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Intro to DL
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Backpropagation

Nature 323,533 - 536 (09 October 1986); doi:10.1038/323533a0

Learning representations
. by back-propagating errors

David E. Rumelhart®, Cseaifrey E. Himton®
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Deep learning boom
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Deep Learning is Born
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learning recipe
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Algorithms

48 Won the 2012 ImageNet LSVRC. 60 Million parameters, 832M MAC ops
FULL CONNECT 4Mflop

FULL 4096/RelLU 16M
FULL 4096/RelLU

MAX POOLING
CONV 3x3/RelL
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Tricks

Neural Networks:
Tricks of the Trade

Second Edition

Survey

LNCS 7700
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‘Deep learning recipe
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Deep learning recipe

Data
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Algorithms

# Won the 2012 ImageNet LSVRC. 60 Million parameters, 832M MAC ops
4Mflop

am

FULL CONNECT

FULL 4096/RelLU
FULL 4096/RelLU

MAX POOLING
CONV 3x3/RelL

MAX POOLING

16M
37M
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LOCAL CONTRAST NORM
CONV 11x11/ReLU 256fm
MAX POOL 2x2sub
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8 Won the 2012 ImageNet LSVRC. 60 Million parameters, 832M MAC ops.
™ FULL CONNECT top .

1em FULL 4096/ReLU
amm FULL 4096/ReLU

Deep —> Bigger &
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& Won the 2012 ImageNet LSVRC. 60 Million parameters, 832M MAC ops
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Data. ..

Images annotated with WordNet
concepts

Concepts: 21,841

Images: 14,197,122

» Bounding box annotations:
1,034,908

« Crowdsourcing
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Deep learning recipe
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Deep learning recipe
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Algorithms

Backpropagation

Backpropagation through time

Online learning (stochastic gradient
descent)

Softmax
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Deep learning recipe

Algorithms

100.6,) ©

& Won the 2012 ImageNet LSVRC. 60 Million parameters, 832M MAC ops

amMm 4Mfly
FULL CONNECT op e
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Tricks

e DL is mainly an engineering

problem .

e DL networks are hard to train .

» Several tricks product of years of .
experience

UNIVERSITY of °

Layer-wise training
RELU, maxout units
Dropout

Batch normalization
Adaptive learning rates

Initialization

Cefe
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Preprocessing
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Applications

Computer vision:
» Image: annotation, detection, segmentation, captioning

 Video: object tracking, action recognition, segmentation

Speech recognition and synthesis

Text: language modeling, word/text representation, text classification,
translation

Biomedical image analysis
UNIVERSITY of
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