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tPairs of subje
ts were pla
ed in separate sound-isolated rooms and asked to 
lapa rhythm together via headphones and without visual 
onta
t. Ele
troni
 time delaybetween the pair was manipulated. The study is motivated by an interest in quantify-ing the envelope of time delay within whi
h two individuals 
an produ
e syn
hronousperforman
es. The results indi
ate that �natural� time delay, i.e., delay within thenarrow range asso
iated with travel times a
ross room-sized arrangements of groupsand ensembles, supports the most stable performan
e. Conditions outside of this enve-lope, with time delays both above and below it, 
reate 
hara
teristi
 dynami
s in the
oupled a
tions of the duo. Longer delays (
orresponding to larger physi
al distan
es)produ
e the expe
ted in
reasingly severe de
eleration and then deterioration of per-formed rhythms. Looking at extremely short delays (i.e., asso
iated with unnaturally
lose proximities), indi
ate that a small amount of delay is in fa
t required, without1



whi
h there is a tenden
y to a

elerate. The envelope has impli
ations for musi
 
ol-laboration over Internet, where with present-day te
hnology stability 
an be a
hievedin split ensembles separated by distan
es of thousands of kilometers.1 Introdu
tionMusi
 ensembles produ
e syn
hronous performan
es inside an impli
it envelope of time delay.The degree of �temporal separation� refers to the transmission time it takes for the soundfrom one performer to rea
h the ears of another performer. As has been shown, in
reasedinter-musi
ian delay introdu
es a lag whi
h slows down the tempo (?). By way of 
omparison,the toleran
e for temporal separation in speaking together over phone or Internet 
onne
tionis mu
h greater. Natural turn-taking is possible if one-way delays are below 500ms (?).Coupled rhythmi
 performan
e has a di�erent requirement in whi
h it's not alternation butthe ability to simultaneously share, hear, and �feel� the beat that 
ounts. In this study oftemporal separation, we attempt to quantify the �sweet spot� for duos 
lapping a rhythmby manipulating the time delays so that we identify the bounds within whi
h satisfa
toryrhythmi
 a

ura
y is possible. Our results have found that �natural� delay, i.e., delay withina narrow range asso
iated with travel times a
ross the usual spatial arrangements of 
lappinggroups, ensembles, et
. supports the most stable performan
e. We show that, surprisingly,a small amount of delay is in fa
t required, without whi
h there is a tenden
y to a

elerate.Conditions outside of this envelope, with time delays both below and above it, 
reate 
har-a
teristi
 dynami
s in the 
oupled a
tions of a duo. These are stru
tured a

ording to thedegree of temporal separation.Musi
ians 
ollaborating via the Internet may �nd time delay a problem when trying toplay together rhythmi
ally (?). The �rst dramati
 de
rease in tele
ommuni
ation delayshappened in the early 2000's, when various resear
h groups in
luding Stanford University2



and M
Gill University began testing IP network proto
ols for professional audio use, seekingmethods for bi-dire
tional WAN musi
 
ollaboration . Long distan
e a
ousti
 delays werenow 
loser to room-sized a
ousti
 delays and ensemble performan
es began to feel a

eptable.The 
omputer systems sent un
ompressed audio through high-speed links like Internet2,Canarie, and Geant2 (with higher resolution and faster transmission than standard digitalvoi
e 
ommuni
ation media like telephone, VoIP, Skype, et
.).[2℄ A. X. Xu, W. Wosz
zyk, Z. Settel, B. Penny
ook, R. Rowe, P. Galanter, J. Bary, G.Martin, J. Corey, J. R. Coopersto
k, �Real-time streaming of multi
hannel audio data overInternet,� J. Aud. Eng. So
. 48, pp. 627-641, 2000.With this 
apability has 
ome a need to understand what the e�e
ts of temporal sep-aration might be. The speed of sound in air 
auses a delay of approximately 9ms in onedire
tion a
ross a string quartet (by measuring the physi
al distan
e between the outsideplayers arranged in the typi
al semi-
ir
le, e.g., approximately 3m). So, imagine the s
enarioen
ountered by two musi
ians separated by 45ms delay trying to play syn
hronously (theywould be approximately 15m apart). In the simplest sense, player A is waiting for the soundof player B, who is waiting for the sound of player A and the tempo slows down from thisre
ursion. Network delay of approximately 45ms is also what we en
ounter between SanFran
is
o and New York using Internet2.Our present study extends previous work in the �eld, some of it by our group. A pi-lot experiment was 
ondu
ted with the same approa
h in 2002. The surprising �ndng oflow-laten
y a

eleration prompted us to remake the experiment with greater attention tolow delays. This se
ond experiment was then analyzed and 
on�rmed the low-delay e�e
t.However, our analysis failed to identify a �sweet spot� in the higher-delay region. In
reasingdelay simply 
orrelated with worsening de
eleration. Revisiting the data with the analysespresented here, we are now able to quantify a region below worsening de
eleration.[6℄ C. Chafe and M. Gurevi
h, �Network time delay and ensemble a

ura
y: e�e
ts of3



laten
y, asymmetry,� in Preprint no. 6208, 117th AES 
onvention, San Fran
is
o, CA, USA,O
t. 2004, pp. 2�7.[2℄ Vijay S. Iyer, Mi
rostru
tures of Feel, Ma
rostru
tures of Sound: Embodied Cognitionin West Afri
an and Afri
an-Ameri
an Musi
s. PhD Thesis, Univ. of Cal. Berkeley, 1998.[3℄ S
hloss, W.A., On the automati
 trans
ription of per
ussive musi
 from a
ousti
 signalto high level analysis. PhD Thesis, STAN-M-27, CCRMA, Stanford Univ., 1985.[4℄ Large, E. W. and Palmer, C., �Per
eiving temporal regularity in musi
,� CognitiveS
ien
e 26: 1 � 37, 2002.[5℄ Gurevi
h, M. et al., �Simulation of Networked Ensemble Performan
e with VaryingTime Delays: Chara
terization of Ensemble A

ura
y,� Pro
. of the Intl. Computer Musi
Conf., 2004.[6℄ Dennett, D. and Kinsbourne, M., �Time and the observer,� Behavioral and BrainS
ien
es, 15: 183 � 247, 1992.[1℄ W. Wosz
zyk, J. Coopersto
k, J. Roston, W. Martens, �Shake, rattle and roll: Gettingimmersed in multisensory, intera
tive musi
 via broadband networks,� J. Aud. Eng. So
.53, pp. 336-344, 2005.�E
ologi
al� test of musi
 
ollaboration under manipulated delays have been 
ondu
ted.Two pianists evaluated their ability to perform at delays of 50msand greater with the additionof self-delay.[5℄ E. Chew, A. Saw
huk, C. Tanoue, and R. Zimmermann, �Segmental tempo analy-sis of performan
es in user-
entered experiments in the distributed immersive performan
eproje
t,� in Pro
eedings of the Sound and Musi
 Computing Conferen
e (SMC), Salerno,Italy, Nov. 2005.Pairs of wind players and string players performed Mozart and rated their ability toperform satistfa
torily.(?). 4



Groups of jazz players.Carot, thesis, 2009.The setting we studied 
onsists of a duo of 
lappers without 
ondu
tor or other arti�
ialmeans of 
oping with delay. The setting is also �e
ologi
al,� if not musi
al, in that nearlyeveryone has the ability to 
lap rhythmi
ally. The task was simpli�ed as a means of elim-inating e�e
ts of phrasing and expressive nuan
e (Bartlette, et al's �internal� e�e
ts). Ifthe temporal separation and the ability to hear are satisfa
tory, then a rhythm will be easyto sustain. In measuring rhythms performed under these �natural� 
onditions, the temposhould vary slightly around its mean and there should only be a slight amount of onsetasyn
hrony between events intended to be simultaneous (?).2 Experiment2.1 OverviewWe examined performan
es by pairs of 
lappers under di�erent delay 
onditions. A simpleinterlo
king rhythmi
 pattern was 
hosen as the 
lapping task (Fig. 1). The unadornedmusi
al 
ontext was 
hosen so that 
on
lusions about ensemble a

ura
y might be drawndire
tly from an analysis of tempo 
onsisten
y. The rhythm was easily mastered by a poolof subje
ts formed without regard to musi
al ability. Subje
ts were seated apart in separatestudios and monitored ea
h other's sound with headphones (and with no visual 
onta
t).Delays in the range from d = 0 to 77ms (one-way) were introdu
ed in the ele
troni
 soundpath and were randomly varied per trial. The shortest d = 0ms is equivalent to havinga subje
t 
lapping right next to the other's ears. The longest d = 77ms equates witha separation of approximately 26m, a distan
e wider than many 
on
ert stages, and longerthan the San Fran
is
o�New York Internet path mentioned above. Re
ordings were pro
essed5



automati
ally with an event dete
tion algorithm, ahead of further pro
essing to extra
ttempo and syn
hronization information.
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Figure 1: Duo 
lapping rhythm used to test the e�e
t of temporal separation.Subje
ts in separate rooms were asked to 
lap the rhythm together while hearing ea
h other'ssound delayed by a slight amount. Common beats in the duo 
lapping rhythm providereferen
e points for analysis of ensemble syn
hronization. Cir
les represent syn
hronizationpoints.2.2 Method2.2.1 Number of subje
t pairs and trials17 pairs of subje
ts (duos) were re
orded under various temporal separation 
onditions.Subje
ts were students and sta� at Stanford University. A portion of the group was paidwith gift 
erti�
ates and others parti
ipated as part of a 
ourse in 
omputer musi
, all gavetheir informed 
onsent a

ording to Stanford University IRB poli
y. No quali�
ation regard-ing musi
al performan
e ability was stipulated and no subje
ts were ex
luded in advan
e.Individuals in the pool were paired up randomly into duos.Ea
h duo performed 18 trials, 12 of whi
h 
onstitute the present experimental data.Sessions from 16 duos were deemed viable for further analysis (see below). Some spe
i�
 trialswhere dis
arded and others with repairable problems were adjusted with manual interventionwhere possible12, resulting in a total of 163 individual trials available for analysis.1The experiment's database and the sour
e 
ode in Matlab for this analysis is available at http://

rma.stanford.edu/groups/soundwire/resear
h/
lapping-experiment/. The README.txt �le 
on-tains des
ription of �les and naming 
onvention.2Matlab's sour
e �le sele
t_valid_trials.m 
ontains a list of valid, dis
arded and repaired trials.6



2.2.2 Proto
olAssistants provided an instru
tion sheet and read it aloud. Subje
ts 
ould read the rhythmfrom the handout and listen to the assistants demonstrating it. Initially, duos pra
ti
ed fa
e-to-fa
e. They were told their task was to �keep the rhythm going evenly� and they were notgiven a strategy or any hints to help make that happen. After they felt 
omfortable 
lappingthe rhythm together, they were assigned to adja
ent rooms designated �San Fran
is
o� and�New York.�Starting tempo was established by playing a short 
lip of re
orded 
lapping at the targettempo. In order to avoid any e�e
ts of over-training to one absolute tempo, 3 starting tempiwere used in random order (86, 90, 94bpm).Trials were 
omputer-
ontrolled. Ea
h time a new trial began, one subje
t was randomly
hosen by the trial 
ontrol pro
ess to be the rhythm initiator. Trials pro
eeded a

ording tothe following steps:1. Room-to-room audio monitoring swit
hes on.2. A voi
e re
ording (saying �San Fran
is
o� or �New York�) plays only to the respe
tiveinitiator.3. An isolated metronome (5 se
onds re
ording of 
lapped beats at the new tempo) playsto the initiator.4. Initiator starts rhythm at will. The other has heard nothing until this point where theinitiator begins to 
lap.5. The other joins in at will.6. After a total of 36 se
onds, the room-to-room monitoring shuts o� i.e., 
ommuni
ationis 
ut, signaling the trial's end. 7



Assistants advan
ed the sequen
e of trials manually after ea
h take was 
ompleted. Shortbreaks were allowed and a retake was made if a trial was interrupted.2.2.3 A
ousti
al and ele
troni
 
onditionsA
ousti
al 
onditions minimized room reverberation e�e
ts and extraneous sounds (jewelry,
hair noise, et
.). Subje
ts were lo
ated in two a
ousti
ally-isolated rooms (CCRMA's high-quality re
ording and 
ontrol room pair). Seated in opposite positions and fa
ing apart,they were surrounded by sound absorbing partitions (Fig. 2). One mi
rophone (S
hoepsBLM3) was lo
ated 0.3 meters in front of ea
h 
hair. Its monaural signal fed both sidesof the opposite subje
t's headphone (isolating headphones, Sennheiser HD280 pro, redu
edheadphone leakage to mi
rophones and glasses wearers were required to remove their framesto enhan
e the seal). The distan
e from 
lapping hands to mi
rophone introdu
es a timedelay of about 1ms and is not added into our reported delays.

New YorkSan Francisco

Clapper

Subject

Clapper

Subject

Asst.
mic mic

Figure 2: Experiment setup. Subje
ts 
lapped to ea
h other from separate rooms through
omputer-
ontrolled delays.A single 
omputer provided re
ording, playba
k, adjustable delays and the automatedexperimental proto
ol with GUI-based operation. The setup 
omprised a Linux PC with96kHz audio interfa
e (M-Audio PCI Delta 66, Omni I/O). Custom software was written in8



C++ using the STK3 set of open-sour
e audio pro
essing 
lasses whi
h interfa
e to a real-time audio subsystem. All delays were 
on�rmed with analog os
illos
ope measurement.Absolute 0 millise
ond delay through the system was obtained via an analog bypass aroundthe audio interfa
e. Ea
h trial was re
orded as a stereo, 16bit, 96kHz sound �le. The dire
tmi
rophone signals from both rooms were syn
hronously 
aptured to the two 
hannels.2.2.4 TrialsDelays were varied in 12 steps a

ording to the sequen
e dn(ms) = n + 1 + dn−1 whi
hprodu
es the set:
dn = {0, 2, 5, 9, 14, 20, 27, 35, 44, 54, 65, 77}(ms)The sequen
e was 
hosen in order to weight the distribution towards the low-delay region (itbears no spe
ial signi�
an
e, otherwise). Delays were 
hosen from the set in random orderand ea
h duo performed ea
h 
ondition on
e. Starting tempo per trial was also randomlysele
ted from one of three pre-re
orded �metronome� tra
ks of 
lapped beats at 86, 90 and

94bpm. Other trials were inserted randomly in the sequen
e and are not analyzed as partof the present experiment (2 for diverse tempi, 2 for asymmetri
 delays, with also 2 subje
t-against-re
orded-tra
k runs at the beginning and end). Overall, one session took about 25minutes to 
omplete.2.2.5 Re
orded segments of interestWe are interested only in the se
tions of the re
ordings where both 
lappers are performingtogether. Sin
e the proto
ol allowed the initiating 
lapper to 
lap solo for a variable lengthof time before the se
ond one joined, we �rst identi�ed the region in whi
h both 
lappers areinvolved, Fig. 1. Clapper A (green 
ir
les) starts the experiment and is followed by 
lapper3http://

rma.stanford.edu/software/stk/ 9



B (red 
ir
les). Cir
led notes 
orrespond to the 
ommon beats whi
h are automati
allyidenti�ed in a �rst pass on the raw data (Fig. 3).
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Figure 3: Onset times, syn
hronization points and tempo 
urves for one trial. Asmoothed tempo 
urve is derived from the instantaneous tempi of both player's syn
hronizedevents.2.2.6 Event dete
tionAn automated pro
edure dete
ted and time stamped true 
laps. Dete
tion pro
eeded persubje
t (one audio 
hannel at a time).Candidate events were dete
ted using the �amplitude surfboard� te
hnique (?), tunedto measure onsets to an a

ura
y of ±0.25ms. The extremely 
lean 
lapping re
ordingsallowed false events (usually spurious subje
t noises) to be reje
ted using simple amplitude10



thresholding. A single threshold 
oe�
ient proved suitable for the entire group of sessions.The algorithm �rst found an amplitude envelope by re
ording the maximum dB amplitudein su

essive 50-sample windows, while preserving the sample index of ea
h envelope point.A 7-point linear regression (the �surfboard�) estimated the slope at every envelope sample.Samples with high slope are likely to be event onsets. Candidate events are lo
al maximain the vi
inity of samples with slopes that fall within some threshold of the maximum slope.In the event of several 
andidates in 
lose proximity, the one with the highest amplitude was
hosen. After an event was identi�ed, there was a refra
tory period, during whi
h another
annot o

ur.2.2.7 Event labeling, tempo determinationInter-onset intervals (IOI's) were 
al
ulated from the event times. Conversion from IOI totempo in bpm (by 
ombining two eighth-notes into one quarter-note beat) was ambiguous inthe presen
e of severe de
eleration and required that very slow eighth-notes be distinguishedfrom quarter notes. Sin
e only eighth and quarter-notes are present, we 
lustered the IOI'sinto two separate groups using the k-means 
lustering algorithm (?). The group of notes
lustered with the shortest IOI is identi�ed as eighth-notes and the one with the longestas quarter-notes. Only one quarter-note was miss-
lassi�ed (Duo number 8, delay 9, starttempo 86) and it was 
orre
ted by hand.After notes where identi�ed, 
onversion to tempo (in bpm) is 
omputed with:
tempo1/4 =

60

IOI
(bpm)(forthequarter − notes)

tempo1/8 =
60

2 · IOI
(bpm)(fortheeighth − notes)

11



2.2.8 A

eleration estimationWe are interested in a metri
 of tempo a

eleration (or de
eleration) a
ross ea
h trial. Thisstep establishes a smoothed tempo 
urve, merging both 
lappers into one 
urve. Smoothingis 
omputed with a �lo
al regression using weighted linear least squares and a 2nd degreepolynomial model� (Matlab's smooth fun
tion in
luded in the Curve Fitting Toolbox ).Then, to obtain a single quantity representing a trial's overall a

eleration, we 
ompute theaverage of the derivative of the tempo 
urve.2.2.9 Trial quali�
ationOf the 17 sessions, 1 was dis
arded be
ause of an inability to perform the 
lappingrhythm. La
k of 
ompeten
e was judged subje
tively and 
on�rmed by high tempojitter. ANOVA and multiple 
omparisons of the mean tempo jitter of ea
h sessionxxxxxxxxx\bar{{s_{i}�{2}}}(i = 1, 2, ...17)\ : revealed a signi�
ant di�eren
e betweenthe 1 dis
arded session and all other (p = 1.0 × 10−8 ). Hand �xesxxxxxxxx2.3 Results2.3.1 DatabaseFigure 3 presents the results for one trial. The example shows raw onset times, 
ommonbeat syn
hronization points, instantaneous tempo of ea
h event in both 
lappers, and thesmoothed 
ommon tempo 
urve. The full set of trials is available online4. The database5 ofevents dete
ted in the re
ordings is also being maintained on a publi
 server for 
ontinuinganalysis.4http://

rma.stanford.edu/groups/soundwire/resear
h/
lapping-experiment/5http://

rma.stanford.edu/groups/soundwire/resear
h/
lapping-experiment/
12



2.3.2 E�e
t of TempoANOVA and multiple 
omparisons of the mean tempo at ea
h of the three starting tempi (86,
90, 94bpm) revealed no signi�
ant di�eren
e between these 
ases, ruling out a dependen
eon absolute tempo. All trials were shifted to a starting tempo of 90 bpm before furtheranalysis.The assigned rhythm 
reates points at whi
h 
laps should be simultaneous (highlightedby 
ir
les in the diagram, Fig. 4). Disparities at these syn
hronization points are 
al
ulatedto show the amount of anti
ipation (lead) or lateness (lag) of ea
h player's 
ir
led eventwith respe
t to the other's. In Figure 5, the mean and varian
e of onset asyn
hronizationare shown for ea
h delay 
ondition. The two qualities whi
h we presume to be of great-est importan
e for a satisfa
tory performan
e are high syn
hroni
ity and low varian
e. Toidentify the �most satisfa
tory� region, we weighted onset asyn
hrony by varian
e (Fig. 6).Four regimes are distin
t with respe
t to these qualities, and appear in order of in
reas-ingly greater delay: lead (asyn
hrony from anti
ipation), stability (the �sweet spot�), lag(asyn
hrony from lateness), and deterioration (dominated by varian
e). Evidently, stabilityrequires a small amount of delay, but not too mu
h.Leading or lagging at the syn
hronization points 
umulatively e�e
ts the general tempo(Fig.7). Tempo maps (in beats per minute) are derived from the instantaneous tempo atea
h 
lap event. A general trend from a

eleration to de
eleration with in
reasing delay isapparent. We model this e�e
t by measuring ea
h smoothed tempo 
urve's mean a

elerationand aggregating these means for ea
h delay. Figure 8 reveals an orderly relationship asde
eleration in
reases with delay. A linear model of the relationship a
ross the range ofsampled delays

ŷ = 0.03899 − 0.006775x + ǫ (1)13



�ts the data well, R2 = 0.94. Of parti
ular interest are the y-inter
epts of the model andsample data means (Fig. 8) whi
h again indi
ate that the region with no tempo a

eleration(ŷ = 0) o

urs with non-zero delay. The transmission delays in air whi
h separate performersnaturally 
reate time delays of this same order. If there exists some intrinsi
 tenden
y toanti
ipate by this small amount, then short delays were required to balan
e this out.
2 ms

14 ms

77 ms

c

b

a

Figure 4: Performed rhythms through time of one pair of 
lappers re
orded atdi�erent delays. Clapper A green, B is red. Ideally, ea
h (
ir
led, verti
ally adja
ent) pairof events is syn
hronous. Leading or lagging by one subje
t with respe
t to the other atthese points is related to delay. a, leading at 2ms. b, approximately syn
hronous at 14ms.a, lagging at 77ms.The tenden
y to slow with in
reasing delay is moderated at the region of stability. Inthis interval, the de
eleration measured from the sample data remains 
onstant −0.1bpm/s(Fig. 8).
14
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Figure 5: Onset asyn
hrony measured at all beat points is 
ompared for the setof delay 
onditions. At very small delays, performan
es are dominated by a tenden
yto lead. In
reasing delay improves syn
hronization (stability) until lag be
omes prevalent.At the greatest delays, varian
e dominates (deterioration). Error bars are 95% 
on�den
eintervals for the mean.3 Dis
ussionWe know from experien
e that not all musi
 will tolerate even a small drag on tempo. Forexample, an Internet experiment involving a string quintet playing the �rst movement of theMozart G minor String Quintet (K516) (with the St. Lawren
e String Quartet plus a formermember) found that a separation of 25ms (−0.15bpm/s from Fig. 8) introdu
ed per
eptiblevarian
e in fast rhythmi
 passages6. Moreover, when two of the players experimented withletting the lag a

umulate, it promoted an e�ortless ritardando (intentional de
eleration).6Re
ordings of these experiments are available online at http://

rma.stanford.edu/groups/soundwire/resear
h/slsq/ 15
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Figure 6: Normalized a

ura
y produ
t for lead-lag mean and std (mean · std).Ensemble 
ompeten
e is a fun
tion of greater syn
hronization and lower varian
e (at least,for the simple musi
al task studied here). The region of best rhythmi
 a

ura
y is de�nedas a produ
t of minimum mean lead-lag weighted by varian
e.In this sound 
lip, one hears that as the tempo slows, it eventually settles on a point wherestability is a
hieved (at a mu
h slower tempo). Our present 
lapping experiment testedonly one tempo, moderately fast, at 90 beats per minute (with slight o�sets introdu
edin the experimental proto
ol to avoid over-training to an absolute tempo, see Method).Experimentation with other, signi�
antly di�erent tempi will be required to in
lude tempoin the present model.Musi
ians use strategies to adapt to delay (?). Strategies in
lude intentionally pushing(leading) the beat or ignoring the sound of part of an ensemble (to eliminate the re
ursionmentioned above). This latter seems to be a natural tenden
y when there is an imbalan
e16
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Figure 7: All trials tempo 
urves grouped by delay. Tempo a

eleration during a givenperforman
e is tra
ked by measuring inter-onset intervals.in the stru
ture of the ensemble. The weaker side (in terms of rhythmi
 fun
tion) naturallyfollows the strong one (whose rhythmi
 role, instrument type, and/or number of playersdominates).In terms of delay 
onditions a
tually tested in the present study, rhythmi
 stability hasa maximum possible delay lo
ated at 20ms, beyond whi
h tempo de
elerates markedly. Aminimum amount of delay, found at 9ms, appears to be ne
essary to 
an
el out a tenden
yto anti
ipate. Bounded by these 
onditions is a region in whi
h neither lag, nor asyn
hro-nization, nor de
eleration in
rease. For network musi
 performan
e, the upper limit forthis stable regime 
orresponds roughly to a path length of 2000km (if using present NorthAmeri
an resear
h internets provided by Internet2 and Canarie, as examples (?)).The 
on
lusion stands in sharp 
ontrast to other studies where an upper a

eptable limit17
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Figure 8: A single measure of tempo a

eleration (its mean) is 
ompared for allperforman
es. A linear model (green line) 
orrelates well with data sampled at the givendelay 
onditions. Error bars show 95% 
on�den
e intervals for the a

eleration mean. Singleblue dots represents a

eleration mean for ea
h individual trial.is 80msor greater. XXXXX
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