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Experimental research on finger tapping,motor timing,
and music performance has often relied on customized
hardware and software configurations, making the repli-
cation of such experiments difficult. FTAP, a program
written by the author, runs on the Linux operating system
and can implement a wide variety of tapping and music
performance experiments. It uses standard and generally
available MIDI (Musical Instrument Digital Interface)
equipment for keystroke input and auditory output and
collects and outputsdata with verifiable millisecond res-
olution.The C source code for FTAP, as well as documen-
tation and sample experiment configuration files, is avail-
able from the FTAP Web site (http://dactyl.som.ohio-
state.edu/ftap).

FTAP runs experiments in which the input data are long
sequences of finger movements (keypresses and key re-
leases); a trial may include presentationof a rhythmic au-
ditory stimulus, and control over auditory feedback to the
keystrokesmay be of interest. FTAP can run many such ex-
periments, including (but not limited to) the following.

1. Synchronization/continuation tapping experiments,
including isochronous tapping (Wing & Kristofferson,
1973) and patterned rhythms (Finney, 1999; Finney &
Warren, 2000; Vorberg & Hambuch, 1984).

2. Delayed auditory feedback (DAF) experiments in
tapping (Chase, Rapin, Gilden, Sutton,& Guilfoyle, 1961;
Ruhm & Cooper, 1962) and music (Finney, 1997; Gates,
Bradshaw, & Nettleton, 1974), including the combination
of synchronous and delayed feedback (Ruhm & Cooper,
1964) and synchronization tasks combined with DAF
(Aschersleben & Prinz, 1997).

3. Synchronization tasks with occasional perturbations
of the pacing signal (Repp, 2000).

4. Tapping experiments with occasional perturbations
to the auditory feedback (Wing, 1977).

5. Auditorily paced multifinger polyrhythmic tapping
tasks similar to Jagacinski, Marshburn, Klapp, and Jones
(1988) or Krampe, Kliegl, Mayr, Engbert, and Vorberg
(2000).

6. Music experiments involving pitch feedback alter-
ations (Finney, 1997).

FTAP is not the first experimental package with the
ability to implement some of the above experiments, but
it may be the first program that can implement all of
them, and it is almost certainly the first freely available
open-source distribution to do so.

The basic design of FTAP is shown in Figure 1. MIDI
messages are read from an input device (typically,an elec-
tronic musical keyboard); these are referred to as key-
stroke events. The data may be transformed (e.g., delayed
or altered in pitch) and are then sent to a MIDI output de-
vice (a tone generator); these are called feedback events.
In addition,FTAP can generate its own MIDI output data
(e.g., metronome or pacing tones or pregenerated fixed
sequences); these are called metronome events. These
three event types are identified in the output file by the
corresponding letters K, F, and M.
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This paper describes FTAP, a flexible data collection system for tapping and music experiments.
FTAP runs on standard PC hardware with the Linux operating systemand can process input keystrokes
and auditory output with reliable millisecond resolution. It uses standard MIDI devices for input and
output and is particularly flexible in the area of auditory feedback manipulation. FTAP can run a wide
varietyof experiments, including synchronization/continuation tasks (Wing & Kristofferson, 1973),syn-
chronization tasks combined with delayed auditory feedback (Aschersleben & Prinz, 1997), continua-
tion tasks with isolated feedback perturbations (Wing, 1977), and complex alterations of feedback in
music performance (Finney, 1997).Such experiments have often been implemented with custom hard-
ware and software systems, but with FTAP they can be specifiedby a simple ASCII text parameter file.
FTAP is available at no cost in source-code form.
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FTAP is particularly strong in the following areas.
1. Feedback manipulation: Auditory responses to key-

strokes can include time delays, pitch alterations, and free
combination of delay and pitch alterations.

2. Flexibility: FTAP’s behavior can be changed during
a trial on the basis of the metronome beat number, key-
stroke number, or elapsed time. One simple example is
stopping the metronome at a specific beat for a synchro-
nization/continuation task; a more complex case is the
perturbation of the auditory feedback to one specified
keystroke.

3. Sequence generation: A repeating rhythmic metro-
nome or pacing signal (up to a 20-beat cycle) can be pro-
grammed. Patterns based on sounded and silent beats,
tone length, pitch, and loudness (or any combination of
these) are all possible.Perturbationscan be specified with-
out the need to prepare a file containing the entire stim-
ulus sequence.

4. Configurability: FTAP experiments are controlled
by an ASCII text file that specifies the values for a well-
defined set of parameters; this file specifies many aspects
of an experiment that would usually be done by low-level
programming. FTAP has a total of about 45 parameters,
although 20 or fewer suffice for most experiments.

5. Readily analyzable text output: FTAP output files
provide millisecond-precision timestamped information
for all events (keystroke,metronome, and feedback events)
in a columnar text format; this allows easy access to the
relationships between the different types of events.

6. Standardized configuration: FTAP runs on standard
hardware and software and uses standard MIDI input and
output devices.

7. Millisecond resolution: When properly configured,
FTAP collects input keystroke data and produces MIDI
output with verifiable millisecond precision.

8. User-reproducible performance benchmarking:
FTAP’s on-line diagnostics notify the experimenter of po-
tential timing problems on each trial. In addition, param-
eter files are included that allow users to test FTAP’s MIDI
throughput and timing precision with their own computer
and MIDI interface.

Some of FTAP’s limitationsshould also be noted. FTAP
is a tool for running a single extended sequential finger
movement trial on the basis of a parameter file. FTAP pro-
vides no higher level facilities for trial ordering or ran-
domization; this can be donewith a shell script or a Python
program that handles trial ordering and then calls FTAP.
FTAP also does not include any graphical interface. A
window-driven experiment design tool could be created
that called the FTAP program, but this would be separate
from FTAP itself. FTAP’s design thus fits the general
UNIX/Linux philosophyof writing a tool to do one thing
well and then building up a system out of such compo-
nents. Finally, as will be discussed in more detail below,
the actual sounds generated by FTAP depend on MIDI
tone generator programming.FTAP provides control over
the generation of auditory output only in terms of MIDI
note, MIDI velocity, MIDI channel, and the timing of
Note On/Note Off messages.

It may be useful to compare FTAP with other tapping
and music experiment packages. Todd, Boltz, and Jones
(1989) describe MIDILAB, a commercially available sys-
tem for IBM PCs running DOS. MIDILAB can handle a
wide range of experiments and includes high level capa-
bilities, such as trial ordering. However, it is limited in
the area of auditory feedback control, and it is not flexi-
ble in changing behavior midtrial. Another alternative,
the commercial program Max, has been used for tapping
and music experimentswith great success by Repp (Repp,
1999a, 1999b, 2000; see Winkler, 1998, for extensivedis-

Figure 1. Architecture of FTAP. The letters in parentheses indicate the labeling of a particular event type in
the output file; all events go to the same output file.
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cussion of the Max program). However, Max appears to
be available only for Apple Macintosh computers; in ad-
dition, since it is not explicitly designed for experimen-
tal work, it may have a steep learning curve for psychol-
ogists. Up-to-date information on Max is available on
line (http://www.cycling74.com). Either MIDILAB or
Max might be better suited for the presentation of com-
plex musical stimuli than is FTAP. Mates (1990) describes
a program for tapping experiments that has many pow-
erful capabilities, such as changing program behavior on
the basis of a real-time analysis of the timing of subjects’
responses; the program is available upon request from its
author (J. Mates, personal communication,August 2000).
However, it is not as flexible as FTAP for multikeyed in-
put and pitched responses, and it requires special hardware
modifications (Mates, 1990). Finally, Collyer, Boatright-
Horowitz, and Hooper (1997) have used a commercial
MIDI sequencer for data collectionand stimulus presen-
tation, although this involved a fairly simple experiment
without feedback manipulation.

The organization of this paper is as follows. The first
section describes some aspects of MIDI that are central
to FTAP’s implementation. Next, FTAP’s parameterized
approach to specifying an experiment is described. The
subsequent section provides a complete example: a
working input file with 13 parameters describing a sim-
ple synchronization/continuation experiment. The out-
put file format is then described, followed by a list of
some more specializedand advancedcapabilitiesof FTAP.
Finally, there is information about computer configura-
tion and the availability of FTAP.

MIDI OVERVIEW

MIDI is a standard protocol for communication be-
tween electronic musical instruments and between those
instruments and computers; MIDI is compatible with a
wide range of commercial keyboards and tone genera-
tors. Psychologists’ use of MIDI has been documented in
more detail elsewhere (Collyer et al., 1997; Kieley, 1991;
Todd et al., 1989), so only essential points will be cov-
ered here.

The MIDI message protocol includesNote On and Note
Off messages (equivalent to keypress and key release
events), and each message specifies note (pitch) and key
velocity (loudness). Each message also specifies a MIDI
channel; this can be useful because a polytimbral tone
generator can be programmed to give different sounds on
different MIDI channels, and the ability to specify MIDI
channels thus allows specification of different sounds.
The MIDI data stream itself (as used here) does not pro-
vide timing information; FTAP must promptly timestamp
input MIDI messages and send output messages at the
correct time. The MIDI hardware transmission rate al-
lows a maximum throughput of approximately one mes-
sage (keystroke event) per millisecond,which is adequate
for human performance measurement.

Using MIDI for data input allows for a range of input
devices. MIDI keyboards are readily available, fairly

cheap, and allow simultaneous data collection from mul-
tiple fingers; they also usually provide a form of key-
stroke force information in the form of MIDI velocity.
However, MIDI keyboards also have some disadvan-
tages: A half inch of finger movement may be required to
signal a keystroke, and there is no measurement in stan-
dard units for keystroke force or velocity (i.e., MIDI ve-
locity values can be assumed to be monotonically in-
creasing with keystroke velocity, but they do not directly
translate to any other type of velocity or force unit, nor
are they comparable across different keyboards). Other
devices using a MIDI interface could be used in place of
a keyboard—for example, an electronic drum pad or a
custom MIDI device.

For output, FTAP controls the timing of MIDI mes-
sages but does not directly control the sound. That is,
FTAP will send precisely timed MIDI Note On and Note
Off messages to a tone generator (with the MIDI note,
velocity, and channel specified in each message), but the
resulting sound characteristics depend on the tone gen-
erator. For example, MIDI velocity controls loudness,
but the relation of MIDI velocity to sound level depends
on the specific tone generator, chosen timbre, and the
amplification equipment. The tone generator also deter-
mines the attack and offset characteristics of the sound.
FTAP may transmit a MIDI Note Off message 30 msec
after a Note On message, but that alone does not guar-
antee the generation of a clean 30-msec duration tone. De-
termining the suitability of a particular voice or timbre
on a particular tone generator is the user’s responsibility.

BASIC PARAMETERS

FTAP runs a single (possibly long) trial, based on a set
of parameters listed in an ASCII text file. A parameter
describes a characteristic of the experimental situation,
such as whether there is feedback to the subject’s key-
stroke, whether the feedback is delayed, the time be-
tween beats of the metronome, and so forth. Each pa-
rameter controls one specific aspect of the experiment;
in general, parameters may be flexibly combined in in-
teresting ways. Any parameters not explicitly specified
in the input file default to a documented and rational in-
active value. The most important parameters have an in-
teger value (“integer parameters”), although there are
also parameters with string and array values.

Metronome Parameters
FTAP can provide a metronome (or pacing) signal for

synchronization experiments; this can also serve as a
metronome for musical performance experiments. In the
simplest case, a metronome tone has a fixed pitch, veloc-
ity, and duration and occurs at a constant interstimulus
interval (notated as MSPB: milliseconds per beat). The
following parameters specify a metronome rate of two
beats per second (MSPB 5 500), with a tone on MIDI chan-
nel 1 (MET_CHAN = 1) sounding for 30 msec (MET_LEN 5
30), and with fixed MIDI velocity of 90 (MET_VAL 5 90)
and MIDI note number of 86 (MET_NOTE 5 86, equiva-
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lent to the musical pitch D6). The METRON_ON value of 1
means the metronome will sound; a value of 0 would
cause it to be silent.

MSPB 500
MET_CHAN 1
MET_LEN 30
MET_VEL 90
MET_NOTE 86
METRON_ON 1

It is possible to impose a pattern on the metronome. The
parameter specification below (an array parameter,
specified as a list length followed by the list elements)
will configure the metronome as a four-beat pattern of
three sounded beats and a pause (1 indicates a sounded
beat, 0 a silent beat).

MET_PATTERN_ARRAY 4 1 1 1 0

The following array specification would cause the
metronome to have a louder sound (higher MIDI veloc-
ity) on the first beat of each pair of beats:

MET_VEL_ARRAY 2 110 90

Pitch, tone length, and MIDI channel can be similarly
specified; the current maximum pattern length is 20 beats.

Feedback Parameters
FTAP provides a high degree of control over the audi-

tory feedback resulting from a subject’s keystroke. At
any point in time, feedback may be on or off (the FEED_ON

parameter set to 1 or 0, respectively).The outputpitch may
be the same as the input keystroke, or it can be set to a
fixed value or altered from the input keystroke value in
a number of ways. The feedback loudness (MIDI veloc-
ity) may be determined on the basis of input keystroke
velocity or may have a fixed value. The timing of feed-
back may be synchronous with the keystroke or delayed
by any amount.

In a simple case, the keyboard input directly controls
the auditory feedback, as in normal musical keyboardper-
formance. The parameters below specify that the auditory
output should be identical to the subject’s keystrokes, al-
though it is forced to MIDI channel 1. The value of 0 for
FEED_PMODE (pitch mode), FEED_VMODE (velocity mode),
and FEED_LEN indicates that the input keystroke values
(those produced by the subject) for MIDI note, velocity,
and tone length should be used.

FEED_CHAN 1
FEED_PMODE 0
FEED_VMODE 0
FEED_LEN 0

In other cases (e.g., a tapping experiment), a feedback
tone of f ixed pitch, loudness, and duration might be
preferable. The following parameters will send out such
a tone, with fixed pitch (MIDI note 76, or E5), fixed loud-
ness (MIDI velocity 90), and fixed length (100 msec),
regardless of the characteristics of the subject’s keystroke.

Setting the PMODE and VMODE parameters to 1 specifies
a fixed output value.

FEED_PMODE 1
FEED_NOTE 76
FEED_VMODE 1
FEED_VEL 90
FEED_LEN 100

Perhaps more interesting are the delay and altered pitch
mappings.The FEED_DMODE (delay mode) parameter con-
trols the delay feedback mode. A value of 0 will give syn-
chronous feedback, whereas a value of 1 will delay feed-
back for the keystroke by a fixed amount (determined by
the FEED_DVAL parameter). The following parameters
would delay auditory feedback to a subject’s keystrokes
by 250 msec.

FEED_DMODE 1
FEED_DVAL 250

The pitches that occur in response to keystrokes are
controlled by the FEED_PMODE parameter. There are pa-
rameter values that allow for quasirandom pitches, for
logically reversing the keyboard (putting high notes on
the right), or for playing notes from a prespecified se-
quence. Such pitch manipulations are useful for music
experiments (e.g., Finney, 1997), and musicians tend to
find them amusing. They may also be useful for experi-
ments in sequence learning.

Pitch alterations and delay can be freely combined by
setting FEED_PMODE and FEED_DMODE appropriately. For
example, setting FEED_DMODE to 1 and feed_pmode to 4
would give random pitch output that is also delayed.

Trigger Events
An important part of FTAP’s flexibility is the ability to

define trigger events. Trigger events change the value of an
integer parameter in midtrial on the basis of metronome
count, keystrokenumber, or elapsed time; this allows alter-
ation of behaviorduring the course of a trial. One simple ex-
ample occurs with the standard continuation paradigm, in
which the metronome sounds for a specified number of
beats and then stops, while the subject continuestapping.A
more complex case is exemplified by Wing (1977), in
which the auditory feedback for a single keystroke was de-
layed in the midst of otherwise uniformly timed feedback.

In the parameter file, triggers are specified by an initial
field containing the keyword TRIGGER. The second field
is a unique trigger ID (for identification in the output
file), and the third field is the trigger type: K(eystroke),
M(etronome), or T(ime). The fourth field is the count for
the trigger (keystroke number, metronome count, or mil-
liseconds since trial start), and the next two fields are the
parameter to change and the new value. The following
parameters would turn the metronome off after 15 beats
(e.g., for a continuation paradigm) while simultanously
turningon feedback to the subject’s keystrokes.Here, mul-
tiple parameter changes occur in response to a single
metronome event.
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TRIGGER 1 M 16 METRON_ON 0
TRIGGER 2 M 16 FEED_ON 1

A special pseudoparameter END_EXP terminates a trial.
The first line below would terminate the trial on the sub-
ject’s 56th keystroke; the second would end the trial after
30 sec.

TRIGGER 1 K 56 END_EXP 0
TRIGGER 2 T 30000 END_EXP 0

The next pair of events (with FEED_DMODE 5 1 and
FEED_ON 5 1) would cause feedback to the subject’s 40th
keystroke to have a delay of 75 msec, whereas later key-
strokes would have a feedback delay of 40 msec (as in
Wing, 1977).

TRIGGER 1 K 40 FEED_DVAL 75
TRIGGER 2 K 41 FEED_DVAL 40

SAMPLE TRIAL

A complete parameter file for a simple synchroniza-
tion experiment is shown in Figure 2. Using this file,
FTAP would generate a pacing tone 30 msec long, with
fixed loudness (fixed MIDI velocity of 100) and fixed
pitch (C6, or MIDI note 84); the tones will be generated
every 250 msec. A subject’s keystroke will produce au-
ditory feedback with fixed pitch (E4, or MIDI note 64),

fixed loudness (MIDI velocity 90), and fixed duration
(100 msec). If this text were in a file named “Cont250,”
the trial could be run by the following command:

ftap Cont250

Minormodificationsto the file in Figure 2 would change
the characteristics of the trial. For example, altering the
values for MET_VEL or FEED_VEL would change the loud-
ness of the pacing signal or the feedback, respectively.
Changing the value for MSPB would change the rate of the
pacing signal. A trigger could be added to set FEED_ON to
0 at metronome beat 16, which would change the exper-
iment so that auditory feedback would be on only during
the synchronization phase. The auditory feedback to key-
strokes could be delayed by setting FEED_DMODE to 1 and
setting FEED_DVAL to the desired delay value. The period
of the synchronization signal could be increased by
10 msec in midexperiment by adding a trigger changing
MSPB to 260.

OUTPUT FILE FORMAT

The output file records keystroke, feedback, and metro-
nome events. It also records MIDI controller information,
the starting parameters for the trial, the trigger events oc-
curring during the trial, and some internal performance
diagnostics. The file is columnar in format; a sample of

Figure 2. Sample FTAP parameter file for a synchronization/continuation tapping experiment with an
isochronous 250-msec interstimulus interval pacing signal. All output defaults to MIDI channel 1. “#” indicates
a comment line.

# The trial starts with an isochronous pacing signal, with an ISI of 250 
# milliseconds, and a 30 millisecond tone of fixed pitch and loudness. 
# The VEL, NOTE, and LEN parameters must be set to reasonable values for 
# the tone generator being used.

METRON_ON       1
MSPB            250
MET_VEL          100
MET_NOTE         84
MET_LEN         30

# Feedback to the subject©s keystrokes is on at the start of the trial; 
# the  resulting tones are of fixed loudness (MIDI velocity value of 90), 
# fixed pitch (MIDI note 64) and of fixed 100 ms length.

FEED_ON          1
FEED_VMODE       1
FEED_VEL         90
FEED_PMODE       1
FEED_NOTE        64
FEED_LEN         100

# The pacing signal (metronome) stops sounding at the 16th metronome beat, 
# making this a synchronization/continuation experiment.

TRIGGER 1 M 16     METRON_ON 0

# End the experiment after 20 seconds (20000 milliseconds).

TRIGGER 2 T 20000  END_EXP   0
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data lines (covering 600 msec) includingkeystroke, feed-
back, and metronome events is shown in Table 1. This is
a portion of an output file from a subject in the experi-
ment specified by the parameter file in Figure 2.

The first field is the millisecond time of the event, rel-
ative to trial start. The second field is “D” or “U,” de-
pending on whether the event is a key down or key up
(i.e., MIDI Note On or Note Off ). The third field is the
MIDI channel. The fourth field is the MIDI note value
(an integer), and the fifth field is the pitch name repre-
sentation of that note. The sixth field is the MIDI veloc-
ity, and the seventh is a sequence number for input key-
strokes. The eighth field is particularly important and
defines the type of event: “K” for subject keystrokes,
“M” for metronome events, and “F” for feedback events.
This field can be used to restrict analysis to particular
event types. For instance, if the only data of interest are
keystroke events, the relevant data lines can be extracted
on the basis of the value of “K” in this column.

Some interesting features can be observed in Table 1.
All the events are strictly ordered in time, regardless of
the event type; this allows looking at temporal relation-
ships between any types of events. For instance, the char-
acteristic anticipation found in synchronization tapping
is demonstrated by the keystroke down event at time
1223, which precedes the corresponding metronome
beat at time 1250 by about 30 msec. Feedback to key-
presses is synchronouswith the down keystroke, although
there may be an occasional millisecond difference owing
to processing overhead and roundoff error (see times
1223 and 1224). Keystroke release “feedback” appears,
somewhat counterintuitively, to precede the associated
keystroke release (e.g., the events at times 1323 and
1330), but recall that in this experiment, feedback was
defined as a fixed length 100-msec tone. That is, Note
Off “feedback” events are independentof the key release.
Finally, even though the sound the subject hears is of fixed
loudness (the MIDI velocity for feedback events is al-

ways 80), the varying velocities of the keystrokes them-
selves are still recorded.

ADVANCED FEATURES

FTAP has a number of other capabilities; some of these
are primarily for tapping experiments (i.e., involving a
single finger on a single key), whereas others are pri-
marily for music experiments.

1. Random delays: In addition to fixed delay values, it
is possible to have the delay for each keystroke randomly
selected from a list of delays or selected from a uniform
distribution (which is currently hard-coded to the range
of 100–300 msec).

2. Velocity alterations: In addition to the choice of
fixed or variable velocity (loudness) for auditory feedback,
there are also some preliminary velocity mappings (e.g.,
harder keystrokes can be made to cause softer sounds).

3. Multiple feedback channels: FTAP provides a sec-
ond logical “feedback channel,” which permits either
two independent feedback responses to one keystroke
(e.g., combining synchronous and delayed feedback) or
different types of feedback response for two parts of the
keyboard (defined by a split point).

4. Fixed sequences: FTAP can play a preprogrammed
stimulus (a fixed sequence of notes) from a file.

5. Masking noise: A tone can be programmed to go on
at the beginning of the experiment and off at the end of
the experiment; this can be used to provide masking noise
throughout the experiment when used in conjunctionwith
a suitable tone generator timbre.

6. Polyrhythms: The ability to have a metronome pat-
tern that is up to 20 beats long, with control over whether
each beat is played (as well as pitch, length, and loudness
for each beat), allows for a limited range of polyrhythmic
pacing signals for use with either synchronization or
continuation tasks.

7. MIDI controllers: FTAP can record most MIDI con-
troller messages (e.g., sustain pedal or pitch bend); these
are listed in the output file as event type “C.” Such con-
troller messages do not undergo complex feedback map-
ping.

8. User customization: Although there is not currently
an explicit interface for adding user-specified mappings
for pitch or delay, it is relatively simple to do so with the
provided source code.

REAL-TIME DIAGNOSTICS
AND BENCHMARKING

FTAP provides precise millisecond-resolution data
collection on the Linux operating system; this claim may
surprise those who are aware of the potential problems of
real-time data collection on a complex multiuser, multi-
tasking operating system. However, the combination of
modern fast hardware (e.g., 300-MHz Pentium processor

Table 1
FTAP Output File for a Synchronization Experiment (Excerpt)

Time MIDI MIDI Note MIDI Sequence
(msec) Up/Down Channel Note Name Velocity Number Type

1000 D 1 84 C6 100 0 M
1030 U 1 84 C6 0 0 M
1223 D 1 60 C4 112 3 K
1224 D 1 64 E4 80 3 F
1250 D 1 84 C6 100 0 M
1280 U 1 84 C6 0 0 M
1323 U 1 64 E4 0 0 F
1330 U 1 60 C4 0 0 K
1467 D 1 60 C4 101 4 K
1467 D 1 64 E4 80 4 F
1500 D 1 84 C6 100 0 M
1530 U 1 84 C6 0 0 M
1567 U 1 64 E4 0 0 F
1577 U 1 60 C4 0 0 K
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based computers with large amounts of RAM), real-time
support provided by standard Linux, and careful coding
makes such precision possible. More detailed informa-
tion on performance, benchmarking, and implementation
is available in Finney (2000) and the FTAP Reference
Manual; the interested reader can also consult the provided
C code. Running FTAP with reliable millisecond timing
uses real-time features of Linux that require root privi-
leges. Configuration of FTAP as a setuid root program is
recommended for serious data collection, although testing
and evaluation can be done with normal user privileges.

Users can verify FTAP’s performance for themselves
on their own systems. One particular issue is verifying the
timing capabilities of the user’s own MIDI hardware and
drivers. A parameter file included with the distribution
can be used in conjunction with a MIDI loop config-
uration (using a cable to connect the MIDI output back to
the MIDI input) to test the maximal throughput of FTAP.
This parameter file is configured to provide feedback to
keystrokes and also sends out a single metronome event.
This output MIDI message is immediately interpreted as
keystroke input (because the MIDI output is connected
to the input) and then generates a MIDI output message
as feedback. The single message will continuously loop
through the system, providing a strong test of throughput.
The performance can be checked by inspectionof the gen-
erated output file, as well as by comparing against elapsed
time. Such testing shows that FTAP, on a properly con-
figured system, attains the maximal bandwidth possible
under MIDI (approximately one MIDI event per mil-
lisecond; see Table 2).

In addition, the internal timing of each run of FTAP
(i.e., the detection of possible operating system schedul-
ing problems) is clearly indicated in output diagnostics
printed both to the screen and to the output file. With a
properly configured system, serious problems do not oc-
cur. For example, in a tapping experiment with a total of
1,320 thirty-second trials (Finney & Warren, 2000), only

50 trials (3.8%) showed a scheduling discrepancy of
greater than 1 msec. These 50 trials each contained a sin-
gle scheduling discrepancy of either 2 or 3 msec, and
these small discrepancies typically occurred when no
MIDI data were being processed. This seems quite ac-
ceptable for more than 10 h of data collection.

CONFIGURATION ISSUES

FTAP has been run by the author primarily on a 200-
MHz Pentium computer running a RedHat 6.2 Linux dis-
tribution (a 2.2 kernel), with a Creative SoundBlaster 16
card as the MIDI interface and an external tone genera-
tor (a Yamaha TX81Z) for auditory output. MIDI access
is done via the generic device “/dev/midi” so there is no
dependence on a particular sound card, although not all
sound card /driver combinations can handle the heavy
throughput of the loop benchmark described above (see
the FTAP Reference Manual for details). Experiments
should be run on a machine dedicated to data collection
(e.g., not running as a network server or running other
users).

One particular concern is that the OSS-Free MIDI dri-
vers that are currently shipped with many Linux distrib-
utions process MIDI output with a 10-msec poll (at least
with MIDI hardware interfaces that do not have interrupt
capability); this does not give the desired millisecondcon-
trol of output. The problem can be readily demonstrated
by the loop benchmark described above. Although such
output timing granularity may not be critical in some ex-
perimental situations, it might be a serious problem in
others. One solution is to use the low-cost, binary-only
OSS drivers from 4Front Technologies (http://www.
4front-tech.com); these drivers do not suffer from the
10-msec polling problem. Alternatively, the open-source
Advanced Linux Sound Architecture drivers (http://
www.alsa-project.org) are also claimed to be free of this
problem.

AVAILABILITY

FTAP is availableat no cost (but withoutwarranty) from
the FTAP home page (http://dactyl.som.ohio-state.edu/
ftap) or by contacting the author (sf@dactyl.som.ohio-
state.edu).The distributionincludes compileableC source
code and binaries for a Pentium Linux system; the code is
covered by the GNU Public License agreement. Sample
parameter files are also included,with demonstrationsof
various FTAP features and sample experiments (such as
those listed in the introduction). The distribution also in-
cludes a user’s guide and a reference manual; this docu-
mentation is currently somewhat rough but should be ac-
curate and complete.
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