ng
period (Ts) and then process said data all at once, where n is an integer
greater thBfPoB-2qthtough28-4ndCREeBei DMAGI 4, nets.sds tbansmitbéngueh t hat
a user is not aware of the delay tinme from expression of a requested
prescri bedrecatvingtdaaadonr £8¢ri DRrilst daeissogehsrmadd Andmexpeesspily by
said generating step, and the bus can be used effectively. 8. A
distritgiti ep pedi gpbibas providestaiyrageades hehat Smainceesedz2bysandene
generation device in which an arithmetic processing device and a main
menor y devaesifaﬁlé9n9€0£ééubxsat@UétegnglwhAﬁg eﬁeggﬁaeééaiﬁs read by a

conput er, said program being programed to performthe steps 0of: operating

t he arith”ﬁéﬁ%nﬁiﬁéeéﬁéPg.9§V£8§e%9e5?ad data for generating a tone from
ry

said main ne VI'Ce Vi a sal usS~and generating the tone using the data
read in said opf£a£hogtgéeg2 g@dis decided that main bus 12 is

available, it proceeds to step S3. In step S3, DSP core
20 23-1 reads the data stored in compressed data unit 5a of
DRAM 5. At this time, data corresponding to n Ts is read

all at once. This Ts corresponds to the sampling frequency



2 5 SFP ?~~~7 22 said operating step and generating step collectively
reading out data of n times the tone sanpling period and processi g Saggp 200
data all ajyo8mer32Where n is an integer greater than or equgbrisefasefn
wherein said nis set to a value such that a user is not aware 019 tshe deI ay
time fromexpression of a requested prescribed tone until said prescribed
tone i s generated and expressed by said generating step, and the bus can be
used effectively. .A A .AA _A3Y .AF. A3Y .A3 E .As|l.AYA . Al .AlY .A3Y .AU
A DAL A A %AYF . A% AS . AL. As* 15

BRS\ hwxy\ G<#$&1L} xsnhb] X] ca] caU] ca] caU]Ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] diea] afatd fuadne , dd o | £ (pdd exrd €ng calored caldT assuididg thar |1 Gt
K| w mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]calc

a] ca] ca] calned]saalip] S Ardndyt ol o crliapd cal 3@ N 4, Qe &lcwlaabl X] ¢

a] ca] ca] ca] ca] ca] cal ca] ca] ca] cdl ca] ca] ca] ca] ca] cal ca] ca] ca] calU]ca]c"a] cal]c

aljc"a]ca B

U} c"a} ca} ca ca] C ([ﬂ‘]Aca] cad] ]ﬁ?x&:\é\]’%&a’fﬁ%a] ca] c\q% czf] caa] ca] ca] ca] ca] ca]ca
ca] cal] calcalcalca ca! aMpFz W

LT Tt @arléarti o ol A R AR 415 A AR RO ca) ca

]calc a] caj ca] ca] ca] ca] ca] ca] ca] caj ca] caltrrrrrrrgtr!

HHHH 558 0BERSl &V&q&&& U ' (~ytoj e [ V] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal]c

a] caU] ca] c, a] cd@f Ithg (Vaue )ofBn-*En ' *BPsr+4is greater than or equal to

+Y+++, 6, B, X, ,, - Y--zupkfa\ W] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]calca]c

a] ca] ca] caU] G:Enld derjision is made specifically in consideration of

a]ca]ca] calca]ca]calcalcalcalcalcalcalcal--.9.] .$/ Y/ e/ h/u///]$02000191qg1l1

112\ 22223 33 F61ehetigX] | Imiadshal cied C@]Fﬂ@@]@@]lf@]&ahﬁﬂscaﬂs‘éd cajnea] ca] caj c

aJ calcalcalcalc

gbgggﬂgggggﬁg% %%@X%W 5 8&1151%%4%%%44&{&%%%%@63%67&@777
2] ca;!} ] %ah,ea]f gbc%eg ca]%a{ncda ]e%ca Jesaé cag Caa]dC %]i(ia]t?l%] caj cal

ca] i<| <<<=>=x===%"' >3>6>D>S>>>7??X???zupkf a\ V\]] cal] ca] ca] ca ca] ca] caU] ca]calc
aUJ cal] caPPRVETASRAFARSA PARCARSANG] G AT CAVEIREA] cal cal cal 7@

7@ @@ @ar-AaAbAf AAAAZB"BBBCCC G
C=CGCHC{ CBEOUESSBDA et Y || e aljre A} &l cté]r@a]%@ré and the

sound is expressed by speaker 50, that is, the delay time
from when a sound expression request is made until the

15 sound is actually expressed, might reach a value that
cannot be ignored, i.e., the delay might be long enough for
the user to notice.

Conversely, if a small value of n is used, although

there will be little danger of the above-described delay

20 problem occurring, it will not be possible to make
efficient use of main bus 12, which has a broad bit width

(and therefore can transfer a large amount of data all at
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store the expanded data in DRAM 5, in other words, whether

10 it is necessary to perform pitch conversion on it. If it

is decided that there is no need to store the data in DRAM

5, it proceeds to step S9, and the n Ts portion of data on

which expansion processing was done is transferred to

multiplexer 9. Then, the transferred data is selected by

15 multiplexer 9, is output to speaker 50, and is expressed.
If in step S5 it is decided that the data is to be

stored in DRAM 5, it proceeds to step S6, and the

availability of main bus 12 is checked. The processing of

step S6 and step S7 is the same processing as the

20 processing of step Sl and step S2, respectively, so an

explanation of it is omitted.
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The processing of the flowchart in Figure 6 is done in
the same way for DSPs 8-2 through 8-4 as well. ﬁowever, in
DSP 8-2, the data read in step S3 is data that has been
§tored in post-expansion data unit 5b, the processing done
10 in step S4 is pitch conversion processing, and in step S8
the destination to which the data is transferred is pitch-
converted data unit 5c¢. In DSP 8-3, the data read in step
S3 is data that has been stored in pitch-converted data
unit 5c, the processing done in step S4 is envelope
15 processing, and in step S8 the destination to which the
data is transferred is envelope-processed data holding unit
5d.
In DSP 8~4, the data read in step S3 is data that has
been stored in envelope-processed data unit 5d or effect-~
20 processed data unit 5e (if effect processing is done two or

more times), the processing done in step S4 is effect



10s! <"}'10% & ()-T 10 10 ,
106109%& ()-14' 1 10%& ()-f2z#10%&' ()-90  109%& ()-!!118"r""aBnmb@ 25 SEP 2002
10s! F10%&' (WO,9%89482 () - & 109%& ()- U 10%& ()-3910%&' ()-M | ' 109RCT/YRIP02501
- #HH##CBaBNb@ 10s! 31 1096& ()-! 1 L1 109& ()-' mlO%&' ()-f 10%& ()- 109& ()-s
109& () - C6$$8%%884 " ?2nb @

10&0Y109& () - - &LOY& () - +109& ()-)1 109& ()-! NG #1096KX& () - !
-31 T09KK&' () - YR@BALBECE! &9&8& = 10!v , ' 10%w& ()-!6., '10%& ()-0, '10% & ()-
10 10 101 4Y109%& ()- @' 109%& ()-&& U ' ' ' dE8= 10!V

109& ()-f 109& ()-L#L109%& ()- 310%& ( %@ mLO%& ()-. 109& ()-' (1.(((()dE_= 10!v
SH10%& () - PERSRSSANG 18 (Jn |sker @ (Hhel obes fhnatdewik, 1O %%9 t@‘dE 10! v
010% ()- -

109& () - +MEGo (s toarGYgnnedy i’ ECRAR QD ~PROC9NRE od -drta: untts e\ =

1010%&' ()-!V 109& ()-! 109& ()- 10 10 10Y4- 10%&' ()- YS2! 109%&' ()-*+

+Y+++, aB~\ = 10SA@ H¥¥w¥ ibed-3bove, with the tone generation device of

10%r8! () - LO%TE' () - 3YLO%IE ()- ! W#10%mE' () - @-L0%r€’ ()-, 6, B, X, ,, -dE~\ = 103

109%r& () - &Y% entiHI s nbAUT S o )7 i3M¥EY (Jeadtc H&%ﬂf(a(ﬁrttﬁ{reu& j . dE~
\= 10 +10%m8! ()- ) 10%n& ()-' 10%TE () FRL00RE ()

f#loo/"’r&ls()'d@v'i!c]eq(y%a@s Jdata %o\flr\gsgoﬁcﬁ\ﬂ\écto n Ts all at once, the

read n Ts portion of data is processed all at once, and for
subsequent processing, the processed n Ts portioﬁ of data
is written into DRAM or other memory all at once, so a
broad bit width bus can be used efficiently, and tone

10 generation can be done without the occurrence of any delay.

The distribution medium by which the user is provided
with computer programs that execute the above processing
includes, besides information recording media such as
magnetic disk and CD-ROM, distribution media by networks,

15 such as Internet or digital satellite.

As described above, with the tone generation device,
tone generation method, and distribution medium, the
arithmetic processing device reads, via a bus, data for
generating tones stored in a main memory unit, and when it

20 generates a tone using the read data, data of n times the
tone sampling period is handled all at once, thus making it

possible to efficiently utilize a broad bit width bus.
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tone generation means generating tones using the data
read out by said reading means, and
wherein said reading means and said tone generation
means collectively read data on the tone of n times a sampling
period (Ts) and then process said data all at once, where n is an
integer greater than or equal to 2, and
wherein said n is set to a value such that a user is not
aware of the delay time from expression of a requested prescribed
tone until said prescribed tone is generated and expressed by said
tone generation means, and the bus can be used effectively.

2. The tone generation device of claim 1 wherein the bus is
an 128-bit width bus.

3. In a computer entertainment system having at least a
host CPU, a host bus, and a media processor that generates tones,
said computer entertainment system wherein
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wherein said n is set to a value such that a user is not
aware of the delay time from expression of a requested prescribed
tone until said prescribed tone is generated and expressed by said

media processor, and the bus can be used effectively.

4. The computer entertainment system of claim 3 wherein
the arithmetic processing device, the main memory device, and the
bus are formed on a single semiconductor chip.

5. The computer entertainment system of claim 3 wherein
the arithmetic processing device consists of one or two or more
digital signal processors.

6. The computer entertainment system of claim 1 wherein
each digital signal processor consists of any of an
expansion processing means that expands tone compressed data, a
pitch conversion processing means that changes the frequency
when the tone is generated, an envelope processing means that
changes the timbre of the tone and an effect means that changes to
the tone.
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for generating a tone from said main memory device via said bus;
and
generating the tone using the data read in said operating
step, and
said operating step and said generating step collectively
read data on the tone of n times, a sampling period (Ts) and then
process said data all at once, where n is an integer greater than or
equal to 2, and
wherein said n is set to a value such that a user is not
aware of the delay time from expression of a requested prescribed
tone unit said prescribed tone is generated and expressed by said

generating step, and the bus can be used effectively.

8. A distribution medium that provides a program that is
processed by a tone generation device in which an arithmetic
processing device and a main memory device are connected by a
bus, and which program can be read by a computer, said program
being programmed to perform the steps of:

operating the arithmetic processing device to read data
for generating a tone from said main memory device via said bus
and

generating the tone using the data read in said operation
step, and
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reading out data of n times the tone sampling period and processing
said data all at once, where n is an integer greater than or equal to
2, and

wherein said n is set to a value such that a user is not
aware of the delay time from expression of a requested prescribed
tone until said prescribed tone is generated and expressed by said
generating step, and the bus can be used effectively.



