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1. Regular Neural Networks (Multi-Layer Perceptron)
2. Deep Learning (Convolutional Neural Networks)
3. Open Source Tools
4. Applications

Deep Learning - Convolutional Neural Networks

Overview



Object Classification
Object Detection
Pixel-Wise Segmentation
Style Transfer
Generative Learning
Scene Understanding

Tasks



A cartoon drawing of a biological neuron (left) and its mathematical model (right).

Regular Neural Networks – MLP (Multilayer Perceptron)
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Activation Functions
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Multilayer Perceptron
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Weights Initialization
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Forward Propagation
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Total Error
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Backward Propagation
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Backward Propagation - Chain Rule
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Backward Propagation - Chain Rule
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Backward Propagation - Gradient Descent
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To decrease the error, we update the weights by subtracting 
this value from the current weight (optionally multiplied by 
some learning rate, eta)



Backward Propagation - Gradient Descent

Regular Neural Networks
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To decrease the error, we update the weights by subtracting 
this value from the current weight (optionally multiplied by 
some learning rate, eta)

The updates are performed after we have the new weights 
leading into the hidden layer neurons (we use the original 
weights, not the updated ones, when we compute the 
derivatives for the other neurons).
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Backward Propagation - Gradient Descent

Regular Neural Networks
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Now we can update the weights

Finally, we’ve updated all of our weights!
When we fed forward inputs originally, the error on the 
network was 0.298371109. 
After this first round of backpropagation, the total error is 
now down to 0.291027924. 
Repeating this process 10,000 times, for example, the error 
plummets to 0.000035085.



CNNs vs. MLP

• 3D Volumes of neurons
• Neurons in each layer are disposed as a stack of D feature

maps of size HxW
• 3D volume of DxHxW neurons

• Local connectivity
• Each neuron in layer “n” is connected to a small patch of

the previous layer: receptive field.

• Weight sharing
• In each feature map (depth slice), all neurons are connected

to their respective receptive fields by the same set of weights.
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CNN Common Layer Types:
• Input Layers

• Gather the and data, and eventually preprocess it.
• Convolutional Layers

• Performs convolutions between input feature maps and
learnable kernels. The transfer function from MLP.

• Non-linearity Layers
• Similar to the activation function of the MLP. 

For medium-large CNNs use ReLU!
• Fully-connected Layers

• Each neuron in this layer is connected to all the neurons 
in the previous layer. MLP legacy layer.

• Pooling Layers
• Down-sampling of the feature maps of the previous

layers along to provide translation invariance.
• Output Layers

• Computes the PDF over the space of possible classes. 
• Compute the error of the network.

Convolutional Neural Networks
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Convolutional Layer (Similar to the transfer function in MLP)

Padded Input Map: 7x7 
Kernel Size: 3x3
Output: 5x5
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Convolutional Layer

Padded Input Map: 7x7 
Kernel Size: 3x3
Output: 5x5
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Convolutional Layer

Padded Input Map: 7x7 
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Convolutional Layer

Padded Input Map: 7x7 
Kernel Size: 3x3
Output: 5x5
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Convolutional Layer

Padded Input Map: 7x7 
Kernel Size: 3x3
Output: 5x5
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Convolutional Layer

Padded Input Map: 7x7 
Kernel Size: 3x3
Output: 5x5
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Convolutional Layer
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Kernel Size: 3x3
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Non-linearity Layer (The same as the activation function in MLP)
Apply a non-linear function (activation function) to each element of the input feature maps.

• ReLU (Rectified Linear Unit) as activation function.
• Sigmoid 
• TanH

Convolutional Neural Networks
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Pooling Layer 
Block-wise down-sampling along the width/height dimensions of each input feature maps.

• Max-Pooling
• Average-Pooling
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32-by-32

Input Map Output Map
4 8 1 2

6 0 2 2

1 2 5 6

0 0 7 0

Max-pooling (2x2)



Pooling Layer 
Block-wise down-sampling along the width/height dimensions of each input feature maps.

• Max-Pooling
• Average-Pooling

Convolutional Neural Networks

32-by-32Max-pooling (2x2)

Input Map Output Map
4 8 1 2

6 0 2 2

1 2 5 6

0 0 7 0

8 2

2 7



Pooling Layer 
Block-wise down-sampling along the width/height dimensions of each input feature maps.

• Max-Pooling
• Average-Pooling
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Networks Visualization
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Convolutional Neural Networks – Deep Networks
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CNNs

LeNet
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https://github.com/dmlc/mxnet/blob/master/example/image-classification/train_mnist.py
https://github.com/dmlc/mxnet/blob/master/example/image-classification/train_mnist.py
https://github.com/dmlc/mxnet/blob/master/example/image-classification/train_mnist.py
https://github.com/dmlc/mxnet/blob/master/example/image-classification/train_mnist.py
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(9/2014)
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BN
(2/2015)

Inception V3
(12/2015)

Resnet-56
(12/2015)
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Deep Neural Networks – Open Source Packages
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