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(57) ABSTRACT 
When audio data are to be stored into a large-capacity 
memory such as a hard disk device, a shared storage section 
is set in the memory so as to be used both for storing audio 
data of one or more songs and for storing song management 
data for each of the songs that are necessary for reproduction 
of the audio data. The song management data include data 
indicative of a stored position, in the shared storage section, 
of the corresponding audio data. The audio data are sequen 
tially stored into the shared storage section in a predeter 
mined single direction, eg from one end toWard another of 
the shared storage section. The song management data are 
sequentially stored into the shared storage section in an 
opposite direction to the predetermined single direction, eg 
from the other end toWard the one end of the shared storage 
section. 
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METHOD AND APPARATUS FOR STORING 
AUDIO DATA 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an improved 
method and apparatus for storing audio data into a memory, 
such as an external storage device like a hard disk device 
(HDD), and also relates to an audio-data recording/repro 
duction method and apparatus using the improved audio 
data storing method. More particularly, the present invention 
concerns a technique that alloWs a limited storage capacity 
of the memory to be used ef?ciently With no Waste. 

[0002] In digital audio recorders, such as digital mixing 
recorders, using an external storage device like a hard disk 
device (HDD), a ?le of song management data is created for 
each song (Which is one complete unit of music to be 
recorded or reproduced and corresponds, for example, to a 
single piece of music), so as to manage sound data (Wave 
form data) stored in the external storage device. The song 
management data for each song include various information 
necessary for reproducing the song, Which includes data 
indicative of recorded locations, on the external storage 
device, of a series of the song-constituting sound or audio 
data. FIG. 2 shoWs an exemplary format in Which audio data 
are stored in predetermined address regions of an external 
storage device in a conventionally-knoWn digital audio 
recorder. Speci?cally, the external storage device includes 
tWo separate previously-set address regions each having a 
?xed storage capacity: song-management-data storing 
address region; and sound-data storing address region. In the 
song-management-data storing address region, there are 
stored song management data for individual songs. Storage 
capacity allocated to the song management data for each 
song is ?xed in the illustrated example, Which Would thus ?x 
the maximum number of songs storable in the song-man 
agement-data storing address region. In the sound-data stor 
ing address region, sound data of individual takes— each 
take corresponding to a recording on one occasion— are 
stored for each of predetermined recording units such as 
clusters. Same sound data may be used more than once in 
one song or may be shared among a plurality of songs. 

[0003] When reproduction of a given song is instructed, 
access is made to particular addresses in the song-manage 
ment-data storing address region Where are stored the song 
management data of the given song, so as to read out the 
song management data. Then, on the basis of the read-out 
song management data, access is made sequentially to 
particular addresses in the sound-data storing address region 
Where are stored the sound data of the given song, for 
reproduction of the given song. 

[0004] While the song management data for each song 
generally has a ?xed siZe, the sound data for each song has 
a variable siZe that varies With the time length of the song 
and a total number of tracks in the song. Therefore, in a 
situation Where all the stored sound data have a large total 
siZe although only a smaller number of songs have been 
stored, the conventional sound-data storage format of FIG. 
2 Would present the folloWing inconvenience. Namely, if the 
sound-data storing address region have become full before 
the number of songs stored in the song-management-data 
storing address region reaches the maximum number (i.e., 
even When there is still a vacancy in the song-management 
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data storing address region), no more song can be stored any 
longer, Which Would result in signi?cant Waste of the song 
management-data storing address region. Conversely, if 
songs of small siZes are stored and the number of songs 
stored in the song-management-data storing address region 
has reached the maximum number even When there is still a 
vacancy in the sound-data storing address region, no more 
song can be stored any longer, Which Would result in 
signi?cant Waste of the sound-data storing address region. 

SUMMARY OF THE INVENTION 

[0005] In vieW of the foregoing, it is an object of the 
present invention to provide an improved audio-data storing 
method and apparatus Which alloW a storage capacity of an 
external storage device to be effectively used With no Waste, 
and audio-data recording/reproduction method and appara 
tus using such an audio-data storing method. 

[0006] In order to accomplish the above-mentioned object, 
the present invention provides a method of storing audio 
data into a memory, Which comprises the steps of: setting, in 
the memory, a shared storage section to be used both for 
storing audio data of one or more songs and for storing song 
management data for each of the songs that are necessary for 
reproduction of the audio data, the song management data 
including data indicative of a stored position, in the shared 
storage section, of the audio data corresponding thereto; 
performing control for sequentially storing the audio data 
into the shared storage section in a predetermined single 
direction; and performing control for sequentially storing the 
song management data into the shared storage section in an 
opposite direction to the predetermined single direction. The 
method according to the present invention may further 
comprise a step of storing, into a predetermined region, 
system management data including data indicative of a 
stored position, in the shared storage section, of the song 
management data for each of the songs. 

[0007] The position Where storage of the audio data is to 
be started can be set, for example, to one end or near the one 
end of the shared storage section of the memory, and the 
position Where storage of the song management data is to be 
started can be set, for example, to the other end or near the 
other end of the shared storage section of the memory. 

[0008] In the memory (e.g., large-capacity memory or 
external storage device like a hard disk device) of the present 
invention, a shared storage section is set Which is to be used 
both for storing the audio data (i.e., sound data constituting 
a body of a song) and for storing the song management data 
for each song that include data indicative of the stored 
position of the audio data (i.e., data for a user to knoW the 
recorded position of the sound data) and that are necessary 
for reproducing the audio data. The audio data and song 
management data are stored into shared storage section in 
opposite directions; for example, the audio data are sequen 
tially stored into the shared storage section in one direction 
from one end toWard the other end of the shared storage 
section While the song management data are sequentially 
stored into the shared storage section in the opposite direc 
tion from the other end toWard the one end of the shared 
storage section, or vice versa. With this arrangement, the 
data can be stored until the shared storage section becomes 
full or substantially full, so that the storage capacity of the 
memory can be used effectively With no Waste. If an address 
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region for storing the song management data for each 
individual song is set to a ?xed storage capacity, the record 
ing start position of the song management data for each of 
the songs can be determined previously. Thus, even in the 
case Where the song management data are sequentially 
stored into the shared storage section in the direction from 
the other end toWard the one end of the shared storage 
section, it is possible to eliminate a need for complicated 
arithmetic operations to determine the recording start posi 
tion When recording the song management data for each of 
the songs. Note that even Where the song management data 
for the individual songs are stored in the opposite direction 
to the normal address-advancing (address-incrementing) 
direction, individual component data of the song manage 
ment data for each individual song may be stored in the 
address-advancing direction; the audio data may be stored in 
a similar manner to the song management data. Namely, in 
this case, the direction in Which only each block of the data 
is crammed into the memory is made opposite to the normal 
address-advancing direction, and the individual data in the 
block are stored in the address-advancing direction. Of 
course, the present invention is not so limited, and the 
individual data in the block may also be stored in the 
opposite direction to the address-advancing direction. Also, 
the audio data of each song may be recorded dispersedly in 
the shared storage section, in Which case the song manage 
ment data for the song may include sequence data that are 
indicative of a linkage among the recorded positions of the 
audio data so as to reproduce a series of the audio data of the 
song. 

[0009] The method according to the present invention may 
further comprise the steps of: reading out, from the memory, 
the song management data of any one of the songs to be 
reproduced; and reading out, from the memory, the audio 
data on the basis of the song management data read out from 
the memory. 

[0010] The method according to the present invention may 
further comprise the steps of: storing, into a predetermined 
region, system management data including data indicative of 
a stored position, in the shared storage section, of the song 
management data for each of the songs; reading out, from 
the memory, the song management data of any one of the 
songs to be reproduced, on the basis of the system manage 
ment data; and reading out, from the memory, the audio data 
on the basis of the song management data read out from the 
memory. 

[0011] In a preferred implementation, the memory is an 
external storage device, and the step of reading out, from the 
memory, the song management data includes a step of 
reading out, from the external storage device, the song 
management data of the song to be reproduced and storing 
the read-out song management data into an inner storage 
device. Further, the step of reading out, from the memory, 
the audio data may access the external storage device on the 
basis of the song management data stored in the inner 
storage device. 

[0012] Further, in a preferred embodiment, the step of 
performing control for sequentially storing the audio data 
into the shared storage section performs control such that the 
audio data are sequentially stored into the shared storage 
section in a direction from one end toWard another end of the 
shared storage section, and the step of performing control for 
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sequentially storing the song management data into the 
shared storage section performs control such that the song 
management data are sequentially stored into the shared 
storage section in a direction from the other end toWard the 
one end of the shared storage section. Aregion in the shared 
storage section for storing the song management data for 
each individual song may have a ?xed storage capacity, and 
the system management data may include information 
indicative of an address at the other end of the shared storage 
section. Further, the step of reading out, from the memory, 
the song management data may includes: a step of perform 
ing, on the basis of the address at the other end of the shared 
storage section and the ?xed storage capacity of the region, 
an arithmetic operation to determine an address region of the 
external storage device Where the song management data of 
the song to be reproduced are stored; and a step of accessing 
the address region of the external storage device to read out 
the song management data of the song to be reproduced and 
then storing the read-out song management data into an 
inner storage device. 

[0013] The present invention may be constructed and 
implemented not only as the method invention as discussed 
above but also as an apparatus invention. Also, the present 
invention may be arranged and implemented as a softWare 
program for execution by a processor such as a computer or 
DSP, as Well as a storage medium storing such a program. 
Further, the present invention may be implemented as a 
machine-readable storage medium storing performance data 
based on the principles of the invention. Furthermore, the 
processor used in the present invention may comprise a 
dedicated processor based on predetermined ?xed hardWare 
circuitry, rather than a CPU or other general-purpose type 
processor capable of operating by softWare. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] For better understanding of the object and other 
features of the present invention, its preferred embodiments 
Will be described in greater detail hereinbeloW With refer 
ence to the accompanying draWings, in Which: 

[0015] FIG. 1 is a diagram shoWing an embodiment of the 
present invention, Which particularly shoWs hoW a memory 
employed in the embodiment is divided into various address 
regions; 

[0016] FIG. 2 is a diagram shoWing an exemplary format 
in Which audio data are stored in predetermined address 
regions of an external storage device in a conventionally 
knoWn digital audio recorder; 

[0017] FIG. 3 is a block diagram shoWing a general setup 
of a hard disk recorder to Which the basic principles of the 
present invention are applied; 

[0018] FIG. 4 is a block diagram shoWing principal com 
ponents of the hard disk recorder of FIG. 3 Which are 
engaged in communication of system management data, 
sound data and song management data; 

[0019] FIG. 5 is a diagram shoWing an exemplary format 
of the song management data; and 

[0020] FIG. 6 is a diagram explanatory of an exemplary 
manner in Which data accumulation progresses in a shared 
address section of an HDD shoWn in FIG. 3. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0021] NoW, a detailed description Will be made about an 
embodiment of the present invention to Which the basic 
principles of the invention are applied to a digital mixing 
recorder (hard disk recorder) using a hard disk as its external 
storage device. FIG. 3 is a block diagram shoWing a general 
setup of the hard disk recorder 10 Which includes signal 
paths of a plurality of channels. The term “channels” is used 
herein to refer to not only signal paths to be used for 
processing signals of sound data of individual tracks but also 
sound data themselves transmitted via the signal paths. Also 
note that the terms “signal paths” refer to not only signal 
paths physically separated from each other on a channel 
by-channel basis but also a physically shared signal path by 
Which the sound data of the individual channels are pro 
cessed on a time divisional basis. With these signal paths and 
channels, the hard disk recorder 10 of the invention is 
capable of simultaneous recording or reproduction of a 
plurality of tracks (e.g., up to 16 tracks), or simultaneous 
recording and reproduction of a plurality of tracks (e.g., 
simultaneous recording of up to 8 tracks concurrent With 
reproduction of up to 16 channels). In each of the tracks, 
every sample of the sound data consists of 16 bits (tWo 
bytes), except for a mix-doWn or track-doWn signal that 
consists of 24 bits (three bytes). 

[0022] As illustrated in FIG. 3, the hard disk recorder 10 
includes a total of three one-chip CPUs (microcomputers), a 
main CPU 12, a recorder CPU 14, a sub-CPU 16; for 
example, the one-chip CPUs may each be a “SH7042” 
single-chip RISC microcomputer commercially available 
from HITACHI, Ltd. These CPUs 12, 14 and 16 are driven 
independently of each other by their respective clocks that 
operate asynchronously With each other. The main CPU 12 
chie?y performs mixing control as Will be later described. In 
accordance With instructions from the main CPU 12, the 
recorder CPU 14 controls recording and reproduction to and 
from the hard disk (HDD) 60 and also performs Waveform 
editing control and the like. The sub-CPU 16 performs 
control to deliver various operation information, input via a 
human operator, to the main CPU 12, and also performs 
motor drive control for individual fader operators and other 
control in accordance With instructions from the main CPU 
12. 

[0023] To a bus 18 of the sub-CPU 16 are connected 
various operators 20 including sWitches, rotary knobs, 
mouse, jog dial, shuttle knob and the like, a ?ash ROM 22 
having stored therein programs for execution by the sub 
CPU 16, a motor driver interface 24, etc. A plurality of 
motor-driven fader operators 26 are connected to the motor 
driver interface 24 via a motor driver 28. Information 
indicating an operating position of each of the motor-driven 
fader operators 26 is delivered to the sub-CPU 16. Manipu 
lation of the various operators 20 by the human operator can 
set mixing parameters, such as parameters for routing or 
assignment of each individual input channel to indicate on 
Which track the input channel should be recorded via Which 
signal path channel, parameters for routing or assignment of 
each track-reproduced signal to indicate from Which output 
channel the track-reproduced signal should be output via 
Which signal path channel, and parameters for setting equal 
iZer characteristics, effect characteristics, sound image local 
iZation (panning) etc. Also, the manipulation of the various 
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operators 20 by the human operator can instruct execution of 
various recorder functions such as recording, reproduction, 
stop, pause, sloW reproduction, fast forWarding and fast 
reWinding, selection of a song, sWitching betWeen recording/ 
reproduction and editing modes, and Waveform editing. The 
recording/reproduction mode includes a mode in Which 
normal recording/reproduction (i.e., only recording (ALL 
REC), only reproduction or simultaneous recording and 
reproduction(SYNC DUBBING)) is carried out for each 
performance part, a mode in Which a punch-in or punch-out 
operation is performed, and a mode in Which a mix-doWn 
operation is performed. Information indicative of the 
manipulation of each of the operators 20 is passed to the 
sub-CPU 16, from Which the information is delivered via a 
signal line 30 to the main CPU 12. In response to operation 
by a human operator, the fader operators 26 adjust respective 
levels of the individual input channels and output channels, 
levels of stereo outputs, etc., and information indicative of 
manipulation of each of the fader operators 26 is passed to 
the sub-CPU 16, from Which the information is delivered via 
the signal line 30 to the main CPU 12. In the recording/ 
reproduction mode, i.e. the mode Where only recording 
(ALL REC), only reproduction or simultaneous recording 
and reproduction (SYNC DUBBING) is carried out, the 
main CPU 12 instructs operating positions of the individual 
fader operators 26 sequentially to the sub-CPU 16 via the 
signal line 30 in accordance With progression of a music 
piece performance, for fader level adjustment of the indi 
vidual reproduction tracks. Thus, via the motor driver inter 
face 24 and motor driver 28, the individual fader operators 
26 are controlled to automatically move to the respective 
instructed operating positions. In this Way, the operating 
positions of the fader operators 26 that Were set at the time 
of the recording are reproduced so that reproduction is 
carried out With the reproduction level of each of the tracks 
automatically adjusted to the level that Was set at the time of 
the recording. 

[0024] To a bus 32 of the main CPU 12, as further shoWn 
in FIG. 3, are connected a ?ash ROM 34 having stored 
therein programs for execution by the main CPU 12, and a 
DRAM 36 functioning as a Working memory for the CPU 12 
and also storing, as song management data related to mixing 
functions (routing, equalizing, effect imparting, fader level 
adjusting, sound-image-localiZation adjusting and other 
functions) for a song currently designated for recording, 
reproduction, editing or the like, sequence data related to 
time-varying settings of the mixing parameters. Also con 
nected to the bus 32 of the main CPU 12 are a DSP 38 
implementing the mixing functions, an LCD control circuit 
41 connected With an LCD (Liquid Crystal Display) 43, an 
interface 45 connected With a ?uorescent (FL) display 47, 
etc. Information corresponding to a current operation mode 
is displayed on the LCD 43; in the recording/reproduction 
mode, for example, information is displayed for selection of 
signal routing, ON/OFF states of the channels and virtual 
tracks, etc. In the Waveform editing mode, a Waveform to be 
edited is graphically shoWn on the LCD 43. On the ?uo 
rescent (FL) display 47 are displayed time information (time 
code) in a numerical value, levels of input signals or 
reproduced signals to or from the individual channels in a 
bar graph, etc. Note that the “virtual tracks” are imaginary 
tracks allocated to the respective tracks (i.e. real tracks). In 
the reproduction or simultaneous recording/reproduction, 
recorded data can be reproduced by selecting, one by one, 
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the virtual tracks allocated to the real tracks to be repro 
duced. For example, in a situation Where the number of the 
real tracks is “16” and the number of the virtual tracks 
allocated to each of the real tracks is “8”, a total of 128 
virtual tracks can be provided. 

[0025] The DSP 38 provides a mixing processing section 
for a plurality of channels. On the basis of manipulation, by 
the human operator, of the operators 20 and fader operators 
26 or in accordance With mixing-function-related sequence 
data stored in the DRAM 36, the mixing processing section 
performs mixing processing to execute, for recording inputs 
and reproduction outputs, instructions that are issued from 
the main CPU 12 for routing, equalizing, effect imparting, 
fader level adjusting, sound-image-localiZation adjusting 
and other mixing functions. 

[0026] Analog sound signals (recording inputs) of a plu 
rality of channels (e.g., eight channels at the maximum) 
input via an analog input terminal 40 of FIG. 3 are gain 
controlled to appropriate signal levels and then passed to an 
A/D converter 42 for conversion into digital representation, 
from Which the converted digital sound signals are supplied 
to the DSP 38 for mixing processing. Digital sound signals 
(recording inputs) of a plurality of channels (e.g., 16 chan 
nels at the maximum) input via a digital input terminal 44 
are supplied via an interface 46 to the DSP 38 for mixing 
processing. The recording inputs having been subjected to 
the mixing processing is recorded onto an HDD 60 as Will 
be later described. Digital sound signals (reproduction out 
puts) of a plurality of channels (e.g., 16 channels at the 
maximum) reproduced from the HDD 60 are mixed by the 
DSP 38 and then output from a digital output terminal 54 via 
an interface 52. Further, tWo-channel stereo signals obtained 
by the DSP 38 mixing the digital sound signals are converted 
by a D/A converter 48 into analog representation are output 
from an analog output terminal 50 for monitoring or other 
purposes. 

[0027] To a bus 56 of the recorder CPU 14 are connected 
a ?ash ROM 58 having stored therein programs for execu 
tion by the recorder CPU 14, the HDD 60 corresponding to 
the external storage device of the present invention, a 
DRAM 62 corresponding to an inner storage device of the 
present invention, and a DRAM controller (DRC) 68 for 
controlling data Write/read to/from the synchronous DRAMs 
(SDRAMs) 64 and 66 each functioning as a buffer memory. 
Optical disk device 72, such as a CD-RW device, is also 
connected via an interface 70 to the bus 56 of the recorder 
CPU 14. Real time clock 76 for generating data indicative of 
a current date and time is connected via a parallel interface 
74 to the bus 56 of the recorder CPU 14. The optical disk 
device 72 is used to back up or copy any desired one of the 
songs recorded on the HDD 60 onto a CD-R or CD-RW disk, 
or update a particular one of the programs in the ?ash ROM 
22, 34 and 58 by reproducing a version upgrading program 
from a CD-ROM or the like and thereby replacing the 
particular program With the upgrading program. System 
management data, sound data, song management data, etc. 
are recorded on the HDD 60 in a manner to be described 
later. 

[0028] Into the DRAM 62 connected to the recorder CPU 
14, there are stored the system management data read out 
from the HDD 60, as Well as sequence data indicative of a 
linkage among recorded locations on the HDD 60 included 
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in the song management data related to a song currently 
designated for recording, reproduction, editing or the like. 
The DRAM 62 also functions as a Working memory for the 
recorder CPU 14. Note that betWeen the DSP 38 and the 
DRAM controller (DRC) 68, the sound data are transmitted 
via signals lines (not shoWn) rather than via the buses 32 and 
56. 

[0029] The bus 32 of the main CPU 12 and bus 56 of the 
recorder CPU 14 are interconnected via a dual-port RAM 
(DPRAM) 78, so that various instructions, song manage 
ment data and other information are transmitted via these 
buses betWeen the main CPU 12 and the recorder CPU 14. 
Sampling clock generator 80 generates clock pulses of a 
predetermined sampling frequency that are given to an AND 
circuit 82. The recorder CPU 14 outputs an operation 
section designating signal that rises in synchronism With a 
start of recording or reproduction and falls in synchronism 
With an end of the recording or reproduction, and the 
operation-section designating signal is passed to the AND 
circuit 82. This Way, the AND circuit 82 generates section 
sampling clock pulses from the start to end of the recording 
or reproduction. These sampling clock pulses are fed to 
external clock input terminals of the main CPU 12 and 
recorder CPU 14. Each of the main CPU 12 and recorder 
CPU 14 contains a counter for counting the clock pulses 
received via the external clock input terminal. The counters 
of the main CPU 12 and recorder CPU 14 are reset in 
synchronism With the start of the recording or reproduction 
and then count the sampling clock pulses. The main CPU 12 
performs the mixing processing per sampling clock pulse in 
accordance With the counted value. Further, The recorder 
CPU 14 controls the data Write/read to/from the HDD 60 and 
synchronous DRAMs (SDRAMs) 64 and 66 per sampling 
clock pulse in accordance With the counted value. This Way, 
the main CPU 12 and recorder CPU 14 operate in synchro 
nism With each other With respect to each sampling fre 
quency (e.g., 48 kHZ, 44.1 kHZ or the like) While operating 
on their respective operation clocks (e. g., 28 MHZ), and thus 
can perform the recording and reproduction control inde 
pendently and in parallel to each other. 

[0030] The folloWing paragraphs describe the transfer of 
the data (sound data, system management data, song man 
agement data, etc.) in the recording/reproduction mode of 
the hard disk recorder 10 shoWn in FIG. 3, With reference to 
FIG. 4. Upon poWer-on of the hard disk recorder 10, the 
system management data are read out from the system 
management-data storing address region of the HDD 60 and 
delivered via the bus 56 to the DRAM 62 for storage therein. 
Then, once a desired song is designated, the recorder CPU 
14 refers to the system management data stored in the 
DRAM 62 and then accesses a portion of a song-manage 
ment-data storing address region of the HDD 60 Where are 
stored the song management data of the designated song, so 
as to read out the song management data from the song 
management-data storing address region. Of the read-out 
song management data, the sequence data related to the 
mixing function of the designated song are transferred via 
the bus 56, dual-port RAM 78 and bus 32 to the DRAM 36. 
Further, of the read-out song management data, the sequence 
data indicative of the linkage among the recorded positions 
of a series of the sound data of that song are transferred via 
the bus 56 to the DRAM 62. In this Way, various processes, 
such as recording, reproduction and Waveform editing, can 
be performed for the designated song in accordance With 
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instructions from the human operator. Note that for each 
song to be recorded for the ?rst time, a neW ?le of the song 
is created (i.e., a neW song-management-data storing address 
region is initialized and secured in the HDD 60), in advance, 
in accordance With manipulation by the human operator. 
Song management data of the neW song are stored into the 
DRAMs 36 and 62 so that the hard disk recorder 10 is placed 
in a state capable of recording the song. 

[0031] In the recording/reproduction mode, the folloWing 
operations are performed on each track for Which recording 
has been instructed. Each recording signal (sound data) for 
the track, introduced via the analog input terminal 40 or 
digital input terminal 44, is passed via the A/D converter 42 
or interface 46 to the DSP 38, Where the mixing processing 
is performed on the recording signal in accordance With 
manipulation, by the human operator, any of the operators 
20 and fader operators 26. The recording signal having been 
subjected to the mixing processing is sequentially stored 
from the DRAM controller (DRC) 68, via the predetermined 
signal line that is separate from the bus 56, into the syn 
chronous DRAMs (SDRAMs) 64 and 66 constituting a 
buffer memory. The sound data thus stored in the synchro 
nous DRAMs 64 and 66 are transferred periodically via the 
bus onto the HDD 60 in a DMA (Direct Memory Access) 
fashion. Of system management data and song management 
data to be neWly created this time, sequence data indicative 
of the linkage among the reproduced positions are sequen 
tially accumulated into the DRAM 62, and sequence data 
related to the mixing function are sequentially accumulated 
into the DRAM 36. In response to a data storing operation 
after the recording, the sequence data related to the mixing 
function are delivered via the dual-port-RAM 78 to the bus 
56. Thus, the sequence data are overWritten into the song 
management-data storing address region of the HDD 60 for 
storing the song management data of the song, along With 
data indicative of the linkage among the recorded positions, 
on the HDD 60, of the sound data accumulated in the DRAM 
62. In addition, the system management data stored in the 
DRAM 62 are overWritten into the system-management 
data storing address region of the HDD 60. 

[0032] In the recording/reproduction mode, the folloWing 
operations are performed on each track for Which reproduc 
tion has been instructed. The recorder CPU 14 refers to data 
indicative of the linkage among the reproduced positions of 
the track stored in the DRAM 62 and thus sequentially reads 
out the corresponding sound data from the HDD 60. The 
read-out sound data are transferred in the DMA (Direct 
Memory Access) fashion, via the bus 56 and DRAM con 
troller 68, to the synchronous DRAMs 64 and 66 for storage 
therein. The DRAM controller 68 sequentially reads out the 
sound data from the synchronous DRAMs 64 and 66 at the 
predetermined sampling frequency. The sound data read out 
from the synchronous DRAMs 64 and 66 are transferred 
from the DRAM controller 68, via the above-mentioned 
predetermined separate signal line, to the DSP 38. The main 
CPU 12 sets parameters for the DSP 38 by referring to the 
mixing-function-related sequence data stored in the DRAM 
36, and then performs the mixing processing on the trans 
ferred sound data. The sound data having undergone the 
mixing processing are output from the digital output termi 
nal 54 via the interface 52. Further, the signals having been 
mixed into tWo-channel stereo signals by the DSP 38 are 
converted via the D/A converter 48 into analog signals that 
are output from the analog output terminal 50. Note that in 
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the recording/reproduction mode, signals of the individual 
tracks designated for the recording or reproduction are 
sequentially processed on the time-divisional basis, during 
Which time the synchronous DRAMs 64 and 66 are 
sWitched, on the time-divisional basis, betWeen Write and 
read modes depending on Whether the currently designated 
track is a recording track or reproducing track. 

[0033] In FIG. 1, there is shoWn hoW the HDD 60 is 
divided into various address regions. As shoWn, the HDD 60 
is divided into, in its start-to-end direction, the system 
management-data storing address region 84 of a ?xed stor 
age capacity and a shared address (shared storage) section 
86 folloWing the system-management-data storing address 
region 84 and lying up to the endmost of the HDD 60. In the 
shared address section 86, channel-by-channel sound data 
are accumulatively recorded, sequentially in order of the 
takes, as digital signals from its fore end so that a sound-data 
storing region 86-0 is formed in a sequentially enlarged 
fashion, While song management data of individual songs 
are sequentially recorded from its rear end so that song 

management-data storing address regions 86-1, 86-2, . . . are 
formed sequentially. The sound data are recorded in clusters 
each having a siZe of 128 K bytes. Note that each of the 
clusters is a 64 K Word (samples) and, in the case of data in 
the CD format, becomes data of 1.45 sec. (i.e., 64/44.1 
kHZ=1.45 sec.). Once recorded, the sound data Will not be 
deleted unless an instruction is given for deleting the cor 
responding take. In a situation Where a plurality of tracks are 
recorded simultaneously, sound data of the individual tracks 
are recorded into the shared address section 86. Further, 
sound data to be added later by punch-in/punch-out or the 
like, Waveform-edited sound data, or the like are recorded 
immediately folloWing an end of already-recorded sound 
data in the shared address section 86 apart from addresses 
Where sound data Were recorded by initial recording on that 
track. Thus, sound data of each of the virtual tracks are 
recorded in the shared address section 86 dispersedly in 
clusters. 

[0034] In the song-management-data storing address 
region 86-1, 86-2, . . . , for each of the songs, there are stored 

sequence data indicative of the linkage among the recorded 
addresses of the sound data for each of the virtual tracks 
Which is necessary for reproducing the sound data of each 
virtual track contained in the song. In each of the song 
management-data storing address region 86-1, 86-2, . . . , 

there are stored mixing-function-related sequence data for 
each of the virtual tracks included in the song. The song 
management-data storing address region 86-1, 86-2, . . . , for 
each of the songs has a ?xed storage capacity (i.e., 1.5 M 
bytes per song), and each time the human operator instructs 
creation of a neW song ?le, a neW song-management-data 
storing address region is initialiZed and allocated to the song. 
The thus-allocated song-management-data storing address 
region is updated each time sound data of that song is added 
such as by recording. Once set, the song-management-data 
storing address region 86-1, 86-2, . . . , for each of the songs 
is not deleted unless the human operator explicitly instructs 
deletion of the song. In the system-management-data storing 
address region 84, there are stored system management data 
including data that is indicative of the respective recorded 
positions of the song management data of the individual 
songs. 
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[0035] The song management data are recorded sequen 
tially from the rear end of the HDD 60 on the song-by-song 
basis; however, it is to be noted that in each of the song 
management-data storing address regions 86-1, 86-2, . . . , 

the data are recorded in a normal or forWard direction, ie 
in an address-incrementing direction. Because each of the 
song-management-data storing address regions 86-1, 86-2, 

. . has a ?xed storage capacity as noted above, the 
respective start locations of the song-management-data stor 
ing address regions 86-1, 86-2, . . . can be arithmetically 
obtained by just recording, in the system-management-data 
storing address region 84, the endmost address of the entire 
HDD 60. For example, the start location of the song 
management-data storing address region 86-1 for the ?rst 
song can be arithmetically determined by “(endmost address 
of all the address regions in the HDD 60)—(storage capacity 
of the song-management-data storing address region).” The 
addresses at the start locations of the song-management-data 
storing address regions 86-1, 86-2, . . . may be recorded in 
advance rather than being arithmetically determined in the 
above-mentioned manner. Although the endmost address of 
the shared address section has been described above as being 
coincident With the endmost address of the HDD 60, the 
present invention is not so limited and the endmost address 
of the shared address section may be set at any other suitable 
location. 

[0036] With the above-described ?le arrangement, it is 
possible to automatically access the start address of the 
HDD 60 and read out the system management data When the 
hard disk recorder 10 is turned on. Then, When a desired 
song is designated, access can be made, on the basis of the 
system management data, to the song-management-data 
storing address region storing the song management data of 
the designated song. Then, When reproduction of the song is 
instructed, it is possible to sequentially access the addresses 
Where the sound data are recorded, for each currently 
selected virtual track of the song, so that the sound data of 
the individual virtual tracks can be reproduced. 

[0037] Description is made here about examples of more 
speci?c contents of the system management data, sound data 
and song management data recorded on the HDD 60. The 
system management data include information indicative of 
the number of songs stored on the HDD 60, empty storage 
capacity and empty locations of the shared address section 
86, foremost and endmost addresses of the shared address 
section 86, etc. The sound data include Waveform data, name 
of the take to Which the sound data belong, etc. In FIG. 5, 
there is shoWn an exemplary format of the song management 
data of a song. The song management data include sequence 
data indicative of a linkage among recorded positions of the 
sound data for each of the virtual tracks included in the song 
and sequence data related to the mixing function. Fixed 
storage capacity is allocated to both of the above-mentioned 
sequence data. The sequence data indicative of the linkage 
among the recorded positions of the sound data have a 
hierarchical organiZation; that is, the sequence data include, 
in a top-to-bottom direction, a header, tracks, regions and 
nodes, Which have their respective ?xed storage capacity. 
The header includes information indicative of a name and 
date of creation of the song, virtual track number currently 
selected for each of the tracks in the song, etc. The “track” 
includes information indicative of respective names of the 
individual tracks (e.g., 16 tracks), start region numbers of 
virtual tracks (e.g., a total of 128 virtual tracks) included in 
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the tracks, etc. The “region” represents Which take should be 
performed from Where and up to Where. Each virtual track 
is composed of a linkage of an optional number of regions. 
Normally, the “region” corresponds to a single take. The 
“region” includes information indicative of a unique number 
allocated to the region, performance start time of the region 
(i.e., time lapsed from a performance start time of the song), 
time length of the performance, unique number of a leading 
node in the region, next region number (except for a last 
region of the virtual track), etc. If a blank period is formed 
from termination of performance of a particular region to the 
performance start time of a next region, no performance 
(i.e., silent performance) is executed for the virtual track 
during that period. The “node” indicates at Which locations 
on the HDD 60 are recorded the sound data constituting the 
take to be designated in the region. The “region” is made up 
of a linkage of an optional number of nodes, and the “node” 
represents one cluster of the sound data. Further, the “node” 
includes information indicative of a unique number allo 
cated to the node, addresses— cluster number and a unique 
number of a next node (except for the last node in the 
region)—of the HDD 60 Where are recorded the sound data 
to be designated by the node. 

[0038] According to the above-mentioned hierarchical 
organiZation, selecting a desired song causes all the song 
management data of the selected song to be read out from 
the HDD 60 and stored into the DRAM 62. Then, once 
reproduction of the song is designated, the recorder CPU 14 
identi?es the virtual tracks selected for each of the tracks, 
from the header of the song management data stored in the 
DRAM 62. Further, the recorder CPU 14 identi?es the 
leading region number of the corresponding virtual track 
from the “track” of the stored song management data, 
identi?es the leading node number of the corresponding 
region from the “region” of the stored song management 
data, and identi?es the cluster number of the corresponding 
cluster number from the “node” of the stored song manage 
ment data. Then, the recorder CPU 14 accesses the corre 
sponding cluster number of the HDD 60 to read out one 
cluster of the sound data recorded thereon, so as to perform 
(reproduce) the sound data upon arrival at the performance 
start time designated by the region. Because the node 
includes the information indicative of the next node number, 
the recorder CPU 14 sequentially identi?es the linked node 
numbers to thereby acquire the corresponding cluster num 
bers, so that the sound data are sequentially read out from the 
corresponding cluster numbers of the HDD 60. Thus, for 
each of the selected virtual tracks, a series of the sound data 
included in the region is reproduced. If a particular node is 
reached Where there is no information of the next node 
number, it means that the particular node is the last node in 
that region, so that after the readout of the sound data from 
the cluster designated by the node, the recorder CPU 14 
identi?es the next region number in the last region. Thus, 
operations similar to the above-mentioned are performed for 
the next region; that is, the recorder CPU 14 acquires the 
linked node numbers to thereby sequentially access the 
corresponding cluster numbers of the HDD 60, and then 
reproduce a series of the sound data included in that region. 
Thus, the sound data constituting the selected virtual tracks 
are sequentially reproduced from the linkage of the regions 
and linkage of the nodes included in each of the regions. If 
a particular region is reached Where there is no information 
of the next region number, it means that the particular region 
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is the last region of the virtual track, so that the instructed 
reproduction is brought to an end after reproduction of a 
series of the sound data included in the last region. 

[0039] FIG. 6 is explanatory of an exemplary manner in 
Which data accumulation progresses in the shared address 
section 86 of the HDD 60. First, only system management 
data are recorded into the system-management-data storing 
address region 84 With the entire shared address section 86 
left empty, as shoWn in FIG. 6A. When creation of a ?le of 
a neW song is instructed, a ?rst song-management-data 
storing address region 86-1 is created in an area of the 
predetermined storage capacity starting at the rear end of the 
shared address section 86, as shoWn in FIG. 6B, and data 
settable prior to sound data recording, such as the song 
name, are recorded into the ?rst song-management-data 
storing address region 86-1. Once recording (take) of the 
?rst song is initiated, the sound data are sequentially 
recorded from the fore end of the shared address section 86, 
as shoWn in FIG. 6C. Upon completion of the recording of 
the ?rst song, the data in the song-management-data storing 
address region 86-1 are updated With data corresponding to 
the recorded contents. For next recording, the second or next 
song-management-data storing address region 86-2 is cre 
ated immediately ahead of the ?rst song-management-data 
storing address region 86-1, as shoWn in FIG. 8D. Once 
recording of the next song is initiated, the sound data of the 
next song are sequentially recorded folloWing the already 
recorded sound data in the shared address section 86. In this 
Way, addition and recording of any desired song can be made 
until the shared address section 86 becomes full or substan 
tially full. 
[0040] The preferred embodiment has been described 
above as storing the sound data from the fore end of the 
shared address section and storing the song management 
data from the rear end of the shared address section. Alter 
natively, the song management data may be stored from the 
rear end of the shared address section and the sound data 
may be stored from the rear end of the shared address 
section. In such a case, the shared address section may be 
divided, from its rear end, into a plurality of regions each 
having a predetermined storage capacity so that the sound 
data are recorded into the divided regions, one by one, from 
the fore end thereof in the forWard (address-incrementing) 
direction While sequentially sWitching from one divided 
region to another once the one divided region has become 
full. Further, Whereas the preferred embodiment has been 
described above as employing a hard disk device as the 
external storage device, any other suitable external device 
may be employed such as an optical disk device, magneto 
optic disk device or semiconductor memory. Furthermore, 
although the preferred embodiment has been described 
above in relation to the case Where the basic principles of the 
present invention are applied to an audio-data recording/ 
reproduction apparatus With an external storage device 
incorporated therein, the present invention may also be 
applied to any other type of audio-data recording/reproduc 
tion apparatus employing an external storage device pro 
vided outside the recording/reproduction apparatus. More 
over, although the preferred embodiment has been described 
above in relation to the case Where the basic principles of the 
present invention are applied to a digital mixing recorder 
(hard disk recorder), the present invention may also be 
applied to digital recorders having no mixing function and 
recording/reproduction apparatus for any other type of audio 
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data than the above-described. The audio data may be not 
only in the PCM format but also in any other suitable 
compressed or coded format. 

What is claimed is: 
1. A method of storing audio data into a memory com 

prising the steps of: 

setting, in said memory, a shared storage section to be 
used both for storing audio data of one or more songs 
and for storing song management data for each of the 
songs that are necessary for reproduction of the audio 
data, the song management data including data indica 
tive of a stored position, in said shared storage section, 
of the audio data corresponding thereto; 

performing control for sequentially storing the audio data 
into said shared storage section in a predetermined 
single direction; and 

performing control for sequentially storing the song man 
agement data into said shared storage section in an 
opposite direction to the predetermined single direc 
tion. 

2. A method as claimed in claim 1 Wherein said step of 
performing control for sequentially storing the audio data 
into said shared storage section performs control such that 
the audio data are sequentially stored into said shared 
storage section in a direction from one end toWard another 
end of said shared storage section, and Wherein said step of 
performing control for sequentially storing the song man 
agement data into said shared storage section performs 
control such that the song management data are sequentially 
stored into said shared storage section in a direction from the 
other end toWard the one end of said shared storage section. 

3. Amethod as claimed in claim 1 Wherein a region in said 
shared storage section for storing the song management data 
for each individual song has a ?xed storage capacity. 

4. Amethod as claimed in claim 1 Wherein the audio data 
for each of the songs are stored dispersedly into said shared 
storage section, and Wherein the song management data 
include sequence data indicative of a linkage among the 
audio data stored dispersedly in said shared storage section. 

5. A method as claimed in claim 1 Wherein said memory 
is an external storage device. 

6. A method as claimed in claim 1, Which further com 
prises a step of storing, into a predetermined region, system 
management data including data indicative of a stored 
position, in said shared storage section, of the song man 
agement data for each of the songs. 

7. A method as claimed in claim 6 Wherein said memory 
is an external storage device, and Wherein said predeter 
mined region storing the system management data is set 
separately from said shared storage section. 

8. A method as claimed in claim 1 Wherein a plurality of 
tracks are used for each of said songs to store audio data, 
each of said tracks including a plurality of virtual tracks each 
composed of a linkage of a given number of regions, each 
of said regions including time information indicative of a 
performance section of audio data of said region, and 

Wherein said data indicative of a stored position, in said 
shared storage section, of the audio data includes, for 
each of said regions, address information, each address 
information being indicative of a stored position, in 
said shared storage section, of the audio data of said 
region. 
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9. Amethod as claimed in claim 8 wherein said audio data 
of said region is composed of a linkage of a given number 
of clusters, and 

Wherein said address information for each of said regions 
is composed of a linkage of a given number of nodes, 
each of the nodes corresponding to one cluster. 

10. A method as claimed in claim 1, Which further 
comprises the steps of: 

reading out, from said memory, the song management 
data of any one of the songs to be reproduced; and 

reading out, from said memory, the audio data on the basis 
of the song management data read out from said 
memory. 

11. Amethod as claimed in claim 10 Wherein said memory 
is an external storage device, and 

Wherein said step of reading out, from said memory, the 
song management data includes a step of reading out, 
from said external storage device, the song manage 
ment data of the song to be reproduced and storing the 
read-out song management data into an inner storage 
device, and 

said step of reading out, from said memory, the audio data 
accesses said external storage device on the basis of the 
song management data stored in said inner storage 
device. 

12. A method as claimed in claim 1, Which further 
comprises the steps of: 

storing, into a predetermined region, system management 
data including data indicative of a stored position, in 
said shared storage section, of the song management 
data for each of the songs; 

reading out, from said memory, the song management 
data of any one of the songs to be reproduced, on the 
basis of the system management data; and 

reading out, from said memory, the audio data on the basis 
of the song management data read out from said 
memory. 

13. A method as claimed in claim 12 Wherein said 
memory is an external storage device, and Wherein said 
predetermined region storing the system management data is 
set separately from said shared storage section. 

14. A method as claimed in claim 12 Wherein said 
memory is an external storage device, and 

Wherein said step of reading out, from said memory, the 
song management data includes a step of reading out, 
from said external storage device, the song manage 
ment data of the song to be reproduced and storing the 
read-out song management data into an inner storage 
device, and 

said step of reading out, from said memory, the audio data 
accesses said external storage device on the basis of the 
song management data stored in said inner storage 
device. 

15. A method as claimed in claim 14 Wherein said step of 
performing control for sequentially storing the audio data 
into said shared storage section performs control such that 
the audio data are sequentially stored into said shared 
storage section in a direction from one end toWard another 
end of said shared storage section, and said step of perform 
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ing control for sequentially storing the song management 
data into said shared storage section performs control such 
that the song management data are sequentially stored into 
said shared storage section in a direction from the other end 
toWard the one end of said shared storage section, 

Wherein a region in said shared storage section for storing 
the song management data for each individual song has 
a ?xed storage capacity, and the system management 
data includes information indicative of an address at the 
other end of said shared storage section, and 

Wherein said step of reading out, from said memory, the 
song management data includes: a step of performing, 
on the basis of the address at the other end of said 
shared storage section and the ?xed storage capacity of 
the region, an arithmetic operation to determine an 
address region of said external storage device Where the 
song management data of the song to be reproduced are 
stored; and a step of accessing the address region of 
said external storage device to read out the song 
management data of the song to be reproduced and then 
storing the read-out song management data into said 
inner storage device. 

16. An apparatus for storing audio data comprising: 

a memory Where a shared storage section is set to be used 
both for storing audio data of one or more songs and for 
storing song management data for each of the songs 
that are necessary for reproduction of the audio data, 
the song management data including data indicative of 
a stored position, in said shared storage section, of the 
audio data corresponding thereto; and 

a processor coupled With said memory and adapted to: 

perform control for sequentially storing the audio data 
into said shared storage section in a predetermined 
single direction; and 

perform control for sequentially storing the song man 
agement data into said shared storage section in an 
opposite direction to the predetermined single direc 
tion. 

17. An apparatus as claimed in claim 16 Wherein said 
processor is further adapted to store, into a predetermined 
region, system management data including data indicative of 
a stored position, in said shared storage section, of the song 
management data for each of the songs. 

18. An apparatus as claimed in claim 16 Wherein said 
processor is further adapted to: 

read out, from said memory, the song management data of 
any one of the songs to be reproduced; and 

read out, from said memory, the audio data on the basis of 
the song management data read out from said memory. 

19. An apparatus as claimed in claim 18 Wherein said 
memory is an external storage device, and 

Wherein said processor reads out, from said external 
storage device, the song management data of the song 
to be reproduced, stores the read-out song management 
data into an inner storage device, and accesses said 
external storage device on the basis of the song man 
agement data stored in said inner storage device to 
thereby read out the audio data. 
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20. An apparatus as claimed in claim 16 wherein said 
processor is further adapted to: 

store, into a predetermined region, system management 
data including data indicative of a stored position, in 
said shared storage section, of the song management 
data for each of the songs; 

read out, from said memory, the song management data of 
any one of the songs to be reproduced, on the basis of 
the system management data; and 

read out, from said memory, the audio data on the basis of 
the song management data read out from said memory. 

21. An apparatus as claimed in claim 20 Wherein said 
memory is an external storage device, and Wherein said 
predetermined region storing the system management data is 
set separately from said shared storage section. 

22. An apparatus as claimed in claim 20 Wherein said 
memory is an external storage device, and 

Wherein said processor reads out, from said external 
storage device, the song management data of the song 
to be reproduced, stores the read-out song management 
data into an inner storage device, and accesses said 
external storage device on the basis of the song man 
agement data stored in said inner storage device to 
thereby read out the audio data. 

23. An apparatus as claimed in claim 22 Wherein said 
processor performs control such that the audio data are 
sequentially stored into said shared storage section in a 
direction from one end toWard another end of said shared 
storage section, and also performs control such that the song 
management data are sequentially stored into said shared 
storage section in a direction from the other end toWard the 
one end of said shared storage section, 

Wherein a region in said shared storage section for storing 
the song management data for each individual song has 
a ?xed storage capacity, and the system management 
data include information indicative of an address at the 
other end of said shared storage section, and 

Wherein said processor performs, on the basis of the 
address at the other end of said shared storage section 
and the ?xed storage capacity of the region, an arith 
metic operation to determine an address region of said 
external storage device Where the song management 
data of the song to be reproduced are stored, accesses 
the address region of said external storage device to 
read out the song management data of the song to be 
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reproduced and then stores the read-out song manage 
ment data into said external storage device. 

24. A machine-readable storage medium containing a 
group of instructions to cause said machine to implement a 
method of storing audio data into a memory Where a shared 
storage section is set to be used both for storing audio data 
of one or more songs and for storing song management data 
for each of the songs that are necessary for reproduction of 
the audio data, the song management data including data 
indicative of a stored position, in said shared storage section, 
of the audio data corresponding thereto, said method com 
prising the steps of: 

performing control for sequentially storing the audio data 
into said shared storage section in a predetermined 
single direction; and 

performing control for sequentially storing the song man 
agement data into said shared storage section in an 
opposite direction to the predetermined single direc 
tion. 

25. A machine-readable storage medium as claimed in 
claim 24 Wherein said method further comprises a step of 
storing, into a predetermined region, system management 
data including data indicative of a stored position, in said 
shared storage section, of the song management data for 
each of the songs. 

26. A machine-readable storage medium as claimed in 
claim 24 Wherein said method further comprises the steps of: 

reading out, from said memory, the song management 
data of any one of the songs to be reproduced; and 

reading out, from said memory, the audio data on the basis 
of the song management data read out from said 
memory. 

27. A machine-readable storage medium as claimed in 
claim 24 Wherein said method further comprises a step of 

storing, into a predetermined region, system management 
data including data indicative of a stored position, in 
said shared storage section, of the song management 
data for each of the songs; 

reading out, from said memory, the song management 
data of any one of the songs to be reproduced, on the 
basis of the system management data; and 

reading out, from said memory, the audio data on the basis 
of the song management data read out from said 
memory. 


