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Description

[0001] This invention relates to the field of wavetable
information, and more specifically, to filtering wavetable
information prior to downloading to a wireless device.
[0002] Current wireless mobile communication devic-
es include microprocessors, memory, soundcards, and
run one or more software applications. Examples of soft-
ware applications used in these wireless devices include
micro-browsers, address books, email clients, and
wavetable instruments. Additionally, wireless devices
have access to a plurality of services via the Internet. A
wireless device may, for example, be used to browse
web sites on the Internet, to transmit and receive graph-
ics, and to execute streaming audio and/or video appli-
cations. The transfer of Internet content to and from wire-
less device is typically facilitated by the Wireless Appli-
cation Protocol ("WAP"), which integrates the Internet
and other networks with wireless network platforms.
[0003] A wavetable instrument is an application that
digitally models a real instrument (e.g., a piano, etc.) us-
ing information from a wavetable file. A waveable instru-
ment may allow a user to "play" songs by depressing one
or more keyboard keys, etc., thus providing interactive
audio.

[0004] The content of the wavetable file includes cap-
tured audio samples of the instrument combined with var-
ious configuration settings in order to provide an approx-
imation of the sound of the instrument at any note or
pitch. Downloadable wavetable content is wavetable
content stored in a file having a specific file format that
can be downloaded to a user system, such as a wireless
device or personal computer, for storage in system mem-
ory or in the memory of the system’s soundcard or audio
synthesizer. In addition to wavetable instruments, down-
loadable wavetable content can be used for applications
such as music for games, web pages, and polyphonic
ringtones. Downloadable wavetable content can provide
consistent sounding audio across all platforms while re-
quiring only a fraction of the storage resources required
by other audio files such as MP3s. Examples of down-
loadable wavetable data file formats include the Down-
loadable Sounds ("DLS") file format from the Musical In-
struments Digital Interface ("MIDI") Manufacturers Asso-
ciation and the SoundFont® file format from Creative
Labs, Inc.

[0005] Thus, wavetable content may be downloaded
from a network such as the Internet by a wireless device
for playback through a wavetable instrument application
via the device’s soundcard or audio synthesizer.

[0006] However, one shortcoming of present wireless
devices and wireless communications systems is their
inability to efficiently download such wavetable content
to wireless devices. For example, optimizing the size and
level of detail when creating wavetable instruments that
are to be downloaded via network communications onto
a push-enabled wireless device cannot be done in ad-
vance because capabilities of different wireless devices
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vary and the amount of resources (e.g., flash memory,
remaining carrier-enforced data limits, etc.) available is
limited and constantly changing due to the arrival of new
messages, calendar appointments, etc. The need to ef-
ficiently download wavetable content is increasing in im-
portance with the increase in the number of applications
being run on wireless devices.

[0007] A need therefore exists for animproved method
and system of downloading wavetable information to
wireless devices. Accordingly, a solution that addresses,
at least in part, the above and other shortcomings is de-
sired.

SUMMARY

[0008] According to one aspect of the invention, there
is provided a method for providing wavetable information
to awireless device from a content server over a wireless
network, the wavetable information including a plurality
of samples corresponding to a plurality of notes, com-
prising: in response to a request from the wireless device,
receiving at a proxy server the wavetable information
from the content server; filtering the wavetable informa-
tion in accordance with a selection of samples contained
in the request; and, transmitting the filtered wavetable
information to the wireless device.

[0009] Preferably, the method further includes the
proxy server receiving a request for metadata for the
wavetable information from the wireless device, the
metadata including sample sizes for the samples.
[0010] Preferably, the method further includes, in re-
sponse to the request for metadata, the proxy server
transmitting the metadata to the wireless device.

[0011] Preferably, the method further includes the
proxy server receiving the metadata from the content
server.

[0012] Preferably, the method further includes the
proxy server extracting the metadata from the wavetable
information.

[0013] Preferably, the wireless device is adapted for
calculating a desired number of samples for the selection
of samples from a maximum of the sample sizes and an
amount of available memory in the wireless device.
[0014] Preferably, the wireless device is further adapt-
ed for determining the selection of samples by forming
groups of notes in accordance with spacings between
the notes, allocating one of the desired number of sam-
ples to each group, and selecting a sample for the notes
in each group that corresponds to a note at a midpoint
of the group to reduce distortion.

[0015] According to another aspect of the invention,
there is provided a method for providing wavetable infor-
mation to a wireless device from a content server over a
wireless network, the wavetable information including a
plurality of samples corresponding to a plurality of notes,
comprising: in response to a request from the wireless
device, receiving at a proxy server the wavetable infor-
mation from the content server; filtering the wavetable
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information in accordance with an amount of available
memory in the wireless device as contained in the re-
quest; and, transmitting the filtered wavetable informa-
tion to the wireless device.

[0016] Preferably, the filtering further comprises cal-
culating a desired number of samples from a maximum
of the sample sizes and the amount of available memory
in the wireless device.

[0017] Preferably, the filtering further comprises deter-
mining a selection of samples by forming groups of notes
in accordance with spacings between the notes, allocat-
ing one of the desired number of samples to each group,
and selecting a sample for the notes in each group that
corresponds to a note at a midpoint of the group to reduce
distortion.

[0018] According to another aspect of the invention,
there is provided a method for filtering wavetable infor-
mation in a wireless device, the wavetable information
including a plurality of samples corresponding to a plu-
rality of notes, comprising: calculating a desired number
of samples from a maximum of the sample sizes and an
amount of available memory in the wireless device; and,
determining a selection of samples by forming groups of
notes in accordance with spacings between the notes,
allocating one of the desired number of samples to each
group, and selecting a sample for the notes in each group
that corresponds to a note at a midpoint of the group to
reduce distortion.

[0019] In accordance with further aspects of the
present invention there is provided an apparatus such
as a proxy server system, a method for adapting this
system, as well as articles of manufacture such as acom-
puter readable medium having program instructions re-
corded thereon for practising the method of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Further features and advantages of the embod-
iments of the present invention will become apparent
from the following detailed description, taken in combi-
nation with the appended drawings, in which:

[0021] FIG. 1 is a block diagram illustrating a proxy
server system adapted for implementing an embodiment
of the invention;

[0022] FIG. 2is a block diagram illustrating a wireless
communications system adapted for implementing an
embodiment of the invention;

[0023] FIG. 3 is a flow chart illustrating operations of
modules within the wireless communications system and
wireless device for filtering wavetable content in accord-
ance with an embodiment of the invention;

[0024] FIG. 4 is a block diagram illustrating a waveta-
ble instrument (e.g., a piano) containing a single keysplit
region over a two octave range in accordance with an
embodiment of the invention;

[0025] FIG. 5is a block diagram illustrating a waveta-
ble instrument containing two keysplit regions over a two
octave range in accordance with an embodiment of the
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invention;

[0026] FIG. 6 is a block diagram illustrating a waveta-
ble instrument containing two keysplit regions over a two
octave range in accordance with an embodiment of the
invention;

[0027] FIG. 7 is a block diagram illustrating a waveta-
ble instrument containing two keysplit regions having
ranges that span the notes starting at the D note of the
first octave through the A note of the second octave in
accordance with an embodiment of the invention;
[0028] FIG. 8is a block diagram illustrating a waveta-
ble instrument containing two keyplit regions having
ranges that span two disjoint subsets of notes starting at
the D note of the first octave through the A note of the
second octave in accordance with an embodiment of the
invention;

[0029] FIG. 9 is a flow chart illustrating operations of
modules within the wireless communications system for
determining keysplit regions and associated samples for
a wavetable instrument in accordance with an embodi-
ment of the invention;

[0030] FIG. 10is a flow chart illustrating operations of
modules within the wireless communications system for
adjusting the keysplit regions and associated samples in
accordance with an embodiment of the invention;
[0031] FIG. 11 is ablock diagram illustrating an exem-
plary wireless device adapted in accordance with an em-
bodiment of the invention; and,

[0032] FIG.12isablockdiagramillustrating a memory
of the wireless device of FIG. 11 in accordance with an
embodiment of the invention.

[0033] It will be noted that throughout the appended
drawings, like features are identified by like reference
numerals.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0034] The following detailed description of the em-
bodiments of the present invention does not limit the im-
plementation of the invention to any particular computer
programming language. The present invention may be
implemented in any computer programming language
provided that the operating system ("OS") provides the
facilities that may support the requirements of the present
invention. A preferred embodimentis implemented in the
JAVA™ computer programming language (or other com-
puter programming languages such as C or C++). (JAVA
and all JAVA-based trademarks are the trademarks of
Sun Microsystems Corporation.) Any limitations present-
ed would be aresult of a particular type of operating sys-
tem or computer programming language and would not
be a limitation of the present invention.

[0035] The present invention is directed to resource
availability problems such as may be encountered when
downloading wavetable information onto a wireless de-
vice for use with audio playback applications. Wavetable
data files are generally considered to be compact when
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compared to alternative audio formats. However, as
these files are typically created and used on desktop
computers they are often too large or detailed for most
mobile wireless devices. For example, the files may con-
tain compact disc ("CD") quality samples, while the wire-
less device hardware may not be capable of CD quality
audio output. The size and detail of the samples in this
case would be wasteful.

[0036] Embodiments of the invention provide amethod
for a mobile wireless device to request a remote proxy
server to download and filter out samples from a wavet-
able data file available from a content server. Requesting
a proxy server to perform the filtering is a more econom-
ical use of the wireless device’s airtime. The wavetable
data file transferred from the proxy to the device in ac-
cordance with the invention is typically smaller than if that
same wavetable data file was downloaded directly from
the content server.

[0037] The filtering is performed based on information
regarding which samples should be keptin the wavetable
instrument (the rest are filtered out). This information is
calculated by the wireless device or client based on var-
iables such as the desired maximum size of a resulting
wavetable instrument and which MIDI instructions will be
used by the wireless device to play the wavetable instru-
ment. Knowing which MIDI data will be used to drive the
instrument allows for efficient filtering for the instrument
in order to retain as much audio quality as possible.
[0038] In addition, the download process can be auto-
mated. For example, if a user downloads a game, the
game application can follow up by automatically down-
loading wavetable content to be used for the game’s
background music upon the first run of the application.
Furthermore, the download process can be interactive.
For example, a user may wish to download a wavetable
instrument that will be used to generate the sound for a
specific set of MIDI/SP-MIDI ringtones. If the wavetable
data file to be downloaded is one specified by a user,
very little interaction is required in the download process.
The user specifies the remote location of the wavetable
data file desired for download and a set of MIDlI files which
will be used to play the wavetable instrument.

[0039] Advantageously, the present invention pro-
vides an automated method of reducing the size of a
wavetable data file at runtime without manual editing.
Currently, if a user wishes to reduce the size of a wavet-
able file, the user would have to download the entire file
and manually edit the resource file using editing software.
Not only is downloading the entire file before local editing
uneconomical, it is not a trivial task as it requires knowl-
edge of the specific file format and how wavetables op-
erate.

[0040] FIG. 1 is a block diagram illustrating a proxy
server system 100 adapted for implementing an embod-
iment of the invention. The proxy server system 100 in-
cludes an input device 110, a central processing unit or
CPU 120, memory 130, a display 140, and an interface
150. The input device 110 may include a keyboard,
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mouse, trackball, remote control, or similar device. The
CPU 120 may include dedicated coprocessors and mem-
ory devices. The memory 130 may include RAM, ROM,
or disk devices. The display 140 may include a computer
screen, terminal device, or a hardcopy producing output
device such as a printer or plotter. And, the interface 150
may include a network connection including an Internet
connection. The proxy server 100 is adapted for filtering
and downloading wavetable information to wireless de-
vices 210 over a wireless network 220 (see FIG. 2).
[0041] The proxy server system 100 may be a server
system or a personal computer ("PC") system. The CPU
120 of the system 100 is operatively coupled to memory
130 which stores an operating system (not shown), such
as IBM Corporation’s OS/2™, UNIX, etc., for general
management of the system 100. The interface 150 may
be used for communicating to external data processing
systems 230, 250 through a network 240 (see FIG. 2),
such as the Internet. Examples of suitable platforms for
the proxy server system 100 include iSeries™ servers
and ThinkCentre™ personal computers available from
IBM Corporation. The system 100 may include applica-
tion server software (not shown), such as WebLogic®
Server available from BEA Systems, Inc., for developing
and managing distributed applications.

[0042] The proxy server system 100 may include a da-
tabase system 160 for storing and accessing program-
ming information. The database system 160 may include
a database management system ("DBMS") and a data-
base and is stored in the memory 130 of the proxy server
system 100.

[0043] The proxy server system 100 includes compu-
ter executable programmed instructions for directing the
system 100 to implement the embodiments of the present
invention. The programmed instructions may be embod-
ied in one or more software modules 170 resident in the
memory 130 of the proxy server system 100. Alternative-
ly, the programmed instructions may be embodied on a
computer readable medium (such as a CD disk or floppy
disk) which may be used for transporting the pro-
grammed instructions to the memory 130 of the proxy
server system 100. Alternatively, the programmed in-
structions may be embedded in a computer-readable,
signal-bearing medium that is uploaded to a network by
avendor or supplier of the programmed instructions, and
this signal-bearing medium may be downloaded through
the interface 150 to the proxy server system 100 from
the network by end users or potential buyers.

[0044] The CPU 120 of the system 100 is typically cou-
pled to one or more devices 110 for receiving user com-
mands or queries and for displaying the results of these
commands or queries to the user on a display 140. As
mentioned, the memory 130 may include a variety of stor-
age devices including internal memory and external
mass storage typically arranged in a hierarchy of storage
as understood to those skilled in the art.

[0045] A user may interact with the proxy server sys-
tem 100 and its software modules 170 using a graphical
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user interface ("GUI") 180. The GUI 180 may be web-
based and may be used for monitoring, managing, and
accessing the proxy server system 100. GUIs are sup-
ported by common operating systems and provide a dis-
play format which enables a user to choose commands,
execute application programs, manage computer files,
and perform other functions by selecting pictorial repre-
sentations known as icons, or items from a menu through
use of an input or pointing device such as a mouse 110.
In general, a GUI is used to convey information to and
receive commands from users and generally includes a
variety of GUI objects or controls, including icons, tool-
bars, drop-down menus, text, dialog boxes, buttons, and
the like. A user typically interacts with a GUI 180 present-
ed on a display 140 by using an input or pointing device
(e.g., a mouse) 110 to position a pointer or cursor 190
over an object 191 and by "clicking" on the object 191.
[0046] Typically, a GUI based system presents appli-
cation, system status, and other information to the user
in "windows" appearing on the display 140. A window
192 is a more or less rectangular area within the display
140 in which a user may view an application or a docu-
ment. Such a window 192 may be open, closed, dis-
played full screen, reduced to an icon, increased or re-
duced in size, or moved to different areas of the display
140. Multiple windows may be displayed simultaneously,
such as: windows included within other windows, win-
dows overlapping other windows, or windows tiled within
the display area.

[0047] FIG. 2is a block diagram illustrating a wireless
communications system 200 adapted for implementing
an embodiment of the invention. The wireless communi-
cations system 200 includes a wireless device 210 in
communication with the proxy server system 100 over a
wireless network 220. The wireless network 220 is cou-
pled to a wireless network gateway 230 which provides
aninterface to awide area network ("WAN") 240 to which
the proxy server 100 is coupled. The proxy server 100 is
also in communication with a content server system 250
over the WAN 240.

[0048] FIG. 11is ablock diagram illustrating an exem-
plary wireless device 210 adapted in accordance with an
embodiment of the invention. The wireless device 210 is
a two-way communication device having at least voice
and advanced data communication capabilities, includ-
ing the capability to communicate with other computer
systems. Depending on the functionality provided by de-
vice 210, it may be referred to as a data messaging de-
vice, atwo-way pager, a cellular telephone with data mes-
saging capabilities, a wireless Internet appliance, or a
data communication device (with or without telephony
capabilities). Device 210 may communicate with any one
of a plurality of fixed transceiver stations 220 within its
geographic coverage area.

[0049] Device 210 will normally incorporate a commu-
nication subsystem 111, which includes a RF receiver,
a RF transmitter, and associated components, such as
one or more (preferably embedded or internal) antenna

10

15

20

25

30

35

40

45

50

55

elements and, local oscillators ("LOs"), and a processing
module such as a digital signal processor ("DSP") (all not
shown). As will be apparent to those skilled in field of
communications, particular design of communication
subsystem 111 depends on the communication network
220 in which device 210 is intended to operate.

[0050] Network access is associated with a subscriber
or user of device 210 and therefore device 210 requires
a Subscriber Identity Module (or "SIM" card) 162 to be
inserted ina SIM IF 164 in order to operate in the network.
Device 210is a battery-powered device soitalsoincludes
a battery IF 154 for receiving one or more rechargeable
batteries 156. Such a battery 156 provides electrical pow-
er to most if not all electrical circuitry in device 210, and
battery IF 154 provides for a mechanical and electrical
connection for it. The battery IF 154 is coupled to a reg-
ulator (not shown) which provides power V+ to all of the
circuitry.

[0051] Device 210 includes a microprocessor 138
which controls overall operation of device 210. Commu-
nication functions, including at least data and voice com-
munications, are performed through communication sub-
system 111. Microprocessor 138 also interacts with ad-
ditional device subsystems such as a display 122, a flash
memory 124 or other persistent store, a random access
memory ("RAM") 126, auxiliary input/output ("1/0O") sub-
systems 128, a serial port 131, a keyboard 132, a speaker
134, a microphone 136, a short-range communications
subsystem 141, and any other device subsystems gen-
erally designated at 142. Some of the subsystems shown
in FIG. 1 perform communication-related functions,
whereas other subsystems may provide "resident" or on-
device functions. Notably, some subsystems, such as
keyboard 132 and display 122, for example, may be used
for both communication-related functions, such as enter-
ing a text message for transmission over a communica-
tion network, and device-resident functions such as a
calculator or task list. Operating system software used
by microprocessor 138 is preferably stored in a persistent
store such as flash memory 124, which may alternatively
be a read-only memory ("ROM") or similar storage ele-
ment (not shown). Those skilled in the art will appreciate
that the operating system, specific device applications,
or parts thereof, may be temporarily loaded into a volatile
store such as RAM 126.

[0052] Microprocessor 138, in addition to its operating
system functions, preferably enables execution of soft-
ware applications on device 210. A predetermined set of
applications which control basic device operations, in-
cluding at least data and voice communication applica-
tions, will normally be installed on device 210 during its
manufacture. A preferred application that may be loaded
onto device 210 may be a personal information manager
("PIM") application having the ability to organize and
manage data items relating to the user such as, but not
limited to, instant messaging ("IM"), e-mail, calendar
events, voice mails, appointments, and task items. Nat-
urally, one or more memory stores are available on de-
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vice 210 and SIM 162 to facilitate storage of PIM data
items and other information.

[0053] The PIM application preferably has the ability
to send and receive data items via the wireless network
220. In a preferred embodiment, PIM data items are
seamlessly integrated, synchronized, and updated via
the wireless network, with the mobile station user’s cor-
responding data items stored and/or associated with a
host computer system thereby creating a mirrored host
computer on device 210 with respect to such items. This
is especially advantageous where the host computer sys-
tem is the mobile station user’s office computer system.
Additional applications may also be loaded onto device
210 through network 220, an auxiliary 1/0 subsystem
128, serial port 131, short-range communications sub-
system 141, or any other suitable subsystem 142, and
installed by auserin RAM 126 or preferably a non-volatile
store (not shown) for execution by microprocessor 138.
Such flexibility in application installation increases the
functionality of device 210 and may provide enhanced
on-device functions, communication-related functions,
or both. For example, secure communication applica-
tions may enable electronic commerce functions and oth-
er such financial transactions to be performed using de-
vice 210.

[0054] In adata communication mode, a received sig-
nal such as a text message, an e-mail message, or web
page download will be processed by communication sub-
system 111 and input to microprocessor 138. Microproc-
essor 138 will preferably further process the signal for
output to display 122 and/or to auxiliary I/O device 128.
A user of device 210 may also compose data items, such
as e-mail messages, for example, using keyboard 132
in conjunction with display 122 and possibly auxiliary 1/0
device 128. Keyboard 132 is preferably a complete al-
phanumeric keyboard and/or telephone-type keypad.
These composed items may be transmitted over a com-
munication network through communication subsystem
111 or short range communication subsystem 141.
[0055] For voice communications, the overall opera-
tion of device 210 is substantially similar, except that the
received signals would be output to speaker 134 and
signals for transmission would be generated by micro-
phone 136. Alternative voice or audio 1/0O subsystems,
such as a voice message recording subsystem, may also
be implemented on device 210. Although voice or audio
signal output is preferably accomplished primarily
through speaker 134, display 122 may also be used to
provide an indication of the identity of a calling party,
duration of a voice call, or other voice call related infor-
mation, as some examples.

[0056] Serialport131inFIG. 11isnormallyimplement-
ed in a personal digital assistant ("PDA")-type commu-
nication device for which synchronization with a user’s
desktop computer is a desirable, albeit optional, compo-
nent. Serial port 131 enables a user to set preferences
through an external device or software application and
extends the capabilities of device 210 by providing for
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information or software downloads to device 210 other
than through a wireless communication network. The al-
ternate download path may, for example, be used to load
an encryption key onto device 210 through a direct and
thus reliable and trusted connection to thereby provide
secure device communication.

[0057] Short-range communications subsystem 141 of
FIG. 11 is an additional optional component which pro-
vides for communication between device 210 and differ-
ent systems or devices, which need not necessarily be
similar devices. For example, subsystem 141 may in-
clude aninfrared device and associated circuits and com-
ponents, or a Bluetooth™ communication module to pro-
vide for communication with similarly-enabled systems
and devices. Bluetooth™ is a registered trademark of
Bluetooth SIG, Inc.

[0058] FIG. 12isablock diagram illustrating a memory
201 of the wireless device 210 of FIG. 11 in accordance
with an embodiment of the invention. The memory 201
has various software components for controlling device
210. Memory 201 may be flash memory 124, RAM 126
or a ROM (not shown), for example. In accordance with
an embodiment of the invention, device 210 is intended
to be a multi-tasking wireless communications device
configured for sending and receiving data items and for
making and receiving voice calls. To provide a user-
friendly environment to control the operation of device
210, an operating system ("O/S") 202 resident on device
210 provides a basic set of operations for supporting var-
ious applications typically operable through a graphical
user interface ("GUI") 204. For example, O/S 202 pro-
vides basic input/output system features to obtain input
from Auxiliary 1/0 108, keyboard 132 and the like and for
facilitating output to the user. In accordance with an em-
bodiment of the invention, there are provided software
modules 206 for wavetable instrument applications as
will be described below. Though not shown, one or more
applications for managing communications or providing
personal digital assistant like functions may also be in-
cluded.

[0059] Thus, the wireless device 210 includes compu-
ter executable programmed instructions for directing the
device 210 to implement the embodiments of the present
invention. The programmed instructions may be embod-
ied in one or more software modules 206 resident in the
memory 201 of the wireless device 210. Alternatively,
the programmed instructions may be embodied on a
computer readable medium (such as a CD disk or floppy
disk) which may be used for transporting the pro-
grammed instructions to the memory of the wireless de-
vice 210. Alternatively, the programmed instructions may
be embedded in a computer-readable, signal-bearing
medium that is uploaded to a network by a vendor or
supplier of the programmed instructions, and this signal-
bearing medium may be downloaded through an inter-
face 111, 131, 141 to the wireless device 210 from the
network by end users or potential buyers.

[0060] The wireless device 210 has software modules
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for running client software for downloading wavetable da-
ta files. This software may be a standalone application,
browser plugin, etc. Once the client determines which
samples should be kept in a wavetable instrument based
on the desired size of the wavetable data file, and which
MIDI data will be used to play it, this information is sent
to the proxy server 100 as a request to have the wavet-
able data file filtered and returned to the wireless device
210.

[0061] The proxy server 100 runs wavetable data file
filtering software. The proxy server 100 handles requests
fromwireless clients 210, downloads wavetable datafiles
from the content server 250, and filters the downloaded
wavetable data files locally. Typically, the proxy server
100 does not face the same memory and bandwidth con-
straints that the mobile devices 210 do.

[0062] The content server 250 is a remote machine
that provides access to pre-created wavetable data files.
[0063] FIG. 3 includes flow charts illustrating opera-
tions 300, 400 of modules within a wireless device and
proxy server system 210, 100, respectively, for down-
loading filtered wavetable content to the wireless devices
210 from the proxy server system 210 in accordance with
an embodiment of the invention.

[0064] With respect to wireless device/client software
modules, at step 310, the operations 300 start. A query
message 301 is sent from the wireless device 210 to the
proxy server 100 requesting a description of the required
wavetable data file. In response, a description message
302 is received from the proxy server 100. This descrip-
tion, or metadata, typically contains information pertain-
ing to the instrument(s) in the file and details with respect
to the size, notes, etc., of the samples in the wavetable
instrument (s).

[0065] Atstep 320, if there is more than one wavetable
instrument in the data file, then a choice is made as to
which instruments in the wavetable data file should be
contained in the filtered data file.

[0066] Atstep 330, the "instrument slot(s)" are chosen
for the wavetable instrument(s) that will be loaded into
the wireless device’s hardware or software synthesizer’s
memory. These correspond to a MIDI instrument pro-
gram number also referred to as a "patch”.

[0067] Atstep340,adeterminationis made astowhich
MIDI files will be used in playing the wavetable instru-
ment. This choice may be made automatically or by a
user. These files are parsed to determine which notes
will be triggered on which program numbers. If it is de-
termined that the instruments that will potentially be load-
ed into any of the instrument slots(s) chosen at step 330
will not be triggered by the MIDI files, then this event may
be reported to the calling application or user.

[0068] Atstep 350, using the information regarding the
desired maximum size of each wavetable instrument,
and the previously queried metadata, a determination is
made as to how many samples each wavetable instru-
ment will contain. This is performed by using the size of
the largest sample in the instrument and calculating how
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many samples of that size can be included such that they
are below the desired maximum size. The resultisa good
estimate, as in most cases all the samples within a source
wavetable instrument will be approximately the same
size. If there are significant differences in the sizes of
samples contained in the source wavetable instrument,
performing the estimate as if every sample is as large as
the largest sample ensures that no underestimate of the
combined size of the samples that will be chosen in the
selection process of step 360. Underestimating could re-
sult in downloading a filtered wavetable instrument that
is larger than the desired maximum.

[0069] At step 360, using the number of desired sam-
ples for each wavetable instrument, and the set of MIDI
notes that will be used to play the instrument (see step
330above), adetermination is made as to which samples
are to be filtered out. The filtering algorithm is described
in more detail below.

[0070] Atstep 370, information regarding which instru-
ments the returned wavetable data file is to contain and
which samples these instruments are to include is sent
to the proxy server 100 as arequest to filter the wavetable
data file message 303.

[0071] Atstep 380, operations 300 end with the return
of filtered wavetable data 304 from the proxy server 100.
[0072] With respect to the proxy server software mod-
ules, at step 410, the operations 400 start. A request 301
is received from the wireless device for metadata.
[0073] At step 420, metadata is downloaded to the
proxy server 100 from the content server 250. If there is
no metadata to download, then the wavetable data file
is downloaded to the proxy server 100 from the content
server 250 and the metadata is extracted from it.

[0074] At step 430, the metadata 302 is sent to the
client 210.
[0075] At step 440, a request 303 to filter a wavetable

data file is received by the proxy server 100 from the
client wireless device 210.

[0076] At step 450, the wavetable data file obtained is
filtered, if necessary, and the resulting filtered file 304 is
sent to the client 210. As will be described below, how
this is accomplished depends on the wavetable data file
format that is to be filtered.

[0077] Two of the components of the Musical Instru-
ment Digital Interface ("MIDI") are the communications
protocol (language) and a distribution format called
Standard MIDI Files. The MIDI protocol is an entire music
description language in binary form. Each word describ-
ing an action of musical performance is assigned a spe-
cific binary code. To sound a note in the MIDI protocol a
"Note On" message is sent followed by an assigned "Ve-
locity" which determines how loud the note will play. Oth-
er MIDI messages include selecting which instrument to
play, mixing and panning sounds, and controlling various
aspects of electronic musical instruments.

[0078] When MIDI messages are stored on disk, they
are commonly saved in the Standard MIDI file format,
which is slightly different from the native MIDI protocol,



13 EP 1662 821 Al 14

because the events are also time-stamped for playback
in the proper sequence. Music delivered by MIDI files is
the most common use of MIDI today. MIDI is the primary
source of music in many popular PC games and CD-
ROM entertainment titles, and thousands of MIDI files
are available on the Internet for recreational use. Just
about every personal computer is now equipped to play
Standard MIDI files.

[0079] One reason for the popularity of MIDI files is
that, unlike digital audio files (e.g., .wav, .aiff, etc.) or
even CDs or cassettes, a MIDI file does not need to cap-
ture and store actual sounds. Instead, the MIDI file can
be just a list of events which describe the specific steps
that a soundcard or other playback device must take to
generate certain sounds. This way, MIDI files are very
much smaller than digital audio files, and the events are
also editable, allowing the music to be rearranged, edit-
ed, even composed interactively, if desired.

[0080] The Downloadable Sounds ("DLS") format al-
lows MIDI files to be combined with standardized sam-
ples of musical instruments, sound effects, or even dia-
logue, to recreate a copy of the sound intended by the
composer. MIDI files with DLS are one solution for com-
posers who want the predictable playback of digital au-
dio, but also need the compactness and/or interactivity
of Standard MIDI files for delivering their music.

[0081] Originally targeted for CD-ROM and Internet
entertainment applications, DLS provides a means for
game developers and composers to add their own cus-
tom sounds to the General MIDI ("GM") sound set (e.g.,
a list of sound names or "patches") stored in a sound
card’s ROM. DLS-compatible devices generally down-
load these custom sounds from card, disk or CD-ROM
into system RAM, allowing MIDI music to be freely aug-
mented with new instrument sounds, dialog or special
effects thus providing a universal interactive playback
experience, along with an enhanced palette of sounds.
At the same time, it enables wavetable synthesizers in
computer sound cards to deliver improved audio at no
additional cost. The combination of MIDI messages con-
trolling small sound samples, as opposed to the use of
streaming digitized audio, makes DLS especially appro-
priate for interactive multimedia applications, and for
putting sound and music on web pages where fast down-
loading, seamless playback, and user interaction are crit-
ical.

[0082] The DLS file format generally follows the stand-
ard Microsoft® RIFF layout (with a form type of "DLS"),
utilizing chunks and sub-chunks and incorporating stand-
ard WAVE files. The DLS file format is used to store both
the digital sound data and articulation parameters need-
ed to create one or more instruments. Aninstrument con-
tains "regions" which point to WAVE files or samples also
embedded in the DLS file. Each region specifies a MIDI
note and velocity range which will trigger the correspond-
ing sound and also contains articulation information such
as envelopes and loop points. Articulation information
can be specified for each individual region or for the entire
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instrument. The flexible file structure utilized by DLS
means that a single sample may serve as different re-
gions within different instruments. For example, a given
sample can serve as region "1b" for instrument "1" while
at the same time acting as region "2a" for instrument "2."
[0083] With respect to how the samples contained in
a wavetable instrument affect the quality of audio play-
back, note that when creating wavetable instruments any
transposing, or pitch shifting, used to reproduce tones
for which there is no corresponding sample in the wavet-
able instrument’s sample set will introduce some distor-
tion of the timbres. Just how much distortion is deter-
mined by the number of samples included in the wavet-
able instrument, as well as the notes corresponding to
those samples.

[0084] Multiple samples are included in a wavetable
instrument so that the entire range of playable notes can
be subdivided into subranges, known as "keysplits".
Each keysplit region has an assigned sample which can
be pitch shifted to reproduce all notes within the region.
Having multiple keysplit regions and samples helps limit
distortion as the pitch shifts required are not as large.
That is, pitch shifting of a particular sample is limited to
a specific range of notes. As an example of how the
number of samples affects distortion, consider FIG. 4.
[0085] FIG. 4is a block diagram illustrating a waveta-
ble instrument 460 (e.g., a piano) containing a single key-
split region 470 over a two octave range 480 in accord-
ance with an embodiment of the invention. The sample
490 for the keysplit region 470 is of a sound that has the
same pitch as the C note of the first octave. The further
away a particular MIDI note X is from the C note of the
sample 490, the more pitch shifting that will be required
to play note X, and thus the more distorted it will be.
[0086] FIG. 5is a block diagram illustrating a waveta-
ble instrument 500 containing two keysplit regions 510,
520 over a two octave range 530, 540 in accordance with
an embodiment of the invention. The sample 550 for re-
gion 1 510 is of a sound that has the same pitch as the
C note of the first octave, and the sample 560 for region
2520is of a sound that has the same pitch as the D note
of the first octave. Since there is more than one sample
that can be shifted, the sample whose note is closest to
the MIDI note Xthat is to be played can be pitch shifted,
thus reducing the distortion when playing certain notes.
That is, the notes starting from D in the first octave and
above will all be less distorted when played on the wavet-
able instrument 500 of FIG. 5 than when played on the
wavetable instrument 460 of FIG. 4.

[0087] As anexample of how the notes of the samples
affect distortion, compare the wavetable instrumentiillus-
trated in FIG. 5 with the one illustrated in FIG. 6.

[0088] FIG. 6 is a block diagram illustrating a waveta-
ble instrument 600 containing two keysplit regions 610,
620 over a two octave range 630, 640 in accordance with
an embodiment of the invention. In FIG. 6, the keysplit
regions 610, 620 and samples 650, 660 are distributed
evenly over the range 630, 640. The wavetable instru-
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ment 600 of FIG. 6 is arranged so that the amount of
pitch shifting required in playing the C note of the second
octave is reduced. In fact, the largest pitch shift required
to play any of the notes is 6 semitones compared to a
largest pitch shift of 21 semitones for the wavetable in-
strument 500 of FIG. 5.

[0089] Thus, to build a wavetable instrument for play-
ing any note, a good distribution of keysplit regions with
samples includes an even distribution. However, if it is
known that a wavetable instrument will be used to play
a specific set of notes, it can be further optimized. In the
following, a method for determining an optimized set of
keysplits and samples for playback of a particular set of
notes and a method of adapting this optimized set to fit
the content contained in a pre-existing wavetable instru-
ment will be described. These methods allow for the fil-
tering out of the M samples that are least helpful with
respect to playback quality.

[0090] In accordance with an embodiment of the in-
vention, a method for determining which samples to dis-
card in order to reduce the size of wavetable instruments
will now be described. If a choice is made to reduce the
size of the wavetable instrument by discarding some of
the samples it contains, then playback quality may also
be reduced because, as mentioned above, having more
samples will result in less distorted playback. Since this
reduces the effectiveness of one of the methods used to
reduce distortion, close attention must be paid to the oth-
er method of reducing distortion as described above (i.e.,
the notes of the samples or the positioning of the samples
throughout the note range) when choosing which sam-
ples to discard.

[0091] Having a wavetable instrument, a set of notes
that will be played using the wavetable instrument, and
knowing the number N of samples to be contained in the
resulting wavetable instrument, creating an optimal bal-
ance of size and detail includes the following steps. First,
a determination is made as to the preferred N keysplit
regions and associated preferred samples that the re-
sulting wavetable instrument should contain in order to
have the highest quality playback of the set of notes that
will be used to drive the wavetable instrument. By pre-
ferred samples it is meant the samples that would be
desired if a sample of every note was available to choose
from. Second, an adjustment is made to the preferred
model to fit the samples contained in the wavetable in-
strument to be filtered. Typically, the available samples
will not contain a sample for every corresponding MIDI
note.

[0092] With respect to the first step of determining the
preferred N keysplit regions and associated preferred
samples the resulting wavetable instrument should con-
tain, excluding the trivial cases where N = 1 (i.e., the
resulting wavetable instrument would contain one key-
split region that spans the lowest of the MIDI notes
through the highest, with the preferred sample being at
the midpoint note of the range) and where N >=# of MIDI
notes that will be played using the wavetable instrument
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(i.e., the resulting wavetable instrument would have a
keysplit region and corresponding preferred sample for
every note), the method of determining the preferred
splits and samples includes the following steps.

[0093] First, the largest gaps between consecutive
MIDI notes is found. For example, if the list of notes con-
tains MIDI note 60 (middle C) and MIDI note 63 (D#)
without having notes 61 or 62 in the list, then the gap
between them is of magnitude 2. By finding the largest
gaps, it can be determined whether or not the set of MIDI
notes should be subdivided into subsets, up to a maxi-
mum of N subsets, where each subset would be made
its own keysplit region and would have its own sample,
or whether evenly divided keysplits and evenly distribut-
ed samples should be created.

[0094] A gap is sufficiently large so that it should be
subdivided when the magnitude of the gap is greater than
half the distance spanned by the range of MIDI notes to
the left of the gap, or greater than half the distance
spanned by the range of MIDI notes to the right of the
gap. This is so because in these cases, dividing and iso-
lating into subsets and assigning samples to each subset
would result in the MIDI notes being closer to a sample
than they would be had a even distribution been chosen.
For example, compare the wavetable instruments shown
in FIGS. 7 and 8.

[0095] FIG. 7 is a block diagram illustrating a waveta-
ble instrument 700 containing two keysplit regions 710,
720 having ranges 730, 740 that span the notes starting
at the D note of the first octave through the A note of the
second octave in accordance with an embodiment of the
invention. The keysplit regions 710, 720 and samples
750, 760 are distributed evenly over the ranges 730, 740.
FIG. 8 is a block diagram illustrating a wavetable instru-
ment 800 containing two keyplit regions 810, 820 having
ranges 830, 840 that span two disjoint subsets of notes
starting at the D note of the first octave through the A
note of the second octave in accordance with an embod-
iment of the invention. The grey shaded keys 770, 870
represent notes that are contained in the desired list of
MIDI notes.

[0096] The Nlargest gaps canbe checked, and if each
gap is large enough, the MIDI notes to the left of the gap
can be isolated from those to the right of the gap. This
will in essence provide a method to create keysplit re-
gions. Thatis, those to the left of the gap will be contained
in their own keysplit region, as will those to the right of
the gap. If ateach iteration itis determined that the largest
gap is within a keysplit region created in one of the pre-
vious iterations, that keysplit region can also be subdi-
vided into two new keysplit regions. At this point, specific
samples for these keysplit regions are not being chosen.
Rather, a sample is being granted to each region. This
basically means that the value of a "pending sample
count" variable for each region is being set to 1. This is
done because, in the following step, any remaining sam-
ples will be granted to some of the regions, and how many
samples a region has will affect which samples are cho-
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sen.
[0097] If Nis greater than the number of keysplit re-
gions created in the previous step, then it will be repeat-
edly determined which of the keysplit regions should be
granted an additional sample (i.e., a "pending sample
count" variable for that region will be incremented) until
there are no more samples left to grant. At each iteration,
asampleis granted to the region with the largest distance
between an endpoint note and the nearest sample note
if the region’s "pending sample count" number of samples
have already been distributed evenly.

[0098] Once the granting of all of the samples is com-
pleted, the regions with more than one sample granted
to them will be subdivided evenly. Once the final set of
keysplit regions is obtained, the preferred sample note
for each region will be the region’s midpoint note.
[0099] In addition, an initialization phase can be used
to perform tasks such as arranging the input MIDI data
and source wavetable data into data structures that can
be used to access information quickly. For example, a
data structure can be used to maintain information re-
garding the distance between consecutive MIDI notes
(9aps).

[0100] Also, in the event of there being two or more
gaps of the same magnitude, a tie breaker algorithm may
be used to determine which of those gaps is the one to
be processed next. An example may be to assign a great-
er priority to the gap that is contained in the region that
has the most notes.

[0101] Withrespectto the second step of adjusting the
preferred model to fit the samples contained in a wavet-
able instrument to be filtered, having knowledge of what
samples are in the source wavetable instrument to be
filtered, the preferred model calculated using the method
described above can be adjusted to fit the samples avail-
able in the source wavetable instrument. This is per-
formed by realigning the preferred keysplit regions and
samples in order to derive a wavetable instrument that
is the best quality given the source wavetable content
that is available. Once the preferred model is adjusted,
so that the finalized keysplit regions and samples are
selected, the samples that are remaining are implicitly
filtered out. The method of adjusting the preferred model
involves the following steps.

[0102] First, the list of samples to be chosen from is
narrowed. It can be known ahead of time whether some
samples will never be chosen in the sample selection
process. This is particularly true for samples whose note
values are significantly less than the lowest note in the
range of MIDI notes that will be used to play the wavetable
instrument, and those whose note values are significantly
higher. Choosing which samples should be included in
the selection process can be performed as follows. If
there are no samples within the MIDI note range, there
are at most two samples that will be selected from, name-
ly, the closest sample to the left of the range (if any) and
the closest sample to the right (if any). If there are sam-
ples within the MIDI note range, it may still be desirable
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to include with them some samples from outside of the
range in the selection process. To find out which of those
outside the range should be included, the left most and
right most samples within the range are found. The dis-
tance from the left end of the range to the leftmost sample
within the range, minus one, is how far to the left of the
note range that will be included in the search for samples.
The same operation is performed with respect to the right
side.

[0103] Second, new samples for each of the preferred
keysplit regions are selected. This is performed as fol-
lows. Until all regions have been processed, find the re-
gion that will have to be skewed/adjusted the most. That
is, the region that has the longest distance between the
preferred sample and the closest of the two nearest sam-
plestothe right and the left of the preferred sample. Then,
set the sample for this range to be the closer of the two
samples on either side. If one end of the range is closer
to the sample that was not chosen than to the sample
that was chosen, mark the region as a potential "split-
region". That is, add the region to a split-region list. After
all of the regions have been adjusted, it will then be de-
termined from the list of split-regions whether any of them
should be split into their own region.

[0104] Third, if a split of some regions is to be per-
formed, then an associated join will have to be performed
as well. If two regions have already been adjusted and
have chosen the same sample, then that can be consid-
ered as a join. If a join is already in hand, the worst of
the split-regions can be split, the worst being the one that
has an endnote that is furthest away from the note of the
chosen sample.

[0105] If no joins are in hand, a different operation is
required. The effect of the split has to be evaluated to
determine whether it is wise to make the split. This is
performed by determining how far away the end of the
range which is closest to the sample "x" that was chosen
previously is from the sample "y" of the next region beside
it. That is, the region that will be potentially joined. If the
distance is greater than or equal to the distance between
the other end of the range and the sample "z" that is
closest to that end, then the split is not required. If it is
less than that distance, that endnote and its adjacent
notes whose distance is also less can join the region for
sample "y". The rest can join the region for sample "z".
[0106] Thus, in accordance with embodiments of the
invention, before a wireless device client 210 downloads
a wavetable instrument contained in a data file residing
on a content server 250, a limit can be determined for
how large the wavetable instrument is to be in order to
fit the resources available. Or, a user can choose to set
a predefined limit. After requesting metadata regarding
the contents of the wavetable data file, using the limit, a
determination can be made as to the maximum number
of samples N contained in the wavetable instrument that
can be downloaded to the wireless device while still hav-
ing a combined size that is under the limit. Given this
information, and having a set of MIDI files that will be
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used as instructions to play the wavetable instrument
(i.e., the set of MIDI files can be specified by a user or
application), it can be determined which N sampled notes
contained in the wavetable instrument are the best ones
to keep in the wavetable instrument when it is download-
ed. By best, it is meant that they are the best N samples
that, when used for playback of those particular MIDI
instructions, will result in the highest quality or least dis-
torted playback. The information regarding which sam-
ples are desired for the wavetable instrument are sent to
a proxy server 100 as a request to filter out any extra
samples from the wavetable instrument other than the
desired samples. The proxy server 100 downloads the
unmodified wavetable data file from the content server
250, filters it locally, and then returns the resulting file to
the wireless device client 210.

[0107] Using the same algorithm to choose the best
samples, it can also be determined which would be the
M best samples to delete from an already downloaded
wavetable instrument. This is advantageous when more
flash is required in the wireless device 210 for incoming
messages, calendar appointments, etc.

[0108] The above described methods may be summa-
rized with the aid of flowcharts. FIG. 9 is a flow chart
illustrating operations 900 of modules within the wireless
communications system for determining keysplit regions
and associated samples for a wavetable instrument in
accordance with an embodiment of the invention.
[0109] At step 1-1, the operations 900 start. A deter-
mination is made as to whether the wavetable to be down-
loaded has more than one sample.

[0110] Atstepl-2,ifthe wavetable does nothave more
than one sample then no filtering is required and the op-
erations 900 end.

[0111] At step 1-3, if the wavetable does have more
than one sample, then an initialization operation (see
above) is performed.

[0112] At step 1-5, a determination is made as to
whether the number of desired samples is equal to one.
[0113] At set 1-4, if the number of desired samples
does equal one, then the preferred wavetable has one
region spanning the MIDI note range with the preferred
sample being at the midpoint of the range. Operations
then proceed to step 2.

[0114] At step 1-6, if the number of desired samples
is not equal to one, then a determination is made as to
whether the number of desired samples is greater than
or equal to the number of MIDI notes.

[0115] At step 1-7, if the number of desired samples
is greater than or equal to the number of MIDI notes, then
the preferred wavetable has a keysplit region and corre-
sponding preferred sample note for every MIDI note. Op-
erations then proceed to step 2.

[0116] At step 1-8, if the number of desired samples
is less than the number of MIDI notes, then a determina-
tion is made as to whether all the samples have been
granted.

[0117] Atstep 1-9, if all the samples have been grant-
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ed, then the preferred regions are committed and oper-
ations proceed to step 2.

[0118] At step 1-10, if all the samples have not been
granted, then a determination is made as to whether all
the gaps have been processed. If all the gaps have not
been processed, then the largest unprocessed gap is
processed and operations proceed to step 1-12.

[0119] At step 1-11, if all the gaps have been proc-
essed then the sample is granted to the region with the
largest distance between an endpoint note and the near-
est sample note if the region’s "pending sample count”
number of samples were to have been distributed evenly.
[0120] At step 1-12, a determination is made as to
whether there is a tie with respect to the largest gap. If
there is no tie, operations proceed to step 1-14.

[0121] Atstep 1-13, if there is a tie with respect to the
largest gap, a tiebreaker mechanism (see above) is used
to choose which gap should be processed next.

[0122] At step 1-14, a determination is made as to
whether the gap is large enough to be subdivided. If not,
operations return to step 1-10.

[0123] At step 1-15, if the gap is large enough to be
subdivided, then a determination is made as to whether
the gapiscontainedinaregion createdina previous step.
[0124] At step 1-16, if the gap is contained in a region
created in a previous step, then the container region is
subdivided and operations return to step 1-8.

[0125] At step 1-17, if the gap is not contained in a
region createdin a previous step, then one keysplitregion
is created spanning all notes to the left of the gap and
one keysplit region is created spanning all notes to the
right of the gap. Operations then return to step 1-8.
[0126] At step 2, operations end when the preferred
model is adjusted to fit samples contained in the wavet-
able to be filtered (see FIG. 10).

[0127] FIG. 10 is a flow chart illustrating operations
1000 of modules within the wireless communications sys-
tem for adjusting the keysplit regions and associated
samples in accordance with an embodiment of the inven-
tion.

[0128] At step 2-1, the operations 1000 start. The list
of samples contained in the wavetable to be chosen from
is narrowed.

[0129] At step 2-2, a determination is made as to
whether all regions have been processed. If all regions
have not been processed, the region that has to be
skewed the most is processed and operations proceed
to step 2-3. If all regions have been processed, then op-
erations proceed to step 2-8 described below.

[0130] At step 2-3, a sample is chosen for the region
that has to be skewed the most.

[0131] At step 2-4, a determination is made as to
whether a sample chosen for the presentregion has been
chosen for another region. If not, then operations proceed
to step 2-6.

[0132] At step 2-5, if a sample chosen for the present
region has been chosen for another region, then the
"joins in-hand" count is incremented and operations pro-
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ceed to step 2-6.

[0133] At step 2-6, a determination is made as to
whether one end of the region range is closer to a sample
that was not chosen. If not, then operations return to step
2-2.

[0134] At step 2-7, if one end of the region range is
closer to a sample that was not chosen, then the region
is marked as a "split-region" and operations return to step
2-2.

[0135] At step 2-8, a determination is made as to
whether all "split-regions" have been processed. If not,
the worst of the unprocessed split regions is processed
and operations proceed to step 2-10.

[0136] At step 2-9, if all the "split-regions" have been
processed then the filtering process is complete and the
operations end.

[0137] At step 2-10, a determination is made as to
whether there are any “joins in-hand" remaining. If so,
then operations proceed to step 2-11. If not, then oper-
ations proceed to step 2-12.

[0138] At step 2-11, a determination is made as to
whether the unchosen sample that is closest to part of
the region range is already the chosen sample of another
range. If not, then operations proceed to step 2-13. If so,
then operations proceed to step 2-12.

[0139] At step 2-12, a determination is made as to
whether it is worthwhile to have part of the range moved
to a different existing region. If so, then operations pro-
ceed to step 2-14. If not, then operations return to step
2-8.

[0140] At step 2-13, proceeding from step 2-11, the
region is split so that the part of the range that was closer
to a sample other than the chosen sample becomes its
own region whose sample is the closer sample. Opera-
tions then proceed to step 2-15.

[0141] At step 2-14, proceeding from step 2-12, the
region is split so that the part of the range that was closer
to a sample other than the chosen sample becomes part
of the region owning that sample. Operations then return
to step 2-8.

[0142] At step 2-15, proceeding from step 2-13, the
"joins in-hand" count is decremented. Operations then
proceed to step 2-8.

[0143] The above described methods for selecting
samples for the wavetable instrument are generally per-
formed by the wireless device 210. However, according
to an alternate embodiment of the invention, one or more
of these methods can be performed by the proxy server
100. In this embodiment, the wireless device 210 pro-
vides information pertaining to its available memory to
the proxy server 100.

[0144] While this invention is primarily discussed as a
method, a person of ordinary skill in the art will under-
stand that the apparatus discussed above with reference
to a communications system, a proxy server, a content
server, and a wireless device, may be programmed to
enable the practice of the method of the invention. More-
over, an article of manufacture for use with a communi-
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cations system, such as a pre-recorded storage device
or other similar computer readable medium including pro-
gram instructions recorded thereon, may direct the com-
munications system to facilitate the practice of the meth-
od of the invention. It is understood that such apparatus
and articles of manufacture also come within the scope
of the invention.

[0145] The embodiments of the invention described
above are intended to be exemplary only. The scope of
the invention is therefore intended to be limited solely by
the scope of the appended claims.

Claims

1. A method for providing wavetable information to a
wireless device from a content server over awireless
network, the wavetable information including a plu-
rality of samples corresponding to a plurality of notes,
comprising:

in response to a request from the wireless de-
vice, receiving at a proxy server the wavetable
information from the content server;

filtering the wavetable information in accord-
ance with a criterion contained in the request;
and,

transmitting the filtered wavetable information
to the wireless device.

2. The method of claim 1, wherein the criterion com-
prises a selection of samples contained in the re-
quest.

3. The method of claim 2 and further comprising the
proxy server receiving a request for metadata for the
wavetable information from the wireless device, the
metadata including sample sizes for the samples.

4. The method of claim 3 and further comprising, in
response to the request for metadata, the proxy serv-
er transmitting the metadata to the wireless device.

5. The method of claim 4 and further comprising the
proxy server receiving the metadata from the content
server.

6. The method of claim 4 and further comprising the
proxy server extracting the metadata from the wavet-
able information.

7. The method of claim 1, wherein the criterion com-
prises an amount of available memory in the wireless
device as contained in the request.

8. The method of any one of claims 3 to 7, wherein the
wireless device is adapted for calculating a desired
number of samples for the selection of samples from
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a maximum of the sample sizes and an amount of
available memory in the wireless device.

The method of claim 8, wherein the wireless device
is further adapted for determining the selection of
samples by forming groups of notes in accordance
with spacings between the notes, allocating one of
the desired number of samples to each group, and
selecting a sample for the notes in each group that
corresponds to a note at a midpoint of the group to
reduce distortion.

A system for filtering wavetable information from a
content server for downloading to a wireless device
over a wireless network, the wavetable information
including a plurality of samples corresponding to a
plurality of notes, comprising:

a processor coupled to memory and to an inter-
face to the wireless network and adapted for:

in response to a request from the wireless
device, receiving the wavetable information
from the content server;

filtering the wavetable information in ac-
cordance with a criterion contained in the
request; and,

transmitting the filtered wavetable informa-
tion to the wireless device.

The system of claim 10, wherein the criterion com-
prises a selection of samples contained in the re-
quest.

The system of claim 11, wherein the processor is
further adapted for receiving a request for metadata
for the wavetable information from the wireless de-
vice, the metadata including sample sizes for the
samples.

The system of claim 12, wherein the processor is
further adapted for, in response to the request for
metadata, transmitting the metadata to the wireless
device.

The system of claim 13, wherein the processor is
further adapted for receiving the metadata from the
content server.

The system of claim 13, wherein the processor is
further adapted for extracting the metadata from the
wavetable information.

The system of claim 10, wherein the criterion com-
prises an amount of available memory in the wireless

device as contained in the request.

The system of any one of claims 12 to 16, wherein
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the wireless device is adapted for calculating a de-
sired number of samples for the selection of samples
from a maximum of the sample sizes and an amount
of available memory in the wireless device.

The system of claim 17, wherein the wireless device
is further adapted for determining the selection of
samples by forming groups of notes in accordance
with spacings between the notes, allocating one of
the desired number of samples to each group, and
selecting a sample for the notes in each group that
corresponds to a note at a midpoint of the group to
reduce distortion.

A computer program product having a computer
readable medium tangibly embodying computer
code means for directing the system of any of claims
10 to 18 to implement the method of any of claims 1
to 9.

A method for filtering wavetable information in a wire-
less device, the wavetable information including a
plurality of samples corresponding to a plurality of
notes, comprising:

calculating a desired number of samples from a
maximum of the sample sizes and an amount
of available memory in the wireless device; and,
determining a selection of samples by forming
groups of notes in accordance with spacings be-
tween the notes, allocating one of the desired
number of samples to each group, and selecting
a sample for the notes in each group that corre-
sponds to a note at a midpoint of the group to
reduce distortion.
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