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What is deep learning?What is deep learning?

Artificial Intelligence (AI)

Machine Learning (ML)

Deep Learning (DL)

1. Big Data
2.  GPU parallel
3.  New architecture

Booming in theory and applications!

2006
Geoffrey Hinton
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Supervised learning---most commen DLSupervised learning---most commen DL

Natural 
Language 
processing

RNN/LSTM/GRU
    Recurrent Neural Network
    Long Short Term Memory
    Gated Recurrent Unit

Playing 
Games

RL
Reinforcement Learning
(or Deep Q-learning)

Image 
recognition/
classification

CNN

      Convolution Neural Network
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Fancy applications (RL)Fancy applications (RL)

AlphaGo (by Google DeepMind) beat human master

Playing Games like flappybird, StarcraftSelfdriving cars Robot control 
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RNN/LSTM for natural language generationRNN/LSTM for natural language generation

arXiv: 1610.09889v1
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Object detection using CNNObject detection using CNN

Slides from KaiMing, He’s recent talk
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Artistic style transfer using CNNArtistic style transfer using CNN

  arXiv:1508.06576  style can be modelled and transferred!

8



                                          Identifying QCD transition using deep learning 

Hybrid CNN + LSTM for image captioningHybrid CNN + LSTM for image captioning

Using concepts learned from similar scenes in the training set.

By Google Brain
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https://research.googleblog.com/2016/09/show-and-tell-image-captioning-open.html
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An example of DL structure :
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“hello world” example of deep neural network“hello world” example of deep neural network

Linear operations:rotating, boosting,... 

increasing or decreasing dimensions 

nonlinear activationactivation 
function: 
correlation/links

Fig from CS231N, Stanford

1, FeedForward
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“hello world” example of deep neural network“hello world” example of deep neural network

Fig from CS231N, Stanford

1, FeedForward

Linear operations:rotating, boosting,... 

increasing or decreasing dimensions 
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“hello world” example of deep neural network“hello world” example of deep neural network

Fig from CS231N, Stanford

1, FeedForward
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Transformation

of feature space :
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“hello world” example of deep neural network“hello world” example of deep neural network

Fig from CS231N, Stanford

SGD for parameter
update to minimize loss 
function

2, Back Propagation

Mean square error (simplest loss functionloss function)
with     the predicted value and      true value 
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Overfitting problem in fully connected networkOverfitting problem in fully connected network

Too many parameters may easily overfit to training dataset

# of parameters or training time

Training error

Validation error

Fixed data size

E
arly  sto ppin g

Cost or Loss
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Ways to reduce overfittingWays to reduce overfitting

1.Early stopping
2.Increase training dataset by 
a.preparing more data. 
b.data augmentation (crop, scale, rotate, flip …).

3.Reduce number of parameters 
a.Dropout: randomly discarding neurons. 
b.Drop connection: randomly discarding connections. 
c.c.CNNCNN: locally connected to a small chunk of neurons in 
the previous layer.

d.Go deeper. 
4.Regularization, weight decay …

16



                                          Identifying QCD transition using deep learning 

 Convolution neural network Convolution neural network

Fig from CS231N, Stanford

Advantage: scaling, rotating, translation invariant features can be learned 

since only subregion is connected to the filter/kernel which scan the whole 

input to feel the 2d structure and local statistics,  and Weight shared.
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An example for CNN structureAn example for CNN structure

•8 layers, 60 million parameters
•Data augmentation and Dropout are used to 
reduce overfitting, first use ReLU

•Removing any hidden layer results in 2% loss.

AlexNet, Krizhevsky et al. 2012
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What CNN did after the training?What CNN did after the training?

19

Distributed representations are learned !
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Open Source LibrariesOpen Source Libraries

Keras + TensorFlow in the 
present study

# Build one fully connected neural network (100->64->10 neurons) in Keras

from keras.models import Sequential
from keras.layers import Dense, Activation

model = Sequential()
model.add(Dense(output_dim=64, input_dim=100))
model.add(Activation("relu"))
model.add(Dense(output_dim=10))
model.add(Activation(“softmax"))
model.compile(loss='categorical_crossentropy', optimizer='sgd', 
metrics=['accuracy'])

Keras is a high level neural network library, written in Python and capable 
of running on top of either TensorFlow or Theano.
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Deep learning in Physics (Particle Physics)Deep learning in Physics (Particle Physics)

Searching for Exotic Particles in HighEnergy Physics with Deep Learning 

P. Baldi, P. Sadowski, and D. Whiteson

Signal Background

Higgs benchmark

Nature Communications
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Deep learning in Physics (HeavyIon Jet)Deep learning in Physics (HeavyIon Jet)
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Deep learning in Physics (Cond-Mat Ising)Deep learning in Physics (Cond-Mat Ising)

Extract order parameter from the spin configurations,

can encode phases and discriminate Phase Transition for 

spin, Coulomb and even topological phases. 
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Identifying QCD transition in HIC using DL

24



                                          Identifying QCD transition using deep learning 

QCD transition: 1st order or crossover?QCD transition: 1st order or crossover?

EOSQ

EOSL
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Uncertainties in the simulation of HICUncertainties in the simulation of HIC

            Initial stage

     Particle momentum          
            distribution

Pre-Equilibrium dynamics? 
Fast thermalization/tau0?
Initial entropy deposition? 
Baryon stopping?
Initial state fluctuations and flow?

EoS and transport coefficients 
(shear viscosity, bulk viscosity)

some unfixed scattering cross sections

Big uncertainty when
comparing with Exp. data
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New perspective --- Deep Learning New perspective --- Deep Learning 

                CNN

           Brain/CNN

Dog

Cat

Crossover (0,1)Crossover (0,1)
?
1st order1st order   (1,0)
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Key idea for our prototype studyKey idea for our prototype study

Supervised learning using deep convolution 
neural network with huge amount of labeled 

training data (spectra, EoS type) from event-by-
event relativistic hydrodynamic simulations.
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Training datasetTraining dataset

• CLVisc: (3+1D viscous hydrodynamic program 
parallelized on GPU using OpenCL) with AMPT initial 
condition (~22000 events, doubled by left-right 
flipping, 10% for validation).

•     is 0.4 fm for Au+Au and 0.2 fm for Pb+Pb 
collisions

• T_dec=0.137 GeV

for charged pions at midrapidity
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Testing datasetTesting dataset

• iEBE-VISHNU: another viscous hydro  package with different 
numerical solver for the partial differential equations and 
with different initial conditions, eta/s.

•     is 0.6 fm for all the testing dataset.

• T_dec in [0.115GeV, 0.142GeV] for iEBE-VISHNU
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First try with fully connected neural networkFirst try with fully connected neural network

Overfit to the training dataset! Does not work for testing dataset.

 no generalization.
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CNN architecture for EoS-meterCNN architecture for EoS-meter

Batch normalization, Dropout, L2 Rregularization, PreLU are used

to prevent the overfitting.

Train 500 epochs, in mini-batch with size=64
Learning rate: 0.0001, decay with rate: 1.0E-6
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ResultsResults

~95% prediction accuracy on avg. in independent
testing dataset solely from the raw spectra

The performance is robust against : initial con-
ditions/fluctuations, tao_0, eta/s, T_dec

---- model independent (general rule is learned)
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EoS-meter from CNNEoS-meter from CNN

• Each hotspot represents correlations in a small phase 
space (32 features in the 2nd convolution layer)!

• Correlation of these features from the next fully 
connected layer

p_T

phi

34



                                          Identifying QCD transition using deep learning 

Conventional observablesConventional observables

• Strongly depends on initial stage fluctuations 
and other parameters

35



                                          Identifying QCD transition using deep learning 

CNN provides novel perspective in connecting QCD 
theory with HIC directly :
CNN provides novel perspective in connecting QCD 
theory with HIC directly :

● There do exist 'mapping/Encoders/projection' from QCD transition 
onto the final state raw spectra, although they are not intuitive to 
conventional interpretation yet. 

     ---They are clean (robust to other uncertainties and parameters)

● The deep CNN can provide a powerful and efficient 'Decoder' for the 
above Encoder/mapping   

        ------the high-level representations act as 'EoS-meter'
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OutlookOutlook

• Try to find out the underlying mechanism (guided 
back-propagation)

• Extend the model to work with real Exp. data

• Extract other dynamical parameters like eta/s.
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What DL is doing?What DL is doing?

Slides by Long-gang
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