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Glenn Gould

Born in Toronto, Canada in 1932, Glenn Gould was a
legendary pianist who passed away in 1982 at the young age
of 50. Gould has received extraordinary praise and is known
for his masterful performances of J.S. Bach's music, beginning
with his debut album Bach: The Goldberg Variations, which
was released in 1956. In 1964, Gould announced the end of
his concert career and began to concentrate on recording,
devoting himself to digital media releases. Gould was also
known for his unconventional and unique performance habits,
which included sitting on a low chair and leaning over the
piano keyboard, as well as humming while playing, even
during recordings. In his later years, Gould recorded three
albumes, including Bach: The Goldberg Variations, on a
Yamaha concert piano.
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Background

The Al system consists of a player piano and the Al
software, which instantly generates playing data that
incorporates the unique touch, pacing, and other
stylistic traits of Glenn Gould and then provides that
data to the player piano. The concert was held at St.
Florian Monastery on September 7, the third day of the
Ars Electronica festival.

Neither of the ensemble pieces performed were
included in the machine learning data, so audience
members listened with great interest to see how well THeyg
the Al system could reproduce Gould's musicality =
without any recording data to rely on and how well it f
could cooperate and interact with human players while
playing together in ensemble.
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Background

The Al performed Glenn Gould's masterful J.S. Bach's
Goldberg Variations (BWV 988) and some pieces. These
were not included in its machine learning data. The
audience listened intently to see how well it would
reproduce the artist's musicality.

In addition to a piano solo, The system also performed
together with renowned contemporary pianist Francesco
Tristano and members of the Bruckner Orchester Linz

(violin and flute) for a performance that "transcended
space and time."
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Art Statement

® Yamaha develops world's first*1 Al which can
play any piece of music in the style of
legendary pianist Glenn Gould.

® The concert footage shows that the Al system
playing songs never performed by Gould and
playing together with renowned performers of
today .

® Discussion explored the possibilities of co-
creation between Al and humans and how
musical performance might be affected in the
future
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Art Statement

Dear Glenn features an Artificial Intelligence Music Ensemble System developed by Yamaha that analyzes the
performance of players, and predicts the players' timing and tempo to control a Disklavier piano to play in
synchrony— all in real-time. It's like playing with a human partner.

Bringing out the player’s potential in an Al ensemble

n Play n Reaction
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Art Statement

Yamaha Al restrict ourselves to 1-to-1 mappings between button presses and notes, giving the user precise
control over timing. For example, the 8 buttons could map to a fixed scale over a single octave. Instead of
using such a fixed mapping, we learn a time-varying mapping using a discrete autoencoder architecture
trained on a set of existing piano performances.

A bidirectional LSTM encoder maps a sequence of piano notes to a sequence of controller buttons. A
unidirectional LSTM decoder then decodes these controller sequences back into piano performances. After
training, the encoder is discarded and controller sequences are provided by user input.
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Art Statement

Recurrent Neural Network (RNN) Long Short-Term Memory Network (LSTM)

Reference: https://towardsdatascience.com/how-to-implement-seq2seq-Istm-model-in-keras-shortcutnlp-6f355f3e5639
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Art Statement

Recurrent Neural Network (RNN) Long Short-Term Memory Network (LSTM)

Source = <X1, X2, ... Xm>

Target = <Y1, Y2, ...Yn>
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Are you very hlg‘?

Gradient Exploding
Gradient Vanishing

Reference: https://towardsdatascience.com/how-to-implement-seq2seq-Istm-model-in-keras-shortcutnlp-6f355f3e5639
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Art Statement

Data Generator

_ (generate.py)
Architecture of Yamaha A.l. (Dear Glenn)
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Feature Extraction
Stepl: Pre-emphasis Step2: Signal Framing Step3: Hamming Windowing
s2(n) = s(n) - a*s(n-1) N: 256 or 512 (set of sample) W(n, a) = (1 - a) - a cos(2pn/(N-1)),

a: 0~1 M: N/3 (set of overlap sample) 0<n=N-1

Pre-emphasis Signal Framing Hamming Windowing

%
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Input Sound Signals -h:; :

MFCC
(Mel-Frequency
Cepstral Coefficients)

Output MFCC A\
Character Vectors

Step6: Discrete Cosine Trans. Step5: Triangular Bandpass Filters Step4: Fast Fourier Transform

m=1,2, ..., L — 27 (X
fln) = 2 5374 F(x)e ™0
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Feature Extraction

MFCC (Mel-Frequency Cepstral Coefficients) - Taiwan's Frog Sounds Classification

Mel spectrogram
Butler frog waveform

MFCC

Model Initial Model =~ Model turning  Testing .
SVM 0.8 0.94 0.99 Train
Random Forst 0.6 : : <:
XGBoost . 8 .

LightGBM

Reference: https://github.com/Yfyangd/frog
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LSTM Model

4 LSTM with 4 dropout function, 1 dense layer (256 to 99 classes). Param count: 2,152,035

model = Sequential() _ Layer (type) Output Shape Param #
model.add(layers.Embedding(input_dim=num_classes, - -
output_dim=num_units, embedding_5 (Embedding) (None, 3, 256) 25344
input_length=seq_len))
for n in range(num_layers - 1): lStm—7(LSTM) (None' 3, 256) 525312
model.add(layers.LSTM(num_units, return_sequences=True)) dropout_6 (Dropout) (None 3 256)
if dropout > 0.0: — 7
model .add(layers.Dropout(dropout)) Istm_8 (LSTM) (None, 3, 256) 525312
model.add(layers.LSTM(num_units))
if dropout > 0.0: dropout_7 (Dropout) (None, 3, 256)
model.add(layers.Dropout(dropout)) Istm 9 (LSTM
model.add(layers.Dense(num_classes, activation='softmax')) > ( ) (None, 3, 256) 525312
o et dropout_8 (Dropout) (None, 3, 256)
model.compile(loss=" egorical crossentropy
optimizer='adam Istm_10 (LSTM) (None, 3, 256) 525312
metrics=["acc’]) dropout_9 (Dropout) (None, 3, 256)
model.summary () dense_3(Dense) (None’3’99) 25443
Total params: 2,152,035 2,152,035
num_layers=5 Trainable params: 2,152,035 2,152,035

num_classes = 99 Non-trainable params: O 0




Connection

YAMAHA A.l. projectis noto
performer, but also an unde
The performance raises qu
computers in relation to huma

The Artificial Intelligence (Al) “learns”

Their joint performance shows how interactive technology and Al can
influence a (vocal) style. However, this dialogue also makes clear that the
artist will always be more creative and unpredictable than his mechanical
counterpart.

The state of the art method: Attention Mechanism

Security C - TSMC Secret



LSTM vs Attention Mechanism

LSTM: Attention Mechanism:
Source
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Reference: Bahdanau, D., Cho, K., & Bengio, Y. (2014). Neural Machine Translation by Jointly Learning to Align and Translate. arXiv preprint arXiv:1409.0473



Demo - A.l. Music
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