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METHOD AND APPARATUS FOR PROCESSING MUSIC DATA, METHOD
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STORAGE MEDIA FOR PRACTICING SAME

BACKGROUND OF THE INVENTION

Field of the Invention
The present invention relates to a method and

apparatus for generating musical tones, by controlling
the tone color in response to occurrence of performance
information indicative of a change of the tone color,
and also relates to a method and apparatus for
processing music data, a method and apparatus for
reproducing processed music data, and storage media
storing programs that carry out these methods.

Prior Art _ .

‘A musical tone-generating apparatus is known
wherein musical tones are generated based on
performance information, such as MIDI (Musical
Instrument Digital Interface) data (message).

In the known musical tone—generating apparatus,
tone color data to be set in a tone generator circuit
are prepared on a memory, and tone color data
corresponding to generated performance information are
selected from the tone color data prepared on the
memory, and set in the tone generator circuit, so as to
cooperate with other data, such as a note number, to
produce a musical tone waveform.

With improvements in the computing (operating)
capability of CPU in recent years, a so-called software
tone generator has been developed wherein a program



A nusi cal tone-generating apparatus is known wherein nusical tones are
gener at ed sbased on performance i nformation, such as M DI (Misica

Instrunent Digital Interface) data (nessage). In the known nusica

t one-generating apparatus, tone color data to be set in a tone generator
circuit are prepared on a nenory, and tone color data corresponding to
generated performance information are selected fromthe tone color data
prepared on the nmenory, and set in the tone generator circuit, so as to
cooperate with other data, such as a note @unber, to produce a nusical tone
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In the known musical tone-generating apparatus,
however, tone color data (parameters and waveform
tables, for example) corresponding to all kinds of tone
colors (tone color numbers) that can be produced need
to be prepared on the memory in advance, so as to
generate musical tones in real time in accordance with
arbitrarily occurring performance information. Since
the amount of the tone color data is normally
considerably large, the capacity of the memory required
for generation of musical tones tends to be increased.

In the software tone generator, in particular,
the above tone color data need to be prepared
(developed) in advance on a memory that may be accessed
by the CPU (since this memory is normally a "RAM", the
following explanation is limited to the case where a
"RAM" is used as the memory).

In the case of a software tone generator using a
waveform memory tone generator mode (PCM tone generator
mode) in which musical tones generated by an actual
musical instrument are modulated by PCM (pulse code
modulation) and stored, and musical tones are generated
by reading out the stored waveforms, for example, all
of tone color data corresponding to 128 tone colors as
a basic specification of GM (General MIDI) system need
to be developed on the RAM, requiring a large capacity
of RAM to be used since the total amount of the tone
color data is about 2 megabytes (MB). _

Where a general-purpose computer is used as the
apparatus for executing the software tone generator



however, tone color data (paranmeters and waveformtabl es, for exanple)
correspondi ng to all kinds of tone colors (tone color nunbers) that can be
produted need to be prepared on the nenory in advance, so as to generate
musi cal tones in real time in accordance with arbitrarily occurring
performance information. Since the anmpbunt of the tone color data is
normal |y considerably large, the capacity of the nmenory required for
generation of nusical tones tends to be increased. In the software
tone generator, in particular, the above toge color data need to be
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SUMMARY OF THE INVENTION

It is therefore an object of the invention to
provide a method and apparatus for generating musical
tones, method and apparatus for processing music data,
method and apparatus for reproducing processed music
data, and storage media for practiéing these methods,
wherein the capacity of the RAM used by the software
tone generator is reduced, thus assuring a sufficient
capacity of RAM that can be used by other application
program(s) that are concurrently executed, whereby the
operations of such other application program(s) can be
surely performed with high efficiency. '

To attain the above object, the present
invention provides a method of generating musical
tones, comprising the steps of storing tone color data
in tone color data storage means, searching the tone
color data storage means upon occurrence of performance
information indicative of a change of tone color, to
determine whether tone color data selected by the
change of tone color are stored in the tone color data



3 program application programs) other than the software tone generator
program ney be often executed while running the software tone generator
program owing to a nulti-task function of a currently avail abl e general -
purpose conputer, and therefore the RAMis used for both the software tone
generator program and ot her application progran(s). Accordingly, if the
above- descri bed tone color data are devel oped on the RAM the capacity of
the RAM t hat can be used by other application progran(s) is reduced, with
reduction in its operating speed, or the opgerations of such other
application prograns) becone unf asible.iin the wo
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performed with hilgdngd fof it/ .color are not stored in the tone color
data storage means, the tone color data are read out
from a storage medium storing the selected tone color
data, and transferred to and stored in the tone color
data storage means, while generating a musical tone
based on other tone color data similar to the selected
tone color data.

Preferably, the method of generating musical
tones further comprises the step of deleting tone color
data that become unnecessary, out of the tone color
data stored in the tone color data storage means, under
a predetermined condition.

Specifically, the predetermined condition is
that if any tone color has not been used until the step
of deleting is executed, tone color data representlng
the tone color are deleted.

Alternatively, the predetermined condition is
that if an amount of tone color data stored in the tone
color data storage means is not smaller than a
predetermined amount, tone color data that have been
stored for the longest time are deleted.

To attain the above object, the present
invention also provides an apparatus for generating
musical tones, comprising a tone color storage device
that stores tone color data, a search device that
searches the tone color data storage device upon
occurrence of performance information indicative of a
change of tone color, to determine whether tone color
data selected by the change of tone color are stored in



To-attai'n the above object, the present invention provides a method of
generatlng musi cal tones, conprising the steps of storing tone color data
in tone color data storage neans, searching the tone color data storage
means upon occurrence of perfornance i nformati on indicative of a change of
tone color, to determ ne whether tone color data sel ected by the change of
tone color are stored in the tone color data st orage neans,
and controlling nusical tone generation such that when a result of the
searching indicates that the tone color datg selected by the change of tone
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Preferably, the gghgogsoge ggggg& ggsggséga£he tone color data, and,
when the tone color data selected by the change of tone
color are not stored in the tone color data storage
device, the tone color data are read out from a storage
medium storing the selected tone color data, and
transferred to and stored in the tone color data
storage device, while generating a musical tone based
on other tone color data similar to the selected tone
color data.

To attain the above object, the present
invention also provides a method of processing music
data, comprising the steps of storing music data in
storage means, picking up a tone color selection event
included in the music data stored in the storage means,
and inserting a load command event for generating a
command to load tone color data selected by the tone
color selection event, at a position in the stored
music data which is located a pPredetermined time period
before a position at which the tone color selection
event is picked up. ’

Preferably, the method of processing music data
further comprises the step of inserting an unload
command event for generating a command to unload the
tone color data selected just before occurrence of the
tone color selection event when detecting that the tone
color data selected just before occurrence of the tone
color selection event will not be selected after the
tone color selection event.

To attain the above object, the present
invention provides an apparatus for processing music



tqQqnes further conprises the step of deleting tone color data that becone
unnecessarsy, out of the tone color data stored in the tone color data
storage neans, under a predeterm ned condition. - Specifically, the
predeterm ned condition is that if any tone col or has not been used until
the step of deleting is executed, tone color data representing the tone

col or are del et ed. Alternatively, the predeterm ned condition is
that if an anount of tone color data stored in the tone color data storage
means is not smaller than a predeterm ned gmwunt, tone color data that have
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_ event for generating a command to load tone color data
selected by the tone color selection event, at a
position in the stored music data which is located a
predetermined time period before a position at which
the tone color selection event is piéked up.

To attain the above object, the present
invention further provides a method of reproducing
music data, comprising the steps of supplying music
data includihg event data and timing data indicative of
the timing of occurrence of the event data, picking up
a tone color selection event included in the music
data, prior to reproduction of the supplied music data,
reproducing the music data by successively reading out
respective data of the supplied music data, so that an
event designated by a corresponding one of the event
data occurs in the timing designated by the timing
data, generating a load command event to generate a
command to load the tone color data, prior to
occurrence of the tone color selection event, during
reproduction of the supplied music data, transferring
the tone color data from second storage means in which
tone color data selected by the tone color selection
event are stored to first storage means to store the
selected tone color data therein, in response to the
command to load the tone color data, and generating a
musical tone in response to occurrence of the event,
using the tone color data stored in the first storage
means.

Preferably, the method of reproducing music data
further comprises the steps of generating an unload



device that controls nusical tone generation such that when a result of the
searching+ ndi cates that the tone col or data selected by the change of tone
coloriare stored in the tone col or data storage device, a nusical tone is
generated based on the tone color data, and, when the tone col or data

sel ected by the change of tone color are not stored in the tone color data
storage device, the tone color data are read out froma storage nedi um
storing the selected tone color data, and transferred to and stored in the
tone color data storage device, while gener@ting a nusical tone based on
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5 included in the music data, prior to reproduction of
the supplied music data, a reproduction device that
reproduces the music data by successively reading out
respective data of the supplied music data, so that an
event designéted by a corresponding one of the event
data occurs in the timing designated by the timing
data, a load command event generation device that
generates a load command event to generate a command to
load the tone color data, prior to occurrence of the
tone color selection event, during reprqduction of the
supplied music data, a transfer device that transfers
the tone color data from a second storage device in
which tone color data selected by said tone color
selection event are stored to a first storage device to
store the selected tone celor data therein, in response
to the command to load the tone color data, and a
musical tone generation device that generates a musicel
tone in response to occurrence of the event, using the
tone color data stored in the first storage device.
To attain the above object, the present
invention further provides a storage medium that stores
a program which can be carried out by a computer,
comprising a storage module that stores tone color data
in tone color data storage means, a search module that



6 data, conprising a nusical data storage device that stores storing nusic
data, a pickup device that picks up a tone color selection event included
in the nusic data stored in the storage device, and a | oad command event

i nsertion device that inserts a | oad command event for generating a conmand
to | oad tone color data selected by the tone color selection event, at a
position in the stored nusic data which is |ocated a predetermned tine
period before a position at which the tone col or selection event is picked
up. To attain the above object, thegpresent invention further

provides a nethod of .reprqdugi ng nusi ¢ data, riS] h eps of
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result of searching indicates that the tone color data
selected by the change of tone color are stored in the
tone color data storage means, a musical tone is
generated based on the tone color data, and, when the
tone color data selected by the change of tone color
are not stored in the tone color data storage means,

. the tone color data are read out from a storage medium
storing the selected tone color data, and transferred
to and stored in the tone color data storage means,
while generating a musical tone based on other tone
color data similar to the selected tone color data.

Preferably, the storage medium further comprises
a module that deletes tone color data that become
unnecessary, out of the tone color data stored in the
tone color data storage means, under a predetermined
condition.

To attain the above object, the present
invention further provides a storage medium that stores
a program that can be carried out by a computer,
comprising a storage module that stores music data in
storage means, a pickup module that picks up a tone
color selection event included in the music data stored
in the storage means, and a load command event
insertion module that inserts a load command event for
generating a command to load tone color data selected

by the tone color selection event, at a position in the
stored music data which is located a giﬁen time period
before a position at which the tone color. selection |
event is picked up.



occurrence of the tone color selection event, during reproduction of the
supplied rusic data, transferring the tone color data from second storage
nmeans in which tone color data selected by the tone color selection event
are stored to first storage means to store the selected tone color data
therein, in response to the command to load the tone color data, and
,generating a nusical tone in response to occurrence of the event, using the

‘tone color data stored in the first storage neans. : Preferably, the
met hod of reproducing nusic data further cohprises the steps of generating
an unl oad Preferably, the storage mediunorfuwrthesveotpirdses
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selection event will not be selected after the tone
color selection event. _

To attain the above object, the present
invention provides a storage medium that stores a
program that can be carried out by a computer,
comprising a supply module that supplies music data
including event data and timing data indicative of the
timing of occurrence of the event data, a pickup module
that picks up a tone color selection event included in
the music data, prior to rebroduction of the supplied
music data, a reproduction module that reproduces the
music data by successively reading out respective data
of the supplied music data, so that an event designated
by a corresponding one of the event data. occurs in the
timing designated by the timing data, a load conmmand
event generation module that generates a load command
event to generate a command to load the tone color '
data, prior to occurrence of the tone color selection
event, during reproduction of the supplied music data,
a transfer module that transfers the tone color data
from second storage means in which tone color data
selected by the tone color selection event are stored
to first storage means to store the selected tone color
data therein, in response to the command to load the
tone color data, and a musiéal tone generation module
that generates a musical tone in response to occurrence
of the event, using the tone color data stored in the
first storage.

Preferably, the storage medium further comprises



device that picks up a tone color selection event included in the nusic
data, prier to reproduction of the supplied nmusic data, a reproduction

devi ce that reproduces the nusic data by successively reading out
_respective data of the supplied nusic data, so that an event designated by
‘a corresponding one of the event data occurs in the tinng designated by
the timng data, a | oad conmand event generation device that generates a
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The above and other objects, features, and
advantages of the invention will become more apparent
from the following detailed description taken in
conjunction with the accompanying drawings. '

BRIEF DESCRIPTION OF THE DRAWINGS

‘Fig. 1 is a block diagram schematically showing
the construction of a general-purpose computer to which
a method of generating musical tones according to one
embodiment of the present invention is applied;

Fig. 2 is a view showihg one ekample of tone
generator data stored in a tone generator data storage
region; _ |

Fig. 3 is a view useful in explaining the
summary of a musical tone-generating process performed
by the computér of Fig. 1;

Fig. 4 is a view showing a data format of music
data; |

Fig. 5 is a flowchart showing a main program
executed by a CPU appearing in'Fig. 1;

Fig. 6 is a flowchart showing a procedure of
handling a mode switch event.

Fig. 7 is a flowchart showing in detail a mode
switch process pefformed when an FM tone generator mode
is designated as a tone generator mode;

Fig. 8 is a flowchart showing in detail a mode
switch process performed when a tone generator mode



searches the tone col or data storage nmeans upon occurrence of performance

i nformati on indicative of a change of tone color, to determ ne whether tone
col or ‘data sel ected by the change of tone color are stored in the tone
col or data storage neans, and a control nodule that controls nusical tone
generation such that when a result of searching indicates that the tone

col or data selected by the change of tone color are stored in the tone

col or data storage neans, a nusical tone is generated based on the tone
color data, and, when the tone col or data sqhhected by the change of tone
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a.
further conpri sesSUBroReine fomdesdiopatdng, sub égPSPtﬁaFan?h%?nf%ﬁﬁﬁﬁP
unnecessary, out ph #i@. t®ne color data stored in the tone color dat a

storage neans, under a predeterni ned _.condition To taip the |

above object, the presenl%lg1 n]tffer?ﬁ éh ffjﬁl‘“’fcg\?rr pFB\‘?Y’&Eg E Efﬁ?ﬁﬁﬁ <ﬁgdi um t hat

stores a Srf)graﬂeéﬂlalet:hng bisoasirrg e.xf mmtdebylaaacorrput er, conprisi ngdaI

storage nodul e that stor &4l n upe modul e
o2 S Hichorp 3BTRS pRoBLLge

t hat picks up a tone ion even nusi C dat a
stored in the st@%@%sloﬁidl%qfoé:@r@omw gasat insertion nodule

that inserts a |oad compyyl epents fé”flo@&:‘i‘ﬁ%t gﬂawéngommﬁseoekmﬂléone
color data selected by the tone color selection event, at a position in
t he of unloading process;

Fig. 13 is a flowchart showing a second example
of unloading process;

Fig. 14 is a flowchart showing a third example
of unloading process;

Fig. 15 is a flowchart showing a routine
executed upon occurrence of a program change/bank
switch event; '

Fig. 16 is a flowchart showing a procedure of
handling a note-on event;

Fig. 17 is a flowchart showing in detail a
waveform producing process in Fig. 5;

Fig. 18 is a flowchart showing a DMAC process
performed by a DMAC appearing in Fig. 1;

= Fig. 19 is a flowchart showing a main program
executed by CPU of a genéral-purpose computer to which
music data processing method and processed music data
reproducing method according to one embodiment of the
present invention -are applied;

Fig. 20 is a flowchart show1ng a process of
downloading music data;

Fig. 21 is a flowchart showing a process of
converting music data;

Fig. 22 is a flowchart showing a process of
generating a command to initiate reproduction of music



stored nusic data which is located a given time period before a position
at which the tone color selection event is picked up.

9 . Preferably, the storage nedium further conprises a nodul e that
inserts an unload conmand event for generating a conmmand to unl oad the tone
"col or data selected just before occurrence of the tone color selection
event when detecting that the tone col or data selected just before
~occurrence of the tone color selection event will not be selected after the
tone col or selection event. To attajgn the above object, the present

i nvention provides a storage nmediumthat stores a programthat can be
carried out by ﬁaEﬁnputer, conprising a supply nodul e that supplies nusic
dat a i ncl udi ][lg event dEig.aﬁBi i$ na nfldetkerthdilheating aragess @hg of
occurrence of the ent da a_pi podul e that picks up a tone

sel ection eventﬁFﬂgxﬁﬂgdai%ggﬁeoﬁu§¥%£%hta, pri or tg re roguctio o?olﬁ;
suppl i ed nusic data,_aFigpraéuéSi@nfh@WE#Qﬁﬁrﬁh°W¥ﬂﬁ(ﬁj §%% Husic data
PﬁafugﬁeZSExflégéﬁagg?gdggioggsggﬁﬁgﬂ& &b Ofaddie supplied nusic data, so
tho gnat ede™Y 28 §3"LeERonAhRg: Wiowing S SYSH s/ Occurs I

handling an unload command event.

DETAILED DESCRIPTION

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

Fig. 1 schematically shows the construction of a
general-purpose computer to which a musical tone-
generating methbd according to one embodiment of the
invention is applied.

In Fig. 1, the computer of the present
embodiment includes a keyboard (including a mouse as a
pointing device) 1 for entering various kinds of
information, a CPU 2 that governs control of the whole
system, a ROM 3 that stores control programs to be
executed by the CPU 2, table data and others, and a RAM
4 that temporarily stores contrdl programs to be
executed by the CPU 2, various application programs,
music data (MIDI data files), various tone color data
used upon reproduction of the music data, various kinds
of input information, operation results and others.

The computer also includes a timer 5 for counting an
interrupt time for a timer interrupt routine and
various other time periods, a display 6 that displays
various kinds of information and includes a large-sized
LCD or CRT, LED and others, a hard disc device 7 that
includes a hard disc or discs storing the above- '

mentioned control programs, various application



timng designated by the timng data, a | oad command event generation
nodul e that generates a | oad command event to generate a command to | oad
the tone color data, prior to occurrence of the tone color selection event,
during reproduction of the supplied nusic data, a transfer nodul e that
transfers the tone color data from second storage neans in which tone col or
data sel ected by the tone color selection event are stored to first storage
‘means to store the selected tone color data therein, in response to the
command to | oad the tone col or data, and a Tsical tone generation nodul e

that generates a %ﬁ t n PO RES W 1 evil usin
the tone col or dgfa rgédBﬂglé d£€§ g?%?%ge € . rgﬁga blghhthe °
storage nedi um f exehse benpepded into the RAM 4, and various ‘otha? 10

an unl oad comand,geneLaki anardul getiicé @enintdsi vis Wi eadternmiand event
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éresponse to the COWW%E 11%29adThgecggggtgglfhréﬁgfi1nc1udes a network

E I/0 9 which transmits and receives data to and from a
server computer 102, for exampie, through a '
communication network 101, a sound I/0 10 consisting of
an LSI called "codec®", a sampling frequency generator
11 that generates a sampling frequency Fs and supplies
the frequency to the sound I/0 10, a DMAC (Direct
Memory Access Controller) 12, described hereinbelow,
and a sound system 13, such as a speaker, for
converting analog musical tone signals received from
the sound I/O 10 into sound. To output musical tone

- waveform data produced in the sound I/0 10, the DMAC 12

directly reads out the musical tone waveform sample by
sample from a musical tone waveform buffer DMAB
provided at a predetermined position of the RAM 4, and
outputs the musical tone waveform to the sound I/0 10.

The component elements 1 - 12 described above
are connected to each other through a bus 14, and the
communication network 101 is connected to the network
I/0 9, while an external input 103, the sampling
frequency generator 11, the DMAC 12 and the sound
system 13 are connected to the sound I/0 10.

The hard disc device 7 stores control programs
to be executed by the CPU 2, as described above. Where
some kinds of control programs are not stored in the
ROM 3, the RAM 4 reads the control programs stored in
the hard disc device 7, so that the CPU 2 can perform
substantially the same operations as in the case where
the control programs are stored in the ROM 3. This
arrangement facilitates addition of control programs



The above and ot her objects, features, and advantages of the invention wll
becone ?D:e appﬁreﬂt fronlthe follomﬁng detail ed description taken in
conjunction with the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON
OF THE DRAW NGS Fig. 1 is a block diagramschematically show ng
the construction of a general-purpose conputer to which a nethod of
generating nusical tones according to one enbodi nent of the present

invention is applied; Fig. 2 is a view showi ng one exanpl e of tone
generator data stored in a tone generator data storage region; Fi g.

3 is a view useful
process perfornﬁl}l‘do;}ln e?%g%{gg' @fv%%m&lyoﬁf tﬁe”ﬂ:?b&f‘&méone gener ati ng

. is a view
showing a data format s rqurlhmi above, the F?§W°5k| § Q ?I dfichart showi ng

a main program ex I, n F
fl omchart show ncg Ign%%‘g%ie}ureh%oléoifgt{r?gﬁdﬁggghng&qor* 101, euchPad. LANIS &

Fig. 7 is a flowlesal snsd metiverddtai InterRsde angl,\t€ ﬁpBPBSegénﬁer?‘B?rred

when an FM tone genssalgiedms, dife dashanmictipates 108etheoaght chemnde,

Fi 8is aflo art show n
V\,hgn a tone gen@%n:l‘ﬁﬁrelog rllgtvgoer a|]!02 eeresvsmo;ncehkgna%e%% per formed

programs or parameters are not stored in the hard disc

device 7, the network I/O 9 may be used for downloading
desired programs and parameters from the server
computer 102. A client computer (general-purpose
computer in the present embodiment) transmits commands
to the server computer 102 through the network I/O 9
and communication network 101, to request downloading
of the desired programs and parameters. The server
computer 102 receives the commands and delivers the
requested programs and parameters to the client
computer through the communication network 101, and the
computer'receives these programs and parameters through
the network I/O 9, and stores them in the hard disc
device 7. In this manner, the downloading is completed.
In addition, the computer of the present embodiment may
be provided with an interface for directly transmitting
and receiving data to and from an external computer or
the like.

The sound I/0 10, Wthh is formed by the LSI
called "codec", as described above, mainly performs the
following operatlons. '

1) The sound I/O0 10, which is provided with an
A/D converter and a D/A converter, converts analog
musical tone signals received from the external input
103 into digital signals by means of the A/D converter,
and compresses the data according to ADPCM {Adaptive
Differential Pulse Code Modulation) system. The sound
I/0 10 also expands or decompresses the compressed data
and generates the resulting data to the D/A converter.



11._other than the FM tone generator node is designated as the tone

gener at or - node; Fig. 9 1is a flowhart showing in detail a subroutine
for designating substitute tone generation in Fig. 8; Fig. 10 is a
fl omchart showi ng a process of conpleting |oading of node dat a; Fi g.
11 is a flowhart show ng a process of conpleting | oading of tone col or

dat a; Fig. 12 is a flowhart show ng a first exanple of unloading
process; Fig. 13 is a flowhart showi ng a second exanpl e of

unl oadi ng process; Fig. 14 is a flowthart showing a third exanpl e of

unl oadi ng process; 2) T sl:ﬁnasﬁof i@%@{éns{m&fﬂo&ﬁé&tﬂw& FFecut ed
upon occurrence of a program change/ bank swi tch event; b égA#16 S a
ring

fl owchart shomnndFalﬁﬁbééU@Fés§fOH&hdmﬁﬁﬁrheﬂof%Pﬁn?QR%ﬂ&
is a flowhart shopyid-dda d@kifors aa¥af Qhﬂbptl@duﬁmﬁlﬂt [F TR SfenoY v gmcﬁ

R g 1 Caangmils MevBTORBIERLR: (SAORFRE) &8 R D i SR od by
CPU of a gener al -mF@aGinca8Nid ehet D/Ahcohvenser, dMar@smmltrcg met hod and
processed nusic datallng clock signals of the frequency Fs received
from the sampling frequency generator 1l.

3) Where data are stored in the input FIEO
memory, or where an empty space is presént in the
output FIFO memory, a signal (hardware interrupt
signal) for requesting data processing (process of Fig.
18, described later) is generated and delivered to the
DMAC 12. '

The DMAC 12 transmits waveform data (samples)
stored in the musical tone waveform buffer DMAB to the
sound I/0 10 sample by sample, in response to the
hardware interrupt signal from the sound I/O 10,
namely, a sample request interrupt signal generated by
the sound I/O 10 at time intervals corresponding to the
repetition period (1/Fs) of the above sampling clock.'
Upon receipt of the waveform data, the sound I/0 counts
the number of samples transferred from the DMAC 12, and
generates a hardware interrupt signal indicating
completion of reproduction of one frame of waveform
data, each time samples corresponding in-number to 1/2
(one frame of waveform data, described later) of the
overall buffer size of the musical tone waveform buffer
DMAB are received. Namely, the musical tone waveform
buffer DMAB is adapted to store two frames of waveform
data, and as many musical tone waveform samples as that
corresponding to 1/2 of the buffer size of the waveform
buffer DMAB are produced at a time, in a waveform
producing process of Fig. 17, described later.

Fig. 2 shows one example of tone generator data
stored in a tone genergtor data storage region. The



reproducing method according to one enbodi ment of the present invention are

| oadi ng

| i ed; Fi 20 is a flowhart showi ng a process of down

ﬁﬁglc data; gFlg 21 is a flowhart showi ng a process of converting
nmusi c dat a; Fig. 22 is a flowhart shomnng a process of generating a
command to initiate reproduction of nusic _

12 dat a; Fig. 23 is a flowhart showing a process of handling a

not e-on event; Fig. 24 is a flowhart showing a process of handling
a |l oad coomand event; and Fig. 25 igga flowchart showing a process
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of the RAM 4, and the capacity of this region is .
variable depending upon the amount of the stored tone
generator data to be stored therein.

As shown in Fig. 2, the tone generator data
include data (FM data, PCM data, physical model data)
produced in respective types of tone generator modes,
management information, and other data. The data
prodﬁced in each type of tone generator mode consist of
mode data and tone color data. In Fig. 2 showing the
format of PCM data as a typical example of the data
produced in each type of tone generator mode, PCM mode
data correspénd to the above-indicated mode data, and
parameter data (PCM PARAM.) and waveform table data
(WAVE TABLE) correspond to the above-indicated tone
color data.

The mode data is comprised of a driver (program)
that performs an operation suited for each type of
transaction events, a production program for producing
musical tone waveform data according to the relevant
tone generator mode, and a work area.

The tone color data differ from one tone
generator modg to another. 1In FM tone generator mode,
the tone color data include the number of operators,
algorithms, parameters for controlling EG and others of -
each operator, and a table of ba31c waveform data, such
as a sine wave. In PCM tone ‘'generator mode, the tone
color data include parameters for EG, filter(s) and the
like, and a waveform table that provides the basis of
each musical tone. In physical model tone generator
mode, the tone color data include algorithm control
data, various coefficients, parameters for EG and
others, and nonlinear tables.

In the present embodiment, the amounts of the



t her eof: Fig. 1 schematically shows the construction of a
gener al - pur pose conputer to which a nusical tone- generating nethod

according to one enbodi nent of the invention is applied.

In Fig. 1,

f the present enbodi nent includes a keyboard (including a
oo an s oL ’ information, a

s control of the whole system a ROM 3 that stores contro
CPU 2 that govern y stares cont

that tenporarily stores control prograns tolhe executed by the CPU 2,
vari ous appllcatmodepdagaaaad ﬁvﬁecc6E6ﬁid&ﬂéﬂsggyéaiyﬂ<ggg bRkl oUS t one

nouse as a pointing device) 1 for entering various kinds of

programs to be executed by the CPU 2, table data and ot hers,

col or data used Qra%g §Fﬁt'0 of the nusic data, various kinds of input

i nformati on, ope |on res
timer 5 for countengish oﬁtgodepdatarhaéingesa|Hﬁwbbyﬂé§’nmmn ,F auli penand

h t , Iays vari ou I nds of
various, other L1 BBIBE! G pavIhSPhEY R Ao 0 ARl ot AUl BB ST
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di sc device 7 th&PlPrel (@8d3 afhthe thne aolafisdn SbEysgerie ahdveey
ment i oned ContrOHaEEOGBﬁgistvéf'ﬁb@bEﬁﬁﬂé(Hgéfﬂ§ 70 kilobytes (KB), and

tone color data having several to several dozens of
kilobytes (/ 1 tone color) x several dozens of tone ’
colors, while the phy51cal model data consist of mode
data having 20 kilobytes (KB), and tone color data
having 20 kilobytes (/ 1 tone color) x several tone
colors.

It will be understood from the above that the
amount of the tone generator data (composed of mode
data and tone color data) of the FM data is smaller
than that of the tone generator data of other tone
generator modes. 1In the present embodiment, therefore,
where the FM tone generator mode is not selected for a
musical piece to be reproduced, the mode data and the
tone color data corresponding to all of the basic tone
colors (128 tone colors) in the above GM system in the
FM tone generator mode are always stored in a
corresponding region (hereinafter referred to as "FM
tone generator data storage region") of the tone
generator data store region, so as to permit'substitute
tone generation (generation of musical tones with a
tone color similar to the selected tone color) .

Since the musical tone waveform data are

‘produced according to a software program in the present

embodiment, a plurality of tone generator modes may be
designated for one music data, such that different tone
generator modes are designated for different
performance parts, for example, to produce the musical
tone waveform data. For example, the musical tone
waveform of one musical piece or song is produced only



13 prograns, nusic data and various tone col or data which are to be | oaded
into the RAM 4, and various other data, and a drive device 8 that drives an
external storage nmedium such as CD-ROM (Conpact Disc - Read Only Menory),
MO (Magnet o- Optical disc), MD (Mni Disc) or the like. The conputer further
i ncludes a network 1/0O 9 which transmts and receives data to and froma
server conputer 102, for exanple, through a comunication network 101, a
sound I/ 0O 10 consisting of an LSI called "codec", a sanpling frequency
generator 11 that generates a sanpling freggency Fs and supplies the
frequency to the sound 1/Q 1 DVAC (Direct Menory Access, Controller) 12,
descri bed herei ?Fﬁél‘iﬁ/&n%rfg‘ed%%&r?d‘esﬁq?’(ﬁ’ﬁa%F a9 'ag'ﬁ\éi%p %ﬁelim,‘ls?’%?f :
converting anal ogomelSiaxed fdmne figgraihen comigvds produtkd byundihgCthé into
sound. To out put si cal ed .| S 1/Q.10,
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the DVAC 12 directlyie e nusical ‘tone waveform sanp y sanpl e
froma nusical temchwasdsr rsindd ol ffimensr dongegeneratpremetiernpred

position of the fﬁéé%ggnn%@é@ 08 Rl Spd e vBI st ene Wavel prBuheelihensound

/O 10. e onent elenents 1 - 12 described above are connected
to each other thikeghesigrated tong JMERAARMCS PO FELREFK 1R0Ehes

connected to the.pgsWéKetdtdD, dath | StoradiX rigidn atieudetezmiheda sanpling
frequency generator 1:&, t he DM%lZ %{w tq_'e soundds?x:stené:lis re_connect ed
to the sound |/ F9RSNAing UPORHEN L ant JMF e “or &8 8% PEF"BrMSgr ans
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substantial |y t hcheabenepgenerabor asodes tére gewde imdted tige theser Shree
prograns are stopgdakn(fReeEM JendPaor mode, PCM tone generator mode,

and physical model tone generator mode), but may

include other tone generator modes, such as chaos tone
generator mode and harmonic composition mode, for
example.

The number of musical tones that may be
concurrently generated also differs depending upon the
tone generator mode; for example, 28 tones in the FM

: tone generator mode, 24 tones in the PCM tone generator
mode, and 2 tones in the physical model tone generator
mode. Further, the number of musical tones generated
may be changed between a plurality of tone generator
modes. For example, the numbe: of musical tones
concurrently generated in the FM tone generator mode
may be reduced, and the number of musical tones '
concurrently generated in the PCM tone generator mode
may be increased instead.

The summary of processing for computing the
musical tone waveforms, described above will be
explained referring to Fig. 3. In Fig. 3, when music
data start being reproduced, performance input data
(MIDI events) start being supplied to an input buffer
{(not shown) .

In this connection, the music data may be



arrangenent facilitates addition of control prograns

14 and upgrading of the version of the prograns. As descri bed above
the metwork I1/O 9 is connected to the communication network 101, such as ’
LAN (l ocal area network), Internet and tel ephone line, and is connected to
the server conputer 102 through the comunication network 102. Were sone
ki nds of prograns or paraneters are not stored in the hard di sc device 7,
the network 1/0 9 may be used for downl oadi ng desired prograns and
paranmeters fromthe server conputer 102. A ¢Hient conputer (general-purpose

conputer in the present enbodj tra ] C d h r :
conmput er 102 thrdﬂﬁﬁﬁfﬁgfﬂél$%&ﬁqﬁ% %ﬁghégﬁnggyggt?%%ﬁﬁgtggﬁ qﬁﬁfcto
request downl oadidegtafprtdiakstiire dhimofoamatawilpabanpeseinafiter server

conput er 102 receives R dehever s ethé&q ms and
‘paraneters to theT elreIE\ c%ﬁputer%?%%&g%@hgcg{r}ﬁuﬁigaﬁﬁéﬁeﬁzﬁgﬁélol,

and the conputer meskt \@ata rure qaResadk ofnhepdranteErsahflr BEEHSRRR net wor k
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oty a9 s CoRes" a8 ehd Ef1d 'GP end GoRY P ARG ne ot "GaBA T EAL date
of production, and the file format (SMF or GM, for
example), and the sequence data include various kinds
of MIDI event data, such as note-on/-off event data,
control change event data, program change event data,
bank select event data (this data is one type of
control change event data), and system exclusive event
data, and timing data indicating the time of occurrence
of each MIDI event data. 1In the present embodiment in
which musical tones may be produced for the same song
in a maximum of three types of tone generator modes
(FM tone generator mode, PCM tone generator mode, and
physical model tone generator mode), the sequence data
may include, as needéd, mode switch event data for
switching these three types of tone generator modes .
gince the mode switch even data are currently not
adopted as event data according to the MIDI standard,
the system exclusive even data provide the mode switch
event data in the present embodiment.

Referring back to Fig. 3, the CPU 2 performs
musical tone generation brocessing in respoﬁse to a
start opportunity set at regular intervals (each of
which will be referred to as "frame") of a
predetermined time duration, based on performance input
data supplied to a frame just before the current frame,
according to the tone generator mode designated by the
performance input data. For example, the nmusical tone
geﬁeration processing based on the performance input
data suéplied to the frame from the point of time tl1 to
t2 is executed in the frame from the point of time t2



be provided with an interface for directly transmtting and receiving data

to and froman external conputer or the like. - The sound 1/0 10,
which is formed by the LSI called "codec", as described above, mainly
perforns the follow ng operations. 1) The sound I/0O 10, which is

provided with an A/D converter and a DA converter, converts anal og
nusi cal tone signals received fromthe external input 103 into digital
signals by means of the A/D converter, and conpresses the data according
to ADPCM (Adaptive Differential Pulse Cod20Mdul ati on) system The sound
/O 10 al so expassl3r deconpresses the conpressed data and generates the
' data to the converter. . .
rlgsul tn 2) The sound%$ﬁnﬁ, rRmec REi RU§iFetatenet wevefeon (datatare First
Qut) nenories (rptodiimmeth)in hengmsAcRICeBHer beﬁei\awéﬁrigﬁfse%ﬁ% (r)]i,{lﬂg

I nput FI FO nenor ajyl 1 1S vef or m_dat a % anpl es
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signal s of the fheyumssirals tonee wawe foronbuli€esaDEABNgahd cEMSFEFuEENEH at or

11. 3) Wi erlaba-idens Wated kN L8 LBRYT ELFQ oh frame, the

above-indicated DMAC 12 reads out musical tone waveform
data sample by sample from the musical tone waveform
buffer DMAB in which reproduction of the waveform data
is reserved in the immediately preceding frame, and
generates and delivers the read waveform data to the
sound I/O 10. For example, as shown in Fig. 3, the
musical tone waveform data that are produced in the
frame from the time t2 to the time t3 and written into’
the musical tone waveform buffer DMAB for reservation
of its reproduction are read out in the frame from the
time t3 to t4, and reproduced. .

In Fig. 3, hatched portions in musical tone-
generating operation blocks indicate that the operation
for producing musical tone waveform is performed in the
physical model tone Qenerator mode. Since a large load
is required to produce one tone by the musical tone-
generating operation in the physical model tone
generator mode, only one tone is produced in each frame
according to this mode in the present embodiment.

Thus, the time of this operation'is substantially
constant as shown in Fig. 3. In the regions other than
the hatched portions, the musical tone waveform
producing operations according to other tone generator
modes are performed. :

Referring next to Fig. 5 through Fig. 18, the
control processing performed by the computer of the
present embodiment will be described in detail.

Fig. 5 shows a main program executed by the
computer, in particular the CPU 3, of the present



nmenory, -or where an enpty space is present in the output FIFO menory, a
signal (hardware interrupt signal) for requesting data processing (process
of Fig. 18, described later) is generated and delivered to the DVAC 12.
The DMAC 12 transmits waveform data (sanples) stored in the nusical tone
wavef orm buffer DMAB to the sound I/O 10 sanple-by sanple, in response to
the hardware interrupt signal fromthe sound 1/0O 10, nanmely, a sanple
request interrupt signal generated by the sound I/0O 10 at time intervals
corresponding to the repetition period (1/F2] of the above sanpling clock.

Upon receipt of tdgduaRidy.m Ct@il%lahhﬁr sguaded/ P f@%&écﬁéﬁ‘d RS £ Qe
sanmpl es transferred fr%glthe DVAC 1 and generates a hardware |nterrupt

si gnal i ndi cat i ng“BdmFH 3%t By bﬁ’eﬁﬂ-&éﬁéf‘ﬁomf4on%t?f arthen. ehegking dat a,
each tinme sanpl esof BdARAREHNH D RadHBEr 1h§ztié21ﬁ§nfaét5@ﬂ§ &fe Wavef orm

data, described |ater the o eraII buf f e nmusi cal tone
wavef or m buf f er ﬁﬁﬁf@ﬁe & e SFﬁ iﬁ%& ?%ne wavef or m buf f er
DHAB i s adapted to stordrtmatrmgefantowalef anyn ofit ehe adlsows- irmdiycated cal

t one wavef ormsam Lisesponding to 1/2 of the buffer size of
t he wavef or m buf lj%'%I\ﬁ%%are pro Gced at a ti me, in a waveform producing

process of Fig. 17, desdniffdatizgefactor 2: Fegrotzutshm of eorex affyeinee of
tone generator daj@ icdiced ivor WalRroeneaate idabonsi HSHE 491Gk The

hardware interrupt signal,referred to above is
generated by the sound I/0 10.

Initiating factor 3: any request event other
than those constituting the initiating factors 1, 2, 4
is detected; for example, an operation event indicating
that the user operates an.input operating part, such as
a mouse or keyboard 1, is detected;

Initiating factor 4: the user operates to
terminate the main routine, and this operation event is
detected. '

At the next step 83, it is determined whether
any of the above-described initiating factors 1-4 has
occurred. If none of the initiating factors 1-4 has
occurred, the program returns to the step S2. If any
of the initiating factors 1-4 has occurred, on the
other hand, the program proceeds to a step S4 to
determine which one of the above initiating factors has
occurred. .

If the result of determination at the step S4
indicates that the "initiating factor 1" has occurred,
the program proceeds to a step S5 to execute MIDI
processing with respect to the generated MIDI event.

If the "initiating factor 2" has occurred, the program
proceeds to a step S6 to carry out the waveform
producing process as described later referring to Fig.
17. If the "initiating factor 3" has occurred, the
program proceeds to a step S7 to carry out other



16 tone generator data storage region for storing tone generator data is
provided at a predeterm ned position of the RAM 4, and the capacity of
thisregion is variable depending upon the anount of the stored tone
generator data to be stored therein. As shown in Fig. 2, the tone
generator data include data (FM data, PCM data, physical nodel data)
produced in respective types of tone generator nodes, nanagenent

i nformati on, and other data. The data produced in each type of tone
generator node consi st of node data and tomg coI or data. In Fig. 2 show ng
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that provides thebasi® &f the step S8 is finished, the present main
routine is terminated or finished.

Fig. 6 shows the procedure of handling a mode
switch event, which is one process performed during the
MIDI signal processing at the step S5 of Fig. 5. This
process is initiated when a mode switch event as one
type of the above-~indicated MIDI events occurs. Since
the mode switch event is classified as system exclusive
even data as described above, the present process is
initiated when the mode switch event allocated to the
system exclusive event data occurs.

In Fig. 6, the system exclusive event data
received by the input buffer are analyzed, and the tone
generator mode to which the mode is newly switched of
changed is stored as a new mode in a region "TM"
provided at a predetermined position of the RAM 4
(hereinafter the content of the region T™ will be
called *"tone generator mode TM") at a step S11. Then,
a mode switch subroutine for the selected tone
generator mode TM is executed'at a step S12 as
described below, followedsby terminating the present
mode switch event process.

Fig. 7 shows in detail a mode switch process
rerformed when the FM tone generator mode is designated
as the tone generator mode TM, which is one process in
the mode switch subroutine of the step Si12.



each nusical tone. In physicél nodel tone generator node, the tone col or
data include algorithmcontrol data, various coefficients, parameters for
EG and ot hers, and nonlinear tables. In the present enbodi nent, the

amounts of the . 17 node data and
tone color data stored in the tone generator data storage region are as
follows: FM data consist of node data having 60 kilobytes (KB), and tone
col or data having 40 bytes (/1 tone color) x 128 tone colors (all of the
tone colors in GV systen), and PCM data con23 st of node data having 70

kil obytes (KB), and tongucglgr datg Sgyhnspseveralidialisy xicutetens of
kil obytes (/ 1 tone color xaéevéral ddgens of tone cal ors,_while the

physi cal nodel dfiefezavisrswhethrsdEhaafel AEVPhIF 1G9 A @8° and tone
col or data havi ng2dd iab¥hes abbvé-inatcadbariM xtomy eyexienating chitar.s.

data (composed ofbade &I SERRRRE 1PBnCStBr S FHS: AT A Al or
than that of the Haeal geneheat bantaselettoevient t dukea R RRAITaMHEWNNIS t he
present embodi rrenet\fer;[th%a@caqr 8t is assumed that these events have

already occurred by the time when the step S21 is

executed. In the following description, the selection

of the tone color is assumed to have been made before

execution of a process, if any, which determines

whether or not the tone color data is stored in the

tone generator data storage region.

If the step S21 determines that the selected
tone color data are not stored in the FM tone generator
data storage region, the tone color data are read out
from the hard disc device 7, and loaded into the FM
tone generator data storage region, and the program
then proceeds to a step S23. If the selected tone
color data are stored in the FM tone generator data
storage region, a step S22 is skipped and the program
proceeds to the step S23. .

As described above, the tone generator data
according to the FM toné generator mode may be used. for
substitute tone generation even in the case where a
song for which the FM tone generator mode is not
selected is reproduced, and therefore the basic tone
color data of this mode are normally loaded. However,
the user may select a tone color other than that of the
basic tone color data, for example, tone color produced
by the user, and the processing of the step S21 deals
with this case.

At the step S23, the tone generation according
to the tone generator mode TM is designated. Then, a
step S24 is executed to reset (to "0") a substitute
tone generation request flag RF which represents a



where the FMtone generator node is not selected for a nusical piece to be
reproduceel, the node data and the tone col or data corresponding to all of
the basic tone colors (128 tone colors) in the above GM systemin the FM
tone generator node are always stored in a correspondi ng region
(hereinafter referred to as "FMtone generator data storage region") of the
‘tone generator data store region, so as to permt substitute tone
generation (generation of nusical tones with a tone color simlar to the
.sel ected tone color). Since the nusi2dal tone waveform data are
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‘For exanpl e, the nusical _.tone waveform of one nusical, pjece or song is
produced only performed when a tone generator mode (f%mﬁ&q&ﬁ ng the FM
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the tone generator mode TM. This is one process in the
mode switch subroutine of the step S12. -

In Fig. 8, a step S31 is initially executed to
determine whether the mode data corresponding to the
selected tone color is stored in a corresponding region
of the tone generator data storage region. If the
mode data are not stored, the program proceeds to a
step S32. If the mode data are stored, on the other
hand, the program proceeds to a step S35.

At the step S32, a command is generated to.load
the above mode data, namely, mode data correqunding to
the tone generator mode TM, and at a step S33, a
substitute tone generation-designating subroutine,
described later referring to Fig. 9, is executed.

Then, the substitute tone generation request flag RF is
set to "1" at a step S34, and then the present mode
switch process is terminated. .

At the step S35, similarly to the step S21 of
Fig. 7, it is determined whether or not the tone color
data corresponding to the selected tone color are
stored in a corresponding region of tﬁe tone generator
data storage region. If the relevant tone color data
are not stored, the program prodeeds to a step S36 to
read out the tone color data from the hard disc device
7 and load the data into a corresponding region of the
tone generator data storage region, in the same manner
as at the step S22 of Fig. 7. Thereafter, the program
proceeds to the step S33.

If the step S35 determines that the tone color



designated for respective songs, the data produced in the designated tone
generator «+node and stored in the tone generator data storage region are
det erm ned dependi ng upon the relevant nusic data. In the exanple of Fig.
2, three types of tone generator nodes are designated for one song. It is
to be understood that the tone generator nodes are not limted to these
three types (FMtone generator node, RPCMtone generator node, and physi cal
nodel tone generator node), but may include other tone generator nodes,
such as chaos tone generator node and harnoB5c conposition node, for
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both stored in the correspondlng regions in the tone
generator data storage region, and therefore the tone
generation can be immediately designated.

Fig. 9 shows in detail the substitute tone
geheration—designating subroutine of the step S33 of
Fig. 8.

At a step 41 of Fig. 9, substitute mode data and
substitute tone color data which are closest (similar)
to the tone generator mode TM and selected tone color
are selected from the mode data and tone color data
loaded in the tone generator data storage region, and
stored in respective regions RTM, RTC provided at
predetermined positions of.the RAM 4. In the following
description, the content of the region RTM will be
called "substitute mode RTM", and the content of the
region RTC will be called "substitute tone color RTC".
The substitute mode RTM and substitute tone color RTC
are selected in the method as described below.

1) when tone color data close to the selected
tone color are present in the tone color data loaded in
the tone generator data storage region in association
with the tone generator mode TM, the closest tone color
data are used over the other data. In this case, the
tone generator mode T™ to which the tone color data
close to the selected tone color belongs is set as the
substitute mode RTM, and the tone color number of the



19 produced in SMF (Standard M DI File) format (the music data produced in
this format will be hereinafter referred to "nmusic data SMF"), and the thus
produted nusic data are conposed of header data and sequence data, as shown
in Fig. 4. The header data include such data as the title of the song,
amount of data, the date of production, and the file format (SMF or GM for
exanpl e),, and the sequence data include various kinds of MDH event data,
such as note-on/-off event data, control change event data, program change
event data, bank sel ect event data (this d&6a is one type of control change

event data), and,sys{em exc ﬁa%%/aeeg 1@&%{‘: %@dthb%uss@ataténebﬁatl ng
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tone generator data storage region in association with
the FM tone generator mode, and used. In this case,

the FM tone generator mode is set as the substitute
mode RTM, and the tone color number of the similar tone
color data is set as the substitute toné color RTC.

i Then, the tone generation is designated based on
the substitute mode RTM at a step S42, followed by the
present substitute tone generation process being
terminated. _

In this manner, if a command to load the mode

data and tone color data is generated in the process of
handling a mode switch event, the process of loading
the designated data, namely, the process of reading out
the data from the hard disc device 7 and storing the
data in a corresponding region of the tone generator
data storage region, is carried out in response to this
command while the MIDI signal processing or waveform
production processing of Fig. 5, for example, is being
performed. ' .
Fig. 10 shows the'procedure of completing
loading of the mode data, which is one of the other
processes of the step S7 of Fig. 5, and is initiated
when loading of the designated mode data is completed.
In Fig. 10, a command to load the selected tone color
data is generated at a step S51, and then the present
process is terminated . ,

As described above, the tone color data are



start opportunity set at regular intervals (each of which will be referred
to as "frane") of a predetermned tine duration, based on performance input
data supplied to a frane just before the current frame, according to the
tone generator node designated by the performance. i nput data. For exanpl e,
t he nusical tone generation processing based on the performance i nput data
supplied to the franme fromthe point of tine tl to t2 is executed in the

frame fromthe point of tinme t2 _ 20
to t3. | f one frame of nusical tone Riveform data are produced in
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loading of the tone color data, which is one of the.

other processes of the step S7 of Fig. 5, and is
initiated when the loading of the designated tone color
data is completed. In Fig. 11, a step S61 is initially
executed to designate tone generation according to the
tone generator mode TM. A step S62 is then executed to
reset the substitute tone generation request flag RF,
and then a subroutine for unloading unnecessary tone
color data, indicated below, is executed at a step S63,
followed by the present process being terminated.

Three different examples of the process of
unloading unnecessary toﬁe color data will be now
explained. -

Fig. 12 shows the first example of unloading
process. In Fig. 12, a step S71 is executed to
determine whether any tone color whose tone cblor data
are stored in the tone generator storage region has not
been used until the present unloading process is
executed. If there is no tone color that has not been
used, the present unloading process is immediately
finished. If there is any tone color that has not been
used, the tone color data‘corresponding to the unused
tone color are deleted from the tone generator data
storage region at a step S72, followed by the present
unloading process being terminated.

Fig. 13 shows the second example of the
unloading process. In Fig. 13, a step S81 is initially
executed to detect the number of the tone color data
loaded in the tone generator data storage region. A



frame fromthe tine t2 to the time t3 and witten into the nusical tone
wavef orm buffer DMAB for reservation of its reproduction are read out in
the frame fromthe tine t3 to t4, and reproduced. In Fig. 3, hatched
portions in nusical tone- generating operation blocks indicate that the
operation for producing nusical tone waveformis perforned in the physical
nodel tone generator node. Since a l.arge load is required to produce one
tone by the nusical tone- generating operation in the physical nodel tone
generator node, only one tone is produced i @8each frame according to this
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21 number of the loaded tone color data is equal to or
larger than "n", on the other hand, a step S83 is
executed to delete one tone color data that have been
.loaded for the longest time from the tone generator
data storage region, while leaving the (n -1) pieces of
tone color data that were recently used, and then the
present unloading process is terminated. '

Fig. 14 shows the third example of the unloading
process. In Fig. 14, a step S91 is executed to detect
the amount of all of the tone color data loaded in the
tone generator data storage region. A step S92 is then
executed to determine whether the amount detected at
the step S91 is equal to or larger than a predetermined
value, and, if the amount is less than the
predetermined value, the present unloading process is
immediately terminated. If the amount is equal to or
larger than the predetermined value, on the other hand,
the tone color data that have been loaded for the
longest time is deleted at a steb S93 so that the
amount of all of the tone color data loaded in the tone
generator data storage region becomes equal to or less
than the predetermined value, and then the present
unloading process is terminated.

Fig. 15 shows a process of handling occurrence
of a program change (PC)/bank switch event, which is
one process performed during the MIDI signal processing
of the step S5 of Fig. 5.. The present process is
initiated when the program change event and bank select

event occur.

In Fig. 15, a step S101 is initially executed to



enbodiment. Initially, a step 1 is executed to effect initialization by
clearing RAM 4, etc. Then, checking of occurrence of each of initiating
factors are executed at a step S2, as described bel ow Initiating
factor 1: any of the above-indicated M Dl events occurs. Initiating
factor 2: reproduction of one frame of nusical tone waveformdata is

conpl eted, and the hardware interrupt signal,referred.to above is generated
by the sound 1/0 10. Initiating factor 3: any request event other
than those constituting the initiating fact2&%s 1, 2, 4 is detected; for
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initiating factor 3" has qc¢curred, t%e program proceeds to step S7 to

carry out other corresponding tone color number, and store the tone
color number in a predetermined region TC of the RAM 4
(the content of the region TC will be called "tone
color number TC"). Since a particular tone color
.number "TC" is determined if the bank select event data
and program change event data are determined as
described above, the tone color number. "TC" is a
function of the new bank BK and new program change PC
(f (BK, PC). '

A step S103 is then executed to search the tone
color data of the tone colbr number TC in the tone
color data region of the tone generator data storage
region corresponding to the tone generator mode TM, and
a step S104 is executed to determine whether or not the
tone generator mode TM is the FM tone generator mode.

If the step S104 determines that the tone
generator mode TM is not the FM tone generator mode, a
step S105 is executed to determine whether desired tone
color data, namely, tone color data of the tone color
number TC in the tone generator mode TM are loaded or
not, based on results of the search conducted at the
step S103. If the desired tone color data are not
loaded, the above-described substitute tone generation-
designating subroutine of Fig. 9 is executed at a step
S106, and then the'substitute tone generation request



22 .processes with respect to the generated event. If the "initiating factor
4" has occturred, the program proceeds to a step S8 to carry out a
term'nating process in which a display on the display 6 is brought back to
the condition before the present main programis initiated. Af ter
any of the above steps S5 - S7 is finished, the programreturns to the step
'S2 to repeat the above-described processing. |If the termnating process of
the step S8 is finished, the present main routine is term nated or

fini shed. _ Fig. 6 shows the procedure3@f handling a node switch

event, which is e pr, f a ryn esMP sbDIGkeP@IBEadsd Ng at
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the tone generator mode TM is the FM tone generator mode, a step
S108 is executed to determine whether desired tone
color data are loaded or not, as in the above step
105, and, if the desired tone color data are not
loaded, a step S111 is executed to load the tone color
data designated by the tone color number TC in the same
manner as in the step S22 of Fig. 7. If the desired
tone color data are loaded, on the other hand, a step
S111 is skipped, and the program proceeds to the step
8109 to designate tone generation according to the tone
generator mode TM, as in the above step 37 of Fig. 8,
and then the substitute tone generation request flag RF
js reset at a step S110, followed by terminating he
present routine.

In the presenﬁ embodiment, where the desired
tone color data are not loaded when the FM tone
generator mode is selected, the step 8111 or S22 is
executed to load the desired tone color data. The
present invention, however, is not limited to this
arrangement, but may be adapted such that a substitute
tone color is selected and designated from the tone
color data of the FM tone generator mode that have been
loaded, for tone generation-in the present loop, while
the tone color data designated by the tone color number
TC are loaded.

Fig. 16 shows the procedure of handling a note-
on event, which is one process executed during the MIDI
signal processing of the step S5 of Fig. 5. This
process is initiated upon occurrence of a note-on event
as one type of the MIDI events.



generator node to which the node is newy switched or changed is stored as
a new nmodé in a region "TM provided at a predeternined position of the RAM
4 (hereinafter the content of the region TMwill be called "tone generator
node TM') at a step S11. Then, a‘'node switch subroutine for the sel ected
tone generator node TMis executed at a step S12 as descri bed bel ow,
followed by termnating the present node switch event process. Fig.

7 shows in detail a node switch process performed when the FMtone
generator node is designated as the tone gefyerator node TM which is one
rocess in the node switch_subroutine of the step .S12.,

23 In Fig. 7, a E’E‘eﬁl%mlé’]s ?rﬁ??%lqvje%e{dt'@duﬁa'lé’eteéﬁeﬁiuﬁ@%& her
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det er m nes the RAM 4. A step S112 is then executed to determine
whether or not the substitute tone generation request
flag RF is "1". The program proceeds to a step S123 if
the flag RF is set to "0", and proceeds to a step S125
if the flag RF is set to "1".
At the step 8123, a channel through which the
- musical tone to be generated is allocated based on the
tone generator mode TM, and at a step S124, musical
tone data based on the tone generator mode TM and tone
color number TC are set to a tone generator register
(not shown) for the allocated channel, and a command to
initiate tone generation is generated to produce and
sound musical tone waveform data of the tone color
number TC in the tone generator mode TM. Then, the
processing of the note-on event is terminated.

At the step 8125, a channel through which the
musical tone is to be generated is allocated based on
the substitute tone generator mode RTM, and at a step
8126, musical tone data based on the substitute tone

- generator mode RTM and substitute tone color number RTC
are set to a tone generator register for the allocated
channel, and a command to initiate tone generation is
geherated to produce and sound musical tone waveform
data of the substitute tone color number RTC in the
substitute tone generator mode RTM. Then, the
processing of the note-on event is terminated.

Fig. 17 shows in detail the waveform producing
process of the step S6 of Fig. 5. In Fig. 17, a step
S131 is initially executed to prepare for arithmetic
operations for generating a musical tone in the first



whet her ~or - not the tone color data is stored in the tone generator data

st orage region. If the step S21 determ nes that the sel ected tone
color data are not stored in the FMtone generator data storage region, the
tone color data are read out fromthe hard disc device 7, and | oaded into
the FM tone generator data storage region, and the programthen proceeds to
a step S23. If the selected tone color data are stored in the FMtone
generator data storage region, a step S22 is skipped and the program
proceeds to the step S23. As descri begh above, the tone generator

data according to e tor € or..sulstitute
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tone color other than that of the basic tone color data, for exanple, “tone
col or produced by s&leckes: torgjIeRerpEet aldeg Md theStaR F138 ifeal s with

this case. ex@icutled tbeAetezmihbewhefBes G VPputiiPIFiNg to the
tone generator node TM.i S de3|3ﬁated Then, . a shgg S24 is e chéﬁp to
QRS t e

reset (to "0") a SERSEATIPE 2 BHE1GRheFRRPOLS, Py vitht

represents a next tone generator mode. 1In the presence of a musical

tone-generating operation to be performed in the next
tone generator mode, a step S134 is executed to prepare
for the musical tone-generating operation in the next
tone generator mode, and the program returns to the
step S132. ,

. If the step S133 determines that there is no
operation for computing the musical tone waveform to be
performed in the next tone generator mode, on the other
hand, a step S135 is executed to perform an effect
operation with respect to one frame of the musical tone
waveform data produced at the step S132. Then, the one
frame of musical tone waveform data is reserved for
reproduction in the DMAC at a step S136, followed by
terminating the present waveform producing process.

Fig. 18 shows a DMAC process carried out by the
DMAC 12. The present process is initiated in response
to the sample . request interrupt signal (hardware
interrupt signal) generated by the sound I/O 10 at time
intervals corresponding Eo the repetition period of the
sampling signal transmitted from the sampling frequency
generator 11 to the sound I/O 10.

At a step S141 of Fig. 18, one sample of musical
tone waveform data located at the position designated
by the pointer p in the musical tone waveform buffer
DMAB is transferred to a buffer (the above-indicated
input FIFO memory) of the sound I/O 10. Then, the
point p is incremented by "1" at a step S142, followed
by the present DMAC process being terminated.



24 substltute tone generation request as "1", followed by termnnating the
present mode switch process. Fig. 8 shoms in detail a node switch
process perfornmed when a tone generator node (PCMtone generator node or
physi cal nodel tone generator node) other than the FMtone generator node
i s designated as the tone generator mode TM This is one process in the
node switch subroutine of the step S12. In Fig. 8 a step S31 is
initially executed to determ ne whet her the node data corresponding to the
sel ected tone color is stored in a correspggding region of the tone

generator data storage region t he node,da S
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Sane nanne
and store the data in the tone generator data storage

region, while generating a musical tone according to
other tone color data similar to the selected tone
color data. Thus, only necessary tone color data are
developed on the RAM in accordance with occurrence of
the tone color switch event, whereby the percentage of
the RAM occupied by the tone color data can be reduced
to the minimum. Accordingly, other application
programs may be executed at the same time, assuring
high efficiency in the operations of these application
programs. .

While MIDI events occur during reproductlon of
music data in the illustrated embodiment, the present
invention is not limited to this arrangement, but MIDI
events may occur according to MIDI data received from
an external keyboard, sequencer or the like, through a
MIDI interface, for example. In such cases, the
"occurrence of MIDI event" in FngS corresponds to the
time when the MIDI event is received. The present
1nvent10n is particularly more effective in the case of
‘receiving MIDI data in which the next MIDI event is not
predictable, than in the case of reproducing music data
as explained in the present embodiment (in some cases,
the music data can be read in advance).

In the illustrated embodiment, where desired



as at- the step S22 of Fig. 7. Thereafter, the program proceeds to the step
S33. > If the step S35 determ nes that the tone color

25 data are already stored in a corresponding region of the tone generator
data storage region, a step S37 is executed to imediately designate tone
generation based on the tone generator mpde TM Then, the substitute tone
generation request flag RF is reset at a step S38, followed by the present
node switch process being term nated. When the program goes fromthe step
S35 to the step S37, the node data.corresp ing to the tone generator node

fegions i1 the  BRESgEAERLPER BARS. SELTEIATE G PO P HaE s She ( one
gﬁgg{ﬁthgg fggebggﬁgrggkgﬁaggr?datenﬁteﬂa%? regiorfi ghepesidaws iaredeead the
8. At a sl%é‘ﬁ £¥opy t}iiegflag,gaéilggtﬁi%ﬁ‘gg% e %;]Téaé%r%t gu hs???t SI eFIt gne
col or data whi ch priesetitodaventsbni Larhot olihited o ddnie ArrandsRertv and
sel ected tone color 38 3RLSCLAImbEANLRS SRECL&a Aodttk (it aRiybelat a
read out from an external storage medium inserted in
the drive device 8 of Fig. 1 and loaded in the storage
region, or may be read out from the server computer 102
through the network I/0 9 and communication network
101. Further, where data to be loaded are not stored
in the hard disc device 7, the data may be searched
through other media.

In the present embodiment, where a similar tone
color is not present in the tone color data (which are
loaded in the tone geﬁerator data storage region) in
the same tone generator mode as the tone generator mode
TM, substitute tone generation is conducted using a
similar tone color in the FM tone generator mode. The
present invention, however, is not limited to this |
arrangement, but may be adapted such that the
substitute tone generatioh is conducted, using 128 tone
colors of the PCM tone generator mode of the above- -
indicated GM system as standard tone colors.

A method of processing music data and a method
of reproducing the music data that have been processed
according to one embodiment of the invention will be
now described. _ ,

The music data-processing method and the
processed music.data-reproducing method according to
the present embodiment may be carried out by a hardware
(i.e., general-purpose computer) similar to that used
in the musical tone-generating method of the above-
described embodiment. Thus, the general-purpose
computer as explained referring to Fig. 1 is used as
the hardware for practicing the music data-processing



| oaded in the tone generator data storage region, and stored in r [
regi ons RTM RTC provided at predeterniged pgsitions of the RANI4?SPﬁC:L;e
fol | bW ng description, the content of the region RTMw || be called
"substitute nmode RTM', and the content of the region RTC will be called
‘substitute tone color RTC'. The substitute node RTM and substitute tone
color RTC are selected in the nethod as descri bed bel ow. 1) Wen
tone color data close to the selected tone color are present in the tone
color data |l oaded in the tone generator dg?a storage region in association
3t

with the tone generator node TM the close tone cqolo data are used over
the other data. dnd tmhisic slata-meprodygdngeRetirgr ﬂgdﬁﬂ?N?fﬁsﬁﬂ ch the tone
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26 similar tone Rt Qe Aaseyibedhereithe substitute tone col or RTC,
2) Wen tone col or dat arglise fslidw@mel abicedummazycolforonktohot present in
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music data-processing method and processed music data-
reproducing method of the present embodiment will be
explained, and details of the control processes will be
then explained.

The control processes carried out by the
computer of the present embodiment are roughly
classified into two type of processes, namely, a
musical tone-generating process for producing musical
tone waveform data and sounding the produced data, and
preparation for the musical tone-generating process.
The musical tone-generating process except a part of it
is carried out according to a well-known method, and
therefore the summary of this process will not be
explained herein.

The preparation for the musical tone-generating
process comprises three main processes as follows:

(1) Downloading of music data

This process is to download music data prepared
in the SMF (Standard MIDI File) format (hereinafter
referred to as "music data SMF") from the server
computer 102 through the communication network 101.
Where the mode data or tone color data used in the
downloaded music data SMF are not stored in the hard
disc drive 7, such mode data or tone color data are
also downloaded from the server computer.

(2) Conversion of music data

The process is to analyze music data SMF
downloaded as described above or music data SMF
produced by the user, and pick up tone generator mode
switch event data and tone color switch event data in



color edata that are closest to the selected tone color are selected from
the tone-color data |oaded in the tone generator data storage region in
assotiation with the FMtone generator node, and used. In this case, the FM
tone generator node is set as the substitute node RTM and the tone’col or
nunber of the simlar tone color data is set as the substitute tone col or

RTC. Then, the tone generation is designated based on the substitute
node RTM at a step S42, followed by the present substitute tone generation
process being term nated. In this magger, if a command to |oad the

node data and tone color data is generated in the process of handll a
node switch eventthe masicodass I°oaHFﬁ§r?hghﬁ§§i§\ﬁ%?%a§%7 aa;raenglrreez’} Vv, the
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region are inserted in appropriate positions in the
music data SMF. Thus, the original music data SMF are
converted into music data SMF',

(3) Command to initiate reproduction of music
data

Where the music data SMF have been converted
into the music data SMF' by the above-described music
data converting process, a command to initiate
reproduction of the converted music data SMF' is
generated after tone generator data (mode data and tone
color data) required for starting reproduction of the
music data SMF' are loaded. ' Where the music data SMF
have not been converted into the music data SMF', the
same process as the music data converting process
described above is carried out, and a command to
initiate reproduction of the music data is generated
after tone generator data required for reproduction of
the music data are loaded. '

As explained above referring to Fig. 4, the
music data SMF consist of header data and sequence
data. The header data include such data as the title
of the song, amount of data, the date of production,
and file format (SMF, GM and so on), and the sequence
data include various kinds of MIDI event data, such as
note-on/-off event data, control change event data,
program change event data, bank select eﬁent data, and
system exclusive event déta, and timing data indicating



27 | oaded follow ng conpletion of |oading of the node data corresponding to
the tone generator nmode TM This is because there is no possibility that
the tone col or data have been already | oaded while the node data are not

| oaded. Fig. 11 shows the procedure of conpleting | oading of the
tone color data, which is one of the other processes of the step S7 of Fig.
5 and is initiated when the |oading of the designated tone color data is
completed. In Fig. 11, a step S61 is initially executed to designate tone
generation according to the tone generator3qnde TM A step S62 is then
executed to reset the substitute tone generation request flag RF, and then

a subroutine foﬂhﬁhﬁéaﬂmﬁb°@nﬁ€€§§§8ﬂ9etBﬁee€6P0¥19£t%Ve?ﬁd@%%§ed bEtow, is
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has not been us t he tone col or data correspondi ng to the unused
switching these three types of tone generator modes.

Since the mode switch even data are currently not
adopted as event data according to the MIDI standard,
the system exclusive even data provide the mode switch
event data as explained above with respect to the
previous embodiment .

Referring to Figs. 19 - 25, details of the above
control processes performed by the computer of the
present embodiment will be explained.

Fig. 19 shows a main program executed by the
computer, in particular the CPU 2, of the present
embodiment. This program appears to be similar to the
main program of Fig. 5, and thus will be not explained
herein. '

Fig. 20 shows in detail the above-described
process of downloading music data. This process is one
of other processes of a sﬁep S207 of Fig. 19. For
exemple, the present downloading process is initiated
when the user clicks, with the mouse, a download button
(icon) displayed on the display 6.

In the program of Fig. 20, a step S211 is
initially executed to download music data designated by
the user from the server computer 102 through the
communication network 101. A step S212 is then
executed to detect or search mode data and tone color
data used in the music data SMF downloaded at the step
S211. Since the mode data are determined by the mode
switch event data in the present embodiment, the mode



t qQne color are deleted fromthe tone generator data storage region at a
step, S72,” foll owed by the present unloading process being term nated.

Fig. 13 shows the second exanpl e of the unloading process. In Fig. 13, a
step S81 is initially executed to detect the nunber of the tone color data
'l oaded in the tone generator data storage region. A

28 step S82 is then executed to determ ned whet her the nunber of the | oaded
tone color data detected in step S81 is equal to or larger than a
predeterm ned value "n", and, if the nunbersgis |l ess than "n", the present

unl oadi ng process i t erm nate f .t e | oaded
‘tone col or data Fglgﬁhafv?%é'ségéu?ﬁﬁ %ﬁ?ré%ed 5% E% QBWQ%ESEEhggd a step
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tone color data, and the tone color number is detected
based on the detected tone generator mode.

At the next step S213, it is determined whether
or not the mode data detected at the step S212 are
stored in the hard disc drive 7. If the mode data are
not stored in the hard disc drive 7, the relevant mode
data are downloaded from a mode data server (server
computer 102) through the communication network 101.

If the detected mode data are stored in the hard disc
drive 7, on the other hand, a step S214 is skipped, and
the program pfoceeds to a step S215.

At the step 8215, it is determined whether or
not the tone color data detected at the step S212 are
stored in the hard disc drive 7.° If the tone color
data are not stored in the hard disc drive 7, a step
216 similar to the step S214 is executed to download
the désired tone color data from a tone color data
server (server computer 102) through the communication
network 101, and then the present downloading process
is terminated. If the desired tone color data are
stored.in the hard disc drive 7, on the other hand, the
present downloading process is 1mmed1ately terminated.

Fig. 21 shows in detail the above-described
process of converting music data. This process is also
one of other processes of the step S207 of Fig. 19, and
is initiated when the user clicks, with the mouse, a
music data conversion button (icon) displayed on the
display 6, in the similar manner to the download
process of Fig. 20.
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the input buffer, and ﬁEOEﬁeanggﬁdgtep 5222, the type of the tone
generator mode designated by the mode switch event data
thus picked up, and the tone color number of the tone
color indicated by the bank select event data and
program change event data (PC) are stored in the header
of the music data SMF. In this connection, each set of
the selected tone generator mode and corresponding tone
color number is stored in the header such that the
entire data thus picked up from the music data do not
overlap with each other. 1In this manner, the mode data
and tone color data used in the music data SMF may be
known only by looking at the header, as shown in Fig.
4.

With the tone color (number) determined
depending upon the bank and PC picked up at the step
8221, a step 8223 is executed to determine the timing
of loading/unloading of individual tone color data used
in_the music data SMF, depehding upon the thus
determined tone color number. The timing is determined
in the following manner.

1) Where the designated tone color data are not
stored in the tone generator data storage region of
Fig. 2, the timing of generating a2 command to load the
tone color data is determined to be "x*" seconds before
the change of bank and PC. In this regard, "x" seconds

" is a time duration in which loading of the tone color
data is completed, namely, a duration in which the tone
color data are read out from the hard disc device 7 and
loaded into the corresponding region of the tone
generator storage regioh, and the number *x" of seconds



desi gnated program change in a predetermnm ned region PC of the RAM 4 (the.

content of the region PCw Il be called "new programchange PC'), and store
a newy designated bank in a predeterm ned region BK of the RAM 4 (the
content of the region BK will be called "new bank BK"). A step S102

I's then executed to convert the new bank BK and the new program change PC
into a correspondi ng tone color nunber, and store the tone col or nunber in
a predeterm ned region TC of the RAM 4 (the content of the region TC will
be called "tone color nunber TC'). Since a #hrticular tone col or nunber
"TC" is determ ndg ichangedbdependingt upsmenthdadmowitl gff adrearictizaiegd oV ent

data are determ as &scrgﬁ%d aboye, -t he toge col %)r nurder, "TC'1 IS a
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step S103 is then fixedutdthet duzetioh ihewhicle tthe cloalting dfs tdvaptletedcol or
nuber | TC 10 the do08Retdolndd! 2h80L0ToPTablle SANCARAAIR) data st orage

region corresponding to the tone generator no a step S104 is
execut ed to det ed¥nesPRsEiNer odr thet tyhe ebnthgcrratrlapd@tAM is the FM

tone generator node. 2) Whelel BReSt8Re BOToH 4Lk 4N sesrddIdin HHR R
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or not, based on . ,esults.of _the sgarch cgnduct ed at the step S103. If the
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and then the SUbSﬁé.itﬂ'ét %.ste(an%.uge@gr éh&ﬁ&erSBuéﬁé bank and PC occurring
in the music data SMF and will not be used in the music
data after such change, the timing of unloading such
tone color data is determined to be immediately after
(or a certain time after) the change of the bank and
PC. Where the amount of the tone color data stored in
the tone generator data storage region becomes
excessively large, however, a command to unload even
the tone color data that will be used in the future
(but not immediately used) is generated. Where a
plurality of songs are to be successively. reproduced
(chain reproduction), the tone color data to be used in
the songs to be played later may be retained in the
tone generator data storage region if a free or empty
region remains in the tone generator data storage
region. '

At a step 8224, the load command or unload
command is allocated as system exclusive event data
(SE), and the system exclusive event data corresponding
to the load/unloadlcommand thus determined are inserted
in the music data SMF at the position of the timing
determined at the step S223. ' . _

In the case where the mode data and tone color
data that are not present in the hard disc device 7 are
used, a step 8225 is executed to download the desired



: [ to "1" at a step S107, followed by the present routine
ggiaga?eﬁﬁithzgt. If the step 8185 determ nes that the desired tone colpr
data are | oaded, the program proceeds to a step S109, referred to ngf{.

If the step S104 determ nes that the tone generator node TMis the ' one
generator node, a step S108 is executed to determ ne whether desired tone
col or data are | oaded or not, as in the above step S105, and, if thF i h
desired tone color data are not |oaded, a step S111 is executed to |oa e
tone col or data designated by the tone cplg& nunber TC in the sanF ngnger ]
as in the step % of. Fig, 7.  If the desir tone color data are | oa ﬁ , O
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Fig. 22 shows details of the above-described
process of generating a command to initiate
reproduction of music data. This process is also one
process of other processes of the step S207 of Fig. 19,
and is initiated when the user clicks, with the mouse,
a music data reproduction start button (icon) displayed
on the display 6, for example, in the similar manner to
the download process of Fig. 20.

At a step S230 of Fig. 22, the file of the music
data to be reproduced as instructed by the user is
loaded in a reproduced music data storage region
provided at a predetermined position of the RAM 4. A
step S230 is then executed to determine whether or not
the file loaded at the step S230 consists of the
converted music data SMF'. If the loaded file consists
of the converted music data SMF', a step S232 is
executed to carry out a reproduction preparation
process, namely, a process of loading mode data and
tone color data required for initiating the _
reproduction of the music data. At this step, the mode
data corresponding to all of the tone generator modes
designated in the convefted music data SMF' are loaded
as the mode data. Then, a step S233 is executed to
generate a command to initiate reproduction of the
converted music data SMF', followed by the present
process of initiating reproduction of the music data
being terminated. '

If the step S231 determines that the loaded file
does not consist of the converted music data SMF', a



arrangenent, but nay be adapted such that a substitute tone color is

sel ected and designated fromthe tone color data of the FMtone generator
node that have been | oaded, for tone generation in the present |oop, while
the tone col or data designated by the tone color nunber TC are |oaded.

Fig. 16 shows the procedure of handling a note- on event, which is one
process executed during the M DI signal processing of the step S5 of Fig.
5. This process is initiated upon occurrence of a note-on event as one
type of the MDI events. 31

In Fig. 16, a steg S121 is initially execut¥d to anal yze note-on event data
received by the £heBt SBa4f &8, exeeutedrio tsnamdthe doaded olustikedatte- on

event data in a d 1P €8h &84 f RiMndre WH LReSHQRKNS it S
velocity in a prgggt%%ﬁ\k%g reagls%%%\}fE%&t%dgéeéAM 4. 6’3 step gl%gh! sgflﬁen
executed to det ePfi ndRwRBREHERMS (MapNeR 138 dabdhie stem SRelgepadani shepequest

flag RF is "1". $beS5pisgersrwtedcesddtrrnitieeRnaldniihgt bE flag RF is set
to "0", and proceed

R O 008 CCEEHRNE SeTbRR o p o o 2otk MRl 1
the music data SMF, depending upon the bank and PC, in
the same manner as in the step S$223. At a step S236,
a sub track in which the command for loading/unloading
is recorded is prepared at the position of the timing
determined at the step S$235.

At the next step S237, the preparation for
.reprodnction is carried out in the same manner as in
the step S232, and a step S238 is then executed to |
generate a command to initiate concurrent reproduction
of the music data and the sub track produced at the
step S236. Then, the present process of generating a
command to reproduce the music data is terminated.

Fig. 23 shows the procedure of handling or
processing a note-on event. This process is one
process of MIDI signal processing of the step S205 of
Fig. 19, and is initiated upon occurrence of a note-on
event as one type of the MIDI events.

In Fig. 23, a step S241 is initially executed to
analyze note-on event data received by the above-
indicated buffer, and store the note number of the
note-on event data in a predetermined region NN of the
RAM 4, while storing its velocity in a predetermined
region VE of the RAM 4. A step S242 is then executed
to allocate a channel to the musical tone to be
generated based on the content of the region TM
provided at a predetermined position of the RAM for
storing the tone generator mode (hereinafter, the
content will be called "tone generator mode TM"). As
described above, the tone generator mode TM is
determined by the mode switch event.
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in the first tone color number (hereinafter, the content will be
called "tone color number TC"), and a command for
initiating tone generation is generated to produce and
sound the musical tone waveform data of the tone color
number TC in the tone generator mode TM. Then, the
bresent process of handling the note-on event is
terminated. As described above, the tone color number
TC is determined by the bank select event data and
pbrogram change event data.

Fig. 24 shows the process of handling a load
command event, which is one process of the MIDI signal
Processing of the step S205 of Fig. 19. The Present
Process is initiated upon occurrence of a load command
event inserted in the music data at the step S224 of
Fig. 21 (or step 5236 of Fig. 22). Before the loading
brocess is carried out, it is confirmed whether the
tone color data and otheré that are designated to be
loaded are stored in the tone generator data storage

region, and the loading is not conducted if the
designated data are already stored.

In Fig. 24, the'designated tone color data and
others are loaded from the hard disc drive 7 into the
corresponding region of the tone geherator storage
region at a'step 8251, and then the Present process of
handling a load command event is terminated.

Fig. 25 shows the process of handling an unload
command event, which is one Process of the MIDI signal
pProcessing of the step S205 of Fig. 19. The present
bProcess is initiated upon occurrence of an unload



32 tone generator node. A step S132 is then executed to performarithnetic
operations for generating nusical tones through a plurality of channels in
the eurrently selected tone generator node, and a step S133 is executed to
determ ne whet her any operation for generating a nusical tone is to be
performed in the next tone generator node. In the presence of a nusical
tone-generating operation to be perforned in the next tone generator node,
a step S134 is executed to prepare for the nusical 'tone-generating
operation in the next tone generator node, g@d the programreturns to the
step S132. If the step S133 determn that there is no operation
for conputing th@qmmandabVE@me1w&¢§t9ﬁninotb€ mes o rdakr i3t tHhe *58P t one

gener ator node, e Og. &and,r Qtéhe§2§§35f|151§xexmi ed to perform an
ef fect operation 4h respéct to one frane,o ‘g nmusi cal, ton vvavefé)rm

data produced at the st 5 Sig. 2Pnefbet ﬁ@sbﬂ%aT'? nECR? RATT H24D
waveformdata is Jiaaafyetd ‘a’ell’étléﬁmfuﬁinl @hei bothespbtiding resiap cﬁaﬂ;e

fol |l oned by tern1nat|n the nt veforn1 roduc 9, P Fig.
18 shows a DVAC prdte %ﬁﬁf'w$°Fﬁg g Aghe %?%%e procé%s i s
initiated in resptae the tﬁmammlpe:oneqsesf hanélmgtaswglmd(mm@de
I nterrupt signal )‘?‘ﬁe neraf ta!]:eédsound /O 10 at tine intervals

e

corresponding to repet |on peri'od of the sanpling signal transnitted
fromthe sanpling frequdtnfenpima sk to Fag:hd9souhle| rerppter of they 4

step S141 of Fi g.p e %ﬁféﬂﬂl%rpfe:@é%éél at Qaép\f\szeéoem ﬂafﬂofﬂcat ed at
the position desighated by the pointer I n_the nusical tone wavef

buf fer DVMAB i s t ream¥lay RFQGSSS he fthe C@N@fSBE‘vBrPﬁBFEﬁgeBr?ﬁﬁﬁ? ﬁFO
menory) of the sougshdired Gbokhekefididing to Fig. 17, and, if

reproduction of the musical tone waveform data is
reserved in this waveform producing process, the DMAC
12 performs a similar process to the DMAC process as
explained above referring to Fig. 18.

In the present embodiment, as described above,
music data are analyzed prior to reproduction of the
music data, so as to detect the position of change of
the tone color (progrém change, for example) in
advance, and, during reéeproduction of the music data, a
load command event is generated so that tone color data
required for the change of the tone color are loaded in
the RAM a certain time beforé the tone color change.
Where the tone colbr_data used before the change of the

_ tone color will not be used in the futuré (or will not
be used for more than a predetermined time), the
unnecessary tone color data are eliminated from the RAM
at the point of the change of the tone color. Thus,
only necessary tone color data are developed on the RAM
as the music data are reproduced, whereby the
‘percentage of the RAM occupied by the tone color data
can be reduced to the minimum. Accordingly, other
application programs may be executed at the same time,
assuring high éfficiency in the operations of these
application programs.



point p is increnented by "1" at a step S142,

process being termnated. 33

expl ai ned above,

in the present enbodinent, if a tone color switch event

occurs, and tone color data to which the current tone color data is

swi tched or changed is stored in the tone generator data storage region,
tone generation according to the selected tone color data is inmmediately
data to which the current data is switched is
not stored in the tone generator data stor region, on the other hand,

‘conducted. |If the tone col or

~followed by the present DVAC

As
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command is generated to read out the selected tone color data fromthe hard

di sc device 7,
region, while g
simlar to the
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color switch evepéne H&iekytdhadie] RV RGR: Hedith RAM:BecramMed By the tone
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operations of thgererppdr aaddes include the FM tone generator mode and

the PCM tone generator mode, the amount of the tone
generator data to be loaded is about 500 kilobytes
(KB). Where the desighated tone generator modes
include the FM tone generator mode, PCM tone generator
mode and the physical model tone.generator mode, the
amount of the tone generator data to be loaded is about
600 kilobytés ({KB). Thus, the amount of the loaded
tone generator data is significantly reduced, as
compared with 2 megabytes (MB) when the conventionél
PCM tone generator mode is employed.

Since the load/unload command events are
inserted in the music data prior to reproduction of the
music data, the load on the CPU during reproduction of
the music data can be reduced.

In the present embodiment, the timing of
loading/unloading is prepared prior to the reproduction
of the music data, and therefore the load on the CPU
during the reproductioh can be reduced. For example,
the present invention may be advantageously applied to
the case where songs to be reproduced are used as BGM
for a game or the like, since the music data are
preliminariiy determined for the game or the like, and
thus the timing can be inserted in advance in the music
data.

Since the load/unload command events are
inserted as system exclusive event data in the present
embodiment, the music data that have been processed may
be reproduced by a normal sequencer in the same manner
in which the music data that have not been processed



prograns. VWhile M D events occur during reproduction of mnusic data
in the il'lustrated enbodi nent, the present inventionis not limted to this
arrahgement, but M Dl events may occur according to M Dl data received from
an external keyboard, sequencer or the like, through a MDI interface, for
exanple. In such cases, the "occurrence of MD event"” in Fig.5 corresponds
to the time when the MDI event is received. The present invention is
particularly nore effective in the case of receiving MD data in which the
next MDI event is not predictable, than in,the case of reproducing nusic
data as explained in the present enbodi ment '(in some cases, the nusic data
can be read in ad¥&nh&@produced. Fhighdsibposesatithe cutirmrenclugisie

desired event data which cannot be 1nte1.3l4r<1£‘i£14i§3 BAtah addi@mico! or
data are not stored.in the t nggneratgaagata stora reglon t hese data

are read out from¥RFWREAF & &y FEan da¥%aﬂ%RP e present invention
is not l[imted to this mmm&muoaﬂwhnlbeddema@d negkn ol adacn k- d one

col or data may bele'g%%(} %u ggg ﬁ é°§t%$ra elnealltuamir{lst%rted in the
| a

drive device 8
111ustrated embodlment the present invention is not

limited to this arrangement, but data located after the
reproduced position may be read in advance during
reproduction of the music data, and, if there is any
tone color switch event, a load command event may be
generated a certain time before the tone color switch
event. In this manner, the musical tone generation
according to the present invention can be achieved even
where only a portion of the music data is received or
prepared. For example, the load/unload command event
may be inserted into music data while receiving.the
music data through a network.

It is also possible to deliver, through a
network, music data in which load/unload command events
are preliminarily inserted according to the music data-

_processing method of the present embodiment.

While the tone color data stored in the tone
generator data storage region are deleted (unloaded)
with respect to each song, the present invention is not
limited to this arrangement, but the tone color data
may be deleted if they are not used . for a long time
(e.g., 10 minutes or longer).

The object of the present invention may be
accomplished by providing a storage medium in which a
software program having the functions of the above-
described embodiment is recorded, in a system or
apparatus, and caﬁsing a computer (CPU 2 or MPU) of the
system or apparatus to read out and execute the program
stored in the storage medium.

In this case, the program itself read out from



region, or may be read out fromthe server conputer 102 through the network
|/0 9 and conmuni cation network 101. Further, where data to be | oaded are
not stored in the hard disc device 7, the data may be searched through

ot her nedi a. In the present enbodi ment, where a simlar tone col or
I's not present in the tone color data (which are |oaded in the tone
generator data storage region) in the sane tone generator node as the tone
generator node TM substitute tone generation is conducted using a simlar
tone color in the FMtone generator node. The present invention, however,
is not limted tehéhéé arrangepent, but nmay ‘be adapted such that the
substitute tone Génerartorsike \Rabdevesithe meelofaneeions 8 g PCOM

t one gener at or m@d&semtttmyeﬁxmﬁh,idﬁﬁ(gﬁéﬂgg3¥§§§§§%§has s%gggg&gFigne

col ors. f,0Gessi ng nusi.c
repr oduci ng t he %uﬁ%é}gw%%ﬁ lat"tu%ffa?/é’rgé’é’r?vﬁ-r%eé'rb@dprasentdiiﬁgeheieﬂe
embodi ment of the inverfhertdtdgebamedion ¢osCiiuBed v The nusjc
dat a- processi ng g hask iy Sy %%Ssed ng§iQE%ayéP?eBPgdﬂg?%ﬁaﬂeFﬂod
according to thge present e .oaﬁnen ﬁhgﬁﬁé €atPi EReofiormyos the dvare
(i.e., general- &5 dansrihed 9bmearCDeRbnatMU$eﬂD,iEl&a§%q3§é€al

. us, the

t one- gener at i ng QPeF @D RdoF-RRILS - LRed_enbodi ment.
gener al - pur pose 5 gggggé?Figap?o pPgvolatile seemarsy the

har dwar e for préﬁ@?@?%ﬁsﬁﬁﬁfﬁgéggghggampigeesAIHg. the program may be
supplied from other MIDI equipment or the server
computer 102 through the communication network 101.

The functions of the illustrated embodiment may

be accomplished not only by executing the Program read
out by the computer, but also by causing an 0S8
operating on the computer to perform a part of or all
of actual operations according to the instructions of
the program. )

. Further, the Program read out from the storage
medium may be written in a memory provided in an
expanded function board inserted in the computer, or an
expanded function unit connected to the computer, and
the CPU 2 or the like provided in the expanded function
board or expanded function unit may actually perform a

part of or all of the operations, based on the

instructions of the program, so as to accomplish the

functions of the illustrated embodiment .



35 and nusi c data-reproduci ng nethods of the present enbodi nent, and the
construction of this computer will not be described herein. In the
fol l'ow ng, the summary of control processes performed by the conputer that
enpl oys the nusic data-processing nethod and processed nusic data-
reproduci ng nethod of the present enbodi nent will ‘be explained, and details

of the control processes will be then explained. The control
processes carried out by the conputer of the present enbodinent are roughly
classified into two type of processes, nanmekg/, a nusical tone-generating

process for producing nusical tone waveform data and soundi ng the produced
data, and preparamﬁ@nISoplﬁhEeﬁuéﬁéal tone-generating process. Thepnu5|cal

t one-generating process except a part of it is carried out according to a

wel | - known net hod, and therefore t unnar of thi not be
expl ai ned herei n. . TﬁemﬁFQBarﬁg gHneD? tTﬂ%Iﬁﬁ%ﬁégf % one- generatlng
g;Oﬁﬁgs cgnFrlse%dﬁyy¥ﬁ$m@ mhpreeepsesfas foll ows: (1) Downl oadi ng
i c data i.S proc d 0 E@ﬁé [
the SMF (Standard M DI tI Ep ?’ﬁg‘fa %RSB 8 A EH CodlEi dy:&par "

( ereinarter referred to as "nusic
data SMF") fron1tdﬁbrageumeansonputer 102 t hrough the communi cation network

101. \Where the node dat 0 t d t
101 gpere the mode daldQloioe sG3l0kofid éo!!§§7dé.ﬂa beorsgenensied nusi c

color data are upon occurrence of perl%%maghge1nfo§ggglggdfhéggéif¥etOne

of a change of tone color, to determine whether tone
color data selected by the change of tone color are
stored in said tone color data storage means; and.

controlling musical tone generation such that
when a result of said searching indicates that the tone
color data selected by the change of tone color are
stored in said tone color data storage means, a musical
tone is generated based on said tone color data, and,
when the tone color data selected by the change of tone
color are not stored in said tone color data storage
‘means, the tone color daté are read out from a storage
medium storing the selected tone color data, and
transferred to and stored in said tone color data
storage means, while generating a musical tone based on
other tone color data similar to the selected tone
color data.

2. A method of geperating musical tones
according to claim 1, further comprising the step of
deleting tone color data that become unnecessary, out
of the tone color data stored in said tone color data
storage means, under a predetermined condition.

3. A method of generating musical tones
according to claim 2, wherein said predetermined

" condition is that if any tone color has not been used
until said step of deleting is executed, tone color
data representing the tone color are deleted.

4. A method of generating musical tones

* [ L M S *



al so downl oaded fromthe server conputer. (2) Conversion of nusic
data .. The process is to analyze nusic data SM downl oaded as
descri bed above or nusic data SM- produced by the user, and pick up tone
generator node switch event data and tone color switch event data in

36 the nusic data SM-. Before these event data are read out during
reproduction of the nusic data, a | oad command event or events for | oading
tone color data designated by the switch event data in a correspondi ng
regi on of the tone generator data storage r4 gi on, and an unl oad comuand
event or events for deleting (unloading) tone color data that wll not be
used in the nusiaccerdi®Nrs rakaimhe it é\g’@rgé-ﬁelsétlér PELOSEErPAREE region are

inserted in approprhat £,R05d LIANS 1 drenBeicC ofatenSVEolBludatahe or i gi nal
nusi ¢ data SMF are converted, into music daga SMVE' (3) Conmand to
initiate reprodustered oin i ¥RRS color daffe SEARISFEAE d)attsang' have

been C?_nverted | B 188 ah@ﬂlga@@a&@mm;ea encainty, e tdmec coled dasac dat a
convertin I ocess initi
gpb thétahgge gentékéggélfgfathe longest time are deleted.

5. A method of processing music data, .
comprising the steps of:

storing music data in storage means;

picking up a tone color selection event included
in the music data stored in said storage means;
and

inserting a load command event for generating a
command to load tone color data selected by said tone
color selection event, at a position in the stored
music data which is located a predetermined time period
before a position at which said tone color selection
event is picked up.

6. A method of processing music data according
to claim 5, further comprising the step of inserting an
unload command event for generating a command to unload
said tone color data selected just before occurrence of
sajid tone color selection event when detecting that the
tone color data selected just before occurrence of said
tone color selection event will not be selected after
the tone color selection event.

7. A method of reproducing music data,
comprising the steps of:

' suﬁplying music data including event data and
timing data indicative of the timing of occurrence of
the event data; _

picking up a tone color selection event included
in said music data, prior to reproduction of the
supplied music data;

reproducing said music data by successively
reading out respective data of the supplied music data,

* C L M 0§ %




reproduction of the converted nusic data SM is generated after tone
generator data (node data and tone color data) required for starting
reproduction of the nusic data SMF are | oaded. Were the nusic data SMF
have not been converted into the nusic data SMF, the same process as the
husic data converting process described above is carried out, and a command
‘to initiate reproduction of the nusic data is generated after tone
generator data required for reproduction of the nusic data are | oaded.

As expl ai ned above referring to Fig. 4, the sic data SMF consi st of
header data and sequence data. The header dgﬁg I ncl ude such data as the

title of the songo ahanamkeveatadeshondhed by @reerrkesRARANE M €F or nat

(SMF, GM and so on q ayhAC adléOlign f I
event data, such é% ng$gﬂ%2%ai%fggeg%f ggtgPac%%§$%¥ aiangéhgggﬁ?pégﬁg?

program change evemimgntdatagzank sel ect event data, and system excl usive

event data, and tirﬁ'“J(Egﬁéﬂdﬂﬁﬂaahlﬁﬁad command event to generate a

37 the timng of occurrence of each MDI eve resent
embodi ment i n whieermand &4 %9§ﬂx§%%§yt83 F8Eﬁ§e§a?%'t %Pségg gong in a

maxi mum of three ¢y@@Srence of said tone color selection event, during
reproduction of the supplied music data;

transferring said tone color data from second
storage means in which tone color data selected by said
tone color selection event are stored to first storage
means to store the selected tone color data therein, in
response to said command to load the tone color data;
and '

generating a musical tone in response to
occurrence of said event, using the tone color data
stored in said first storage means.

8. A method of reproducing music data according
to claim 7, further comprising the steps of:

generating an unload command event to generate a
command to unload tone color data that will not be
used, during reproduction of the supplied music data,
and

deleting the selected tone color data from said
first storage means, in response to said command to
unload the tone color data. ]

9. An apparatus for generating musical tones,
comprising:

a tone color storage device that stores tone
color data; '

a search device that searches said tone color
data storage device upon occurrence of performance
information indicative of a change of tone color, to
determine whether tone color data selected by the
change of tone color are stored in said tone color data
storage device; and

-
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of tone generator nodes (FM tone generator node, PCMtone generator node,
and physitcal nmodel tone generator node), as in the previous enbodinent, the
sequence data may include, as needed, node switch event data for sw tching
these three types of tone generator nodes. Since the node switch even data
‘are currently not adopted as event data according to the M DI standard, the
.system excl usi ve even data provide the node switch event data as expl ai ned

‘above with respect to the previous enbodi nent. Referring to Figs. 19
- 25, details of the above control processgg performed by the computer of
t he present enbodi ment will. be _expl gi ned. Fig. 19 ,shows a main

program execut ed by t hé ARG deVACEathREUFIRLERLS NSDCabiteme present
enbodi ment. Thi Sgeﬁrézgrtaimrﬁmearl a:éia% Rhesi Hi kaéulerhesggansééﬁglﬁﬁﬁ% OI F: g.
5, and thus wll, nqQt e i erein. | ows in deta

t he above-descrild'@c&q;oefeﬁ‘% Qﬁ“&ﬁ&&aFﬁ&%ﬁ?Eadﬁgkﬁﬁas ¥ress is one
of ot her processdmmgfe o5ttemeS2®Aloxf aFiegstdfedFdn saddptenet beler ederd
downl oadi n [ 0G/SSrda Ididid e e rsgli | npuse, a
downl oad bgt Fon (|_cor%se cﬁgs‘%]%e;/e% \gﬁ%?ﬁéaditgﬁﬁa;g&bghgra%&rﬁégﬁ% %?'Ogl‘ am of
Fig. 20, a step =@M tone galon [datekeandedwhendthel berdenoeler ddata

desi gnated by thfajus@led MAMEHRE HANYR oEOFBHEEE182 LPEOHIR LPSred in
comuni cation network 101. step SZ212 is then executed to detect or search

node data and t Gttt Ae £alen daka stoxagpudevigs: athﬁ’FtHBﬁnF‘ah‘él‘éd at the
step S211. Sinceldte afslarainl Dy Exdnl ar BtoedgbymbiuiDgeosMhECEhevent data

in the present esnet!l.oedc;t:need1 ttor{eh%ori%q:edata, and transferred to and stored
in said tone color data storage device, while
generating a musical tone based on other tone color
data similar to the selected tone color data.

10. An apparatus for generating musical tones
according to claim 9, further comprising a device that
deletes tone color data that become unnecessary, out of
the tone color data stored in said tone color data
storage device, under a predetermined condition.

11. An apparatus for generating musical tones
according to claim 10, wherein said predetermined
condition is that if any tone color has not been used
until said deleting is executed, tone color data
representing the tone color are deleted.

12. An apparatus for generating musical tones
according to claim 10, wherein said predetermined
condition is that if an amount of tone color data
stored in said tone color data storage device is not
smaller than a predetermined amount, tone color data
that have been stored for the longest time are deleted.

13.‘ An apparatus for processing music data,
comprising:

a musical data storage device that stores
storing music data;

a pickup device that picks up a tone color
selection event included in the music data stored in
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38 switch event data are searched so as to detect or determ ne the tone
generator node. On the other hand, since the tone color data are determ ned
by three types of data, nanely, designated tone generator node, bank sel ect
event data and program change event data, the latter two types of data are
searched to determne the tone color data, and the tone col or nunber is
detected based on the detected.tone generator node. At the next step
'S213, it is determ ned whether or not the node data detected at the step
.S212 are stored in the hard disc drive 7. If,the node data are not stored
in the hard disc drive 7, the relevant node data are downl oaded from a node

data server (ser\s&idaharege $8¥icehr ough t he comuni cation network 101. |f
‘the detected m)dqi ta are stored in the hard disc drive 7, on the other

hand, a step S214 1s skipped,, and th rogram proceeds.to, a st.en S215.

At the step S215, it is adé‘t%ﬁ?@ﬂ‘aﬁﬁegﬁﬁgtoingﬁgfﬂ% S C%otr%ér{: dat a

de]t ect gd at the sgrafersl 2 dloadsicommdndnetveathfiod deseratine & . conmamd t one
col or. data are not or in the har i ' e id.lar to
Che stop 921471 s KactEE T suberagatry Se1EEEE by BatdCPodd kolS:

esired tone color data froma
tone col or data seslextiarerexsntcomtuseposdeionhivufhet fEoredrmintatdakr

network 101, and GOen, t1e LI 0PMURILAInBHOEERE period before a

position at which said tone color selection event is
picked up.

' 14. An apparatus for processing music data
according to claim 13, further comprising an unload
command insertion device that inserts an unload command
event for generating a command to unload said tone
color data selected just before occurrence of said tone
color selection event when detecting that the tone
color data selected just before occurrence of said tone
color selection event will not be selected after the
tone color selection event.

15. An apparatus for reproducing music data,
comprising:

a supply devicé that supplies music data
including event data and timing data indicative of the
timing of occurrence of the event data;

a pickup device that picks up a tone color
selection event included in said music data, prior to
reproduction of the supplied music data;

a reproduction device that reproduces said music
data by successively reading out respective data of the
supplied music data, so that an event designated by a
corresponding one of said event data occurs in the
timing designated by said timing data;

~a load command event generation device that
genefates a load command event to geﬁerate a command to
load said tone color data, prior to occurrence of said
tone color selection event, during reproduction of the

IR




is termnated. |If the desired tone color data are stored.in the hard disc
drive 7, *on the other hand, the present downl oading process is imediately
t er mi nat ed. Fig. 21 shows in detail the above-descri bed process of
converting nmusic data. This process is also one of other processes of the
step S207 of Fig. 19, and is initiated when the user clicks, with the
nouse, a nusic data conversion button (icon) displayed on the display 6, in
the simlar manner to the downl oad process of Fig. 20.

39 In Fig. 21, a step S221 is ini éally executed to scan the
nmusi ¢ data SMF to be ponverted as instruct by the user, and pick up any
node switch everffuRRkied musich@ater t he node), bank sel ect event data

(change of  the bank) aaﬁﬂsaa{émarxaraea;%@%ha\aela&aﬁataréPQlud tone cofbrthe
next step S222, éﬁhe e of the tone enerat Qr nmpde deS| gnhated by the node

switch event dat “blackgﬁf Fe SeREeCc dRoMhAGRHEPST CPRRTt One

col or indicated dytd hsblﬁﬁﬂeds&iye(ﬁalﬂ/wained&b&o&ndelabﬁgbﬁmaﬁbﬁﬂgerévent
data (PC) are star

connection, eact® sg]ge%p:g P%epgfgq:e&t‘%atg&ng%’g%é?5?0F%%8etgﬁdsgl§??‘é§ﬁond| ng

t one tone color data therein, in response to said command to
load the tone color data; and

a musical tone generation device that generates
a musical tone in response to occurrence of said event,
using the tone color data stored in said first storage
device.

l6. An apparatus for reproducing music data
according to claim 15, further comprising:

an unload command generation device that
generates an unload command event to generate a command
to unload tone color data that will not be used, during
reproduction of the supplied music data, and

a deletion device that deletes the selected tone
color data from said first storage device, in response
to said command to unload the tone color data.

17. A storage medium that stores a program
which can be carried out by a computer, comprising:

a storage module that stores tone color data in
tone color data storage means;

a search module that searches said tone color
data storage means upon occurrence of performance
information indicative of a change of tone color, to
determine whether tone color data selected by the
change of tone color are stored in said tone color data
storage means; and

a control module that controls musical tone
generation such that when a result of searching
indicates that the tone color data selected by the
change of tone color are stored in said tone color data
storage means, a musical tone is generated based on
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color nunber is stored in the header such that the entire data thus picked
up fromthe nusic data do not overlap with each other. In this nmanner, the
node data and tone color data used in the nusic data SM- may be known
only by | ooking at the header, as shown in Fig. 4. Wth the tone
col or (nunber) determ ned dependi ng upon the bank and PC picked up at the
step S221, a step S223 is executed to determne the timng of

| oadi ng/ unl oadi ng of individual tone color data used in the nusic data SM,
dependi ng upon the thus deternined tone COlé nurrber The timng is

determned in the foll ow ng t he desi gn t one
col or data are n&eigt 5PB& FﬁlPﬁeg?%e %e t°§’t orcé%é)%r gé’?%n of Fig.

2, the timng of sageetalli by &héomimﬂglet@flmmétd\ﬂdmraerecmcm stared én

determ ned to be "x" seconds,bef th h

regard, "x" secoﬁ&%dl oRe; FREC ﬁuﬁ%ﬁ?on&l’% %%@?&F %%{h%gl{do}ng%%l or
data i s conpl et edrenaealdy ous duomtaOﬁtonaQM|m¢dx¢meﬁﬁﬂﬁ%ﬁﬁﬂ #aleckes 1 ead
out fromthe hard flseod8y Gk ol eadedelnion by Gt iRanaEling dea on of

t he tone generator stora e reg , e nunb "x" of seconds
40 tone color data storage means, while generating a

musical tone based on other tone color data similar to
the selected tone color data.

18. A storage medium according to claim 17,
further compr;51ng a module that deletes tone color
data that become unnecéssary, out of the tone color
data stored in said tone color data storage means)
under a predetermined condition. '

19. A storage medium according to claim 18,
wherein said predetermined condition is that if any
tone color has not been used until said step of
deleting is executed, tone color data representing the
tone color are deleted.

20. A storage medium according to claim 18,
wherein said predetermined condition is that if an
amount of tone color data stored in said tone color
data storage means is not smaller than a predetermined
amount, tone color data that have been stored for the
longest time are deleted.

21. A storage medium that stores a program that
can be carried out by a computef, comprising:

a storage module that stores music data in
storage means;

a pickup module that picks up a tone color
selection event included in the music data stored in
said storage means; and

a load command event insertion module that
inserts a load command event for generating a command
to load tone color data selected by said tone color
selection event, at a position in the stored music data
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i s changed dependi ng upon the anount of the tone color data. The number "Xx"
of seconds may be a fixed value (fixed tine duration in which the | oading
i's cbnpleted no matter what tone color data are designated), irrespective
of the type of the tone col or data. 2) Wiere the tone color data
stored in the tone generator data storage region are designated, it is
needl ess to say that the timng of generating a command to |oad is not

det er m ned. 3) Wth regard to the tone color data that stop being
used due to change of the bank and PE occuggLnghln thetﬂuslp dat a ?NF and
will not be used_i,n the sic data after sdCTh change, e timng of

unl oadi ng such &R JHorlofated & gdverntimg perbed hefaretaiposition (or a

certain time aftaﬂ:r)wl'ﬁ.lcaim cladidy & ople bbq&aatlélaagi?& ext\‘@ﬁfeieé Ejé‘?g%&t%%g;etshe
tone col or data stored.,n the tone generator data_storag )
excessively |arge, homég%r,aas%8ﬁﬁ§%dmﬁglﬂﬂl688°E9éﬂgtﬁ% ttaEmcdlor data
that will be usémnuhemheomwmdséngbatmndulénnhdt?iﬁbarU§gﬂh mﬁléf?erated.
Wiere a plural i tugffan r (o] sive r epr oduc ain
repr-oducfi on), Hée to:rili(e) col (;%r %é’éft 8%?8§%§i_§§e8 £ %‘Pﬂ%gs%?lg‘énef‘bé%esﬁn’r%yed

| ater may be reﬁéﬂﬁé&qlﬂrtﬁétﬁoﬁ@lgshedauustdheﬁoseooagmrreqpenbffsé&dree
or enpty T egi on tofeAlcBl o selRctadh UFRREA AL AL St MAULEIAD on

At a step S224, the | qad co nd qr ,unl oad _command IS ~as sf%tem
echuSivg eventC&QFE %SEF,SgchFﬁé dysteheéorr eeveresree fitsaid tone
correspondi ng t eclbe lsedéctibaadveatnanllt Ae HEt SeTeHesl A frdPsaid ed in

the nmusic data at, the position of the timng determned at the step
$223. I %gﬁg ggggrwﬁgichﬁgnnﬁﬂﬁngata and tone color data that are

not present in the har@3di s& éévrage7medtumsehat astotds R Prograxambed t o
downl oad the deghetle carried out by a computer, comprising:

a supply module that supplies music data
including event data and timing data indicative of the
timing of occurrence of the event data;

a pickup module that picks up a tone color
selection event included in said music data, prior to
reproduction of the supplied music data;

' a reproduction module that reproduces said music
data by successively reading out respective data of the
.supplied'music data, so that an event designated by a
corresponding one of said event data occurs in the
- timing designated by said timing data;

a load command event generation module that
generates a load command event to generate a command to
load said tone color data, prior to occurrence of said
tone color selection event, during reproduction of the
supplied music data;

a transfer module that transfers said tone color
data’ from second storage means in which tone color data
selected by said toné color selection event are stored
to first storagé means to store the selected tone color
data therein, in response to said command to load the
tone color data; and

a musical tone generation module that generates
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41 .data.fromthe server conputer 102, through the conmmunication network
101,-in the same manner as in the steps S213 - 216 of Fig. 20, and then
the present music data converting process is termnated. In this manner,
the converted nmusic data SMF are prepared by the present nusic data
converting process. Fig. 22 shows details of the above-described
process of generating a command to initiate reproduction of nusic data.
This process is al so one process of other processes of the step S207 of
Fig. 19, and is initiated when the user clif&s, wth the nouse, a nusic

data reproductiop shaibalUbbRE £ih CP&Qpcq-is':EPlt?c}'gfké?ﬂxle'ﬁ%edio%g!s%)idgsvfeﬂi:,

exanple, in the simlar manner to the downl oad process of :
At a step S230 oPSEPg. the teRe ¢eler Aatastaredt ignmsaids fisteptotaged as

instructed by the user 28.! oadetbrdge HiPiaf URbraiTicC tdAlAa3t0rgge region
provi ded at a prgﬁgﬁﬁrnined gosition of the RAM 4. A step S230 is then

executed to dete CNEPTRT281™%bt the file | oaded at the step S230
consi sts of the converted untoad dadrmad gerdrdtion aadedd ithatconsi sts of

the converted mjéjeﬁegé{:gs SM%I unfoé& e@on%r%a?’nzd iesvent to generate a command
to unload tone color data that will not be used, during’
reproduction of the supplied music data, and
a deletion module that deletes the designated
tone color data from said first storage means, in
response to said command unload the tone color dé.ta.
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executed to carry out a reproduction preparation process, nanely, a process
of | oading node data and tone color data required for initiating the
reproduction of the nusic ddta. At this step, the node data correspondi ng
to all of the tone generator nodes designated in the converted nusic data
'SMF' rare | oaded as the node data. Then, a step S233 is executed to generate
a conmmand to initiate reproduction of the nverted mnusic data SMF
fol | oned by the present process of initiaf?ﬁg reproduction of the nusic
data being ternmn nated. If the step S231 determ nes that the | oaded
file does not conNEtHOD ANP® APPARATUS FOR i GENERATBNG MUSICAL TONES,

42 step S234 is executed to scan the | oaded nusic data, and pi ck up change
of* the node, changeMETHOD: ANDNAPRPARAPUS FOR PROCESSING MUSILS DATAhe step
S221, and a step S225 is executed to determ ne the tim ng of

| oadi ng/ unl oadi NMETHODNAND APPARATHS wmom&m%mqﬁﬁiﬁ%% MUSSC DA SvF,
dependi ng upon the bank and PC, in the sane nmanner_as in the step S223.

At a step S236, a sub tr AND [STORNGEh MBRIA FAR RRAGHI GG F il oadi ng i s
recorded is prepared at the position of the timng :

ABSTRACT OF THE DISCLOSURE

Tone color data are stored in a tone generator
storage region of a RAM. The tone generator data
storage region is searched upon occurrence of
performance information indicative of a change of tone
color, to determine whether tone color data selected by
the change of tone color are stored in the tone
generator data storage region, and musical tone
generation is controlled such that when a result of
the searching indicates that the tone color data
_selected by the change of tone color are stored in the
tone generator data storage region, a musical tone is
generated based on the tone color data, and, when the
tone color data selected by the change of tone color
“are not stored in the tone generator data storage
region, the tone color data are read out from a storage
medium storing the selected tone color data, and
transferred to and stored in the tone generator data
storage region, while generating a musical tone based
on other tone color data similar to the selected tone
color data.

FIGURE 15



determ ned at the step S235. At the next step S237, the preparation
for reproduction is carried out in the sane manner as in the step S232, and
a step S238 is then executed to generate a conmand to initiate concurrent
reproduction of the nusic data and the sub track produced at the step S236.
Then, the present process of generating a command to reproduce the nusic
data is term nated. Fig. 23 shows the procedure of handling or
processing a note-on event. This process isS e process of MDI signa
processing of the step S205 of Fig. 19, and Is initiated upon occurrence of
a note-on event as one type of the M D events. In Fig. 23, a step
S241 is initially executed to anal yze te-on event data received by the
above- indicated buffer, and store thg”nete nunber of the note-on event
data in a predeternmned reg NN of/t he M4, while storing its velocity

in a predeterm ned Yegi on VE AM 4] A step S242 is then executed to
al |l ocate a channel A =he e to|l be generated based on the content.
of the region TM pr ¢ilded erm hed position of ¢ for
storing the tone gef®¢ajor ¥ naf | e ~t econén.gmi ISpe called
"tone generator rmd). bd above, hgtoﬁ' % apr node T™
is determ ned by thé&dde - > o uuggcn
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43

generator register (not s
to be generated is
‘(hereinafter, the content
comand for
sound the nusi cal
tone generator node TM
not e-on event is

al | ocat ed,
predeterm ned position of the RAM 4 for storing the

At the next step S243, nusical
generator node TM and the content of the region TC

hown) for the
will be

Then, the

term nated. As descftﬁa?and

TC is determ ned by the bank sel ect ev

dat a.
which is one process of t
Fig. 19. The present

he M D signa

process is jnitiat

dat a baSed on the

upon occurrence

tone

is set to a tone

channel to which the nusical tone
the region TC being provided at a
tone col or nunber
cal | ed2720ne col or nunber TC'), and a

initiating tone generation is generated to produce and

tone waveform data of the tone col or nunber TC in the

present process of handling the

the tone col or
pr ogram change event

Fig. 24 shows the process of handling a | oad

processi ng of the

nunber

command event,
step S205 of
of a | oad

command event inserted iinVIANAGEMENTH at the step S224 of Fig. 21 (or
step S236 of Fig. 22). Bdf IMFORMAT¥NG process is carried out, it is
confirmed whether the tdne color data arnd ot rséggihma Efsignated to be
| oaded are stored in the jton r da st Gﬁa nd the
| oadi ng i s not conducted | ed dat|a are[hAHBhdy stored.
In Fig. 24, the designategd tone col or datla and fottrers—aretoadgd fromthe
hard disc drive 7 into the cPCGNBEPATPANG | egiony of thegg@ne ge rator
storage region at a step [S251, and then tfhe prgsent ss of jandling a
l oad command event is terpinated
PHYSICAL
M DATA WAVE
TABLE

OTHERS




Fig. 25 shows the process of handling an unl oad comand event, which is one
process of the M DI signal processing of the step S205 of Fig. 19. The
present process is initiated upon occurrence of an unl oad

44 command event inserted in the nusic data at the step S224 of Fig. 21(or
step S236.of Fig. 22). In Fig. 25, the designated tone color data
and others are deleted fromthe correspondi ng regi on of the tone generator
data storage region at a step S261, and then the present process of
handl i ng a unl oad command event is ternina??go Referring back to
Fig. 19, the conmputer of the present invenfion executes a step S206 to
performa simlar process to the waveform produci ng process as expl ai ned
above referring to Fig. 17, and, if reproduction of the nusical tone
waveformdata is reserved in this waveform produci ng process, the DVAC 12
perfornms a simlar process to the DMAC process as expl ai ned above referring
to Fig. 18. In the present enbodi nent, as described above, nusic
data are anal yzed prior to reproductégﬁbe the nusic data, so as to detect
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the tone col or (program change, for exanple) in advance, and, during
reproduction of the nusic data, a | oad command event is generated so that
tone color data required for the change of the tone color are |oaded in the
RAM a certain tinme before the tone col or change. Where the tone col or data
used before the change of the tone color will not be used in the future (or
W Il not be used for nore than a predeterfiﬂ@d tinme), the unnecessary tone
.col or data are elimnated fromthe RAM at e point of the change of the
‘tone color. Thus, only necessary tone color data are devel oped on the RAM
as the nmusic data are reproduced, whereby the percentage of the RAM
occupi ed by the tone color data can be reduced to the m nimum Accordingly,
ot her application prograns nmay be executed at the sane tinme, assuring high

efficiency in the operations of thes%ﬁglnggztion pr ogr ans.

45 In this connection, where t i'gnat ed tone generator node is
only the FM tone generator nmount of_Lhe_Lane_geneLaLﬂr data to
be |l oaded in the tone generator data st orage riegi Nt M 4 i s about
70 ki lobytes (KB). Viher SOMGAIATAa: o RioDE BATA

d tone
HEADER — ™ heaoer

DRIVER

SEQUENCE

DATA PRODUCING
PROG.

TONE COLOR
DATA

HEADER

PARAM.

TABLE




generator nodes include the FM tone generator node and the PCM tone
generator node, the anount of the tone generator data to be | oaded is about
500 ki | obytes (KB). \Were the designated tone generator nodes include the
_.FM tone generator node, PCMtone generator node and the physical nodel tone
generator node, the anount of the tone generator data to be | oaded is about
600 kil obytes (KB). Thus, the anobunt of the |oaded tone generator data is
significantly reduced, as conpared with 2 nmegabytes (MB) when the
conventional PCM tone generator node is e d. Since the

| oad/ unl oad command events are inserted in the nusic data prior to
reproduction of the nusic data, the | oad on the CPU during reproduction of
the nusic data can be reduced. In the present enbodi nent, the timng
of | oading/unloading is prepared prior to the reproduction of the mnusic
data, and therefore the |oad on the ﬂ@rﬁg t he reproduction can be
reduced. For exanple, the present invention nay be advant ageousl y appli ed
to the case where songs to be reppoduced s\ BGM for a gane or the
l'i ke, since the nusic data are pre'MANrPR@GBAMﬂ ed for the game or the
i ke, and thus the timng can be Nas&g in the nusic data.

Si nce the | oad/ unl oad command even , sy§§ﬁn1exclusive event
data in the present enbodi nent, thelﬂquﬁlﬂzpﬂjcht een processed nay
be reproduced by a nornmal sequende sane nanndr in which the nusic
data that have not been processe

Y
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46 are reproduced. This is because the system exclusive event data which
cannot be interpreted by an electronic instrunent of MD standard are

i gnor ed. VWhile the | oad/unl oad command event data are prepared

bef ore reproduction of nmusic data in the illustrated enbodi ment, the
present invention is not limted to this arrangenent, but data | ocated
after the reproduced position may be read in advance during reproduction of
the nusic data, and, if there is any tone6f20or switch event, a load
command event may be generated a certain tinme before the tone color switch
event. In this manner, the nusical tone generation according to the present
i nvention can be achleved even mherehgnlxagqirtion of the nmusic data is
recei ved or prepared. For exanple, /*dnl oad command event may be
inserted into nusic data while _rse e—~qata through a network.
It is also possible to delive

| oad/ unl oad command events arle e according to the
nmusi ¢ data- processing met hod\Q ' pent . Wil e the
tone color data stored ing{He tone generajor data storage region are

del eted (unl oaded) with reg/\ct to _each s gn pregent invention is not
limted to this arrangenent, Yut M+ ata pmy be deleted if they

are not used for a |ong téﬂﬁé e 1SfHQVULES-UT'?Uﬁger).
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The object of the present invention may be acconplished by providing a
storage nediumin which a software program having the functions of the
above- described enmbodiment is recorded, in a systemor apparatus, and
causing a conputer (CPU 2 or MPU) of the systemor apparatus to read out
.and execute the programstored in the storage nmedi um In this case,
the programitself read out from

47 the storage medi um achi eves the novel zfggctions of the present
‘invention, and the storage nedium storing (he program constitutes or
provi des the present invention. ‘The storage nmedi um for supplying
the programto the systemor apparatus may be in the formof the hard

di sc as described above, CD-ROM M, Flﬁo&y disc, CD-R

(CD- Recordabl e), magnetic tape, nonvofatit+e®*nenory card, or ROM 3, for
exanpl e. Al so, the program+ay ~ad fromother M Dl equipnment or
the server conputer 10 N cati on network 101. The
functions of the ill ust RyJ be acconplished not only by
executing the progr i S #fler, but also by causing an OS
operating on the co%%% er to perferma part of or al
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of actual operations according to the instructions of the program

Furtsher, the programread out fromthe storage nediumnay be witten in a

menory provided in an expanded function board inserted in the conputer, or
an expanded function unit connected to the conputer, and the CPU 2 or the

| i ke provided in the expanded function board or expanded function unit may
actually performa part of or all of the operations, based on the

i nstructions of the program so as to acconplish the functions of the

il lustrated enbodi nent. 48 What is
clainmed is: 1. A nethod of generailswpmu5|cal tones, conprising
the steps of: storing tone color data in tone col or data st or age
nmeans; searching said tone col or data storage means upon occurrence

of performance information indicative of a change of tone color, to
det er m ne whet her tone col or data sel ect g; change of tone color are
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stored ip.said tone col or data storage neans; and control ling
nmusi,cal tone generation such that when a result of said searching indicates
that the tone col or data sel ected by the change of tone color are stored in
.sai d tone color data storage nmeans, a nusical tone is generated based on
-said tone col or data, and, when the tone col or data sel ected by the change
of tone color are not stored in said tone color data storage neans, the
tone col or data are read out froma storage nmedium storing the sel ected
tone color data, and transferred to and stored in said tone color data
storage nmeans, while generating a nusical g;[g,based on ot her tone col or
data simlar to the selected tone col or dat 2. A nethod of
generating musical tones according to claiml, further conprising the step
of deleting tone color data that beco ec ary, out of the tone
color data stored in said tone color d i&i ge nmeans, under a
predeterm ned condition. 3. A nethod of generating nusical tones
according to claim?2, wherein said predeterni ned and on is that if any
tone color has not been used OM%NI@M&%@AQW% i s executed, tone
color data representing the t\QndDFcT@NE@ £ATA 4. A nethod
of generating nusical ta3g$
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49 according to clain12, wherein said predeterm ned condition is that if an
amount of tone color data stored in said tone color data storage neans is
not 'smal |l er than a predeterm ned amount, tone color data that have been

stored for the longest tine are del eted. 5. A nethod of processing
;musi ¢ data, conprising the steps of: storing nusic data in storage
‘means;’ pi cking up a tone col or selection event included in the nusic
data stored in said storage neans; and inserting a | oad comand

event for generating a conmand to | oad tob@/2®l or data sel ected by said
tone col or selection event, at a position in the stored nusic data which is
| ocated a predetermned tinme period before a position at which said tone

col or selection event is picked up. 6. A nethod of processing mnusic
data according to claimb5, further co rising.the step of inserting an
unl oad conmand event for generating _g to unl oad said tone col or
data sel ected just before occurrence o Said tone color selection event

when detecting that the tone color data selected just before occurrence of
said tone col or selection event LQIS@(E @ﬁie t d after the tone col or
u

sel ection event. Cl nmusi ¢ data, conprising
the steps of: supplgsﬁg MuSI C I ncluding event data and timng
data indicative of the timn CCl ﬁnﬁ@ﬂ@‘ H1 event data; _
pi cking up a tone col or sel ectl ;J-Ab n said nmusic data, prior
to reproduction of the OF LOADED TONE
| COLOR DATA
S82
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supplied mnusic data; reproduci ng said nusic data by successively
readi ng but respective data of the supplied nusic data,

50 so that an event designated by a correspondi ng one of said event .data
.occurs in the timng designated by said timng data; generating a

'l oad command event to generate a command to | oad said tone col or data,
prior to occurrence of said tone color selection event, during reproduction
of the supplied nusic data; transferring said tone color data from
second storage neans in which tone color data sel ected by said tone color
sel ection event are stored to first storagqsans to store the selected
tone color data therein; in response to said command to |oad the tone col or
data; and generating a nusical tone in response to occurrence of
said event, using the tone color datjpalzspgl%p said first storage neans.
8. A nethod of reproducing nusic dat (1 g to claim?7, further
conprising the steps of:
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generating an unl oad command event to generate a command to unl oad tone
color data that will not be used, during reproduction of the supplied nusic
data, and deleting the selected tone color data fromsaid first
storage neans, in response to said command to unload the tone col or data.
9. An apparatus for generating nusical tones, conprising: a tone
col or storage device that stores tone cojpyaglata; a search device
that searches said tone color data storage device upon occurrence  of
performance information indicative of a change of tone color, to

determ ne whether tone 0lQCOCHURRENCGEESY by the change of tone color are

stored in said tone colfor dAFRPG/BANIE delice; angﬁe'lgrelﬁ
51 a control devCSWITCHEVENYT mfsical t ion such that

when a result of SS?.LQ_lse s=eaimaa” t hat t he tone col or data sel ected
by the change of t qotetsAare—H d—-n—sai d tone col or data storage
devi ce, a nusi cal to}m\i S ayle le(d qgn
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sai.d tone col or data, and, when the tone color data sel ected by the change
of tone tolor are not stored in said tone color data storage device, the
tone color data are read out froma storage nmedium storing the sel ected
tone color data, and transferred to and stored in said tone color data
istorage device, while generating a mnusical tone based on other tone color
data simlar to the selected tone col or data. 10. An apparatus for
generating musical tones according to claim9, further conprising a device
that deletes tone color data that beconme urkb&%sary, out of the tone col or
data stored in said tone color data storage device, under a predeterm ned
condi ti on. 11. An apparatus for generating nusical tones according
to claim10, wherein said predeterm neElG'{l@ is that if any tone col or
has not been used until said deleting i ¢ tone col or data
representing the tone color are del eted. 12. An apparatus for
generating nusical tones according to claim 10, wherein said predeterm ned
condition is that if an anount of tone color data stored in said tone color

data storage device is not Sﬁﬁﬁfﬁkcﬂﬁ ejet erm ned anount, tone col or.
data that have been store ﬁg@ i are del et ed. 13. An

apparatus for proces;ég nusTT gara,§ I ng: a nusical data
storage device that LUI A a pi ckup device that
pi cks up a tone color s hkﬂ!ﬁ¥ihj BEH in the nusic data stored in
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52 said storage device; and a | oad command event insertion device

t hat, i nserts a | oad command
col or data selected by said
the stored nusic data which
position at which said tone
An apparatus for processing

event for generating a conmand to | oad tone
tone col or selection event, at a position in

is located a predetermned tinme period before a
color selection event is picked up. 14.
musi ¢ data acc 4?126‘9 to claim13, further

conprising an unl oad conmand i nsertion deV|ce that inserts an unl oad

sel ected just before occurrence of s
detecting that the tone color data sel ect e

command event for generating a connanaliﬁédi
J

ad said tone col or data
ol or selection event when
ust before occurrence of said

tone col or selection | ected after the tone col or

sel ection event. 1IWANEEEBM: us Y or reproducing nusic data,

conpri si ng: upqim@]gﬂ@'ﬂ@wat pplies nusic data including event
t 1.\

data and timng data | m ng of occurrence of the event
dat a; Kk tone col or sel ection event
i ncluded in SS$Q%SI A’T‘?ON‘F £pr oiuctlon of the supplied nusic
dat a; are 2&¥ [ oduces said nusic
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data by successively reading out respective data of the supplied nusic
data so that an event designated by a correspondi ng -one of said event data
occurs in the timng designated by said timng data,; a |l oad command
event generation device that generates a | oad command event to generate a
command to | oad said tone color data, prior to occurrence of said tone

col or selection event, during reproduction of the

53 supplied nusic data; a transfer device that transfers said tone
color data froma second storage device i nMii2th tone col or data sel ected
by said tone col or selection event are stored to a first storage device to
store the selected tone color data therein, in response to said command to
| oad the tone col or data; and a nusi cal tone generation device that

generates a nusical tone in response&@i?nce of said event, using the
tone color data stored in said first~s ge tevi ce. 16. An

apparatus for reproducing nusic d I m15, further
conpri si ng: an unl oad commandViddNePROGRAMI ck t hat
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generates an unl oad command event to generate a command to unl oad tone
color data that will not be used, during reproduction of the supplied nusic
data, and -a del etion device that deletes the selected tone col or
data fromsaid first storage device, in response to said command to unl oad
t he tone col or data. 17. A storage nediumthat stores a program

whi ch can be carried out by a conmputer, conprising: a storage nodul e
that stores tone color data in tone C°|O¥62§6a st orage neans; a
search nodul e that searches said tone col Oof data storage nmeans upon
occurrence of performance information indicative of a change of tone color,
to determ ne whet her tone col or datglail t by the change of tone col or
are stored in said tone color data ‘Sg ns; and a control
nodul e that controls mnusical tone generation such that when a result of

searching indicates that th by the change of tone
color are stored in said t gficeQMMANR:ROWINEQADINGY a nusical tone is
gener at ed based on OF SONG DATA 54 said tone
color data, and, when the t color data
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sel ected-by the change of tone color are not stored in said tone color data
storage neans, the tone color data are read out froma storage nedi um
storing the selected tone color data, and transferred to and stored in said
tone col or data storage neans, while generating a nusical tone based on
other tone color data simlar to the selected tone col or data. 18. A
st orage nedi um according to claim 17, further conprising a nodul e that

del etes tone col or data that become unneggs y, out of the tone color data
stored in said tone col or data storage nearls, under a predeterm ned

condi ti on. 19. A storage nedium according to claim 18, wherein said
predeterm ned condition is that if any tone col or has not been used until
said step of deleting is executed, (ﬁg data representing the tone
col or are del eted. 20. A storjgir ol according to claim18,
wherein said predetermnned c unt of tone col or
data stored in said tone co oC@MMAN@ CONVYERSIONY snaller than a

pr edet er mi ned anmount, tone gol or q- een stpred for the | ongest
time are del eted. 21. es a programt hat

can be carried out by a conputer, conprisSyng: a storage nodul e-t hat
stores nmusic data in storagg rrg@AN SONG DATA 8221at picks up a
tone color selection event]incl ﬁi&ﬁﬂﬁ?é ata ored in said
storage neans; and h | oa F%ertlon nodul e t hat

inserts a | oad command even AND@@K&J%@HABKBEB@F o | oad tone col or
data sel ected by said tone 'OMIDDE@HWNGE@F@ANK & position in the
stored music data
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55 whicheis | ocated a given tine period before a position at which said
tone“col or selection event is picked up. 22. A storage nedi um
according to claim?21, further conprising a nodule that inserts an unl oad
command event for generating a command to unload said tone col or data
selected just before occurrence of said tone color selection event when
detecting that the tone color data selected just before occurrence of said
tone color selection event will not be Selfﬁ?ﬁﬂ after the tone col or

sel ection event. 23. 'A storage nediumthat stores a programthat can

be carried out by a conputer, conprising: a supply nodul e that
supplies nusic data i NMIMANDE tim ngﬁéﬂ%&at ive of the
timng of occurrence (of OPREPED . a pi t hat picks
up a tone color sel ec\i oNGFGONG gaid nusic data, prior to
reproduction ofékag su ' . a reproduction nodul e that
r epr oduces said 0q—datahy—sudeessively—qadi ng out respective data of

t he supplied nusi C\,d}etal,a-%b{ﬁut-E@FeSQN@esi ghated by a correspondi ng one
of said event data oqcurs | T designated by said timng data;
REPRODUC | |
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a | oad cemmand event generation nodul e that generates a | oad command event
to génerate a conmand to | oad said tone color data, prior to occurrence of
said tone col or selection event, during reproduction of the supplied nusic
dat a; a transfer nodule that transfers said tone color data from
second storage neans in which tone color data selected by said tone col or
sel ection event are stored to first storag®#ans to store the sel ected
tone col or data therein, in response to said command to | oad the tone col or
data; and a nusi cal tone generation nodul e that generates

56 a nusical tone in response to occ n f_said event, using the tone
color data stored in said first stor%‘ej&é‘? 24. A storage nedium
according to claim15, further conprising: an unl oad comuand
generation nodul e that generat ent to generate a
command to unl oad tone col or_gatamgﬂtEbe EVENOF us’d, during

repr oduction of the supplied sic data, “an del eti on nodul e that
del etes the designated tone color data frgmsaid first storage nmeans, in
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response.to said conmand
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unl oad the tone col or dat a.
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