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generally to tone - generati'ng techniques, and nore particularly to
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tone generating technique which permts control over con

5-of tone generating processing depending on.the conputing capab
of- an arithmetic unit enployed for that pr ocessi ng. Man
the el ectronic nusical instruments known today have their

m croprocessors execute prograns ‘describing 10 various processing such as
for generating a tone waveformand °~ - 1nparting an effect to the
generated tone waveform (hereinafter, these processing wll be
collectively referred to as tone generating processing). It was |
been a conmon practice to inplement such m croprocessors by dedic
LSIs 15 such as tone generator LSIs or DSPs (digital signal
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Tone Generating Method and Device

The present invention relates generally to: tbné
generating techniques, and more'particularly to an improved
tone generating technique which permits control over content
of tone generating processing depending on the computing
capability of an arithmetic unit employed for’ that
processing.

Many of the electronic musical instruments known today
have their microprocessors e#ecute programs describing
various processing such aé-for generating a tone waveform and
imparting an effect to the generated tone waveform

(hereinafter, theée processing will'be collectively referred
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to as tone generating processing). It was long been a common

practice to implement such microprocessors by dedicated LSIs
such as tone generator LSIs or DSPs (digital signal
processors).

By virtue of the recent improvement in computing

capability of CPUs,'electronic musical instruments have been

developed where tone generating programs are executed by a
CPU of a general-purpose computer or a CPU provided within
the musical instrument. Tone generating methods_and devices
arranged in this manner will hereinafter be referred to as

CPU tone generators or software tone generators.




processors). : By virtue of the recent inprovenent in conputing

capability of CPUs, electronic nusical instrunents have been devel oped
where tone generating prograns are executed by a 20 CPU of a
general - purpose conputer or a CPU provided within t he nusi cal

i nstrunment. Tone generating nethods and devices arranged in this
manner will hereinafter be referred to as CPU tone generators or

sof tware tone generators. : = 2-
Such software tone generators generally Znmpl oy one of two wavef orm
generating conputation nethods; the one nethod is for generating only
one sanpl e of waveform data per conput ation, while the other nmethod is

for generating phPehl softwazg bprae FENREAIPTEMISRETIdY SIRIRATM.OF The
other or . second- nment i oned wavef orm generating conputation nethod.is
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computation, while the other method is for generating plural
5 samples of waveform data per computation. The other or
second-mentioned waveform generating compﬁtation method is
more advantageous than the first-mentioned method in that it
permits more efficient data access to and from a memorj and
hence higher-speed computation. Further, in such software
10 tone generators, there is employed one of two methods for
generating tone waveform data in a plurélity of tone
generating channels; the one method is for constantly
executing tone waveform data generating computation for a
predetermined number of the channels, while the other method
15 is for executing tone waveform data generating computation
dnly for any of the channels that is currently sounding a
tone. The second-mentioned tone waveform data generating
method is more advantageous than the first-mentioned in that
it can effectively minimize an'amount of computation to be
20 performed by the CPU.

.In the software tone generators, however, predetermined
tone generating processing programs prestofed in memory are
not always executed by a CPU of same computing capability.
Namely, any- genéral—purpose computers may be wused in

25 connection with the tone'generators as long as they are

compatible (i.e., have a same type of arithmetic units), but



10 tone generators, there is enployed one of two methods for

generating tone waveformdata in a plurality of tone generati ng
channel s; the one nethod is for constantly executing tone waveform
data generating conputation for a pr edet er mi ned nunber of the
channel s, while the other nethod 15. is for executing tone waveform data

generating conputation only for any of the channel s that

Is currently

soundi ng a tone. The second-nentioned tone waveform data generating

met hod i s nore advantageous than the firgt-nentioned in that

it can

effectively mnimze an anount of conputation to be 20 perforned by the

CPU.
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In the software tone generators, however, predetern1ned

executed by, a CPU of _sanme co ut|n
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In cases where tone generating processing programs are
executed by CPUs in electronic musical instruments, if the
programs are written separately for each type of the
electronic musical instrument, the likelihood of the programs
being executed by CPUs of different computing capabilities
is eliminated. Actually, however, in many of such cases, a
mask ROM storing the tone'generating processing programs is
used in common for a plurality of types of the electronic
musical instruments to minimize coéts, so that the same
programs are very 1iké1y to be executed by the CPUs of
different computing capabilities.

Various problems would result where same tone generating
processing programs are shared among the CPUs of different
computing capabilities in the above-mentioned manner. For
example, if tone generating processing programs created for
a specific CPU-responsive to a given operation clock are
executed by another CPU responsive to a slower operation
clock, the number of tones capable of being simultaneously
generated via the CPU becomes smaller, which would often
result in significant inconveniences in performance. Such
inconveniences could take place in the above—mentioned method

that executes tone waveform data generating computation only

: for any of the —channels currently sounding a tone;'

whthin| ways



the conputing capabilities of CPUs contained within I ndi vi dual
conputers do differ depending on the types of the conputers and the

ti mes when the conputers were devel oped. In cases where tone
generating processing prograns are 5 executed by CPUs in electronic

musi cal instrunents, if the prograns are witten separately for each
type of the el ectronic nusical instrunent, the |ikelihood of the

progr anms bei ng executed by CPUs of different conputing capabilities

is elimnated. Actually, however, in nmany of such cases, a 10 nmask ROM
storing the tone generating processing prograns is used in common for
a plurality of types of the electronic musi cal instrunments to mnimze
costs, so t¢pnvergelyneif tongr ggnexmeting \Pé?%ﬁelﬁﬁéé!w RRPgRARS cereabedy t he
CPUs of different co ting capabilities. Vari ous, probl ens
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clock are exécut € y an t (FEP ponsive o a sl ower operartl
cl ock, ghe edfid &ﬁﬁ@*ﬁtg bnbei ng siml taneously gener at ed
via the CPU becones snalTler, T ch woul d often result in significant

i nconveni ences 'Fu@@ﬁé?rnﬁﬂﬁﬁﬂ1sﬁ6gt of |IHMRN IVIHLS conpbdihgketahace in
t he above-mentioned net hod

generating processing programs can be executed at high speed

generally dependé on a particular type of a CPU employed for

the processing; For example, while CPUs of the type

10 containing an arithmetic processor can execute floating-point

arithmetic operations at high speed, CPUs of the type not

containing such an arithmetic processor - take more time to

execute floating-point arithmetic operations. Thus, if tone

generating processing programs composed of inétrucfions

15 suitable for high-speed operation of a specific type CPU are

executed by another type CPU, too much time are spent in tone

generation, whicﬁ would also result  in significant
inconveniences in performance.

It is therefore an object of tﬁe present invention to

20 provide a tone generating method and device which are capable

of generating.tones of highest possible quality by executing

tone generating processing with content most suitable for the

computing capability of a CPU emplpyed for that processing.

Note +that in thisl specification, wvarious factors

25 determining a computing capability of én arithmetic unit or

processor device such as a CPU (e.g., operation clock,



25 that executes tone waveform data generating conputation only - for
any of the channels currently sounding a tone.

-4- Conversely, if tone generating processing progranms created

for a specific CPU is executed by another CPU responsive to a faster

operation clock, then there would occur a problem t hat the conputing

capability of the CPU can not be fully 5 utilized in tone generation.

Further, which sort of instructions conposing tone generati ng

processi ng progranms can be executed at-h§gh speed - general |y depends on
~a particular type of a CPU enpl oyed for t he processing. For

exanple, while CPUs of the type 10 containing an arithmetic processor
can execut ep¥esencefphrentce of argardivhmetdcoprpaessns, ainatyucterdandpus
of the type_not contai ni ng_such an arithnetic processor take nore tine
to excdafkd ¢9che i NENPELAE AR theedrd thietic sdtiTiisll e gptled

gerer 310 PSS o5 AR, SOIBgBEd O L FLLUCt I 0ns 15 suitable for
In order to accomplish the above-mentiohed object, a
5 tone generating device according to a first aspect of the
present invention is of the’fype using a processor device to
execute tone generating processing and comprises a detecting
section for detecting performance of the processor device,
and a control section for, depending on the performance

10 detected by the detecting section, controlling content of the
tone generating processing to be executed by the processor
device, wherein the processor device executes the tohe
generating processing with the content COnfrolled by the
control section.

15 In the tone generating device according.tq the first
aspect, the performance of the processor device is detected
by the detecting Section prior to execution of the tone
generating processing, ahd depending on the detected

- performance, the control section controls the content of the

20 tone generating processing. Then, tones are generated by the
processor device executing the tone generating processing
with the thus-controlled content. Because the content of the
tone generating processing is controlled depending on the
detected performance of the processor device, tones of

25 highest possible quality can be generated by just executing

the processing in a manner most suitable for the processor



executed by another type CPU, too nuch.-time are spent in tone

generation, which would also result 1in significant

i nconveni ences in perfornance. It is therefore an object of the
present invention to 20 provide a tone generating nethod and device which
are capabl e of generating tones of highest possible quality by
executing tone generating processing with content nost suitable for

t he conputing capability of a CPU enpl oyed for that processing.

Note that in this specification, variousgfactors 25 determning a
conputing capability of an arithnetic unit or processor devi ce such as
a CPU (e.g., operation clock, _

- 5- FﬂQ%xm%e/absence of an arithnetic processor i nstruction and

data cache nenories in the arithnetic unit) wl| be c

"performance” of IRhe& pP6§§§§6'Pdde%¥%‘Bple' if the, rP?ﬁJE.Re’Fm?’bc%cé’d"onpgh the
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device to a predetermined level, the control section executes at least
5 one of control for setting the tone generating processing to
a relatively low grade.and control for omitting execution of
a part Qf the tone generating processing. Thus, even where
‘the processor device used has a low computing capability
(e.g., based on a slow opefation clock), time required for
10 the processing in a specific one of tone generating channels
is effectively reduced, so that a sufficient number of tones
can be generated simultaneously. In another preferred
example, the control section exeCutés control such that
depending on the performance detected by the detecting
15 section, different instructions are used as instructions
composing a tone generating processing program. . Thus,
depending on the detected performance of the processdr device
(e.g., whether or not +the processor device contains a
specific aritﬁmetic processor), the tone generating
20 processing can be execufed at high speed, using a sort of
instructions optimal for high-speed operation of the
processor device used.
A tohe generating device according to a second aspect
of the present invention is of the type using a processor
25 device to execute tone generating proceésing and comprises

a detecting section for detecting performance of the



execute tone generating processing and conprises a detecting section
for detecting perfornmance of the processor device, and a control
section for, depending on the performance 10 detected by the detecting
section, controlling content of the tone generating processing to be
executed by the processor devi ce, wherein the processor device
executes the tone generating processing wiwth the content controlled by
t he control section. 15 In the tone generating device according
to the first aspect, the performance of the processor device is
detected by the detecting section prior to execution of the tone
generating processing, and depending on the detected erformnce
control secproressox rde¢vicee @@n@@%rab@rtﬁectaen f@ﬁesﬁ%ﬁ%géﬁgnﬁontr°1
processing. Then, tones are generated by processor
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content. Because the content of .t t t
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5 on the performance detected by the detecting section,
designating a range.of the control data that can be_selected
via the operator section, wherein the processor device
executes the tbne generating processing.with the content
contrélled by the control data selected via .the operator

10 section.
| This tone generating device is similar to the first-
aspect tone generating device in that performance of the
processor device is detected by the detecting section prior
to execution of the tone generating processing, but different
15 in that it includes the operator sectidn for inputting
control data for controlling the content of the tone
generating processing and a range of the control data capable
of being inputted or selected via the operator section is
- designated by the designating section. Tones are géﬁerated
20 by the processor device executing the tone 'generafing
processing with the content controlled by the control data
inputted via the operator section within the range designated
by the designating-section. Because the selectable range of
the control data is designated depending on the detected
25 performance of the pfocessor device and the toné generating

processing is executed with the content controlled by the



- 6- devi ce. In a preferred exanple, if the performance of

t he processor device detected by the detecting section is bel ow a
_predetermned level, the control section executes at least 5 one of
control for setting the tone generating processing to a relatively | ow
grade and control for omtting execution of a part of the tone
generating processing. Thus, even where t he processor device used has
a |l ow conputing capability (e.g., based on a slow operation clock),
time required for 10 the processing knga specific one of tone generating
channel s Is effectively reduced, so that a sufficient nunber of tones
can be generated sinultaneously. I n another preferred exanpl e, the

control sectonkrekcatasinowtred withinthe designatediFRPge. t henes of
performance detected by the detectin

( . C 15 section, i fferent, [nstructions
are used ashighestcpeshible qu%ﬁﬁXs%ﬁﬁ‘ e &?é‘e&@rﬁda&%ge‘b?%‘bﬁgg n{jﬂe
program Thus, . dependi ng on the detecte erfor ce of ;
processor dRRPTLRSSING AR 48 %er W%o?ugﬁggbgocge%%g% (?ev?E%éggﬁ Bins a
specific a.iéhnetic processor), the tone generating 20 processing
can be exectted at hi gh speed, using a sort of. I nstructions opti mal

for higg-speed QReféﬁécﬁbﬁgrééfhg device according to a third aspect of

the present invention comprises a general-purpose processor
device for executing tone generating:processing in accordance
with a program describing the processing, a detecting section
forldetecting performance of the pfocessor device, and a
10 control section for, depending on the performance detected
by the detecting section, controlling content of the tone
generating processing executed by the processor device in
accordance with the program.
In the tone generating device thus arranged, performance
15 of the general-purpose processor device executing a tone
generating processing program is detected by the detecting
section prior to execution of the tone-generating processing,
and depending on the detected performance, the control
section controls the content of the tone generating
20 processing actually executed in accordance with the program.
Tones are generated by the processor device executing_the
tone generating processing with the content thus controlled.
Consequently, tones of highest' possible quality_ can be
generated by executing the processing in a ‘manner most
25 suitable for the general-purpose processor device.

Further, the present invention provides a method for



processor device used. A tone generating device according to a
second aspect of the present invention is of the type using a
processor 25 device to execut e tone generating processing and conprlses

a detecting section for detecting perfornance of the

-7- processor device, an operator section for selecting control

data to be inputted to the device so as to control content of the tone
generating processing to be executed by the processor device, and a
designating section for, depending 5 _om-the performance detected by the
detecting - section, designating a range of the control data that can
be sel ected via the operator section, wherein the processor device
execut es t hgeneratiRgierat itenepr @emlngbm tﬁatlﬁéIIGOn@erﬂeneral'cBWP%?ed by

" the control data selected via the operator 10 section.
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device in that_perfo ce of the
pred term:r.necgl tone generating processing, which method

comprises a first step of causing the processor device to

5 detect performance of the processor device, a second step of
causing the processor device to execute a process for,
depending on the performance detected by the first step,

controlling centent of the tone generating precessing to be

executed bf the processor device; and a third step of causing

10 the processor device to execute the tone generating
processing with the content controlled by the second step.

In the tone generating method thus arranged, performance

of the general-purpose processor device detects its

performance prior to execution of the +tone generating

15 processing, and depending on the detected performance, the

processor device controls the content of the tone generating

processing to be executed. Tones are generated by the

processor device executing the tone generating processing

with the content thus controlled. Consequently, tones of

20 highest possible quality can be generated by executing the

processing in a manner most suitable for the general-purpose

processor device.

For better understanding of the above and other features
of the present invention, the preferred embodiments of the

25 invention will be described in greater detail below with



processor device is detected by the detecting section prior to
execution of the tone generating processing, but different 15 in that it
i ncl udes the operator section for inputting control data for
controlling the content of the tone generating processing and a range
of the control data capable of being inputted or selected via the
operator section is desi gnated by the designating section. Tones are
generated 20 by the processor device executing the +tone generating
processing with the content controll ed hp the control data I nputted
via the operator section wthin the range designat.ed by the

desi gnating section. Because the sel ectabl e range of the control data
i.s desi gnateeiferercrli tQ the t aecopparytng dsawpegsor #anebigh:t he processor

device and the tone generating processing i.s executed with the content
control l ed by thelg. " 1 is a block diagram "~ illustrating a _general

o o BB b Wt Sl e L9, OO 8 ol S
manner nDStp?J{JAcEPpb]'.ee éP rt eh epPéggr?é Sn?lrlvention;

' 5 Fig. 2 is a diagram illustrating a basic functional
principle of a software tone generator employed in the
computer music system of Fig. 1:

| Fig. 3 is a flowchart of a main routine executed by a
CPU of the computer music system of Fig. i;

10 Fig. 4 is a diagram of a panel screen shown on a diéplay
of the computer music system;

Fig. 5 is a flowchart of an interrupt process executed
by the CPU of the computer music system;
Fig. 6 shows examples of storing regions in an input

15 buffer;

Fig. 7 is a flowchart illustrating a note-on event
process executed by the CPU;

Fig. 8 is a diagram showing exemplary conténts of tone
color data;

20 Fig. 9 is a diagram showing exemplary storing regions
of tone generator registers:;

Fig. 10 is a flowchart illustrating a panel input event
process executed by the CPU; |
Fig. 11 is a flowchart showing one example of tone
25 generator processihg executed by the CPU;

Fig. 12 is a flowchart showing another example of the



device. 5 A tone generating device according to a third aspect of

t he present invention conprises a general-purpose processor device for
executing tone generating processing in accordance with a program
describing the processing, a detecting section for detecting
performance of the processor device, and a 10 control section for,
dependi ng on the perfornmance detected by the detecting section,
controlling content of the tone generating processing executed by the
processor device in accordance w4 1 ke program In the tone
gener ating device thus arranged, performance 15 of the gener al - pur pose
processor device executing a tone generatjng processing programis
detected bytemR gRReERtRF Proce%%éﬂgoﬁxﬁFPBPdtBYeigeuFPHn of the tone

t t he det ect f
dontrol 0 7 Sectian’ L3ntPors RBP4 o RGN SPRRGPLS0SE |
' t t d T
Gener at ed bioe nEoDs SEREEH e, PaSERREAR: Fachhiet By b e rcpat ng o
processing wth %E@ 9?tEﬂ&wéhaﬁaﬁsﬂééobkegtorl Q%SHHGEL' n Bﬂ@@ﬁtof'
hi ghest possi bl e gual ener at ed B? executing the processing

in a magnerp,yPpdr. 25 SU|tabIe for the 'gener al - pur pose processor device.
Further, the present invention provides a nethod for

Fig. 1 is a block diagram illustrating a general
structure of a computer'music system 18 based on a software
tone generator according to fhe present invention, in which
a CPU 3 of a personal computer executes tone generating

10 processing. |

‘To the CPU 3 are connected, via a data and address bus
6, a MIDI interface 1, a timer 2, a ROM (read-only memory)
4, a RAM (random-access memory) 5, a mouse 7, a keyboard 8,
a display 9, a hard disk device 10 and a DMA (direct memory

15 access) circuit 11. MIDI (musical instrument digital
interface) performance inforﬁation is supplied from a
sequencer (not showh) or the like to the MIDI interface 1.

The hard disk device 10 has prestored théreon various

programs (including tone'generating processing programs), as

20 well as waveform data of a plurality of tone colors for one
or more periods (e.g., waveform data in PCM (pulse code
modulation) form).

The DMA circuit 11 executes a reproduction process, in
which it wuses the known direct memory access method to

25 sequentially read out from the RAM 5 tone data generated by



-.9- generating a tone signal by causing a general-purpose
processor device to execute ‘a program descri bing

predeterm ned tone generating processing, which nethod conpri ses
a first step of causing the processor device to 5 detect performance of
t he processor device, a second step of causing the processor device to
execute a process for, dependi ng on the performance detected by the
first step, controlling content of the tone generating processing to
be executed by the processor devi<g2 and a third step of causing 10
the processor device to execute the tone generating processi ng
with the content controlled by the second step. In the_tone
generating hh@H%HUt%u%x%¢¢§%©@dth%eF$@$nﬂﬂ%@ratingoPr?ﬁ%sﬁ%ﬂSrﬁPdpEPﬁBse

d det ect t rf
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t he processor deyv] ce on s t he gent of .the,ione generatgngn
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devi ce execg}clxr:lgsé’h %t %%%tg‘%ﬁﬁre%t \:Eﬂlﬁ&oggffé&%ndlng to a reproduction

5 sampling frequency (e.g., 48 kHz)'of the D/A (digital-to-
analog) converter 12, on a predetermined number of samples
(e.g., 128 sampies) of the tone data in each predetermined
short period --thus, 128 samples of the tone data can be said
to be a single processed unit--. Each of the tone data

10 converted via the D/A coﬁverter 12 into analog representation
is audibly reproduced via a sound system 13 comprised of
amplifiers and speakers.

The programs to be executed by the CPU 3 may be
prestofed in the ROM 4 rather than on the hard disk 10, there

15 may be stored various other data than the waveform data. By
loading any of the programs from the hard disk 10. or ROM 4
into the RAM 5, the CPU 3 can execute the program. This
greatly facilitates .version—up, addition, etc. of an.
operating program. A CD-ROM (compact disk) 19 may be used

20 as a removably-attachable external recording medium for
recording varidus data and an optional operating program.
Such an operating program and data stored in the CD-ROM 19
can be read out by means of a CD-ROM drive 14 to be then
transferred for storége on the hard disk 10. " This

25 facilitates installation and w}ersion-up of the operating

program. The removably-attachable external recording medium



with the content thus controlled. Consequently, tones of 20 highest

possi bl e quality can be generated by executing the processing in a
manner nost suitable for the general - purpose processor devi ce.
For better understandi ng of the above and other features of the

present invention, the preferred enbodinents of the 25 invention will be
described in greater detail below wth '

- 10 - reference to the acconpanyi ng drawi ngs, in which:

Fig. 1 is a block diagramillustrating- &3gener al structure of a

conput er nusic systen1to mhich I's applied the principle of the present
I nventi on; Is a dia ran1|IIustrat|n % basi ¢ functional
principle dﬂaié bef t‘%ﬂ?@ tEh@ngéﬁli’@reﬁ Q| SYER 185 tRe IOPPYCd%‘ﬁr]T ePusi c

system of Fi s a flowhart of a main routine

execut ed bymébnet° ?P%F%?ltﬂésg Hﬁﬂ er nusic systemof Fig. 1;

A communication interface 15 may be connected to the bus

6 so that the computer music_ system 18 caﬁ be connected via

5 the interface 15 to a comn_nunicéfion network 16 such as a LAN
(local area network), in‘i:ernet and telephone line network and

can also be connected to an appropriate sever computer 17 via

the communication network 16. Thus, where the operating
program énd various data are not stored on the hard disk 10,

10 these operating program and data can be received from the
server computer 17 and downloaded onto the hard disk 8. 1In
such a case, the computer music system 18, i.e., a “clierit",
sends a command requesting the server computer 17 to download

the operating program and various data by way of the

15 communication interface 15 and communication network 16. In
response to the command from the computer music system 18,

the server computer 17 delivers the requested operating
program and data to the system 18 vi-a the éommunication
network 16. The computer music system 18 éompletes the

20 necessary doWnloading by receiving the operating program and
data via the communication network 15 and étoring these onto

the hard disk 10. |

It should be understood here that the computer music
system 18 of the present invention may be implemented by -
25 installing the operating program and various data |

corresponding to the present invention in a commercially



10 Fig. 4 is a diagramof a panel screen shown on a display of
the conputer nusic system Fig. 5is a flowhart of an interrupt
process executed by the CPU of the conputer nusic system

Fig. 6 shows exanples of .storing regions in an input 15 buffer;

Fig. 7is a flowhart illustrating a note-on event process executed by
t he CPU, Fig. 8 is a diagram show ng exenplary contents of tone
color data; 20 Fig. 9 is a diagram showi ng exenplary storing regions
of tone generator registers; - R4~ 10 is a flowhart illustrating
a panel input event process executed by the CPU; Fig. 11 is
a flowchart show ng one exanple of tone 25 generator processing executed
by the CPU,available pexgenab ¢emputemwchiRtSuddv@ neafot bee erRerRpLEngf the

program and various data corresponding to the present
invention may be provided to users in a recorded form in a
recording medium, such as a CDQROM or floppy disk, which is

5 readable by the personal computer. ‘Where the personal
computer islconnected to a communication network such as a
LAN, the operating program and.various data may be supplied
to the personal computer via the communication network
similarly to the above-mentioned.

10 Fig. 2 is a diagram illustrating a basic functional
principle of the software tone generator employed in the
computer music system 18. On the basis of performance
information received via thé MIDI interface 1 in each
predetermined time section having a predetermined length, the

15 CPU 3 executes the tone generating processing in the next
time section. 1In the example of Fig. 2, the tone generating
processing is first executed by the CPU 3 in a time section
from time T2 to time T3 on the basis of performance
information received in a precéding time section from time

20 Tl to time T2. Alternatively, the tone generating processing
based | on pefformance . information received over a
predetermined number of successive time sections may be
executed collectively in a subsequent single time section.
Further, whether the tone generating processing based on |

25 performance information received over a predetermined number

of successive time sections should be executed collectively



tone generator processing executed by the CPU; ' Fig. 13 is a
fl owmchart show ng yet anot her exanpl e of the tone generator processing
executed by the CPU; and Fig. 14 shows exanpl es of storing

regions in

an out put 5 buffer. - Fig. 1is a block diagram

il lustrating a general structure of a conputer nusic system 18 based
on a software tone generator according to the present invention,

whi ch

processi ng.

a CPU 3 of a personal conputer executes tone generating 10

in

To the CPU 3. are- asnrected, via a data and address

bus 6, a MD interface 1, a tiner 2, a ROM (read-only nenory) 4,
a RAM (random access nenory) 5, a nouse 7, a keyboard 8, a display 9,
a hard di sko¥enpge MEY b e@mm(iaeﬂedraweahﬂrxy insacgegdappe ity tghell.
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generated in a time section from time T2 to time T3 are
reproduced over an entire time section from time T3 to T4.
Thus, the length of each of the time sections is equal to the
product between the number of samples processed by the DMA
circuit 11 as a single processed unit and the sampling period
of the D/A converter 12, which in the example of Fig. 2 is
about 0.0027 sec (128 <+ 48,000).

Because the reproduction process by the DMA circuit 11
has to be conducted successively in order to generate a tone
without a break, a single processed unit of tone data to be
reproduced in each of the time sectioﬁs by the DMA circuit
11 must have already beehx generated completely in the
preceding time section. With the conventipnal software tone
generators, computing capabilities'of CPUs used for execution
of the tone generating processing tend to greatly differ froﬁ
each other, and thus there would be encountered a problem
that generation of tones for a sufficient number of the tone
generating channels can not be completed within a single time

section or time taken for the tone generation extends beyond

" the length of a time section. In view of such a problem

presented by the conventional software tone generators, the

m)re



which it uses the known direct menory access nethod to 25 sequentiall
read out fromthe RAM 5 tone data generated by .

- 12 -

the CPU 3 executing the tone generating processing and th

sends the read-out tone data to a DA (digital-to-anal og) convert
12. The DVA circuit 11 executes this reproduction process, at

control |l ed

'timng corresponding to a reproduction 5 sanpling frequenc

(e.g., 48 kHz) of the D)A (digital-to- anal og) converter 12, on a
pr edet er mi ned nunber of sanples (16 - 128 sanmples) of the tone d
I n each predeterm ned short period --thus, 128 sanples of the ton

data can be said to be a sig%%e processed unit--
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detailed description will now be made about exemplary .

operation of the computer music system with reference to the
drawings. | |

Fig. 3 is a flowchart of a main routine executed by the
CPU 3. In this main routine, at first step S1, the operation
clock and type of the CPU to be used for executlon of the

tone generatlng processing (in this case, CPU 3) are detected

as information representing the performance of the CPU. The

15

20

25

operation clock of the CPU 3 may be detected by actually

counting the operation clock pulses.

The type of the CPU 3 may be detected, for example, by

executing any one of the existing test programs. More
specifically, examples of the existihg test_ﬁrograms include
one for detecting a type of eaChICPU commercially available
from Intel Corporation, U.S.A. which is designed to
distinguish a 32-bit CPU from 16-bit CPUs such as "Intel
8086" and "Intel 80286" (both trademarks of Intel
Corporation, U.S.A.) on the basis of  differences .in
respective flag settings stored in response to interrupt
instructions or the 1like, and one which is designed to

distinguish 32-bit "Intel 80486" and "Pentium" (both

trademarks of Intel Corporation, U.S.A.) CPUs from "Intel.

80386" CPU on the basis of differences in stored vélueS'in



l.oadi ng any of the progranms fromthe hard disk 10. or ROM 4

into the

RAM 5, the CPU 3 can execute the program Thi s greatly facilitates
version-up, addition, etc. of an "~ operating program A CD ROM (conpact

di sk) 19 may be used 20 as a renovably-attachabl e external

recordi ng

medi um f or recording various data and an optional operating program

Such an operating programand data stored in the CD-ROM 19

can. be

read out by nmeans of a CD-ROM drive 14 to be then transferred for
storage on the hard disk 10. Thily -25 facilitates installation and
versi on-up of the operating program The renovabl y-attachabl e external

recordi ng medi um -
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"Intel 80486" does not contain such an arithmetic processor,
another test program is developed which is designed to
distinguish between the "Pentium" and "Intel 86486“ CPUs by
writing into status énd control word registefs in response
to FNINIT instructions-and then determining whether or not
correct values can be read out from the registers.

In stead of executing'the test program, data indicative
of the operation clock and type of the CPU used may be
prestored in a specific storing region accessible by the CPU
so that the data are read out from the region at step Sl.

Once the operation clock and type of the CPU are
detected at step S1, the data indicative of the detected
operation clock and type are stored into respective registers
OC and PT and also range designating data is set to designate
a selectable range of control data to be used for controlling
the content of the tone generating processing and stored into
register PSEL, at step S2.

Generally, if the computing capability of the CPU 3
govefned by_ its bperation clock and type is above a
bredetermined level, range designating data is set to permit
a selection of all predetermined control data; however, if
the computing capability of +the CPU 3 is below a

predetermined level, range designating data is set to permit



can al so be connected to an appropriate sever conputer 17 via t he
conmmuni cati on network 16. Thus, where the operating program and
various data are not stored on the hard disk 10, 10 these operating
program and data can be received fromthe server computer 17 and
downl oaded onto the hard disk 8. In such a case, the conputer nusic
system 18, i.e., a "client", sends a command requesting the server
conputer 17 to downl oad t he operating program and various data by way
of the 15 comunication interface 15 a&-comuni cation network 16. In
response to the command fromthe conputer nusic system 18, t he server
conputer 17 delivers the requested operating program and data_to the

syst em 18 @ aSehectipiuAf cerilyn some Q§Hﬁﬂﬁ¢@¥ﬁﬁetefﬂkpﬁﬁwﬁﬁﬁ O%ug?Ea
18 | h
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|nplenenteqsg¥ <P ai&ﬁ%a%itﬂgthéhEonQPSia&hEQ program and various data

correspondlng o the present invention In comercial ly
5 After step S2, the CPU 3 executes a predetermined

initialization process at step S3 and then at step S4
displays a panel screen on the display 9 as shown in fig. 4.
In Fig. 4, parameter group selectlng switches on the top
of the panel screen are in the form of 1cons each of which
10 is provided for selecting one of parameter groups as the
control data used for controlling the content of thé tone-
generating processing: for example, the parameter groups
‘includes one used for controlling the sampling frequency at
which original waveform data are read out (hereinafter
15 referred to as a sampling-frequency controlling parameter
group), one used for controlling interpolation between the
read-out samples of the original waveform data (hereinafter
referred to as an interpolation controlling parameter group),
" and one used for controlling a process to impart a tonal
20 effect, such as reverberation or chorus, to generated
waveform data (hereinafter referred to as effect-impartment
'controlling parameter group). The parameter group selected
by operation of a specific one of the parameter group
selecting switches is displayed on a parameter display

25 section in the central portion of the banel screen.

A cursor switch labelled "CURSOR" on the bottom of the



- 14 - avai | abl e personal conputer. In such a case, the operating
program and various data corresponding to the present i nvention may be
provided to users in a recorded formin a - recordi ng medi um such as a
CD- ROM or floppy disk, which is 5 readable by the personal conputer.
Wher e the personal conputer is connected to a conmuni cati on network
such as a LAN, the operating program and various data may be supplied
to the personal conputer via the communi cation network simlarly to

t he above-nentioned. 10 Fig. 24 499a-diagramillustrating a basic
functi onal principle of the software tone generator enployfd in the
conmputer nusic system 18. On the basis of perfornmance i nf ormati on
reggi-ved vi%P’f%y’Rﬂ”ESPe‘i‘nPérF&Se # i aksp in thecdersr @fhan tiepn savdi on
havi ng a predet CPU 3 executes the tone rating

l ned | th, the 15 ( ene
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different parameters, "non-interpolation", "two-point

interpolation" and "four-point interpolation". A wvalue

switch labelled "VALUE" to the right of the cursor switch in

Fig. 4 is also in the form of an icon and provided fdr

10 setting a value of each control data displayed on the
parameter displaylsection.

By operating these switches via the mouse 7, the user

can selectivély input specific controi data within a

selectable raﬁge designated by the range designating data

15 stored in the registef PSEL. Consider a case where the

sampling-frequency controlling éarameter group includes three

' differeht pa:ameters, "12 kHz", "24 kHz" and "48 kHz". If

the operation clodk of the CPU 3 is faster +than a

predetermined rate, .all the three sampling—freqﬁency

20 cdntrolling parameters are displayed for selection in

response to a user's selection via the corresponding

parameter group selecting switch (namely, all the three

parameters are selectable in this case). If the operation

clock of the CPU 3 is slower than a predetermined rate, only

25 two of the parameters, "12 kHz“ and "24 kHz", are displayed,

or all the three parameters are displayed with a selection



predet ermi ned nunber of successive time sections may be execut ed

collectively in a subsequent single tine section. Furt her, whether the
tone generating processing based on 25 performance information received
aver a predeterm ned nunber of successive tinme sections should be
executed col |l ectively - 15 -

or not nmay be determned variably in accordance wth the passage of
time. Tone data thus generated via the CPU 3 in each time section are

then reproduced by the DVA circuit 11 - 20 -over an entire time section

I medi ately followng that time 5 section; nanely, in the exanple of Fig.
2, tone data generated in a tine section fromtine T2 to_ tine_T3 are
reproduced of ethan”48tkiz" t pavameter odisabhed; nelf3the querationygleck e
| ength of each of the time sections is equal to the uct bet ween

the nunber @f ShepFRY PriscSuchhey shevwern ontY thecult Eﬁéggpﬂrgpﬁ Pt
P OCeSSe o PASala S 411 5 8 sttt e BRHB RS gl ©"

| a selection of the "24 kHz" and "48 kHz" parameters disabled.

5 In the case of the interpolation controlling parameter

group, all the three parameters, "non-interpolation", "two-

poinf -interpolation" and "four-point interpolation", are

displayed for selection if the operation clock of the CPU 3

is faster than a predetermined rate. However, if the

10 operation clock of the CPU 3 is slower than a predetermined

'rate, only two of the parameters, "non-interpolation" and

"two-point interpolation", are displayed, or all the three

parameters are displayed with a selection of the "four-point

interpolation"” parameter disabled. Even when the operation

15 ' clock of the CPU 3 is very slow, it is desirable to permit

a selection of the "non-interpolation" and "two-point

interpolation" parameters, rather than the "two-point
interpolation" paremeter alone.

Further, consider a case where the effect-impartment

20 controlling parameter group for centrolling a process to

impart a reverberation effect includes three different

parameters, "off", "simplified reverberation" (i.e., low-

grade reverberation achieved by executing a predetermined

algorithm with parts omitted therefrom) and "standard

.25 reverberation" (high-grade reverberation achieved Dby

executing the whole of the predetermined algorithm). Where



Because the reproduction process by the DMA circuit 11

has to b

e

conducted successively in order to generate a tone 15 wthout a break, a
single processed unit of tone data to be reproduced in each of the
t-ime sections by the DVA circuit 11 nust have al ready been generated

conpletely in the preceding tine section. Wth the conventi onal

software tone generators, conputing capabilities of CPUs used for:
20 of the tone generating processing tend to greatly differ
each other, and thus there wo@ld-be encountered a problem

execution
from

that generation of tones for a sufficient nunber of the tone
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other two parameters than the "off" parameter disabled. On
the other hand, where the CPU 3 is of the type containing an
arithmetic processor for floating-point arithmetic
operations, all the three parameters are displayed for
selection as long as the operation clock of the CPU 3 is
faster than a piedetermined rate; however, if the operation
clock of thé CPU 3 is slower than a predetermined rate in
this case, only the "off" and "simplified reverberation"
parameters are displayed, or all the three parameters are
dispiayed with a selection of the "standard reverberation"
parameter disabled. Because presence/absence of a

reverberation effect has a significant effect on the auditory

sense of a listener, it is desirable to permit a selection

of the "simplified reve:beration“ parameter even where the
operafion clock of the CPU 3 is slow.
| Following step S4, the CPU 3 at step S5 checks to see

whether theré_has occurred any of the following triggering
factors: |

Triggering factor 1l: Writing of new received data into
an input buffer in the RAM 5;

Triggering factor 2:'Request for execution of the tone

generating processing which is made in response to an

g e tine section
bBet{GPreRgeRcst a



detail ed description will now be nmade about exenplary 5 operation of the
conputer nusic systemwth reference to the dr awi ngs. Fig. 3
is a flomhart of a main routine executed by the CPU 3. In this main
rroutine, at first step S1, the operation clock and type of the CPU to
be used for execution of the 10 tone generating processing (in this case,
CPU 3) are detected as information representing the performnce of the
CPU. The operation clock of the CPU 3 nmay be detected by actually
counting the operation clock pulses. -22 - The type of the CPU 3 may be
detected, for exanple, by 15 executing any one of the existing test

pr ogr ans. Mor e specifically, exanRIes of the existing test prograns
i ncl ude intemrypt sitgealgivent fpemotheaBMACPiresiteldial |y avail abl e

fromlIntel Corporation, U S A which is designed to di stinguish
32-bi t OPU from TEL896T EPESTaGERTaS * PROGRET, FeaiRss SURlh 35 | 7 ot HP8B2 86"

both trademark | i S A . hasi
011 or encosSvERt on e, ZRsaL &srfeﬁg'ﬁg%ﬁ% Gheatay 3,5, = Bopupld phBaLe
i nterrupt t ti | ke ' ' i ' :

di st i ngui she9ehign e Hféihdnd %A&@gﬁ%ﬁ%ﬁbg‘hﬁgg?ogﬁ dhefiaiag,

I nt el Cgrpo&g%&ggd U 54 ) CPUs from"Intel 80386" CPU on the basis of
differences 1n sto?éd val ues in

Triggering factor 4: Main routine ending command on.the
keyboard 8.
Writing of new received data into the input buffer in
the RAM 5 defined as triggering factor 1 is effected by
10 executing a top-priority interrupt_proceés of Fig. 5 each
time performance information is received wvia the MIDI
interface 1. In the top-priority interrupt process of Fig.
5, the received performance information is input into the
system at step S;l and written at step S12 into the input
15 Dbuffer of the RAM 5 along with time data indicative of a time
when the information is received. Although received data are
immediately written into the input buffer every time they are
received, the tone generating processing based on the thus-
written received data is not immediately executed (i.e.,
20 executed after the current time section as shown in Fig. 2),
and hence the time data is written into the input buffer to
identify an exact time when the corresponding data were
received. Fig. 6 shows storing regions in the input buffer,
where the numbér of received data is written in a storing
25 region labelled "number of events" and the received data and

their associated time data are written in storing regions



- 17 - respective EFLAG registers. In view of the fact that the
above-nentioned "Pentiunt CPU contains an arithnetic processor for
floating-point arithmetic operations while the "Intel 80486" does not
contain such an arithmetic processor, 5 another test programis

devel oped which is designed to di stingui sh between the "Pentiunt and
"Intel 80486" CPUs by witing into status and control word registers
in response to FNINIT instructions and then determ ni ng whet her or not
correct values can be read out fromtheonegi sters. 10 In stead of
executing the test program data indicative of the operation clock and
type of the CPU used may be prestored in a specific storing region
accessi bl e IabehkedPUID1", YED2hat"IPB"data-are read out fromthe region at
step S1. Once the operation clock and type of the CPU are
detected at stepReferrhagdeack itRiithe: F‘@éno%fo‘ﬂﬁbnﬂ g S afGﬁErﬁF?Bn

cl ock and &ége are stored into reégectlve re PT and al so

A3k St ﬁség %%IE%tgﬂ?Eg?ﬁnagyo?

range desi t|%gﬁ%ﬁﬁ%m+%a§%9ntkﬁ
control dat %V%E%gnkggﬂa¥“{£¥édé¥ﬁng factors has occurred. If

5 answered in the negative as determined at step S6, the main
routine reverts to step S5 in order to repeat the operations
of steps S5 and S6 until any of the above-mentioned
triggering factors occurs. Once any of the triggering
factors has occurred, an affirmative determination results

10 at step S6 and the main routine moves on- to step S7; where
a determination is made as to which of the triggering factors
"has occurred.
If triggerihg factor 1 has occurred, predetermined MIDI
processing is executed at step S8 and an indication as to
15 which of MIDI channel Nos. 1 to 16 the performance
information has been received for is made at step S9 on a
section labelled "MIDI MONITOR" provided in the left portion
of the panel screen (Fig. 4). :After this, the main routine
loops back to step S5 in order to repeat the operations at
20 and after step S5. Thé MIDI processing at step S8 includes
note-on event and note-off processes based on note-on and
note-off signals.
Fig. 7 is a flowchart illustrating an example of the
note-on event process. At first step S21, data indicative
25 of a note number, velocity and tone color corresponding to

a part associated with the MIDI channel and time data are



.the content of the tone generating processing and stored into 20 register
PSEL, at step S2. Cenerally, if the conputing capability of the
CPU 3 governed by its operation clock and type is above a
predeterm ned | evel, range designating data is set to permt a
selection of all predeternm ned control data; however, if 25 the
conputing capability of the CPU 3 1is below a pr edet er m ned

| evel , range designating data is set to permt

- 18 - a selection of only sone of4t he predeterm ned control data
whi ch have a relatively |ow grade. The detail of the range

designating data will be described later in connection with step $4
al ong wit h ¥¢rd contr firomatthe imput buffercandt §rogzd tintapPcespegtivees a
predeterm ned | initialization process at step S3 and then at steﬁ S4
di spl ays a ¥R@EFters &, oWEknetdpagl A-0 AL HRKin SEeEi§L2.4 one of the |
Fig. 4, paraneter group,sele ting swi,t ches ,on the top of the gane
screen are F?P?r@?g%F b?gisﬁﬁEP E§cASoPSHigned for generating a tone

signal corresponding to the note number, and the number of

5 the assigned channel is stored into register i. Theh, at

step S23, data of the tone color for the part are read out

from a tone color dafa storing region of the RAM 5, and the

read-out tone color data are processed in accordance with the

note number and velocity stored in the registers NN and VEL.

10 Fig. 8 shows exemplary contents of the tone color daté stored

in the téne color storing region of the RAM 5 after having

been read out from the hard disk device 10. In the ekample

of Fig. 8, each set of the tone color data PDl1l, PD2, ...

includes data designating a waveform of each range, envelope

15 controlling data, data for controlling a tone volume, color

and pitch dépending on a detected touch, and various other

data. Then, the tone color data é:_rocessed at step 823

including pitch designating data (freqnency number) are

written at step 524 into a tone generator register provided

20 for the tone generating channel of the channel number stored

in the régister i, after which the CPU returns to the main
routine.

Fig. 9 shows a manner in which the tone color data are

stored in tone generator registers. In the example of Fig.

25 9, tone generator registers are provided for 32 tone

generating channels,.each of which has a region for storing



10 is provided for selecting one of paranmeter groups as the control
data used for controlling the content of the tone generati ng
processing: for exanple, the paraneter groups i ncl udes one used for
controlling the sanpling frequency at - which original waveformdata are
read out (hereinafter 15 referred to as a sanpling-frequency controlling
par anet er group), one used for controlling interpolation between the
read-out sanples of the original waveformdata (hereinafter referred
to as an interpolation controlling paramgter group), and one used for
controlling a process to inpart a tonal 20 effect, such as
reverberation or chorus, to generated waveform data (hereinafter
referred toaasneftieectrumber nemntaveform ondesignatingr adat®, grenpelorfe
par amet er group sel ected by operation of a_specific one qf the

paraneter ¢eemprollingdata mptananAada; stimemlaiR ansh oXheL datter 38spl ay

2 o o IEnSeALLal PRl SBel. (e Dol S8 %k snatcativd 84T

- 19 - an algorithm relating to an effect selected by use of the
5 panel screen on the display 9.

Referring back to the main routine of Fig. 3, if
triggering faétor 2 has occurred as determined at step S7,
tone generator processing is executed at_step S10 as will be
later described in detail, and the computing capability of

10 the CPU 3 and volume level of a generated tone are displayed
graphically in the right portion of the panel screen at
respective places labelled "CPU" and "LEVEL". The computing
capability displayed here represents a ratio, of part of the
computing capability used for the tone generating processing

15 of the software tone generator, to the total computing
capability of the CPU. After step S1l1, the main routine
loops back to step S5 in order to repeat the operafibns at
and after step S5.

If triggering factor 3 has occurred as determined at

20 step S7, other processing (including input event processes
responsive to an input on the.panel screen of the display 9
and a command input from the keyboard 8) is executed at step
s12, aftér which predetermined indications corresponding to
the individual processes are made on the panel screen of the

25 display 9 at step S13. Then, the main routine loops back to

step S5 in order to repeat the operations at and after step



panel screen of Fig. 4 is also in the formof an icon and provi ded for
noving a cursor to point to and select a specific one of the
paranmeters (i.e., parameter group) di spl ayed on the paraneter

di spl ay section; for exanple, the 5 interpolation controlling paraneter
group includes three - different paraneters, "non-interpol ation”,

"t wo- poi nt .interpolation" and "four-point interpolation". A val ue
switch | abelled "VALUE" to the right of the cursor switch in Fig. 4is
also in the formof an icon and provide@6fer 10 setting a value of each
control data displayed on the par anmet er display section. By
operating these switches via the nouse 7, the user can. sel ectively

i nput speciﬁﬁt control data within a sel ect abl e range designateg by

t he range desi pin ata _1 stored i,n.the regi ster PSEL. Copsj der a
case V\/ngre thegnﬁlg' g%\ﬂpi"?n& Eﬁ&&&gﬁﬁ ngms%qaﬁﬁﬁ‘gp%r‘r’éfaé‘?pjg?o%% FR&I udes

th ' . " kHz" and "48 kHz"_.lf
t hreegper at ié)gnrgcf(r)]é _%?aéﬁggtﬁaéigc?sgf 2% é:Pet %g:rtll A proc%;r%d'g.er r’ﬂ\%ﬁtf at e,
all the thrgg S@éﬁ’#éﬁ@.’&f eﬂﬂénﬂﬂpu‘%oda%gmirsmé}faﬂﬂne@araq{'Pétfég S# € and

for se ction via the

di spl ayed ection 1n response to a user's se
corr espyndifidetermf 6164 CisImAUB S Ad I 48N ebNarEhihicH lof hend hree
paramnmeters are selectable in this case). I'f the operation cl ock of the

CPU 3 is slswetchHdmntlie pinpet eaveniedhast 6ccomlrgd. If the input event
has occurred on one of the parameter group selecting
switches, the parameter group selected by the switch is
displayed on the parameter display section of the panel

100 screen at step S33, and the CPU returns to the main routine.
If the input event has occurred on the cursor switch, one of
the parameters in the group displayed on the parameter
display section is selected at step S34 as dictated by the
operation of the cursor switch, after which the CPU returns

15 'tb the main routine. If the input event has occurred on the
value switch; a value of the contfol data is set at step S35
as dictated by the operation of the value switch, after which
the CPU returns to the main routine.

As previously noted in connection with step S4 of Fig.

20 3, the parameter groué to be displayed on the parameter
display section and selectable parameter range. of the
displayed parameter group are deéignatéd by the range
designating data stored in the register PSEL.

Finally, if triggering factor 4 has occurred as

25 detérmined at step S7 of the main routine, a predetefmined :

process is executed at step S14 to terminate the main routine



25 two of the paraneters, "12 kHz" and "24 kHz", are displ ayed, or
all ‘the three paraneters are displayed with a selection

- 20 - of the "48 kHz" paraneter disabled. If the operation clock

of .the CPU 3 is further slower, only the "12 kHz" paraneter S

di spl ayed, or all the three paraneters are displayed with a selection
of the "24 kHz" and "48 kHz" paraneters disabled. 5 - I'n the case of
the interpolation controlling paraneter group, all the three
paraneters, "non-interpolation”, "tw— 27 - point interpolation” and
"four-point interpolation", are di spl ayed for selection if the
operation clock of the CPU 3 Is faster than a predeterm ned rate.

However ; iang fhe R?’Iﬁ?ersé’ﬁe(%‘ disocrused ke ébsaprearsFEqR, the figplay
two, of .t ters "non-interigla i on"

gﬁgda e r%g"‘-“f)oﬂ:ﬁ{’?%f@r gg%fﬁFFoWh,lcgr ggﬁlp??l a e&',ef%'rrnﬁ‘l tHe ¢3FRetwo
! . . ) A i
R ot pol at i Hor8, WEY LrifoReifbrlebliols |10 shork: MBVE 1c00pUERed: (e

i nt erpol ati on" para Even en the operati©

CPU 3 i's Veljmsl Qheddsly Fabtaminkd BE'&dp s7, the operations after
5 step S7 are carried out in sequential order from triggering
factor 1 to triggering factor 4.
Next, an example of the tone generator processing will
be-described with reference to Fig. 1l1l. First, at step S41,
a determination is made as to which of "12 kHz", "24 kHz" and
10 "48 kHz" has béen selectively input by the user via the panel
screen as control data for controlling the waveform read
sampling frequendy. If "12 kHz" has been input,
predetermined preparations.(such as setting of the number of
tone generating channels to be used, setting of order in
15 which arithmetic operations are performed in waveform
genefating processing and preparatibn of an output buffer in
the 'RAM 5) corresponding to the selected 12 kHz read
frequency are made at step S42, and the waveform generating
processing is actuallf executed using the 12 kHz read
20 frequency at step S43.
Typically, the waveform generating processing comprises
a series of the.following processes: |
(1) Reading prbcéss where the original waveform data
written in the waveform storing region after having been read
25 out from the hard disk device 10 are Sequentially read out

from the RAM 5 in accordance with the integer portion of each



a selection of the "non-interpolation” and "two- point I nt er pol ati on"
paraneters, rather than the "two-point I nterpol ati on" paraneter al one.
Further, consider a case where the effect-inpartnment 20 controlling
paranmeter group for controlling a process to i npart a -reverberation
effect includes three different paranmeters, "off", "sinplified
reverberation” (i.e., |ow grade reverberation achi eved by executing a
pr edet er mi ned algorithmwith parts omtted therefrom and "standard

25 reverberation” (high-grade reverbgration achieved by

executing the whole of the predeterm ned algorithm. \ere

- 21 - the CPU 3 is of the type containing no arithnetic processor
for floatirkpgdi addresshabtainedebat ageunui@tdng the: frequency nymbernet ers
i s displayed on the paraneter display section, or the three paraneters
are di spl ay® awPikch eererding BP the seechiathrepfospuplingcFEeaRancy he

" " ' , hand, where the CPU 3_is of
tﬁgftyggrggﬁ::{na%gagh%grpoggting p&g%e%gh%%efa1the read-out waveform

data are interpolated in accordance with the decimal fraction
5 portioﬁ of the read address; |

(3) Digital filtering process where control is performed
over the frequency characteristics of the interpolated
waveform data derived from the interpolating process;

(4) Tdne volume controlling process where the waveform

10 dafa having undergone the filtering process are multiplied
by tone volume envelope data; and
" (5) Mixing process where the tone waveform data
generated in the individual tone generating channels thrpugh
the processes mentioned_at items (1) to (4) above are mixed
15  together.

Upon completion of such waveform generating processing
at step S43 of the tone generator processing, a reprodudtion
reserving process is executed at step S44, where the
resultant tone waveform déta are written into the output

20 buffer of the RAM 5 and reserved in the DMA circuit 11 for
reproduction in the next time section. Fig. 14 shows a
manner in which the tone waveform data are written in the
output'buffer. As shown, the output buffer has regions each
storing one of 128 samples of the fone waveform data SD1 to

25 SD128.

If "24 KHz" has been input as determined at step S41 of



arithnmetic processor for fl oati ng- poi nt arithnmetic oper ati ons,
all the three paraneters are displayed for sel ection as long as the
operation clock of the CPU 3 is 10. faster than a predeterm ned rate;
however, if the operat.ion clock of the CPU 3 is slower than a
predeterm ned rate in this case, only the "off" and "sinplified
reverberation" - paraneters are displayed, or all the three paraneters
are displayed with a selection of the "standard reverberation” 15
parameter di sabl ed. Because prese@®etabsence of a

reverberation effect has a significant effect on the auditory sense .of

alistener,_jt ig_desiraple to permt a selection of the "sinplified
rever ber at i 58+ pillanei?’é‘?d%wweé‘? e PrgParations.  GRTERSRPRIING! tohethPu 3

| nethot | ki seren FOh! RIS SAERe Shuudliey LS ol ShoNEES 0 S
'n the Raw et B medhed, B Gtopt bz BEd bafbabing ot tadt ne
tone G LA Eed QEERG BeOACRHLS rUARE FrARHY SR [ 46 in
5 a similar manner to step S43, and a réproduction reserving
process is executed at step S47 in a similar manner to step
S44. |

If "48 kHz" has been input as determined at step S41 of

Fig. 11, predetermined preparations corresponding to the.
10 selected 48 kHz read frequency are made at step S48 in a

similar manner to.step'S42, waveform generating processing

is executed using the 48 kHz read frequency at step S49 in

a similar manner to step S43, and a reproduction reserving

process is executed at stép_SSO in a similar manner to step
15 S44.

Fig. 12 shows another example of the tone generator
processing. At first step S51, a determination is made as
to which "non-interpolation", "two-point interpolation” and
"four-point interpolation" hés been selectively input by the

20 user via the panel screen as the contrgl data for controlling
the interpolating process. If "non-interpolation” has been
input as determined at step S51, predetermined preparations
corresponding to the input "non-interpolation” condition are
made at step S52, which include making a decision to not

25 perform the interpolating process in setting the order of

arithmetic operations to be performed in waveform generating



~ 22 - interrupt signal given fromthe DVA circuit 11;

~Triggering factor 3: Another request such as an i nput event on the

panel screen of the display 9 or a command i nput event on the keyboard
8 (but excluding a main routine ending 5 conmand); and

Triggering factor 4: Main routine ending conmand on the keyboard 8.
Witing of new received data into the input buffer in the RAM 5 -
defined as triggering factor 1 is effected by, 10 executing a top-priority
i nterrupt process of Fig. 5 each 4 @me-performance information is
received via the M DI interface 1. In the top-priority interrupt
process of Fig. 5, the received performance information is input into
t he S\REQERIVIRG ep THED, HAVREPTR ILRATAEINRI Prodessinchds) aghvally
buffer of the RAM5 along with tine data indicative of a tine when t he
i nf or mat i orPFRCYERQ| Pdd. SEPPhoBRH r’ébelaveﬂl’t‘.}é?-ﬁrar‘%anner ithedhsgt ekgne

h buf f d t
Qener ot ng SPRETRPRAERIShAS: AE i 11 bufy fe, nd cERERPaLREERS "not

mredi at el o £x56l Cdalbyfen, ha S CHUbEdaRLEEI| DRULIRY digEGeciion as

shown in F| hence t I'S Mﬁl e input
buffer go executed at step S54 in a similar manner to the tone

generator processing.of Fig. 11.

If "two-point interpolation" has been input,
predetermined preparations corresponding to the input "two-
‘point interpolation" condition are ﬁade at step S55, which

10 include making a decision to perform a two-point
interpolation process in setting the order of arithmetic
operations to be performed in waveform generating processing.
Then, waveform generating processing is actually executed af
step S56 in a similar manner to the tone generator processing

15 of Fig. 1l but accompanied by the two-point interpolation
process, and then a reproduction reserving process is
executed at step S57 in a similar manner to step S54.

If "four-point interpolationﬁ has been input,
predetermined preparations corresponding to the input “four--

20 point interpolation" aré made at step'SSB,_which include
making a decision to perform a four-point interpolating
process in setting the order of arithmetic operations to be
performed in waveform generating processing. Then, waveform
generating processing is actually executed at step S59 in a

25 similar manner to step S56 but accompanied by the four-point

interpolating process, and then a reproduction reserving



rdentify an exact tine when the correspondi ng data were received. Fig.
6 shows storing regions in the input buffer, wher e t he nunber of
received data is witten in a storing 25 region |abelled "nunber of
évents” and the received data and their associated tine data are
witten in storing regions : _

| abell ed "I D1", "I1D2", "I1D3".... "Referring back to the main
routine of Fig. 3, after step S5, a determnation is made at step S6-
as to whet her any of t he above- nent3ilored triggering factors has
occurred. If 5 answered in the negative as determ ned at step S6, the
mai n routine reverts to step S5 in_order to repeat the operations

of steps SPLRIRPEE iHrereciliediat HEtep 3ol it ofbillar mapneEEe ngteRct or s
occurs. gﬂgf any of the triggering factors has occurred, an
affirmati vedeterm nation results 10 at step S6 and the main routine
m)yes O.n to st eprtﬁ?s, er@he exavﬁ?f%é eép '&?él gné Sgerrr?grea'@grtgrg\gleggigé the
triggering factors has™ occurT ed.

shown in Figs. 11 and 12, the tone generating processing is

- 23 -

5 -executed with the content controlled by the control data
entered via the screen panel within a range set by the range
designating data stored in the register PSEL. When the
operation clock of the.CPU used is slow, the read éampling
frequency is designated to a low frequency so as to secure

10 a sufficient number of simultaneously generated tones. While
- each of these examples makes a détermination on only one sort
of control data, the determination may of course be made on
plural sorts of control data’entered via the panel screen so
that the wave generating processing is executed with the

15 contenf based on the plural sorts of control data.

Fig. 13 shows yet another example of the tone generator
processing, where at first step S61, it is determined whether
or not the CPU 3 is of the type containing an arithmetic
processor for flbating-point arithmetic operations on the

20 basis of the type data stored in the register PT. If
answered in the negative at step S61, predetermined
preparations are made at step S62 depending on the type,
which include a preparation to execute a waveform generating
program composed of integer arithmetic instructions. After

25 the preparations, a waveform is generated at step S63 by

executing the waveform generating program composed of integer



kf triggeking factor 1 has occurred, predeterm ned M DI processing is
executed at step S8 and an indication as to 15 which of MD channe

Nos. 1

to 16 the perfornmance i nformati on has been received for

is

rade at step S9 on a section labelled "M D MONI TOR" provided in the
| eft portion of the panel screen (Fig. 4). After this, the main

routi ne
and after

event and note-off processes based on -nh@2e-on and

| oops back to step S5 in order to repeat the operations at

step S5. The M DI processing at step S8 includes not e- on
not e- of f signals.

Fig. 7 is a flowhart illustrating an exanple of the not e- on event

pr ocess.

and tone cdABottRaptic pbﬂﬁFﬁ\jc’Fbons apdp Fhen, & RERRANGHITP { FeSRFYing
. channel and tine data

read out erﬁﬁ??ﬁ§|ﬁ5u?xﬁﬁ?F%? atiqstesr 884 Ao & &IPidaET, danner g the, g
U Ak d Mendt

i S AseT gned %or generating a tone

NN, VEL,
channel s

10

15

20

25

Jex§. step S22, one of the tone generating

If answered in the affirmative at step S61, it is
determined at step 565 whether the operation clock of the CPU
3 is faster than a'predetermined rate, on the basis of the
operation clock data etored in the register OC. With a
negative determination, predetermined preparations are made
at step S66 depending on the operation clock, which include
a preparation to execute a waveform generating program
composed of floating-point arithmetic instructions and a
decision to omit execution of the digital filtering process
in setting the computing order of the waveform geheration.

Following this, a waveform is generated at step 567 by

executing the waveform generating 'program composed of

floating-point arithmetic instructions while omitting the
digital filtering process, and then the processing goes to
step S70. If the operation clock of the CPU 3 is faster than
the predetermined rate as determined at step S65,
predetermined preparations are made at step S68 depending on
the operafion clock, which include a preparation to execute

the waveform generating program composed of floating-point

.arithmetic instructions but do not include a decision to omit

execution of the digital filtering process. Following this,
a waveform is generated at step S69 by executing the waveform

generating program composed of floating-point arithmetic

20

At first step S21, data indicative 25 of a_note nunber, velocity

24 -



signal corresponding to the note nunmber, and the nunber of 5 the

assi gned channel is stored into register i. Then, at step S23, data
of the tone color for the part are read out froma tone col or data
storing region of the RAM5, and the read-out tone color data are
processed in accordance with the note nunber and velocity stored in
the registers NN and VEL. 10 Fig. 8 shows exenplary contents of the tone
col or data stored in the tone color storing region of the RAM5 after
havi ng been read out fromthe hard3g@isk device 10. In the exanple

of Fig. 8, each set of the tone color data PD1, PD2, ... I ncl udes data
desi gnating a waveform of each range, envelope 15 controlling data, data

f or cont r oRPEHFUSLORS v Angthery| CPU gqaf iq §terpeifYi ng on a detected
Srop 523 o E R §7Pch el tRRTHEARK 151 PBGSOE, FRnBBIFRatE |
Uone. goner ABERS -channdringn h1sa Do Helendsal By B WAL, Rhandlind 12,
Shone & maReeTPRE i T huE Bell SefedFlibly indid'byfne user vin R ©
gener atpr RGey! Hdredd aéecsﬁ%gghetdﬁtfi for ééntPollifge theeRRivESrm

registers "are provided for one generating channels, each of

whi ch has &daddi SampDingt Frdiflency. If "off" has been input, the
processing goes directly to step S73 to execute a
reproduction reserving process similarly to the above-
mentioned. If "simplified reverberation" has been input, the
10 . processing goes to step S71, where a low-grade simplified
reverberation effect is imparted to the generated waveform
by executing an effect imparting program composed of
floating-point arithmetic instructions with part of the
algorithm omitted. After this, the reproduction.reserving
15 process is executed at step S73. If "standard reverberation"
has been input, the processing goes.to step S72, where a
high-grade simplified reverberation effect is imparted to the
generated waveform by executing an effect imparting program
composed of floating-point arithmetic instructions without
20 omitting any part of the algorithm. After this, the
reproduction reserving process is executed at step S73, and

the CPU returns to the main routine.
As described, in in the example of the tone generator
processing shown in Fig. 13, the tone generating processing
25 is executed with the content controlled by a combination of

the data in the registers PT and OC indicative of



-~ 25 - a note nunber, wavef orm designating data, envel ope

controlling data, note-on data, tine data and other data, and a
wor ki ng area. The other data include data indicative of an al gorithm
relating to an effect selected by use of the 5 panel screen on the display
9. : Referring back to the main routine of Fig. 3, if

triggering factor 2 has occurred as determ ned at step S7, t one
generator processing is executed at step S10 as will be | at er
described in detail, and the conputing @apability of 10 the CPU 3 and
volume | evel of a generated tone are displayed graphically in the
right portion of the panel screen at respective places | abell ed "CPU'

and " LEVEL'RTeRRNGR/ARATHE of thapasithrgtirspragessesr andrhe &Y'
Gener at | ng HURBAShLask, FoRRRe CYE by RO ADY drRrtich datd ThEsTetal
CommulL00 vip FHEULHHN Bonbl ey g, o s ke e, "BS Rs T,
step S5. designating data stored in the register PSEL. By performing '
5 control such that a different sort of instructions are used,
as instructions composing the tone generating processing
programs, depending on the detected type of the CPU, the
processing can be executed at high speed using a sort of
instructions most suitable for high-speed operatiﬁn of the
10 CPU employed. |
| The reason why the reverberation imparting process can
not be selected in the case where the.CPU does not contain
a floating-point arithmetic processor is. that the
reverberation imparting process has to perform floating-point
15 multiplications at high speed.
The software tone generator described abo&e allows the
CPU to' execute the tone generating' processing -with the
content controlled depending on the qomputing capability of
the CPu; Thus, the tone generating brocessing can be
20 executed in a manner most suitable for the CPU's domputing
capability, so that it is possible to always generate tones
of highest possible quality.
The operational timing shown in Fig. 2 may be modified
optionally without departing from_ the principle of the
25 present invention. Time sections defined by time points T1,

T2, ... may be modified optionally, and the occurrence timing



Lf triggering factor 3 has occurred as determned at 20 step S7, other
processing (including input event processes responsive to an i nput on
t he panel screen of the display 9 and a command i nput fromthe
keyboard 8) is executed at step S12, after which predeterm ned

I ndi cati ons corresponding to t he individual processes are nade on the
panel screen of the 25 display 9 at step S13. Then, the main routine

| oops back to step S5 in order to repeat the operations at and after
step : ' - 35 - - 26 - S5.

Fig. 10 is a flowchart illustrating an exanple of the panel i nput
event process in the other processing. First, the content of the input
data i s exa@fnstiggering SFCtamd2 needy npk cepingidenwishngthess §iwp s32
as to on which of the switches the input event -has occurred. If the
i nput eventPOintShas occurred -on one of the paraneter group

AP I AT s bt R R SR
CPU's operatlon clock and type (presence/absence of an
5 arithmetic proéessor contained in the CPU) are detected as
performance factors détermining the CPU's computing
capability, presence/absence of an instruction or data cache
memory in the CPU may be detected in place of or in addition
to the operation clock and type.

10 Furthef, fhe preferred embodiment has been described
above as detecting the CPU's performance so as to control the
content of the tone generating procéssing in accordanqe with
the detected performance. Alternatively, the CPU's computing
capability may be detected by causing the CPU to actually

15 execute. a benchmark +test to check its capability for
floating~point or integer arithmetic opérations, so as to
control the content of the tone generating processing on the
basis of the detected results. | |

Furthermore, while the preferred embodiment has been

20 described above as controlling the sampling frequency for
reading oﬁt original waveform data, interpolation, digital
filtering or reverberation, any other suitable factor than
the named may be controlled. |

Furthermore, in the preferred embodiment described

25 above, the read sampling frequency and interpolation are

controlled selectively on the basis of the control data



10 screen at step S33, and the CPU returns to the main routine. | f

the i nput event has occurred on the cursor switch, one of t he
paranmeters in the group di splayed on the paraneter di splay section is
selected at step S34 as dictated by the operation of the cursor
switch, after which the CPU returns 15 to the main routine. [|f the input
event has occurred on the value swtch, a value of the control data is
set at step S35 as dictated by the operation of the value swtch,
after which the CPU returns to the3@ain routine. As
previously noted in connection with step S4 of Fig. 20 3, the paraneter
group to be displayed on the paraneter di spl ay sectlon and

sel ectabl e e’b%ﬁ%t‘é:l‘a Faageangl screen Wlt&lé‘plaaﬂf’d‘% nad pvupher e
desi gnat ed the ran gnating data stored_jipn.the registe SEL.
Finally. i a0 QegggﬁﬁﬁgnPE&Pgr GoBh .t fa St e %EPenﬁ%déwé?ip s7
of ‘the minesoulifg Juedeter BAelo11ea BEOESHRLY orf 139 18013 of ! ERe 514
to terninate rou -
27 } operation clock data in the register O0OC, and the

5 reverberation is contrblied on the basis of both the type
data in the register PT and the control data entered wvia the
panel screen. However, in an altefnative, the read sampling
frequency and interpolation may be controlled uniformly on
the basis of the data in the register PT or OC, or controlled

iO on the basis of both the data in the register PT or OC and
'the control data entered via the panel screen. Also, the
digital filtering process may be controlled selectively on
the basis of the control data entered via the panel screen,
or controlled on the basis.of both the data in the register

15 PT of OC and the control data entered via the panel screen,
and the reverberation may be controlled uniformly only on the
basis of the data in the register PT or OC, or controlled
selectively only on the basis of the control data entered via
the panel scréen.

20 Moreover, any other applidation software program (such
as karaoke software, game software or sequencer software for
automatic performance) may be executed concurreptly with the
above-described tone genefating processing'programs, by use
of a same CPU; In such a case, it is preferable to set the

25 above;mentioned control data taking into account a load

impbsed on the CPU by the other application software program.



and the panel screen is caused to di sappear fromthe display 9 at step
S15, after which the CPU 3 returns. 1In case two or nore .of
triggering factors 1 - 4 have occurred. si mul t aneously as
determned at step S7, the operations after 5 step S7 are carried out in
sequential order fromtriggering factor 1 to triggering factor 4.

Next, an exanple of the tone generator processing wll be. descri bed
with reference to Fig. 11. First, at step $41, a determnation is nmade
as to which of "12 kHz", "24 kHz" and - 8% -"48 kHz" has been sel ectively

I nput by the user via the panel screen as control data for controlling
t he waveformread sanpl i ng frequency If "12 KkHz" . has . been

i nput , -preddezeaverd prble atthms praferned semboddmentt hbagunbeenof

t one generatlng channel s to be used, settlng of order in 15 which

ari thnetic 9eFerikedaboye. apededeqtding nt %P@F&Hﬂ“ance g%f'nertéﬁ ngFy

Cor  espondi TRl FHRLE . pEEeR, & = RiEE) bEq tre malh  oRE) 2, o THRLCRY St ep
20 21, el UL UEHET B Moo SE°5RHAY Lt | ViRg ] 8651 10
wavef or §1 genel@li &9 Ql?é?ﬁeﬁsb ﬂm&ﬂﬁp@o%eine\%fornﬁarf?é 'fétégtf[é‘r? 19! §apiheg
processes: Readi ng process ere t ori gi nal waveform data
written in £Remvwaref Ok8ybbatdN® y £0i Opupther, hayl tibiifien theddpreferred
| embodiment has béen described above in relation to the case
where the present invention is applied to a software tone
generator employing a personal computer, the present
10 invention may also be applied_to another type software tone
generator which employs é general-purpose computer rather
than a personal computer or where the tone generating
processing is executed by a CPU provided in an electronic
music instrument.
15 Furthermore, the present invention may be applied to any
| other tone generator than the software tone generator. The
1ikelihobd_of the same tone generating processing programs
being executed by arithmetic processors of different
computing capabilities does also exit in the case where the
20 programs are shared among plural types'of tone generating
devices containing respective variably programmable DSPs, and
the présent invention may be applied to such DSP-containing
tone generating deﬁices.
As has been set forth so far, the present invention is
25 applicable to not only tone generating devices based on a

software tone generator but alsoc other type tone generating



25 .out fromthe hard disk device 10 are sequentially read out from
the RAM5 in accordance with the integer portion of each

- 28 - . read address obtai ned by accumul ati ng the frequency nunber

at a pitch according to the selected read sanpling frequency;

(2) I'nterpol ating process where the read-out waveform data are

I nterpolated in accordance with the decimal fraction 5 portion of the
read address; (3) Digital filtering process where control is
per f or med over the frequency charaggesistics of the interpolated
wavef orm data derived fromthe interpolating process; (4) Tone
vol unme controlling process where the waveform 10 data havi ng undergone
the filter deyigescesSuchr asnonei gpntaining @ waripbly RERGRARAS a; and
(5) Mxing process where the tone waveform data generated in the

i ndi vi dual & &ener SFPﬁEaEHHHnEFQC?ﬁFbﬂghlS not tf}?é:ep? ?”r?é?ﬂ tshed at
itens (1) to (4) above are mxed 15 | etion
of “stch wabdt oith GRS pPoeessRng Of Gonstantly same Sonpiting

capability and allows the arithmetic processor to execute the-

5 +tone generating processing with the content controlled on the

basis of the performance of the processor. Therefore, the

present invention allows. a sufficient-number of tones to be

simﬁltaneously generated even when the arithmetic unit or

computing ﬁeans’ employed has a relatively low’ cbmputing

10 capability, and also allows the tone generating processing

to be executed at high speed using, as instructions composing

the processing programs, instructions most suitable fof high-
speed operation of the arithmetic unit.

By thus executing the tone generating processing in_a'

15 manner most suitable for the computing capability of each

arithmetic unit employed, the present invention can always

generate tones of highest possible quality.



at step S43 of the tone generator pruueaaiug, a—teproduction reserving
process i s executed at step 844,Thls § resul tant tone waveform
‘data are witten into the output ofi ?he RAM 5 and reserved in -
the DVA circuit 11 for repro next tinme section. Fi g.
14 shows a manner in which t rm dat a @ itten in the
out put buffer. As shown, the output buffer has regions ey@WSHEET C
one of 128 sanpl es of the tone waveformdata SDL to 259
I f "24 kHz" has been input as detern neggat step 841 of

- 29 - Fig. 11, predeterm ned preparations corresponding-to-the
sel ected 24 kHz read frequency are nmade at step S45 I"'
manner to step $42, waveform gener & ilng pk deSsi ng Immﬂ" W’EMUSI ng
the 24 kHz read frequency at step S46 in 5 a sinilar farnem

and a reproduction reserving process is executed at step S47 in a
$|n1lar naup?r t%s%ggg genergﬁfhg device using a processor device to

execute tone generating processing comprising:
detecting means for detecting performance of said
5 processor device; and
control means for, depending on the performance detected
by said detecting means, controlling content of the tone
generating processing to be executed by said processor
device,
10 wherein said processor device executes +the tone
generating processing with the content controlled by said

control means.

2. A tone generafing device as claimed in claim 1 wherein
said tone generating processing provides processing of one
15 specific grade selected from among a plurality of
predetermined grades, and wherein if the performance of said
processor device detected by said detecting means is below
a predetermined level,.said control means executes at least
one'of control to select processing of a lower grade as the -
20 tone generating processing and control to omit execution of

a part of the tone generating processing.

3. A tone generating device as claimed in claim 1 wherein

said control means executes control such that depending on



Jdf "48 kHz" has been input as determ ned at step S41 of '

pr edet er m ned pFepaeLa.LuMe_rip:ndi ng to the 10 sellﬂll!ﬂmawgmlr"e*m
frequency are made at step S48 1n simlar manner 0 -
wavef orm generati QT Rk),cq | S €Xecuted using the 48 kHz read
frequency at step I'm |l ar manner to step S43; a
reproduction reser j’j,"l”””ﬂﬂ, ss is executed at step S3OTHIS sgpg
manner to step 15 ) Fig. 12 shows anot her a

t one generat or processing. At firsg0step S51, a determ na
as to which "non-interpolation", "two-point interpolation" and
“four-point interpolation" has been selectively input by the 20 wuser via
the panel $becperiormpacedetectes by saidhfeteqting means,diffiengn ati ng
process. If "non-interpolation” has been , I nput as deternined_%p step
S51, predetl@SITNEFIONS T4 (WIRA s 1pSFFUCShHLADP nGOPBOBHRY; fpfPecitic
fnon-intergplation" cqndi tion are . naqg at step S52, which include
making a d PSS §5PE o9 fgocggﬁlo,qnqq?g |ah"}’erpol ating process in setting
t he order of arithmetic operations to be perforned in waveform
generating '

4. A tone generating device using a processor device to

5 execute tone generating processing comprising:
detecting means for detecting performance of said
processor device;
operator means for selecting control data to be inputted
to said device so as to control content of the tone
10 generating processing .to be executed by said processor
device;.and
designating. means for, depending on the performance
detected by said detécting means, designating a range of the
contro; data that can be selected via said operator means,
15 wherein said processor device executes the +tone
generating processing with the content controlled by the

control data selected via said operator means.

5. A tone generating device comprising:
general-purpose processor device for executing tone
20 generating processing in accordance with a program describing
said processing:;
detecting means for detecting performance of said
procéssor device; and

control means for, depending on the performance detected



-~ 30 - processing. Tm—ati ng proceggs '
executed at step S53 in a srﬁud%eamrmg,m Beﬁhe t one ﬂmmmllglm m“m
processing of Fig. 11 but mnt I'n processc execut e

*a reproduction reserving proc ut ed at step S54 in a sr m | ar
manner to the tone genera g of Fig. 11.

"two-point interpolation” has been |nput pr edetf eFHiE -
preparations corresponding to the input "two- poi nt i terpqhqﬁkgﬁsBEFN
condition are nmade at step S55, which- 4D -include nmaking a ~to
perform a two-point interpolation process in setting the order of

arithnetic c{i)_eratrons to be perforned jn vvaveform egb‘{ ii*“
processi ngPY saidrpdateghing,maagiser GPPHEOH 1@ s SPRYS Fngﬂiuted
at

S56 I
of Fig 119%ae§5@é§9§£?#°2=’&%{m$2e”*?%“p%4 424 %?”i?%ﬁ?é%%%%r WA ane

then a rep r Vi 2&@ executed at step S57 in a
simlar nan%gg ?aﬂ@ %&%é4ﬂﬂ$ % "four-poi nt i nterpol ati on" has
been i nput , pr edet erm ned prepar atrons correspondi ng to the input

"four- 20 point interpolation" are made at step S58, which include

nmeking a degi siQnedre RA¥HEF IR hd A&viRR Als thhemBal #hi &8y one d¥ ¥IRSmd N
setting the order of arithnmetic operations to be :
5 1 to 5 wherein said detecting means detects an operation

dlock of said processor device as the performance thereof.

7. A tone generating device as claimed in any one of claims
1 to 5 wherein said detecting means detects a type of said

processor device as the performance thereof.

10 8. A tone generating device as claimed in any one of claims
1 to 5 and 7 wherein said detecting means detects the
performance of said processor device by said processor device

executing a test program.

9. A tone generating device as claimed in any one of claims
15 1 to 7 wherein said detecting means detects the performance
of said processor device by said processor device reading out
performance-indicating data written in a predetermined

storing region.

10. A tone generating device as claimed in any one of
20 claims 7 to 9 wherein said detecting means detects whether

or not said processor device is of a type that contains an



performed in waveform generating processi ng. Thea—waveferm———generati ng
processing is actual irys Shee®dé Bdn Réplasédep S59 in a r to
step S56 but acconpan poi nt mmﬁ“m“ﬂml“mg

st hen a reproduction r Hﬂﬂmgﬂﬂu’ !lj

31 - process is ep S60 in a simlar nmanner to step

S57. Thus, in the exanples of the tone generat ssi ng
shown in Figs. 11 and 12, the tone generating processing |§TH&$HBEr
with the content controlled by the conrt4pl- data ent VREPIIAJ@%D
screen panel wthin a range set by the range -desi gnating da
in the register PSEL. When t he operation clock of the CPU used is
sl ow, the ?é&@hgéﬁﬁplM}OC@SSOHrﬁﬂﬁmﬁﬁﬁc¢§4%ﬁs?gﬁﬁﬁéﬁtﬁﬁmanPGWSHQQnﬁ§my so
as to secure 10, a sufficient nunber .of sinuljaneously generated tones.

Whi | e cOmPHtdng; HoSETRCHONSs ity ‘mi nation on only one sort -
of control data, the determ nation may of course be nade on pl ura
sorts of control data entered via the panel screen so t hat the wave

generatingprocesqi ng,is GXAEPLEInY Wavie as claimed in any one of

claims 1, 2, 3, 5 and 6 to 10 wherein said control means

5 controls a sampling frequency at which waveform data are read

out.

12. A tone generating device as claimed in any one of
claims 1, 2, 3, 5 and 6 to 11 wherein said control means

controls an interpolation process.

10 13. A tone generating device as claimed in any one of
claims 1, 2, 3, 5 and 6 to 11 wherein said control means

controls a digital filtering process.

14. A tone generating device as claimed in any one of
claims 1, 2, 3, 5 and 6 to 13 wherein said control means

15 controls an effect imparting process.

15. A tone generating device as claimed in claim 14 wherein
said control means executes control as to whether or not an
reverberation effect is to be imparted and also controls a
20 grade of the reverberation.effect if the effect is to be

effected.



\15 content based on the plural sorts of control H“IH Lu II ”“t/h
shows yet anot her exanple of the tone generator ere at
first step S61, it |I§wdh@eﬁmmxmuk or not the CPU 3 i s of the
4 ype containing an ar processor for floating- point arithmetic
operations on the ln type data stored in the-Leqi ster .

| f answered in t e ne step S61, predeterm eHﬂSSHEET
preparations are nade at step S62 depending on the type, R} £ A
a preparation to execute a waveform genégati ng program comj

I nteger arithnmetic instructions. After 25 the preparations, a waveformis

generated at step_S63 by executing the maveforntgeneratlng program
conposed oﬂﬁrntegértone generatlng device as claimed in any ong)of

arithmetic |nstru i ons, nar produptlon reserV|n rocess is
execut ed af ?P@ﬁ gé tPnlé ¥' FQP ﬁEﬁﬁb Eﬁﬁégtﬁﬁh ﬁ
I f answered i

565 whet neP™ RRedhefiri oh @ s eiebk PN g et

17. A.tone generating device as claimed in any one of
5 claims 1, 2, 3, 5 and 6 to 16 " wherein said control means
executes control on the basis of detection as to whether or
not said'processor device is of a type that_contains an

arithmeticrprocessor for executing floating-point arithmetic.

18. A tone generating device as claimed in any'one of
10 claims 4 and 6 to 10 wherein if the performance of said
processor device detected by said detecting means is above
a predetermined. level, said designating means allows a
selection of -all control data within a predetermined
selectable range, but if the performance of said processor
15 device detected by said detecting means is below a
predetermined 1level, said designating means allows a
selection of only some of the control data within the

selectable range having a relatively low grade.

19. A tone generafing device as claimed in any one of
20 claims 4, 6 to 10 and 18 wherein said designating means
designates a selectable range of control data fo be used for
controlling a sampling frequency at which waveform data are

read out.



3 is faster than a predeterm ned rate, on the ba peration
clock data stored in the register CC Wth a ﬁlmm’gummmﬁ ﬁrm’ nation,
predet er mi ned preparations are made at step So66c depemdi 8g ©H t he
operation cl ock—whi-eh—nelude—30 a preparatiion to execute a waveform

generati ng progé$n1h onposed. of fl oating-point g heti ¢ i nstructions
and a deci si €ltion of the digita 0Cess

in setting the co i of the waveform gendrat i A BBEN dwi ng
this, a waveform t step-SB4 by 15 executl wayef or m

generating program conposed of floating-point arithnetic
I nstructions while omtting the digital filtering process, and then
t he processing goes to - step S70. If the operation clock of the CPU 3

is fast t th determned .rat det I ned t t
565, 2ot _aBZSef eaﬂmee_ &éﬁsﬁaﬁi@a?%@%ﬁ? Z%l;g\fﬁsﬁéé“@”emﬁapﬁz &
atign.cl ogk, i C nglude eparation, t. .
wavef gr m gé’ﬁf@f"ﬁ‘ﬁ %g .S\rl\%é’_r gg'cgr?p(?sn gg 1_%1: _“ﬁ%ga ]‘lnng%_-apl% %esg'gn%talﬂgr frlJrTE%ISC
| nstructl 0asdiiihalagNal sbiGLiARIR 8GRI 88 EGnbrbi dats €3NS Forl e
igital filterrng process. Follow ng IS, 5 a waveformis generated at

step S69 byopteedhling e MR PYIBtion fARMYJ Ng program conposed of
floating-point arithmetic : .

5 21. A tone generating device as claimed in any one of
claims 4, 6 to 10 and 18 to 20 wherein said designating means
designates a selectable range of control data to be used for

controlling an effect imparting process.

22, A tone generating device as claimed in claim 21 wherein
10 said designating means designates a selectable range of
| control data to be used for executing control as to whether
or not an reverberation effect is to be imparted and also
controls a grade of the reverberation effect if the effect

is to be effected.

15 23. A method for generating a tone signal by causing a
general-purpose processor device. to execute a program
describing predetermined tone generating processing, said
~method comprising:

a first step of causing said processor device to detect

20 performancé of said processor device;

a second step of causing said processor device to

execute a process for, depending on the performance detected



.‘_stgg -870, a dL?Zf’WtPg \i‘k?yc%ﬂmmm“ﬂmumﬂm " si npi I fi QEZJ

rever beration” amsls sp, t andard rever berat fon* Hhas *been sel ectively
input by the user vi as Been Renietq screen as cont r ol Lol ling
t he wavef orm ég” equency If "off" e 1 HpSiBEENT he
proceSS|ng goes dir 73 to execute a FUrA ¢
reserving process S|n1IarIy to e above- ment i oned. If "sinpli v
reverberation" has been input, the 10 4pr-ocessing goes to step S71, where
.a lowgrade sinplified reverberation effect is inparted to the

gener ated waveform by executing an effect inparting pro ram conposed
of f1 &5t i #§ifoi ﬁtirﬁfq t ﬁmrc ceRtreddiings We&éﬁ gcl%" tone .
al gorithm om ttec% Afte t he reproducti Qn er VI 15 rocess is
execut ed agCDEERTERg pF?°e§§éﬂgarﬁ°r r BEPSH Sﬁ" PESFSSHHT , the

pr ocessi ng 4 %es t.0 step S72, where a hi gh- grade sinplified
rever ber at °61 gFf'e(?tn S mparted to the gener at ed wavef or m by

exect ng an of LothaiPALLEde MARAN saza pOBBASEE: UeblOa oGRS |

carithmetic instructi g any part
After tdii Sgnel R®ne generating processing with the content controlled

by said second step.

24. A method for generating a tone signal by causing a
-general-purpose processor device to execute a program
describing predetermined tone generating prqcessing, said

10 method comprising:
| a step of detecting performance of said processor

device; and

a step of, depending on the performance detected by said
step of detecting, executing control to change content of the
15 tone Qenerating pfocessing, so as to generate a tone signal
in accordance with the changed content of the tone generating

processing.

25. A machine readable reqording medium containing a group
of instructions to cause said machine to implement a method

20 for generating a tone signal by causing a genefal—purpose
processor device  to execute a program describing
predetermined +tone g¢generating processing, said method
comprising:

a first step of causing said processor device to detect



Eeproduction reserving process is executed at stqmﬂ “the CPU

and -
returns to the maTn\rfmf—»—ne\h As descri iﬁmnlmuﬂ(y npl e of
t he tone generat or . o rocessing shown in Fig. et I erating
processing 25 is BednReplscee cont ent cpntrol led by a conbi nati on of
the data in the regi I ndi cative of
- 34 - presen he arithmetic proc S
operation clock, respectively, and the control data nteredEPLMHH)QE%Nthe
screen panel within a range specified $bye he range “destghati.ng _dat a
stored in the register PSEL. By performng 5 control such that a
different sort_of instructions are used, . as instructions conposing
the tone gRRFERTIRPGR REsERHY Procesgepgdevwicedependi ng on the det ect ed

| type of the CPU, _the rocessing can be executed at high speed using a
sort of i n3t ﬁfﬁq%ss%ﬁ& %ﬁi Sé'qgorsﬁ?'éh-%‘ﬁ%%rgﬁv&ﬁeoft?he

why th b ti ' t] :
rocess cantedite s Rrocess 5%, BREERALA BN AbRBEREC bR o B RoP i n

by said first step, controlling content of the tone

5 generating processing to be executed by said processor
device; and

a third step of causing said processor device to execute

the tone generating processing with the content controlled

by said second step.

10 26. A machine readable recording medium containing a group
of instructions to cause said machine to implement a method
for generating a tone signal by causing a general-purpose
processor device to execute a program describing
predetermined +tone genérating "processing, said method

15 comprising:

a step of detecting performance of said processor
device; and

a step of, depending on the performance detected by said
step of detécting, executing control to change content of the

20 tone generating processing, so as to generate'a tone signal
in accordance with thg changed content of the tone generating

processing.



a floating-point arithnmetic processor is that the reverberation
inmparting process has to performfloating-point 15 nultiplications at

hi gh speed. The software tone generator described above all ows
the CPU to execute the tone generating processing with the

content controll ed depending on the conputing capability of t he CPU.
Thus, the tone generating processing can be 20 executed in a manner nost
suitable for the CPU s conputing capability, so that it is possible to
al ways generate tones of hi ghest pd¥sible quality. The
operational timng showmn in Fig. 2 may be nodified optionally w thout
departing fromthe principle of the 25 present invention. Tinme sections
defined by time points TI, T2 Abstragl pe nodified optionally, and the
occurrence timng - 35 -

of triggering factor 5TﬁQ§dGﬁ8Fr85FH9iH?tﬁpghaPﬂeggvéFﬁg poi nt s.
Wiile in the aboilg- ngnt,é&pgd goéneéczegtrier:tdg e%%q{orée”%r tggvice, where an

arithmetic unit such as a CPU or DSP is used to execute a

_5 specific tone generating processing program to generate tone
signéls, control is conducted to execute the tone generating
processing with its content controlled to be most suitable
for the computing capability of fhe arithmetic unit. Namely,
performance or computing capability of the arithmetic unit

10 is detected prior to execution _of the tone generating
proceséing, and depending on the detected performance,
control is conduéted to modify the content of the tone
generating processing so as to best fit the performance.

(Figure 3)
15



CPU s operation clock and type
processor contained in the CPU) are detected as

determ ning the

instruction or data cache

of or in addition

the preferred enbodi nent has been descri bed

CPU s performance

processing in accordance with

(presence/ absence of an 5 arithnef%c
per f ormance faé ors
comput i ng capability, presence/ absence of an
menory in the CPU may be detected in place
to the operation clock and type. 10 Furt her,’
above as detecting the
content of the tone generating
Al-ternatively,

CPU s

t he
t he detected perfornance.

Sso as to contro

the CPU s conputing capability may be detected by causing the CPU to
actually 15 exe@ute a benchmark test to check its eapability for

fl oating-point or™Integer arithnetic operations, so as to control the
content. of the to?e generating processing on the basis of the detected

20

results. Furthernore. while the preferred enbodi nent has been
descri bed aboye as controlling the sanpling'frequeqcy for reladi ng out
original waveformdata, interpolation, digital - filtering or
reverberation] any other suitable factor than t he naned nagjbe
controll ed. Furthernnre,«(n the preferreq enbodi nent scri bed
25 above, the read nT T ng] fredquericy and i nterpoljation are
controlled se ectiveﬁi\gn E?a badi s [of the control |data
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- 36- entered via the panel screen within a range defined by t#8
range designating data in the register PSEL, the digital filtering
process is controlled uniformy on the basis of the operation clock
data in the register OC, and the 5 reverberation is controlled on
the basis of both tthe type data in the register PT and the control
data entered via the panel screen. However, in an alternative, the
read sanpl i ngPERFORMANCEequency and i nterpol ati on may be controlled uniformy
- on the b8¥Ds of the data in the register PT or OC, or controlled 10
on the basis of ata in the registerﬂI or OC and the contro
data entered_vi screen Also. the digital filtering
process may be\controlled sefectively on the basis of the control data
entered via the n, or controlled on the basis of both the
data in the register or OC-and the control data entered via the

panel scree TINGNn e réyerberation may be controlled uniformy only
on the ¥&is of the datd in the regi ster PT or OC, or controlled
sel ectively orjly on the basi g of the contro\]/ data entered l'/i-a
: v _
TONE GEN. TONE GEN. TONE GEN. TONE GEN.
PROCESS - PROCESS PROCESS PROCESS
REPRODUCTION REPRODUCTION REPRODUCTION
Tl T2 13 4
—>
TIME

FI1G. 2

PARAMETER GROUP
SELECTING SWITCHES

OO cicn S0rTTG

MIDI MONITOR

a2u000 14y _
<0 0 0.0 PARAMETER DISPLAY E =
s 20203 . —
PFNOW CPU LEVEL
300 O sChied i

CURSOR  VALUE DUTY

RESET Al A
(] o

FI1I1G. 4



t he panel screen. 20 Mor eover, any ot her application software 3/8
program (such . as karaoke software, gane software or sequencer software
for automati c perfornmance) nay be executed concurrently with the
ahove-descri bed tone generating processing prograns, by use of a sane
CPU. In such a case, it is preferable to set the 25 above-nentioned
control data taking into account a |oad I nposed on the CPU by the

ot her application software program

- 37 - Mor eover, while the pr di mrent has been
descri bed above as detecting the p.erforréW‘c,IéI WH‘EeSCPU ~ inmediately
after a start of the main routine, the CPU s er performance may be
detected at other suitable timng (far B _ex le a command for

performance detection is input leglmthﬁ;Qy(;mg( d 8) &y t her,

al t hough the preferred enbodi _ above in relation
to the case where the present invention s applied to a software tone
generator enpl oying a personal co eSent _so
| OC < CLOCK
SET RANGE DESIGNATING DATA
P S E L« RANGE DESIGNATING
DATA !
2
INITIALIZE [~—S3
2
DISPLAY PANEL
SCREEN ~—S4

)

CHECK TRIGGERING [~—-S5
FACTORS

.HAS ANY
TRIGGERING FACTOR
(OCCURRED? .
ST

/ YES

QACTOR 1 FACTOR 2 FACTOR 3 FACTCR 4 >
828 J|{ S 'ol 8312 l s?14l

MIDI PROCESS T.G. OTHER PROCESSING | | TERMINATE
PROCESSING | MATN ROUTINE
. ) T
INDICATION DISPLAY INDICATIONS PANEL SCREEN
OF MIDI COMPUTING CORRE. TO OFF
~| CHANNEL No. | | CAPABILITY & | |PROCESSES |
- VOLUME LEVEL

S9 , 5 sis.
l Sll‘|( . s13 (RETURY )

FIG. 3



10 invention may al so be applied to another type software tone 4/8

generator which enpl oys a general - purpose conputer rather than a
personal conputer or where the tone generating processing i s executed
by a CPU provided in an electronic music instrunment. 15

Furthernore, the present invention may be applied to any ot her tone

| i kel i hood of the sane

generator than the software tone_gere Re
t one ‘generati ng processing prograﬁﬂILHHDKH§|ng executed by arithnetic
processors of different corQuiNTRRRWEEpabi | /ti es does also exit in the

case where the 20 programs are shared anDng plural types of tone

generati ng devi ces cont ai J resp ari ably progranmmabl e DSPs,
and the present invention| meyr RecEvE) DEM tle~sush PSP- cont ai ni ng
tone generating devices. As—hps—been-dset forth so far, the

present invention is 25 applicable tq},not only tone generatlng devi ces
based on a software tone othgi Egpe tone generating
- 38 - _ WRITE RECEIVED DA

& TIME DATA INTO INPUT
BUFFER

(NOTE-ON EVENT PROCESS )

34

NN <« NOTE NO. ~—S21
VEL <« VELOCITY '
t <« TONE COLOR
TM <« TIME DATA

!

ASSIGN A CHANNEL S22
i« ASSIGNED CHANNEL NO.

PROCESS TONE COLOR DATA IN N—S23
ACCORD. WITH DATA IN NN & VEL

WRITE PROCESSED TONE COLOR ~—S24
DATA INTO i CHANNEL T.G.

REGISTER ALONG WITH NOTE-ON
SIGNAL & TIME DATA

FI1G. S

FIG. 7



- devices, such as one containing a variably progranmmbl e DSP, wher e
tone generating processing is not necessarily executed by an
arithnmetic processor of constantly same conputing capability am%s
allows the arithmetic processor to execute the 5 tone generating
processing with the content controlled on the basis of the performance
of, the processor. Therefore, the present invention allows a sufficient
nunber of tones to be - simul taneously generated even when the
arithmetic unit or uting-nmeans enployed has a relatively low
conputing 10 ¢ D&Hﬂpﬁlﬁﬁﬂg, also allows the tone generating processing
to be executed afnmBE OB peRIsYsi ng, as |nstruct|ons conposi ng t he
processi ng progr ps—asttetfons-nost-suttabte—fon hi gh- speed
operation of thelaritHMdtic urit. RECEIVER, DAfM,4 executing the tone
generating proce>5|nq]b@ a Tg—-amnner [Rbel |table for the conputing
capability of eaf arithgetic Uni-{Le annd he present invention can
al ways genef at e ftppges of jhi ghest p055|ble quallty

- 39-

F I1G. 6

TONE COLOR DATA

PD1 WAVEFORM DESIGNATING DATA
- ENVELOPE CONTROLLING DATA
PD2 { TOUCH CONTROLLING DATA
“..._ | OTHER DATA
PD3 h

FI1&G. 8

T.G. REGISTERS
ich NOTE NO.
. WAVEFORM DESIGNATING DATA
2ch ENVELOPE CONTROLLING DATA
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3ch ... | TIME DATA
- .| OTHER DATA
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32ch _ _
FIG. 9
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CLAI
to

MS 1.

means for detecting conputing capability of

control neans for,
sai d detecting means,
processing to be executed by
said processor device exe
with the content controlled

execut e tone generating processing conprising:

A tone generating device using a processor device

det ect
etec mgié8

5 said processor device;

~dependi ng on the conputing capability
controlllng content of t he

neans.

10

detected by

tone generating
evi ce,
generating processing

wher ei n

2. A tone

said tone generating

selected from

processing provides processingy
anong a plurality of ¢
conputing capability
detecting neans is
execut es at | eas

e ai d control neans
Rsel ect VM&WSSl sg of a | ower grade

JRTER GROUE ”
Ow@cguﬁétss?'ng

20 as the tone genera nd control to oMt execution
of a part of the tonggger\ttlng%eTing. Si5 l
DISPLAY SELECT SET CONTROL
PARAMETER PARAMETER DATA VALUE
GROUP '
(TONE GENERATOR PROCESSING )
S41
{
< 4kl 48k >
s422 l S45 L S48 L
]%KHQMS FMWMMIHMS HE%?MIKWS
S43 l S4p l S4p JL
WAVEFORM WAVEFORM NAVEFORM
GENERATION GENERAT ION GENERATION
S44 S47 S50 |
¢ L Ri ¢ l
REPRO. REPRO. REPRO.
RESERVATION RESERVATION RESERVATION
F I G. 11



different
t one generating processing program
using a processor device to
conpri si ng:

sai d processor devi ce;
to be inputted
generati ng processing to be ex
desi gnati ng means
detected by said detecC
data that can be selected v]j aalu VCIaLgé

f or

det ect jng

to saiQ

A tone generating device as clainmed in claim1l wherein
means executes control such that dependi ng on )

the conputing capability detected by said detecting neans,
instructions are used as instructions conposing a
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speci-fic
A tone generating device

5 execute tone generating processing

o\ conmputing capability of
NE&EEEW PRCESSING or ) sel ect | ng control data

content of the tone



wherein said pro ssor devi ce executes the tone gener-ating processé/g

with the content coﬂtrolled by the control data selected via said
oper at or means. 5. " A tone generating device conprising: 20
general - purpose processor device for executing tone generati ng
processing in accordance mnth a progranrdescrrbrng sai d processing;
det ecti ng neans f or tetee orpe+Re, capabi l ity of sai d processor
devi ce; and .- 41 -

control neans for, ‘depending—pn oputing capability det ect ed by
sai d detecting means, controlwing content of the tone generating

processi ng exggp[ed by sabd” procesgor device I n accordance with the

pr ogram OONTAEN at | NnO~devi ceYE8s cl ai med i n any one of
cl ai ns 1 to<- mhererHDHHNﬁPﬂHﬂectrno reerry det ects an operation
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brok3€->

fkﬁlock of said processor device as the conmputing capability |PQ$ tﬁlreof
*‘7 A tone generating device as clainmed in any one of clains 10 1 to 5
\mhereln said detecting means detects a type of—sart- pL-ocessor—devi-ce

25 ihe computi ng capability ! “ereoﬂlllllwlmlmulmlré?ﬁ OFIRARACEYENE EET

detects the conputing capabillty 6f sait ﬁroeessor Heyi %kﬁ 15
processor device executing a test program - A: owe%ggﬁévg

device as clained in any one of claing _1to 7 mhere nlsaid detecting
means detects the conputing capabielty of said procgssor device by
sai d processor device readi ng out perfornmance-i ndi cattng—tata—nrttten
in a 20 predetermned storing regi®mL A I M S10. A tone generatlng
device as clainmed in any one of

(282

1. A tone generating device using a processor device to
execute tone generating processing comprising:

detecting means for detecting computing capability of

5 said processor device; and

control means for, depending on the computing capability

detected by said detecting means, controlling content of the
tone generating processing to be executed by said processor
device, |

10 wherein said processor device executes the _tdne
generating processing with the content controlled by said

control means.

2. A tone generating device as claimed in claim 1 wherein
said tone generating processing provides processing of one
15 specific grade selected from among a plurality of
predetermined grades, and wherein if the computing capability

of said processor device detected by said detecting means is
below a predetermined level, said control means executes at
least one of control tolselect processing of a lower grade.
'20 as the tone generating processing and control to omit

execution of a part of the tone generating processing.

3. A tone generating device as claimed in claim 1 wherein

sald control means executes control such that depending on



L 42 - - claims 7 to 9 wherein said detectin ans detects wh -

~0r not said processor device is_jﬂ;,a,Lyﬁe~rﬁ5T’%”ﬂEalns aﬁ;PLACEMENTtQHFET'3
Iprocessor for executing a predeter ‘\\1\3 (‘“\ ng—-Rst+-bet4 ONS
at hi gh speed. 5 11. Ato\g‘mm Ce a ¢l ai med in &ny ohe
of claims 1, 2, 3, 5 and 6 to erei’nh said contfol| rk4MAR 19
confrols a sanpllng frequency at which waveform.data ar¢ fead out .
12. A tone generating device as clained in any one of claims 1, 2,
3, 5'and 6 to 11 wherein said control sreEns controlls_an interpolatign
process. 13. A tone generating device as clained in any one of
clainms 1, 2, 3, 5 and 6 to 11 wherein said control neans controls a
digital. f||¥¥§|ﬁﬁﬂgﬁ&gggscapabigltx4deteqtqdnhygﬁnmﬂe@ehgcuengcmeaas.
clainmed in claims 1, 2, 3, 5 and 6 to 13 wherein said

cont r ol dﬂ%gferenEo%?$EF§°5%°%ﬁf@E? usedr asn§ngtsuetions composing A tone

ratin deV| as. clained in ¢laim14 wherein
gene 9 ffic tone generatfng processing program.

4. A tone generating device using a processor device to
5 execute tone generating processing comprising:
detecting means for detecting computing capability of
said processor device:
operator means for selecting controi data to be inputted
to said device so as to .control content of the tone
10 generating processing to be executed by said - processor
device; and
designating means for, depending on the computing
capability detected by said detecting means, designating a
range of the control data that can be selected via said
15 operator means,
wherein said processor device executes the tone
generating processing with the content controlled by the

control data selected via said'operato: means.

5. A tone genefating device comprising:
20 general-purpose processor device for executing tone
‘generating processing in accordance with a program describing

said processing;

detecting means for detecting computing capability of

said processor device; and



"~ #20 said control neans executes control as to whether or not an

“reverberation effect is to be inparted and al so controls a r-acte gt
sthe reverberation effect if the ef fect s L1 REPLACEMENT SHEET

_ Q be
.43 - ef f ect ed. 16. mum !I eﬂ! :u ng deviceas clai ne
in any one of clains 12 to 15 Gl tYol mepnks axeMARE]99

control on the basis of the operdii&n cl ock of said pfofessor device.

5 17. - A tone generating device as clainmed in any one o e+t
2,, 3, 5and 6 to 16 wherein said contr@l oeans executes control on

<

t he basis of detection as to whether or not- said processSor device 1S
-of a type that contains an arithnmetic processor for executing

f1 oati ng- poi nt aednhnelimeans for, erendingtmnuih@enémputi?gdeapabihity' _
claimed in any one_of claims 4 and 6 to 10 wherein | e conputl ng
capabi | i ty dgtected by said detecting means, controlling content of the

tone generating processing executed by said processor device

in accordance with the program.

5 6. A tone generating device as claimed in any one of claims
1 to 5 wherein said detecting means detects an operation

clock of said processor device as the computing capability

thereof.

7. A tone generating device as claimed in any one of claims
10 1 to 5 wherein said detecting means detects a type of said

processor device'as the computing capability thereof.

8. A tone generating device as claimed in any one of claims
1 to 5 and 7 wherein said detecting means detects the

computing cagabilitz of said processor device by said

15 processor device executing a test program.

9. A tone generating device as claimed in any one of claims
1 to 7 wherein said detecting means detects the computing

capability of said processor device by said processor device

reading out performance-indicating data written in a

20 predetermined storing region.

10. A tone generating device as claimed in any one of



«sal d processor device detected by said detecting nmeans is

predeterm ned | evel, said deS|gnat|ng nmeans allo a sql BE?P&EEMENT ﬁHEtT
scontrol data within a predetern1ned sel.e bdt fi f_t he
conputing capability of said pro El‘m:m! iﬂﬂ ct ed {by s&ilMAR 1999
detecting neans is bel ow a prede ai d dé¢sijgnati ng nmeans
all ows a sel ection of only sone of the control data MAﬂhin t he

~sel ectabl e range having a relatively | ow grade. 20 19. A_tane
generating device as clained in any one 49f - clainms 4, 6 to 10 and 18
wherein said designating neans designates a sel ectabl e range of

control data to be used for
REPLACEVENTHERS 7 to 9 wherein said detecting means -deilects whether

controlling a sanpllna frequency at which waveformdata are read out.
20. A torf¥F jeekraaidgrreceseonsdeviraedsi #fa® tne othat coptaing an 6 to

10, 18 and 19, Wgsre n said deS|gnat|n% neans
ar C processor for eXecuting a predetermined sort of

- computing instructions at high speed.

5 11. A tone generating device as claimed in any one of
claims 1, 2, 3, 5 and 6 to 10 wherein said control means
controls a sampling frequency at which waveform data are read

out.

12. A tone generating device as claimed in any one of
10 claims 1, 2, 3, 5 and 6 to 11 wherein said control means

controls an intérpolation process.

13. A tone generating device as claimed in any one of
claims 1, 2, 3, 5 and 6 to 11 wherein said control means

controls a digital filtering process.

15 14. A tone generating device as claimed in ahy one of
claims 1, 2, 3, 5 and 6 to 13 wherein said control means

controls an effect imparting process.

15. A tone generating device as claimed in claim 14 wherein
20 sald control means executes control as to whether or not an
-reverberation-effect is to be imparted and also controls a

grade of the reverberation effect if the effect is to be



6 designates a sel ectable range of control data to be used for
controlling an interpol ation process- A-tone Lng device

as plaimed inany oneof ol z%s;‘nmmmmmmn 2

used for. 10 controlllng an effect inpartiang iproces

genérating device as clained in claim21l wherein sai

nmeans ‘desi gnhates a sel ect abl e range of control data tio the

executing control as to whether 430L an reverberation effect is to
be inparted and also 15 controls a grade of the reverberation effect.

the effect Is to be effected. 23. A nethod for generating a

t one si gnaleffectedi ng a general - pur pose processor device to execute a
pr ogram descri bi ng predeterm ned tone generating processing, said 20
met hod conpri si ng: a first step of causing said processor device

to detect coagutlng capability of said processor device;
16. tone generating device as claimed 1n any one of

claims 12 to 15 wherein said control means executes control

on the basis of the operation clock of said processor device.

5 17. A tone generating device as claimed in any one of
claims 1, 2, 3, 5 and 6 tO';G wherein said control means

© executes confrol on the basis of detection as to whether or
not said precessor de?ice is of a type that contains an

arithmetic processor for executing floating-point arithmetic.

10 18. A tone generating device as claimed in any one of

claims 4 and 6 to 10 wherein if the computing capability of
said-processor device detected by said-Aetecting means is
above a predetermined level, said designating means allows
a selection of all centrol data within a predetermined

15 selectable range, but if the computing capability of said

processor device detected by said detecting means is below
a predetermined level, said designating means allows a
selection of only some of the control data within the

selectable range having a relatively low grade.

20 19. A tone generating device as claimed in any one of
claims 4, 6 to 10 and 18 wherein said designating means

designates a selectable range of control data to be used for



~ 45 - a second step of causing said processor gdew-ece—t6 -
execute a process for, depending on the conputing capabil {tREPLACEMENT SHEET
sby said first step, controlling content of the tane jefreTatiny 1
"processing to be executed by said pro I eE; a

third step of causing said processor BWE&I'M&&%H’E
generating processing with the contentsC s x Dby
24. A nmet hod for generating a tone signal by causing a

gener al - pur pose processor device to exegyte a program describrng
predet erm ned tone generating processing, said met hod conpri si ng:

a step of detecting conputing capability of said ‘processor device; and
15 a eenirolling epesanplbing nfxégquency vat whickpeavéfoym datadarect ed
by said step of detecting, executing control to change content of the
t one gener X¢dY Pbcessing, so as to generate a tone signal in
accordance with the changed content -of the tone generating processing.

20. A tone generating_device as claimed in any one of
claims 4, 6 to 10, 18 and 19 wherein said designating means
5 designates a selectable range of control data to be used for

controlling an interpolation process.

21. A tone generating device as claimed in any one of
claims 4, 6 to 10 and 18 to 20 wherein said designating means
designates a selectable range of control data to be used for

10 controlling an effect imparting process.

22. A tone generating device as claimed in claim 21 wherein
sald designating means designates a selectable range of
control data to be used for executing'contrbl as to whether
or not an reverberation effect is to be imparted and also
15 controls a grade of the reverberation effect if the effect

is to be effected.

23. A metth for generating a tone signal by causing a

general-purpose proéessor device to execute a program

describing predetermined tone generating processing, said
20 method comprising:

a first step of causing'said processor device to detect

computing capability of said processor device:



«20 25. A machine readabl e recordi ng nedi um cont ai ni ng| ' f
.instructions to cause said nmachine to inplenent_a neLhod'aRgﬂﬁﬁgMENT SHEET

:generating a tone signal by causing a = : processor

" device to execute a program Hﬁﬁm“ Hﬂl‘ﬂﬂmr edet pr & hOAR (999
generati.ng processing, said nethod ity e _ _
- 464 conpri si ng: a first step of causing sald process
device to detect conputing capability of said processar. _device;
a.second step of causing said processar g8evice to 5 execute a process
for, depending on the conputing capability detected by said first
step, controlling content of the tone generating processing to be
execut ed by sai daprassorgbr step ofvicasisimgl said processdr r destice oto
causing said processor device to execute 10 the tone generating processing
with the coeFeertenipragess for, @epemdingeoonihet epmputing capability

detected by said first step, controlling content of the tone

"generating processing to be executed by said processor

5 device; and
a third step of causing said processor device to execute
the tone generating processing with the content controlled

by said second step.

24. A method for generating a tone signal by causing a

10 general-purpose processor device to execute a program
describing predetermined tone generating processing, said
method comprising:

a step of detecting computing capability of said
. . L

processor device; and

15 ' a step of, depending on the computing capability

detected by said step of detecting, executing control to
change content of the tone generating processing, so as to
generate a tone signal in accordance with the changed content

of the tone generating processing.

20 25. A machine readable recording medium containing a group
of instructions to cause said machine to implement a method
for generating a tone signal by causing a general-purpose
processor device to execute a program désdribing

predetermined tone generating processing, said method



.26. A machi ne readabl e recordi ng nmedi um cont ai ni ng a group of
_|nstruct|ons to cause said nachine to i nplenent a nethod, for

-~ generating a tone signal by causing -a—general—purpese—I1]

generating processing, sai d nethod |Iﬂ||3ﬁ||| e

det:ecting conputing capability of sald ¢ L pmocessor

a step of, depending on the conputing capability def ect ed by sai

of detectlng, executing control to - 46hange content

generating processing, so as to generate a tone sig cor dance

with the changed content . of the tone generating processing. 25
comprising: B

a first step of causing said processor device to detect
computing capability of sald processor device:
k-

a second step of causing said processor device to

5 execute a process for, depending on the comput;gg capability

detected by séid first step; controlling content of the tone

generating processing to be executed by said processor
device; and |

a third step of causing saild processor device to execute

10 the tone geﬁérating processing with the content controlled

by said second step.

26. A machine readable recording médiﬁm containing a group
of instructions to cause said machine to implement.a method
for generating a tone signal by caﬁsing a generalepﬁrpose

-15 pfqéessor device to execute a 'program describing
predetermined tone generating processing, said method
comprising:

a step of detecting computing capability of -said
. -

processor device; and

20 a step of, depending on the computiggﬁ cqgabili;g

detected by said step of detecting, executing control to
‘change content of the tone generating proceésing, so as to
generate a tone signal in accordance with the changed content
of the tone generating processing. |

25



