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(57) ABSTRACT 

Amethod for providing real-time musical interaction among 
a plurality of players connected via a network includes the 
steps of analyzing local player’s musical performance to 
extract emulation data that represents the musical perfor 
mance; transmitting emulation data to remote players over a 
network; receiving emulation data from remote players over 

(21) Appl, No; 09/858,179 the network; and using the emulation data to emulate the 
remote player’s musical performance by locally generating 

(22) Filed: May 14, 2001 approximations of said performances. 

300 
I/ 306 f 302 \ 

AUDIO \ 
DEWCE DISPLAY 

370\ AUDIO ; DISPLAY / 350 
SYSTEM SYSTEM ’ 

A 

320\\ 340 \\ 
MEMORY — TIMER —— 

r_ / 304 

EVENT : 

MONITOR < 

1 / 
_____ _ _ L1 330 

3550'‘, INPUT I INPUT /, 360 
SYSTEM 2 : SYSTEM 

308' 

I UT ' INPUT 
:_P§Y'P_E_2_; DEVICE 



Patent Application Publication Nov. 14, 2002 Sheet 1 0f 4 US 2002/0169014 A1 

110 120 130 140 
L\ l / 
i i i i 

—— --<—-*'_-104 

—— -—-- <——>"--104 

f>__ <-—F|'*~104 
104 

-<\>___ __ 

—- ——<_—-*"_-1U4 

H108 

PLAYER 1 PLAYER 2 

FIG. 1 
(PRIOR ART) 



Patent Application Publication Nov. 14, 2002 Sheet 2 0f 4 US 2002/0169014 A1 



Patent Application Publication Nov. 14, 2002 Sheet 3 0f 4 US 2002/0169014 A1 

300 

/306 f 302\ 
AUDIO 

DEVICE f DISPLAY 

37o\ AUDIO ; DISPLAY/350 
SYSTEM SYSTEM 

A A 

320\ 340\ 
MEMORY — TIMER — 

A04 +__ 
__ EvENT = 

MONITOR’ _ 
A / 

_____ “L1 330 

360-“ INPUT I INPUT ,460 
SYSTEM 2 ; SYSTEM 

PEEP, 30% 
; INPUT I I INPUT 

: DEvIcEzJ. DEVICE 

FIG. 3 



Patent Application Publication Nov. 14, 2002 Sheet 4 0f 4 US 2002/0169014 A1 

306 302 
\ / 

‘X 32,0 f 
370\ 1 > 350 

A A 

330 340 

AM 

A z 360 

‘420 K l308 

302' 
/ 

320' f 
I ; P350’ 

A 

3301 340'\ 
A $ 

V 

4% »seo' 

3 I 

\420 X I 08 

FIG. 4 



US 2002/0169014 A1 

METHOD AND APPARATUS FOR FACILITATING 
GROUP MUSICAL INTERACTION OVER A 

NETWORK 

FIELD OF THE INVENTION 

[0001] This invention relates to electronic music systems 
and, more particularly, to an electronic music system by 
Which game players interact musically With one another in 
real-time over a netWork. 

BACKGROUND OF THE INVENTION 

[0002] Music is a temporal medium, the organization of 
sound in time. Accordingly, music making is highly timing 
sensitive. When a musician presses a key on a piano, the 
musician expects the result to be immediately audible. Any 
delay in hearing the sound, even as brief as feW millisec 
onds, produces a perceived sluggishness that impedes the 
ability of the musician to use the instrument. 

[0003] Music making is also often a collaborative effort 
among many musicians Who interact With each other. One 
form of musical interaction popular among non-musicians is 
provided by a video game genre knoWn as “rhythm-action,” 
Which requires a player to perform phrases from a pre 
recorded musical composition using the video game’s input 
device to simulate a musical instrument. The best-knoWn 
example of this genre is the BEATMANIA series of games 
published by Konami Co., Ltd. of Japan. An example of the 
game environment provided by BEAT MANIA is shoWn in 
FIG. 1. In this series of games the notes in musical phrases 
are graphically displayed to the player as a series of visual 
markers 104 spaced along one or more timelines 110, 120, 
130, 140; each marker 104 corresponds to one note in the 
phrase. In the environment shoWn in FIG. 1 the visual 
markers move from the top of the display to the bottom of 
the display. As each marker 104 on the scrolling timelines 
passes a graphical cursor 108 displayed along this timeline, 
the player must simultaneously press a button on the input 
device corresponding to the correct timeline to play the 
sound of the corresponding note at the correct time. If the 
player performs this action successfully for a suf?cient 
percentage of the notes, he scores Well and Wins the game. 
If the player fails to perform this action successfully for a 
sufficient percentage of the notes, he scores poorly and loses 
the game. TWo or more players may compete against each 
other, typically by each one attempting to play back differ 
ent, parallel musical phrases from the same song simulta 
neously (shoWn in FIG. 1). The player Who plays the highest 
percentage of notes correctly achieves the highest score and 
WlIlS. 

[0004] Multiplayer gaming increasingly incorporates vari 
ous netWorking technologies that alloW multiple players to 
compete against each other from remote physical locations 
via netWorks, and netWorked multiplayer gaming has 
become extremely popular. Unfortunately, hoWever, the 
latency inherent in netWorked communication imposes a 
signi?cant engineering and design burden on video game 
developers: data signals are often subject to large and 
unpredictable transmission delays. These transmission 
delays do not signi?cantly impact turn-based games (such as 
chess) or other game genres in Which timing sensitivity is 
not critical to gameplay. In action games and other “real 
time” games, hoWever, gameplay is extremely sensitive to 
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the timing of various events, and transmission delays inher 
ently result in inconsistencies continually forming betWeen 
the local game states of the various players of a netWorked 
game. Consequently, developers of timing-sensitive net 
Worked games have had to invent various methods for 
gracefully performing “con?ict resolution” to resolve diver 
gent local game states. 

[0005] The rhythm-action genre has a unique attribute, 
hoWever, that makes traditional con?ict resolution methods 
inapplicable. Speci?cally, the core activity of multiplayer 
rhythm-action involves simultaneous music-making, Which 
is highly timing sensitive, by tWo or more players. If these 
tWo players are separated by a netWork, the data representing 
musical notes played by one player Will incur transmission 
delays When being sent to the other player. If note data Were 
simply transmitted to a receiving machine it Would trigger 
corresponding audio that Would sound “out of sync” to the 
receiving player, resulting in cacophony. One solution to this 
problem Would be to mute the audio from remote players on 
the local player’s machine. HoWever, this Would signi? 
cantly degrade the entertainment value of the game experi 
ence by destroying musical communication betWeen the 
players. 
[0006] Therefore, a need exists for a system and method 
that enable musicians to achieve the experience of real-time 
musical interaction over a high-latency netWork, such as the 
Internet. 

SUMMARY OF THE INVENTION 

[0007] It is an object of the invention to provide a system 
and method that a group individuals connected to a netWork 
can use to compete With one another in real time in a 
rhythm-action game. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The invention is pointed out With particularity in 
the appended claims. The advantages of the invention 
described above, as Well as further advantages of the inven 
tion, may be better understood by reference to the folloWing 
description taken in conjunction With the accompanying 
draWings, in Which: 

[0009] FIG. 1 shoWs a prior art rhythm-action game 
environment as it appears to players of the game; 

[0010] FIG. 2 depicts an improved rhythm-action game 
environment as it appears to players of the game; and 

[0011] FIG. 3 is a block diagram of a system for providing 
a rhythm-action game; and 

[0012] FIG. 4 is a block diagram of a netWorked rhythm 
action game system. 

DETAILED DESCRIPTION 

[0013] Referring noW to FIG. 2, one embodiment of an 
improved rhythm-action game environment is shoWn. The 
tunnel 200 graphically represents the musical composition 
With Which the player interacts, i.e., the Walls of the tunnel 
200 are the active play surface. In the game environment 
shoWn in FIG. 2, the tunnel has eight Walls, each of Which 
corresponds to an instrumental track in the musical compo 
sition. The track occupying the bottom position is the active 
track, i.e., the track With Which the player interacts. In FIG. 
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2, the active track is the track containing the drum portion 
of the musical composition. The player can use a provided 
input device to rotate any track to the bottom, i.e., make any 
track the active track. Although the game environment 
shoWn in FIG. 2 has an octagonal tunnel 200, the tunnel 200 
may have any number of Walls. Further, it is not necessary 
that the Walls form a closed shape. The sides may form a 
road, trough, or some other complex shape that does not 
have its ends connected to form a closed shape. 

[0014] The player continuously moves through the tunnel 
200, and the player’s position in the tunnel 200 is repre 
sented by a graphical cursor 210. The graphical cursor 210 
may be a bar that appears to move along the active track of 
the tunnel 200. In other embodiments, the cursor is a ring 
that moves along the tunnel at a ?xed distance in front of the 
player. 
[0015] In one embodiment, the Walls of the tunnel are 
transparent, and the “outer World” beyond the tunnel 200 is 
used to provide ambiance during the game; for example, the 
environment may provide various textures and colors to 
enhance the player’s experiences. Video clips associated 
With a musical composition may be played on “billboards” 
(not shoWn) that the player passes While traveling through 
the tunnel 200. Ambience may also be provided by a 
“background” track that plays during active gameplay. It 
should be understood that reference to the environment 
includes such non-visual elements. The video clips, or other 
elements of the environment beyond the tunnel 200, may be 
displayed asynchronously of the game player’s actions. 

[0016] Musical events in the game environment that the 
player must perform are represented as graphical markers 
220 spaced along the Walls of the tunnel 200. FIG. 2 shoWs 
a number of markers on the drum track. 

[0017] As the player moves through the tunnel 200 along 
the active track, the cursor 210 scrolls across one or more 
markers 220 that the player must “perform” by providing 
input, such as pressing a button, as the graphical cursor 210 
passes over the marker 220. If a player provides input as the 
cursor 210 crosses an event marker 220, the event 220 is 
“caught.” When the player “catches” an event, a sound 
represented by the event is played and the player’s score is 
affected in a positive manner. If the player provides input 
When the cursor 210 is not passing over the marker 220, the 
player has “missed.” A “miss” affects the player’s score in 
a negative manner. In one embodiment, the “miss” causes an 
error sound to be played. In another embodiment, a “miss” 
causes the game to perform the musical event closest to the 
cursor 210 When the miss occurs. If the player does not 
provide input as the cursor 210 scrolls over an event 220, the 
player has “passed” that marker 220. A pass also has a 
negative effect on game score, but no sound is played. By 
successfully catching a series of events 220, a player can 
better his performance during game play. Also, a player 
successfully catching sequences of events is reWarded by the 
reconstruction of the musical phrases corresponding to the 
events. 

[0018] Referring to FIG. 3, the hardWare station on Which 
the described rhythm-action game executes includes a dis 
play 302, a central processing unit 304, audio output device 
306, and an input device 308. 

[0019] The display 302 may be a separate display device, 
such as a computer monitor or television. Alternatively, the 
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display 302 may be a unitary part of a larger unit that 
includes the other elements of the hardWare. 

[0020] The central processing unit 304 may be provided as 
general purpose hardWare, such as a 286-based, 386-based, 
486-based, Pentium-based, XEON-based, or PoWer PC 
based personal computers. Alternatively, the central process 
ing unit may be a netWork device or personal digital assis 
tant. In one particular embodiment, the central processing 
unit 304 is a dedicated game system, such as: PLAYSTA 
TION2, manufactured by Sony Corporation; DREAM 
CAST, manufactured by Sega Corp.; or XBOX, manufac 
tured by Microsoft Corp. In still other embodiments the 
central processing unit 304 is specialiZed, single-purpose 
hardWare. 

[0021] Audio device 306 may be provided as speakers, an 
ampli?er, a digital-to-audio converter, a synthesiZer, or other 
such device. In some embodiments, the audio device 306 
may be a unitary part of a larger unit that includes the other 
elements of the hardWare. In one particular embodiment, the 
audio device 306 has a portion that is external to the central 
processing unit 304 and a portion that is internal to the 
central processing unit 304. 

[0022] Input device 308 may be provided as an alphanu 
meric keyboard, a mouse, a joystick, a game pad (also called 
a joy pad), musical keyboard, a conventional musical instru 
ment (e.g., a guitar, a MIDI instrument, etc.), or a “fake” 
musical instrument. 

[0023] Still referring to FIG. 3, and in brief overvieW, the 
central processing unit 304 includes a memory element 320, 
an event monitor 330, a timer 340, a display system 350, an 
input system 360, and an audio system 370. It should be 
understood that the individual elements of the central pro 
cessing unit 304 may be provided as hardWare, softWare, or 
some combination of hardWare and softWare. For example, 
in some embodiments the audio system 370, input system 
360 and display system 350 are dedicated hardWare or 
mixed hardWare/?rmWare units that are a unitary part of the 
central processing unit 304, While the event monitor 330, 
memory element 320 and timer 340 are softWare or, alter 
natively, ?rmWare embodied on a removable device such as 
a game cartridge or COMPACTFLASH card. 

[0024] The memory element 320 stores data related to the 
musical events for the musical composition in the game. In 
one embodiment, memory element 320 stores at least tWo 
pieces of data for each musical event: (1) the time during the 
musical composition at Which the musical event should 
occur; and (2) the actual musical content of the event, such 
as pitch or rhythm related data. For embodiments in Which 
the input device 308 includes several buttons and a particu 
lar button on the input device 308 must be pressed to catch 
a musical event, the memory element 320 also stores for 
each musical event and identi?cation of Which button must 
be pressed on the input device 308 to catch the musical 
event. The memory element 320 may be provided as any 
element such as RAM, DRAM, SDRAM, DDR-DRAM, 
PROM, EPROM, or EEPROM. 

[0025] The musical event data from the memory 320 is 
provided to both the display system 350 and the event 
monitor 330. The display system 350 also receives input 
from the timer 340. The display system 350 combines the 
timer values 340 and the musical event data from the 
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memory element 320 to create the game environment, an 
embodiment of Which is shown in FIG. 2. The display 
system 350 may include any visualization engine capable of 
creating three-dimensional environments, such as Realima 
tion, manufactured by Realimation Ltd. of the United King 
dom or the Unreal Engine, manufactured by Epic Games. 

[0026] The input system 360 receives input from the input 
device 308 and transmits it to the event monitor 330. The 
event monitor 330 receives musical event data from the 
memory element 320, timer values from the timer 340, and 
the input related information from the input system 360. The 
event monitor 330 compares the musical event data With the 
timing of input from the user to detect Whether the user has 
caught an event, missed an event or passed on an event. 
When the event monitor 330 determines that a player has 
caught or missed an event, it immediately sends instructions 
to the audio system to trigger a sound. The audio system 370 
receives those instructions and causes the audio devices 306 
to produce sound. 

[0027] For multiplayer games in Which only one hardWare 
station is used, a second input system (shoWn in phantom 
vieW as 360‘) receives input from a second input device 
(shoWn in phantom vieW as 308‘). In this embodiment, the 
memory element 320 stores tWo sets of musical event data, 
one for the ?rst player and one for the second player. 
Similarly, the event monitor 330 compares the input 
received for the ?rst player from input system 360 against 
musical event data for the ?rst player received from the 
memory element 320 and compares input from the second 
player received from input system 360‘ against musical 
event data from the second player received from the memory 
element 320‘. In this embodiment, Whenever either player 
catches or misses an event, an instruction is sent to the audio 
system 370 and audio system 370 instruct the audio device 
to produce the appropriate sound. Since both players are 
local to the hardWare station, each player hears the audio for 
both players simultaneously. 
[0028] Referring noW to FIG. 4, an embodiment of a 
netWorked rhythm-action game systems depicts tWo hard 
Ware stations 300, 300‘. In this embodiment players engage 
in competition over a netWork 400. The netWork 400 can be 
any kind of netWork, such as a local area netWork (LAN), a 
Wide area netWork (WAN), or the Internet. The hardWare 
stations 300 connect to the netWork 22 through one of a 
variety of connections including standard telephone lines, 
LAN or WAN links (e.g., T1, T3, 56 kb, X.25), broadband 
connections (e.g., ISDN, Frame Relay, ATM), and Wireless 
connections. Transmission delays over the netWork 400 Will 
ensure that musical events performed by one player Will not 
be heard simultaneously by the other player. This problem is 
solved by the system 400 as described beloW. 

[0029] When a netWorked multiplayer game session 
begins at the direction of one of the players, that player’s 
hardWare station (the “host” hardWare station) transmits a 
“start” instruction to all other machines, and the game begins 
on all systems: each player’s timer starts counting, each 
player’s note data is displayed on his screen and each player 
begins attempting to play notes by pressing the button on his 
input device as his cursor scrolls over markers. 

[0030] Gameplay on hardWare station 300 is independent 
from game play on hardWare station 300‘, except that each 
player’s hardWare station contains a local copy of the 
musical event data for all other players. 
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[0031] The timers on the various systems communicate 
With each other via the netWork 400 to maintain approximate 
synchrony using any number of the conventional means 
knoWn in the art to maintain synchrony. 

[0032] The systems also continually transmit game score 
data to each other (not shoWn in ?gure), so that each system 
(and player) remains aWare of the game score of all other 
systems (and players). Similarly, this is accomplished by any 
number of means knoWn in the art. Note that this data is not 
particularly timing sensitive, because if there is momentary 
disagreement betWeen any tWo systems regarding the score 
(or similar game-related parameters), the consequences to 
gameplay are negligible. 

[0033] As each player plays the game at their respective 
location, an analyZer module 420 on that player’s local 
hardWare station 30 continually extracts data from the event 
monitor 330 regarding the local player’s performance, 
referred to hereafter as “emulation data”. Emulation data 
may include any number of parameters that describe hoW 
Well the player is performing. Some examples of these 
parameters include: 

[0034] Whether or not the most recent event type Was 
a catch, miss, or pass; 

[0035] a moving average of the distribution of event 
types (i.e. the recent ratio of catch-to-pass-to-miss); 
or 

[0036] a moving average of timing errors of miss 
events. 

[0037] Each hardWare station’s analyZer module 420 con 
tinually transmits the emulation data it extracts over the 
netWork 400 to the other hardWare station 300‘ using trans 
ceiver 440; each hardWare station’s event monitor 330, 330‘ 
continually receives the other hardWare station’s emulation 
data over the netWork 400. 

[0038] The emulation data essentially contains a statistical 
description of a player’s performance in the recent past. The 
event monitor 330 uses received emulation data to create a 
statistical approximation of the remote player’s perfor 
mance. 

[0039] In one particular example, an incoming emulation 
parameter from a remote player indicates that the most 
recent remote event Was a catch. When the local event 
monitor 330 reaches the next note in the local copy of the 
remote player’s note data, it Will respond accordingly by 
“faking” a successful catch event, triggering the appropriate 
sound. That is, the local event monitor 330 Will perform the 
next musical event from the other players’ musical event 
data, even though that event Was not necessarily actually 
performed by the other player’s event monitor 330‘. (If 
instead the emulation parameter had indicated that the most 
recent remote event Was a miss, no sound Would be trig 
gered.) 
[0040] In another particular example, an incoming emu 
lation parameter from a remote player indicates that during 
the last 8 beats, 75% of events Were catches and 25% Were 
passes. When the local event monitor 330 reaches the next 
note in the local copy of the remote player’s note data, it Will 
respond accordingly by randomly choosing a catch or pass 
event according to the speci?ed 75:25 distribution. 
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[0041] In another particular example, an incoming emu 
lation parameter from a remote player indicates that during 
the last 4 beats, 2 miss events occurred, With an average 
timing error of 50 “ticks.” The local event monitor 330 Will 
respond accordingly by randomly generating miss events at 
a rate of 0.5 misses-per-beat, displacing them in time from 
nearby notes by the speci?ed average timing error. 

[0042] The above three cases are merely examples of the 
many types of emulation parameters that may be used. These 
particular parameters are not the essence of the invention, 
hoWever. Rather, the essence of the invention is that remote 
player performances are only emulated (rather than exactly 
reproduced) on each local machine. 

[0043] One unusual side effect of this invention, of course, 
is that each local player does not hear an exact reproduction 
of the remote players’ performances; he only hears a statis 
tical approximation. HoWever, these statistical approxima 
tions have tWo countervailing positive attributes: 

[0044] 1. Because they are synchroniZed to the local 
player’s timer and the local copy of the remote 
players’ note data, they are synchronous With the 
local player’s performance. 

[0045] 2. While not exact reproductions, they are 
“close enough” to effectively communicate to the 
local player the essence of hoW Well the remote 
players are performing musically. 

[0046] In this model, delays in the transmission of the 
emulation data over the netWork do not have the intolerable 
side effect of causing cacophonous asynchronicity betWeen 
the note streams triggering sounds on each player’s local 
system. 

[0047] In another particular example the method described 
above may be used With a real-time music creation system 
executing on the hardWare station. A real-time music cre 
ation system is one With Which a non-musician can produce 
melodic, creative music Without knoWledge of music theory 
or the ability to play an instrument or keep time. These 
creation systems also alloW the user to create and play 
improvisational solos over a prerecorded background or 
accompaniment track Without the need to strike actuators in 
time or otherWise physically establish and maintain the 
timing of the notes of the solo. Real-time music creation 
engines are described in Us. Pat. Nos. 5,763,804, 5,627, 
335, and 6,011,212, the entire contents of Which are incor 
porated herein by reference. 

[0048] The real-time music creation engine generates sig 
nals representative of audible music by manipulating an 
input device. For example, an embodiments that provide a 
joystick as the input device, pulling the handle of the 
joystick back indicates that the user Wants to play feWer 
notes over time in the given time signature, and pushing it 
forWard is an indication that the user desires to play more 
notes over time. Similarly, pushing the handle of the joystick 
to the left indicates that the user Wants to play notes of a 
loWer pitch, and pushing it in the right direction is an 
indication that the user Wants to play higher pitched notes. 
In a single-user embodiment, the input values are fed to a 
real-time music creation engine Which includes at least a 
rhythm generator and a pitch generator. The rhythm genera 
tor and the pitch generator combine to form a series of notes 
that are rhythmically and melodically consonant With the 
background track. 
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[0049] When used in the context of the present invention, 
an analyZer module 420 extracts musical parameters from 
the input and transmits them over a netWork 400 to a remote 
hardWare station. For example, the analyZer module 420 
may simply transmit the input stream over a netWork 400 or 
it may extract the information into a more abstract form, 
such as “faster” or “loWer.” 

[0050] The remote hardWare station receives the transmit 
ted emulation data and creates an approximation of the 
improvisation performed by the remote user by using the 
local real-time music creation system. The audio created by 
the local real-time music creation system is necessarily an 
approximation of the solo played by the remote player 
because the local real-time creation system is using the 
emulation data at a different point in time than the actual 
solo occurred. Even though this is the case, the local user 
hears a improvisational solo that has the same musical 
parameters (eg pitch and rhythm) as the solo created by the 
remote user at the remote hardWare station [though delayed 
by the netWork latency]. 

[0051] Although the present invention has been described 
in the context of a tWo-player game, no limitation of the 
principles of the invention is intended, and the invention 
may be used With any number of players. 

[0052] The present invention (including Without limita 
tion, the timer 340, and the event monitor 320) may be 
provided as one or more computer-readable programs 
embodied on or in one or more articles of manufacture. The 

article of manufacture may be a ?oppy disk, a hard disk, a 
CD-ROM, a ?ash memory card, a PROM, a RAM, a ROM, 
or a magnetic tape. In general, the computer-readable pro 
grams may be implemented in any programming language, 
LISP, PERL, C, C++, PROLOG, or any byte code language 
such as JAVA. The softWare programs may be stored on or 
in one or more articles of manufacture as object code. 

[0053] Having described certain embodiments of the 
invention, it Will noW become apparent to one of skill in the 
art that other embodiments incorporating the concepts of the 
invention may be used. Although the described embodi 
ments relate to the ?eld of rhythm-action games, the prin 
ciples of the invention can extend to other areas that involve 
musical collaboration or competition by tWo or more users 
connected to a netWork. Therefore, the invention should not 
be limited to certain embodiments, but rather should be 
limited only by the spirit and scope of the folloWing claims. 

1. Amethod for facilitating real-time competition betWeen 
players of game, the method comprising the steps of: 

(a) receiving music performance input from a local 
player; 

(b) generating audio output responsive to the received 
input; 

(c) receiving emulation data extracted from a remote 
musical performance; and 

(d) generating a local approximation of the remote musi 
cal performance using the emulation data, the local 
approximation synchronous With the local musical per 
formance. 

2. The method of claim 1 Wherein step (a) comprises 
receiving music performance input from a local player via a 
game pad. 
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3. The method of claim 1 wherein step (a) comprises 
receiving music performance input from a local player via a 
fake musical instrument. 

4. The method of claim 1 Wherein step (b) comprises 
playing a note to indicate a successful input. 

5. The method of claim 1 Wherein step (b) comprises 
playing an error message to indicate unsuccessful input. 

6. A method for facilitating musical interaction over a 
netWork: 

(a) receiving emulation data representing a remote user’s 
musical performance; and 

(b) locally generating an approximation of the remote 
user’s musical performance using to the received emu 
lation data, the approximation synchronous With a local 
musical performance. 
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7. The method of claim 9 Wherein step (a) comprises 
receiving emulation data, the emulation data comprising a 
moving average of recent remote musical performance 
events. 

8. The method of claim 9 Wherein step (a) comprises 
receiving emulation data, the emulation data comprising a 
moving average of timing deltas betWeen recent remote 
musical performance events. 

9. The method of claim 9 Wherein step (a) comprises 
receiving emulation data, the emulation data comprising an 
identi?cation of recent remote musical performance events. 

10. The method of claim 9 further comprising extracting 
local emulation data representing a local musical perfor 
mance. 


