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How to record my music?
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« Digital Audio Workstation = A2t}
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« Digital Audio Workstation = A2t}

2|7} IDE (Integrated Development Environment)E AlEst= AXHE
== US Ar85t= SO0|CT.



<> CUBASE PRO10

llI= Ableton

BITWIG
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Digital Audio Workstation = A3t

2|7} IDE (Integrated Development Environment)E A5t AN EH

O
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== =M ArEst= =O0|Lt.
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Digital Audio Workstation = A3t

2|7} IDE (Integrated Development Environment)E AlEst= AXHE
== US Ar85t= SO0|CT.

13 DAWS| g2 FANEI?

Audio (Wave It 2| HZl) / MIDI dataZ 0|28l VST A



What does VST stand for?
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 Virtual Studio Technology (VST)



VST

NI NATIVE INSTRUMENTS >('i Lotope

&

PECTRASONICS

Reason
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 Virtual Studio Technology (VST)

o 7t 7| (VSTI), 71 O|HH (VSTfx) & s&olA F2= B
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Virtual Studio Technology (VST)

e 71 (VSTI), 7t O|HiE| (VSTfx) S S&ohA

—

= L- O3 X

VSTi= MIDI 7} 7t%! datas 7|8t = A2|(wave)S BHSO{ELCL.

VSTfx= BFEO XL = ZEl wave datall| 12 == 4SS siC}
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Virtual Studio Technology (VST)

—

= - O x|
L -

1 971 (VSTI), 7t O[HH (VSTfx) & S&iolA F2= 8

VSTi= MIDI 7t 7}l datas 7|92 A 2|(wave)E THS0EL.

ﬂl\ﬂ

VSTfx= BFEO XL = ZEl wave datall| 12 == 4SS siC}

AU / AAX = L&t 047]0| M Pass!
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CHECK/MUTE

BUTE
FEDUCTION

THRESHOLD DECAY |

o
L] [ L [ ]

| MIN MAX N MAX MODE
REDUCTION

Input
T

INPUT €= q

RETURN €=
F

Noése
Uppressornr
PP NS-2

https://blog.naver.com/PostView.nhn?blogld=vogoho0210&logNo=221401793033 &parentCatecoryNo=&categorvyNo=6&viewDate=&isShowPopularPosts=false&from=postView
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CHECK /MUTE

LT
mu-.acnu{'i
THRESHOLD DECAY | 4

L
‘i"
L [ ] [ L]

MM MAX MM MAX MODE

Outp ut REDUCTION
_ ﬂ & OUTPUT INPUT €= q

& SEND RETURN €
Noisse h
Uppressor
PP NS-2

https://blog.naver.com/PostView.nhn?blogld=vogoho0210&logNo=221401793033 &parentCatecoryNo=&categorvyNo=6&viewDate=&isShowPopularPosts=false&from=postView
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MIDI2F WAV 1=



MIDI

 Musical Instrument Digital Interface 2| 2FX}

1 byte
—

1 S S Ss nnNn nn

O X X X X X X X0y VyYyVyYVYYVYVyYy

Status

%f_j%f_J

Data 1 Data 2
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MIDI

 Musical Instrument Digital Interface 2| 2FX}

. T} 7|MI2| CIXY MSE F0 8| sl 2t ASE RAlsH YFo| 7o)

1 byte
—

1 s s s nnnnoO0OXxXxxXXXXX|0yyyvyyvVyyyy

%f_j%f_J

Status Data 1 Data 2
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MIDI

Musical Instrument Digital Interface 2| 2fX}

ML et7(7)12| CIXI"E MsE 10 87| 2|5l 24 AlsE A 2lstet EFo| H<f
MIDI Z§Zl2 Status, Datal, Data2 S 8 bytes M| 7l ZiZI S 2 LIE[HRULCE.

7! H|OJE] et s41ot= HIO[S0| ZohM UL,

1 byte
—

1 s s s nnnnoO0OXxXxxXXXXX|0yyyvyyvVyyyy

H_J-H_J

Status Data 1 Data 2




m I n I Specs Forum About

MIDI Reference Tables

Our reference tables are the quick and easy way to look up the meaning of a particular MIDI message number, find a

Manufacturer ID number, find international standards that incorporate MIDI, and more.

Summary ot MIDI Messages

The following table lists many of the major MIDI messages in numerical (binary) order.

Expanded Messages List (Status Bytes)

The following table lists all of the Status Bytes in binary numerical order.
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e wav L= waves f[0|EE 2L ZOi(waveform audio format)
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» wav IE= waves H0|EZE QLC|2 EI(waveform audio format)

. JH0IR HZE0|M QL|QE XjMst= OJ0|I2AZEQ} IBM QL|Q I} ZoH HX
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» wav IE= wavers HI0|EE 2LC|Q Zoi(waveform audio format)

e 71212 HEEO|AM QLIS XMSH= OI0|AZATZEQ} |IBM QLC|2 L}l Zol 5=

o 22|71 25| L1 = A2 AMSE -1, ~ 1. AHO|2] Zf2 = X|ZletL},

| E—













MIX / Master




MIX / Master

BEFORE LIMITING:

AFTER LIMITING:
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Live performance e Sound design
Generate Melody  Mix / Master
Generate Accompaniments e Source Separation

 Music Analysis
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Sony CSL
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Repair Assistant
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.

- De-click

Hi De-clip
“JTr De-crackte
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(7)) De<hum

{‘.-"!-j| De-plosive

(®) De-reverb

W) De-rustle

De-wind

5 ¢ Deconstruct

i*~s Dialogue Contour
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| Dialogue Isolate
Interpolate

Mouth De-click
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A Spectral De-noise
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& Voice De-noise

Litility "4

Azimuth
it Dith
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History
Initial State
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v/ Analyzing Audio

v/ Setting EQ to adjust spectral balance

Setting Dynamics to control low end
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MIDI data preprocessing




MIDI preprocessing

e 13 01ZFA O|21 H|O[E|= SXIshOF77t?



| ®

MIDI preprocessing R

o 17 012A O[! Ll|O|E1S EH[SHOF7?

[HE =02t OEt7rX |2 MIDI H[O|E & ChE 4= A= Th7[X|S0| EXY
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o 17 012A O[! Ll|O|E1S EH[SHOF7?

« LC+E O} ORIVEX|Z MIDI GO|E E LhE &= U= TH7[X|S0| X

 mido, python-midi, pretty-midi, music21 ...
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e mido
- THOMOl| M midi CI|O|E & Ct&+= Th7[X|O|LC.

- Mido= rtmidiE 7[8t2 = 57| E0f| O|C| £ES A8 E7Lt E= = UL
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mMido
- IFO|MO| M midi H[O|E|& Ct&== Ih 7| X|O|LCt.
- MidoE rtmidiE 7|8te 2 57| U220 O|C| ZEE &N G/ L} &S = QUL

python-midi
- High level APIZ MIDI H|O|E{Z &l write & &= QUCt. LinuxE £2CHH ALSAZS]
AMEME 7|52 & = UL
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mMido
- IFO|MO| M midi H[O|E|& Ct&== Ih 7| X|O|LCt.
- MidoE rtmidiE 7|8te 2 57| U220 O|C| ZEE &N G/ L} &S = QUL

python-midi
- High level APIZ MIDI H|O|E{Z &l write & &= QUCt. LinuxE £2CHH ALSAZS]
AMEME 7|52 & = UL

Pretty-midi
- midoE 7|9H?)2 2 MIDI GIO|E{E & 91 £ 4 QA sZCt
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e Music 21
- SimplestAl 7ei3iCt= midi libraryO|Ct, &S| KH|O|E E|1 QIeD, 70| ELt
docO| 2FM|gt HO|Ct,



| ®

MIDI Library o

 Music 21
- SimplestA 2R CH= midi libraryO|Ct, &3] YUH[0|E &1 QI2l, 70| ELt
docO| 2FM|gt HO|Ct,

o« OrEiA QLR 22| Librosa 2r L= Sl £2 210[E22{2(71 0% fI7|HhZE
Ol 0= 2f0|EE{e|= ArEol7 | ofLt.



MIDI preprocessing

» 1 A MIDI HO|HE= 7IHE 5= /E77
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MIDI preprocessing

Al MIDI E0|BI&= 7= &= USTH?
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« 1% O{EA MIDI GO|EE= 7T E = AST7?

+ X 22|0fA L3t C0|E{7} £AQIX| ot Xt

o OfH S0| LI2t0Fo=X|?
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15 02| MIDI EI0|BIE= 7IME &= US7?

« X Re|0f|AH E3et CIO|E 7t FHQIX| ZOHEXL
+ O SO| LI2{OFSH=X(?

. 20| Yot} LIRIOFSH=X|?
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13 0Z7 MIDI EO|B &= 7tRE = R=It7?

X 2|0l|7| LRt C|0|E{ 7t RAQIX| YOt}
O{tH 20| LI2toksH=X|?
50| 0Lt LILtOFst=X|?

20t M7 0| LieroFet=X|?
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13 0Z7 MIDI EO|B &= 7tRE = R=It7?

01X Q2|0 LR BI0|E 7+ £AHRIX| Qopsixt
H 20| LIQIOF5H=X|?

S0| UOjLE Liotopst=x|?

ATHLE H|7H| 20| LIRtOFSH=X]?

Note on / off, velocity & &O0[0f 7|2XQl 24| SF= e = QUL
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def get eventlist(data file): ® Event O=I AI O E I___'” O ‘ E'l .H_l'A m idO Al-% n u

event : [Time, Type(ON, OFF, CC), Valuel, ValueZ] - MIDI G|O|E] ElRI2 0|25}0{ 2t EE n}A Rubato
N - Note on : 1
gty - Note off : O
midi = mido.MidiFile(data_file) - CC (control change) : 2
current_time = 0
f:lgltm[; o ItAlst= O[#IE= Note on, Note off
e b = e e (Velocity == 0), control_change

# NOTE ON CASE

Lf « & ls 'note on’ d .velocity > 0: — 7 — — OL O
’ m:?renipi ;:urEZni_EIilme?nONTSI?ls;'.Ean;,Ymsg.velocity] ¢ NOte Oﬁ Ql- VeIOCItyE 7|: ‘ "'Ll-éDI Ol-: O‘-lT: EO‘
eventlist.append(event) J_-LL L HH O N = O . A I‘I
rin ote off, == Velocit 0=
# NOTE OFF CASE rL_- _T-L_-EE! B 3/ =
elif msg.type is 'note off' or (msg.type is 'note on' and msg.velocity == 0): Ol— ‘ [[H_I'__O“'_‘l--

event = [current time, OFF, msg.note, msg.velocity]
eventlist.append(event)

if msg.type is "control_change': o COntrOI Change $_E $§ CCE Ll_El_LH EI:I
Pl ol 1 g CC64= m|OtO| H|E O|0|E{= LIEILHCE

continue

if cc == False and msg.value > 0:
= O = — 1 — C LSS A

:zentT:m[acurrent_time, CCy O L] ° ‘ E”O‘E-la E_l_ .‘.L|'é>|0|'7'” Ell:l'—:l EéIO-” %_IE T S\)AI

eventlist.append(event)

elif cc == True and msg.value == 0:
cc = False
event = [current time, CC, 0, 0]

eventlist.append(event) Event : I_—I-ime, Data Type, Value1, Value2]

eventlist = np.array(eventlist)
return eventlist



MIDI dataset
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Dataset

« 2 OPEIELOIA H|EZSH Maestro HIO|E{Al AFZSHALE.



| ®
OLl

Rubato

Dataset

« 2 OPEIELOIA H|EZSH Maestro HIO|E{Al AFZSHALE.

o &KX Aot H|O|EE MIDIZF WAVE FENZ 20009 A[ZF K& E[0] UL
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Dataset

=2 OpEIEFO| A X2t Maestro Gl|O|E{Al AFRSIILCT

&K ¢1==ot H|O[E{E MIDI2F WAVE EIZ 20001 A|ZF KMEE0] ALY

|
S A=, Wave2MIDI 5 Cr&et =00l A ArE |11 = H|O[E{AI0|L,
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Dataset

A= OpHIERO||AM H|&28E Maestro Cl|O|E{All AR GHILE
Al 1=t 4|0|E{ 2 MIDI2F WAVE SEHZ 20007 A|ZF HAEHE|O QLC}.

2| H|O|E{E Music Information RetrievalS ?|ct 2 AFE 7tsoiCt S| X}
= A2 Wave2MIDI & CieFst 00| A E| 0 QU= H|O|E{AlO|LCY,

ofafst AtRt International Piano-e-Competition= 100{LH0f| 27X 7HZ|

OfOfst C|AZEHH|HE AFESIH0 MIDI H|O|E{2F WAVE H|O|E & =& SHRLY.
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Maestro Dataset v2

Field Description
canonical_composer A=271 Ol &
canonical_title 29| H=
split train/validation/test 2 L}EHH
year SAH AT
midi_filename MIDI Lt O| S
audio_filename WAV L} O| &
duration O|C| Lt MAZE (=)
* Meta Data

- Maestro dataset= meta HEE elst”| 20| ¢ HEE 0|2610] H[0|E{E HSIA M2|eh =~ ULY.
- meta data= 0|&s}0{ o 2f=712| §|O|E 2t FHHLE XE=St= A0| 71506l
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Maestro Dataset v2

Split Performances Duration (hours) Size (GB) Notes (millions)
Train 967 161.3 97.7 5.73
Validation 137 19.4 11.8 0.64
Test 178 20.5 12.4 0.76
Total 1282 201.2 121.8 /.13

Maestro dataset2 & 1282702 IHEMA  train 161.3A|Zt, valid 19.4A|7L, test 20.5A|Zt2 2
O N2, MIDIZ WAV 7t 20| XS =L

M EFC}

-

1o

01710f| ZA|Zl Size= WAV Lf&E2| SizeO|0{, &X| MIDI L&e| 37|=

Notes= 2| 2= LIEILIH TH9l= SotliotltZt ef H|OJE A0 ZIH7F S 07t U=XIS EAISHTL



DL model for Music Generation



» Magenta0®ilA| 2017'30]| S7iet RNN 7|8t 22

| ®
OLl

Rubato

Performance RNN
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Performance RNN

» Magenta0®ilA| 2017'30]| S7iet RNN 7|8t 22

« MIDI note0f| CH&F embedding 281 XA

e 128 note-on

e 128 note-off

e 100 time-shift

e 32 velocity (32 bins)
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Performance RNN

» Magenta0®ilA| 2017'30]| S7iet RNN 7|8t 22

« MIDI note0f| CH&F embedding 281 XA

e 128 note-on

e 128 note-off

e 100 time-shift

e 32 velocity (32 bins)

« = 388719 eventsE 2H=L}.
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Performance RNN

» Magenta0®ilA| 2017'30]| S7iet RNN 7|8t 22

« MIDI note0f| CH&F embedding 281 XA

e 128 note-on

e 128 note-off

e 100 time-shift

e 32 velocity (32 bins)

« = 388719 eventsE 2H=L}.

e 30x0{ 12007l HX2| events vectorE 7|¥ILC}.
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Performance RNN

« RNNZ2Q| stAH|Z2 22to| =X|7} ZA| O|X|X| Z2&t




Transformer

Transformer= 37| Inputs H|0|E{E QI3 Fol= EncoderQh o|FL = H|0|E{2 7|Hto
2 Qutputs= C|2ESH0] Qutputsl| S=EXL T

Ol2fet 1= seq2seq 2EO[2tT =E|0 &2l Y1012 E&= Cid 0S| 2= Het
AZlE Y oLt 2| 28 EfE 8 H 28 A/ ddlU= 2o S &Y SOl At
EE|RALY.

Encoder= 2l2f ¢
ot 0z OI3E =

S Qi oZ Hiof QH||E E|O|= 2 0|&sl HIE = B2k
oz DecoderON S0HZ gHEIZ % SHCt

Decodert OFE7HX| = Ol A0{2] 282 E2= (H2=E 20} & H|E E|0[== 0| &5l
HEl= Helstl 05 C|2E 555 AN O 3 E20| sligst= 2t =X2| Ii2tHE S =

24510},

ol mf, C|2Y EE LKA HEIN H|FIL|ZE S E3H Encoder0| A 2
Cl. O{EllM A| 042] S| EZ £2|5}0] 2tzt C}F &t

2 MHE2 concatenationsto] Ct2 2j|0|{ 2 M3l EICY,

Ii2IH|E{S £35}= Decoder® 1M EIC},

 Add & Norm
Feed

Forward

N Add & Norm

Multi-Head
Attention

Input
Embedding

INPULS

Fositional
Encoding

&
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Output
Probabilities

| Softmax |

Add & Norm

Feed
Forward

Adt:i & Norm

Multi-Head
Attention

N %

r
Add & Norm

Masked
Multi-Head
Attention

o e Puaiti{}.r]al

Encoding

Output
Embedding

!

Qutputs
(shifted right)
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o« 7|Z&9| Transformer0f| A= Absolute Positional EmbeddingS Eall EXt&e| 2t E
=X|E BOUACQ /IXIEES SolA LIEILWR 2L, O[2{er T2 X5 72| JUAQ
7|0 E5et MO| UL

» O[2et M= I=otXAr 11 210| Relative Positional EmbeddingO|Ct. EZ2| HC{ ¢|X| dEHE &

O
= 2|O[O{0l[ A2 E HIT A|Z|X| 10, Attention ScoreE & Il ACHXQOl Q{X[E FSH5H WeightE £
0511 AH[AFSHCE,

n
0=
0

|_
ol

. OK'
Attention(Q, K, V') = softmax V
V dk
K"+ QR"
RelativeAttention(Q, K, V') = softmax BA + R v

Va
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Music Transformer e

OfF2 J2l0|A x _2HE{7t x_18| HE & Xo17| floll AIEE Positional Embedding2 x_ 12| R
X[0| Chet 2£0[ OfL|2} 1-2=-1 =, %'5—.’59§ M =0 L= 2IX[0]] Chet 2r0] AFBElS Heist QT

O = x 2HME0|M x_4HE{S| BEHE FHZol/| floliAl= UM 2[x|0f| Cher 0] OfL|Ef 4-2=2 =,
o=z FHM =M = fIX| Of| Ciet 4=

rlru r\o

A,
=
Q

VRS S N VR

A, FW, a,,sW, a’ =W

K sl o canit K sl

d’, TWT, d,  TW, a7, TW
RX‘]J[XZ]RXSJMXEI.J 'uxnf
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» Absolute Positional EmbeddingOifA= &= #E] of 7{0]| Ciol otLref AT HE|TH CHSE|ULCT. Of2f
=c| Relative Positional EmbeddingtiiA= 7tstt 2= &HE HE 7 THiS= + UL




| ®

Music Transformer e

» Absolute Positional Embedding0iiAl= 2= #E] ot 7H0|| CHsh oiLie| KiHllE HE{TF IS E|RALT. Of2f
='2| Relative Positional EmbeddingtiM= 7ts¢t 2= AT #E{7 ChSE &= ULL.

e 0| Qo] = = HIE et R= QH||Y HIE 7to| XghS 11246l 0fF 5t=4|
= XtAHO|C} O|E 2|5} Music TransformerdiA 22X Q1 QlH||El 2SS NOFSHLHQULCE.
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» Absolute Positional Embedding0iiAl= 2= #E] ot 7H0|| CHsh oiLie| KiHllE HE{TF IS E|RALT. Of2f
='2| Relative Positional EmbeddingtiM= 7ts¢t 2= AT #E{7 ChSE &= ULL.

o O|= 2ol T= ¢ HIEQF D= H||Y BIE 7te] Xet= 11246l0f 5t=0|, O|= O M2 2|7} B0| AR K]
= XtAO0|C}. O|E 2|3} Music TransformerOiA 22X QI QlH||El 2SS OFSHLHQULCE.

=740l A1 Query Q2F Embedding Table EAra} 7t #E & (QE)ALTS &



Music Iransformer

718 21Z29| columndi| length L BFE dummy column= {2 SHCY,

(L+1, L) shape= 7IX|== matrixZ reshape dfiF=Lt.

Reshape o (L+1, L) Matrixe| ZH®| dummy row X|7Hsh &=Lk

ZMHOZ CrA| (L, L) Matrix 7t E|™, 2|7 +Lot= SArelO| ELE.

PREVIOUS FIGURES FOR THE “SKEWING” PROCEDURE

C

L 1,

0

| 0
Steps 1 Steps 2,3:

P —

L

0
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Rubato

Previous work:
Fn.'r' every ffq, /)

pair,
gatherr= J - ‘L

from E'

Relative |
embeddings l—ic—\
| L

; £l
E" o Our work: QE r

L +1 Directly o
multiply by Q | ' Pad

r —p f O B
F..

- 00—~ 0@
¥
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GPT-2 e

o GPT-2= TransformerZa 7|82 2 openAld|A] BF= ZEO|CH XA E H|=oh A|AH|E H[0]|E{S] A4-M0

NN E2 d5= i AL,




| ®

GPT-2 e

GPT-2= TransformerE 7|82 Z openAlOi|A Zr= REIOICH XA E H|Zot A[AH[E H|O|E 2] 40|
UM £2 5= LI UL

71282 = Transformer®t H|ot 21X E 71X 0 QOL| L3t £ 71X XH0|™0| QUL
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GPT-2

o OFX|2t Softmax O|% Linear 210|012 WeightE Word Embedding TableZ =LCt.

# Language model loss. Do tokens <n predict token n?

h _flat = tf.reshape(h, [batchxsequence, hparams.n_embd])

logits = tf.matmul(h_flat, wte, transpose b=True)

logits = tf.reshape(logits, [batch, sequence, hparams.n_vocab])
results['logits'] = logits

return results
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e transformer blockOl| AI2&|= RELU Activation= GELU Activation2 £ CHX||s}ULC},

def gelu(x):
return 0.5%xx(1+tf.tanh(np.sqrt(2/np.pi)*(x+0.044715%tf.pow(x, 3))))

def mlp(x, scope, n_state, *, hparams):
with tf.variable_scope(scope):
nX = X.shape[-1].value
h = gelu(convld(x, 'c_fc', n_state))
h2 = convld(h, 'c_proj', nx)

return h2
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Music GPT-2

e Music GPT-2= Z271%=l GPT-2 AAE 7|HIC 2 Music Output: Probabilities over tokens
TransformerO|M A=l Relative Positional Embedding= f
%7510 QIS QALY T
Transposed embedding;3 w/
« Music GPT-22| 2 QI3 AATF ERXY SHX| F=L. }-h;
( Add & Layer norm )4
» Encoderf=2 HOLH1 Decoder®=0tS 0| &35 !
Autoregressive D22 ZZSIE 2 OHEULT (__Pointwise f;ed forward )
10 ( Add & Layer norm )4
*
( Masked multi-neaded self-attention )
T XxW¢+"W5,
Embedding matrix W _
f

Input: X
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Music GPT-2

2 sto|w wetue ¥

GPT-2 Music Transtformer Music GPT-2

Embedding Dimension 768 256, 512 512
"""" NumberofHeads | 12 | 8 i 16
 Numberofleyems | 12 | hs6 L s
""" Length of Attention | N/A | 350 i 2000
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Music GPT-2

» loss& autoregressive modelsOA AIEE|= 0| 222 &H| H|0|E] 22| cross entropyOl| 2|5H A4
zICt. Ol X &= categorical distribution2 2 LIEHL I, K| H|O|E{= one-hot vector= g EICE.

 categorical distribution2| Z=HA 271 C710|11, 2A| G[O|E] one-hot vector?| c'H & 4f0[ t_c,
Ols EZ0|A cHm SeAL| =H=0] y_c2t & I cross entropy= Cra2t £0] A|4H=l T

C
= — ) 1log(y,)
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Music GPT-2

« E0]'d A0 H|O|E|= HHX| AO|=2} 5t0|1H LEHH|E &F Foli &l attention Z0|= 7IX|E 2 shapeO|
[batch, attention_length]2 T+ EIC}.

« batchZ B, attention_lengthZ LO|2} & U}, batch&l attention_length 2= 4= F[¢h cross
entropy= Ct32f 20| A 4AH=ICE

1
CE = — —

C
BT Z tlog(y,)

C

3
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Music GPT-2

E2{|0|<2 2080ti 4CHE 0|2 HiX| AFO|= 42 9Tt step O|AF E2f|0|d SIiCt.

Optimizer = Adam= A2, Sr5&2 1e-4= FX[oIRUL.
Loss = 1.5 ~ 2 AO|2 £&HJMNLC}.

Music Transformer ==2| Validation NLL 1.835, 1.8402 2 StC}.

10k 20K 30K 40K 50K 60K OK o0k Q0K



!
|

-
=] JIE = = —
li = n .
. ﬂ- h- = -===£-' — DL R T o
'_‘.' i =1 r . . - = .
--."I b ] :'_ 5 __l'-. ='-_ ::__ :-'l- ___' i :—_ = E:. s -':.-._.‘_-_‘..j_ 1.._.."_:':*._-
= ] .- :_'_ —_—1 .—_1.1 1w .'.l-; - = :- e = - = .‘.l.l-’lll--*-;..... . I
_- | = —!. T — =- sy i T Rt - =8 ] -‘].i-".'|."-'l'-."..'.-i 0 3 & Ejwow - -
- ] : i = =="' el ] - B =i o al w e e e wale SR [ L o e
. | .o . - ! = R e - : s 0 V|
| I = = _-'_' “: - ':_r'h-:;_-__r:_,-;-__ P 1 (L R
| ¢ — g — i - e L R s g w BB ae e
"-. L o '__‘.,-_.-= P, . —— ::_.'.-:?‘L‘h -.--.-_-q-_-_-.'
i - kg il T S T e - | T i -y 1 -;t-i:'i"-l--.'-
b — = e T g = : ISR T E 8 . Xy .
— 2 — - = R R = E el g 1 PR T L L L i 4 -
o - ::-H—_ i — 1. — —— " .Ir ot P e e nw s BN - 1 !
— Y S W &z T R P L w'ae aie o B0 - | A
=3 T - W . AT Em i B3 - - - - r i e e et Tt - ¥ -
_— = — - P -.-:__ :-" - r = & @ @ oW a @ @ N — ' : * -
-_— . Em————— . Z —5 = e = S - ol bl — sesssemenas e i
e — = ol - o - - ;i ' - — k
— e . - &l = - = = Tl R e R AR — i — -
=) . — | —= = = g el el % il | : - ] — = E
d — T _1: el — _; - r 1 | - l_l_-_l...' ¥ SR e L - — l—
E "l— : 1 I = - -
l = | e il
' g J s - QB T, E
1 o + -
. I W

-

. =

Ao ! e o= ..-.. L
T MR TH jl.l!ﬂr 1 n.' . ﬂ.‘
i H'!Hm"_ﬂ'ﬂﬂ'ﬁlnﬂ

7
OIS B amee 1
-'I.|_' IT.I|i- ‘;;j.:l-l










| ®

Reference i

Ashish Vaswani, Noam Shazeer, Niki Parmar, Jakob Uszkoreit, Llion Jones, Aidan N Gomez,
kukasz Kaiser, and lllia Polosukhin. Attention is all you need. In Advances in Neural
Information Processing Systems, 2017.

Peter Shaw, Jakob Uszkoreit, and Ashish Vaswani. 2018. Self-attention with relative position
representations. In Proc. of NAACL.

Cheng-Zhi Anna Huang, Ashish Vaswani, Jakob Uszkoreit, lan Simon, Curtis Hawthorne,
Noam Shazeer, Andrew M. Dai, Matthew D. Hoffman, Monica Dinculescu, and Douglas Eck.
Music transformer: Generating music with long-term structure. In Seventh International
Conference on Learning Representations, 2018a

lan Simon and Sageev Oore. "Performance RNN: Generating Music with Expressive, Timing
and Dynamics." Magenta Blog, 2017. , https://magenta.tensorflow.org/performance-rnn



