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Paradigm Shift:
From Computers to Learning Machines

We are in the very beginning of new computer era
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Vision Language

Deep CNN Generating RNN
o A group of people

. shopping at an outdoor
. ® P market.
o o There are many

vegetables at the

& fruit stand.
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A woman is throwing a frisbee in a park. A little girl sitting on 2 bed with a teddy bear.
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~ NEURONS AND SYNAPSES ® SOCIAL AND SOLITARY WORMS
This wiring diagram shows more than 4,500 Most worms in nature congregate in
of the 8,000 neuron-to-neuron connections, clumps, a behavior controlled by two

°
O
__or synapses. in the worm's nervous system. %i E\ 0) C E I [i j N "z 0) *$ :'f\l 0) neurons called RMG, one of which is
Each dot represents a single neuron: L ‘7. . e a nce . N (= highlighted at left.
@ SENSORY NEURONS o += “ \ \ = RMG combines information from
~  detect external stimuli 1M 2D z L i 0) (\ o several sensory neurons, also
@ CONNECTOR NEURONS L] 4 highlighted, and then signals the
~ relay signals o g : ‘ worm’s muscles to move toward
@ MOTOR NEURONS Pl = o A / o nearby worms if conditions are right.
fria AWB = % ;

control muscle movement But if a specific gene in RMG is

o ® ] o ’ \A‘DL P activated, as it is in many laboratory
Y R X J - LA ) woms, the worm will switch to more
= ' : g solitary behavior.
@
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- FOLLOWING NEURONS 1
Six neurons highlighted )

in the diagram are

~ shown below. Most ‘ & :

neurons are located in e

the head, though some, ‘ &
~like AVA, run the length

of the worm’s body.

NEURON: URX ASH and ADL ASK RMG

Senses oxygen Sense poisons and other Senses food signals and detects Hub of a network of neurons
__in the environment noxious stimuli sex pheromones from other worms that controls social behavior

NEURON: AVA

oordinates backward body motion Gonad ) — . Gonad —_—
=C Uterus (in hermaphrodites) 1/500 inch
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Blue Brain Project
Henry Markram

“I wanted to model the brain because

we didn’t understand it.”

“The

nest way to figure out how

something works is to try to build it
from scratch.”

in vivo

in vitro

in silico
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EU Human Brain Project
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EU Human Brain Project
#t¥| ECADOLHEEBERIR

Open message to the European Commission
concerning the Human Brain Project

Sign the letter

Summary. Neuroscience advances our understanding of normal and pathological brain function, offering potentially enormous benefits to society. It is,
therefore, critical to Europe. The Human Brain Project (HBP), sponsored by the European Commission (EC), was meant to forward this mission. However,
due in great part to its narrow focus, it has been highly controversial and divisive within the European neuroscience community and even within the
consortium, resulting in on-going losses of members. The HBP is now scheduled for review and we wish to draw the attention of the EC to these problems.
We believe the HBP is not a well conceived or implemented project and that it is ill suited to be the centerpiece of European neuroscience. We are
particularly concerned about the plan to tie a substantial portion European member states’ neuroscience funding to the HBP through so-called ‘partnering
projects’. We call for the EC to go beyond the strict requirements of the upcoming review, to demand transparency and accountability and, if necessary,
change the structure of the HBP's governance and supervision to correct their shortcomings. Failing that we call for the EC to redirect the HBP funding to
smaller investigator-driven neuroscience grants. We stand fully behind a strong and united European neuroscience strategy and we pledge not to seek
funding through HBP partnering projects that would compromise that mission.

Official Response by the EC - 18 July 2014 | Press Releases

Read the full letter
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NIH
Human Connectome Project

2010510A 40EHMES®
http://www.nih.gov/news/health/sep2010/nimh-15.htm




NIH
Human Connectome Project

Select White M

Arthur W
Randy L. B
MGH-LONI

\ 5 White Matter Fiber Architecture
A\ e Arthur W. Toga, PhD

' \\“» : Randy L. Buckner, PhO
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http://Www.humanconnectomeproject.org/ |
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) 4
2t = 0 (W, - [he—1,4])
he | v, =0 (W, [he-1,24))

he = tanh (W - [ry % hy_1, 24))

J h-t = (I—Zt)*ht_l +Zt_*ilt

£y

Chris Olah "Understanding LSTM Networks"
http://colah.github.io/posts/2015-08-Understanding-LSTMs/
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CNTK

0: Softmax

P Plus |

T?: Times

- B": Weight

[ w'?: Wefght | l 5. Sigmoid 1

l‘ 'Ii“’: Tirﬁg:sJ B“’?Weight]
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‘W% weight || X: Input
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Torch7 TODNNEY 2—)LDEE kI
« All major deep learning frameworks use modules (inspired by SN/Lush, 1991)

. Torch7, Theano, TensorFlow.... -- sizes
ninput = 28*28 -- e.g. for MNIST
nhiddenl = 1000
C(X,Y,0) noutput = 10
T -- network module
NegativelogLikelihood net = nn.Sequential()] <€ DNN
’ p net:add(nn.Linear(ninput, nhidden))
net:add(nn.Threshold())
LogSofftMax L=V net:add(nn.Linear(nhidden, noutput))
. - net:add(nn.LogSoftMax()))
/
w2, B2Linear H- ,
: ,’ -- cost module
Ritu . cost = nn.ClassNLLCriterion()
w1,B1Linear P - get a training sample
input = trainingset.data[k]
target = trainingset. labels[k]
. X Y -- run through the model
input Label output = net:forward(input)

c = cost:forward(output, target)
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# Hidden 1
with tf.name_scope('hiddenl'):
weights = tf.Variable(
tf.truncated_normal([IMAGE_PIXELS, hiddenl1_units],
stddev=1.0 / math.sgrt(float(IMAGE_PIXELS))),
name='weights")
biases = tf.Variable(tf.zeros([hidden1_units]),
name="'biases')
hiddenl1 = tf.nn.relu(tf.matmul(images, weights) + biases)
# Hidden 2
with tf.name_scope('hidden2'):
weights = tf.Variable(
tf.truncated_normal([hiddenl_units, hidden2_units],
stddev=1.0 / math.sqgrt(float(hidden1_units))),
name="'weights')
biases = tf.Variable( tf.zeros([hidden2_units]),
name="'biases')
hidden2 = tf.nn.relu(tf.matmul(hiddenl, weights) + biases)
# Linear
DNN-EZa2—/)L1Y, @(X-W+b) D%

LTS EIE, FEIZHERETES,
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DNN = [
hiddenDim = 200

# DNNSigmoidLayer and DNNLayer are defined in Macros.ndl|
hl = DNNSigmoidLayer(featDim, hiddenDim, featScaled, 1)

ol = DNNLayer(hiddenDim, labelDim, h1, 1)

ce = CrossEntropyWithSoftmax(labels, ol

err = ErrorPrediction(labels, ol)
# Special Nodes ‘ ‘

FeatureNodes = (features)

LabelNodes = (labels) _ _
CriterionNodes = (ce) DNNSigmoidLayer, DNNLayer®

EvalNodes = (err) E (. Macro.ndiDHIZH B,
OutputNodes = (ol)
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DNNLayer(inDim, outDim, x, parmScale) = [
W = LearnableParameter(outDim, inDim,
init="uniform", initValueScale=parmScale)
b = LearnableParameter(outDim, 1,
init="uniform",initValueScale=parmScale)
t = Times(W, x)
z = Plus(t, b)
]

DNNSigmoidLayer(inDim, outDim, x, parmScale) = |
W = LearnableParameter(outDim, inDim,
init="uniform", initValueScale=parmScale)
b = LearnableParameter(outDim, 1,
init="uniform",initValueScale=parmScale)
t = Times(W, x)
z = Plus(t, b)
y = Sigmoid(z) DNN-EZa—/)LAY, (X -W+b) DFZ
] LTLBCEIE, BEIZREETES,
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O TensorFlowdD I R T LTIE, ToVILIEIZ 0 1 EREIE
NARTOHEAMTERSIND,

O TUVILDIUOE. THDOTU0EIZRELSEDTH A,

O ToVUILDSU01E., (BFICIE. i (order) EDEH
(degree) EMNRITTELIEIENBEZENHLIDI=EL) . T
SVILDRTTDEMTHS,

O HAIE. PythonDY AR TEESINT=RDTIILDS
291 2TH B,

t=[[1, 2, 3], [4, 5, 6], [7, 8, 9]]
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TINS5 T (BEED

S0 HERER PythonTOREE

0 ANF—(KEEDH) s = 483

1 NIRIL(RESLRAE) v =[1.1, 2.2, 3.3]

2 175 (BMFDOT—TI) m = [[1, 2, 3], [4, 5, 6], [7, 8, 9]]

3 33 9L t = [[[2], [4], [6]], [[8], [10], [12]], [[14],

[16], [18]]]

n Nn-Tensor




T JILDHZ

O TensorFlowdDFRFaANTIE,. ToVILDRITEER R
IEDIC. T . RTBD=2Z7RA\5,

Dimension
Rank Shape number Example
0 [] 0-D A 0-D tensor. A scalar.
1 [DO] 1-D A 1-D tensor with shape [5].
2 [DO, D1] 2-D A 2-D tensor with shape [3, 4].
3 [DO, D1, D2] 3-D A 3-D tensor with shape [1, 4, 3].

n [DO, D1, ... Dn] n-D A tensor with shape [DO, D1, ... Dn].



