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B b = new B();
C c = new C();
b.doSomething(c);
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import jp.crestmuse.cmx.commands.*;

public class CMXTest1 extends CMXCommand {
public static void main(String[] args) {
try {

CMXTest1 t1 = new CMXTest1(); t1.start(args);

} catch (Exception e) {
e.printStackTrace();

System.exit(1);
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SPExecutor:

SPExecutor exec = new SPExecutor();

MidilnputModule: 15|#ICMIDIT /1 XIEE

MidiOutputModule: F1518(CL ¥ —/NEIEE
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Java Sound APIZBEzlz< HEH D

static MidiDevice getDevice() throws Exception {
MidiDevice.Info[] info=MidiSystem.getMidiDevicelnfo();
for (int i = 0; i < info.length; i++)
System.out.printin(i+”: “+info[i].getDescription());
System.out.print("ENEFEVNTITH “);

BufferedReader r = new BufferedReader
(new InputStreamReader(System.in));
int n = Integer.parselnt(r.readLine());
return MidiSystem.getMidiDevice(info[n]);
}
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L WETLD S X (SPExecutor, MidilnputModule,
MidiOutputModule) M1V XV AE{ERT D

SPExecutor:
SPExecutor exec = new SPExecutor();

MidilnputModule: 15|#ICMIDIT /1 XIEE

MidilnputModule mi
= new MidilnputModule(getDevice());

MidiOutputModule: EE15|8(CL 2 —/\&IEE

MidiDevice dev = getDevice();
dev.open();

Receiver r = dev.getReceiver();
MidiOutputModule mo = new MidiOutputModule(r);
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MIDIANFT /31 & L TVirtualKeyboard& &5
VirtualKeyboard vkb = new VirtualKeyboard();

MidilnputModule mi = new MidilnputModule(vkb);
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Receiver r = MidiSystem.getReceiver();

MidiOutputModule mo = new MidiOutputModule(r);
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exec.addSPModule(mi);
exec.addSPModule(mo);
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exec.connect(mi, 0, mo, 0);
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import jp.crestmuse.cmx.amusaj.sp.*;
import jp.crestmuse.cmx.sound.*;
import javax.sound.midi.*;
import java.io.*;
public class CMXTest2 {
// CCICgetDeviceXVw R&EIE—
public static void main(String[] args) {
try {
SPExecutor exec = new SPExecutor();
MidilnputModule mi = new MidilnputModule(getDevice());
MidiDevice dev = getDevice();
dev.open();
Receiver r = deg.getReceiver();
MidiOutputModule mo = new MidiOutputModule(r);
exec.addSPModule(mi);
exec.addSPModule(mo);
exec.connect(mi, 0, mo, 0);
exec.start();
} catch (Exception e) {

e.printStackTrace();  System.exit(1);

import jp.crestmuse.cmx.amusaj.sp.*;
import jp.crestmuse.cmx.sound.*;
import javax.sound.midi.*;
public class CMXTest2 {
public static void main(String[] args) {
try {
SPExecutor exec = new SPExecutor();
VirtualKeyboard vkb = new VirtualKeyboard();
MidilnputModule mi = new MidilnputModule(vkb);
Receiver r = MidiSystem.getReceiver();
MidiOutputModule mo = new MidiOutputModule(r);
exec.addSPModule(mi);
exec.addSPModule(mo);
exec.connect(mi, O, mo, 0);
exec.start();
} catch (Exception e) {

e.printStackTrace();  System.exit(1);
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MyActionListener o . P _
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JButton b = new JButton(“XYZ"); RVIBYER (FdestCETIAD
b.addActionLi MyActionLi ;

addactionListener(new MyActionListener() * Class<SPElement>[] getInputClasses()
BANF v URIVAZ(IT(FTD 0 S X DEEF

public void actionPerformed(ActionEvent e) { * Class<SPElement>[] getOutputClasses()
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class MyActionListener implements ActionListener {

}
}




import jp.crestmuse.cmx.amusaj.sp.*;
import jp.crestmuse.cmx.amusaj.filewrappers.*;

class PrintModule extends SPModule {
public void execute(SPElement[] src,
TimeSeriesCompatible<SPElement>[] dest)
throws InterruptedException {
// C CICAIBRA % ok
}

public Class<SPElement>[] getlnputClasses() {
/! BANF v IRIVRZ(F (DD S XDEEF) & return
}

public Class<SPElement>[] getOutputClasses() {
// BHENDF v ORIVICHNIT B0 S XDEFIEreturn
}

}

getinputClasses / getOutputClasses

i
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Fr IRV =1 MidilnputModule
MidiEventWithTicktime ¥
ATI1TD PrintModule
60 705
MidiOutputModule

public Class<SPElement>[] getlnputClasses() {
return new Class[]{MidiEventWithTicktime.class};
}

public Class<SPElement>[] getOutputClasses() {
return new Class[ J{MidiEventWithTicktime.class};

}
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void execute(SPElement[] src,
TimeSeriesCompatible<SPElement>[] dest)

| | src dest
* Class<SPElement> , v F
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c ANIF v URIOICEEBLUzT—5 I src[0] TPOEXTES
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public void execute(SPElement[] src, mSQ[O]\ R mSg[\ﬂ R msg[\Z]
TimeSeriesCompatible<SPElement>[] dest) throws ... { XATF—B /1~ FT—=8 11 F—8/\1 k2
MidiEventWithTicktime evt
— (MidiEventWithTicktime)src[0]; @ TsIsIsIclclclc] O O R
byte[] msg = evt.getMessage().getMessage(); @ \—Y—’ H—I H—/
if (msg.length == 3) <
System.out.printin(msg[O] +” “+ msg[1] +” “+ msg[2]); @ ?vﬁ/jﬂb NO;)EE-;)AN(/;FF NOE)E%OAN(/;FF
dest[0].add(evt); @ = Hlo N
J=kFVN— ROYVF v
000: NOTE OFF
A ZMEY 31— UEF + Y =RILOICMidiEventWithTicktime® 001: NOTE ON
EBEHRLEDT, II9UF v+ X~TD (fTEBR)
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PrintModule pm = new PrintModule();

PrindModuleZ SPExecutor (C E#R
exec.addSPModule(pm);

1= IDDHEETHEUTDLSICER
exec.connect(mi, O, pm, 0);

exec.connect(pm, 0, mo, 0);

import jp.crestmuse.cmx.amusaj.sp.*;
import jp.crestmuse.cmx.sound.*;
import javax.sound.midi.*;

public class CMXTest3 {
public static void main(String[] args) {
(HE)
PrintModule pm = new PrintModule();

exec.addSPModule(mi);
exec.addSPModule(pm);
exec.addSPModule(mo);
exec.connect(mi, O, pm, 0);
exec.connect(pm, 0, mo, 0);
exec.start();
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MidiEventWithTicktime(MidiMessage message,
long tick, long position)
S
MidiMessageZd I 10 b EFZIC/EDIRESH D

—MidiMessageJ 5 X M{Ikk%Z JavadocCF T w2
Java Sound API

| MidiMessage
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public void execute(SPElement[] src,
TimeSeriesCompatible<SPElement>[] dest) {
MidiEventWithTicktime evt
= (MidiEventWithTicktime)src[O];
byte[] msg = evt.getMessage().getMessage();
if (msg.length == 3) {
byte[] msg2 = new byte[] {msg[0], msg[1]-4, msg[2]};

ShortMessage sm = new ShortMessage(msg2);
MidiEventWithTicktime evt2
= new MidiEventWithTicktime(sm, O, 0);
dest[0].add(evt2);
}
dest[0].add(evt);
}
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SMFPlayer 2 S X &FE X (X K L)
(import&fg)

public class CMXTest4 {
public static void main(String[] args) {
(—EB&RS)

exec.connect(mi, O, pm, 0);
exec.connect(pm, O, mo, 0);
SMFPlayer player = new SMFPlayer(r);
player.readSMF(“banso.mid”);
exec.start();
player.play();
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TickTimer: IRTERFZI%E tick B TR I getTickPosition()
AV REEEULRETVYSI—TI1X
SMF: TickTimerr YA —J 11 X&EEE

getTickPosition)ZIFUH T &, REBEFRNDSMF(C
BT BREMBE tickPAITRYT

mi.setTickTimer(player);

PrintModuleMexecuteZ=&&E9 D

public void execute(SPElement[] src,
TimeSeriesCompatible<SPElement>[] dest) {
MidiEventWithTicktime evt
= (MidiEventWithTicktime)src[0];
byte[] msg = evt.getMessage().getMessage();
System.out.printin(evt.music_position + “:
+ msg[0] +" “+ msg[1] +" “+ msg[2]);
dest[0].add(evt);

MidilnputModule(ZsetTickTimer @ T LN,
ZIhHh5E5MBMidiEventWithTicktimeZ 73 T 5 (4.
music_positionE WSEHMMSIRXEND ENTE D,
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import java.awt.*;
import java.util.*;
class Pianoroll extends Frame {

}

ArrayList<TickAndNoteNum> | = new ArrayList<TickAndNoteNum>();
Pianoroll() {

setSize(600, 300);

setVisible(true);
}

void addNoteOn(long tick, int notenum) {
|.add(new TickAndNoteNum(tick, notenum));
}
public void paint(final Graphics g) {
super.paint(g);
for (TickAndNoteNum x : I)
g.fillRect((int)(x.tick / 25), 900 - 10*x.notenum, 10, 10);

}

GUIDERD&EED THELD (2/2)

class TickAndNoteNum {
long tick;
int notenum;
TickAndNoteNum(long tick, int notenum) {
this.tick = tick;
this.notenum = notenum;
}
}
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(import&g)
class PrintModule extends SPModule {
Pianoroll pianoroll;
class PrintModule(Pianoroll pr) {
pianoroll = pr;

}

(HPER)
public void execute(SPElement[] src,
TimeSeriesCompatible<SPElement>[] dest) throws ... {
(CCOEERIIRASTART)

PrintModuleMexecuteXVw RS E 7 ) O—JLICHEBEGRTSE
TIDOT. PianorollATI O AOSBEREBL THL

PrintModuleZdG& L &> (2/2)

public void execute(SPElement[] src,
TimeSeriesCompatible<SPElement>[] dest) {
MidiEventWithTicktime evt
= (MidiEventWithTicktime)src[0];

byte[] msg = evt.getMessage().getMessage();
pianoroll.addNoteOn(evt.music_position, msg[1]);
dest[0].add(evt);

pianoroll.repaint();
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MusicRepresentation class

MIDI input

[Proprocess |
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D1 vt

Dataflow API

Melody

setEvidence

Harmony Calculator

interface

Voicing

setProbI ! getProb

etc.

gerProb

[
\ Each note is a discrete random variable

Once an evidence is set to any node, calculators are automatically
called to update the probabilities of other nodes

Melody

Harmony

Voicing

etc.

MusicRepresentation class

Bayesian-
Calculator

setProtﬁgetProb

weka

®

e-0

(BIFZ 7-1JL)

MusicRepresentation® ./ — R DfEZwekalc IE—
— weka CiEiR — &R % MusicRepresentation(C JE—

mWED ) — ROMIGEEREBayesianMapping T Bt




4. ACEI21—-ILOEHNZ=E
BEDEI 21— ILICAATEIZL
BAREER T

\ SPSpreadModule&E {0\ F 9,

MidilnputModule

¥

ANEnes—5%
SPSprgadiodule F o URILOENCHS
ch=0i ich=1
MidiOutputModule OOModule

5. ERIE(CEFEUL O

EXRNEER T

SO UZAPl (SPExecutor’d &) #&
ZDFEFFERFT,
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* Ruby — JRuby
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CrestMuseXML&E(Z (1/3)

Extensible framework for describing various types of
musical content and knowledge including:

« Score: what piece is performed

* Deviation: how the piece is performed
* Audio features: how the performance sounds

* Music structure: what phrasing is intended by the performer
* Others

/ ~—
Deviation A DeviationB | -
+ Extensibility
| Audio I | [ Audio Il |- | Struct.i |-

* Many-to-one linking
» Compatibility to existing formats

CrestMuseXML & (E (2/3)

 Data at different layers are described in different
formats and linked to each other

GroupingXML, MetricalXML, ﬁme-spanXMI]

User-defined XML . Metric. ™~
(5 ] [ o e
\

i
PEAL

SCCXML
£

H.T.Model XML
a

t Extraction

MPEG-7, ACE XML,
AmusaXML etc.

Waveform

Ilntercharueable

Standard MIDI Files
Ilmarchangeable

MIDI XML
Ch1, NotaOn, 60, 100
480
Ch2, NoteOn, 48, 72
150€M1, NoteOft, 80, 100
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CrestMuseXML & (& (3/3)

Main merits of this approach ‘
* Anyone can extend the descriptors by adding new
original formats
« Different data (e.g. deviation) can be linked to the
same content (e.g. score)
* An existing de facto standard format, if any, can be
adopted for each layer

BEEER(CNTIBRIF—V v (1/72)

‘ Description of melody‘
* MusicXML is adopted

‘ Description of deviation ‘

» We designed a new format Deviationlnstance XML
» Basic concept: to separate macro- and micro- deviations

fempo expression
tempo tempo-deviation
basi: tampo local tempo
BPM (beats perminute) | ratio of kempo
valid until next <tempo> | valid ungil the end of beat

r [note deviation]

base-dynamics dynamics
bese dymamics of a dynamics devistion of cach note

mafio of a cerain v W
in <partwise>

ratio ofa lese-dynamics of the part
in <notwie=

{ [loudness expression]

BEEER(CNI IR I —V v (2/2)

‘ Description of audio features ‘
* AmusaXML (original) and ACE XML (by Fujinaga Lab.)

‘ Description of music structure‘

* MusicApexXML (original)
«Tree structure of phrasing in which the leaves link
to note elements in a MusicXML document

MusicXML

FEH

CrestMuseXML Toolkit& (& (HET5L))
s BRBERWEROA—TVVY—XS51TSY
- BEERT—HSDEHET
« U7 ILE 1 LRAPIERRH
- SREREHRIBCHOT—IEEERH
» JavarX— X cross-platform
s EBR—X, MIDIR=XESE5(CEEH
* XMLZERDEWT FUICEBH

e CrestMuseXML[E, B—DXMLT#—V v &
BURITEETIEELWV

FAFAHICDUNT
« WEEF, HER+TIVAT - (FA. B1f) RER
* SourceForge.jp_EMsubversion CEE

- BICRRBNDEBRERS
s d—FT V5, TR, NTWE., RFaXV7—
3y, RFa XV RERLE
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IS5 B1ER
* http://www.crestmuse.jp/cmx/ (5 &2 &HLY)

o TIERFAR—/3— (2007488, 20084%58)
(c5lchHW)

« RE2R (BEEFRKX) (CRBNF1—KUT7ILE
PINE (FFMIFT—EIERE)

e X—1)VUH1) Xk cmx-dev
s [BRICIEREFTHA—=ILELIZEL)
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