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Digital recorder 

The present invention relates to a digital recorder 
capable of digitally recording, reproducting or editing 
a digital signal such as an audio signal (voice signal) 
and a video signal. 

s In the conventional apparatus, only audio data and 
sequencer data (MIDI data) are recorded/reproduced by 
special purpose recorders. Although attempts have 
been made to integrate these data and video data to 
record/reproduce them and to integrate and edit these 

10 data, only unsatisfactory results have been obtained so 
far. 

.15 

It is therefore an object of the present invention 
to provide a multimedia recorder which can record/ 
reproduce various data such as audio, video, and 
sequencer data as integral da~a by using an external 
memory device of a random access type, e.g., a hard disk 
or an optomagnetic disk, and can edit the data. 

It is another object of the present invention to 
provide·an automatic performance apparatus which allows 

20 simple reproduction of audio and video data in accor­
dance with a performance of a music. 

It is still another object of the present invention 
to provide an automatic performance apparatus which can 
integrate and record/reproduce performance data, audio 

25 data, and video data. 
According to an arrangement of the present 
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invention, there is provided a multimedia recorder 
comprising first input/output means for performing an 
input/output operation for a first type of data, second 
input/output means for performing an input/output opera-

s tion for data having a type different_ from the first 
type, buffer means capable of performing data transfer 
to the first and second input/output means and storing 
data in units of types, random access type external mem­
ory means capable of transferring the first and second 

10 " types of data to the buffer means and having storage '· ·, 
areas from/in which the first and second types of data 
can be read/written, and data transfer means for time­
divisionally executing data transfer between the first 
and second input/output means and the buffet means and 

15 data transfer between.the buffer means and the external 
memory means in a predetermined priority order. 

That is, the buffer·means is arranged between 
the external memory means and the input/output means, 
and data transfer between the buff er means and the 

20 input/output means and data transfer between the buff er 
means and the external memory means are sequentially and 
time-divisionally performed by the data transfer means 
in a predetermined priority order. 

25 

For example, the first input/output means is 
in charge of input/output control of audio data, 
whereas the second input/output means is in charge 
of input/output control of video data and sequencer 
data. 

Audio data or video data is recorded or reproduced 
30 in or from the buffer means at a sampling timing. 

Sequencer data is recorded or reproduced in or from the 
buffer means in synchronism with the change timing of 
the sequencer data. 

In practice, the data transfer means can be real-
35 ized by a DMA (Direct Memory Access) controller. For 

example, in practice, the data transfer means executes 
data transfer in response to a data transfer request 
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signal from each input/output means or the external 
memory means. 

As the external memory means, various types of 
storage media can be used. However, a random access 

s type storage medium such as a hard disk or an 
optomagnetic disk is preferably used. 

10 

According to the above-described arrangement, 
· various types of data can be recorded/reproduced as 

integral data, and editing can be efficiently executed. 
. . ~ 

According to another arrangement of the present=.··: 
invention, there is provided an automatic performance · 
apparatus comprising memory means for storing perform­
ance data of a music together with audio and video data 
to be reproduced in accordance with a performance based 

15 on the performance data of the music, performance means 
for giving a performance by generating musical tones in 
accordance with the performance data, audio reproducing 
means for reproducing the audio data in accordance with 
the performance given by the performance means, and 

20 video reproducing means for reproducing the video data 
in accordance with the performance given by the perform-

25 

ance means. 
As the memory means'· various types of storage media 

can be used. However, a random,access type storage 
medium such as. a hard disk or an optomagnetic disk i.s 
preferably used. 

The audio reproducing means reproduces the audio 
data in synchronism with a sampling timing. The video 
reproducing means reproduces the video data in sync-

30 hronism with a video change timing of the video data 
(in practice, e.g., every predetermined_ number of 
measures). 

In reproduction of video data, motion pictures can 
be reproduced by continuous reproduction of a plurality 

35 of frames (about 10 frames per second). In this case, 
if the video data is compressed to be reco"rded and 
expanded (restored) to. be reproduced, the capacity of 
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the data memory device can be reduced. 
According to still another arrangement of the 

present invention, there is provided an automatic 
performance apparatus comprising random access type 

5 external memory means for storing performance data 
of a music together with audio and video data to 

10 

be reproduced in accord~nce with a performance based on 
the. performance data of the music, performance means for 
giving a performance by generating musical tones in 

:.... 
accordance with the performance data of the music, 
buffer means for receiving the audio data and the video 
data from. the external memory means, audio reproducing 
means, connected to.the buffer means, for receiving and 
reproducing the audio data, video reproducing means, 

15 connected to the buffer means, for receiving and 
reproducing the video data, and data transfer means for 
scheduling and time-divisionally executing data transfer 
between·the audio reproducing means and the buffer 
means, data transfer between the video reproducing means 

20 and the buffer means, and data tr.ans fer between the 

25 

external memory means and the buffer means in a prede­
termined priority order~ 

In·practice, for example, a DMA (Direct Memory 
Access) controller may be employed as this data transfer 

means. This means executes data transfer between the 
respective components. The data transfer means executes 
data transfer between the buff er means and the external 
memory means and the data transfer between the buffer 
means and each reproducing means according to the 

30 optimal schedule. 
According to still another arrangement of the 

present invention, there is provided an automatic per­
formance apparatus comprising memory means capable of 
read/write operations and adapted to store performance 

35 data of a music together with audio and video data to 
be reproduced in accordance with a performance based 
on the performance data of the music, performance 
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inputting/reproducing means for causing the memory means 
to store the performance data of the music and giving a 
performance by generating musical tones in accordance 
with the performance "data of· the music, audio 

5 storing/reproducing means for causing the memory means 
to. store the audio data and reproducing the audio data 
in accordance with the performance given by the 
performance inputting/reproducing means, and video 
storing/reproducing means for causing the memory means 

10 
. ' to store the video data and reproducing the video data 

in accordance with the performance given by the perform-
ance inputting/repro.ducing means. 

According to still another arrangement of the 
present invention, there is provided an automatic 

15 performance apparatus comprising random access type 
external memory. means capable of read/write operations 
and adapted to store performance data of a music 
together with audio and video data to be reproduced in 
accordance with a performance based on the.performance 

20 data of the music, performance input/output means for 
causing the externa~ memory means to store the perform­
ance data of the music and giving a performance by gen­
erating musical tones in accordance with the performance 
data of the music read out from the external memory 

25 

30 

means, buffer means for receiving the ·audio and video 
data from the external memory means and supplying the 
audio and video data to the external memory means, audio 
input/output means, connected to the buffer means, for 
outputting the audio data to the buff er means and 
receiving/reproducing the audio data from the buffer 
mea~s, video input/output means, connected to the buffer 
means, for outputting the video data to the buffer means 
and receiving/reproducing the video data from the buffer 
means, and data transfer means for scheduling and time-

35 divisionally executing data transfer between the audio 
input/output means and the buffer means, data transfer 
between the video input/output means and the buffer 
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means, and data transfer between the external memory 
means and the buffer means in a predetermined priority 
order. 

According to the automatic performance apparatus 
s having the above-described arrangement, in addition to a 

synchronous performance based on the performance data of 
a music and audio data, video data such as various types 
of character image, drawing, picture, and musical piece 

10 

data can be displayed as still pictures or motion 
pictures. ~~ .. 

In addition, performance data obtained by a per-
formance given by a user is stored together with audio 
data (e.g., CD-reproduced sound data or vocal data of 
the user) or image data (character image data generated 

15 by the user, musical piece data, scenery data obtained 
by a video camera). These data can be extracted upon 
designating a music, and can be simply reproduced in 
synchronism with a performance of the music. 

It would be apparent. for those skilled in the 
20 art from the following description of pref erred embodi­

ments that the present invention may e modified in 
various other manners as well as applied to different 
cases. 

25 
This invention can be more fully understood from 

the following detailed description when taken in con­
junction with the accompanying drawings, in which: 

Fig. 1 is a circuit diagram showing the general 
structure of a multimedia recorder according to the 
third embodiment of the present invention; 

30 Fig. 2 is a view showing the data format of a hard 
disk 12 in Fig~ l; 

Figs. 3(a) and 3(b) are timing charts showing an 
input/output operation for audio data; 

Figs. 4{a) and 4(b) are timing charts showing an 
35 input/output operation for the MIDI data; 

Figs. S(a) and S{b) are timing charts showing an 
input/output operation for video data; 
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Fig. 6 is a timing chart showing a data transfer 
state between a hard disk and buffers; 

Figs. 7(a) and 7(b) are views showing an operation 
state in which editing processing of each track is 

5 _performed by the embodiment; 

10 

Fig. 8 is a circuit diagram showing the general 
structure of an automatic performance apparatus accord­
ing to the fourth embodiment of the present invention; 

Fig. 9 is a circuit diagram showing the arrangement 
;,, 

of a DMAC 2025; .'·:. 

Fig. 10 is a flow chart showing the overall opera­
tions of a CPU 2011 of a computer section 2001; 

Fig. 11 is a flow chart showing an operation of the 
CPU 2011 of the computer section 2001 in an automatic 

15 performance; 
Fig. 12 is a view showing the format and contents 

of data to be $tored irt a.hard disk 2008 in Fig. 8; 
Fig. 13 is a view showing a screen to be displayed 

on a display device to allow section of a music; 
20 Fig. 14 shows musical scores to be displayed on the 

25 

display device in accordance with a performance of a 
music; 

· Fig. 15 shows, in (a) and (b), video (character) 
images to be displayed in accordance with a performance 
of a music; 

Fig. 16 is a flow chart showing the overall opera­
tions of a CPU 2021 of a storing/reproducing section 
2002 in. Fig. 8; 

Fig. 17 is a flow chart showing an interrupt rou-
30 tine of the CPU 2021 of the storing/reproducing section 

2002; 

Fig. 18 is a flow chart showing operations of audio 
input/output devices 2·022-1 of the storing/reproducing 
section 2002 in Fig. 8; 

35 Fig. 19 is a flow chart showing an operation of an 
audio input/output device 2023 of the storing/ 
reproducing section 2002 in Fig. 8; 
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Fig. 20 is a timing chart showing a track 
recoding/reproducing operation of the storing/ 
reproducing section 2002 in Fig. 8; . 

Fig. 21 is a flow chart showing an operation of the 
s DMAC 2025 of the storing/reproducing section 2002 in 

Fig. 8; 
Fig. 22 is a flow chart showing an operation of an 

HDC 2026 of the storing/repdocuding section 2002 in 
Fig. 8; 

10 Fig. 23 is a view showing a state in which a ''.. · 

15 

tract recording/reproducing operation of the storing/ 
reproducing section 2002 in Fig. 8 is performed; and 

Fig. 24 is a view showing a schedule table for 
a track reproducing operation of the storing/repeoducing 
section 2002 in Fig. a. 

First Embodiment 
<General structure> 

Fig. 1 shows the general ~ructure of the first 
embodiment. In this embodiment, stereophonic audio 

20 data, sequencer data (MIDI data), and video (image) data 
can be integrally recorded/reproduced and edited. 

Of these data, audio data must be transferred 
periodically (at a sampling timing). Sequencer data 
must be transferred non-periodically (when the contents 

25 of the sequencer data are changed). Video data needs to 
be transferred periodically or non-periodically in a 
large amount. 

In this embodiment, transfer operations of data in 
different data transfer amounts and at different data 

30 transfer rates can be handled. 
More specifically, reference numeral 1001 denotes a 

CPU, which controls the overall operations of the embod~ 
iment and is operated in accordance with programs stored 
in a ROM/RAM 1002. In addition, the CPU 1001 designates 

35 read/write areas of a hard disk 1012 (to be described 
later) and edits data by using predetermined areas of 
the ROM/RAM 1002. 
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A keyboard 1003 and a display device 1004 are 
connected to the input/output terminal I/O of the 
CPU 1001. A user can designate an operation mode for 
each track (an audio track, a sequencer track, and a 

5 video track), and can designate various editing modes. 

10 

In a real-time operation (recording/reproduction of 
data), the CPU 1001 controls each constituent element 
(to be described later) only for the idle time of 
address and data buses. 
by a bus arbiter 1005. 

Such bus control is performed 
A wait signal WAIT is kept "' 

supplied to the CPU 1001 until the buses can be used. 
The bus arbiter 1005, a DMAC (DMA controller) 1006, 

a buffer section 1007, an HDC (hard disk controller) 
1008, an audio I/O (input/output interface) 1009, a MIDI 

15 I/O (input/output interface) 1010, and an image I/O 
{input/output interface) 1011 are connected to each 
other. 

The DMAC 1006 is constituted by four channels CHl 

to CH4. The channel CHl serves to execute DMA transfer 
20 between an audio buffer (of a ring buffer type, in which 

audio data corresponding to a plurality of sampling 
operations can be stored) and the audio I/O 1009. The 
channel CH2 executes DMA transfer between a MIDI buffer 
(of a ring buffer type, in which the MIDI data corre-

25 

30 

sponding to a plurality of events can be stored) and the 
MIDI I/O 1010. The channel CH3 performs DMA transfer 
between an image buffer (in which image data correspond­
ing to at least one frame can be temporarily stored) and 
the video I/O 1011. 

The channel CH4 serves to perform data transfer 
(DMA transfer) between each area in the buffer section 
1007 and a corresponding area in the har~ disk 1012. 

That is, data transfer-between the hard disk 1012 and 
the buffer section 1007 is performed depending on 

35 whether a proper free space exists in an area designated 
by the buffer section 1007 in the data reproduction 
mode. In the record mode, such data transfer is 
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performed depending on whether a proper data block to be 
transferred to the hard disk 1012 is formed in an area 
designated by the buffer section 1007. 

The hard disk 1012 is connected to the HDC 1008. 
A data· read/write operation with respect to the hard 
disk 1012 is performed under the control of the HDC 
1008. Programming control for the HDC 1008 is performed 
by the CPU 1001 every time data transfer (corresponding 
to one block) is·performed. . 

. ' 
More specifically, the audio I/O 1009 is designed 

to exchange stereophonic audio signals (analog signals) 
with external devices. The audio I/O 1009 includes a 
DIA converter and an AID converter and serves to receive 
an external analog signal upon converting it to a digi-
tal signal. In contrast to this, the audio I/O 1009 
converts a stereophonic digital audio signal into an 
analog signal and outputs it to an external device. In 
addition, the audio I/O 1009 incorporates a data buffer 
having a capacity corre_sponding to one sampling 

20 operation. The audio I/O 1009 generates a DMA transfer 
request signal REQl to the DMAC 1006 in synchronism with 
a sampling clock (or may be operated in synchronism with 
an output from an incorporated clock generator or a sam-

25 

·pling clock from an external device). 
In response to the request signal REQl, the channel 

CHl of the DMAC 1006 requests (outputs a signal BUSRQ) 
the bus arbiter 1005 to pass control of the address and 
data buses to execute OMA transfer. Upon reception of 
an acknowledge signal BUSAK, the channel CHl gains 

30 control of the address and data buses and performs 
DMA transfer. That is, the DMAC 1006 supplies an 
acknowledge signal ACKl to the audio I/O 1009 to trans­
fer audio data between the audio I/O 1009 and the voice 
buffer in the buffer section _1007 .. In addition, the 

35 DMAC 1006 outputs a predetermined read/write control 
signal R/W. 

The MIDI I/O 1010 is designed to exchange the MIDI 
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signal (MIDI message) with an external device. The 
MIDI I/O 1010 incorporates converters for performing 
parallel/serial conversion of the MIDI message·output to 
a port MIDI OUT and serial/parallel conversion of the 

5 MIDI message received from a port MIDI IN, and a timer 
for controlling the input/output timing of the message 
MIDI. 

10 

In the reproduction mode, as will be described 
later, with the aid of this timer, the MIDI I/O 1010 

. :.,, 
outputs the MIDI data portion. of a packet at a proper·, 
timing with respect to the previous MIDI output in 
accordance with interval data of the packet. In the 
record mode, interval data representing a time interval 
started when the previous MIDI data is input is added to 

15 the.MIDI input by the MIDI I/O 1010, thus forming the 
input data into packet data. 

Owing to the above-described function of the timer, 
the MIDI I/O 1010 generates a OMA transfer request 
signal REQ2 to the DMAC 1006 at a proper timing. 

20 In response to the request signal REQ2, the DMAC 

25 

1006 requests (outputs·the signal BUSRQ) the bus arbiter 
1005 to pass control of· the address and data buses, and 
gains control of the.buses upon reception of the 
acknowledge signal BUSAK, thus performing DMA transfer, 
in the same manner as described above. That is, the 
DMAC 1006 supplies an acknowledge signal ACK2 to the 
MIDI I/O 1010 to transfer the MIDI data between the MIDI 
I/0 1010 and the MIDI buffer in the buffer section 1007. 

In addition, the DMAC 1.00~ outputs a predetermined 
30 read/write control signal R/W. 

The image I/O 1011 is designed to exchange video 
signals with external devices and incorporates a frame 
buffer (e.g., an RGB data frame buffer) corresponding to 
one frame. In the reproduction mode, this frame buffer 

35 is updated in accordance with the contents of the image 
buffer in the buffer section 1007 at several periods per 
second. In the record mode, a digitizer incorporated in 
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the image I/O 1011 digitizes input image signals period­
ically (several times per second), thus updating the 
frame buffer. In the record mode, data is sequentially 
transferred from the frame buffer to the image buff er in 

5 the buffer section 1007. 

10 

The image I/O 1011 generates and supplies a DMA 
transfer request signal REQ3 to the DMAC 1006 several 
times per second (strictly speaking, several sets of 
request signals) ·every time sampling is performed. 

'· ·In response to the request signal REQ3, the 
channel CH3 of the DMAC 1006 requests (outputs the 
nal BUSRQ) the bus arbiter 1005 to pass control of 

sig­
the 

address and data buses, and gains control of the buses 
upon reception of the acknowledge signal BUSAK, thus 

15 performing DMA transfer, in the same manner as described 
above. That is, the DMAC 1006 supplies an acknowledge 
signal ACK3 to the image I/O 1011 to perform transfer of 
image data between the image I/O 1011 and the image 
buffer in the buffer section 1007. In addition, the 

20 DMAC 1006 outputs a predetermined read/write control 
signal R/W. 

25 

The HDC 1008 requests (outputs a request signal 
REQ4) the DMAC 1006 to perform data transfer between the 
hard disk 1012 and a desired area of the buffer section 
1007 in accordance with programming of the CPU 1001. In 
response to the request signal REQ4, the channel CH4 of 
the DMAC 1006 requests (outputs the signal BUSRQ) the 
bus arbiter 1005 to pass control of the address and data 
buses, and gains control of the buses upon reception of 

30 the acknowledge signal BUSAK, thus performing DMA 
transfer, in the same manner as described above. That 
is, the DMAC 1006 supplies an acknowledge signal ACK4 to 
the HDC 1008 to perform data transfer between the hard 
disk 1012 and a designed buffer; in the buffer section 

35 1007. In addition, the DMAC 1006 outputs a predeter­
mined read/write control signal R/W. 

A plurality of request signals REQ may be 
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·simultaneously supplied to the DMAC_ 1006. In this case, 
the DMAC 1006 executes DMA transfer control in accor­
dance with the following priority order: REQl > REQ2 > 
REQ3 > REQ4. This priority order is based on the degree 

5 of emergency of the execution of DMA transfer. 

10 

More specifically, if data transfer of an audio 
signal is not properly performed at each sampling 
timing, the reproduced sound becomes very unnatural. In 
contrast to this, the data transfer timing of the M~DI ... 
signal is not so severe as that of an audio signal. '· ·, 
Therefore, the priority of data transfer of the MIDI 
signal is lower than that of an audio signal. 
Similarly, since management of switching of frames need 
not be as severe as that o·f the change timing of sounds 

15 and automatic performances, data transfer of a video 
signal is lower in priority than the signals described 
above. The channel CH4 is designed to perform data 
transfer between the hard disk 1012 and the buffer 
section 1007. Since ·a large time margin is set in 

20 the buffer section 1007, even if data transfer between 
the hard disk·1012 and the buffer section 1007 is 
interrupted by another DMA transfer request, and the 
interruption is executed first, no problems are posed. 
<Storage contents of hard disk 1012> 

25 Fig. 2 shows a data format of the hard disk 1012, 
which is roughly divided into three areas. The three 
areas are: an audio track area for exchanging data with 
the audio buffer in the buffer section 1007; a MIDI 
track area for exchanging data with the MIDI buffer in 

30 the buffer section 1007; and an image track area for 
exchanging data with the image buffer in the buffer 
section 1007. 

As audio data, left (L) and right (R) data are 
alternately stored in one track. This pair of data· 

35 serve as a basic unit for DMA transfer and editing proc­
essing to be described later. Assume that one sampled 
data is expressed by 16 bits, and the sampling frequency 
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is 48 kHz. 
The unit of the MIDI data is constituted by inter­

val data for the above-described timing control and the 
MIDI data (MIDI message) having O byte or more. Note 
that this byte length is arbitrary and is changed in 
accordance with the arrangement of the MIDI data for 
each operation. Note that whert the MIDI data is O byte, 
it simply repres.ents a time interval. This variable­
length data is the basic unit of DMA transfer. 

. ~ When a color image is to be· displayed, a set of=·R, 
G, and B image data, as video data, constitutes one 
frame. Each frame is constituted by N dots x M dots 
(e.g., 640 dots x 400 dots). Several frames can be 
changed per second. This set of R, G, and B image data 
constitutes a base unit for DMA transfer and editing 
processing. 

Note that data transfer between the hard disk 1012 
and the buffer section 1007 need not always be performed 
in the above-described unit as long as the data 

20 storage/reproduction order of ·the hard disk 1012 
corresponds to that of the buffer section 1007. It 
is, however, important that the units of data transfer 
between the buffer section 1007 and the respective I/O 
interfaces 1009 to 1011 be controlled in the above-

25 

30 

35 

described manner. 
<Audio input/output operation> 

Of the operations of this embodiment, operations 
associated with the relationship between the audio I/O 
1009 and the buffer section 1007 or the hard disk 1012 
will be described below. 

Figs. 3(a) and 3(b) are timing charts of the 
operations. Fig. 3(a) shows an operation in the play 
mode. Fig. 3(b) shows an operation in the record mode. 

In the play mode, data is sequentially transferred 
from the hard disk 1012 to the audio buffer (part of the 
buffer section 1007) as a ring buffer, thus performing a 
pre-load operation. In order to read out audio data 
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from the audio buffer, the audio I/O 1009 outputs the 
DMA transfer request REQl to the DMAC 1006 at every sam­
pling timing (strictly speaking, before every sampling 
period (fs), as shown. in Fig. 3(a)). When DMA transfer 

5 can be performed, the acknowledge signal ACKl is sup­
plied from the channel CHl of the DMAC 1006, and data 
transfer is actually performed from the buffer section 
1007 to the audio I/O 1009. 

10 
At this time, since the audio data is stereophonic 

. " data, as described above, the request signal is supplied 
from the audio I/O 1009 to the DMAC 1006 twice to per­
form data transfer twice, thus transferring the left (L) 
and right (R) data to be used for one sampling 
operation. 

15 The audio data, i.e., the left (L) and right (R) 

20 

25 

data, stored in the internal buffer of the audio I/O 
1009 are simultaneously digital/analog-converted in 
synchronism with a sampling clock (fs) to be 
stereophonically output. 

The audio data pre-loaded from the hard disk 1012 
and stored in the audio buffer are sequentially read out 
and converted into analog signals at every sampling 
period to be output. As will be described later, with 
the function of the channel CH4 of the DMAC 1006, before 
all the data are read out to empty the audio buffer, the 
next audio data block is transferred from the hard disk 
1012. Therefore, even if the access speed of the hard 
disk 1012 ts not so high, a sound reproducing operation 
during a sampling period can be performed at high speed. 

30 In the record mode, an externally supplied analog 
stereophonic signal is converted into a digital signal 
in synchronism with the sampling clock (fs) and stored 
in the internal buffer of the audio I/O 1009. Since the 
digital signal is constituted by left (L) and right (R) 

35 data, the DMA transfer request REQl is supplied to the 
DMAC 1006 twice to DAM-transfer the data from the audio 
I/O 1009 to the audio buff er in the buffer section 1007 
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in response to the acknowledge signal ACKl. 
In this manner, audio data is stored in the audio 

buffer in the buffer section 1007 at every sampling 
timing. However, with .the function of the channel CH4 
of the DMAC 1006, before the audio buffer is filled with 
data, the audio data stored in the buffer section 1007 
in advance is transferred to the hard disk 1012 in 
blocks. Therefore, similar to the play mode, in the 
record mode, even if the access speed of the hard disk 
1012 is not so high, an audio signal recording oper~tion 
in a sampling period can be performed at high speed. 
<MIDI input/output operation> 

Figs. 4(a) and 4(b) show automatic performance 
control operations based on the MIDI data. Figs. 4(a) 
and 4(b) respectively show operations in the play mode 
and the record mode. 

In the play mode, the MIDI data corresponding to a 
plurality of operations is transferred beforehand from 
the MIDI track area of the hard disk 1012 to the MIDI 

20 buffer in the buffer section 1007. This data transfer 
is performed by the channel CH4 of the DMAC 1006. 

The MIDI I/O 1010 requests (outputs the request 
signal REQ2) the DMAC 1006 to transfer the interval data 
of the MIDI data associated with one packet. In 

25 response to the acknowledge signal A~K2, the data is 
supplied from the MIDI buffer in the buffer s~ction 1007 
to the MIDI I/O 1010, and measurement of the correspond­
ing time interval is started in the above-described 
internal timer. 

30 If the lapse of the time interval is determined in 
the MIDI I/O 1010, the MIDI I/O sends the DMA transfer 
request REQ2 to the DMAC 1006 again. When the MIDI mes­
sage is transferred from the MIDI buff er in the buffer 
section 1007, the MIDI I/O 1010 performs parallel/serial 

35 conversion and outputs the resultant serial MIDI signal 
to an external MIDI device. This operation is repeat­
edly performed a number of times corresponding to the 
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number of the bytes of the message included in one 
packet. Upon completion of this processing, DMA 
transfer of the next interval data is requested. 

In this manner, the MIDI data is sequentially 
5 reproduced every time the time designated by the 

interval data elapses. Subsequently, the contents of 
the MIDI buffer are sequentially used. However, before 
the MIDI buffer becomes em~ty, the next MIDI data is 
transferred from the hard disk 1012 in blocks by the 

.... 
10 

15 

channel CH4 of the DMAC 1006. 
In the record mode, the MIDI data is externally 

supplied_in the serial form. Upon reception of the new 
MIDI data, the MIDI I/O 1010 sends the transfer request 
signal REQ2 to the DMAC 1006 to transfer an output from 
the timer, which has measured the lapse of time after 
the previous MIDI data was input, as interval data, to 
the MIDI buffer. In response to the acknowledge signal 
ACK2, data transfer from the MIDI I/O 1010 to the MIDI 
buffer is executed. 

20 In the MIDI I/O 1010, the input MIDI data is 

25 

converted into a parallel signal by the internal 
serial/parallel converter. Thereafter, OMA transfer is 
executed between the MIDI I/O 1010 and the buffer sec­
tion 1007. Such an operation is repeatedly executed a 
number of times corresponding to the number of bytes 
associated with the MIDI input. 

As such data transfer is repeated, the MIDI data 
are accumulated in the MIDI buff er in the buff er section 
1007. However, before the MIDI buffer is filled with 

30 the data, the MIDI data is transferred from the MIDI 
buffer to the MIDI track area of the hard disk 1012 in 
blocks by the channel CH4 of the DMAC 1006 . 

. With the above-described operation, . even if the 
access speed of the hard disk 1012 is not much high, 

35 real-time recording/reproduction of the MIDI data can be 
performed by the function of the buffer section 1007. 
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<Video data input/output operation> 
Of the operations of this embodiment, the relation­

ship between the image I/O 1011 and the image buffer in 
the buffer section 1007, and the relationship between 

5 the image I/O 1011 and the hard disk 1012 will be 
described below. 

10 

Figs. S(a) and S(b) are timing charts in such image 
recording/reproduction processing. Figs. S(a) and S(b) 
respectively show operations in the play mode and the 

·, 
record mode. ~-

In the play mode, image data is transferred before­
hand from the image track area of the hard disk 1012 to 
the image buffer in the buffer section 1007 to be stored 
therein. This operation is performed by the channel CH4 

15 of the DMAC 1006, as described above. 
At a frame switching timing (if g frames of images 

are displayed per second (motion-picture display), the 
switching timing comes every l/n seconds), the image I/O 
1011 supplies the data transfer request signal REQ3 to 

20 the DMAC 1006. As described above, one frame is consti­
tuted by a data set of a plurality of R, G, and B dots, 
and data transfer corresponding to one frame is com­
pleted by a plurality of data transfer operations. 
Therefore, as shown in Fig. s the data transfer request 

25 si·gnal REQ3 is supplied from the ima_ge I/O 1011 to the 
DMAC 1006 a number of times corresponding to the amount 
of data, and transfer of image data from the image 
buffer in the buffer section 1007 to the frame buffer 
of the image I/O 1011 is executed by the channel CH3 of 

30 the DMAC 1006 every time the acknowledge signal ACK3 is 
supplied from the DMAC 1006. When the image data is 
written in the frame buffer of the image I/O 1011, a new 
frame is displayed. Such an operation is performed 
every l/n seconds to continuously change frames, thus 

35 performing motion-picture display. 
In this manner, the image data sequentially pre­

loaded from the image track area of the hard disk 1012 
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and input to the image buffer in the buffer section 1007 
is input/stored to/in the frame buffer of the image I/O 
1011 at every predetermined timing and is output as 
video signals. 

5 In the record mode, video signals transferred every 

10 

l/n seconds are digitized and input to the frame buffer 
in the image I/O 1011. In order to perform DMA transfer 
of the digitized signals to the video buffer in the 
buffer section 1007, the request signal REQ3 is output 

. ... a number of times corresponding to the data transfer· ... , 
amount, and the channel CH3 of the DMAC 1006 repeatedly 
executes data transfer in response to the acknowledge 
signal ACK3. Subsequently, the channel CH4 of the DMAC 
1006 transfers the frame data, transferred to the buffer 

15 section 1007 every l/n seconds in this manner, ·from the 
frame buff er to the image track area of the hard disk 
1007 to store them therein. 

By repeating such an operation, video signals 
(motion picture) supplied from an external video device 

20 are sequentially digitized and transferred/recorded 
to/on the hard disk 1012 through the buffer section 
1007. 

25 

<Operation of channel CH4 of DMAC 1006> 
An operation of the channel CH4 of the DMAC 1006 

will be described next. As described above, with the 
functions of the channels CHl to CH3 of the DMAC 1006, 
data transfer (DMA transfer) between the audio I/O 1009 
and the audio buffer in the buffer section 1007, data 
transfer (DMA transfer) between the MIDI I/O 1010 and 

30 the MIDI buffer in the buffer section 1007, and data 
transfer (DMA transfer) between the image I/O 1011 and 
the image buffer in the buffer section 1007 are selec­
tively executed (since a track (an audio track, a MIDI 
track, or a video track) to be operated is designated by 

35 a user, it is apparent that all the tracks need not be 
set in the play or record mode). As a result of such 
data transfer, data pre-loaded in the buffer 
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section 1007 is sequentially consumed in the play mode, 
and data is sequentially stored in the buff er section 
1007 in the record mode. The channel CH4 of the DMAC 
1006 serves to transfer new data subsequent to the pre-

s viously transferred data from the hard disk 1012 to the 
buffer section 1007 or to transfer new data subsequent 
to the previously transferred data from the buffer sec­
tion 1007 to the hard disk 1012. 

. 10 
Fig. 6 is a timing chart showing such an operation 

state. When transfer of a data block corresponding to 
one track is completed under the control of the CPU 
1001, selection and programming of the transfer area of 
the next data block and its direction (from the hard 
disk 1012 to the buffer section 1007 or from the buffer 

15 section 1007 to the hard disk 1012) are performed with 
respect to the DMAC 1006 and the HDC 1008. The channel 
CH4 of the DMAC 1006 performs data transfer associated 
with the designated area of the designated track in 
response to.the transfer request signal REQ4 from the 

20 HDC 1008. 

25 

In the case shown in Fig. 6, data transfer between 
the hard disk 1012 and the buffer section 1007 is per­
formed in the following order: between the hard disk 
1012 and the image buffer; between the hard disk 1012 
and the audio buffer; and between the hard disk 1012 and 
the MIDI buffer. However, after data transfer corre­
sponding one block is completed, a specific track to be 
subjected to DMA transfer processing by the channel CH4 
of the DMAC 1006 is determined depending on the state of 

30 each buffer at that time. More specifically, in the 
play mode, determination is performed depending on 
whether sufficient data is pre-loaded in each buffer. 
In the record mode, it is determined whether each 
buffer has a sufficient free area, and DMA transfer is 

35 performed first with respect to a buffer in which pre­
loaded data is decreased in amount or to a buff er in 
which the free area is reduced. 
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<Editing operation> 
Figs. 7(a) and 7(b) show an example of an editing 

operation by this embodiment. In the hard disk 1012, 
data is stored in units of tracks. Each data is divid~d 

5 into data components as events having desired lengths. 

10 

15 

This operation is executed by the CPU 1001 in accordance 
with an operation of the keyboard 1003 or the like by a 
user. As a result, for example, the data in the audio 
track is divided into events Sl to 84,.while the data in 
the image tack is divided into events Pl to PS. 

Data designating the address ranges of the 
respective events in the hard disk 1012 is recorded in 
specific areas in the ROM/RAM 1002 by the function of 
the CPU 1001. In this manner, an event table is 
completed. 

Since the hard disk 1012 is capable of random 
access, the above-mentioned events can be read out in 
any order. For example, as shown in Fig. 7(b), the data 
in the audio track can be reproduced in the order of Sl, 

20 54, 52, 52, and S2, and the data in the image track can 
be reproduced in the order of P2, P3, Pl, P3, and P4, 
and P3, accordingly, without actually rewriting the 
stored data of the hard disk 1012. Reproduction in such 
orders can be realized by supplying commands to the CPU 

25 1001 upon operation of the keyboard 1003 or the like and 
forming a track schedule table using specific a~eas of 
the ROM/RAM 1002. 

Assume that such a track schedule table is 
completed. In this case, when these tracks are set in 

30 the play mode, the CPU 1001 always monitors the track 
schedule table to control the contents of data trans­
ferred from the hard disk 1012 to the buffer section 
1007, thus performing data transfer with respect to 
areas corresponding to the orders designated by the 

35 track schedule table. 
Note that an editing operation can be performed 

with respect to the MIDI track, similar to other tracks. 
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In this case, however, the interval data must be updated 
upon editing processing, and hence the stored data of 
the hard disk 1012 is actually updated. 
<Modification> 

The first embodiment 
been described in detail. 
limited to this. 

of the present invention has 
The present invention is not 

More specifically, in the above-described 
embodiment, three types of data, i.e., audio, MIDI, and 

- :.,, 
image data, are integr~ted to be recorded/reproduced:·, 
However, of these data, at least two arbitrary types of 
data may be integrated to be rec·orded/reproduced. 
Alternatively, other types of data, e.g., sequence data 
for determining a sequence of functions and operations, 

15 may be integrated with the three types of data to .be 
recorded/reproduced~ 

In addition, in the above· embodiment, image data 
are continuously recorded/reproduced to realize motion­
picture display. However, if still-image display is to 

20 be performed, a combination of image data associated 
with each still image and interval data (representing 
the.time interval between change timings of image data 
and formed in the timer in the image I/O ·1011) is 
recorded, and in the reproduction mode, the reproduction 

25 timing of each image data is determined while the lapse 
of time corresponding to each interval data is measured 
by the timer. This technique is the same as the above­
described technique of reproducing the MIDI data. 

Furthermore, if image data is compressed/expanded 
30 by using a data compression/expansion technique so as to 

be recorded/reproduced on/from the hard disk 1012, image 
data of a larger number of frames can be recorded/ 
reproduced. 

According to the arrangement described above, a 
35 multimedia recorder having a relatively simple 

arrangement can be provided, and a plurality of types of 
data (multimedia) can be integrally recorded/reproduced. 
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In addition, editing processing can be efficiently 
performed. 

second Embodiment 
<General structure> 

s Fig. a is a circuit diagram showing the general 

10 

structure of an automatic performance apparatus accord­
ing to the present invention, which includes a computer 
section 2061 and a storing/reproducing section 2002. In 
addition to a CPU 2011 as a main component constituted 

. . ~ 

by a microcomputer or the like, the computer section.' .. ·, 
2001 includes a keyboard and mouse 2012 as an input 
device, a printer 2013 as an output device, and a work 
memory 2014 for storing data. The computer section 2001 
further includes the following components for automatic 

15 musical performances: a performance data memory 2015, 
a sound source circuit 2016, and a MIDI (Musical 
Instrument Digital Interface) transmission/reception 
device 2017. These components are connected to the CPU 
2011 and perform various operations under the control of 

20 the CPU 2011. 

25 

The MIDI transmission/reception device 2017 can be 
connected to an external synthesizer 2003 so that input 
performance data (supplied as the MIDI message) from the 
external synthesizer 2003 can be received and stored, 
as data (e.g., pitch and note length data), in the 
performance data memory 2015. In addition, the computer 
section 2001 can transmit performance data to the 
external synthesizer 2003 through the MIDI transmission/ 
reception device 2017 to cause the synthesizer 2003 to 

30 automatically play a music. The performance data 
memory 2015 not only can store input performance data 
(real-time input) from the synthesizer 2003 as automatic 
performance data, but also can sequentially receive note 
data (step input) as automatic performance data through 

35 the keyboard and mouse 2012. 
The CPU 2011 can automatically generate musical 

score data from automatic performance data input in this 
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manner. Video data from the CPU 2011 is displayed on a 
display device 2005 through a video controller 2004. In 
addition to frame data preset-in the computer section 
2001, various types of data input through the keyboard 

5 and mouse 2012 are displayed on the display device 2005. 

10 

The display device 2005 is constituted by a liquid 
crystal display (LCD) or a CRT and is preferably capable 
of color display. 

An imager 2006 is connected to the video controller 
2004 so that image_ data of a musical score, painting"'~ ·,or 
photograph 2007 ca~·--rnput. In addition, video sig­
nals from a VTR, a video camera, and the like can be 
input to the video controller 4. The video controller 
2004 can display these video signals·on the display 

15 device 2005 and can convert them into digital signals to 
send them to the storing/reproducing section 2002. In 
contrast to this, digital video signals from the 
storing/reproducing section 2002 are supplied to the 
video controller 2004 to be displayed on the display 

20 device 2005. Note that a circuit for compressing/ 
expanding (restoring) image data may be arranged in the 
video controller 2004 to decrease the number of bits of 
image data to be supplied to the storing/reproducing 
section 2002. 

25 The storing/reproducing section 2002 performs 
storage/reproduction control with respect to a hard 
disk 2008 (can be replaced with a random access type 
large-capacity memory capable of read/write processing, 
e~g., an optomagnetic disk) as an external memory 

30 device. In addition to a CPU 2021 as a main component, 
the storing/reproducing section 2002 includes audio 
input/output devices 2022-1 and 2022-2, a video 
input/output device 2023, a three-track buffer section 
2024, a DMA (Direct Memory Access) controller (DMAC) 

35 2025, a hard disk controller (HOC) 2026, and a work RAM 
2027. 

More specifically, the CPU 2021 is connected to 



.· .. 

_) 

5 

10 

15 

- 25 -

the CPU 2011 in the computer section 2001 and controls 
the operations of the respective circuits in the 
storing/reproducing section 2002 under the control of 
the CPU 2011. The audio input/output devices 2022-1 and 
2022-2 are in charge of audio tracks l and 2 (Trl and 
Tr2), respectively. In this embodiment, a two-track 
audio input/output operation can be performed. However, 
as indicated by broken lines in Fig. 8, an audio 
input/output device corresponding to another track can 
be additionally arranged. ...... 

Each of the audio input/output devices 2022-1 and 
2022-2 incorporates an AID converter for converting an 
externally supplied analog audio signal into a digital 
audio signal at a sampling timing, a D/A converter for 
converting a digital audio signal into an analog audio 
signal and outputting it to an external device at a 
sampling timing, and a one-sampling buffer for storing 
audio data corresponding to one sampling operation. The 
video input/output device 2023 is in charge of a video 

20 track and incorporates a one-frame buff er for storing a 
one-frame digital video signal in synchronism with a 
frame change timing. In a video reproducing operation, 
the display contents of the display device 2005 are 
changed as a result of updating of the data in the one-

25 frame buffer. In a video input operation, the video 
input/output device 2023 receives frame data from the 
video controller 2004 in units of frames. 

The audio input/output device 2022-1 in charge of 
the audio track Trl,_ exchanges data (signal transmission) 

30 with an audio voice buffer TrlBUF in the buffer section 
2024 at every sampling timing. The audio input/output 
device 2022-2 in charge of the audio track Tr2 
exchanges data (signal transmission) with an autio 
buff er Tr2BUF in the buffer section 2024 at every 

35 sampling timing. In addition, the video input/output 
device 2023 in charge of the video track exchanges data 
(one-frame data) with a frame buffer BUF in the buffer 
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section 2024 at every frame change timing. 
The audio input/output devices 2022-1 and 2022-2 

and the video input/output device 2023 output DMA 
transfer request signals RQ to the DMAC 2025 at the 
respective data transfer timings. When data transfer 
operations are to be actually performed, the DMAC 2025 
sends acknowledge signals ACK to the respective devices, 
thus performing OMA control. 

The audio buffers TrlBUF and Tr2BUF have a~eas for 
storing digital audio data corresponding to a plu·rallty 
of data transfer operations and serve as ring buffers. 
In the record mode, audiuo data is transferred from the 
audio buffers TrlBUF and Tr2BUF to corresponding areas 
of the hard disk 2008 in blocks. In the play mode, 
audio data is transferred from corresponding areas of 
the hard disk 2008 to the auduio buffers TrlBUF and 
Tr2BUF in blocks. 

The frame buffer BUF in the buffer section 2024 has 
an area for storing at least one-frame video data. In 
the record mode, one-frame data is transferred from the 
frame buffer BUF to the a corresponding area of the hard 
disk 2008. In the reproduction or play mode, one-frame 
data is transferred from a corresponding area of the 
hard disk 2008. to the frame buffer BUF. 

The HOC 2026 outputs the DMA transfer request 
signal RQ to the DMAC 2025, and the DMAC 2025 sends the 
acknowledge signal ACK to the HDC 2026, ·thus performing 
actual OMA transfer between the buff er section 2024 and 
the hard disk 2008. The DMAC 2025 and the HDC 2026 per-

30 form control operations to sequentially execute data 
transfer between the hard disk 2025 and the three areas 
in the buffer section 2024 in a time-divisional manner 
in accordance with the programming of the CPU 2021. The 
HDC 2026 supplies an interrupt signal INT to the CPU 

35 2021 every time transfer of one-block data is completed. 
During the execution of DMA transfer (while a signal 
DMAENB is active), control of the data and address buses 
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of the storing/reproducing section is possessed by the 
DMAC 2025. Otherwise (while the signal DMAENB is 
inactive), the CPU 2021 performs setting and programming 
of the ·respective internal circuits. 

5 The work RAM 2027 is designed to store a schedule 

10 

15 

table and disk access pointers for accessing the hard 
disk 2008. As will be described later, the hard disk 
2008 serves to store not only performance data (note 
data) of a plurality of music pieces but also audio data 
{vocal part data, background music data, and the ·1ik"e1 
to be reproduced in accordance with the performance 
data, and video data (music score data, character data, 
scenery data, and the like) as integral data, thus 
requiring a schedule table and the like for managing 
read operations of these data. 

In the play mode, analog audio signals output from 
the audio input/output devices 2022-1 and 2022-2 are 
supplied to an audio device 2009 together with musical 
tone signals from the sourid source circuit 2016 in the 

20 computer section 2001 described above and are output, as 
L/R stereophonic outputs, from speakers 2010. 

25 

<Arrangement of DMAC 2025> 
An arrangement of the DMAC 2025 will be described 

below. As shown in Fig. 9, the DMAC 2025 has four 
channels. DMA channels CHl and CH2 correspond to audio 
tracks 1 and 2, respectively, and serve to perform data 
transfer between the audio input/output devices 2022-l 
and 2022-2 and the buffers TrlBUF and Tr2BUF in the 
buffer section 2024. A DMA channel CH3 corresponds to a 

30 video track and serves to perform data transfer between 
the video input/output device 2023 and the frame buffer 
BUF in the buffer section 2024. A DMA channel CH4 
serves to perform data transfer between the hard disk 
2008 and a designated one of the buffers in the buffer 

35 section 2024. 
The DMAC 2025 has input-side (IN) and output-side 

(OUT) address buffers 2101 and 2102 connected to the 
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address bus. The designation contents of a register 
selector 2103 are changed by an address signal supplied 
to the address buffer 2101 to designate desired regis-
ters of the registers existing in an address register 

s section 2lb4 and a control register section 2105. 

10 

15 

As described ·above, the address register section 
2104 and the control register section 2105 respectively 
have registers corresponding to the four channels CHl to 
CH4. The address register section 2104 has areas for 
storing at least current addresses and start address'e~ 
of the corresponding areas of the buffer section 2024~ 
The control register section 2105 stores data, e.g., 
control data for designating the direction of DMA 
transfer. 

The contents of the address register section 2104 

and the control register section 2105 can be input/ 
output with respect to the data bus through a data 
buffer 2106. These components are controlled by a 
timing control logic 2107, a service controller 2108, 

20 and a channel selector 2109. 

25 

~he $ervice controller 2108 is of a hard logic or 
microprogram control scheme. The service controller 
2108 receives signals from the timing control logic 
2107, the DMA transfer request signals RQ from the audio 
input/output devices 2022-1 and 2022-2, the video 
input/output device 2023, and the HDC 2026, and various 
control signals from the CPU 2021, and outputs the 
acknowledge signals ACK as responses to the respective 
components. In addition, the service controller 2108 

30 outputs the signal DMAENB representing that DMA transfer 
is being performed, and outputs various control commands 
to the timing control logic 2107. 

The channel selector 2109 selectively designates 
the registers, of the address register section 2104 and 

35 the control register section 2105, which correspond to 
the channels CHl to CH4. 

The timing control logic 2107 receives control 
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signals from the service controller 2108 and performs 
input/output control of the address and data buffers 
2102 and 2106. In addition, the timing control logic 
2107 operates an address incrementer 2110 to increment 

5 a current address register, of the address register 
section 2104, which corresponds to a designated 
channel. 

10 

<Operation of CPU 2011 in computer section 2001> 
Operations of the computer section 2001, especially 

an operation of the CPU 2011, will be described n·ext~·. ·. 
Fig. 10 is a flow chart showing the overall 

operations of the computer section 2001. In step 
2003-1, an operation mode is determined. An operation 
mode is determined by a user using the keyboard and 

15 mouse 2012. 
If, for example, the CPU 2011 determines the seq­

uencer input mode, it receives the MIDI input from the 
external synthesizer 2003 and stores it, as sequencer 
data (automatic performance data), in the performance 

20 data memory 2015 (step 2003-3). Although any type of 
data format may be employed, one event (e.g., a 
note-ON/note-OFF operation) is expressed by a combina­
tion of time data representing the lapse of time from 
previous another event as shown in Fig. 12, and data 

25 (e.g., note data) representing the contents of· the 
event. If measure number data is recorded as sequencer 
data in addition to this event data, automatic perform­
ance can be easily started from an arbitrary measure, 
and synchronization with reproduction of other data, 

30 i.e., audio data and video data, can be easily 
established. The position of a measure line can be 
detected from the time and tempo of the.corresponding 
music· by real-time processing or non-real-time process­
ing (off-line processing). 

35 Furthermore, in this sequencer input mode, the 
internal sound source circuit 2016 may be driven to 
generate a corresponding musical tone to be output 
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through the audio device 2009. Sequence data may be 
input in units of a plurality of parts constituting a 
music. When the end of this series of inp~t operations 
is detected {step 2003-3), the flow returns to step 

5 2003-1 for mode determination. Note that, in addition 
to such a real-time input operation, sequencer data can 
be input step by step through the keyboard and mouse 
2012 by, e.g., pasting each note on a music score dis­
played on the display device 2005, as described above. 

10 After desired sequencer data is stored in the perfor~~ 
ance data memory 2015, the data is transferred/stored 
to/in a designated area of the hard disk 2008 through 
the CPUs 2011 and 2021 and the HOC 2026 in accordance 
with an instruction from a user. 

15 Note that such a sequencer input mode operation can 
be performed while audio data· stored beforehand in the 
hard disk 2008 is reproduced. In this case, background 
music data from a CD or the like is stored beforehand in 
the hard disk 2008, and sequencer data can be stored by 

20 a real-time performance operation in synchronism with 
reproduction of the background music data. 

25 

When the musical score conversion mode for automat­
ically generating a corresponding musical score from the 
sequencer data input in this manner, the flow advances 
from step 2003-1 to step 2003-4 to generate musical 
score data from the sequencer data already stored in the 
performance data memory 2015. More specifically, the 
positions of the respective measure lines are detected 
from note string data and the time and tempo of the 

30 corresponding music, and the respective notes and rests 
(e.g., quarter-notes, eighth-notes, quarter-rests, and 
eighth-rest) are determined on the basis of note length 
data. These note (rest) string data and measure line 
data are converted into image data by using a character 

35 generator (not shown) and other note data/image conver­
sion means in the video controller 2004. Frames are 
constituted by this image data in units of a fixed 
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number of measures (e.g., four measures). 
Alternatively, an optimal number of measures in terms of 
the size of a frame may be set as one frame unit 
(variable units of number of measures). Referring to 

5 Fig. 14, (a) and (b) indicate an example of musical 
score display. 

10 

15 

Note that in conversion of sequencer data into 
musical score data, the sequencer data may be supplied 
to the display device 2005 to be displayed so that the 
data can be edited by a user through the keyboard aria ·, 
mouse 2012 as needed, thereby reducing errors due to 
automatic (mechanical) conversion into musical score 
data. 

In response to an instruction from the user, this 
image data is transferred from the video controller 2004 
to the video input/output device 2023 of the storing/ 
reproducing section 2002. The data is then stored in a 
designated area of the hard disk through the frame 
buffer BUF in the buffer section 2024 (step 2003-5). 

20 When this series of operations is repeated, and transfer 
of video data corresponding to a plurality of frames, as 
the musical score data, to the hard disk 2008 is com­
pleted (step 2003-6), the flow returns to step 2003-1 

25 
for mode determination. 

According to the above description, musical score 
data is obtained by conversion from performance data. 
However, a direct image input operation can also be 
performed by using the imager 2006, or other video data 
can be input. That is, when the video input mode is 

30 designated by the user, the flow advances from step 
2003-1 to step 2003-7. 

The CPU 2011 controls the operations of the inter­
nal circuits in accordance with video signals input to 
the video controller 2004. More specifically, when sig-

35 nals are input from the imager 2006, since an image has 
already been digitized~ the digital image data is trans­
ferred to the video input/output device 2023 in units of 
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frames and is stored in a designated area of the hard 
disk 2008 through the frame buff er BUF in the buffer 
section 2024. In contrast to this, when analog video 
signals are input from, e.g., a video camera, a VTR, or 

5 a still camera, the analog video signals are digitized 

10 

in units of frames and are 
sion processing as needed. 
sequentially input/stored, 

subjected to image compres­
Thereafter, the data is 

as digital frame data of, 
e.g., N x M dots (one dot= n bits), in a predetermined 
area of the hard disk 2008 through the video input/ \. ·, 
output device 2023 and the frame buffer BUF in the 
buffer section 2024. Referring to Fig. 15, (a) and (b) 
indicate an example of character display based on image 
data input in this manner. In this case, if 10 frames 

15 or more are input per second, a motion-picture data 
input can be achieved, allowing reproduction of a motion 
picture. When the series of operations in the video 
input mode is completed (step 2003-8), the flow returns 

20 

25 

to step 2003-1 for mode determination. 
When the audio input mode is determined, the flow 

advances from step 2003-1 to step 2003-9 to control the 
storing/reproducing section 2002 so as to supply analog 
audio signals, input from a microphone or an audio IN 
terminal, to the audio input/output devices 2022-1 and 
2022-2. Note that if the audio input mode is set in 
combination with an automatic performance (to be 
described later), the user can input audio data in 
accordance with the automatic performance. In addition, 
in accordance with a performance of a music, part data 

30 as corresponding background music data can be input from 
a CD or the like. 

More specifically, the A/D converters in the audio 
input/output devices 2022-1 and 2022-2 are operated to 
convert analog audio signals into digital signals at 

35 every sampling period. The digital signals are then 
transferred/stored to/in the hard disk 2008 through the 
audio buffers TrlBUF and Tr2BUF in the buff er 
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section 2024. In this case, different part data or L/R 
stereophonic signals may be input to the two tracks. 
In addition, one track may be set in the reproduction 
mode, while the other track is set in the record mode. 

5 When this series of operations is completed (step 
2003-10), the flow returns to step 2003-1 for mode 

10 

15 

20 

25 

determination. 
If the automatic performance mode is designated in 

step 2003-1 for mode determination, the flow advances to 
step 2003-11. Processing control in this mode is s~own 
in detail in Fig. 11. If other modes are designated, 
the flow advances from step 2003-1 to step 2003-12 to 
perform predetermined processing and control. 
<Operation of CPU 2011 in computer section 2001: 
automatic performance mode> 

In step 2004-1 in Fig~ 11, the CPU 2011 checks 
whether a music to be automatically performed is 
designated. For example, performance data (sequencer 
data, PCM audio data, and frame data) of a plurality of 
music pieces is stored in the hard disk 2008 by opera­
tions to be described later, as shown in Fig. 12. The 
user is instructed to select one of the music pieces to 
be automatically performed. For example, in this 
selection, as shown in Fig. 13, the display device 2005 
displays the names of the music pieces in character in 
uni ts of ten music pieces, a.nd the user selects one from 
the displayed names. If sequencer data is constituted 
by a plurality of part aata, whether all or specific 
part data are subjected to automatic performance may be 

30 designated through a sub-frame. In addition, the user 
may be asked through a sub-frame whether to perform 
audio reproduction and Video reproduction in accordanee 
with this automatic performance. 

When a music is designated in step 2004-1, the flow 
35 advances to step 2004-2, in which the CPU 2011 transfers 

the number of a music and start measure data to the CPU 
2021 in the storing/reproducing section 2002. Although 
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a reproducing operation is normally started from the 
first measure, an automatic performance can be started 
from an arbitrary measure of the music. 

An operation of the CPU 2021 in the 
5 storing/reproducing section 2002 after the above­

described operation will be described later. In accor­
dance with the designated music and measure, the CPU 
2021 reads out the sequencer data from the corresponding 
area of the hard disk 2008 and transfers it to the per-

10 formance data memory 2015 through the CPU 2011. The~=GPU 
2011 checks whether input of the sequencer data is 
completed. If it is completed, the flow advances to 
step 2004-4. 

In step 2004-4, the CPU 2011 inquires of the CPU 
15 2021 in the storing/reproducing section 2002 whether 

an automatic performance is ready to start. More 
specifically, audio data and video data can be re­
produced together in accordance with an automatic per­
formance of a music, and the CPU 2011 inquires whether 

20 preparations for reproduction of audio data and video 
data are completed in the storing/reproducing section 
2002. If only an automatic performance simply using 
the sound source circuit 2016 is executed, the storing/ 
reproducing section 2002 is not op~rated in accordance 

25 with the automatic performance. In this case, 
therefore, this check need not be performed. 

If it is determined in step 2004-5 that an 
acknowledge signal with respect to the inquiry is sup­
plied from the CPU 2021; the flow advances to step 

30 2004-6 to supply a start command to the CPU 2021 so as 
to synchronously operate the storing/reproducing section 
2002. Subsequently, in step 2004-7, an automatic per­
formance is performed in accordance with the performance 
data recorded on the performance data memory 2015. 

35 More specifically, the event data of a designated 
part is processed by timer interruption (step 2004-8). 
This timer interruption is based on time data between 
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events and is performed every time the time designated 
by the time data elapses. Thereafter, time data based 
on the time interval between step 2004-8 and the next 
event is set in the timer (2004-9), and the flow returns 

s to the main routine. In addition, if input operations 
are performed through the keyboard and mouse 2012 during 
this automatic performance, key input interruption 
occurs. As a result, the CPU 2011 performs processing 
in accordance with the key input operations in step 

10. 2004-10. Furthermore, in step 2004-11, the CPU 2011 '\ ·~ 
supplies control signals to the CPU 2021 to control the 
operation of the storing/reproducing section 2002. For 
example, a pause, fast-forward, or rewind operation of 
the automatic performance is designated by this key 

15 input interruption. 

20 

25 

In step 2004-12, it is checked whether the auto­
matic performance of the music is completed. If it is 
completed, the CPU 2011 supplies a stop command to the 
CPU 2021 in step 2004-13 to terminate the operation of 
the storing/reproducing section 2002. subsequently, the 
CPU 2011 causes the flow to return to the main routine 
(Fig. 10). 
<Operation of CPU 2021 in storing/reproducing section 
2002: AV input/output mode> 

An operation of the CPU 2021 in the 
storing/reproducing section 2002 will be described below 
with reference to Fig. 16. 

In step 2009-1, the CPU 2021 inquires whether a 
new command is .given by the CPU 2011 in the computer 

30 section 2001. That is, the CPU 2021 is on the slave 
side with respect to the CPU 2011 and hence is operated 
in accordance with a command from the CPU 2011 on the 
master side. In step 2009-2, the CPU 2021 determines 
the contents of the command. 

35 If the audio/video input/output mode (AV input/ 
output mode) is determined, the flow advanc~s to step 
2009-3 to determine the operation mode of the audio 
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input/output devices 2022-1 and 2022-2 (audio tracks Trl 
and Tr2) and the video input/output device 2023 (video 
track Tr). That· is, the CPU 2021 sets the respective 
devices 2022-1, 2022-2, and 2023 in the record mode or 

5 the reproduction mode. 
In step 2009-4, the CPU 2021 reads out the first 

block data from the hard disk 2008 and inputs it in an 
area, of the buffer section 2024, which corresponds to 
the_track in the reproduction mode. In step 2009-5, the 

10 CPU 2021 sets initial values in the corresponding ch"an­
nels of the DMAC 2025. 

15 

After such preparations are completed, an actual 
recording or reproducing operation is started in step 
2009-6. That is, audio input/output operations of the 
audio input/output (AID or D/A conversion) devices 
2022-1 and 2022-2 and a digital video signal input/ 
output operation of the video input/output device 2023 
are selectively started. The CPU 2021 then performs 
soft interruption to start execution of the interrupt 

20 routine shown in Fig. 17 which is started in accordance 
with an interrupt signal supplied from the HDC 2026 upon 

25 

completion.· of data transfer of one block. 
Assume that all the tracks are set in the operation 

mode. In this case, since the priority order of CHl, 
CH2, CH3, and CH4 is given, the OMA channel CHl corre­
sponding to the audio track Trl is determined as a data 
transfer track in step 2010-1. If, for example, this 
track Trl is set in the reproduction mode, digital audio 
data is transferred in blocks from the hard disk 2008 to 

30 the audio buffer TrlBUF of the buffer section 2024. In 
the track Trl is set in the recording mode, data is 
transferred in block from the audio buff er TrlBUF of the 
buffer section 2024 to a corresponding area of the hard 
disk 2008. 

35 That is, in step 2010-2, the start address of the 
channel CHl of the DMAC 2025 is copied as the start 
address of the channel CH4. An operation of the 
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DMAC 2025 at this time will be described later. 
Subsequently, the number of block transfer operations at 
this time is calculated from the start address of the 
channel CH! and the current address (step 2010-3). In 

5 step 2010-4, the current address obtained as a result of 
completion of block transfer is set as the start address 
of the corresponding channel (CHl at this time). 

10 

15 

After the CPU 2021 performs each setting/control 
operation with respect to the DMAC 2025 in step 2010-1 

. . ~ 

and step 2010-4, the flow advances to step 2010-5 to.···. 
extract the disk access pointer of the corresponding 
track of the hard disk 2008 from the work RAM 2027. In 
step 2010-6, the CPU 2021 performs programming of the 
HDC 2026 on the basis of the operation mode of the track 
Trl set in accordance with the contents of an area, of 
the control register section 2105 of the DMAC 2025, 
which corresponds to the channel CHl, the disk access 
pointer corresponding to the track Trl, and the data 
transfer count determined in step 201-3. An operation 

20 of the HDC 2026 at this time will be described later. 

25 

Consequently, the HDC 2026 requests the DMAC 2025 
to perform DMA transfer with respect to the track Trl in 
the designated direction. The DMAC 2025 executes the 
designated DMA transfer. This operation will be 
described later. 

Subsequently, in step 2010-7, the CPU 2021 updates 
the disk access pointer, in the work RAM 2021, which 
corresponds to the track Trl, to a value which the disk 
access pointer will take after the above-described 

30 transfer processing. 
In this manner, all data transfer between the hard 

disk 2008 and the buff er section 2024 is executed by the 

DMAC 2025, and the CPU 2021 sets a value which the 
access pointer of the hard disk 2008 will take upon 

35 completion of this DMA transfer. The flow then returns 
to the main routine (Fig. 16). 

As will be apparent from the later description, 
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once the first interrupt routine (Fig. 17) is started 
and the HDC 2026 is operated, since the HDC 2026 gener­
ates interruption every time transfer of a data block 
designated by t~e CPU 2021 is completed, the CPU 2021 
checks only whether the recording/reproducing operation 
is completed (whether a command is supplied from the CPU 
2011) (step 2009-7 in Fig. 16). If it is determined in 
step 2009-7 in Fig .. 16 that the AV input/output mode 
is completed, the flow returns to step 2009-1 as the 
initial state. ' 
<Operations of audio input/output devices 2022-1 and 
2022~2> 

Operations of the audio input/output devices 2022-1 
and 2022-2 will be described below with reference to 

15 Fig. 18. The function indicated by the flow chart in 
Fig. 18 may be realized by microprogram control or hard 
logic control. That is, a function realizing means can 
be variously selected. In step 2011-1, it is checked 
whether a designation signal supplied from the CPU 2021 

20 

25 

to the audio input/output devices 2022-1 and 2022-2 is 
active. If YES in step 2011-1, an operation mode (e.g., 
the record, play, or stop mode) is set by the CPU 2021. 
This operation is performed in response to step 2009-3 
in Fig. 16. 

If NO in step 2011-1, it is checked in step 2011-3 
whether the audio input/output devices 2022-1 and 2022-2 
are in the record mode or the play mode. If it is 
determined that audio input/output devices 2022-1 and 
2022-2 are set in the play mode, the flow advances from 

30 step 2011-3 to step 2011-4 and step 2011-9. If it is 
determined that they are set in the play mode, the flow 
advances to step 2011-10 and step 2011-15. Operations 
of the audio input/output devices 2022-1 and 2022-2 set 
in the record mode will be described first. In step 

35 2011-4, it is checked whether a sampling timing has 
come. Step 2011-4 is repeated till the sampling timing. 
Note that in the determination of the sampling timing, 
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hard timers may be respectively arranged in the audio 
input/output devices 2022-1 and 2022-2 so as to deter­
mine the sampling time on the basis of outputs from the 
timers, or a common hard timer may be arranged to oper-

5 ate the audio input/output devices 2022-1 and 2022-2 in 
accordance with an output from the timer. In addition, 
the audio input/output devices 2022-1 and 2022-2 may 
have different sampling frequencies. 

10 
If YES in step· 2011-4, supplied analog signals are 

subjected to sample/hold (S/H) processing and A/0 "'= · 
conversion. In step 2011-6, the OMA transfer request 
signal RQ is activated and output to the OMAC 2025. 

Upon reception of the request signal RQ, the OMAC 
2025 outputs the acknowledge signal ACK to perform DMA 

15 transfer (this operation will be described in detail 
later). If YES in step 2011-7, the flow advances to 
step 2011-8, in which the audio input/output devices 
2022-1 and 2022-2 in the record mode output the digital 
audio data obtained by A/D conversion, and transfer the 

20 data to a corresponding buffer (TrlBUF or Tr2BUF). In 
step 2011-9, the OMA transfer request signal RQ is 
inactivated. In this manner, externally supplied analog 
audio signals are converted into digital audio signals 
and are respectively transferred to the current 

25 addresses of designated buffers at every sampling . 
period. 

If the play mode is determined in step 2011-3, the 
flow advances to step 2011-10 to activate the DMA 
transfer request signal RQ to the DMAC 2025. When the 

30 acknowledge signal ACK is supplied from the OMAC 2025 
(step 2011-11), the digital voice data on the data bus 
are fetched (step 2011-12), and the request signal RQ is 
inactivated (step 2011-13). An operation of the DMAC 
2025 at this time will be described later. The contents 

35 of the corresponding current address .(of the voice 
buffer TrlBUF or Tr2BUF) of the buffer section 2024 are 
input/set in the voice input/output devices 2022-1 and 
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2022-2 w~th the above-described operation. 
It is then checked whether a sampling timing has 

come (step 2011-14). This check is performed in the 
same manner as described with reference to step 2011-4. 

5 If YES in step 2011-14, the flow advances to step 
2011-15, in which after D/A conversion and low-pass 
filtering are executed, and the resulting analog signals 
are output to an external device. 

10 
Operations at one sampling timing in the record 

mode and the play mode have been described above. Arter 
the processing in steps 2011-9 and 2011-15 is completed, 
the flow returns to step 2011-1. Subsequently, process­
ing at the respective sampling timings is sequentially 
executed. This operation is shown in Fig. 20, which 

15 will be described in detail later. Reference symbol fs 
in Fig. 20 denotes a s~mpling period. In the record 
mode, AID-converted audio data is fetched in synchronism 
with this sampling period. Contrary, in the play mode, 
audio data transferred before the sampling period is 

20 DIA-converted in synchronism with the sampling period. 

25 

Fig. 20 shows cases wherein both the audio tracks Trl 
and Tr2 are set in the play mode and the record mode, 
and one of the tracks is set in the play mode, while the 
other track is set in the record mode. In each case, 
the priority order of CHl and CH2 in DMA transfer is 
set. 
<Operation of video input/output device 2023> 

Fig. 19 shows an operation of the video input/ 
output device 2023. This operation, similar to the. 

30 operations of the audio input/output devices 2022-1 and 
2022-2, may be realized by microprogram control or hard 
logic control. Since most of the operations in the 
steps of this flow chart are the same as those in 
Fig. 18, only different operations will be described 

35 below. 
In the record mode, it is checked in step 2012-4 

whether a frame change timing has come. The rate at 
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which this change timing comes varies depending on 
images to be reproduced in the still-picture display 
scheme or the motion-picture display scheme. In the 
motion-picture display scheme, the rate varies depending 

s on whether coarse or fine images are displayed. A sig­
nal for determining this rate may be generated by the 
internal timer of the video input/output device 2023 or 
by another circuit for generating a special clock. 

10 
In any case, YES is obtained in step 2012-4 at the 

timing at which one-frame data is received from the -..... · .. 
image controller 2004. In step 2012-5, the one-frame 
digital image data is input to the video input/output 
device 2023. The data is then supplied from the video 
input/output.device 2023 to the frame buffer BUF in the 

·15 buffer section 2024 in step 2012-8 through steps 2012-6 
and 2012-7. In this .case, since the image data is con­
stituted by a set of a large number of bits (bytes), 
data transfer between the frame buffer BUF and the video 
input/output device 2023 is achieved by performing a 

20 transfer operation a plurality of times (a large number 
of times). That is, after step 2012-8, it is checked 
whether data transfer of the frame data is completed 
(step 2012-100), and step 2012-6 to step 2012-8 are 
repeated if NO is obtained in step 2012-100. 

25 In the play mode, in step 2012-12, the one-frame 
video data is transferred from the frame buffer BUF in 
the buffer section 2024 to the video input/output device 
2023 (by repeating the processing from step 2012-10 to 
step 2012-101), and the frame data is supplied to the 

30 video controller 2004 in synchronism with the frame 
change timing (step 2012-14). Therefore, on the display 
device 2005, frames are sequentially changed at a prede­
termined rate to perform still-picture display or 
motion-picture display. 

35 Note that if the video data is stored upon 
compression by a predetermined algorithm, demodulation 
(expansion) processing is performed by the video 
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controller 2004 in the reproduction mode. 
Fig. 20 also shows the reproduction and recording 

operation timings of the video track (video input/output 
device 2023). 

5 <Operation of DMAC 2025> 

10 

An operation of the DMAC 2025 will be described 
next with reference to Fig. 21. The flow chart in 
Fig. 21 may be considered to represent that the service 
controller 2108 of Fig. 9·is operated by microprogram 

. " control or that the function of the DMAC 2025 is real'-', 
ized by a hard logic. 

In step 2014-1, it is checked whether a selection 
signal is supplied from the CPU 2021-~ If YES in step 
2014-1, it is checked in step 2014-2 whether a read RD 

15 (read operation) or a write WR (write operation) is 
designated by the CPU 2021. If the read RD is 
designated, the contents of registers, of the register 
sections 2104 and 2105, which are designated by address 
signals supplied through the address bus are output to 

20 be fetched by the CPU 2021 in step 2014-3. In contrast 
to this,· if the write WR is designated, the flow 
advances to step 2014-4 to input/set desired data in 
designated registers through the data bus. The process­
ing_ in step 2014-4 corresponds to the processing in 

25 step 2009-5 or the like in the main routine. With this 
processing in step 2014-4, the desired data i• respec­
tively set in the register sections 2104 and 2105. 

When such access from the CPU 2021 to the DMAC 2025 
and a program are completed, the selection signal is 

30 inactivated, and the flow advances from step 2014-1 to 
step 2014-5. 

In step 2014-5, it is checked whether any DMA 
transfer request signal is supplied from the audio 
input/output devices 2022-1 and 2022-2, the video 

35 input/output device 2023, or the HDC 2026. If it is 
determined that a request signal is supplied from one of 
the devices, the flow advances to step 2014-6 to set the 
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signal DMAENB at logic "l" so as to cause the DMAC 2025 
to occupy control of the buses (address and data buses), 
thus inhibiting access from the CPU 2021. 

If a plurality of request signals are received, the 
s channels are selected in accordance with the priority 

order of CHl > CH2 > CH3 > CH4 (step 2014-7). For_ 
example,- in the case shown in Fig. 20, even if data 
transfer requests are simultaneously made with respect 
to the audio tracks Trl and Tr2 and the video track Tr, 

. - . ~ 10 since the channel CHl has the highest priority, OMA.'·:-, 

transfer with respect to the track Trl is executed 
first. 

As will be apparent from the later description, 
since the channel CH4 has the lowest priority, when 

15 a data transfer request is made from the audio track Tr 
(the audio input/output devices 2022-1 and 2022-2) or 
the video track Tr (the video input/output device 2023) 
during the execution of data transfer between the hard 
disk 2008 and any one of the areas of the buffer section 

20 2024, the latter data operation is preferentially per­
formed first (see Fig. 20). 

25 

Subsequently, the current address of a selected 
channel (the contents of the current address register, 
of the address register section 2104, which correspond 
to the selected channel) is output to the address bus 
(step 2014-8). The direction of DMA transfer is then 
determined by referring to the contents of the control 
register section 2105 corresponding to the selected 
channel (step 2014-3). If transfer from a specific area 

30 of the buffer section 2024 to another component (I/O) is 
determined, the flow advances from step 2014-10 to step 
2014-11 to supply a read signal RD to the buffer section 
2024. In contrast to this, if transfer from another 
component (I/O) to the buffer section 2024 is 

35 determined, the flow advances to step 2014-12 to 
supply a write signal WR to the corresponding buffer 
area. 
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After this operation, the acknowledge signal ACK is 
activated (step 2014-13). As a result, data transfer 
between the buffer section 2024 and each track Tr is 
performed. In step 2014-14, since a data transfer 

5 operation is completed, the signals RD, WR, and ACK are 
inactivated, and the contents of the current address (in 
the address register section 2104 shown in Fig. 9) of 
the corresponding channel are incremented by one in step 
2014-15. With the operation in step 2014-15, a count-up 

10 operation is performed every time new audio data or '.'· ·, 
video data is written in the buffer section 2024 or data 
is read out therefrom. After the processing in step 
2014-15 is completed, the flow returns to step 2014-1. 

When such data transfer is completed, the flow 
15 advances from step 2014-5 to step 2014-16 to inactivate 

the DMA enable signal DMAENAB so as to stop the DMAC 
2025 from occupying control of the address and data 
buses in the storing/reproducing section 2002, thus 
allowing each component in the storing/reproducing sec-

20 

25 

tion 2002 to receive access from the CPU 2021. 
In addition, the DMAC 2025 also performs data 

transfer between the hard disk 2025 and the buffer sec­
tion 2024. In this case, the registers, of the address 
register section 2104 and the control register section 
2105, which correspond ·to the channel CH4 are used. 
This operation is executed after setting and control 
operations are performed with respect to the DMAC 2025 
and the HDC 2026 upo·n execution of the interrupt routine 
(Fig. 17) of the CPU 2021. 

30 More specifically, in response to the processing in 
step 2010-1 to step 2010-4 in Fig. 17, the DMAC 2025 
executes the processing in step 2014-3 and step 2014-4. 
That is, the CPU 2021 determines a track used for data 
transfer by the channel 4, and the start address of a 

35 buffer corresponding to the track is set in the start 
address register (in the address register section 2104 
in Fig. 9) of the channel CH4. The CPU 2121 obtains 
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number of data transfer operations with respect to the 
track on the basis of the difference between the start 
addre~s and the current address (the address incremented 
after the previous data transfer is performed with 

5 respect to the hard disk 2008), and the current address 
of this track is copied as a start address. 

10 

The DMAC 2025 sequentially performs data transfer 
between areas, of the buffer section 2024, which corre­
spond to tracks in operation, and the hard disk 2008 in 

:,, units of tracks. That is, data transfer following pre-
vious data transfer (block transfer) is performed in 
units of tracks. 

Fig. 23 shows a state wherein audio signals corre­
sponding to two tracks and a video signal corresponding 

15 to one track are sequentially read out from specific 
areas of the hard disk 8. For example, with respect to 
the track Trl, data transfer corresponding to a blank 
portion (which is not hatched) between the start address 
and current address of the channel CHl in Fig. 23 is 

20 performed. Note that data transfer from the buffer sec­
tion 2024 to the hard disk 2008 is performed by control 
operations similar to those described above, even though 
the direction of data transfer is opposite to the above 
data transfer. Note that data transfer between the 

25 frame buffer BUF and the hard disk 2008 is performed in 
units of frames. 

After programming the HDC 2026 in steps 2010-5 and 
2010-6, the CPU 2021 causes the HOC 2026 to generate an 
actual transfer request signal, thus starting OMA 

30 transfer. 
Upon detection of the transfer request signal from 

the HOC 2026 in step 2014-5, the OMAC 2025 executes step 
2014-6 to step 2014-9 in the same manner as described 
above and checks in step 2014-10 whether data transfer 

35 from the buffer section 2024 to the hard disk 2008 or 
data transfer in the opposite direction is requested. 
If the former is requested, the flow advances to 
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step 2014-11. If the latter is requested, the flow 
advances to step 2014-12, and the processing in step 
2014-13 to 2014-15 is executed. In this case, for 
example, digital audio data corresponding to one sam-

5 pling operation or digital video data corresponding to 
one unit is transferred by one transfer operation. 
Therefore, block transfer is performed by executing the 
operations in step 2014-5 to 2014-15 a plurality of 
times. Since this data transfer between the hard di~k 

10 2008 and the buff er section 2024 is closely associated 
with the operation of th~ HDC 2026, this transfer opera-
tion will ·be further described later. 

When the DMA transfer is completed, the request 
signal RQ is disabled, and the flow advances from step 

15 2014-5 to step 2014-16 to set the DMA enable signal 
DMAENB at 11 0 11

• 

20 

25 

30 

<Operation of HDC 2026> 
An operation of the HDC 2026 will be described 

below with reference to Fig. 22. The HDC 2026 may be 
realized by a hard logic or microgram control scheme. 
In any case, the function indicated by the flow chart in 
Fig. 22 can be realized. 

It is checked whether a selection signal is sup­
plied from the CPU 2021 (step 2015-1). This signal is 
supplied by the interrupt routine (steps 2010-5 and 
2010-6 in Fig. 17) of the CPU 2021. If NO in step 
2015-1, step 2015-1 is repeated. If YES in step 2015-1, 
the flow advances to step 2015-2 to check whether the 
read signal RD or the write signal WR is supplied from 
the CPU 2021. If the read signal RD is supplied, desig­
nated data (e.g., the contents of the address register) 
in the HDC 2026 is output to the CPU 2021 through the 
data bus in step 2015-3. 

If the write signal WR is supplied, the flow 
35 advances from step 2015-2 to step 2015-4 to set the 

direction of DMA transfer between the buff er section 
2024 and the hard disk 2008, which is performed by the 
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channel CH4 of the DMAC 2025. In step 2015-5, an access 
point of the hard disk 2008 to be accessed is set. This 
operation is performed on the basis of the access 
pointer of the track obtained from the work RAM 2027 by 

s the CPU 2021 ·cstep 2010-5 in Fig. 17). 

10 

Subsequently, in step 2015-6, a transfer data count 
(digital audio/video data count) is set in the internal 
counter of the HDC 2026. This data transfer count is 
obtained in step 2010-6 in the interrupt routine of ~~e 
CPU 2021 (see Fig. 17). 

By executing step 2015-4 and step 2015-6 in this 
manner, the HDC 2026 is programmed under the control of 
the CPU 2021. Thereafter, the HDC 2026 requests the 
DMAC 2025 to perform data transfer (step 2015-7). As is 

15 apparent from this description, upon reception of the 
interrupt signal INT from the HDC 2026, the CPU 2021 
executes setting and control operations of DMA transfer 
corresponding to the next track (i.e., in the order of 
audio track Trl, audio track Tr2, video track Tr, audio 

20 track Trl, audio track Tr2, ... ) with respect to the DMAC 
2025, and progra~s the HDC 2026. Thereafter, the CPU 
2021 operates independently of the HDC 2026 and the DMAC 
2025, and causes them to execute actual DMA transfer 

25 
according to interaction therebetween. 

The flow then advances from step 2015-7 to step 
2015-8, and the HDC 2026 repeats step 2015-8 until it 
receives the acknowledge signal ACK from the DMAC 2025 
(see step 2014-13 in Fig. 21). 

If YES in step 2015-8, the flow advances to step 
30 2015-9, in which digital audio data corresponding to one 

sampling operation or digital video data corresponding· 
to one unit amount is transferred by the operation of 
the channel CH4 of the DMAC 2025. Thereafter, a trans­
fer counter set in step 2015-6 is decremented by one 

35 (step 2015-10). In step 2015-11# completion of data 
transfer corresponding to the preset transfer data count 
is judged on the basis of the contents of the transfer 
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counter. If NO in step 2015-11, the flow returns to 
step 2015-8. Therefore, the DMAC 2025 keeps receiving 
the transfer request signal RQ until transfer (block 
transfer)- corresponding to the data count set by the HDC 

5 2026 is completed. Consequently, the DMAC 2025 executes 
the processing from step 2014-5 to step 2014-15 

10 

(Fig. 21) in accordance with "t;he request, and the HDC 
2026 executes the processing from step 2015-8 to step 
2015-11 accordingly. '· 

If the completion of the data transfer is deter­
mined in step 2015-11~ the flow advances to step 2015-12 

to inactivate the data transfer request signal RQ from 
the HOC 2026 to the DMAC 2025. Thereafter, the HDC 2026 

supplies the interrupt signal INT to the CPU 2021 (step 
15 2015-13) to perform data transfer with respect to the 

next track between the hard disk 2008 and an area, of 
the buffer section 2024, which corresponds to the track 
with the next higher priority. As described above, in 
response to the interrupt signal INT, the CPU 2021 

20 executes the interrupt routine (Fig. 17). 

25 

<Data transfer operation·between hard disk 2008 and 
buffer section 2024> 

Data transfer between the hard disk 2008 and the 
buffer section 2024 should be understood from the above 
description. The manner in which DMA request signals 
are supplied to the DMAC 2025 and the DMAC 2025 responds 
to them in a time-divisional manner will be described 
below with reference to Fig. 20. 

As has been described above, data transfer request 
30 signals are output from the audio input/output devices 

2022-1 and 2022-2 to the DMAC 2025 at every sampling 
timing fs. In addition, a data transfer request signal 
is output from the video input/output device 2023 at the 
frame change timing. These request signals are also 

35 generated, for example, when the CPU 2021 is programming 
the HOC 2026 (step 2010-5 and step 2010-6 in Fig. 17 

and step 2015-4 and step 2015-7 in Fig. 22). In 
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response to data transfer request signals from the audio 
input/output devices 2022-1 and 2022-2 and the video 
input/output device· 2023, the DMAC 2025 outputs the DMA 
enable signals EMAENB (step 2014-6 in Fig. 21), as 

5 described above, and interrupts programming of the HDC 
2026 by the CPU 2021. After DMA transfer through the 
channels CHl to CH3 is completed, the DMAC 2025 causes 
the CPU 2021 to resume programming (Fig. 20). 

10 
In addition, while data is sequentially transf&l;'red 

. . .... 

between the hard disk 2008 and the buffer section 2024 
by DMA transfer through the channel CH4, data transfer 
request signals are output from the audio input/output 
devices 2022-1 and 2022-2 in the same manner as 
described above. 

15 In this case, the DMAC 2025 performs data transfer 
through one of the channels (CHl to CH3} which is deter­
mined in step 2014-7 in Fig. 21 to have the.highest 
priority. During this period, although a data transfer 
request signal is kept output from the HDC 2026 to the 

20 DMAC 2025 (see step 2015-7 in Fig. 22), the acknowledge 

25 

signal ACK is not supplied from the DMAC 2025. 
Therefore, the flow waits for the next data transfer 
(step 2015-8 is repeated). 

From a macroscopic v·iewpoint, therefore, the DMAC 
2025 repeats DMA transfer between an area of the hard 
disk 2008 and a corresponding area of the buffer section 
2024. However, from a microscopic viewpoint, DMA 
transfer between the buffer section 2024 and the audio 
input/output devices 2022-1 and 2022-2 and the video 

30 input/output device 2023 is executed by the channels CHl 
to CH3 during programming of the HDC 2026 ,· actual DMA 
transfer (by the channel CH4}, or a pause, thereby per­
forming accurate data fransfer at the sampling period or 
the frame change timing. 

35 <Operation of CPU 2021 of storing/reproducing section 
2002: edit mode> 

The CPU 2021 can edit the audio data or video data 
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stored in the hard disk 2008 with the above-described 
operation in accordance with commands from the computer 
section 2001. Each data stored in the hard disk 2008 
can be registered as one event with an arbitrary unit 

5 length in accordance with an operation of the keyboard 
and mouse 2012 (step 2009-8 in Fig. 16). 

10 

15 

20 

25 

Audio data/video data converted into events in this 
manner .are arranged in correspondence with the measure 
numbers of sequencer data which have been previously.., __ ·, 
stored by a performance input (step 2009-9). With this 
operation, audio data and video data generated in units 
of measures of a music can be reproduced in an order and 
at timings different from the input/storage order and 
timings. For example, if video data of a plurality of 
still pictures are recorded in advance, they can be 
switched/reproduced in units of measures. In addition,. 
if motion-picture data is recorded in advance, they can 
be extracted/reproduced in accordance with the length of 
each measure. 

In step 2009-10, a schedule table for music 
obtained by such edit processing is stored in the hard 
disk 2008. Fig. 24 shows a schedule table for one 
music, which indicates the addresses, of audio data to 
be reproduced through the audio tracks Trl and Tr2, on 
the hard disk 2008, a~d the addresses, of video data to 
be reproduced through the video track Tr, on the hard 
disk 2008, in units of measure .numbers. ·In this case, 
at the first measure, audio data at addresses AdOOl to 
Ad002-1 of the hard disk 2008 are read out for the audio 

30 track Trl, and audio data at addresses BdOOl to Bd002-1 
of the hard disk 2008 are read out for the audio track 
Tr2. It is apparent that the time required for repro­
duction of each of these data is caused to correspond to 
the duration of a corresponding measure. Similarly, 

35 voice is designated in units of measures. In contrast 
to this, for the video track Tr, one-frame data 
stored at addresses CdOOl to Cd002-l of the hard 
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disk 2008 at the first to fourth measures is reproduced. 
Similarly, video data is read out in units of a plural-
ity of measures. 

It is apparent that audio data, video data, and a 
5 music can be arranged in association with each other in 

units of measures or in various time units, and their 
relationship ·can be variously changed. 

10 

By performing such edit processing with respect to 
a· plurality of music, as shown in Fig. 12, schedule"'· 
t~ble data of the respective music (music pieces l, 2,' 
3, ... ·), sequencer data (multi track arrangement), audio 
data (Trl, Tr2), and video data (multi-frame 
arrangement) are stored in the hard disk 2008. 
<Operation of CPU 2021 of storing/reproducing section 

15 2002: music reproduction mode> 

20 

25 

Of the operations of the CPU 2021 of the 
storing/reproducing section 2002, the music reproduction 
mode will be described below. This mode is performed in 
synchronism with step 2003-11 for the automatic perform-
ance control by the computer section 2001 described with 
reference to Figs. 10 and 11. When this mode is desig­
nated by the computer section 2001, the CPU 2021 causes 
the flow to advance from step 2009-2 to step 2009-11 in 
Fig. 11. In step 2009-11, a music number and measures 
to be reproduced are received from the CPU 2011 of the 
computer section 2001 (see step 2004-2 in Fig. 16). In 
step 2009-12, the schedule table for the designated 
music is read out and set in the work RAM 2027. 
Therefore, a reproducing operation (reproduction order 

30 and timing) of the storing/reproducing section 2002 with 
respect to each track is performed on the basis of the 
contents of this schedule table. 

In step 2009-13, the sequencer data for the music 
is read out from the hard disk 2008 and is stored in the 

35 performance data memory 2015 through the CPU 2011. This 
operation is associated with the operation in step 
2004-3 in Fig. 11, executed by the CPU 2011. 
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In step 2009-14, the first block data of the music 
is transferred to the reproduced audio buffers of the 
buffer section 2024. In step 2009-15, the first frame 
data is transferred to the frame buffer of the buffer 

5 section 2024. In step 2009-16, initial values are 
respectively set in the channels of the DMAC 2025. 

10 

15 

Since the operations from step 2009-14 to step 
2009-16 are the same as those from step 2009-4 and 
2009-5 described above, a further description thereo~. 
will be omitted. After such initial setting is 
performed, in response to an inquiry from the CPU 2011 
of the computer section 2001 (step 2004-4 in Fig. 11), 
the CPU 2021 outputs an acknowledge signal representing 
that the preparation for an automatic performance is 
completed (step 2009-17). 

In response to a start command from the CPU 2011 of 
the computer section 2001 (see step 2004-6 in Fig. 11), 
the CPU 2021 starts the performance. This operation is 
the same as that in step 2009-6 in the AV input/output 

20 mode. Thereafter, similar to the processing in the AV 
input/output mode, the CPU 2021 executes the interrupt 
processing in Fig. 17 to start a reproducing operation 
of the audio and video data. In synchronism with this 
operation, the computer section 2001 starts the auto-

25 matic performance of the music. 
During this reproduction operation of the audio 

and video data, the CPU 2021 checks whether a command 
is supplied from the CPU 2011 (step 2009-20). If a com­
mand is supplied, the flow advances to step 2009-21 to 

30 check whether the command is an end command for the 
performance (audio/video data reproducing operation). 
If YES in step 2009-21, the CPU 2021 supplies a repro­
duction end command to each component of the storing/ 
reproducing section 2002 to end the reproducing opera-

35 tion (step 2009-22), thus completing the performance. 
If NO in step 2009-21, the CPU 2021 interrupts 

the DMA processing by the DMAC 2025 and performs 
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corresponding processing/control (step 2009-23). 
Thereafter, the CPU 2021 resumes the operation (executes 
the interrupt routine in Fig. 17) to continue the 
performance. 

5 In this manner, the performance data of a plurality 

10 

of music pieces stored/set beforehand in the hard disk 
2008 are selectively read out in accordance with an 
operation of the keyboard and mouse 2012 and are stored 
in the performance data memory 2015 of the computer "'· 
section 2001. The data is then used for an automatic 
performance. In accordance with this operation, audio 
data and video data associated with the selected music 
are read out from the hard disk 2008 and are temporarily 
stored in the corresponding areas of the buff er section 

15 2024 so as to be output, as two-track audio signals, 
from the audio input/output devices 2022-1 and 2022-2. 
In addition, the stored data is supplied, as video 
signals, to the video controller through the video 
input/output device 2023 so as to be displayed, as 

20 still pictures or motion pictures, on.the display device 
2005. 

25 

As described above, in the automatic performance 
apparatus having the above-described arrangement, audio 
and video data can be e~sily reproduced in accordance 
with.a musical performance based on performance data. 

In addition, performance data, audio data, and 
video data can be integrated to be stored/set in a mem­
ory means so that the respective data can be easily 
extracted in accordance with the selection of a music. 

30 Furthermore, a user can.easily edit these data as inte­
gral data. 

Although the several embodiments of the present 
invention have been described, these embodiments are 
simply illustrative and not restrictive. The present 

35 invention may therefore be modified in various other 
manners. All the modifications and applications of the 
present invention are within the scope and sprit of the 
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invention, so that the scope thereof should be deter­
mined only by what is recited in the appended claims and 
there equivalents. 
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Claims: 

1. A multimedia recorder comprising: 
first input/output means (1009, 2022-1, 2022-2) for 

performing an input/output operation_ for a first type of 
data; 

s second input/output means (1010, 1011, 2023) for 

10 

performing an input/output operation for data having a 
type different from the first type; "· 

buffer means (1007, 2024) for performing data 
transfer to said f-irst and second input/output means to 
store data in units of types; 

random access type external memory means (1012, 
2008) for transferring the first and second types of 
data to said buffer means (1007, 2024), the external 
~emory means having storage areas from/in which the 

15 first and second types of data are read/written; and 

20 

data transfer means (1006, 2025) for time­
divisionally executing data transfer between said 
first and second input/output means and said buffer 
means and data transfer between the said buffer means 
and said external memory means in a predetermined prior­
ity order. 

2. A recorder according to claim 1, characterized 
in that said first input/output means (1009, 2022-1, 

2022-2) includes means for executing an input/output 
25 operation for audio data, and means for recording/ 

reproducing the audio data stored in said buffer means 
(1007, 2024) in synchronism with a sampling timing. 

30 

35 

3. A recorder according to claim l, characterized 
in that said second input/output means (1011, 2023) 
includes mean~ for ex~cuting an input/output operation 
for video data, and means for recording/reproducing the 
video data stored in said buffer means (1007, 2024) in 
synchronism with a sampling timing. 

4. A recorder according to claim 1, characterized 
in that said second input/output means (1010) includes 

I If lllll llll/l lllll lllll II llll 
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means for executing an input/output operation for 
sequencer data, and means for recording/reproducing the 
sequencer data stored in said buffer means (1007) in 
synchronism with a change timing of the sequencer data. 

s. A recorder according to claim 1, characterized 
in that each of said first and second input/output means 
(1009 - 1011, 2022-1, 2022-2, 2023) comprises request 
means for requesting said data transfer means (1006, 
2025) to perform data transfer between said buffer means 
and said first and second input/output means, said data 
transfer means executing transfer of corresponding data 
in response to the request from said request means. 

6. A recorder according to claim 1, characterized 
in that said external memory means (1012, 2008) com­
prises request means (1008, 2026) for requesting said 
data transfer means to perform data transfer between 
said buffer means and said external memory means, said 
data transfer means (1006, 2025) executing transfer of 
corresponding data in response to the request from said 
request means. 

7. An automatic performance apparatus comprising: 
memory means (2008) for storing performance data of 

a musical composition together with audio and video data 
to be reproduced in accordance with a performance based 

25 on the performance data of the musical composition; 
performance means (2001, 2003) for giving a per­

formance by generating musical tones in accordance with 
·the performance data; 

audio reproducing means (2009, 2022-1, 2022-2) for 
30 reproducing the audio data in accordance with the per­

formance given by said performance means; and 
video reproducing means (2004, 2005, 2023) for 

reproducing the video data in accordance with the per­
formance given by said performance means. 

35 8. An apparatus according to claim 7, character-
ized in that said audio reproducing means (2009, 2022-1, 
2022-2) includes means for reproducing the audio data 

I 1111111111111 11111 1111111 1111 
* C L M S * 
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stored in said memory means (2008) in synchronism with a 
sampling timing. 

9. An apparatus according to claim 7, character­
ized in that said video reproducing means (2004, 2005, 

5 2023) includes means for reproducing the video data 
stored in said memory means (2008) as still pictures 
or motion. pictures in synchronism with a video change 
timing of the video data. 

10 
10. An apparatus according to claim 9, characte.;:~zed 

in that the video data reproduced by said video reproduc­
ing means (2004, 2005, 2023) is data representing a musi­
cal piece to be performed, the video data changing in 
units of a predetermined number of measures of the music. 

11. An automatic performance apparatus comprising: 
15 random access type external memory means (2008) for 

storing performance data of a music together with audio 
and video data to be reproduced in accordance with a 
performance based on the performance data of the musical 
composition; 

20 performance means (2001, 2003) for giving 

25 

a performance by generating musical tones in accor­
dance with the performance data of the musical 
composition; 

buffer means (2024) for receiving the audio 
data and the video data from said external memory 
means; 

audio reproducing means (2009, 2022-1, 2022-2), 
connected to said buffer means (2024), for receiving and 
reproducing the audio data; 

30 video reproducing means (2004, 2005, 2023), con-
nected to said buffer means (2024), for receiving and 
reproducing the video data; and 

data transfer means (2025) for scheduling and time­
divisionally executing data transfer between said audio 

35 reproducing means and said buffer means, data transfer 
between said video reproducing means and said buffer 
means, and data transfer between said external memory 

.1111\lll llll\I Hiil lllll It 1111 
* C L M S * 
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means and said buffer means in a predetermined priority 
order. 

12. An apparatus according to cla~m ll, character­
ized in that said audio reproducing means (2009, 2022-1, 

s 2022-2) includes means for reproducing the audio data, 
transferred from said external m~mory means to said 
buffer means (2024), in synchronism with a sampling 
timing. 

l 3. An apparatus according to claim 11, charact·~r-
10 ized in that said video reproducing means (2004, 2005,· 

2023) includes·means for reproducing the video data, 
transferred from said external memory means (2008) to 
said buffer means (2024), as still pictures or motion 
pic.tures, in synchronism with a video change timing of 

15 the video data. 
14. An apparatus according to claim 13, characterized 

in that the video data reproduced by said video reproduc­
ing means (2004, 2005, 2023) is data representing a musi­
cal piece to be performed, the video data changing in 

20 units of a predetermined number of measures of the music. 

25 

15. An automatic performance apparatus comprising: 
memory means (2008) for performing read/write oper­

ations and adapted to store performance data of a music 
together with audio and video data to be reproduced in 
accordance with a performance based on the performance 
data of the music; 

performance inputting/reproducing means (2001, 
2003) for causing said memory mea.ns to store the per-. 
formance data of the musical composition and giving a 

30 performance by generating musical tones in accordance 
with the performance data of the music; 

audio storing/reproducing means {200~, 2022-1, 
2022-2) for causing said memory means to store the audio 
data and reproducing the audio data in accordance with 

35 the performance given by said performance 
inputting/reproducing means; and 

video storing/reproducing·means (2004, 2005, 2023) 

111111• m1~ "'fl 11111111111 
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for causing said memory ~eans (2008) to store the video 
data and ·reproducing the video data in accordance with 
the performance given by said performance 
inputting/reproducing means. 

· 5 16. An automatic performance apparatus comprising: 

10 

random access type external memory means (2008) for 
performing of read/write operations and for storing 
performance data of a musical composition together with 
audio and video data to be reproduced in accordance ~~th 
a_ performance based on the performance data of the 
music; 

performance input/output means (2001, 2003) for 
causing.· said external memory means to store the perform-· 
ance data of the musical composition and giving a per-

15 formance by generating musical tones in accordance with 
the performance data of t.he musical composition read out 
from said external memory means; 

buffer means (2024) for receiving the audio and 
video data from said external memory means and supplying 

20 the audio and video data to said external memory means; 

25 

30 

35 

audio input/output means (2022-1, 2022-2), con­
nected to said buffer means (2024), for outputting the 
audio data to said buff er means and 
receiving/reproducing the audio data from said buffer 
means; 

video input/output means (2004, 2005, 2023), 
connected to said buff~r means, for outputting the 
video data to said buffer means and receiving/ 
reproducing the video data from said buffer means; and 

data transfer means (2025) for scheduling and time­
divisionally executing data transfer between said audio 
input/output means and said buffer means, data transfer 
between said video.input/output means and said buffer 
means, and data transfer between said external memory 
means and said buffer means in a predetermined priority 
order. 

I Ill/II/ l/llll lllll lllll 111111 
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Abstract: ( Fig. 1) 

"DIGITAL RECORDER" 

A buffer (1007) serves as a sub-memory with respect 
to a hard disk (1012) and performs a data recording/ 
reproducing operation. With this arrangement, even if 
the access rate of data in the hard disk (1012) is not 

5 so high, data transfer between the hard disk (1012) and 
. ~ an audio I/O (1009), ~MIDI I/O (1010), and image I/0~ 

(1011) can be performed via the buffer (1007), and 
audio, MIDI, and video data can be simultaneously and 
selectively recorded/reproduced. 
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CLAIMS 

1. A multimedia recorder comprJ.sJ.ng: 

5 first input/output means ( 1009; 2022-,J, 2022-2) for 

performing an input/output operation for a first type of 

data; 
second input/output means (1010, 1011; 2023) for 

performing an input/output operation fqr data having a type 

10 of data different from the first type; 
buffer means (1007; 2024) for performing data t~ansfer ,. 

:: to said first and second input/output means to store data 

in units of the first and second types; 

random access type external memory means (1008, 1012; 

15 2008, 2026) for transferring the first and second types of 

data from the memory means ( 1012; 2008) to said buffer 

means (1007; 2024), the external memory means having 

storage areas from/ in which the first and second types of 

data are read/written; and 
20 data transfer means ( 1006; 2025) for executing data 

transfer between said first and second input/output means, 

said buffer means and said external memory means, 

characterized in that 
.i. 

said data transfer means (1006; 2025) time-

25 divisionally executes data transfer between said first and 
second input/output means and said buffer means (1007; 

2024) and data transfer between the said buffer means and 

said external memory means (1012; 2008) in a predetermined 

priority order. 

30 

2. A recorder according to claim 1, characterized in that 

said first input/output means ( 1009; 2022-1, 2022-2) 

includes means for executing an input/output operation for 

audio data, and means for recording/reproducing the audio 

35 data stored in said buffer means ( 1007; 202.4) in 

synchronism with a sampling timing. 

111111111111111111111111111111 
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3. A recorder according to claim 1, characterized in that 

said second input/output means (1011; 2023) includes means 
for executing an input/output operation for video data, and 
means for recording/reproducing the video data stored in 

5 said buffer means (1007; 2024) in synchronism with a 
sampling timing. 

10 

4. A recorder according to claim 1, characterized ~n that 
said second input/output means ( 1010) includes means for 
executing an input/output operation for sequencer data, and 
means for recording/reproducing the sequencer data stored 
in said buffer means (1007) in synchronism with a change 
timing of the sequencer data. 

15 5. A recorder according to claim 1, characterized in that 
each of .said first and second input/output means ( 1009 -

1011; 2022-1, 2022-2, 2023) comprises request means for 
requesting said data transfer means (1006; 2025) to perform 
data transfer between sa1d · buffe.r means and said first and. 

20 second input/output means, said data transfer means 
executing transfer o·f corresponding .data in response to the 
r~quest from said request means. 

25 6. A recorder according to claim 1, characterized in that 
said external memory means (1012; 2008) comprises request 
means (1008; 2026) for requesting said data transfer means 
to perform data transfer between said buffer means and said 
external memory means, said data transfer means ( 1006; 

30 2025) executing transfer of corresponding data in response 
to the request from said request means. 
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