TITLE C‘h B | NVENTI ON MUSI C SYSTEN[ TONE GENERATOR “NFQEEA
TCNE-SYNTHESIZING METHOD BACKGROUND OF THE | NVENTI ON #??ﬁ%q$f t he
I'nvention This invention relates to a nusic system a tone generator, and a
nmusi cal tone-synthesizing nethod which reproduce automati c performance data
such as M DI (Misical Instrunent Digital Interface) data. 10 Prior
Art Conventionally, a nusic systemis known, which reads out automatic
performance data such as M DI data stored in a floppy disk or a hard di sk,
and synt hesizes nusical tones according to the automatic performance 15
data, by the use of an FM (frequengyriedykatyeniniyoRerggnerator or a Wr
(wave table) tone generator, to thereby produce nusical sounds. The
conventional rnusic systemis conprised of a host systemfornmed by a
personal conputer or the |ikeMUBIC SYSTEMRd TQNSUBENBRAWORa&NRg a sound
board connected to the host systemVi §-ReRPLe h%%ﬁ‘zﬁ!ﬁ@. Mprgabhace. The host
system operates on a program (programrelated to automatic performnmance)
stored in a programnmenory to read performnce data such as M DI data from
a hard 25 di sk or a fl oppypshtgdrE@SNEXGERE: NBENYIglevi ces, and sends
the read performance data to the soun oard of the subsystem at
predeterm ned ti m ng.

' 5 Field of the Invention

This invention relates to a music system, a tone
-generator, and a musical tone-synthesizing method which
reproduce automatic performance data such as MIDI '
(Musical Instrument Digital Interface) data.

10 Prior Art
Conventionally, a music system is known, which
reads out automatic performance'data such as MIDI data
stored in a floppy disk or a hard disk, and synthesizes
musical tones according to the automatic performance
15 data, by the use of an FM (frequency modulation) tone
generator or a WT (wave table) tone generator, to
theréby produce musical sounds.
The conventional music system is comprised of a
host system formed by a personal computer or the like,
20 and a subsystem having a sound board connected to the
host system via a predetermined interface. The host
system operates on a program {(program related to
automatic performance) stored in a program memory Lo
read performance data such as MIDI data from a hard
25 disk or a floppy disk as external memory devices, and
sends the read performance data to the sound board of
the subsystem at predetermined timing.
On the other hand, the sound board includes a
. N waveform memory (hereinafter referred to as "the wave
-1ﬂ30__¢; ~ table"), and a tone generator LSI which reads waveform
: . .déta from tﬁe;wéQé{table:acgopding to ;he_performance
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On the other hand, the sound board includes a waveform nenory (hereinafter
sreferred to as "the wave 30 table"), and a tone generator LSI which
reads waveformdata fromthe wave table according to the performance

data sent fromthe host system The sound board controls the envel ope,
anplitude, etc. of the waveform data, and converts the waveformdata to an
anal og signal, which is then sounded by a sound systemforned 5 of
an anplifier, a |oudspeaker, etc. In the conventional conputer nusic system
descri bed above, however, all the functions relating to synthesization of

musi cal tones are perd Osrépﬁgrigzor& N$SpWd Roatdn Thehef abengapsayef orm

menory having a 10 capacity is'required to increase the_nunber
of tone colors to ¥ geMet fihal enstedonceadiid 1C998n PREr eQ5elPB0¥RVEERET he
other hand, a pers@igd, coOPWRvdAIvHE W& fosh Srsbervi anganalayly

provided with a large-capacity nEmMry and external r Lges 15
as a floppy disk, %ﬁ@ﬁﬁg;dﬁ§%¥léﬁ%qﬁxfb§ﬁ8ﬁé%§ % sgrgggnée ﬁ%ggﬁofgéggéase
the burdedh on the sbuen druzakif imy e landspeakies .| &t§e- capacity nenory

and/or at |east one of thg, exieraal,dRTING10QUERR <3S msWevelatanmenory and
I mpart functions relating to 20 synt hesi_zati on of nusical tones to
"the host system described above, however, all the functions relating to

synthesization of musical tones are performed by the
sound board. Therefore, a waveform memory having a

10 large capacity is required to increase the number of
tone colors to be generated, etc. leading to an '
increased cost. On the other hand, a personal computer
forming the host system is generally provided with a
large-capacity memory and external memory devices such

15 as a floppy disk, a hard disk, and a CD-ROM.

A possible method to decrease the burden on the

sound board may be to use the large—dapacity memory
and/or at least one of the external memory devices as a
waveform memory and impart functions relating to

20 synthesization of musical tones to the host system.
According to this method, however, it is difficult to
obtain musical tones having the same waveform and tone
color between the host system and the subsystem, that
is, obtain the same musical tone characteristics

25 between the two systems. Further, the external memory
devices have much lower access speeds than those of
semiconductor memories and therefore cannot be
satisfactorily used in practice as the waveform memory.

Even if the music system is used as a pure tone

30 generator, a large-capacity memory is still required to
store waveform data, also requiring use of external
memory devices which are relatively inexpensive, as the
waveform memory. These external devices, however, are
not suitable for use in the music system as a pure tone

35 generator, due to their much lower access speeds that



According to this method, however, it is difficult to obtain nusical tones
Ravi ng the same waveform and tone col or between the host system and the
subsystem that is, obtain the same nusical tone characteristics 25
between the two systens. Further, the external nenory devi ces have much

| ower access speeds than those of sem conductor menories and therefore
cannot be satisfactorily used in practice as the waveform nenory. Even if
the nusic systemis used as a pure tone 30 generator, a

| arge-capacity menory is still required to stose waveform data, also
requiring use of exirfnalr nemgum: dRMUERS ' Miarlbrgr € rel atively inexpensive,
as the waveform nenory. These external devices, however, are not suitable
for use in the nusic systemas a pure tone 35 generator, due to their
much | ower access speeds that 3 suvMARYf OF TEIB COWENTELON nenory. SUMVARY
OF THE INVENTION It is an object of the invention to provide a nusic
system a tone generator and a nusical tone- 5 synt hesi zati on met hod
whi ch are capabl e of effecth vid ywruliesitng fa ther gaveasaent yonerevydef aa
host system t her eofmadict: reafiiinlg o e PNEreGARICanY af nasseh3y sbae-

thereof , V\Q' le obt aéyﬂt'}gestihzeatsi%rﬁe me Io%alwhti%rllxe are capable of effectively

utilizing a large-capacity memory of a host system

thereof and reducing the memory capacity of a subsystem
thereof, while obtaining the same musical tone
characteristics between the host system and the

10 subsystem. '

t is another object of the invention to provide

a music system, a tone generator and a musical tone-
synthesization method which are capable of synthesizing
musical tones even by the use of a large-capacity

15 memory which has a low access speed.

To attain the objects, the present invention
provides-a music system comprising a subsystem
including a temporary memory device that stores
externally supplied waveform data in predetermined

20 blocks, a first musical tone-synthesizing device that
synthesizes musical tones, based on the waveform data
supplied from the temporary memory device, a memory-
managing device that transfers the waveform data stored
in the temporary memory device in the predetermined

25 blocks to the first musical tone-synthesizing device
according to progress of synthesization of musical
tones by the first musical tone-synthesizing device,
the memory-managing device sequentially storing next
blocks of the externally supplied waveform data in the

30 Cemporary memory device at areas thereof which have
become empty after the transfer of the waveform data,
and a mixing device that mixes together the musical
tones synthesized by the first musical tone-



characteristics between the host systemand the 10 subsystem It is
anot her object of the invention to provide a nusic system a tone generator
and a nusi cal tone- synthesization nmethod which are capabl e of synthesizing
nmusi cal tones even by the use of a |arge-capacity 15 menory whi ch has
a | ow access speed. To attain the objects, the present invention provides a
musi ¢ system conpri sing a subsystemincluding a tenporary nenory device
that stores externally supplied waveformdata in predeterm ned 20

bl ocks, a first nusical tone-synthesizing devi‘te that synthesizes nusical
tones, based on thewakekaringatiavsdpphh@dekt efhi DBy t QRO BEY nBTI

device, a nenory- nagi ng | evi ce.that %ransfeaﬁ the mavefo§n1data stored

in the tenporary mar%’ry d&Vcé F‘ﬁlphgyﬁ Elet BF '%%’892% waveront &€ the

first nusical tone-tyit iséoresngavedipre datardeagired pfogragstigisization
synt hesi zati on of msig@li hANeSnRY,t Besbibak HHéiE&‘i_E&r’i‘@:%’r{EH&sﬂﬂ

device, the nenory-pmanagi ng devi ce_sequentially storing ne bl ocks of the
ext ernal | y5 suppl i e S¥GEr SPRtdgvRthgsires3pusical temedr 3SR Fhfevi ce
at areas thereof whissfefitave daeaosppIREY aibar thbewavansie maiothe amyef orm

data, and a mxing vl alises,bedsbis h06iuSLRRl LaNfscips zed
analyzes and processes performance data indicative of
musical tones to be performed, the performance data-

10 : processing device detefmining which of the first
musical tone-synthesizing device and the second musical
tone-synthesizing device is to be assigned to
synthesize a musical tone, depending upon reéults of
the analyzing of performance data and according to a

15 predetermined rule, the performance data-processing
device reading the waveform data from the waveform
memory and supplying the read waveform data to the
second musical tone-synthesizing device when the second
musical tone-synthesizing device is to be assigned to

20 synthesize a pusical'tone, the performance data-
processing device reading the waveform data in the
predetermined blocks from the waveform memory and
transmitting the read waveform data to the subsystem
when the first musical tone-synthesizing device is to

25 be assigned to synthesize a musical tone, wherein the
musical tones synthesized by the second musical tone-
synthesizing device are transmitted to the subsystem as
the externally supplied musical tones.

In a preferred embodiment of the invention, the

30 music system comprises a subsystem including a first

' temporary memory device that stores externally supplied
waveform data in predetermined blocks, a first musical
tone-synthesizing device that synthesizes musical
tones, based on the waveform data supplied from the

35 first temporary memory device, a memory-managing device



3

synt hesi zi ng- devi ce and externally supplied nusical tones, and a nmain
“systemincl uding a waveform nenory that. stores waveformdata required for
synt hesi zati on of mnusical tones, a second nusical tone-synthesizing 5

devi ce that synthesizes nusical tones, based on the waveform data supplied
fromthe waveform nmenory, and a performance dat a-processi ng device that
sequentially anal yzes and processes perfornmance data indicative of nusical
tones to be performed, the performance data- 10 processi ng device
determi ning which of the first nusical tone-synthesizing device and the

second nusi cal tongysynthadl &lng tgl%v'v%%e'f%rtinodgeaa§%b9@@d1hotﬁ¥nH‘ﬂ?§tZe a

musi cal tone, depending upon results of the analyzing of performance data
and according to s-FPOrAry BRI &eviised inucbe PﬁédﬁéﬁFSFﬁﬁﬁ091°Cks to
dat a- processi ng denvh€er ieadimg ida vma\f@‘-@wtd@tsazfmgrrubkrecwaue&owmgnmy

and supplying the %F\;? vayeformdata .t Oﬁ&t N8, $3Cond ;s %%%‘ﬁgs

t one- synt hesi zi ng when e e fisical tone: syn g ®devi ce
is to be @ssigned Etrsm)muSlcakyﬂﬂﬂﬂxﬁx&ih@snﬂ;mgaﬂéwéﬁ@ apﬁetbéﬂféﬁﬁﬂﬁée

data- processing devi&gud£adidy dhg el B drbd il dce o Gdekebinngdta
bl ocks fromthe waveform nenory and transmtting the rgagvyaveforn1data to »

the subsystem when t ﬁ%ﬁfm?@ﬁr¥nﬁﬁQ%91QQnﬁ?W%ﬂﬁl%ﬁﬁ?ﬁqﬂj &ordngonext
be assigned to syrmbheskgeof ttma@aiertrmle,y whigdiied haveforaakataneshich

synt hesi zed by theaggcggh r%ﬁ%é; eé 1n response to the request for

10 transfer of the next block of waveform data, in the
first temporary memory device at areas thereof which
have become empty after the transfer of the waveform
data, and a mixing device thaﬁ mixes together the
musical tones synthesized by the first musical tone-

15 synthesizing device and externally supplied musical
tones, and a main system including a waveform memory
that stores waveform data required for synthesization
of musical tones, a second temporary memory device that
is substantially identical in construction with the

20 first temporary memory device, a second musical tone-
synthesizing device that synthesizes musical tones,
based on the waveform data supplied from the waveform
memory, and a performance data-processing device that
sequentially analyzes and processes performance data

25 indicative of musical tones to be performed, the
performance data-processing device determining which of
the first musical tone-synthesizing device and the
second musical tone-synthesizing device is to be
assigned to synthesize a musical tone, depending upon

30 ' results of the analyzing of performance data and
according to a predetermined rule, the performance
data-processing device reading the waveform data from
the waveform memory and supplying the read waveform
data to the second musical tone—synthesizing_device

35 when the second musical tone-synthesizing device is to



synt hesi zing device are transmtted to the subsystemas the externally
Supplied nusical tones. In a preferred enbodi nrent of the invention, the 30
musi ¢ system conpri ses a subsystemincluding a first tenporary nmenory
device that- stores externally supplied waveform data i n predeterm ned

bl ocks, a first nusical tone-synthesizing device that synthesizes nusica

t ones, based on the waveform data supplied fromthe 35 first
tenporary nenory device, a menory-nanagi ng device that transfers the
wavef orm data stored in the first tenporary manory device in the

predet erm ned bl ocks t FEQ ohi [t gygﬁggq QQ%mﬁ¥ﬂ&Pﬁ%h%kﬂgt9ﬁy'ce

according to progress of Synt thedi SHIToR of nlisT¢al “tones by t
first nusical toneP§YAPRBINERngalevPERCaBElRR LY KGR eeead g idsr wegeform

transfer of a next dlah@CKnOithEéeéﬁéﬂxﬁiﬁeahl@lé@lf@rﬁ/rdmrlﬁgi ﬁ@\ﬂ@fﬂrﬁe
sequentially storin

next bl.ocks_of the externall u I.ed wavef orm dat.a,
whi ch are each supS%PgaylﬁnPe§58ﬁ§%g gh?hﬁe?équ%%gf? ¢W%ifa “1¥§1r§ﬁgpgﬁ of
t he next M ock of Wmeﬁmnﬁwwda2a¢ryndehEcéiwhentem@oiiwqtrnunmqahﬂ?mnee at
areas thereof whi C@g‘?ﬁ’:‘ﬁ%s*&? APEGERLY @Ltﬁ{% éé?ﬁﬁé&%&%%e‘@ @rm

data, and a m xi ng device a m xes g e nusi cal tones synthesi zed
by the first nusi cAUSt6Re- tpge, the E?ﬁ ﬁé@?&?%gd% TRIEPGHRE g devaaey

supplied nusical transferring the waveform data stored in the second
temporary memory device whenever the request for

10 transfer of the next block of waveform data is received
and storing waveform data subsequently read from the
waveform memory in the second temporary memory device,
wherein the musical tones synthesized by the second
musical tone-synthesizing device are transmitted to the

15 subsystem as the externally supplied musical tones.

Preferably, the second musical tone-synthesizing
device synthesizes musical tones, based on the
performance data, when the first musical tone-
synthesizing device réaches a limit of processing

20 capacity thergeof.

Alternatively, the first musical tone-
synthesizing device and the second musical tone-
synthesizing device operate in parallel to synthesize
musical tones, based on the performance data.

25 In this alternative, preferably, the first
musical tone-synthesizing device and the second musical
tone-synthesizing device synthesize musical tones

"having respective different characteristics.

Also preferably, the first musical tone-

30 Synthesizing device synthesizes musical tones by
hardware.

Advantageously, the temporary memory device is
higher in access speed than the waveform memory. For
example, in the above preferred embodiment, the first

35 and second temporary memory devices are higher in



tones, and a main systemincl-uding a waveform nenory that stores waveform
*data required for synthesization of nusical tones, a second tenporary
menory device that is substantially identical in construction with the 20
first tenporary nmenory device, a second mnusical tone- synthesizing device
that synthesizes nusical tones, based on the waveformdata supplied from
the wavef orm nenory, and a performance data-processing device that
sequentially anal yzes and processes performance data 25 i ndi cative of
nmusi cal tones to be perforned, the performance data-processing device

determ ni ng MMicr|égCé§§né§éé§ ﬂﬂé.(E%e R%S%F§¥@tggﬁb§ng device and the

I
second nusi cal tone-=syn Si 'zl ng device )e assigned to synthesize a
nusi cal tone, dependi ng Wore@®in the ahaye SgrRCtFe ARE PIPRGDbS

performance data anghaecasdlidisd G RIRECEFnReGeheratotheoppkisingnae
dat a- processi ng devi ce_readi ng the waveform data from t.he _way forn1n?gpry
EF regulred

and suppl yi ng t he YRSRE AW ST EANR T & HHESs #RSTE R 8
t one- synt Besi zi ng skewvtlees Boation ofwheusiided Seo@msd @usieo@oragiiemsPpArkesi zi ng

device is to 6 he assigned L0oSYNIESIZE SIS idla HoNBr iR ePREhaaMaNCE
dat a- processi ng device re%@?ng %%e wave ornf%%ta in the predeterm ned
bl ocks fromthe walvt®eken the temporary memory device being higher in
access speéd than the waveform memory, a musical tone-
synthesizing device that synthesizes musical tones,

10 based on the waveform data supplied from the waveform’
memory, and a memory-managing device that transfers the
waveform data stored in the temporary memory device in
the predetermined blocks to the musical tone-
synthesizing device according to progress of

15 synthesization of musical tones by the musical tone-

- synthesizing device, the memory-managing device
sequentially storing next blocks of the waveform data
read from the temporary memory device at areas thereof
which haﬁe become empty after the transfer of the

20 waveform data.

To attain the above objects, the present
invention further provides a method of synthesizing
musical tones, which uses a main system including a
waveform memory that stores waveform data required for

25 synthesization of musical tones, and a second musical
tone-synthesizing device that synthesizes musical
tones, based on the waveform data supplied from the
waveform memory, musical tones synthesized by the
second musical tone-synthesizing device being delivered

30 as externally supplied musical tones, which is
characterized by an improvement wherein the method uses
a subsystem including a temporary memory device that
stores externally supplied waveform data in
predetermined blocks, a first musical tone-synthesizing

35 device that synthesizes musical tones, based on the



menory and storing the read .waveformdata in the second 5 tenporary
menory device when the first nusical tone- synthesizing device is to be
assigned to synthesize a nusical tone, the perfornance data-processing
device transferring the waveform data stored in the second tenporary nenory
devi ce whenever the request for 10 transfer of the next block of
wavef orm data is received and storing waveform data subsequently read from
the waveform nenory in the second tenporary nenory device, wherein the

musi cal tones synthesized by the second nusic&l tone-synthesizing device

are transmitted touLhgrdBn data SHRSVSIETRAR iR PURIAIAY nehBRl ed

musi cal tones. Preferably, the second nusical tone-synthesSizing device
synt hesi zes nusi caPeVéfids, 2 PARBRL GG RS s fAR e &gt & X aRFERTENEDR st
musi cal tone- syntheskibhg devacCerdathigs thd iddnpofay ereeshndezfce in
capacity thereof. Alterpativel t first nusi.cal:.tone- synthesizing

devi ce and the sec?h% %g%i%% rli{%)r}]%é]e%%/%‘f}??estiozﬁ:r?ge ofelvﬁscemcl)lpelrcg'?e%f)ﬁepar al | el
to synthesdi ze nusi s¥htheadzingadedion adroptirforymmewatass of5

In this alternativgynphebetabiyn dhemidiS1 NUsi&Alny ARs Pihenusiingdevi ce
and the second nusi cal tone-s%nthe5|2|ng device synt hesi ze nusi cal .tones

havi ng respective GPPPeP¥REDeRAFIRY 19615 s. the M IRNAG % HEVAFRst
musi cal tone- 30 sequeRBYNaDESI ZtHOEiEE S DIBAES IZRTHBISx@¥rnboNgs by

supplied waveform data in the temporary memory device
10 at areas thereof which have become empty after the
'transfer'of the waveform data, and a mixing device that
mixes together the musical tones synthesized by the |
first musical tone-synthesizing device and the
exterhally supplied musical tones, and the method
15 comprises the steps of sequentially analyzing and
' processing performance data indicative of musical tones
to be performed, and determining which of the first
musical tone-synthesizing device and the second musical
tone-synthesizing device is to be assigned to
20 synthesize a musical tone, depending upon results of
the analyzing of performance data and according to a
predetermined rule, reading the waveform data from the
waveform memory and supplying the read waveform data to
the second musical tone-synthesizing device when the
25 second musical tone-synthesizing device is to be
assigned to synthesize a musical tone, reading the
waveform data in the predetermined blocks from the
waveform memory and transmitting the read waveform data
to the subsystem when the first musical tone-
30 synthesizing device is to be assigned to synthesize a
- musical tone.

The above and other objects, features, and
advantages of the invention will be more apparent from
the following detailed deécription taken in conjunction

35 with the accompanying drawings. '



har dwar e. Advant ageously, the tenporary nenory device is higher in access
Speed than the waveform nenory. For exanple, in the above preferred

enbodi ment, the first 35 and second tenporary nenory devices are

hi gher in access speed than the waveform nenory. To attain the above
objects, the present invention also provides a tone generator conprising a
waveform nenory that stores waveformdata required for 5

synt hesi zati on of nusical tones, a tenporary nenory device that stores the
wavef orm data in predeterm ned bl ocks, the terporary nenory devi ce being
hi gher in access speed than the waveform nenory, a nusical tone-

synt hesi zi ng devi ce that synthesizes nu3|cal tones 10 based on the
wavef orm data supplied from t BRI OESCR FHEaDRAWBNGS managi ng
device that transfers the waveform data stored in the tenporary nmenory
device in the predeterm ned bl?cks to L si cal e- IZI .devi ce
according to progress of f&9 1ssynpheckz {?Qﬁ?Tﬁséhﬁﬁqgg e
nmusi cal tone- synt héei arngndemene othe ummyenmna@lmgsmﬂmeaseaqwﬁﬁcal |y

storing next blockg %FL‘C\% §‘§¥§ é”%gaéfi‘ LRaY Lﬁé)&ft(f‘? %ﬁéml%?é £ 4GHTOTY

device at areas thereo econe enp transter of the
5 Fig. 2 is a conceptual representation useful in

explaining the relationship between a wave table and a
host cache memory which are employed in a host computer
of the embodiment of Fig. 1;

Fig. 3 is a block diagram schematically showing
10 the arrangement of an MMU of a sound board employed in
the Fig. 1 embodiment;

Fig. 4 is a flowchart showing a main routine for
carrying out automatic performance processing, which is
executed by the host computer of the music system

15 according to the embodiment;

Fig. 5 is a flowchart showing a subroutine for
carrying out tone-generating channel-assigning
processing, which is executed by the host computer;

Fig. 6 is a flowchart showing a routine for

20 carrying out processing upon receipt of a request for
transfer of a next block of data, which is executed by
the host computer; and '

Fig. 7 is a flowchart showing a routine for
generating musical tones, which is executed by a sound

25 board of the music system according to the embodiment.

DETAILED DESCRIPTION

The invention will now be described in detail
with reference to the drawings showing an embodiment
thereof.

30 Referring first to Fig. 1, there is
schematically illustrated the whole arrangement of a



20 waveform data. To attain the above objects, the present invention
further provides a nethod of synthesizing nusical tones, which uses a main
systemincluding a waveform nenory that stores waveform data required for
25 synt hesi zati on of nusical tones, and a second nusi cal
tone-synt hesi zi ng device that synthesizes nusical tones, based on the
waveform data supplied fromthe wavef orm nenory, nusical tones synthesized
by the second nusical tone-synthesizing device being delivered 30 as
external ly supplied nusical tones, which is characterized by an inprovenent

wherein the nethod sgs. §y§FQ§y§Egg}'gﬁ ugéngnae$@@@ éﬁg(gpqaﬁy devi ce

that stores externally supplied wavertc ata in predeterm ned bl ocks, a
first nusical toneldyKdenzi nghgsmusic gesier AFERTSIM NI nusi ca
tones, based on themboddaedtoir dahpr su@! b £da fHiot t bempedmoriar,y amer y

device, a nenory- N A that _transfer vefarm.data stored in
the tenporary nengggﬁggbggggﬁnsﬁhgx re e?g¥n%%e%é€$%%ﬁ%°té¥?rﬂ? Srst
musi cal tdhe- 5 compudent A€si zAagstewncen atker figyre o Phadresis asimputer

synthesi zation of nysiscalehPReseRYokNg Fhet ey CRl KRN -Syditdiesi zi ng
devi ce, the nenory-managi ng devi ce sequentially storing next bl ocks of the
external ly waveform data 1nd1cat1vq_of waveforms of musical tones,
a program memory 12 which stores programs including a
musical tone-synthesizing program for synthesizing

10 musical tone data, an operating section 13, a display
section 14, a hard disk 15, a host cache memory 16, and
a CPU 17. Thé wave table 11 and the program memory 12
constitute a WT (wave table) tone generator. The wave
table 11 is formed by a semiconductor memory.having a

15 large memory capacity (e.g. 1 M bytes) and stores a
plurality of waveform data. Alternatively of a
semiconductor memory, the wave memory 11 may be an
ordinary external memory device such as a floppy disk,
a hard disk, and a CD-ROM.

20 The opgrating section 13 is comprised of a
keyboard for compiling performance data, inputting
data, and instructing operations, and panel switches
for selecting operating modes of performance, tone
colors of musical.tones, etc. The display section 14

25 ~ displays operating states and various kinds of
information under the control of the CPU 17. The hard
disk 15 stores performance data including MIDI data.
'An external memory device such as a floppy digk may be
used in place of or together with the hard disk 15.

30 The cache memory 16 has a memory capacity sufficient to
store one block (e.g. 1 kilobytes) of waveform data per
tone-generating channel, and serves as a buffer for
temporarily storing waveform data to be sent to the
sound board 20. Details of the function of the host

35 cache memory 16 will be described hereinafter.



supplied waveformdata in the tenporary nmenory device 10 at areas

t hereof " whi ch have becone enpty after the transfer of the waveform data,
and a m xi ng device that m xes together the nusical tones synthesized by
the first nusical tone-synthesizing device and the externally supplied

nmusi cal tones, and the nethod 15 - conprises the steps of sequentially
anal yzi ng and processing perfornmance data indicative of nusical tones to be
performed, and determ ning which of the first mnusical tone-synthesizing
devi ce and the second nusical t one- synthesiziqg device is to be assigned to

20 synt hesi ze a nus n ndlng upgn resul N of the anal yzing
of performance data and a SFﬁg??o 5?Eﬁ§t%?n% P! reHifing the
wavef orm dat a fronswn@hwaveﬁognpnegnam ahdredpph yi img phegramdnervef cidntdat a

to the second nusi galtetreﬁﬁesx,ﬁta.bﬁékzmgBésy' esn&h&gté héngPla be Second

musi cal tone-synthesizing device Is to be assigned to synthesize a nusical
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musical tone data by imparting envelopes, etc. to the

10 read waveform data, and sends the synthesized musical
tone data to the sound board 20. On the other hand,
when the CPU 17 determines that musical tone data
should be synthesized by the sound board 20, it reads
waveform data block by block from the wave table 11,

15 temporarily stores the read waveform data in the host
cache memory 16, and reads the data from the latter and
sends the same to the sound board 20 upon receipt of a
request for transfer of waveform data from the sound
board 20. After transfer of one block of waveform data

20 to the sound board 20, another or next block of
waveform data is stored in the host cache memory 16.

The music system according to the present
embodiment is adapted to simultaneously generate a
plurality of musical tones. For example, four tone-

25 generatiné channels are provided for the host computer
10, and eight tone-generating channels for the sound
board 20. The sound board 20 is given priority over
the host computer 10 to synthesize musical tone data.
Therefore, which of the host.computer 10 and the sound

30 board 20 shoulq synthesize musical tone data depends
upon whether there is an empty tone-generating channel
in the sound board 20. That is, when there is an empty
tone-generating channel in the sound board 20, musical
tone data is synthesized by the sound board 20, while

35 when all the tone-generating channels in the sound



BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a block diagram schematically
:showi ng the arrangenent of a conputer nusic systemas a nusic system
according to an enbodi nent of the invention, 5 Fig. 2is a
conceptual representation useful in explaining the relationship between a
wave table and a host cache nenory which are enployed in a host conputer of
the enbodinent of Fig. 1; Fig. 3 is a block diagram schematically show ng
10 t he arrangenent of an MMJ of a sound board enployed in the Fig. 1
enbodinment; Fig. 4 is a flowhart showing a mein routine for carrying out

autormatic perfor mapee Precessl Be-uPhkgh Jﬁésféﬁfuﬁé‘ﬁe b¥a e Hasin GRIBAYERr Of
the nmusic system 15 accor |n% to the enbodinent; Fig. 57s a
fl owchart showi ngRY $isr b@Sitn&oFBrEeEr L9i ng out tone- generating

channel - assi gni ng pr ocesgiheg sowhlicboksdezecusedomyrised hosta conputer; Fig.
6 isaflowchart sholsig a fouing Las &8sy o1  S2LLYLNGAUEOGRSSIA

upon recei pt of a Ttequést fTor trans OF “a_nekt “bloc at a, Ich’'s
execut ed By the héstmemsrpuianagenenti yniy 23, aaf peceache Sheem 44 r Suti ne

for generating nugi et OS5 WikeR 18, eXRQULEH/RYcONSOHNEr 27. The

communication control unit 21 is disposed to receive
waveform daﬁa and musical tone data from the host
computer 10. When the communication control unit 21

10 receives waveform data from the host computer 10, it
delivers the waveform data to the memory management
unit (hereinafter referred to as the "MMU") 23, whereas
when it receives musical tone data from the host
computer 10, it delivers the same to the mixer 26.

15 The MMU 23 once stores waveform data delivered from the
communication control unit 21-in the sub-cache memory
24, then reads the waveform data from the memory 24
according to address data supplied from the tone
generator LSI 22, and delivers the same to the tone

20 . generatér LSI.22. This function of the MMU 23 will be
described in detail hereinafter. The sub-cache memory
24 has a memory capacity sufficient to store one block
(e.g. 1 kilobytes) of waveform data per tone-generating
channel, similarly to the host cache memory 16.

25 The tone generator LSI 22 prepares address data
for accessing the sub-cache memory 24, and if required,
sends a request for transfer of the next block of
waveform data to the host computer 10 wvia the
communication control unit 21. The buffer 25

30 temporarily holds musical tone data synthesized by the

' tone generator LSI 22 in order to adjust a waiting time
period for transfer of waveform data from the host
computer 10 to the sub-cache memory 24 of the sound
bhoard 20. The mixer 26 mixes together musical tone.

35 data temporarily stored in the buffer 25 and musical



25 board of the music system according to the enbodi nent. DETAI LED
:DESCRI PTI ON The invention will now be described in detail with reference to
t he draw ngs show ng an enbodi nent thereof. 30 Ref erri ng
first to Fig. 1, there is schematically illustrated the whole arrangenent
of a 10 nusic system according to an enbodi nent of the invention. The
musi ¢ system according to the enbodinent is conprised of a host conputer

10, and a sound board 20 externally connected to the host 5 conput er
10. As shown in the figure t he host conputen3 10 is conprised of a wave

table 11 which stores vv?ve ormﬁ‘ata i ndi.cative. of mﬁ%f QLB % gHél cal

tones, a program nEMST Y AP i ER SIS bﬁ’r (5‘61r ARESENE I'ng a nusi cal

t one- synthe5|2|ng @mtmﬂeund(NlannhduﬂnmmuQ}qallon congroilcahitond. dand, an
operating section d3 ;g Sl Sesd 'nﬁféljcﬂal &Y daldiaSkolBheaphast cache

menory 16, and a CPU 17. The wave table 11 and the _program ne Fé
constitute a WF (\A%R%%V‘E%tkﬁlé)”onét'}&ererat‘iﬂnveFﬁ@rw&Ve RyeEtELC ﬁ“b?‘ﬁ‘ad by
a semni conguct or neRBEycdBVidige addta to an latgegrerignalcaphdichyige. g. 1 M

bytes) and stores g, plprahify Gfe EMelQ AR 26N t HHALNEY s9c8n 28,
which is comprised of an amplifier and a loudspeaker,
generates sound based on the analog musical tone
signal. The sound system 28 may be either provided .

10 iqside the sound board 20 or arranged outside the same.

Fig. 2 conceptually represents the functional

relationship between the wave table 11 and the host
cache memory 16, which are provided in the host
computer 10. The wave table 11 stores waveform data,

15 as stated before. Theée waveform data are read block by
block from the wave table 11 and stored in the host
cache memory 16 at areas thereof corresponding to
respective predetermined tone-generating channels. The
host cache memory 16 has a memory capacity

20 corresponding to 8 channels (8 kilobytes). The
waveform data stored in the host cache memory 16 is
read and transferred to the sound board 20 at
predetermined timing (timing of issuance of a request
for transfer of the next block of data from the sound

25 board 20), and then the next block of waveform data is
stored in an area of the host cache memory 16 which has
become empty due to the transfer. By thus providing
cache areas for respective tone-generating channels,
"cache mishit" can be reduced, and a block of waveform

30 data to be read from the memory next time can be easily
estimated.

Fig. 3 conceptually represents the arrangement

of the MMU 23 of the sound board 20. In the figure,
the MMU 23 forms an actual address for accessing the

35 . sub-cache memory 24, based on 10 less significant bits



sem conductor nenory, the wave nmenory 11 may be an ordinary external nenory
‘devi ce such as a floppy disk, a hard disk, and a CO-ROM 20

The operating section 13 is conprised of a keyboard for conpiling
performance data, inputting data, and instructing operations, and panel
switches for selecting operating nodes of performance, tone colors of

musi cal tones, etc. The display section 14 25 di spl ays operating
states and various kinds of information under the control of the CPU 17.
The hard disk 15 stores performance data including M DI data. An external

menory device such, 85 % fgtggqya@%;%&gﬁx gebyésﬁ 65%941@?@010&(% trRgather

with the hard disk e cac menor has a nepory capacity
sufficient to stordnsi@rodiel @2gangd RFPéEyFééynﬁi WaGermR i at a per
tone- generating chafinglarcsnGesRiru@e 189S thebufton. f onotenppeat f1yaklor ithe

waveformdata to t fo.the.sound baard 20, t ai h uncti on of
the host 35 Q@&??& ﬁ’t paes ap a gg%ééc???@d% 5]8%9&% “EOLI 11 The
CPU 17 op®rates ormadessins ctéule sodpe cashet meslp.ZYné4pbé§¢ém>Bt'dT1%cﬂQ nlesfe

program nmenory 12 &, fet&ldAiing whet 'a% %éllﬁagtkens daha-§beet &k ey
synt hesi zed by the host conmputer 10_ 0 g
channel kased on Lhe 3 1ts o) e channel information

as more significant bltS. Conversion of the virtual
address to the actual address can be carried out by the

10 use of hardware such as registers or by the use of
software. 1In this case, virtual addresses correspond
to locations in a memory space of the CPU 17 (memory
space of the host computer). A cache mishit detector
23a detects a cache mishit, based on 11 more

15 significant bits of the virtual address, and sends a
request for transfer of the next block of data,
depending upon a result of the_detection. The request
is delivered to the host computer 10 via the
communication control unit 21. A cash mishit occurs

20 when the sub-pache memory 24 is accessed for waveform
data not stored therein. Therefore, when the sub-cache
memory 24 is accessed for the next block of waveform
data immediately after completion of reading of 1
kilobytes of waveform data from the memory 24, a cache

25 mishit occurs without exception, resulting in issuance
of a request for transfer of the next block of waveform
data.

The operation of the embodiment constructed as

above will now be described, with reference to

30 flowcharts of Figs. 4 through 7. ’ _

Referring first to Fig. 4 showing a main routine

for carrying out automatic performance processing,
which is executed by the host computer 10, first, at a
step $10, the host computer 10 reads automatic

35 performance data such as MIDI data stored in the hard



5 board 20. Wen the CPU 17 determ nes that nusical tone data _
shoul d be synthesized by the host conputer 10, it reads waveformdata from
the wave table 11 based on waveformdata read fromthe hard di sk 15,

synt hesi zes nusi cal tone data by inparting envel opes, etc. to the 10

read waveform data, and sends the synthesized nusical tone data to the
sound board 20. On the other hand, when the CPU 17 determ nes that nusi cal
tone data shoul d be synthesized by the sound board 20, it reads waveform
data bl ock by block fromthe wave table 11, 15, tenmporarily stores the
read waveformdata in the host cache nenory lé? and reads the data fromthe
| atter and sends t#éskab® forthe sventldeny dupor riggenmresfs dheeqeest

for transfer of waygtarmerta, f4om theesosind boards 20 Aldigled dReher of

one bl ock of wavefo nldatg 20 ., to the sound board 20, another or next
bl ock of wavef or m §8Ba’ F_4sPOF R FHC thRr anGe A b nidtd CPd- S STRe KSR
system accordi ng tevehe presekeyeobbdevient. i SIadapt exh ttamed inuigearfeamainge

generate g pl ural i by, of 0usi Al |85, EOL XA Sy U0 X RB ot

generating channel s are provi ded conput er .
t one- generati ng ch@&¥RBEs £be angwebupe Poarenegkiohesdihl sSem $120 diss

given priori ty OvehebEQiU@SRN@PW&ﬁ@rt}l@nt@mé)’%ﬁ@@ﬁé@?%@é@é doone daka.
Therefore, which of the host computer 10 and the sound 30 board 20

shoul d synt hesi ze f0%i EXPCEHRRI d f%?%%%é%%sr%&ﬁﬁﬁéaﬁﬂPﬁﬂet4ﬁ§QBQQ$§ann€Wpty

tone-generati ng chahoeh, description of which is omitted.

10 On the other hand, if the automatic performance
data indicates a key-on event or a key-off event, the
answer to the question of the step Sl11 is affirmative
(YES), and then the program proceeds to a step S12. At
the step S12, if the automatic performance data

15 indicates a key-on event, tone—generating'channel—
assigning processing is carried out, wherein a key code
of the data is assigned to a tone-generating channel
through which a musical tone is to be generated. More
specifically, if there is an empty channel in the sound

20 board 20, the key code is assigned to the empty channel
in the sound board 20 and the read waveform data is
transferred to the host cache memory 16. On the other
hand, if there is no empty channel in the sound board
20, the key code of the read performance data is

25 assigned to a tone-generating channel in the host
computer 10. Details of the tone-generating channel-
assigning processing will be described hereinafter.

Then, at a step S13, it is determined whether or
not the key code of the performance data has been

30 assigned to a tone-generating channel in the host
computer 10. If the key code has been assigned to a
tone-generating channel in the sound board 20, the
answer is negative (NO), and then the program proceeds
to a step $15. On the other hand, if the key code has

35 been assigned to a tone—generating channel in the host



in the sound board 20. That is, when there is an enpty tone-generating
thannel in the sound board 20, nusical tone data is synthesized by the
sound board 20, while 35 when all the tone-generating channels in the
sound 12 board 20 are occupi ed, nusical tone data is synthesized by the
host conputer 10. The sound board 20 is conprised of a conmuni cation .
control unit 21, a tone generator LSI 22, 5 a nenory nmanagenent unit
23, a sub-cache nenory 24, a buffer 25, a m xer 26, and a D/ A converter 27
The conmmuni cation control unit 21 is disposed ;o receive waveform data and

musi cal tone data fromthe host conputer 10. Wen the connunjcatign_ ontro
unit 21 10 r EREPYERT whY ef beh LY riom i TSt VSorfgitcdr 899 fpen
delivers the wavef ehm gdavaréd phecsed®dryo ranagamesd .uniat (her siceaf seg,

referred to as the, ! ") . reas_when. it recejve [ | .ton ta
fromthe host corrpEPgW‘i%,lg%% g%ﬁ??/ %réelf%tel%gar%rotg?a’[\{%zism%g%%fgﬁ 1 of8
The MWJ 23 once st pesifiagel by m davaefeenidateds rmad He ot iign veyeifenm

control umrit 21 inthheesub- 58688 IREIVEY He dlletdieadnhd-RRnswefiagm dat a
fromthe nmenory 24 accordlngpto address data supplied fromthe tgone

generator LSl 22, BAH9H8F FEPESthinsEhe REPIHN ¢ ry 12, musical tone

data is synthesized based on the read waveform data and
transmitted to the sound board 20. Then, at the step
S15, it is determined whether or not the automatic

10 performance is to be terminated. If it is not to be
terminated, the answer is negative (NO), and then the
program returns to the step S10 to repeatedly execute
the steps S10 to s15.

Details of the tone-generating channel-assigning

15 processing will now be described. Referring to Fig. 5
showing a subroutine for carrying out tone-generating
channel-assigning processing, which is executed by the
host computer 10, first, at a step S20, the host
computer 10 determines whether or not automatic

20 performance data or MIDI data read at the aforesaid
step S15 indicates a key-on event. If it indicates a
key—on-event} the program proceeds to a step S21,
wherein it is determined whether or not there is an
empty channel in the sound board 20 as a subsystem. If

25 there is an empty channel in the sound board 20, the
program proceeds to a step S22, wherein the key code of
the read data is assigned to a tone-generating channel.
in the sound board 20, and the assigned channel (ch)
and the key code (KC) are stored in a RAM, not shown.

30 Further, a first block of waveform data is read from
the waveform table 11 and the read waveform data is
directly sent to the sound board 20. In the sound
board 20, the first block of waveform data is stored in
the sub-cache memory 24 at an area corresponding to the

35 assigned tone-generating channel. Further, at the step



20 . generator LSl 22. This function of the MW 23 w Il be described
fn detail hereinafter. The sub-cache nmenory 24 has a nenory capacity
sufficient to store one block (e.g. 1 kil obytes) of waveform data per
tone-generating channel, simlarly to the host cache nenory 16. 25

The tone generator LSI 22 prepares address data for accessing the sub-cache
menory 24, and if required, sends a request for transfer of the next block
of waveform data to the host computer 10 via the communi cation control unit
21. The buffer 25 30 tenmporarily holds nysical tone data synthesized

by the tone generatgr, LSI 22 in order to adjust a iting ti eri for
transfer of wavef o%%}‘dai’aSFrBY’ratR&ohlbs?gc"b#ﬁ%gc ml(géart% %%er%a\gﬁ-f%é)ghg%r‘?emry
24 of the sound bowpge20abThelli aed 26onedesntdyetiest mesilvalnamomy 3% at
data tenporarily shr Qth”cEP?eQﬂ%&gﬁ%%@é’ PUSE @ rminda T e data

synt hesi zed by the host conputer el1vered via the comrunication
control unit 21, afR8NGEPLYEEsCRABNAT xedTHERi cElte tRFROTAR & {1 e Uy Ahe

converter s27. The BfAreanertiBed2haCONVElt néhefdl xebed by execuBisicalhd one
data to an anal og s%gnag 3which is supplied to the sound system 28. The
sound system 28, Wik i%‘Conprised of an anplifier and a | oudspeaker,

On the other hand, if there is no empty channel

in the sound board 20, the answer to the question of
the step S21 is negative (NO), and then the program

10 proceeds:to a step S23, wherein it is determined
whether or not there is an empty channel in the host
computer 10. If there is no empty channel in the host
computer 10, that is, if all the channels in the sound
board 20 and the host computer 10 are occupied, the

15 answer to the question of the step S23 is negative
(NO), and then the program proceeds to a step, not
shown, wherein generation of a musical tone is
inhibited, or a musical tone which is being generated
but is decaying is stopped from being generated, to

20 thereby secure an empty channel, to which the key code
of the automatic performance data is assigned.

on the other hand, if there is an empty channel

in the host computer 10, the answer to the question of
the step S§23 is affirmative (YES), and then. the program

25 proceeds to a step S24, wherein the key code of the
automatic performance data is assigned to the empty
channel in the host computer 10, and the assigned
channel {(ch) and the key code (KC) are stored in the
RAM. Then, the program proceeds to the main routine,

30 followed by executing the step 813. At the step S14 of
the main routine, the host computer 10 synthesizes
musical tone data, based on the assigned channel {(ch}
and the key code (KC); and the synthesized musical tone
data is delivered to the sound board 20 at

35 predetermined timing.



generates sound based on the anal og nusical tone signal. The sound system
28 may be either provided 10 I nsi de the sound board 20 or arranged
outside the sane. Fig. 2 conceptually represents the functional

rel ati onship between the wave table 11 and the host cache nenory 16, which
are provided in the host conputer 10. The wave table 11 stores waveform
data, 15 as stated before. The waveform data are read bl ock by bl ock
fromthe wave table 11 and stored in the host cache nenory 16 at areas

t her eof corresponding to respective predeternﬁ@ed t one- generating channel s.

The host cache nenory 16 h s a nme capaci t orresponding to 8
channel s (8 kil obytes). - Qﬂ#%%ﬁé) ééﬁ&?qcﬁ Pﬁéahggﬁsc88ﬁe menory
16 is read and transfiecates dckQYmDmomnﬂuboamwtzasatlmraddueaneaed kent ng
(timng of 'Ssua”C§f9fc@e_ﬁ@qUL5}§é Jrﬁiwéd{ EI-L} 5 18le %e%*&%o@%ff *Ehgcét% gaha

fromthe sound 25 | t he next bl ock of waveform data
is stored in an aréf B?GQ%%V%OQW baéﬁ§1#éﬁﬁ?ﬁm@BQﬂﬂgiﬁmh§§°5§6§ﬁet@n%ty due

to the trgnsfer. Bgtébus2ps Q»’théltélﬂ'x CaithérRaferiainge sheahelebased on
t one- generati ng chggne#s, "C §gm %ﬁé can be re%ycg and ,a Iock of
wavef or m 30 ta th ¢ ?e ¥ {5 btSeasi Iy
estimated. Fig. 3 cehee@e@a¢rymadﬂwemnnyﬁtgtuhenebangemamﬂ t¢het he MMU 23 of
t Qgeggggg poard 20,sb0ghfnt ! 9Uftfen ! 'thd Bt Gt WAL RhARAERSS T Of
routine, followed by executing the step S13.
10 Next, processing which is executed by the host
computer upon receipt of a request for transfer of a
next block of data will be described with reference to
Fig. 6 showing a routine for carrying out the
processing. When a cache mishit occurs upon accessing
15 the sub-cache memory 24 of the sound board 20 for
waveform data not stored therein (the next block of
waveform data), a request for transfer of the next
block of waveform data is issued from the sound board
20 and sent to the host computer 10, whereby the
20 routine of Fig. 6 is executed. First, at a step S30,
it is determined which tone-generating channel is to be
used for generation of a musical tone based on the next
block of waveform data. Then, at a step S31, waveform
data (data of 1 kilobytes) is read from an area of the
25 host cache memory 16 corresponding to the tone-
generating channel and delivered to the sub-cache
memory 24 of the sound board 20. Then, at a step S32,
the next block of waveform data is read from the wave
table 11 and stored in the host cache memory 16 at an
30 area corresponding to the above tone-generating '
channel, followed by terminating the routine, whereby
proceésing'executed just before the issuance of the
request for transfer of the next block of waveform data
is resumed.

35 Next, the operation of the sound board 20 will



35 sub-cache_nenory 24, based on 10 less significant bits 14 of a
virtual address (21 bits) delivered fromthe tone generator LSI 22 and
3-bit channel information delivered separately therefrom More
specifically, the MMWJ 23 designates an address of 1 kilobytes for 5
accessing the sub-cache nenory 24 based on the 10 less significant bits,
and designates a tone-generating channel based on the 3 bits of the channel
informati on as nore significant bits. Conversion of the virtual address to
the actual address can be carried out by the 1Q use of hardware such
as registers or by the use of software, In this case, virtual addresses

correspond to | ocaPFofeSFriReretbry) spheEenfethe TRU 17 SHANGIY & Fasd 1oe
t he host conputer) fo& gankeamiabi hudetelt ooridsSa wiel @ct iss aexosmitedritghitihe

based on 11 nore 1 Lgnikficapt bits of, th |kt SS,
sends a request fo%ofpgngpékgo?Bfheﬂ%ég?u%?o%?éo‘mégéégégg%gﬂéﬁﬁglf§%§1%¥
result of the dete€Ongtityiedr byubsrdvareel therdeseniphiomostl e dpmasie 10

via the cgmuni cat kQRCRIEERnEBI £o2d. foheRir 1 Shbdin OLE W S5 207 for  When
t he sub-cache nenn&y_24 i's %pcesseg,for Eaveforn1data not siored therein.
Therefore, when th T HORETREABFYNS4°F sEAR CRRREACIN - t HEL Tkt B} dIE of

wavef orm sound board 20, it is determined at a step $S40 whether
. or not waveform data has been received from the host
computer 10. If waveform data has been received from
10 the host computer 10, the answer is affirmative (YES),
and then the program proceeds to a step S41, wherein
the received waveform data is stored in the sub-cache
memory 24 at an area corresponding to a predetermined
tone-generating channel by the MMU 23. Then, at a step
15 542, waveform data are sequentially read from the sub-
cache memory 24 and musical tone data are synthesized
based on the read waveform data by the tone generator
LSI 22. .
Waveform data is delivered from the host
20 computer 16 when a cache mishit occurs upon accessing
the sub-cache memory 24 for waveform data not stored
therein. If access is made to the sub-cache memory 24
for desired or next block of waveform data and the
desired or next block of waveform data is not found, a
25 request for transfer of the next block of waveform data
is issued and sent to the host éomputer 10. The host
computer 10 responds to the request by reading the next
block of waveform data from the host cache memory 16
and transferring the same to the sound board 20, as
30 .described before. The MMU 23 of the sound board 20
stores the received waveform data in the sub-cache
memory 24 at the area corresponding to the
predetermined tone-generating channel at the steps $40
and $41. Therefore, the tone generator LSI 22 of the

35 sound board 20 has only to synthesize musical tone



data i medi ately after conpletion of reading of 1 kilobytes of waveform
data fromthe nenory 24, a cache 25 ~ mshit occurs without exception,
resulting in issuance of a request for transfer of the next block of
wavef orm data. The operation of the enbodi nent constructed as above w ||
now be described, with reference to 30 flowcharts of Figs. 4 through
7. Referring first to Fig. 4 showing a main routine for carrying out
automati c perfornmance processing, which is executed by the hbst conputer
10, first, at a step S10, the host conputer 1Qoreads automatic 35
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floppy disk) and interprets the re . . '
det er mi ned whet her e ceche agrertt £ b¥r Ebe e e2 Hat 'l Rt LNA key- on
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of which is omtted.,J1Q . eL.-hand, if the automatic
per formance data iﬁﬁ?@%fggléykg§95ﬁde%gnkngrngﬁé§-o f event, the

Following the syqthesization of musical tone
data at the step S42, the synthesized musical tone data
is mixed with musical tone data synthesized by the host

10 computer 10 by the mixer 26 if the latter data has been
transferred to the sound board 20. Then, at a step
S44, the mixed musical tone data is delivered to the
D/A converter 27, which in turn converts the mixed
musical tone data to an analog signal, whereby a

15 musical tone is generated by the loudspeaker of the
sound system 28.

_ On the other hand, if no waveform data has been
received from the host computer 10, the program jumps
from the step S40 to the step S42, wherein musical tone

20 data is synthesized based on waveform data already
stored in the sub-cache memory 24. Then, similar
operations to those described above are carried out at
the steps S43 and S44.

Next, the operation of the overall music system

25 according to the present embodiment will be described.
The host computer 10 determines whether or not there is
an empty tone-generating channel in the sound board 20
if the automatic performance data read from the
external memory device indicates a key-on event or a

30 key-off event. If there is an empty channel, the key
code of the performance data is assigned to the empty
tone~-generating chanhel in the sound board 20. Then,
whenever a request for transfer of the next block of
waveform data is received from the sound board 20, one

35 block of waveform data corresponding to a musical tone



answer to the question of the step S11 is affirmative (YES), and then the
program proceeds to a step S12. At the step S12, if the automatic
performance data is i ndi cates a key-on event, tone-generating
channel - assigning processing is carried out, wherein a key code of the
data is assigned to a tone-generating channel through which a nusical tone
Is to be generated. More specifically, if there is an enpty channel in the
“sound 20 board 20, the key code is assigned to the enpty channel in
- the sound board 20 and the read waveform data .s transferred to the host
cache nenory 16. On the other hand, if there i's no enpty channel in the
sound board 20, théck®g g6aETdEehes rEaad pbrenr i cea Rt ke Jgf. and the

assigned to a toner@aaebabtngcehaao_@kom aﬁlé‘ah%tté‘«@gﬁ@ﬁﬁﬁl)ﬂ-(}st&%@iﬂrﬁ of

t he tone-generating,ch nne ni ng_proces be desc i .be

herei nafter. Then, q&t te§a§% g??ogg &gt%?§1ﬂgﬁnmﬁ RN TR ruﬁot € key
code of the perforﬁaﬂ@é Bapadhas . beehuso wavefoassfopreddaton aare
tone-generating chappglnkaihg Beahsfewe&%la& b M@c%ef/r&p%éﬂ%&een

assi gned to a tone- gener atin hanne sound board he answer is
negative (NO, and“OR@HteRel réﬁréﬁfpﬁﬁééédéoﬁﬁdazgteﬁTEE5le§Ftbk9Qﬁtﬁﬁ
hand, if the key cog&efagmdls direcbe9ncasfigsetedotd tR@es@eneiaid ng
channel in the hos%emory 24 of the sound board 20. In the sound board
20, blocks of waveform data, each block being data of 1
10 kilobytes, sequentially transferred from the host
computer 10 are sequentially stored in the sub-cache
memory 24, based on which musical data are synthesized
by the tone generator LSI 22. In reading waveform data

from the sub-cache memory 24, when a cache mishit

15 occurs, the sound board 20 sends a request for transfer
of the next block of waveform data to the host computer
10.

On the other hand, so long as there is no empty

tone-generating channel in the sound board 20, the host

20 computer 10 sequentially reads waveform data from the
wave table 11, synthesize musical tone data by means of
the musical tone-generating program and delivers the
synthesized musical tone data to the sound board 20.

In the sound board 20, musical tone data

25 synthesized by the sound board 20 in the above
described manner and the musical tone data synthesized
by and delivered from the host computer 10 are mixed
together, and the mixed musical tone data is converted
to an analog signal by the D/A converter 27 to be

30 sounded by the sound system 28.

As described above, according to the present
embodiment, only the host computer 10 is provided with
the large-capacity wave table 11 such that waveform
data read from the wave table 11 are transferred to the

35 sound board 20. As a result, the sound board 20 need



16 conputer 10, the answer is affirmative (YES), and then the program
proceeds to a step S14. At the step Sl4, the nusical tone-generating
programis started. More specifically, waveformdata is read fromthe

wavef orm 5 tabl e 11 according to the nusical tone-generating program
stored in the programnenory 12, nusical tone data is synthesized based on
the read waveform data and transmtted to the sound board 20. Then, at the
step S15, it is determ ned whether or not the automatic 10

performance is to be termnated. |If it is notyto be terninated the answer

IS negative (NO, an hen t he pr.o returns to the ste

repeat edl y executeIFﬁé §ié§§véfgd g gggd %ﬁf%?l%a%?c%%% Tdﬁ@“@e eratlng
channel - assi gni ng 1I&ble). puotbssi ngurital nbondeddezcaidesiyntiRfiargd ng to
Fig. 5 showing a SQQ££5H'dﬁew%9%f8§th5@9 QUL EQNERJERET @iV PG able 11 of

channel - assi gni ng pr.ocessi ng, I s executed by the host conputer 10,
first, at a step SX'® ISthESMPEERBULBr 1TDeaREEF MV el VIFRRHRST drlSi0t

automati c 20 ey ifennee daﬂta atel\/lsphtﬂatsazéaaﬁyathé heowidresaid Xt ep
S15 i ndicates a key- o%)e ?ﬁ}h@ﬁt Fomg gé%g?ﬁ?ngﬁée e?%sgygntmu hg%prqgk§g1

proceeds to a step‘%& er el ere 1s an
enpty channel in t FRyrE\esd- 2ssaiby 2beabostsabmpstem 19fang those there is an

enpty channel in thg saund ReALY 28e LRENA" BBLRAR POHOEERIGTE Ehélns22,
wherein the key code of
tone color characteristics. Further, according to the

10 present embodiment, only the sound board 20 has a tone-
generating function, which can simplify the musical
tone-synthesizing program executed by the host computer
10. Moreover, the host computer 10 carries out memory
management of the wave table 11, which can simplify the

15 memory management of the sound board 20. = Besides,
cache areas are provided respectively for the tone-
generating channels, which decreases the frequency of
occurrence of cache mishits and makes it possible to
easily estimate a block of waveform data to be read

20 from the memory next time.

In thé above described embodiment, when musical
tone-syntheésizing means which synthesizes musical tones
with higher priority, e.g. the sound board 20, has no
empty tbne-génerating channel, other musical tone-

25 synthesizing means, e.g. the host computer 10,
synthesizes musical tones. However, this is not
limitative. Alternatively of or tcgether with the
above arrangement, it may be arranged such that the two
musical tone-synthesizing means operate in parallel so

30 that the both means always synthesize musical tones.
Further alternatively, it may be arranged such that the
two means synthesize musical tones having respective
different characteristics such as tone colors. 1In this
alternative arrangement, a function of synthesizing

35 simple musical tones such as rhythm sounds etc. may be



the read data is assigned to a tone-generating channel in the sound board
‘20, and the assigned channel (ch) and the key code (KC) are stored in a
RAM not shown. 30 Further, a first block of waveformdata is read
fromthe waveformtable 11 and the read waveformdata is directly sent to

t he sound board 20. In the sound board 20, the first block of waveform data
is stored in the sub-cache nenory 24 at an area corresponding to the 35
assigned tone-generating channel. Further, at the step 17 S22, a second
bl ock of waveformdata is read fromthe wave {able 11 and stored in the

B oeone oo 4Rl B0 AL O RPN L ABLEISLRLILESY R0
af or edescri bed naisynthes ess fmld iosdd tynesx dyutbfigwblie .st #hiS13s Bachhee

other hand, if thefeydScdik € SHgn ' und .haar 0 r
to the question of the §?§% Zf%is.negg{F&%e%%g»?gagglgﬁgng?%enggg?gg$%§
proceeds to a stepgtu@Cahinengs having gachr FHoned cARerEeRsSofanobet here is an

enpty chasinel i n tdendesied WimBF b rddditlgebati ScROwaRRBE¥raBanngh tRet he
host conputer 10, t{ﬁgr'ﬁén f all. tqﬁ chaanks in tqe s?und board 20 and
the host conputer 10°%H e BELufiE,Cq hdones tone colors) requiring a

complicated musical tone-synthesizing algorithm may be
synthesized by the tone generator LSI.
Although in the above described embodiment, when
10 a key code of automatic performance data is assigned to
a tone-generating channel in the sound board 20, the
first block of waveform data is directly transferred to
the sub-cache memory 24 of the sound board 20 and the
next or second block of waveform data is stored in the
15 host cache memory 16, this is not limitative.
Alternatively, for example, when a musical tone having
a single tone color is to be generated, cancellation of
the channel assignment at the step S25 in Fig. 5 is
executed, and then the first block of waveform data is
20 transferred to the sub-cache memory 24 and stored in an
area thereof corresponding to an empty channel.
According to this alternative method, synthesization of
a musical tone by the sound board can be made earlier,

which can simplify processing or hardware relating to
25 _ tone-generating timing control.



15 answer to the question of the step S23 is negative (NO, and then
.t he program proceeds to a step, not shown, wherein generation of a nusical
tone is inhibited, or a nusical tone which is being generat i '
decaying is stopped from being generated, to 20 ~ thereby secure ﬁn.

IS

enpty channel, to which the key code of the automatic. “m‘“‘“&
assigned. On the other hand, if there is an enpty cha*“ﬁ‘ it
computer 10, the answer to the question of the step S23 i § affirmative

(YES), and then the program 25 proceedsyj0 a step S24, wherein the

key code of the automatic performance data is assigned to the enpty channel
in the host conput@Pdiofsagﬁalmﬁﬁfg%igned channel (ch) and the key code

(KC) are stored in the RAM Then, the program proceeds to the nain routine,

30 foll owed by execyting &&gﬁﬁtgg%égﬁiéqﬂgrggy%ggtep S14 of the main
nt'hes]

routi ne, the host conputer 10 sy 1'zes nusi cal tone data, based on the
assi gned channel (ch) and@tfebRESteDINFIEYingyf GFPEATRhESTPEY HTYTESI
tone data is delivergd t0otbs SRUSEhIHDEY kit BiledBwavefornpidedet enni ned

ot hat s i t BERAPLTRLAG PRI SQLEPNE S SR Rl Yord1dyRRhESTARY O

5 device that synthesizes musical tones, based on said
waveform data supplied from said temporary memory
device, a memory-managing device that transfers said
waveform data stored in said temporary memory device in
said predetermined blocks to said first musical tone-

10 - synthesizing device according to progress of
synthesization of musical tones by said first musical
tone—synthesizing device, said memory-managing device
sequentially storing next blocks of said externally
supplied waveform data in said temporary memory device

15 at.areas thereof which have become empty after said
transfer of said waveform data, and a mixing device
that mixes together said musical tones synthesized by
said first musical tone-synthesizing device and
externally supplied musical tones; and

20 a main system including a waveform memory that
stores waveform data required for synthesization of
musical tones, .a second musical tone-synthesizing
device that synthesizes musical tones, based on said
waveform data supplied from said waveform memory, and a

25 performance data-processing device that sequentially
analyzes and processes performance data indicative of
musical tones to be performed, said performance data-
processing device determining which of said first
musical tone-synthesizing device and said second

30 musical tone—synthesizing device is to be assigned to
synthesize a musical tone, depending upon results of
said analyzing of performance data and according to a

predetermined rule, said performance data-processing



off' event, the answer to the question of the step S20 is negative (NO, and
.then the program proceeds to a 5 step S25, wherei ~generating

channel based on the key code (KC) and the assign channel '

rel eased or nmade enpty to thereby cancel the assign “‘m\mﬂﬂ\\“}‘“\r ogram
returns to the main routine, followed by executing m s 10

Next, processing which is executed by the host conput*er ‘upon receipt of a
request for transfer of a next block of data will be described wth

reference to Fig. 6 showing a routine for careying out the processing. Wen

a cache mshit occ i M L fc & 2SR aAche aMRAREYo2M Of
t he sound board de?ZF“ﬁgeﬁﬁﬁﬁﬁf§§¥g’ﬁ%?”%{%?% tﬁérefn %%Ee next bl.ock of

wavef or m data), a merREstaidrsupRhsing tdre tRach&avBrsek dtankPefdtth dat a

s issued fromthessoumd Roatch 20yl saithd 4ihgy [esti ceompehesail@, wher eby
the 20 routi ne of

Fig..6 js executed. _Fi.rst, ; ep.SaQ, it is
det er ni ned whi ch t%‘ﬁ‘é‘-’@%rfé‘?%ﬁ?‘njg %‘?‘fg%_nselﬂ\fr&q%eﬁlozllbné} lﬁiseg}&cgoritsggr?er%gt i :)n l)f a
-nusi cal tene basedassighed nextsyhduds bie waveisiraa ddteme Tiverd RET403T@PCS3l,
wavef orm data (dat ?%9%6;}1-&&99%{1%3&?%%%%éf@”saél@rvﬁ‘eﬁré%fortnh@la%é in

host cache nenory respon e tone-" generati ng channel and

delivered to the sapidaehedaerprined RIotke TRMEDCHMRFEFOThIRNCLY 876t ep
S32, the next bl ockrghsiaveingnHat tead WA srwradtee wa\ea itdalshdsys tand

stored in the hOStwﬁgghgai n?£¥s%6m&éiggl tone-synthesizing device is to

10 be assigned to synthesize a musical tone, wherein said
musical tones synthesized by said second musical tone-
synthesizing device are transmitted to said subsystem
as said externally supplied musical tones.

2. A music system comprising:

15 - a subsystem including a first temporary memory
device that stores externally supplied waveform data in
predetermined blocks, a first musical tone-synthesizing .
device that synthesizes musical tones, based on said
waveform data supplied from said first temporary memory

20 device, a memory-managing device that transfers said
waveform data stored in said first temporary memory
device in said predetermined blocks to said first
musical tone—Synthesizing device according to progress
of synthesization of musical tones by said first

25 musical tone-synthesizing device and then issues a
request for transfer of a next block of waveform data .,
said memory-managing device sequentially storing next
blocks of said externally supplied waveform data, which
are each supplied in response to said request for

30 transfer of said next block of waveform data, in said
first temporary memory device at areas thereof which
have become empty after said transfer of said waveform
data, and a mixing device that mixes together said
musical tones synthesized by said first musical tone-

35 synthesizing device and externally supplied musical



30 - area corresponding to the above tone-generating channel, followed
-by term nating the routine, whereby processing executed just before the

i ssuance of the request for transfer of the next*%ngk.oi~wave+0rﬁTﬂata IS
resunmed. 35 - Next, the operation of fhe sound bo wil |

19 be described with reference to Fig. 7 show ng:al m éﬂrating
musi cal tones, which is executed by the sound boarul =he sound
board 20 is usually constituted by hardware, the: de§crfpt|on will be made 5
with reference to a flowhart shown in Fig. 7z or better understandi ng of
the operation. First, int sound board 20, it is determned at a step S40
whet her or not madé% orth &% has been received fromthe host conputer 10.

| f waveform data has beer medei wastemonntQuding at wevabermcemapererthid the

answer is afflrwatéeeﬁésYli%)vefaﬁ% dhaen wau@&eer 98}p£9ﬁ€ﬁg§1§£’t§or§t&ﬁ3 A1,
wherein the received waveformdata is stored in the sub-cache ry 24 at

an area correspondit} 9 & PresdeesficrBd FSF&‘BOﬁ@ﬁXr%}?ﬁ“ﬂﬁyc %Ylh‘e‘f‘ & HeS MU
23. Then,gat a stequldstantiallyddenaiehor indabasaraecsequenithal syid edidedtr om

t he sub- cache rreg,p%r&/ (%éaray[n er{;luosg c%levtlgge ata arg Y0t hesi zgd. based on the

read wavef or m dat ne generart
synthe8121ng device that synthesizes musical tones,

based on said waveform data supplied from said waveform
memory, and a performance data-processing device that

10 sequentially analyzes and processes performance data
indicative of musical tones to be performed, said
performance data-processing device determining which of
said first musical tone-synthesizing device and said
second musical tone-synthesizing device is to be

15 assigned to synthesize a musical tone, depending upon
results of said analyzing of performance data and
according to a predetermined rule, said performance
data-processing device reading said waveform data from
said waveform memory and supplying the read waveform

20 data to said second musical tone—synthesizing device
when said second musical tone-synthesizing device is to
be assigned to synthesize a musical tone, said
performance data-processing device reading said
waveform data in said predetermined blocks from said

25 waveform hemory and storing the read waveform data in
said second temporary memory device when said first
musical tone-synthesizing device is to be assigned to
synthesize a musical tone, said performance data-
processing device transferring said waveform data

30 stored in said second temporary memory device whenever
said request for transfer of said next block of
waveform data is received and storing waveform data
subsequently read from said waveform memory in said
second temporary memory device, wherein said musical

35 " tones synthesized by said second musical tone-



LSI 22. Waveformdata is delivered fromthe host 20 conputer 16 when
a cache m shit occurs upon accessing the sub-cache memory 24 for waveform
dat a not SfTWYHTﬂﬂﬂﬁﬂﬁﬂ+~—LL~acCeSS is made to the sub- cache _Mennry ,124 for

desired or m' of wavef orm data and the desiLoge "éﬁ
waveformda request f{fr gnEE ae
bl ock of wave ﬁ mﬂ"wm | The ci
conput er 10 responds to thé request by reading tle=mext

data fromthe host cache nenory 16 and tranSf%k/UI ng the sane to the sound
board 20, as 30 descri bed before. The 23 of the sound board 20
stores the recei vedlYRNees bz i@ adevice taree sumnsiid afe hor paid sUbENELERea

corresponding to the @éf‘&ie&ﬁé&rﬁ@ﬂlﬁ QA GordIeNa] aﬁus’sg:aqha;rwéls at the steps S40
and S41. Therefore, the t enerator LSI 22 of. the 3 und hoard

20 has only to synthesize rru c“é‘l‘s‘ccbn%VSte“?(?%aﬁ]é‘l“l?%é&‘ Sr]ra\fvﬁ\/gf 8Fnfdat a
sequentially read When91Messu@ sacdred et ga P 4 dne tdyn tiidd 123 ngwdielrdae bei ng

conscious gf the !Lonehel; ?é%vmﬂgﬁwéﬁ@sfr@é@ééﬂﬁ]e%%tldcwb%&ak%eto the

sound board 20. The data s si zed he tone
generator LSI 22 |§ata when said first musical tone synthe5121ng device

reaches a limit of processing capacity thereof.

4. A music system as claimed in claim 1 or 2,
wherein said first musical tone-synthesizing device and
10 said second musical tone-synthesizing device operate in
parallel to synthesize musical tones, based on said
performance data.
5. A music system as claimed in claim 4,
wherein said first musical tone-synthesizing device and

15 said second musical tone-synthesizing device synthesize
musical tones having respective different
characteristics.

6. A music system as claimed in claim 1 or 2,

wherein said first musical tone-synthesizing device
20 synthesizes musical tones by hardware.

7. A music system as claimed in claim 1,
wherein said temporary memory device is higher in
access speed than said waveform memory.

8. A music system as claimed in claim 2,

25 wherein said first and second temporary memory devices
are higher in access speed than said waveform membry.

9. A tone generator comprising: |

a waveform memory that stores waveform data
required for synthesization of musical tones;

30 a temporary memory device that stores said
waveform data in predetermined blocks, said temporary
memory device being higher in access speed than said
waveform memory;
.a musical tone-synthesizing device that
35 synthesizes musical tones, based on said waveform data
. -
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tenporarily stored in the buffer 25. Follow ng the synthesization of

musi cal tone data at %he~sLep_§ggﬁ_£P§egynthesized nusical tone’ data IS
m xed with nusical tone data synt €s by the host -fO & D
by the mixer 26 if theU"milm been transferr§ '
20. Then, at a step $4 I '}Qﬂ,cal tone data lls_delT :
D) A converter 27, mhlch in" tdrn¥conv s the m xed nusical tone data to an

anal og signal, mhereby a 15 : nmusical tone is generated by the
| oudspeaker of the sound system 28. On the other hand, if no waveformdata

has been received ELB@ZEQQWE%I" SQRULEY gr?rmtnt%b&r)pgr&mj unps fromthe

step $S40 to the ste erei n nusl ca data is synthesized
based on maveforn1data al r BaB9NT ¥rEEANaGing Levire At RSt ers Spgn,

simlar operati onswbaelfbeﬁledaeémét@@@ldamvgam & &ipd 1 L6 AMEmAty tdéﬁ'l%teeli&
S43 and S44. Next, § 0 eragl on, of g f olbgrall cglc S. sterr]g025_

according to the pF8§ nPT ERGGEF HERE MF POR sttt 5t conput er 10
det er m neg; whet her sgnthesithepgedesiaa aopdydimnecgameratesy) athannel in the
sound board 20 if E%tﬁ%&?%ﬁk%n%%ﬁ%@@&f gcg%@s r)ﬁ?d.ichPO \#ﬁ%aq)(tt%rn%al

menory devi ce indicates a key-on event event
there is an enpty EWNASReSizipg ﬂ@yl@@des@fdtm@mQKNT%#WQQRRQ(ﬁﬁ%%QQs assi gned

to the enpty tone-gegaeatiBd1¢hanseingmike K080 RoRrsh 29 wakidbrm data

read. from said temporary memory device at areas thereof

10 which have become empty after said transfer of said
waveform data. _

10. ' In a method of synthesizing musical tones,
which uses a main system including a waveform memory
that stores waveform data required for synthésization

15 of musical tones, and a second musical tone-
synthesizing device that synthesizes musical tones,
_based on said waveform data supplied from said waveform
memory, musical tones synthesized by said second
nusical tone-synthesizing device being delivered as

20 externally sqpplied musical tones,

the improvement wherein:

said method uses a subsystem including a
temporary memofy device that stores externally supplied
waveform data in predetermined blocks, a first musical

25 tone-synthesizing device that synthesizes musical
tones, based on said Waveform data supplied from said
temporary memory device, a memory-managing device that
transfers said waveform data stored in said temporary
memory device. in said predetermined blocks to said

30 first musical tone-synthesizing device according to
progress of synthesization of musical tones by said
first musical tone-synthesizing device, said memory-
managing device sequentially storing next blocks of
said externally supplied waveform data in said

35 temporary memory device at areas thereof which have

is Sheet Has Been Replaced !
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whenever a request for transfer of the next bl ock of waveformdata is
received fromthe bl ock of wavef
correspondi ng to;a nusical ton e generat ¢

table 11, and the 15“‘!3““&”“!%% ormdata isj 204 b in the
host cache nenDry erred to theisg DoakE-a—20==FR|S,
waveform form data are 5 sequentially transferred bl ock by bIock
fromthe host conputer 10 to the sound board 20. The first block of
waveformis directly transferred to the sub-cashe nmenory 24 of the sound
board 20. In the s 0 0 o eﬁgﬁa ng
data of 1 10 Qﬂqgggy?g%tgsgggg% Fgﬁﬁy ??é%ggerrgagg m t Q%osra§¥%
conputer 10 are se@i¥h@i AHPYNGt §E¥ACENthAE BikesabAge BB 2 b, Mbwkeail on

whi ch nusi cal dat a twress ghitasiszeddbyyt Baiorergenanai a1 L&nag2. I n reading
wavef orm dat a fron1th sub-cac

occurs, the sound B5da @efdz§8ﬁd§e¥1F8qé8§tsﬁwg ngﬁgP%?f%fs?%% H%gt bl ock
of wavef orgn dat a t@urheaﬁo§pn@§npandr 10. On the other hand, so long as

there is no enpty tone-geRgny ghggaggﬁéaEgtheh%oggg?Qogfd 20, the host
20 conputer 10 sequentla y rea or m dat rom i he wave table
11, synthesize nusical tof€WEn&ipyleanalyring and processing -

performance data indicative of musical tones to be
performed; and

10 . determining which of said first musical tone-
synthesizing device and said second musical tone-
synthesizing device is to be assigned to synthesize a
musical tone, depending upon results of said analyzing
of performance data and according to a predetermined

15 rule, reading said waveform data from said waveform.
memory and supplying the read waveform data to said
second musical tone-synthesizing device when said
second musical tone-synthesizing device is to be
assigned to synthesize a musical tone, reading said

20 waveform data in said predetermined blocks from said
waveform memory and transmitting the read waveform data
to said subsystem when said first musical tone-
synthesizing device is to be assigned to synthesize a
musical tone. |
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t he nusical tone-generating program and delivers the synthesized nusical
tone data to the sound board 20. In the sound board 20, nusical tone data
25 synt hesi zed by the sound board 20 in the -above descri bed manner
and the nusical tone data synthesized by and delivered fromthe host
conputer 10 are m xed together, and the m xed nusical tone data is
converted to an anal og signal by the D3 converter 27 to be 30

sounded by the so ,Iﬁﬁﬁgrdl to t he
present enbodi mn% [gsgﬁ%ﬁﬁ ﬁgﬁéﬁ%@ﬁ@?ﬁ%w ded \}n@nﬂ he

| ar ge- capacity wave tapte rr suocit tttrat waveform data read fromthe wave

table 11 are transferred to ”}?Bé?ﬁ%AET OF ﬁiﬁﬁaiﬁ%&[}% As a result, the

sound board 20 need not be city menory (mave
table). Further, nusical A engidalsy st h¥Rt Remhiadshasest andvavef orm data

SR WA I M e M 2 YW v
t he host conputer H&Bedknniwaxﬂﬂdnm dasiac suppdned Synmhasicachebyendey hast
conputer 10 and thp A13P nfeifloY e ROUREaNAREN 20 aGBROPAVEt R SamTe

tone col or char act erl Stl CS accor di ng to pr esent
enbodi nent, ofly tHeLSND He Famihen Femeryoas. predetermined blocks to a

tone generator according to progress of musical tone

synthesization by the tone generator, sequentially
stores next blocks of externally supplied waveform data
in the cache memory at areas thereof which have become

10 empty after the data transfer, and mixes together the
musical tones synthesized by the tone generator and
musical tones supplied from the main system. The main
system includes a waveform memory and synthesizes
musical tones, based on waveform data supplied from the

15 waveform memory. The main system sequentially analyzes
and processes performance data, synthesizes a musical
tone when the main system is assigned,to synthesize the
musical tone,.while it reads waveform data in the
predetermined blocks from the waveform memory and

20 transmits the same to the subsystem when the subsystem

is assigned to synthesize a musical tone.

Figure 1



generating function, which can sinplify the nusical tone-synthesizing
program executed by the host conmputer: 10.- Moreover, the host conputer 10
carries out nenory managenent of the wave table 11, which can sinplify the
15 menory managenent of the sound board 20. Besides, cache areas are
provi ded respectively for the tone- generating channels, which decreases
the frequency of occurrence of cache m shifgs and makes it possible to
easily estimate a bl ock of waveform data to be read 20 fromthe
menory next tine. In the above descrgﬁgggg_ di ment, when nusica

t one- synt hesi zi ng nmeans whi ch synt he i cal tones wi t h hi gher
priority, e.g. the sound board 20, has no enpty tone-generating channel,

ot her nusical,.tane-_25_______. syntbesizing nreans, _e.g...the host _conputer 10,
synt hesi zes nu3|cal tones. _However, _this_is not_limtative. Alternhtlvely

of or together with the aBBV ---------------------------- e atranged such!that the
two mnusi cal tione-synt heS|'2| nmmmwﬁﬁwiuei so 30 . that

t he both nearls al ways ﬁg it . Iternatlvely, it
may be arranded such t hat! ‘:rcal t ones haV|ng

respective dnfferent chara t(MEsMORYs c‘ Ml_gytjes:)o on,rs. In this !

alternative arranggnent a - =35 ! squlp n¥6|cal
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23 allotted to a WI tone generator (host conputer) which synthesizes

‘nusi cal tones by software. This is because a WI tone generator in general
is suited for generating nusical tones having such tone colors as can be 5
generated sinply by reading out PCM waveforns. On the other hand, nusical
tones (tone colors) requiring a conplicated nusical tone-synthesizing

al gorithm may be synthesized by the tonalgenerator LSI. Although in the
above descri bed enbodi nent, when 10 a key code of automatic
performance data is assigned to a tone-generating channel in the sound
board 20, the first block of waveformdata is directly transferred to the
sub-cache nenory 24 of the sound board 20 and the next or second bl ock of
waveform data is stored in the 15 host cache nenory 16, this is not
linmitative. Alternatively, for exangfﬁg é} a nusical tone having a single
tone color is to be generated, cancéllatT 8 of the channel assignment at
the step S25 in Fig. 5 is executed, and then the first block of waveform
data is 20 transferred to the sub-cache nenory 24 and stored in an
area thereof corresponding to an enpty channel. According to this
alternative nmethod, synthesization of a nusical tone by the sound board can
be made earlier, which can sinplify-pr octiél\ﬁ'gﬁoMb)deS%are relating to 25
tone-generating timng control.
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VWhat is claimed is: .1. A nmusic systemconprising: a subsystemincluding a
‘tenporary nmenory device that stores externally supplied waveformdata in
predet erm ned bl ocks, a first nusical tone-synthesizing 5 devi ce

t hat synthesi zes nusical tones, based on said waveform data supplied from
said tenporary nenory device, a nenory--nmanagi ng device that transfers said
waveform data stored in said tenporary_nenory device in said predeterm ned
bl ocks to said first nusical tone- 10 3/7 synt hesi zi ng devi ce accordi ng
to progress of synthesization of nusical tones by said first nusical

t one-synt hesi zi ng devi ce, said nenory-nmanagi ng device sequentially storing
next bl ocks of said externally suppli i, veform data in said tenporary
menory devi ce 15 at areas thenzg &ﬁ% h have becone enpty after said
transfer of said waveformdata, and a m xing device that m xes together
sai d nusi cal tones synthesized by said first nusical tone-synthesizing
devi ce and externally supplied nusical tones; and 20 ' a main
system i ncluding a waveform nenory that stores waveform data required for

synt hesi zati on of nusical tones,.a gecond Rﬁ?r rong- sypbhesi zi ng device
t hat synthesizes nusical tones, basdgd on sai ,/y
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wavef orm data supplied fromsaid wavef orm nenory, and a 25 _
performance dat a- processi ng device that sequentially anal yzes and processes
performance data indicative of nusical tones to be perfornmed, said
performance data- processing device determ ning which of said first nusica
t one-synt hesi zi ng devi ce and said second 30 nmusi cal tone-synthesizing
device is to be assigned to synthesize gyyusical t one, dependi ng upon
results of said anal yzi ng of perfornance’ data and according to a
predeterm ned rul e, said perfornmance data-processing 25 devi ce reading
said waveformdata from said wavef orm nenory and supplying the read
waveform data to said second nusicalJggnf;s%gthesizing'device when said
second nusi cal tone-synthesi zing devi . be 5 assigned to

synt hesi ze a nusical tone, said performance data-processi ng device reading
said waveformdata in said predeterm ned bl ocks fromsaid wavef orm nenory

and transmtting the read velnor [Csand subsystem when said first
musi cal tone-synthesizing devpPER 9RM>& CE be assigned to synthesize a
musi cal tone, wherein said pngceggmnt si zed by said second nusi cal
tone- synthesi zi ng device ar 1 sai d subsystem as said

externally supplied nugrcat—tones—*
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2. A nusic system conprising: 15 . : a subsystemincluding a first
tenporary nenory .device that stores externally supplied waveformdata in
predet erm ned bl ocks, a first nusical tone-synthesizing device that

synt hesi zes nusi cal tones,  based on said waveform data supplied fromsaid
first tenporary nmenory 20 devi ce, a nenory-nmanagi ng devi ce that
transfers said waveform data stored insgaid first tenporary nmenory device
in said predeterm ned blocks to said first nusical tone-synthesizing device
according to progress of synthesization of nusical tones by said first 25
musi cal tone-synthesizing device and then issues a request for transfer of

a next block of waveform data said agi ng device sequentially
storing next blocks of said externall Emed wavef orm data, which are

each supplied in response to said request for 30 transfer of said
next bl ock of waveformdata, in said first tenporary menory device at areas
th f which h b t f d f dat
and 5 i Xing devt ce thatm wes { dSLINNEEASEIE Y1 °fonas synt nest red by
said first nusical tone- 35  PBROCESSINGdIeyfce and external ly
suppl i ed nusi cal tones; and a TE udi ng a waveform nenory
t hat
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stores waveform data required for synthesization of nusical tones, a second
tenporary nenory device that is 5 substantially identical in
construction with said first tenmporary nenory device, a second nusica

tone- synthesi zing device that synthesizes nusical tones, based on said
wavef orm data supplied fromsaid waveform nenory, and a performance

dat a- processi ng device that 10 S ntially anal yzes and processes
performance data indicative of nusical t'ones to be performed, said

per f or mance dat a- processi ng device determ ning which of said first nusica

t one-synt hesi zi ng devi ce and said second nusi cal tone-synthesizing device
is to be 15 assi gned to synt hesj i cal tone, depending upon
results of said anal yzi ng of perfornat%l‘gaagsand according to a
predeterm ned rul e, said perfornmance data-processi ng device reading said
waveform data from said waveform nenory and suppl ying the read waveform 20
data to said second nusical ton -syﬂmé &;g e when said second

musi cal tone-synthesizing devic ned }t o synthesi ze a nusica
tone, said performance data-pro&essi REGWEST readyng said waveformdata in
sai d predeterm ned bl ocks from sat orm nmenory and storing
the read waveformdata in said second tenpprary nenory devi ce when said
first musical tone-synthesizi ng—devi-ce—-f-to -be-assi g$§ 3o synt hesi ze a
musi cal tone, said perfornmance data-pDETEECRI deqL%— ransferring said
wavef orm dat a '
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30 stored in said second tenporary nenory devi ce whenever said
vequest for transfer of said next block of waveformdata is received and
storing wavef orm data subsequently read from said waveform nmenory in said

second tenporary nenory device, wherein said nusical 35 t ones

synt hesi zed by said second nusical tone- "27 synthesizing device are
transmtted to said subsystem as said ;f%ernally supplied nusical tones. 3.
A nmusic systemas clainmed in claiml or’ 2, wherein said second nusical

t one-synt hesi zi ng device 5 synt hesi zes nusi cal tones, based on said
performance data, when said first nusical tone-synthesizing device reaches
alimt of processing capacity there(]é'1 . musi ¢ systemas clained in
claiml1l or 2, wherein said first mnusi -synt hesi zi ng device and 10

sai d second nusi cal tone-synthesizing device operate in parallel to
synt hesi ze nusi cal tones, based on said performance data. 5. A nusic system

as clainmed in claim4, wherein said first si cal tone-an esi zi ng device
and 15 sai d second nusical tone-synt éBhHiﬁ%EBH5H@b| hesi ze nusi ca

tones having respective different charactri PROCESSING
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6. A music systemas claimed in claim1l or 2, wherein REPLACEMENT-SHEET|

t one- synt hesi zi ng device 20 ——-=synthesi zes nusi cal 7.
A nusic systemas clained in claim wherein said te dpvi ce
i s higher in access sgmm‘t“ ﬂmm!!{vef orm nmenory:’§. nas
claiped in claim2, 255Kk id first and sego ) npry
devites are higher in access speed than said wavefornnenory. 2879, | I'n
a nmet hod of. synthesi zing nusical tones; which #es a nmarn systemncludl ng

a waveform menory tdiaitidOrAng e idanaa aroaguwiteddf eb sghtheabsgkeen of
musi cal . tones, and a sec nd'nusggﬂ] t one-, .5 .sggt@esizing devi ce that
synt hesi zes nusi cal®% oites BEEEY Ysaﬁ“&’Rde\‘Fé‘r BPRtGEra QUSBI'i ed fromsaid
wavef orm nenory, nusical tloned systiltesiyasderbpssaildimedond mlsimall or 2,
tone- synt hesi zing qiyd:Gs Pl deldorer il A% tBhuaLLKcAURRLIAE BUgLEE
tones, 10 t he i nprovement. wherein: said hethod useS a subsystem
i ncl udi ng adt enpor ¥ hafiraesd dWsdeadhdongser b3sed: erngpig Bgphrreance

wavef orm data in pragdel enmrdie il dissta rigithlmesheakyhehessyihbedeshoa
‘device that Synthe%éégghég“%(fﬁmit of processing capacity thereof.
4. A music system as claiméd_in claim 1 or 2,
wherein'said first musical tone-synthesizing device and
10 said second musiéal tone-synthesizing device operate in
parallel to synthesize musical tones, based on said
performance data.
5. A music'system as claimed in claim 4,
wherein said first musical tone—synthesizing device and
15 said second musical tone-synthesizing device synthesize
musical tones having respective different
characteristics.
6. A music system as claimed in claim 1 or 2,
wherein said first musical tone-synthesizing device
20 synthesizes musical tones by hardware.
7. A nusic system as claimed in claim 1,
wherein said temporary memory'device is higher in
access speed than said waveform Menory .
8. A music system as claimed in claim 2,
25 wherein said first énd second temporary memory devices
are higher in access speed than said waveform membry.



15 tones, based on said waveformdata supplied fromsaid tenporary
menory devi ce, _a_nenory-nanaging device that tran ; ' dat a

stored in said tenporary nenory device in said prgd 5] to said
first nusical tonmﬂtmﬂﬁﬂuﬂmgmevi ce according fof 20 progrfesfs of
synt hési zati on, of ik Wesy sgjd first nus)chl 1 4MPR1998Nesi |zi ng
devi ce, said nenory- nmanagdi ng device sBequent il ally] storing next bljogks of
said externally supplied waveformdata in said tepporary nenory devi ce at
areas thereof which have 25 becone enpty aftlker_said transfer df said
wavef orm data, and a m xi ng _device that m xes together said sical tones
synt hesi zed by said fir& midi @aletBRE- oSyRYRERE ’rﬁbn?ie‘i}‘i‘%’ec%otosrﬁsd
external | y suppkibeg¢hnusiesala taries syaiém3dncluding a wavefddn meiniog,
conprises the stepg %fﬁor%ﬁ%q%%'f%kkygéﬂé' ¥§g{}9r§8df:8£0§9§§1& PRy mance
data indicative of nusical tones to be performned, and 29 determ ning
whi ch of said fiafst"hisiaddaltagse- aggnehesFenAgndeyFeé hABCsai d second

musi cal ®one- swihhasdgidihdledGed $hHae Bgnatsksgned hassyal hesnae, a nusi cal
tone, dependi ng,unon rcg§ults of _said a

said wavelorm %%%%Zgﬂ%plied from said waveform
memory, musical tones synthesized by said second
musical tone-synthesizing device being delivered as

externally supplied musical tones,

10 the improvement wherein:

said method uses a subsystem including a
temporary memory device that stores externally supplied
waveform data in predetermined blocks, a first musical
tone-synthesizing device that synthesizes musical

15 tones, based on said waveform data shpplied from said
temporary memory device, a memory-managing device that
transfers said waveform data stored in said temporary
memory device in said predetermined blocks to said
first musical tone-synthesizing device according to
20 progress of synthesization of musical Ltones by said
first musical tone-synthesizing device, said memory-
managing device sequentially storing next blocks of
said externally supplied waveform data in said
temporary memory device at areas thereof which have
25 become empty after said transfer of said waveform data,
and a mixing device that mixes together said musical
tones synthesized by said first musical tone-

synthesizing device and said externally supplied
musical tones: and

30 said method comprises the steps of:

seduentially analyzing and processing

performance data indicative of musical tones to be
performed; and



5 of performance data and according to a predeterm ned ruIe r eadi ng
sai d waveform data fron1sa#d~uaMeLng1nennry and suppl yi iy )
wavef or m dat a to_s ﬂif musi cal tone-synthesizing dg

second, musi cal tOn V|ce is to be 10
synthe5|ze a nusi cak toﬁ sald wavef orm dat a
bl o¢ks from said waveform rrem)ry and trzdgnsmtting the rqg
sai d subsystem when said first musical tone- synthesizi|
assigned to synthesize a 15 nmusi cal tone.

determining which of said first musical tone-

synthesizing device and said second musical tone-
synthesizing device is to be assigned to synthesize a
musical tone, depending upon results of said analyzing

5 of performance data and according to a predetermined
rule, reading said waveform data from said waveform
memory and supplying the read waveform data to said
second musical tone-synthesizing device when said
second musical tone-synthesizing device is to be

10 assigned to synthesize a musical tone, reading said
waveform data in said predetermined blocks from said
waveform memory and transmitting the read waveform data
te said subsystem when said first musical tone-

synthesizing device is to be assigned to synthesize a
15 musical tone.



