
Deep Learning for 
Computer Vision 

Part I: Introduction 



Computer
Vision

Introduction

Figure 4: (Left) Eight ILSVRC-2010 test images and the five labels considered most probable by our model.
The correct label is written under each image, and the probability assigned to the correct label is also shown
with a red bar (if it happens to be in the top 5). (Right) Five ILSVRC-2010 test images in the first column. The
remaining columns show the six training images that produce feature vectors in the last hidden layer with the
smallest Euclidean distance from the feature vector for the test image.

In the left panel of Figure 4 we qualitatively assess what the network has learned by computing its
top-5 predictions on eight test images. Notice that even off-center objects, such as the mite in the
top-left, can be recognized by the net. Most of the top-5 labels appear reasonable. For example,
only other types of cat are considered plausible labels for the leopard. In some cases (grille, cherry)
there is genuine ambiguity about the intended focus of the photograph.

Another way to probe the network’s visual knowledge is to consider the feature activations induced
by an image at the last, 4096-dimensional hidden layer. If two images produce feature activation
vectors with a small Euclidean separation, we can say that the higher levels of the neural network
consider them to be similar. Figure 4 shows five images from the test set and the six images from
the training set that are most similar to each of them according to this measure. Notice that at the
pixel level, the retrieved training images are generally not close in L2 to the query images in the first
column. For example, the retrieved dogs and elephants appear in a variety of poses. We present the
results for many more test images in the supplementary material.

Computing similarity by using Euclidean distance between two 4096-dimensional, real-valued vec-
tors is inefficient, but it could be made efficient by training an auto-encoder to compress these vectors
to short binary codes. This should produce a much better image retrieval method than applying auto-
encoders to the raw pixels [14], which does not make use of image labels and hence has a tendency
to retrieve images with similar patterns of edges, whether or not they are semantically similar.

7 Discussion

Our results show that a large, deep convolutional neural network is capable of achieving record-
breaking results on a highly challenging dataset using purely supervised learning. It is notable
that our network’s performance degrades if a single convolutional layer is removed. For example,
removing any of the middle layers results in a loss of about 2% for the top-1 performance of the
network. So the depth really is important for achieving our results.

To simplify our experiments, we did not use any unsupervised pre-training even though we expect
that it will help, especially if we obtain enough computational power to significantly increase the
size of the network without obtaining a corresponding increase in the amount of labeled data. Thus
far, our results have improved as we have made our network larger and trained it longer but we still
have many orders of magnitude to go in order to match the infero-temporal pathway of the human
visual system. Ultimately we would like to use very large and deep convolutional nets on video
sequences where the temporal structure provides very helpful information that is missing or far less
obvious in static images.
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Flickr8K Flickr30K MSCOCO 2014

Model B-1 B-2 B-3 B-4 B-1 B-2 B-3 B-4 B-1 B-2 B-3 B-4 METEOR CIDEr
Nearest Neighbor — — — — — — — — 48.0 28.1 16.6 10.0 15.7 38.3
Mao et al. [38] 58 28 23 — 55 24 20 — — — — — — —
Google NIC [54] 63 41 27 — 66.3 42.3 27.7 18.3 66.6 46.1 32.9 24.6 — —
LRCN [8] — — — — 58.8 39.1 25.1 16.5 62.8 44.2 30.4 — — —
MS Research [12] — — — — — — — — — — — 21.1 20.7 —
Chen and Zitnick [5] — — — 14.1 — — — 12.6 — — — 19.0 20.4 —
Our model 57.9 38.3 24.5 16.0 57.3 36.9 24.0 15.7 62.5 45.0 32.1 23.0 19.5 66.0

Table 2. Evaluation of full image predictions on 1,000 test images. B-n is BLEU score that uses up to n-grams. High is good in all columns.
For future comparisons, our METEOR/CIDEr Flickr8K scores are 16.7/31.8 and the Flickr30K scores are 15.3/24.7.

Figure 6. Example sentences generated by the multimodal RNN for test images. We provide many more examples on our project page.

4.2. Generated Descriptions: Fulframe evaluation

We now evaluate the ability of our RNN model to describe
images and regions. We first trained our Multimodal RNN
to generate sentences on full images with the goal of veri-
fying that the model is rich enough to support the mapping
from image data to sequences of words. For these full im-
age experiments we use the more powerful VGGNet image
features [47]. We report the BLEU [44], METEOR [7] and
CIDEr [53] scores computed with the coco-caption
code [4] 2. Each method evaluates a candidate sentence
by measuring how well it matches a set of five reference
sentences written by humans.

Qualitative. The model generates sensible descriptions of
images (see Figure 6), although we consider the last two
images failure cases. The first prediction “man in black
shirt is playing a guitar” does not appear in the training set.
However, there are 20 occurrences of “man in black shirt”
and 60 occurrences of “is paying guitar”, which the model
may have composed to describe the first image. In general,
we find that a relatively large portion of generated sentences
(60% with beam size 7) can be found in the training data.
This fraction decreases with lower beam size; For instance,
with beam size 1 this falls to 25%, but the performance also
deteriorates (e.g. from 0.66 to 0.61 CIDEr).

Multimodal RNN outperforms retrieval baseline. Our
first comparison is to a nearest neighbor retrieval baseline.

2https://github.com/tylin/coco-caption

Here, we annotate each test image with a sentence of the
most similar training set image as determined by L2 norm
over VGGNet [47] fc7 features. Table 2 shows that the Mul-
timodal RNN confidently outperforms this retrieval method.
Hence, even with 113,000 train set images in MSCOCO
the retrieval approach is inadequate. Additionally, the RNN
takes only a fraction of a second to evaluate per image.

Comparison to other work. Several related models have
been proposed in Arxiv preprints since the original submis-
sion of this work. We also include these in Table 2 for com-
parison. Most similar to our model is Vinyals et al. [54].
Unlike this work where the image information is commu-
nicated through a bias term on the first step, they incorpo-
rate it as a first word, they use a more powerful but more
complex sequence learner (LSTM [20]), a different CNN
(GoogLeNet [51]), and report results of a model ensemble.
Donahue et al. [8] use a 2-layer factored LSTM (similar
in structure to the RNN in Mao et al. [38]). Both models
appear to work worse than ours, but this is likely in large
part due to their use of the less powerful AlexNet [28] fea-
tures. Compared to these approaches, our model prioritizes
simplicity and speed at a slight cost in performance.

4.3. Generated Descriptions: Region evaluation

We now train the Multimodal RNN on the correspondences
between image regions and snippets of text, as inferred by
the alignment model. To support the evaluation, we used
Amazon Mechanical Turk (AMT) to collect a new dataset

[Figure from Karpathy and Fei-Fei 2015 – Automatically generating image captions]
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ABSTRACT

Despite recent progress in generative image modeling, successfully generating
high-resolution, diverse samples from complex datasets such as ImageNet remains
an elusive goal. To this end, we train Generative Adversarial Networks at the
largest scale yet attempted, and study the instabilities specific to such scale. We
find that applying orthogonal regularization to the generator renders it amenable
to a simple “truncation trick,” allowing fine control over the trade-off between
sample fidelity and variety by truncating the latent space. Our modifications lead
to models which set the new state of the art in class-conditional image synthe-
sis. When trained on ImageNet at 128⇥128 resolution, our models (BigGANs)
achieve an Inception Score (IS) of 166.3 and Fréchet Inception Distance (FID) of
9.6, improving over the previous best IS of 52.52 and FID of 18.65.

1 INTRODUCTION

Figure 1: Class-conditional samples generated by our model.

The state of generative image modeling has advanced dramatically in recent years, with Generative
Adversarial Networks (GANs, Goodfellow et al. (2014)) at the forefront of efforts to generate high-
fidelity, diverse images with models learned directly from data. GAN training is dynamic, and
sensitive to nearly every aspect of its setup (from optimization parameters to model architecture),
but a torrent of research has yielded empirical and theoretical insights enabling stable training in
a variety of settings. Despite this progress, the current state of the art in conditional ImageNet
modeling (Zhang et al., 2018) achieves an Inception Score (Salimans et al., 2016) of 52.5, compared
to 233 for real data.

In this work, we set out to close the gap in fidelity and variety between images generated by GANs
and real-world images from the ImageNet dataset. We make the following three contributions to-
wards this goal:

• We demonstrate that GANs benefit dramatically from scaling, and train models with two
to four times as many parameters and eight times the batch size compared to prior art. We
introduce two simple, general architectural changes that improve scalability, and modify a
regularization scheme to improve conditioning, demonstrably boosting performance.

⇤Work done at DeepMind
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[Figure from Brock, Donahue and Simonyan 2018 – Class conditional generation of images]
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Unpaired Image-to-Image Translation
using Cycle-Consistent Adversarial Networks

Jun-Yan Zhu⇤ Taesung Park⇤ Phillip Isola Alexei A. Efros
Berkeley AI Research (BAIR) laboratory, UC Berkeley

Zebras Horses

horse        zebra

zebra        horse

Summer Winter

summer        winter

winter        summer

Photograph Van Gogh CezanneMonet Ukiyo-e

Monet        Photos

Monet        photo

photo       Monet

Figure 1: Given any two unordered image collections X and Y , our algorithm learns to automatically “translate” an image
from one into the other and vice versa: (left) 1074 Monet paintings and 6753 landscape photos from Flickr; (center) 1177 ze-
bras and 939 horses from ImageNet; (right) 1273 summer and 854 winter Yosemite photos from Flickr. Example application
(bottom): using a collection of paintings of a famous artist, learn to render a user’s photograph into their style.

Abstract
Image-to-image translation is a class of vision and

graphics problems where the goal is to learn the mapping
between an input image and an output image using a train-
ing set of aligned image pairs. However, for many tasks,
paired training data will not be available. We present an
approach for learning to translate an image from a source
domain X to a target domain Y in the absence of paired
examples. Our goal is to learn a mapping G : X ! Y
such that the distribution of images from G(X) is indistin-
guishable from the distribution Y using an adversarial loss.
Because this mapping is highly under-constrained, we cou-
ple it with an inverse mapping F : Y ! X and introduce
a cycle consistency loss to push F (G(X)) ⇡ X (and vice
versa). Qualitative results are presented on several tasks
where paired training data does not exist, including col-
lection style transfer, object transfiguration, season trans-
fer, and photo enhancement, etc. Quantitative comparisons
against several prior methods demonstrate the superiority
of our approach.

1. Introduction

What did Claude Monet see as he placed his easel by the
bank of the Seine near Argenteuil on a lovely spring day
in 1873 (Figure 1, top-left)? A color photograph, had it
been invented, may have documented a crisp blue sky and
a glassy river reflecting it. Monet conveyed his impression
of this same scene through wispy brush strokes and a bright
palette.

What if Monet had happened upon the little harbor in
Cassis on a cool summer evening (Figure 1, bottom-left)?
A brief stroll through a gallery of Monet paintings makes
it easy to imagine how he would have rendered the scene:
perhaps in pastel shades, with abrupt dabs of paint, and a
somewhat flattened dynamic range.

We can imagine all this despite never having seen a side
by side example of a Monet painting next to a photo of the
scene he painted. Instead we have knowledge of the set of
Monet paintings and of the set of landscape photographs.

* indicates equal contribution
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[Figure from Zhu, Park, Isola and Efros 2017 – CycleGAN]
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Figure 6: Selected examples of object detection results on the MS COCO test-dev set using the Faster R-CNN
system. The model is VGG-16 and the training data is COCO trainval (42.7% mAP@0.5 on the test-dev set).
Each output box is associated with a category label and a softmax score in [0, 1]. A score threshold of 0.6 is
used to display these images. For each image, one color represents one object category in that image.
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bicubic SRResNet SRGAN original
(21.59dB/0.6423) (23.53dB/0.7832) (21.15dB/0.6868)

Figure 2: From left to right: bicubic interpolation, deep residual network optimized for MSE, deep residual generative
adversarial network optimized for a loss more sensitive to human perception, original HR image. Corresponding PSNR and
SSIM are shown in brackets. [4× upscaling]

perceptual difference between the super-resolved and orig-
inal image means that the recovered image is not photo-
realistic as defined by Ferwerda [15].

In this work we propose a super-resolution generative
adversarial network (SRGAN) for which we employ a
deep residual network (ResNet) with skip-connection and
diverge from MSE as the sole optimization target. Different
from previous works, we define a novel perceptual loss us-
ing high-level feature maps of the VGG network [48, 32, 4]
combined with a discriminator that encourages solutions
perceptually hard to distinguish from the HR reference
images. An example photo-realistic image that was super-
resolved with a 4× upscaling factor is shown in Figure 1.

1.1. Related work

1.1.1 Image super-resolution

Recent overview articles on image SR include Nasrollahi
and Moeslund [42] or Yang et al. [60]. Here we will focus
on single image super-resolution (SISR) and will not further
discuss approaches that recover HR images from multiple
images [3, 14].

Prediction-based methods were among the first methods
to tackle SISR. While these filtering approaches, e.g. linear,
bicubic or Lanczos [13] filtering, can be very fast, they
oversimplify the SISR problem and usually yield solutions
with overly smooth textures. Methods that put particularly
focus on edge-preservation have been proposed [1, 38].

More powerful approaches aim to establish a complex
mapping between low- and high-resolution image informa-
tion and usually rely on training data. Many methods that
are based on example-pairs rely on LR training patches for

which the corresponding HR counterparts are known. Early
work was presented by Freeman et al. [17, 16]. Related ap-
proaches to the SR problem originate in compressed sensing
[61, 11, 68]. In Glasner et al. [20] the authors exploit patch
redundancies across scales within the image to drive the SR.
This paradigm of self-similarity is also employed in Huang
et al. [30], where self dictionaries are extended by further
allowing for small transformations and shape variations. Gu
et al. [24] proposed a convolutional sparse coding approach
that improves consistency by processing the whole image
rather than overlapping patches.

To reconstruct realistic texture detail while avoiding
edge artifacts, Tai et al. [51] combine an edge-directed SR
algorithm based on a gradient profile prior [49] with the
benefits of learning-based detail synthesis. Zhang et al. [69]
propose a multi-scale dictionary to capture redundancies of
similar image patches at different scales. To super-resolve
landmark images, Yue et al. [66] retrieve correlating HR
images with similar content from the web and propose a
structure-aware matching criterion for alignment.

Neighborhood embedding approaches upsample a LR
image patch by finding similar LR training patches in a low
dimensional manifold and combining their corresponding
HR patches for reconstruction [53, 54]. In Kim and Kwon
[34] the authors emphasize the tendency of neighborhood
approaches to overfit and formulate a more general map of
example pairs using kernel ridge regression. The regression
problem can also be solved with Gaussian process regres-
sion [26], trees [45] or Random Forests [46]. In Dai et al.
[5] a multitude of patch-specific regressors is learned and
the most appropriate regressors selected during testing.

Recently convolutional neural network (CNN) based SR
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bicubic SRResNet SRGAN original
(21.59dB/0.6423) (23.53dB/0.7832) (21.15dB/0.6868)

Figure 2: From left to right: bicubic interpolation, deep residual network optimized for MSE, deep residual generative
adversarial network optimized for a loss more sensitive to human perception, original HR image. Corresponding PSNR and
SSIM are shown in brackets. [4× upscaling]

perceptual difference between the super-resolved and orig-
inal image means that the recovered image is not photo-
realistic as defined by Ferwerda [15].

In this work we propose a super-resolution generative
adversarial network (SRGAN) for which we employ a
deep residual network (ResNet) with skip-connection and
diverge from MSE as the sole optimization target. Different
from previous works, we define a novel perceptual loss us-
ing high-level feature maps of the VGG network [48, 32, 4]
combined with a discriminator that encourages solutions
perceptually hard to distinguish from the HR reference
images. An example photo-realistic image that was super-
resolved with a 4× upscaling factor is shown in Figure 1.

1.1. Related work

1.1.1 Image super-resolution

Recent overview articles on image SR include Nasrollahi
and Moeslund [42] or Yang et al. [60]. Here we will focus
on single image super-resolution (SISR) and will not further
discuss approaches that recover HR images from multiple
images [3, 14].

Prediction-based methods were among the first methods
to tackle SISR. While these filtering approaches, e.g. linear,
bicubic or Lanczos [13] filtering, can be very fast, they
oversimplify the SISR problem and usually yield solutions
with overly smooth textures. Methods that put particularly
focus on edge-preservation have been proposed [1, 38].

More powerful approaches aim to establish a complex
mapping between low- and high-resolution image informa-
tion and usually rely on training data. Many methods that
are based on example-pairs rely on LR training patches for

which the corresponding HR counterparts are known. Early
work was presented by Freeman et al. [17, 16]. Related ap-
proaches to the SR problem originate in compressed sensing
[61, 11, 68]. In Glasner et al. [20] the authors exploit patch
redundancies across scales within the image to drive the SR.
This paradigm of self-similarity is also employed in Huang
et al. [30], where self dictionaries are extended by further
allowing for small transformations and shape variations. Gu
et al. [24] proposed a convolutional sparse coding approach
that improves consistency by processing the whole image
rather than overlapping patches.

To reconstruct realistic texture detail while avoiding
edge artifacts, Tai et al. [51] combine an edge-directed SR
algorithm based on a gradient profile prior [49] with the
benefits of learning-based detail synthesis. Zhang et al. [69]
propose a multi-scale dictionary to capture redundancies of
similar image patches at different scales. To super-resolve
landmark images, Yue et al. [66] retrieve correlating HR
images with similar content from the web and propose a
structure-aware matching criterion for alignment.

Neighborhood embedding approaches upsample a LR
image patch by finding similar LR training patches in a low
dimensional manifold and combining their corresponding
HR patches for reconstruction [53, 54]. In Kim and Kwon
[34] the authors emphasize the tendency of neighborhood
approaches to overfit and formulate a more general map of
example pairs using kernel ridge regression. The regression
problem can also be solved with Gaussian process regres-
sion [26], trees [45] or Random Forests [46]. In Dai et al.
[5] a multitude of patch-specific regressors is learned and
the most appropriate regressors selected during testing.

Recently convolutional neural network (CNN) based SR
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[Figure from Ledig et al. 2017]
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FRANGI et al.: AUTOMATIC CONSTRUCTION OF MULTIPLE-OBJECT 3-D STATISTICAL SHAPE MODELS 1161

Fig. 10. Shape instances generated using the 3-D two-chambermodel and the statistic registration measure from 14 cardiac data sets. The instances are generated
by varying a single shape parameter, fixing all others at zero standard deviations from the mean shape. This two-chamber model consists of 679 LV endocardial
nodes, 1352 LV epicardial nodes, and 1841 RV endocardial nodes.

Table III reports on the interobserver variability for manual
landmarking in subject space and that of the landmarks manu-
ally placed in the atlas and then propagated into subject space.
The latter variability measures the effective uncertainty in the
position of the automatic landmarks when considering that they
have been obtained from the propagation of already uncertain
(manual) landmarks.
Finally, it is interesting to compute an estimate of the average

distance (error) between the landmarks placed manually in sub-
ject space and those propagated to subject space from the atlas.
To this end, the average position of the landmarks of all ob-
servers and all sessions has been used as the “gold standard”
[textured bullet in Fig. 14(b)]. Table IV gives the average dis-

tance in subject space between the gold-standard landmarks in
subject space and in atlas space after being mapped into subject
coordinates. From these experiments, it is possible to state that
the error in the automatic landmark placement is, on average,
2.2 mm. This is about two pixels with the current in-place

image resolution and only moderately worse than the interob-
server variability in manual landmarking.

VI. DISCUSSION AND CONCLUSION

This paper has presented amethod for the automatic construc-
tion of 3-D statistical shape models. The technique is based on
the automatic extraction of a dense mesh of landmarks in an

mean�3�
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Linear model with PCAIntroduction
Learning basics



Computer
Vision Two main types of learning: 

Supervised
• There is a task, e.g. segmentation, 

detection, recognition, …
• Examples have both features

(images) and labels related to the 
task
• At prediction you only have the 

images
• Example task: segmentation

• Appearance variation across classes
• Ignore variance within instances of 

the same class
• Examples are extremely 

important!

Introduction
Learning basics

Examples to learn from

Test image Prediction



Section I: Mathematical basics



Computer
Vision Basic notation

x = {x1, x2, . . . , xd}
<latexit sha1_base64="Ccj35/achq/rsyG4wwjBRoH0tUs=">AAACG3icbZDLSgMxFIYzXmu9jbp0EyyCi1JmiqALhYIblxXsBTqlZNJMG5rJDMkZaRn6Hm58FTcuFHEluPBtzLSz0NYDCR//uSTn92PBNTjOt7Wyura+sVnYKm7v7O7t2weHTR0lirIGjUSk2j7RTHDJGsBBsHasGAl9wVr+6CbLtx6Y0jyS9zCJWTckA8kDTgkYqWdXvZDA0A/S8RRfY0+wALwUj3tu2VzVMvb6EeiM+9hTfDAEb9qzS07FmQVeBjeHEsqj3rM/zRSahEwCFUTrjuvE0E2JAk4Fmxa9RLOY0BEZsI5BSUKmu+lstyk+NUofB5EyRwKeqb87UhJqPQl9U5ltohdzmfhfrpNAcNlNuYwTYJLOHwoSgSHCmVG4zxWjICYGCFXc/BXTIVGEgrGzaExwF1dehma14hq+Oy/VrnI7CugYnaAz5KILVEO3qI4aiKJH9Ixe0Zv1ZL1Y79bHvHTFynuO0J+wvn4A5GegCw==</latexit><latexit sha1_base64="Ccj35/achq/rsyG4wwjBRoH0tUs=">AAACG3icbZDLSgMxFIYzXmu9jbp0EyyCi1JmiqALhYIblxXsBTqlZNJMG5rJDMkZaRn6Hm58FTcuFHEluPBtzLSz0NYDCR//uSTn92PBNTjOt7Wyura+sVnYKm7v7O7t2weHTR0lirIGjUSk2j7RTHDJGsBBsHasGAl9wVr+6CbLtx6Y0jyS9zCJWTckA8kDTgkYqWdXvZDA0A/S8RRfY0+wALwUj3tu2VzVMvb6EeiM+9hTfDAEb9qzS07FmQVeBjeHEsqj3rM/zRSahEwCFUTrjuvE0E2JAk4Fmxa9RLOY0BEZsI5BSUKmu+lstyk+NUofB5EyRwKeqb87UhJqPQl9U5ltohdzmfhfrpNAcNlNuYwTYJLOHwoSgSHCmVG4zxWjICYGCFXc/BXTIVGEgrGzaExwF1dehma14hq+Oy/VrnI7CugYnaAz5KILVEO3qI4aiKJH9Ixe0Zv1ZL1Y79bHvHTFynuO0J+wvn4A5GegCw==</latexit><latexit sha1_base64="Ccj35/achq/rsyG4wwjBRoH0tUs=">AAACG3icbZDLSgMxFIYzXmu9jbp0EyyCi1JmiqALhYIblxXsBTqlZNJMG5rJDMkZaRn6Hm58FTcuFHEluPBtzLSz0NYDCR//uSTn92PBNTjOt7Wyura+sVnYKm7v7O7t2weHTR0lirIGjUSk2j7RTHDJGsBBsHasGAl9wVr+6CbLtx6Y0jyS9zCJWTckA8kDTgkYqWdXvZDA0A/S8RRfY0+wALwUj3tu2VzVMvb6EeiM+9hTfDAEb9qzS07FmQVeBjeHEsqj3rM/zRSahEwCFUTrjuvE0E2JAk4Fmxa9RLOY0BEZsI5BSUKmu+lstyk+NUofB5EyRwKeqb87UhJqPQl9U5ltohdzmfhfrpNAcNlNuYwTYJLOHwoSgSHCmVG4zxWjICYGCFXc/BXTIVGEgrGzaExwF1dehma14hq+Oy/VrnI7CugYnaAz5KILVEO3qI4aiKJH9Ixe0Zv1ZL1Y79bHvHTFynuO0J+wvn4A5GegCw==</latexit><latexit sha1_base64="Ccj35/achq/rsyG4wwjBRoH0tUs=">AAACG3icbZDLSgMxFIYzXmu9jbp0EyyCi1JmiqALhYIblxXsBTqlZNJMG5rJDMkZaRn6Hm58FTcuFHEluPBtzLSz0NYDCR//uSTn92PBNTjOt7Wyura+sVnYKm7v7O7t2weHTR0lirIGjUSk2j7RTHDJGsBBsHasGAl9wVr+6CbLtx6Y0jyS9zCJWTckA8kDTgkYqWdXvZDA0A/S8RRfY0+wALwUj3tu2VzVMvb6EeiM+9hTfDAEb9qzS07FmQVeBjeHEsqj3rM/zRSahEwCFUTrjuvE0E2JAk4Fmxa9RLOY0BEZsI5BSUKmu+lstyk+NUofB5EyRwKeqb87UhJqPQl9U5ltohdzmfhfrpNAcNlNuYwTYJLOHwoSgSHCmVG4zxWjICYGCFXc/BXTIVGEgrGzaExwF1dehma14hq+Oy/VrnI7CugYnaAz5KILVEO3qI4aiKJH9Ixe0Zv1ZL1Y79bHvHTFynuO0J+wvn4A5GegCw==</latexit>

y = {y1, y2, . . . , ym}
<latexit sha1_base64="6dKNHzrjushgSWZZBjGcHGHaPhA=">AAACG3icbZDLSsNAFIYn9VbrLerSzWARXJSSFEEXCgU3LivYVmhCmEwn7dDJhZkTIYS+hxtfxY0LRVwJLnwbJ20W2npgho//XGbO7yeCK7Csb6Oysrq2vlHdrG1t7+zumfsHPRWnkrIujUUs732imOAR6wIHwe4TyUjoC9b3J9dFvv/ApOJxdAdZwtyQjCIecEpAS57ZckICYz/Isym+wo5gATg5zjy7oa9WAzvDGFTBIXYkH43BmXpm3Wpas8DLYJdQR2V0PPNTT6FpyCKggig1sK0E3JxI4FSwac1JFUsInZARG2iMSMiUm892m+ITrQxxEEt9IsAz9XdHTkKlstDXlcUmajFXiP/lBikEF27OoyQFFtH5Q0EqMMS4MAoPuWQURKaBUMn1XzEdE0koaDtr2gR7ceVl6LWatubbs3r7srSjio7QMTpFNjpHbXSDOqiLKHpEz+gVvRlPxovxbnzMSytG2XOI/oTx9QP406AY</latexit><latexit sha1_base64="6dKNHzrjushgSWZZBjGcHGHaPhA=">AAACG3icbZDLSsNAFIYn9VbrLerSzWARXJSSFEEXCgU3LivYVmhCmEwn7dDJhZkTIYS+hxtfxY0LRVwJLnwbJ20W2npgho//XGbO7yeCK7Csb6Oysrq2vlHdrG1t7+zumfsHPRWnkrIujUUs732imOAR6wIHwe4TyUjoC9b3J9dFvv/ApOJxdAdZwtyQjCIecEpAS57ZckICYz/Isym+wo5gATg5zjy7oa9WAzvDGFTBIXYkH43BmXpm3Wpas8DLYJdQR2V0PPNTT6FpyCKggig1sK0E3JxI4FSwac1JFUsInZARG2iMSMiUm892m+ITrQxxEEt9IsAz9XdHTkKlstDXlcUmajFXiP/lBikEF27OoyQFFtH5Q0EqMMS4MAoPuWQURKaBUMn1XzEdE0koaDtr2gR7ceVl6LWatubbs3r7srSjio7QMTpFNjpHbXSDOqiLKHpEz+gVvRlPxovxbnzMSytG2XOI/oTx9QP406AY</latexit><latexit sha1_base64="6dKNHzrjushgSWZZBjGcHGHaPhA=">AAACG3icbZDLSsNAFIYn9VbrLerSzWARXJSSFEEXCgU3LivYVmhCmEwn7dDJhZkTIYS+hxtfxY0LRVwJLnwbJ20W2npgho//XGbO7yeCK7Csb6Oysrq2vlHdrG1t7+zumfsHPRWnkrIujUUs732imOAR6wIHwe4TyUjoC9b3J9dFvv/ApOJxdAdZwtyQjCIecEpAS57ZckICYz/Isym+wo5gATg5zjy7oa9WAzvDGFTBIXYkH43BmXpm3Wpas8DLYJdQR2V0PPNTT6FpyCKggig1sK0E3JxI4FSwac1JFUsInZARG2iMSMiUm892m+ITrQxxEEt9IsAz9XdHTkKlstDXlcUmajFXiP/lBikEF27OoyQFFtH5Q0EqMMS4MAoPuWQURKaBUMn1XzEdE0koaDtr2gR7ceVl6LWatubbs3r7srSjio7QMTpFNjpHbXSDOqiLKHpEz+gVvRlPxovxbnzMSytG2XOI/oTx9QP406AY</latexit><latexit sha1_base64="6dKNHzrjushgSWZZBjGcHGHaPhA=">AAACG3icbZDLSsNAFIYn9VbrLerSzWARXJSSFEEXCgU3LivYVmhCmEwn7dDJhZkTIYS+hxtfxY0LRVwJLnwbJ20W2npgho//XGbO7yeCK7Csb6Oysrq2vlHdrG1t7+zumfsHPRWnkrIujUUs732imOAR6wIHwe4TyUjoC9b3J9dFvv/ApOJxdAdZwtyQjCIecEpAS57ZckICYz/Isym+wo5gATg5zjy7oa9WAzvDGFTBIXYkH43BmXpm3Wpas8DLYJdQR2V0PPNTT6FpyCKggig1sK0E3JxI4FSwac1JFUsInZARG2iMSMiUm892m+ITrQxxEEt9IsAz9XdHTkKlstDXlcUmajFXiP/lBikEF27OoyQFFtH5Q0EqMMS4MAoPuWQURKaBUMn1XzEdE0koaDtr2gR7ceVl6LWatubbs3r7srSjio7QMTpFNjpHbXSDOqiLKHpEz+gVvRlPxovxbnzMSytG2XOI/oTx9QP406AY</latexit>

Features
• Observed information
• Numerical or categorical
• Hand-crafted explicit features 

such as HoG or SIFT
• Haar features, integral images
• Raw intensities, RGB values, 

gray levels
• Multispectral images can have 

even more raw intensity 
channels

Labels
• Unobserved information
• Numerical (regression) or 

categorical (classification)
• Semantic segmentation labels –

pixel-wise
• Object categories – image-wise
• Unblurred intensities
• Denoised intensities
• Diagnosis, clinical outcomes

Introduction
Learning basics

Math. basics



Computer
Vision Basic concepts - mapping

Introduction
Learning basics

Math. basics

• Model a mapping between features and labels
• We will focus on parametric mappings with parameters:

• Non-parametric mappings are also possible, think about 
nearest neighbor models 

x = [x1, x2, . . . , xd]
<latexit sha1_base64="LaOoXFUCmBLKsxBrnx/PsfED354=">AAACGXicbZDLSsNAFIYnXmu9RV26GSyCi1KSIuhCoeDGZQV7gSaEyXTSDp1cmDmRltDXcOOruHGhiEtd+TZO2iy09cAMH/+5zJzfTwRXYFnfxsrq2vrGZmmrvL2zu7dvHhy2VZxKylo0FrHs+kQxwSPWAg6CdRPJSOgL1vFHN3m+88Ck4nF0D5OEuSEZRDzglICWPNNyQgJDP8jGU3yNHcEC6OGxZ1f1Va9ipx+DyrmPHckHQ3A9s2LVrFngZbALqKAimp75qYfQNGQRUEGU6tlWAm5GJHAq2LTspIolhI7IgPU0RiRkys1mm03xqVb6OIilPhHgmfq7IyOhUpPQ15X5Hmoxl4v/5XopBJduxqMkBRbR+UNBKjDEOLcJ97lkFMREA6GS679iOiSSUNBmlrUJ9uLKy9Cu12zNd+eVxlVhRwkdoxN0hmx0gRroFjVRC1H0iJ7RK3oznowX4934mJeuGEXPEfoTxtcP+4ae/w==</latexit><latexit sha1_base64="LaOoXFUCmBLKsxBrnx/PsfED354=">AAACGXicbZDLSsNAFIYnXmu9RV26GSyCi1KSIuhCoeDGZQV7gSaEyXTSDp1cmDmRltDXcOOruHGhiEtd+TZO2iy09cAMH/+5zJzfTwRXYFnfxsrq2vrGZmmrvL2zu7dvHhy2VZxKylo0FrHs+kQxwSPWAg6CdRPJSOgL1vFHN3m+88Ck4nF0D5OEuSEZRDzglICWPNNyQgJDP8jGU3yNHcEC6OGxZ1f1Va9ipx+DyrmPHckHQ3A9s2LVrFngZbALqKAimp75qYfQNGQRUEGU6tlWAm5GJHAq2LTspIolhI7IgPU0RiRkys1mm03xqVb6OIilPhHgmfq7IyOhUpPQ15X5Hmoxl4v/5XopBJduxqMkBRbR+UNBKjDEOLcJ97lkFMREA6GS679iOiSSUNBmlrUJ9uLKy9Cu12zNd+eVxlVhRwkdoxN0hmx0gRroFjVRC1H0iJ7RK3oznowX4934mJeuGEXPEfoTxtcP+4ae/w==</latexit><latexit sha1_base64="LaOoXFUCmBLKsxBrnx/PsfED354=">AAACGXicbZDLSsNAFIYnXmu9RV26GSyCi1KSIuhCoeDGZQV7gSaEyXTSDp1cmDmRltDXcOOruHGhiEtd+TZO2iy09cAMH/+5zJzfTwRXYFnfxsrq2vrGZmmrvL2zu7dvHhy2VZxKylo0FrHs+kQxwSPWAg6CdRPJSOgL1vFHN3m+88Ck4nF0D5OEuSEZRDzglICWPNNyQgJDP8jGU3yNHcEC6OGxZ1f1Va9ipx+DyrmPHckHQ3A9s2LVrFngZbALqKAimp75qYfQNGQRUEGU6tlWAm5GJHAq2LTspIolhI7IgPU0RiRkys1mm03xqVb6OIilPhHgmfq7IyOhUpPQ15X5Hmoxl4v/5XopBJduxqMkBRbR+UNBKjDEOLcJ97lkFMREA6GS679iOiSSUNBmlrUJ9uLKy9Cu12zNd+eVxlVhRwkdoxN0hmx0gRroFjVRC1H0iJ7RK3oznowX4934mJeuGEXPEfoTxtcP+4ae/w==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="JTMTglVP8O2qVmizO+bbakh6cR0=">AAACDnicbZDLSgMxFIbPeK21anXrJlgEF6XMdKMbQXDjsoK9QGcYMmmmDc1cSM5Iy9DXcOOruHGhiEt3vo2ZtgttPZDw8Z+cJP8fpFJotO1va2Nza3tnt7RX3q8cHB5VjysdnWSK8TZLZKJ6AdVcipi3UaDkvVRxGgWSd4PxbdHvPnKlRRI/4DTlXkSHsQgFo2gkv2q7EcVREOaTGbkmruQh9snEd+pma9aJO0hQFzwgrhLDEXp+tWY37HmRdXCWUINltfzql7mEZRGPkUmqdd+xU/RyqlAwyWdlN9M8pWxMh7xvMKYR114+dzYj50YZkDBRZsVI5urviZxGWk+jwJwsfOjVXiH+1+tnGF55uYjTDHnMFg+FmSSYkCImMhCKM5RTA5QpYf5K2IgqytCEWTYhOKuW16HTbDiG720owSmcwQU4cAk3cActaAODJ3iBN3i3nq1X62MR14a1zO0E/pT1+QMrGZ2B</latexit><latexit sha1_base64="JTMTglVP8O2qVmizO+bbakh6cR0=">AAACDnicbZDLSgMxFIbPeK21anXrJlgEF6XMdKMbQXDjsoK9QGcYMmmmDc1cSM5Iy9DXcOOruHGhiEt3vo2ZtgttPZDw8Z+cJP8fpFJotO1va2Nza3tnt7RX3q8cHB5VjysdnWSK8TZLZKJ6AdVcipi3UaDkvVRxGgWSd4PxbdHvPnKlRRI/4DTlXkSHsQgFo2gkv2q7EcVREOaTGbkmruQh9snEd+pma9aJO0hQFzwgrhLDEXp+tWY37HmRdXCWUINltfzql7mEZRGPkUmqdd+xU/RyqlAwyWdlN9M8pWxMh7xvMKYR114+dzYj50YZkDBRZsVI5urviZxGWk+jwJwsfOjVXiH+1+tnGF55uYjTDHnMFg+FmSSYkCImMhCKM5RTA5QpYf5K2IgqytCEWTYhOKuW16HTbDiG720owSmcwQU4cAk3cActaAODJ3iBN3i3nq1X62MR14a1zO0E/pT1+QMrGZ2B</latexit><latexit sha1_base64="/+iCOf27Do78lg3RMS093pG/QB8=">AAACGXicbZC7TsMwFIadcivlFmBksaiQGKoq6QIDSJVYGItEL1ITRY7rtFadi+wT1Crqa7DwKiwMIMQIE2+D02aAliPZ+vSfi31+PxFcgWV9G6W19Y3NrfJ2ZWd3b//APDzqqDiVlLVpLGLZ84ligkesDRwE6yWSkdAXrOuPb/J894FJxePoHqYJc0MyjHjAKQEteablhARGfpBNZvgaO4IF0McTz67pq1HDziAGlfMAO5IPR+B6ZtWqW/PAq2AXUEVFtDzzUw+hacgioIIo1betBNyMSOBUsFnFSRVLCB2TIetrjEjIlJvNN5vhM60McBBLfSLAc/V3R0ZCpaahryvzPdRyLhf/y/VTCC7djEdJCiyii4eCVGCIcW4THnDJKIipBkIl13/FdEQkoaDNrGgT7OWVV6HTqNua76xq86qwo4xO0Ck6Rza6QE10i1qojSh6RM/oFb0ZT8aL8W58LEpLRtFzjP6E8fUD+kae+w==</latexit><latexit sha1_base64="LaOoXFUCmBLKsxBrnx/PsfED354=">AAACGXicbZDLSsNAFIYnXmu9RV26GSyCi1KSIuhCoeDGZQV7gSaEyXTSDp1cmDmRltDXcOOruHGhiEtd+TZO2iy09cAMH/+5zJzfTwRXYFnfxsrq2vrGZmmrvL2zu7dvHhy2VZxKylo0FrHs+kQxwSPWAg6CdRPJSOgL1vFHN3m+88Ck4nF0D5OEuSEZRDzglICWPNNyQgJDP8jGU3yNHcEC6OGxZ1f1Va9ipx+DyrmPHckHQ3A9s2LVrFngZbALqKAimp75qYfQNGQRUEGU6tlWAm5GJHAq2LTspIolhI7IgPU0RiRkys1mm03xqVb6OIilPhHgmfq7IyOhUpPQ15X5Hmoxl4v/5XopBJduxqMkBRbR+UNBKjDEOLcJ97lkFMREA6GS679iOiSSUNBmlrUJ9uLKy9Cu12zNd+eVxlVhRwkdoxN0hmx0gRroFjVRC1H0iJ7RK3oznowX4934mJeuGEXPEfoTxtcP+4ae/w==</latexit><latexit sha1_base64="LaOoXFUCmBLKsxBrnx/PsfED354=">AAACGXicbZDLSsNAFIYnXmu9RV26GSyCi1KSIuhCoeDGZQV7gSaEyXTSDp1cmDmRltDXcOOruHGhiEtd+TZO2iy09cAMH/+5zJzfTwRXYFnfxsrq2vrGZmmrvL2zu7dvHhy2VZxKylo0FrHs+kQxwSPWAg6CdRPJSOgL1vFHN3m+88Ck4nF0D5OEuSEZRDzglICWPNNyQgJDP8jGU3yNHcEC6OGxZ1f1Va9ipx+DyrmPHckHQ3A9s2LVrFngZbALqKAimp75qYfQNGQRUEGU6tlWAm5GJHAq2LTspIolhI7IgPU0RiRkys1mm03xqVb6OIilPhHgmfq7IyOhUpPQ15X5Hmoxl4v/5XopBJduxqMkBRbR+UNBKjDEOLcJ97lkFMREA6GS679iOiSSUNBmlrUJ9uLKy9Cu12zNd+eVxlVhRwkdoxN0hmx0gRroFjVRC1H0iJ7RK3oznowX4934mJeuGEXPEfoTxtcP+4ae/w==</latexit><latexit sha1_base64="LaOoXFUCmBLKsxBrnx/PsfED354=">AAACGXicbZDLSsNAFIYnXmu9RV26GSyCi1KSIuhCoeDGZQV7gSaEyXTSDp1cmDmRltDXcOOruHGhiEtd+TZO2iy09cAMH/+5zJzfTwRXYFnfxsrq2vrGZmmrvL2zu7dvHhy2VZxKylo0FrHs+kQxwSPWAg6CdRPJSOgL1vFHN3m+88Ck4nF0D5OEuSEZRDzglICWPNNyQgJDP8jGU3yNHcEC6OGxZ1f1Va9ipx+DyrmPHckHQ3A9s2LVrFngZbALqKAimp75qYfQNGQRUEGU6tlWAm5GJHAq2LTspIolhI7IgPU0RiRkys1mm03xqVb6OIilPhHgmfq7IyOhUpPQ15X5Hmoxl4v/5XopBJduxqMkBRbR+UNBKjDEOLcJ97lkFMREA6GS679iOiSSUNBmlrUJ9uLKy9Cu12zNd+eVxlVhRwkdoxN0hmx0gRroFjVRC1H0iJ7RK3oznowX4934mJeuGEXPEfoTxtcP+4ae/w==</latexit><latexit sha1_base64="LaOoXFUCmBLKsxBrnx/PsfED354=">AAACGXicbZDLSsNAFIYnXmu9RV26GSyCi1KSIuhCoeDGZQV7gSaEyXTSDp1cmDmRltDXcOOruHGhiEtd+TZO2iy09cAMH/+5zJzfTwRXYFnfxsrq2vrGZmmrvL2zu7dvHhy2VZxKylo0FrHs+kQxwSPWAg6CdRPJSOgL1vFHN3m+88Ck4nF0D5OEuSEZRDzglICWPNNyQgJDP8jGU3yNHcEC6OGxZ1f1Va9ipx+DyrmPHckHQ3A9s2LVrFngZbALqKAimp75qYfQNGQRUEGU6tlWAm5GJHAq2LTspIolhI7IgPU0RiRkys1mm03xqVb6OIilPhHgmfq7IyOhUpPQ15X5Hmoxl4v/5XopBJduxqMkBRbR+UNBKjDEOLcJ97lkFMREA6GS679iOiSSUNBmlrUJ9uLKy9Cu12zNd+eVxlVhRwkdoxN0hmx0gRroFjVRC1H0iJ7RK3oznowX4934mJeuGEXPEfoTxtcP+4ae/w==</latexit><latexit sha1_base64="LaOoXFUCmBLKsxBrnx/PsfED354=">AAACGXicbZDLSsNAFIYnXmu9RV26GSyCi1KSIuhCoeDGZQV7gSaEyXTSDp1cmDmRltDXcOOruHGhiEtd+TZO2iy09cAMH/+5zJzfTwRXYFnfxsrq2vrGZmmrvL2zu7dvHhy2VZxKylo0FrHs+kQxwSPWAg6CdRPJSOgL1vFHN3m+88Ck4nF0D5OEuSEZRDzglICWPNNyQgJDP8jGU3yNHcEC6OGxZ1f1Va9ipx+DyrmPHckHQ3A9s2LVrFngZbALqKAimp75qYfQNGQRUEGU6tlWAm5GJHAq2LTspIolhI7IgPU0RiRkys1mm03xqVb6OIilPhHgmfq7IyOhUpPQ15X5Hmoxl4v/5XopBJduxqMkBRbR+UNBKjDEOLcJ97lkFMREA6GS679iOiSSUNBmlrUJ9uLKy9Cu12zNd+eVxlVhRwkdoxN0hmx0gRroFjVRC1H0iJ7RK3oznowX4934mJeuGEXPEfoTxtcP+4ae/w==</latexit><latexit sha1_base64="LaOoXFUCmBLKsxBrnx/PsfED354=">AAACGXicbZDLSsNAFIYnXmu9RV26GSyCi1KSIuhCoeDGZQV7gSaEyXTSDp1cmDmRltDXcOOruHGhiEtd+TZO2iy09cAMH/+5zJzfTwRXYFnfxsrq2vrGZmmrvL2zu7dvHhy2VZxKylo0FrHs+kQxwSPWAg6CdRPJSOgL1vFHN3m+88Ck4nF0D5OEuSEZRDzglICWPNNyQgJDP8jGU3yNHcEC6OGxZ1f1Va9ipx+DyrmPHckHQ3A9s2LVrFngZbALqKAimp75qYfQNGQRUEGU6tlWAm5GJHAq2LTspIolhI7IgPU0RiRkys1mm03xqVb6OIilPhHgmfq7IyOhUpPQ15X5Hmoxl4v/5XopBJduxqMkBRbR+UNBKjDEOLcJ97lkFMREA6GS679iOiSSUNBmlrUJ9uLKy9Cu12zNd+eVxlVhRwkdoxN0hmx0gRroFjVRC1H0iJ7RK3oznowX4934mJeuGEXPEfoTxtcP+4ae/w==</latexit>

y = [y1, y2, . . . , ym]
<latexit sha1_base64="nsshm3aEQxCqXRMPv+dO09pZGOI=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXJSSFEEXCgU3LivYVmhCmEwn7dDJhZkTIYS+hhtfxY0LRVzqyrdx0mahrQdm+PjPZeb8fiK4Asv6Niorq2vrG9XN2tb2zu6euX/QU3EqKevSWMTy3ieKCR6xLnAQ7D6RjIS+YH1/cl3k+w9MKh5Hd5AlzA3JKOIBpwS05JmWExIY+0GeTfEVdgQLYIAzz27oq9XAzjAGVXCIHclHY3A9s241rVngZbBLqKMyOp75qYfQNGQRUEGUGthWAm5OJHAq2LTmpIolhE7IiA00RiRkys1nm03xiVaGOIilPhHgmfq7IyehUlno68piD7WYK8T/coMUggs351GSAovo/KEgFRhiXNiEh1wyCiLTQKjk+q+YjokkFLSZNW2CvbjyMvRaTVvz7Vm9fVnaUUVH6BidIhudoza6QR3URRQ9omf0it6MJ+PFeDc+5qUVo+w5RH/C+PoBD/OfDA==</latexit><latexit sha1_base64="nsshm3aEQxCqXRMPv+dO09pZGOI=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXJSSFEEXCgU3LivYVmhCmEwn7dDJhZkTIYS+hhtfxY0LRVzqyrdx0mahrQdm+PjPZeb8fiK4Asv6Niorq2vrG9XN2tb2zu6euX/QU3EqKevSWMTy3ieKCR6xLnAQ7D6RjIS+YH1/cl3k+w9MKh5Hd5AlzA3JKOIBpwS05JmWExIY+0GeTfEVdgQLYIAzz27oq9XAzjAGVXCIHclHY3A9s241rVngZbBLqKMyOp75qYfQNGQRUEGUGthWAm5OJHAq2LTmpIolhE7IiA00RiRkys1nm03xiVaGOIilPhHgmfq7IyehUlno68piD7WYK8T/coMUggs351GSAovo/KEgFRhiXNiEh1wyCiLTQKjk+q+YjokkFLSZNW2CvbjyMvRaTVvz7Vm9fVnaUUVH6BidIhudoza6QR3URRQ9omf0it6MJ+PFeDc+5qUVo+w5RH/C+PoBD/OfDA==</latexit><latexit sha1_base64="nsshm3aEQxCqXRMPv+dO09pZGOI=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXJSSFEEXCgU3LivYVmhCmEwn7dDJhZkTIYS+hhtfxY0LRVzqyrdx0mahrQdm+PjPZeb8fiK4Asv6Niorq2vrG9XN2tb2zu6euX/QU3EqKevSWMTy3ieKCR6xLnAQ7D6RjIS+YH1/cl3k+w9MKh5Hd5AlzA3JKOIBpwS05JmWExIY+0GeTfEVdgQLYIAzz27oq9XAzjAGVXCIHclHY3A9s241rVngZbBLqKMyOp75qYfQNGQRUEGUGthWAm5OJHAq2LTmpIolhE7IiA00RiRkys1nm03xiVaGOIilPhHgmfq7IyehUlno68piD7WYK8T/coMUggs351GSAovo/KEgFRhiXNiEh1wyCiLTQKjk+q+YjokkFLSZNW2CvbjyMvRaTVvz7Vm9fVnaUUVH6BidIhudoza6QR3URRQ9omf0it6MJ+PFeDc+5qUVo+w5RH/C+PoBD/OfDA==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="S91zwo6nBvj7l3dmEBZdzYs5o4c=">AAACDnicbZDLSgMxFIbPeK21anXrJlgEF6XMdKMbQXDjsoK9QGcYMmmmDc1cSM4Iw9DXcOOruHGhiEt3vo2ZtgttPZDw8Z+cJP8fpFJotO1va2Nza3tnt7JX3a8dHB7Vj2s9nWSK8S5LZKIGAdVciph3UaDkg1RxGgWS94PpbdnvP3KlRRI/YJ5yL6LjWISCUTSSX7fdiOIkCIt8Rq6JK3mIQ5L7TtNs7SZxRwnqkiPiKjGeoOfXG3bLnhdZB2cJDVhWx69/mUtYFvEYmaRaDx07Ra+gCgWTfFZ1M81TyqZ0zIcGYxpx7RVzZzNybpQRCRNlVoxkrv6eKGikdR4F5mTpQ6/2SvG/3jDD8MorRJxmyGO2eCjMJMGElDGRkVCcocwNUKaE+SthE6ooQxNm1YTgrFpeh1675Ri+t6ECp3AGF+DAJdzAHXSgCwye4AXe4N16tl6tj0VcG9YytxP4U9bnDz7onY4=</latexit><latexit sha1_base64="S91zwo6nBvj7l3dmEBZdzYs5o4c=">AAACDnicbZDLSgMxFIbPeK21anXrJlgEF6XMdKMbQXDjsoK9QGcYMmmmDc1cSM4Iw9DXcOOruHGhiEt3vo2ZtgttPZDw8Z+cJP8fpFJotO1va2Nza3tnt7JX3a8dHB7Vj2s9nWSK8S5LZKIGAdVciph3UaDkg1RxGgWS94PpbdnvP3KlRRI/YJ5yL6LjWISCUTSSX7fdiOIkCIt8Rq6JK3mIQ5L7TtNs7SZxRwnqkiPiKjGeoOfXG3bLnhdZB2cJDVhWx69/mUtYFvEYmaRaDx07Ra+gCgWTfFZ1M81TyqZ0zIcGYxpx7RVzZzNybpQRCRNlVoxkrv6eKGikdR4F5mTpQ6/2SvG/3jDD8MorRJxmyGO2eCjMJMGElDGRkVCcocwNUKaE+SthE6ooQxNm1YTgrFpeh1675Ri+t6ECp3AGF+DAJdzAHXSgCwye4AXe4N16tl6tj0VcG9YytxP4U9bnDz7onY4=</latexit><latexit sha1_base64="YKWo3KVqLgr06uILP0ft49QZcs0=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXJSSdKMLhYIblxXsBZoQJtNJO3RyYeZECKGv4cZXceNCEZe68m2ctFlo64EZPv5zmTm/nwiuwLK+jcra+sbmVnW7trO7t39gHh71VJxKyro0FrEc+EQxwSPWBQ6CDRLJSOgL1venN0W+/8Ck4nF0D1nC3JCMIx5wSkBLnmk5IYGJH+TZDF9jR7AAhjjz7Ia+Wg3sjGJQBYfYkXw8Adcz61bTmgdeBbuEOiqj45mfeghNQxYBFUSpoW0l4OZEAqeCzWpOqlhC6JSM2VBjREKm3Hy+2QyfaWWEg1jqEwGeq787chIqlYW+riz2UMu5QvwvN0whuHRzHiUpsIguHgpSgSHGhU14xCWjIDINhEqu/4rphEhCQZtZ0ybYyyuvQq/VtDXfWfX2VWlHFZ2gU3SObHSB2ugWdVAXUfSIntErejOejBfj3fhYlFaMsucY/Qnj6wcOs58I</latexit><latexit sha1_base64="nsshm3aEQxCqXRMPv+dO09pZGOI=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXJSSFEEXCgU3LivYVmhCmEwn7dDJhZkTIYS+hhtfxY0LRVzqyrdx0mahrQdm+PjPZeb8fiK4Asv6Niorq2vrG9XN2tb2zu6euX/QU3EqKevSWMTy3ieKCR6xLnAQ7D6RjIS+YH1/cl3k+w9MKh5Hd5AlzA3JKOIBpwS05JmWExIY+0GeTfEVdgQLYIAzz27oq9XAzjAGVXCIHclHY3A9s241rVngZbBLqKMyOp75qYfQNGQRUEGUGthWAm5OJHAq2LTmpIolhE7IiA00RiRkys1nm03xiVaGOIilPhHgmfq7IyehUlno68piD7WYK8T/coMUggs351GSAovo/KEgFRhiXNiEh1wyCiLTQKjk+q+YjokkFLSZNW2CvbjyMvRaTVvz7Vm9fVnaUUVH6BidIhudoza6QR3URRQ9omf0it6MJ+PFeDc+5qUVo+w5RH/C+PoBD/OfDA==</latexit><latexit sha1_base64="nsshm3aEQxCqXRMPv+dO09pZGOI=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXJSSFEEXCgU3LivYVmhCmEwn7dDJhZkTIYS+hhtfxY0LRVzqyrdx0mahrQdm+PjPZeb8fiK4Asv6Niorq2vrG9XN2tb2zu6euX/QU3EqKevSWMTy3ieKCR6xLnAQ7D6RjIS+YH1/cl3k+w9MKh5Hd5AlzA3JKOIBpwS05JmWExIY+0GeTfEVdgQLYIAzz27oq9XAzjAGVXCIHclHY3A9s241rVngZbBLqKMyOp75qYfQNGQRUEGUGthWAm5OJHAq2LTmpIolhE7IiA00RiRkys1nm03xiVaGOIilPhHgmfq7IyehUlno68piD7WYK8T/coMUggs351GSAovo/KEgFRhiXNiEh1wyCiLTQKjk+q+YjokkFLSZNW2CvbjyMvRaTVvz7Vm9fVnaUUVH6BidIhudoza6QR3URRQ9omf0it6MJ+PFeDc+5qUVo+w5RH/C+PoBD/OfDA==</latexit><latexit sha1_base64="nsshm3aEQxCqXRMPv+dO09pZGOI=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXJSSFEEXCgU3LivYVmhCmEwn7dDJhZkTIYS+hhtfxY0LRVzqyrdx0mahrQdm+PjPZeb8fiK4Asv6Niorq2vrG9XN2tb2zu6euX/QU3EqKevSWMTy3ieKCR6xLnAQ7D6RjIS+YH1/cl3k+w9MKh5Hd5AlzA3JKOIBpwS05JmWExIY+0GeTfEVdgQLYIAzz27oq9XAzjAGVXCIHclHY3A9s241rVngZbBLqKMyOp75qYfQNGQRUEGUGthWAm5OJHAq2LTmpIolhE7IiA00RiRkys1nm03xiVaGOIilPhHgmfq7IyehUlno68piD7WYK8T/coMUggs351GSAovo/KEgFRhiXNiEh1wyCiLTQKjk+q+YjokkFLSZNW2CvbjyMvRaTVvz7Vm9fVnaUUVH6BidIhudoza6QR3URRQ9omf0it6MJ+PFeDc+5qUVo+w5RH/C+PoBD/OfDA==</latexit><latexit sha1_base64="nsshm3aEQxCqXRMPv+dO09pZGOI=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXJSSFEEXCgU3LivYVmhCmEwn7dDJhZkTIYS+hhtfxY0LRVzqyrdx0mahrQdm+PjPZeb8fiK4Asv6Niorq2vrG9XN2tb2zu6euX/QU3EqKevSWMTy3ieKCR6xLnAQ7D6RjIS+YH1/cl3k+w9MKh5Hd5AlzA3JKOIBpwS05JmWExIY+0GeTfEVdgQLYIAzz27oq9XAzjAGVXCIHclHY3A9s241rVngZbBLqKMyOp75qYfQNGQRUEGUGthWAm5OJHAq2LTmpIolhE7IiA00RiRkys1nm03xiVaGOIilPhHgmfq7IyehUlno68piD7WYK8T/coMUggs351GSAovo/KEgFRhiXNiEh1wyCiLTQKjk+q+YjokkFLSZNW2CvbjyMvRaTVvz7Vm9fVnaUUVH6BidIhudoza6QR3URRQ9omf0it6MJ+PFeDc+5qUVo+w5RH/C+PoBD/OfDA==</latexit><latexit sha1_base64="nsshm3aEQxCqXRMPv+dO09pZGOI=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXJSSFEEXCgU3LivYVmhCmEwn7dDJhZkTIYS+hhtfxY0LRVzqyrdx0mahrQdm+PjPZeb8fiK4Asv6Niorq2vrG9XN2tb2zu6euX/QU3EqKevSWMTy3ieKCR6xLnAQ7D6RjIS+YH1/cl3k+w9MKh5Hd5AlzA3JKOIBpwS05JmWExIY+0GeTfEVdgQLYIAzz27oq9XAzjAGVXCIHclHY3A9s241rVngZbBLqKMyOp75qYfQNGQRUEGUGthWAm5OJHAq2LTmpIolhE7IiA00RiRkys1nm03xiVaGOIilPhHgmfq7IyehUlno68piD7WYK8T/coMUggs351GSAovo/KEgFRhiXNiEh1wyCiLTQKjk+q+YjokkFLSZNW2CvbjyMvRaTVvz7Vm9fVnaUUVH6BidIhudoza6QR3URRQ9omf0it6MJ+PFeDc+5qUVo+w5RH/C+PoBD/OfDA==</latexit><latexit sha1_base64="nsshm3aEQxCqXRMPv+dO09pZGOI=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXJSSFEEXCgU3LivYVmhCmEwn7dDJhZkTIYS+hhtfxY0LRVzqyrdx0mahrQdm+PjPZeb8fiK4Asv6Niorq2vrG9XN2tb2zu6euX/QU3EqKevSWMTy3ieKCR6xLnAQ7D6RjIS+YH1/cl3k+w9MKh5Hd5AlzA3JKOIBpwS05JmWExIY+0GeTfEVdgQLYIAzz27oq9XAzjAGVXCIHclHY3A9s241rVngZbBLqKMyOp75qYfQNGQRUEGUGthWAm5OJHAq2LTmpIolhE7IiA00RiRkys1nm03xiVaGOIilPhHgmfq7IyehUlno68piD7WYK8T/coMUggs351GSAovo/KEgFRhiXNiEh1wyCiLTQKjk+q+YjokkFLSZNW2CvbjyMvRaTVvz7Vm9fVnaUUVH6BidIhudoza6QR3URRQ9omf0it6MJ+PFeDc+5qUVo+w5RH/C+PoBD/OfDA==</latexit>

y = f(x; ✓)
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Computer
Vision Basic concepts - learning

Introduction
Learning basics

Math. basics

• Determine the ``best’’ parameters using the examples
• Labeled examples used for learning are called 

``Training set’’
• The examples form a paired dataset
• ``Best’’ parameters are the ones that minimize a cost 

defined between predictions and ``ground-truth’’ labels

D = {(xn,yn)}Nn=1
<latexit sha1_base64="38+RZc93nBFGMKLQCMCRYcrh7sc="></latexit><latexit sha1_base64="38+RZc93nBFGMKLQCMCRYcrh7sc="></latexit><latexit sha1_base64="38+RZc93nBFGMKLQCMCRYcrh7sc="></latexit><latexit sha1_base64="38+RZc93nBFGMKLQCMCRYcrh7sc="></latexit>

y = f(x; ✓)
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✓⇤ = arg✓ min
NX

n=1

L (yn, f(xn; ✓))
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Computer
Vision Basic concepts – cost function

Introduction
Learning basics

Math. basics

• We model the definition of “best” using the cost function
• Task dependent and ideally defined for your final goal
• Regression: e.g. general p-norm for regression

• Popular choices for p=1, 2 corresponding to L1 and L2 norms.

L (yn, f(xn; ✓)) = kyn � f(xn; ✓)kp
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✓⇤ = arg✓ min
NX

n=1

L (yn, f(xn; ✓))
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Computer
Vision Basic concepts – cost function

Introduction
Learning basics

Math. basics

• Cost function determines the definition of “best”
• Task dependent and ideally defined for your final goal
• Classification: e.g. cross-entropy for classification

• where predictions are considered as class probabilities

✓⇤ = arg✓ min
NX

n=1

L (yn, f(xn; ✓))
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yn 2 C, C: set of possible classes
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f(x; ✓) = [fc1(x; ✓), fc2(x; ✓), . . . ] ,
X

k2C
fk(x; ✓) = 1
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Computer
Vision Basic concepts – cost function

Introduction
Learning basics

Math. basics

• Cost function determines the definition of “best”
• Task dependent and ideally defined for your final goal
• Classification: e.g. cross-entropy for classification

✓⇤ = arg✓ min
NX

n=1

L (yn, f(xn; ✓))
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yn 2 C, C: set of possible classes
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f(x; ✓) = [fc1(x; ✓), fc2(x; ✓), . . . ] ,
X

k2C
fk(x; ✓) = 1
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L(yn, f(xn; ✓)) = �
X

k2C
log(fk(xn; ✓))1(yn = k)
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Computer
Vision Basic concepts - prediction

Introduction
Learning basics

Math. basics
• The model and the best parameters are determined
• Prediction for a new sample also depends on your task
• For regression:

• Prediction will have errors
• Most commonly used: Mean Squared Error (MSE), Mean 

Absolute Error (MAE)

MSE =
1

T

TX

t

kŷt � ytk22, MAE =
1

T

TX

t

|ŷt � yt|
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ŷ = f(x; ✓⇤)
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Computer
Vision Basic concepts - prediction

Introduction
Learning basics

Math. basics
• The model and the best parameters are determined
• Prediction for a new sample also depends on your task
• For classification:

• Prediction will have errors
• Most commonly used: Classification error (Cerr)

ŷ = argk max fk(x; ✓
⇤)
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Computer
Vision Notes on basic concepts

• Features: 
• Remember SIFT, Gradient Histograms, Integral images 
• Neural networks will focus on using directly the images

• Mapping: 
• Lots of research in this area
• We will further focus on neural networks

• Cost functions: 
• There is on-going research 
• L1 loss, Adversarial loss, Dice loss for segmentation

• Error computation: 
• Very important area
• Estimation of generalization error is a difficult task
• Statistical methods: cross-validation, bootstrapping, …

Introduction
Learning basics

Math. basics



Computer
Vision Linear and Logistic Regression Models

• Linear model is the main building block
• Assumes a linear relationship between features and labels
• For simplicity, let us assume one dimensional label: 

• Parameters of the linear model:
• Linear model is for continuous labels

y = y
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<latexit sha1_base64="jfM8LenTMH4KbKcciOgk4ZTCuNE=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsB7RLyaZpG5tNlmRWKEv/gxcPinj1/3jz35i2e9DWFwIP78yQmTdKpLDo+99eYW19Y3OruF3a2d3bPygfHjWtTg3jDaalNu2IWi6F4g0UKHk7MZzGkeStaHw7q7eeuLFCqwecJDyM6VCJgWAUndXs4ogj7ZUrftWfi6xCkEMFctV75a9uX7M05gqZpNZ2Aj/BMKMGBZN8WuqmlieUjemQdxwqGnMbZvNtp+TMOX0y0MY9hWTu/p7IaGztJI5cZ0xxZJdrM/O/WifFwXWYCZWkyBVbfDRIJUFNZqeTvjCcoZw4oMwItythI2ooQxdQyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8edp78d69j0VrwctnjuGPvM8foiuPIg==</latexit><latexit sha1_base64="jfM8LenTMH4KbKcciOgk4ZTCuNE=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsB7RLyaZpG5tNlmRWKEv/gxcPinj1/3jz35i2e9DWFwIP78yQmTdKpLDo+99eYW19Y3OruF3a2d3bPygfHjWtTg3jDaalNu2IWi6F4g0UKHk7MZzGkeStaHw7q7eeuLFCqwecJDyM6VCJgWAUndXs4ogj7ZUrftWfi6xCkEMFctV75a9uX7M05gqZpNZ2Aj/BMKMGBZN8WuqmlieUjemQdxwqGnMbZvNtp+TMOX0y0MY9hWTu/p7IaGztJI5cZ0xxZJdrM/O/WifFwXWYCZWkyBVbfDRIJUFNZqeTvjCcoZw4oMwItythI2ooQxdQyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8edp78d69j0VrwctnjuGPvM8foiuPIg==</latexit><latexit sha1_base64="jfM8LenTMH4KbKcciOgk4ZTCuNE=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsB7RLyaZpG5tNlmRWKEv/gxcPinj1/3jz35i2e9DWFwIP78yQmTdKpLDo+99eYW19Y3OruF3a2d3bPygfHjWtTg3jDaalNu2IWi6F4g0UKHk7MZzGkeStaHw7q7eeuLFCqwecJDyM6VCJgWAUndXs4ogj7ZUrftWfi6xCkEMFctV75a9uX7M05gqZpNZ2Aj/BMKMGBZN8WuqmlieUjemQdxwqGnMbZvNtp+TMOX0y0MY9hWTu/p7IaGztJI5cZ0xxZJdrM/O/WifFwXWYCZWkyBVbfDRIJUFNZqeTvjCcoZw4oMwItythI2ooQxdQyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8edp78d69j0VrwctnjuGPvM8foiuPIg==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="9/iGzq3A97j0rqBi7BEikv8Mxvo=">AAAB4nicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHUomvdPGZjJDckcoQ/+DGxeK+KPc+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbZtmhuBLZGq1HQjblFJjS2SpLCbGeRJpLATTe7meecZjZWpfqRphmHCR1rGUnByVrtPYyQ+qNX9hr8Q24RgBXVYqTmoffWHqcgT1CQUt7YX+BmFBTckhcJZpZ9bzLiY8BH2HGqeoA2LxbQzduGcIYtT444mtnB/vyh4Yu00idzNhNPYrmdz87+sl1N8ExZSZzmhFsuP4lwxStl8dTaUBgWpqQMujHSzMjHmhgtyBVVcCcH6ypvQvmoEjh98KMMZnMMlBHANt3APTWiBgCd4gTd491Lv1ftY1lXyVr2dwh95nz94VY3Q</latexit><latexit sha1_base64="9/iGzq3A97j0rqBi7BEikv8Mxvo=">AAAB4nicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHUomvdPGZjJDckcoQ/+DGxeK+KPc+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbZtmhuBLZGq1HQjblFJjS2SpLCbGeRJpLATTe7meecZjZWpfqRphmHCR1rGUnByVrtPYyQ+qNX9hr8Q24RgBXVYqTmoffWHqcgT1CQUt7YX+BmFBTckhcJZpZ9bzLiY8BH2HGqeoA2LxbQzduGcIYtT444mtnB/vyh4Yu00idzNhNPYrmdz87+sl1N8ExZSZzmhFsuP4lwxStl8dTaUBgWpqQMujHSzMjHmhgtyBVVcCcH6ypvQvmoEjh98KMMZnMMlBHANt3APTWiBgCd4gTd491Lv1ftY1lXyVr2dwh95nz94VY3Q</latexit><latexit sha1_base64="3Ng5cnPWZj2XRawlkLxBluRpfmw=">AAAB7XicbZA9SwNBEIbn/IzxK2ppsxgEq3Bno4VFwMYygvmA5Ah7m71kzd7usTsnhCP/wcZCEVv/j53/xk1yhSa+sPDwzgw780apFBZ9/9tbW9/Y3Nou7ZR39/YPDitHxy2rM8N4k2mpTSeilkuheBMFSt5JDadJJHk7Gt/O6u0nbqzQ6gEnKQ8TOlQiFoyis1o9HHGk/UrVr/lzkVUICqhCoUa/8tUbaJYlXCGT1Npu4KcY5tSgYJJPy73M8pSyMR3yrkNFE27DfL7tlJw7Z0BibdxTSObu74mcJtZOksh1JhRHdrk2M/+rdTOMr8NcqDRDrtjioziTBDWZnU4GwnCGcuKAMiPcroSNqKEMXUBlF0KwfPIqtC5rgeN7v1q/KeIowSmcwQUEcAV1uIMGNIHBIzzDK7x52nvx3r2PReuaV8ycwB95nz+g648e</latexit><latexit sha1_base64="jfM8LenTMH4KbKcciOgk4ZTCuNE=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsB7RLyaZpG5tNlmRWKEv/gxcPinj1/3jz35i2e9DWFwIP78yQmTdKpLDo+99eYW19Y3OruF3a2d3bPygfHjWtTg3jDaalNu2IWi6F4g0UKHk7MZzGkeStaHw7q7eeuLFCqwecJDyM6VCJgWAUndXs4ogj7ZUrftWfi6xCkEMFctV75a9uX7M05gqZpNZ2Aj/BMKMGBZN8WuqmlieUjemQdxwqGnMbZvNtp+TMOX0y0MY9hWTu/p7IaGztJI5cZ0xxZJdrM/O/WifFwXWYCZWkyBVbfDRIJUFNZqeTvjCcoZw4oMwItythI2ooQxdQyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8edp78d69j0VrwctnjuGPvM8foiuPIg==</latexit><latexit sha1_base64="jfM8LenTMH4KbKcciOgk4ZTCuNE=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsB7RLyaZpG5tNlmRWKEv/gxcPinj1/3jz35i2e9DWFwIP78yQmTdKpLDo+99eYW19Y3OruF3a2d3bPygfHjWtTg3jDaalNu2IWi6F4g0UKHk7MZzGkeStaHw7q7eeuLFCqwecJDyM6VCJgWAUndXs4ogj7ZUrftWfi6xCkEMFctV75a9uX7M05gqZpNZ2Aj/BMKMGBZN8WuqmlieUjemQdxwqGnMbZvNtp+TMOX0y0MY9hWTu/p7IaGztJI5cZ0xxZJdrM/O/WifFwXWYCZWkyBVbfDRIJUFNZqeTvjCcoZw4oMwItythI2ooQxdQyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8edp78d69j0VrwctnjuGPvM8foiuPIg==</latexit><latexit sha1_base64="jfM8LenTMH4KbKcciOgk4ZTCuNE=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsB7RLyaZpG5tNlmRWKEv/gxcPinj1/3jz35i2e9DWFwIP78yQmTdKpLDo+99eYW19Y3OruF3a2d3bPygfHjWtTg3jDaalNu2IWi6F4g0UKHk7MZzGkeStaHw7q7eeuLFCqwecJDyM6VCJgWAUndXs4ogj7ZUrftWfi6xCkEMFctV75a9uX7M05gqZpNZ2Aj/BMKMGBZN8WuqmlieUjemQdxwqGnMbZvNtp+TMOX0y0MY9hWTu/p7IaGztJI5cZ0xxZJdrM/O/WifFwXWYCZWkyBVbfDRIJUFNZqeTvjCcoZw4oMwItythI2ooQxdQyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8edp78d69j0VrwctnjuGPvM8foiuPIg==</latexit><latexit sha1_base64="jfM8LenTMH4KbKcciOgk4ZTCuNE=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsB7RLyaZpG5tNlmRWKEv/gxcPinj1/3jz35i2e9DWFwIP78yQmTdKpLDo+99eYW19Y3OruF3a2d3bPygfHjWtTg3jDaalNu2IWi6F4g0UKHk7MZzGkeStaHw7q7eeuLFCqwecJDyM6VCJgWAUndXs4ogj7ZUrftWfi6xCkEMFctV75a9uX7M05gqZpNZ2Aj/BMKMGBZN8WuqmlieUjemQdxwqGnMbZvNtp+TMOX0y0MY9hWTu/p7IaGztJI5cZ0xxZJdrM/O/WifFwXWYCZWkyBVbfDRIJUFNZqeTvjCcoZw4oMwItythI2ooQxdQyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8edp78d69j0VrwctnjuGPvM8foiuPIg==</latexit><latexit sha1_base64="jfM8LenTMH4KbKcciOgk4ZTCuNE=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsB7RLyaZpG5tNlmRWKEv/gxcPinj1/3jz35i2e9DWFwIP78yQmTdKpLDo+99eYW19Y3OruF3a2d3bPygfHjWtTg3jDaalNu2IWi6F4g0UKHk7MZzGkeStaHw7q7eeuLFCqwecJDyM6VCJgWAUndXs4ogj7ZUrftWfi6xCkEMFctV75a9uX7M05gqZpNZ2Aj/BMKMGBZN8WuqmlieUjemQdxwqGnMbZvNtp+TMOX0y0MY9hWTu/p7IaGztJI5cZ0xxZJdrM/O/WifFwXWYCZWkyBVbfDRIJUFNZqeTvjCcoZw4oMwItythI2ooQxdQyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8edp78d69j0VrwctnjuGPvM8foiuPIg==</latexit><latexit sha1_base64="jfM8LenTMH4KbKcciOgk4ZTCuNE=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsB7RLyaZpG5tNlmRWKEv/gxcPinj1/3jz35i2e9DWFwIP78yQmTdKpLDo+99eYW19Y3OruF3a2d3bPygfHjWtTg3jDaalNu2IWi6F4g0UKHk7MZzGkeStaHw7q7eeuLFCqwecJDyM6VCJgWAUndXs4ogj7ZUrftWfi6xCkEMFctV75a9uX7M05gqZpNZ2Aj/BMKMGBZN8WuqmlieUjemQdxwqGnMbZvNtp+TMOX0y0MY9hWTu/p7IaGztJI5cZ0xxZJdrM/O/WifFwXWYCZWkyBVbfDRIJUFNZqeTvjCcoZw4oMwItythI2ooQxdQyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8edp78d69j0VrwctnjuGPvM8foiuPIg==</latexit>

✓1x1 + ✓2x2 + · · ·+ ✓dxd = ✓Tx
<latexit sha1_base64="Z4nYnDNGxmKzRXmd44mCnkykS4Q=">AAACLXicbVDLSgMxFM3UV62vqks3wSIIQpkpgi4UCrpwWaEvaOuQyWTa0MyD5I60DP0hN/6KCC4q4tbfMNMOqK0XAuec+8i9x4kEV2CaUyO3srq2vpHfLGxt7+zuFfcPmiqMJWUNGopQth2imOABawAHwdqRZMR3BGs5w5s033pkUvEwqMM4Yj2f9APucUpAS3bxtgsDBsS2RraFz3DGKiO7kjI3BPWjuiPbxdcZe6h3fQIDx0tGE7tYMsvmLPAysDJQQlnU7OKrHk1jnwVABVGqY5kR9BIigVPBJoVurFhE6JD0WUfDgPhM9ZLZtRN8ohUXe6HULwA8U393JMRXauw7ujLdUC3mUvG/XCcG77KX8CCKgQV0/pEXCwwhTq3DLpeMghhrQKjkeldMB0QSCtrggjbBWjx5GTQrZUvj+/NS9SqzI4+O0DE6RRa6QFV0h2qogSh6Qi9oit6NZ+PN+DA+56U5I+s5RH/C+PoGXYenCQ==</latexit><latexit sha1_base64="Z4nYnDNGxmKzRXmd44mCnkykS4Q=">AAACLXicbVDLSgMxFM3UV62vqks3wSIIQpkpgi4UCrpwWaEvaOuQyWTa0MyD5I60DP0hN/6KCC4q4tbfMNMOqK0XAuec+8i9x4kEV2CaUyO3srq2vpHfLGxt7+zuFfcPmiqMJWUNGopQth2imOABawAHwdqRZMR3BGs5w5s033pkUvEwqMM4Yj2f9APucUpAS3bxtgsDBsS2RraFz3DGKiO7kjI3BPWjuiPbxdcZe6h3fQIDx0tGE7tYMsvmLPAysDJQQlnU7OKrHk1jnwVABVGqY5kR9BIigVPBJoVurFhE6JD0WUfDgPhM9ZLZtRN8ohUXe6HULwA8U393JMRXauw7ujLdUC3mUvG/XCcG77KX8CCKgQV0/pEXCwwhTq3DLpeMghhrQKjkeldMB0QSCtrggjbBWjx5GTQrZUvj+/NS9SqzI4+O0DE6RRa6QFV0h2qogSh6Qi9oit6NZ+PN+DA+56U5I+s5RH/C+PoGXYenCQ==</latexit><latexit sha1_base64="Z4nYnDNGxmKzRXmd44mCnkykS4Q=">AAACLXicbVDLSgMxFM3UV62vqks3wSIIQpkpgi4UCrpwWaEvaOuQyWTa0MyD5I60DP0hN/6KCC4q4tbfMNMOqK0XAuec+8i9x4kEV2CaUyO3srq2vpHfLGxt7+zuFfcPmiqMJWUNGopQth2imOABawAHwdqRZMR3BGs5w5s033pkUvEwqMM4Yj2f9APucUpAS3bxtgsDBsS2RraFz3DGKiO7kjI3BPWjuiPbxdcZe6h3fQIDx0tGE7tYMsvmLPAysDJQQlnU7OKrHk1jnwVABVGqY5kR9BIigVPBJoVurFhE6JD0WUfDgPhM9ZLZtRN8ohUXe6HULwA8U393JMRXauw7ujLdUC3mUvG/XCcG77KX8CCKgQV0/pEXCwwhTq3DLpeMghhrQKjkeldMB0QSCtrggjbBWjx5GTQrZUvj+/NS9SqzI4+O0DE6RRa6QFV0h2qogSh6Qi9oit6NZ+PN+DA+56U5I+s5RH/C+PoGXYenCQ==</latexit><latexit sha1_base64="Z4nYnDNGxmKzRXmd44mCnkykS4Q=">AAACLXicbVDLSgMxFM3UV62vqks3wSIIQpkpgi4UCrpwWaEvaOuQyWTa0MyD5I60DP0hN/6KCC4q4tbfMNMOqK0XAuec+8i9x4kEV2CaUyO3srq2vpHfLGxt7+zuFfcPmiqMJWUNGopQth2imOABawAHwdqRZMR3BGs5w5s033pkUvEwqMM4Yj2f9APucUpAS3bxtgsDBsS2RraFz3DGKiO7kjI3BPWjuiPbxdcZe6h3fQIDx0tGE7tYMsvmLPAysDJQQlnU7OKrHk1jnwVABVGqY5kR9BIigVPBJoVurFhE6JD0WUfDgPhM9ZLZtRN8ohUXe6HULwA8U393JMRXauw7ujLdUC3mUvG/XCcG77KX8CCKgQV0/pEXCwwhTq3DLpeMghhrQKjkeldMB0QSCtrggjbBWjx5GTQrZUvj+/NS9SqzI4+O0DE6RRa6QFV0h2qogSh6Qi9oit6NZ+PN+DA+56U5I+s5RH/C+PoGXYenCQ==</latexit>



Computer
Vision Linear regression model

Introduction
Learning basics

Math. basics D = {(xn,yn)}Nn=1
<latexit sha1_base64="38+RZc93nBFGMKLQCMCRYcrh7sc="></latexit><latexit sha1_base64="38+RZc93nBFGMKLQCMCRYcrh7sc="></latexit><latexit sha1_base64="38+RZc93nBFGMKLQCMCRYcrh7sc="></latexit><latexit sha1_base64="38+RZc93nBFGMKLQCMCRYcrh7sc="></latexit>

Learning

y = f(x; ✓) = ✓Tx
<latexit sha1_base64="dpqBGZm/XFy+Imp33iDXw2ZzzJU=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR6sIyI4KCCgU3Liv0Bm0tmTTThmYyQ3JGLEOfwo2v4saFIm7FnW9jpi2orQcCH/9/Djnn9yLBNTjOl5VZWFxaXsmu5tbWNza37O2dmg5jRVmVhiJUDY9oJrhkVeAgWCNSjASeYHVvcJX69TumNA9lBYYRawekJ7nPKQEjdeyjIb7EfqEVEOh7fnI/Om9BnwE5NPKEbis/ZsfOO0VnXHge3Cnk0bTKHfuz1Q1pHDAJVBCtm64TQTshCjgVbJRrxZpFhA5IjzUNShIw3U7GZ43wgVG62A+VeRLwWP09kZBA62Hgmc50Qz3rpeJ/XjMG/6ydcBnFwCSdfOTHAkOI04xwlytGQQwNEKq42RXTPlGEgkkyZ0JwZ0+eh9px0TV8c5IvXUzjyKI9tI8KyEWnqISuURlVEUUP6Am9oFfr0Xq23qz3SWvGms7soj9lfXwDVzee3g==</latexit><latexit sha1_base64="dpqBGZm/XFy+Imp33iDXw2ZzzJU=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR6sIyI4KCCgU3Liv0Bm0tmTTThmYyQ3JGLEOfwo2v4saFIm7FnW9jpi2orQcCH/9/Djnn9yLBNTjOl5VZWFxaXsmu5tbWNza37O2dmg5jRVmVhiJUDY9oJrhkVeAgWCNSjASeYHVvcJX69TumNA9lBYYRawekJ7nPKQEjdeyjIb7EfqEVEOh7fnI/Om9BnwE5NPKEbis/ZsfOO0VnXHge3Cnk0bTKHfuz1Q1pHDAJVBCtm64TQTshCjgVbJRrxZpFhA5IjzUNShIw3U7GZ43wgVG62A+VeRLwWP09kZBA62Hgmc50Qz3rpeJ/XjMG/6ydcBnFwCSdfOTHAkOI04xwlytGQQwNEKq42RXTPlGEgkkyZ0JwZ0+eh9px0TV8c5IvXUzjyKI9tI8KyEWnqISuURlVEUUP6Am9oFfr0Xq23qz3SWvGms7soj9lfXwDVzee3g==</latexit><latexit sha1_base64="dpqBGZm/XFy+Imp33iDXw2ZzzJU=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR6sIyI4KCCgU3Liv0Bm0tmTTThmYyQ3JGLEOfwo2v4saFIm7FnW9jpi2orQcCH/9/Djnn9yLBNTjOl5VZWFxaXsmu5tbWNza37O2dmg5jRVmVhiJUDY9oJrhkVeAgWCNSjASeYHVvcJX69TumNA9lBYYRawekJ7nPKQEjdeyjIb7EfqEVEOh7fnI/Om9BnwE5NPKEbis/ZsfOO0VnXHge3Cnk0bTKHfuz1Q1pHDAJVBCtm64TQTshCjgVbJRrxZpFhA5IjzUNShIw3U7GZ43wgVG62A+VeRLwWP09kZBA62Hgmc50Qz3rpeJ/XjMG/6ydcBnFwCSdfOTHAkOI04xwlytGQQwNEKq42RXTPlGEgkkyZ0JwZ0+eh9px0TV8c5IvXUzjyKI9tI8KyEWnqISuURlVEUUP6Am9oFfr0Xq23qz3SWvGms7soj9lfXwDVzee3g==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="9qpJWShDZd2p6Uw3cI8XP+RccKk=">AAACC3icbZBLSwMxFIXv1FetVatbN8Ei1IVlxo2CCIIblxX6gs5YMmmmDc08SO6IZeivcONfceNCEffu/DemD1BbDwQ+zknIvcdPpNBo219WbmV1bX0jv1nYKm7v7Jb2ik0dp4rxBotlrNo+1VyKiDdQoOTtRHEa+pK3/OH1JG/dc6VFHNVxlHAvpP1IBIJRNFa3dDIilySouCHFgR9kD+MLFwcc6bGxZ3RX/wm7pbJdtaciy+DMoQxz1bqlT7cXszTkETJJte44doJeRhUKJvm44KaaJ5QNaZ93DEY05NrLpmuNyZFxeiSIlTkRkqn7+0VGQ61HoW9uTibUi9nE/C/rpBice5mIkhR5xGYfBakkGJNJR6QnFGcoRwYoU8LMStiAKsrQNFkwJTiLKy9D87TqGL61IQ8HcAgVcOAMruAGatAABo/wDK/wZj1ZL9b7rK6cNe9tH/7I+vgGh5ydYw==</latexit><latexit sha1_base64="9qpJWShDZd2p6Uw3cI8XP+RccKk=">AAACC3icbZBLSwMxFIXv1FetVatbN8Ei1IVlxo2CCIIblxX6gs5YMmmmDc08SO6IZeivcONfceNCEffu/DemD1BbDwQ+zknIvcdPpNBo219WbmV1bX0jv1nYKm7v7Jb2ik0dp4rxBotlrNo+1VyKiDdQoOTtRHEa+pK3/OH1JG/dc6VFHNVxlHAvpP1IBIJRNFa3dDIilySouCHFgR9kD+MLFwcc6bGxZ3RX/wm7pbJdtaciy+DMoQxz1bqlT7cXszTkETJJte44doJeRhUKJvm44KaaJ5QNaZ93DEY05NrLpmuNyZFxeiSIlTkRkqn7+0VGQ61HoW9uTibUi9nE/C/rpBice5mIkhR5xGYfBakkGJNJR6QnFGcoRwYoU8LMStiAKsrQNFkwJTiLKy9D87TqGL61IQ8HcAgVcOAMruAGatAABo/wDK/wZj1ZL9b7rK6cNe9tH/7I+vgGh5ydYw==</latexit><latexit sha1_base64="mACsSgGK5ab2E7pAbPsLXsCiB8U=">AAACFnicbZDLSsNAFIYnXmu9RV26GSxCXVgSNwoqFNy4rNAbNLVMppN26OTCzIkYQp/Cja/ixoUibsWdb+OkDaitBwY+/v8c5pzfjQRXYFlfxsLi0vLKamGtuL6xubVt7uw2VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumNS8TCoQxKxrk8GAfc4JaClnnmc4EvslR2fwND10vvxuQNDBuRIy1O6rf+YPbNkVaxJ4XmwcyihvGo989PphzT2WQBUEKU6thVBNyUSOBVsXHRixSJCR2TAOhoD4jPVTSdnjfGhVvrYC6V+AeCJ+nsiJb5Sie/qzmxDNetl4n9eJwbvrJvyIIqBBXT6kRcLDCHOMsJ9LhkFkWggVHK9K6ZDIgkFnWRRh2DPnjwPzZOKrfnGKlUv8jgKaB8doDKy0SmqomtUQw1E0QN6Qi/o1Xg0no03433aumDkM3voTxkf31X3nto=</latexit><latexit sha1_base64="dpqBGZm/XFy+Imp33iDXw2ZzzJU=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR6sIyI4KCCgU3Liv0Bm0tmTTThmYyQ3JGLEOfwo2v4saFIm7FnW9jpi2orQcCH/9/Djnn9yLBNTjOl5VZWFxaXsmu5tbWNza37O2dmg5jRVmVhiJUDY9oJrhkVeAgWCNSjASeYHVvcJX69TumNA9lBYYRawekJ7nPKQEjdeyjIb7EfqEVEOh7fnI/Om9BnwE5NPKEbis/ZsfOO0VnXHge3Cnk0bTKHfuz1Q1pHDAJVBCtm64TQTshCjgVbJRrxZpFhA5IjzUNShIw3U7GZ43wgVG62A+VeRLwWP09kZBA62Hgmc50Qz3rpeJ/XjMG/6ydcBnFwCSdfOTHAkOI04xwlytGQQwNEKq42RXTPlGEgkkyZ0JwZ0+eh9px0TV8c5IvXUzjyKI9tI8KyEWnqISuURlVEUUP6Am9oFfr0Xq23qz3SWvGms7soj9lfXwDVzee3g==</latexit><latexit sha1_base64="dpqBGZm/XFy+Imp33iDXw2ZzzJU=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR6sIyI4KCCgU3Liv0Bm0tmTTThmYyQ3JGLEOfwo2v4saFIm7FnW9jpi2orQcCH/9/Djnn9yLBNTjOl5VZWFxaXsmu5tbWNza37O2dmg5jRVmVhiJUDY9oJrhkVeAgWCNSjASeYHVvcJX69TumNA9lBYYRawekJ7nPKQEjdeyjIb7EfqEVEOh7fnI/Om9BnwE5NPKEbis/ZsfOO0VnXHge3Cnk0bTKHfuz1Q1pHDAJVBCtm64TQTshCjgVbJRrxZpFhA5IjzUNShIw3U7GZ43wgVG62A+VeRLwWP09kZBA62Hgmc50Qz3rpeJ/XjMG/6ydcBnFwCSdfOTHAkOI04xwlytGQQwNEKq42RXTPlGEgkkyZ0JwZ0+eh9px0TV8c5IvXUzjyKI9tI8KyEWnqISuURlVEUUP6Am9oFfr0Xq23qz3SWvGms7soj9lfXwDVzee3g==</latexit><latexit sha1_base64="dpqBGZm/XFy+Imp33iDXw2ZzzJU=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR6sIyI4KCCgU3Liv0Bm0tmTTThmYyQ3JGLEOfwo2v4saFIm7FnW9jpi2orQcCH/9/Djnn9yLBNTjOl5VZWFxaXsmu5tbWNza37O2dmg5jRVmVhiJUDY9oJrhkVeAgWCNSjASeYHVvcJX69TumNA9lBYYRawekJ7nPKQEjdeyjIb7EfqEVEOh7fnI/Om9BnwE5NPKEbis/ZsfOO0VnXHge3Cnk0bTKHfuz1Q1pHDAJVBCtm64TQTshCjgVbJRrxZpFhA5IjzUNShIw3U7GZ43wgVG62A+VeRLwWP09kZBA62Hgmc50Qz3rpeJ/XjMG/6ydcBnFwCSdfOTHAkOI04xwlytGQQwNEKq42RXTPlGEgkkyZ0JwZ0+eh9px0TV8c5IvXUzjyKI9tI8KyEWnqISuURlVEUUP6Am9oFfr0Xq23qz3SWvGms7soj9lfXwDVzee3g==</latexit><latexit sha1_base64="dpqBGZm/XFy+Imp33iDXw2ZzzJU=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR6sIyI4KCCgU3Liv0Bm0tmTTThmYyQ3JGLEOfwo2v4saFIm7FnW9jpi2orQcCH/9/Djnn9yLBNTjOl5VZWFxaXsmu5tbWNza37O2dmg5jRVmVhiJUDY9oJrhkVeAgWCNSjASeYHVvcJX69TumNA9lBYYRawekJ7nPKQEjdeyjIb7EfqEVEOh7fnI/Om9BnwE5NPKEbis/ZsfOO0VnXHge3Cnk0bTKHfuz1Q1pHDAJVBCtm64TQTshCjgVbJRrxZpFhA5IjzUNShIw3U7GZ43wgVG62A+VeRLwWP09kZBA62Hgmc50Qz3rpeJ/XjMG/6ydcBnFwCSdfOTHAkOI04xwlytGQQwNEKq42RXTPlGEgkkyZ0JwZ0+eh9px0TV8c5IvXUzjyKI9tI8KyEWnqISuURlVEUUP6Am9oFfr0Xq23qz3SWvGms7soj9lfXwDVzee3g==</latexit><latexit sha1_base64="dpqBGZm/XFy+Imp33iDXw2ZzzJU=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR6sIyI4KCCgU3Liv0Bm0tmTTThmYyQ3JGLEOfwo2v4saFIm7FnW9jpi2orQcCH/9/Djnn9yLBNTjOl5VZWFxaXsmu5tbWNza37O2dmg5jRVmVhiJUDY9oJrhkVeAgWCNSjASeYHVvcJX69TumNA9lBYYRawekJ7nPKQEjdeyjIb7EfqEVEOh7fnI/Om9BnwE5NPKEbis/ZsfOO0VnXHge3Cnk0bTKHfuz1Q1pHDAJVBCtm64TQTshCjgVbJRrxZpFhA5IjzUNShIw3U7GZ43wgVG62A+VeRLwWP09kZBA62Hgmc50Qz3rpeJ/XjMG/6ydcBnFwCSdfOTHAkOI04xwlytGQQwNEKq42RXTPlGEgkkyZ0JwZ0+eh9px0TV8c5IvXUzjyKI9tI8KyEWnqISuURlVEUUP6Am9oFfr0Xq23qz3SWvGms7soj9lfXwDVzee3g==</latexit><latexit sha1_base64="dpqBGZm/XFy+Imp33iDXw2ZzzJU=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR6sIyI4KCCgU3Liv0Bm0tmTTThmYyQ3JGLEOfwo2v4saFIm7FnW9jpi2orQcCH/9/Djnn9yLBNTjOl5VZWFxaXsmu5tbWNza37O2dmg5jRVmVhiJUDY9oJrhkVeAgWCNSjASeYHVvcJX69TumNA9lBYYRawekJ7nPKQEjdeyjIb7EfqEVEOh7fnI/Om9BnwE5NPKEbis/ZsfOO0VnXHge3Cnk0bTKHfuz1Q1pHDAJVBCtm64TQTshCjgVbJRrxZpFhA5IjzUNShIw3U7GZ43wgVG62A+VeRLwWP09kZBA62Hgmc50Qz3rpeJ/XjMG/6ydcBnFwCSdfOTHAkOI04xwlytGQQwNEKq42RXTPlGEgkkyZ0JwZ0+eh9px0TV8c5IvXUzjyKI9tI8KyEWnqISuURlVEUUP6Am9oFfr0Xq23qz3SWvGms7soj9lfXwDVzee3g==</latexit>

✓⇤ = arg✓ min
NX

n=1

kyn � ✓Txk22
<latexit sha1_base64="R8Q+THsqmiLuelCIIHqrvaW4mAk="></latexit><latexit sha1_base64="R8Q+THsqmiLuelCIIHqrvaW4mAk="></latexit><latexit sha1_base64="R8Q+THsqmiLuelCIIHqrvaW4mAk="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="l4U4m0+G10B3U4I48nvQ8u9Gvd4="></latexit><latexit sha1_base64="l4U4m0+G10B3U4I48nvQ8u9Gvd4="></latexit><latexit sha1_base64="AXtcVNCv1Xs0EJ8GB6QETcS3j6c="></latexit><latexit sha1_base64="R8Q+THsqmiLuelCIIHqrvaW4mAk="></latexit><latexit sha1_base64="R8Q+THsqmiLuelCIIHqrvaW4mAk="></latexit><latexit sha1_base64="R8Q+THsqmiLuelCIIHqrvaW4mAk="></latexit><latexit sha1_base64="R8Q+THsqmiLuelCIIHqrvaW4mAk="></latexit><latexit sha1_base64="R8Q+THsqmiLuelCIIHqrvaW4mAk="></latexit><latexit sha1_base64="R8Q+THsqmiLuelCIIHqrvaW4mAk="></latexit>



Computer
Vision Linear regression model

Introduction
Learning basics

Math. basics D = {(xn,yn)}Nn=1
<latexit sha1_base64="38+RZc93nBFGMKLQCMCRYcrh7sc="></latexit><latexit sha1_base64="38+RZc93nBFGMKLQCMCRYcrh7sc="></latexit><latexit sha1_base64="38+RZc93nBFGMKLQCMCRYcrh7sc="></latexit><latexit sha1_base64="38+RZc93nBFGMKLQCMCRYcrh7sc="></latexit>

Learning

y = f(x; ✓) = ✓Tx
<latexit sha1_base64="dpqBGZm/XFy+Imp33iDXw2ZzzJU=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR6sIyI4KCCgU3Liv0Bm0tmTTThmYyQ3JGLEOfwo2v4saFIm7FnW9jpi2orQcCH/9/Djnn9yLBNTjOl5VZWFxaXsmu5tbWNza37O2dmg5jRVmVhiJUDY9oJrhkVeAgWCNSjASeYHVvcJX69TumNA9lBYYRawekJ7nPKQEjdeyjIb7EfqEVEOh7fnI/Om9BnwE5NPKEbis/ZsfOO0VnXHge3Cnk0bTKHfuz1Q1pHDAJVBCtm64TQTshCjgVbJRrxZpFhA5IjzUNShIw3U7GZ43wgVG62A+VeRLwWP09kZBA62Hgmc50Qz3rpeJ/XjMG/6ydcBnFwCSdfOTHAkOI04xwlytGQQwNEKq42RXTPlGEgkkyZ0JwZ0+eh9px0TV8c5IvXUzjyKI9tI8KyEWnqISuURlVEUUP6Am9oFfr0Xq23qz3SWvGms7soj9lfXwDVzee3g==</latexit><latexit sha1_base64="dpqBGZm/XFy+Imp33iDXw2ZzzJU=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR6sIyI4KCCgU3Liv0Bm0tmTTThmYyQ3JGLEOfwo2v4saFIm7FnW9jpi2orQcCH/9/Djnn9yLBNTjOl5VZWFxaXsmu5tbWNza37O2dmg5jRVmVhiJUDY9oJrhkVeAgWCNSjASeYHVvcJX69TumNA9lBYYRawekJ7nPKQEjdeyjIb7EfqEVEOh7fnI/Om9BnwE5NPKEbis/ZsfOO0VnXHge3Cnk0bTKHfuz1Q1pHDAJVBCtm64TQTshCjgVbJRrxZpFhA5IjzUNShIw3U7GZ43wgVG62A+VeRLwWP09kZBA62Hgmc50Qz3rpeJ/XjMG/6ydcBnFwCSdfOTHAkOI04xwlytGQQwNEKq42RXTPlGEgkkyZ0JwZ0+eh9px0TV8c5IvXUzjyKI9tI8KyEWnqISuURlVEUUP6Am9oFfr0Xq23qz3SWvGms7soj9lfXwDVzee3g==</latexit><latexit sha1_base64="dpqBGZm/XFy+Imp33iDXw2ZzzJU=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR6sIyI4KCCgU3Liv0Bm0tmTTThmYyQ3JGLEOfwo2v4saFIm7FnW9jpi2orQcCH/9/Djnn9yLBNTjOl5VZWFxaXsmu5tbWNza37O2dmg5jRVmVhiJUDY9oJrhkVeAgWCNSjASeYHVvcJX69TumNA9lBYYRawekJ7nPKQEjdeyjIb7EfqEVEOh7fnI/Om9BnwE5NPKEbis/ZsfOO0VnXHge3Cnk0bTKHfuz1Q1pHDAJVBCtm64TQTshCjgVbJRrxZpFhA5IjzUNShIw3U7GZ43wgVG62A+VeRLwWP09kZBA62Hgmc50Qz3rpeJ/XjMG/6ydcBnFwCSdfOTHAkOI04xwlytGQQwNEKq42RXTPlGEgkkyZ0JwZ0+eh9px0TV8c5IvXUzjyKI9tI8KyEWnqISuURlVEUUP6Am9oFfr0Xq23qz3SWvGms7soj9lfXwDVzee3g==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="9qpJWShDZd2p6Uw3cI8XP+RccKk=">AAACC3icbZBLSwMxFIXv1FetVatbN8Ei1IVlxo2CCIIblxX6gs5YMmmmDc08SO6IZeivcONfceNCEffu/DemD1BbDwQ+zknIvcdPpNBo219WbmV1bX0jv1nYKm7v7Jb2ik0dp4rxBotlrNo+1VyKiDdQoOTtRHEa+pK3/OH1JG/dc6VFHNVxlHAvpP1IBIJRNFa3dDIilySouCHFgR9kD+MLFwcc6bGxZ3RX/wm7pbJdtaciy+DMoQxz1bqlT7cXszTkETJJte44doJeRhUKJvm44KaaJ5QNaZ93DEY05NrLpmuNyZFxeiSIlTkRkqn7+0VGQ61HoW9uTibUi9nE/C/rpBice5mIkhR5xGYfBakkGJNJR6QnFGcoRwYoU8LMStiAKsrQNFkwJTiLKy9D87TqGL61IQ8HcAgVcOAMruAGatAABo/wDK/wZj1ZL9b7rK6cNe9tH/7I+vgGh5ydYw==</latexit><latexit sha1_base64="9qpJWShDZd2p6Uw3cI8XP+RccKk=">AAACC3icbZBLSwMxFIXv1FetVatbN8Ei1IVlxo2CCIIblxX6gs5YMmmmDc08SO6IZeivcONfceNCEffu/DemD1BbDwQ+zknIvcdPpNBo219WbmV1bX0jv1nYKm7v7Jb2ik0dp4rxBotlrNo+1VyKiDdQoOTtRHEa+pK3/OH1JG/dc6VFHNVxlHAvpP1IBIJRNFa3dDIilySouCHFgR9kD+MLFwcc6bGxZ3RX/wm7pbJdtaciy+DMoQxz1bqlT7cXszTkETJJte44doJeRhUKJvm44KaaJ5QNaZ93DEY05NrLpmuNyZFxeiSIlTkRkqn7+0VGQ61HoW9uTibUi9nE/C/rpBice5mIkhR5xGYfBakkGJNJR6QnFGcoRwYoU8LMStiAKsrQNFkwJTiLKy9D87TqGL61IQ8HcAgVcOAMruAGatAABo/wDK/wZj1ZL9b7rK6cNe9tH/7I+vgGh5ydYw==</latexit><latexit sha1_base64="mACsSgGK5ab2E7pAbPsLXsCiB8U=">AAACFnicbZDLSsNAFIYnXmu9RV26GSxCXVgSNwoqFNy4rNAbNLVMppN26OTCzIkYQp/Cja/ixoUibsWdb+OkDaitBwY+/v8c5pzfjQRXYFlfxsLi0vLKamGtuL6xubVt7uw2VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumNS8TCoQxKxrk8GAfc4JaClnnmc4EvslR2fwND10vvxuQNDBuRIy1O6rf+YPbNkVaxJ4XmwcyihvGo989PphzT2WQBUEKU6thVBNyUSOBVsXHRixSJCR2TAOhoD4jPVTSdnjfGhVvrYC6V+AeCJ+nsiJb5Sie/qzmxDNetl4n9eJwbvrJvyIIqBBXT6kRcLDCHOMsJ9LhkFkWggVHK9K6ZDIgkFnWRRh2DPnjwPzZOKrfnGKlUv8jgKaB8doDKy0SmqomtUQw1E0QN6Qi/o1Xg0no03433aumDkM3voTxkf31X3nto=</latexit><latexit sha1_base64="dpqBGZm/XFy+Imp33iDXw2ZzzJU=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR6sIyI4KCCgU3Liv0Bm0tmTTThmYyQ3JGLEOfwo2v4saFIm7FnW9jpi2orQcCH/9/Djnn9yLBNTjOl5VZWFxaXsmu5tbWNza37O2dmg5jRVmVhiJUDY9oJrhkVeAgWCNSjASeYHVvcJX69TumNA9lBYYRawekJ7nPKQEjdeyjIb7EfqEVEOh7fnI/Om9BnwE5NPKEbis/ZsfOO0VnXHge3Cnk0bTKHfuz1Q1pHDAJVBCtm64TQTshCjgVbJRrxZpFhA5IjzUNShIw3U7GZ43wgVG62A+VeRLwWP09kZBA62Hgmc50Qz3rpeJ/XjMG/6ydcBnFwCSdfOTHAkOI04xwlytGQQwNEKq42RXTPlGEgkkyZ0JwZ0+eh9px0TV8c5IvXUzjyKI9tI8KyEWnqISuURlVEUUP6Am9oFfr0Xq23qz3SWvGms7soj9lfXwDVzee3g==</latexit><latexit sha1_base64="dpqBGZm/XFy+Imp33iDXw2ZzzJU=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR6sIyI4KCCgU3Liv0Bm0tmTTThmYyQ3JGLEOfwo2v4saFIm7FnW9jpi2orQcCH/9/Djnn9yLBNTjOl5VZWFxaXsmu5tbWNza37O2dmg5jRVmVhiJUDY9oJrhkVeAgWCNSjASeYHVvcJX69TumNA9lBYYRawekJ7nPKQEjdeyjIb7EfqEVEOh7fnI/Om9BnwE5NPKEbis/ZsfOO0VnXHge3Cnk0bTKHfuz1Q1pHDAJVBCtm64TQTshCjgVbJRrxZpFhA5IjzUNShIw3U7GZ43wgVG62A+VeRLwWP09kZBA62Hgmc50Qz3rpeJ/XjMG/6ydcBnFwCSdfOTHAkOI04xwlytGQQwNEKq42RXTPlGEgkkyZ0JwZ0+eh9px0TV8c5IvXUzjyKI9tI8KyEWnqISuURlVEUUP6Am9oFfr0Xq23qz3SWvGms7soj9lfXwDVzee3g==</latexit><latexit sha1_base64="dpqBGZm/XFy+Imp33iDXw2ZzzJU=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR6sIyI4KCCgU3Liv0Bm0tmTTThmYyQ3JGLEOfwo2v4saFIm7FnW9jpi2orQcCH/9/Djnn9yLBNTjOl5VZWFxaXsmu5tbWNza37O2dmg5jRVmVhiJUDY9oJrhkVeAgWCNSjASeYHVvcJX69TumNA9lBYYRawekJ7nPKQEjdeyjIb7EfqEVEOh7fnI/Om9BnwE5NPKEbis/ZsfOO0VnXHge3Cnk0bTKHfuz1Q1pHDAJVBCtm64TQTshCjgVbJRrxZpFhA5IjzUNShIw3U7GZ43wgVG62A+VeRLwWP09kZBA62Hgmc50Qz3rpeJ/XjMG/6ydcBnFwCSdfOTHAkOI04xwlytGQQwNEKq42RXTPlGEgkkyZ0JwZ0+eh9px0TV8c5IvXUzjyKI9tI8KyEWnqISuURlVEUUP6Am9oFfr0Xq23qz3SWvGms7soj9lfXwDVzee3g==</latexit><latexit sha1_base64="dpqBGZm/XFy+Imp33iDXw2ZzzJU=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR6sIyI4KCCgU3Liv0Bm0tmTTThmYyQ3JGLEOfwo2v4saFIm7FnW9jpi2orQcCH/9/Djnn9yLBNTjOl5VZWFxaXsmu5tbWNza37O2dmg5jRVmVhiJUDY9oJrhkVeAgWCNSjASeYHVvcJX69TumNA9lBYYRawekJ7nPKQEjdeyjIb7EfqEVEOh7fnI/Om9BnwE5NPKEbis/ZsfOO0VnXHge3Cnk0bTKHfuz1Q1pHDAJVBCtm64TQTshCjgVbJRrxZpFhA5IjzUNShIw3U7GZ43wgVG62A+VeRLwWP09kZBA62Hgmc50Qz3rpeJ/XjMG/6ydcBnFwCSdfOTHAkOI04xwlytGQQwNEKq42RXTPlGEgkkyZ0JwZ0+eh9px0TV8c5IvXUzjyKI9tI8KyEWnqISuURlVEUUP6Am9oFfr0Xq23qz3SWvGms7soj9lfXwDVzee3g==</latexit><latexit sha1_base64="dpqBGZm/XFy+Imp33iDXw2ZzzJU=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR6sIyI4KCCgU3Liv0Bm0tmTTThmYyQ3JGLEOfwo2v4saFIm7FnW9jpi2orQcCH/9/Djnn9yLBNTjOl5VZWFxaXsmu5tbWNza37O2dmg5jRVmVhiJUDY9oJrhkVeAgWCNSjASeYHVvcJX69TumNA9lBYYRawekJ7nPKQEjdeyjIb7EfqEVEOh7fnI/Om9BnwE5NPKEbis/ZsfOO0VnXHge3Cnk0bTKHfuz1Q1pHDAJVBCtm64TQTshCjgVbJRrxZpFhA5IjzUNShIw3U7GZ43wgVG62A+VeRLwWP09kZBA62Hgmc50Qz3rpeJ/XjMG/6ydcBnFwCSdfOTHAkOI04xwlytGQQwNEKq42RXTPlGEgkkyZ0JwZ0+eh9px0TV8c5IvXUzjyKI9tI8KyEWnqISuURlVEUUP6Am9oFfr0Xq23qz3SWvGms7soj9lfXwDVzee3g==</latexit><latexit sha1_base64="dpqBGZm/XFy+Imp33iDXw2ZzzJU=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2AR6sIyI4KCCgU3Liv0Bm0tmTTThmYyQ3JGLEOfwo2v4saFIm7FnW9jpi2orQcCH/9/Djnn9yLBNTjOl5VZWFxaXsmu5tbWNza37O2dmg5jRVmVhiJUDY9oJrhkVeAgWCNSjASeYHVvcJX69TumNA9lBYYRawekJ7nPKQEjdeyjIb7EfqEVEOh7fnI/Om9BnwE5NPKEbis/ZsfOO0VnXHge3Cnk0bTKHfuz1Q1pHDAJVBCtm64TQTshCjgVbJRrxZpFhA5IjzUNShIw3U7GZ43wgVG62A+VeRLwWP09kZBA62Hgmc50Qz3rpeJ/XjMG/6ydcBnFwCSdfOTHAkOI04xwlytGQQwNEKq42RXTPlGEgkkyZ0JwZ0+eh9px0TV8c5IvXUzjyKI9tI8KyEWnqISuURlVEUUP6Am9oFfr0Xq23qz3SWvGms7soj9lfXwDVzee3g==</latexit>

✓⇤ = arg✓ min
NX

n=1

kyn � ✓Txk22
<latexit sha1_base64="R8Q+THsqmiLuelCIIHqrvaW4mAk="></latexit><latexit sha1_base64="R8Q+THsqmiLuelCIIHqrvaW4mAk="></latexit><latexit sha1_base64="R8Q+THsqmiLuelCIIHqrvaW4mAk="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="l4U4m0+G10B3U4I48nvQ8u9Gvd4="></latexit><latexit sha1_base64="l4U4m0+G10B3U4I48nvQ8u9Gvd4="></latexit><latexit sha1_base64="AXtcVNCv1Xs0EJ8GB6QETcS3j6c="></latexit><latexit sha1_base64="R8Q+THsqmiLuelCIIHqrvaW4mAk="></latexit><latexit sha1_base64="R8Q+THsqmiLuelCIIHqrvaW4mAk="></latexit><latexit sha1_base64="R8Q+THsqmiLuelCIIHqrvaW4mAk="></latexit><latexit sha1_base64="R8Q+THsqmiLuelCIIHqrvaW4mAk="></latexit><latexit sha1_base64="R8Q+THsqmiLuelCIIHqrvaW4mAk="></latexit><latexit sha1_base64="R8Q+THsqmiLuelCIIHqrvaW4mAk="></latexit>



Computer
Vision Linear and Logistic Regression Models

• Linear model is the main building block
• Assumes a linear relationship between features and labels
• For simplicity, let us assume one dimensional label: 

• Parameters of the linear model:
• Linear model is for continuous labels
• Logistic regression is the extension to binary labels

y = y
<latexit sha1_base64="CfBZpU3R2DLSMsS2kejXuNJcOvw=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAuFghuXFewD2rFk0kwbmkmGJKMMQ//DjQtF3Pov7vwbM+0stPVA4HDOvdyTE8ScaeO6305pZXVtfaO8Wdna3tndq+4ftLVMFKEtIrlU3QBrypmgLcMMp91YURwFnHaCyU3udx6p0kyKe5PG1I/wSLCQEWys9NCPsBkHYZZO0TVKB9WaW3dnQMvEK0gNCjQH1a/+UJIkosIQjrXueW5s/Awrwwin00o/0TTGZIJHtGepwBHVfjZLPUUnVhmiUCr7hEEz9fdGhiOt0yiwk3lKvejl4n9eLzHhpZ8xESeGCjI/FCYcGYnyCtCQKUoMTy3BRDGbFZExVpgYW1TFluAtfnmZtM/qnuV357XGVVFHGY7gGE7BgwtowC00oQUEFDzDK7w5T86L8+58zEdLTrFzCH/gfP4AF9GSNQ==</latexit><latexit sha1_base64="CfBZpU3R2DLSMsS2kejXuNJcOvw=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAuFghuXFewD2rFk0kwbmkmGJKMMQ//DjQtF3Pov7vwbM+0stPVA4HDOvdyTE8ScaeO6305pZXVtfaO8Wdna3tndq+4ftLVMFKEtIrlU3QBrypmgLcMMp91YURwFnHaCyU3udx6p0kyKe5PG1I/wSLCQEWys9NCPsBkHYZZO0TVKB9WaW3dnQMvEK0gNCjQH1a/+UJIkosIQjrXueW5s/Awrwwin00o/0TTGZIJHtGepwBHVfjZLPUUnVhmiUCr7hEEz9fdGhiOt0yiwk3lKvejl4n9eLzHhpZ8xESeGCjI/FCYcGYnyCtCQKUoMTy3BRDGbFZExVpgYW1TFluAtfnmZtM/qnuV357XGVVFHGY7gGE7BgwtowC00oQUEFDzDK7w5T86L8+58zEdLTrFzCH/gfP4AF9GSNQ==</latexit><latexit sha1_base64="CfBZpU3R2DLSMsS2kejXuNJcOvw=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAuFghuXFewD2rFk0kwbmkmGJKMMQ//DjQtF3Pov7vwbM+0stPVA4HDOvdyTE8ScaeO6305pZXVtfaO8Wdna3tndq+4ftLVMFKEtIrlU3QBrypmgLcMMp91YURwFnHaCyU3udx6p0kyKe5PG1I/wSLCQEWys9NCPsBkHYZZO0TVKB9WaW3dnQMvEK0gNCjQH1a/+UJIkosIQjrXueW5s/Awrwwin00o/0TTGZIJHtGepwBHVfjZLPUUnVhmiUCr7hEEz9fdGhiOt0yiwk3lKvejl4n9eLzHhpZ8xESeGCjI/FCYcGYnyCtCQKUoMTy3BRDGbFZExVpgYW1TFluAtfnmZtM/qnuV357XGVVFHGY7gGE7BgwtowC00oQUEFDzDK7w5T86L8+58zEdLTrFzCH/gfP4AF9GSNQ==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="c8uWME4idZDENS+FnyS5jUtH25A=">AAAB6nicbZDNSgMxFIXv1L9aq45u3QSL4KrMuNGNILhxWcH+QDuWTJppQzOZIbmjDEPfw40LRXwgd76NmbYLbb0Q+Dgn4Z6cMJXCoOd9O5WNza3tnepuba++f3DoHtU7Jsk0422WyET3Qmq4FIq3UaDkvVRzGoeSd8Ppbel3n7g2IlEPmKc8iOlYiUgwilZ6HMQUJ2FU5DNyTfKh2/Ca3nzIOvhLaMByWkP3azBKWBZzhUxSY/q+l2JQUI2CST6rDTLDU8qmdMz7FhWNuQmKeeoZObPKiESJtkchmau/XxQ0NiaPQ3uzTGlWvVL8z+tnGF0FhVBphlyxxaIokwQTUlZARkJzhjK3QJkWNithE6opQ1tUzZbgr355HToXTd/yvQdVOIFTOAcfLuEG7qAFbWCg4QXe4N15dl6dj0VdFWfZ2zH8GefzB82LkNs=</latexit><latexit sha1_base64="c8uWME4idZDENS+FnyS5jUtH25A=">AAAB6nicbZDNSgMxFIXv1L9aq45u3QSL4KrMuNGNILhxWcH+QDuWTJppQzOZIbmjDEPfw40LRXwgd76NmbYLbb0Q+Dgn4Z6cMJXCoOd9O5WNza3tnepuba++f3DoHtU7Jsk0422WyET3Qmq4FIq3UaDkvVRzGoeSd8Ppbel3n7g2IlEPmKc8iOlYiUgwilZ6HMQUJ2FU5DNyTfKh2/Ca3nzIOvhLaMByWkP3azBKWBZzhUxSY/q+l2JQUI2CST6rDTLDU8qmdMz7FhWNuQmKeeoZObPKiESJtkchmau/XxQ0NiaPQ3uzTGlWvVL8z+tnGF0FhVBphlyxxaIokwQTUlZARkJzhjK3QJkWNithE6opQ1tUzZbgr355HToXTd/yvQdVOIFTOAcfLuEG7qAFbWCg4QXe4N15dl6dj0VdFWfZ2zH8GefzB82LkNs=</latexit><latexit sha1_base64="EqeHbrPoUZmCxtQmAxYwzl7JVwQ=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFclcSNLhQKblxWsA9oY5lMb9qhk0mYmSgh9D/cuFDErf/izr9x2mahrQcGDufcyz1zgkRwbVz321lZXVvf2Cxtlbd3dvf2KweHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb6Z++xGV5rG8N1mCfkSHkoecUWOlh15EzSgI82xCrknWr1TdmjsDWSZeQapQoNGvfPUGMUsjlIYJqnXXcxPj51QZzgROyr1UY0LZmA6xa6mkEWo/n6WekFOrDEgYK/ukITP190ZOI62zKLCT05R60ZuK/3nd1ISXfs5lkhqUbH4oTAUxMZlWQAZcITMis4QyxW1WwkZUUWZsUWVbgrf45WXSOq95lt+51fpVUUcJjuEEzsCDC6jDLTSgCQwUPMMrvDlPzovz7nzMR1ecYucI/sD5/AEWkZIx</latexit><latexit sha1_base64="CfBZpU3R2DLSMsS2kejXuNJcOvw=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAuFghuXFewD2rFk0kwbmkmGJKMMQ//DjQtF3Pov7vwbM+0stPVA4HDOvdyTE8ScaeO6305pZXVtfaO8Wdna3tndq+4ftLVMFKEtIrlU3QBrypmgLcMMp91YURwFnHaCyU3udx6p0kyKe5PG1I/wSLCQEWys9NCPsBkHYZZO0TVKB9WaW3dnQMvEK0gNCjQH1a/+UJIkosIQjrXueW5s/Awrwwin00o/0TTGZIJHtGepwBHVfjZLPUUnVhmiUCr7hEEz9fdGhiOt0yiwk3lKvejl4n9eLzHhpZ8xESeGCjI/FCYcGYnyCtCQKUoMTy3BRDGbFZExVpgYW1TFluAtfnmZtM/qnuV357XGVVFHGY7gGE7BgwtowC00oQUEFDzDK7w5T86L8+58zEdLTrFzCH/gfP4AF9GSNQ==</latexit><latexit sha1_base64="CfBZpU3R2DLSMsS2kejXuNJcOvw=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAuFghuXFewD2rFk0kwbmkmGJKMMQ//DjQtF3Pov7vwbM+0stPVA4HDOvdyTE8ScaeO6305pZXVtfaO8Wdna3tndq+4ftLVMFKEtIrlU3QBrypmgLcMMp91YURwFnHaCyU3udx6p0kyKe5PG1I/wSLCQEWys9NCPsBkHYZZO0TVKB9WaW3dnQMvEK0gNCjQH1a/+UJIkosIQjrXueW5s/Awrwwin00o/0TTGZIJHtGepwBHVfjZLPUUnVhmiUCr7hEEz9fdGhiOt0yiwk3lKvejl4n9eLzHhpZ8xESeGCjI/FCYcGYnyCtCQKUoMTy3BRDGbFZExVpgYW1TFluAtfnmZtM/qnuV357XGVVFHGY7gGE7BgwtowC00oQUEFDzDK7w5T86L8+58zEdLTrFzCH/gfP4AF9GSNQ==</latexit><latexit sha1_base64="CfBZpU3R2DLSMsS2kejXuNJcOvw=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAuFghuXFewD2rFk0kwbmkmGJKMMQ//DjQtF3Pov7vwbM+0stPVA4HDOvdyTE8ScaeO6305pZXVtfaO8Wdna3tndq+4ftLVMFKEtIrlU3QBrypmgLcMMp91YURwFnHaCyU3udx6p0kyKe5PG1I/wSLCQEWys9NCPsBkHYZZO0TVKB9WaW3dnQMvEK0gNCjQH1a/+UJIkosIQjrXueW5s/Awrwwin00o/0TTGZIJHtGepwBHVfjZLPUUnVhmiUCr7hEEz9fdGhiOt0yiwk3lKvejl4n9eLzHhpZ8xESeGCjI/FCYcGYnyCtCQKUoMTy3BRDGbFZExVpgYW1TFluAtfnmZtM/qnuV357XGVVFHGY7gGE7BgwtowC00oQUEFDzDK7w5T86L8+58zEdLTrFzCH/gfP4AF9GSNQ==</latexit><latexit sha1_base64="CfBZpU3R2DLSMsS2kejXuNJcOvw=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAuFghuXFewD2rFk0kwbmkmGJKMMQ//DjQtF3Pov7vwbM+0stPVA4HDOvdyTE8ScaeO6305pZXVtfaO8Wdna3tndq+4ftLVMFKEtIrlU3QBrypmgLcMMp91YURwFnHaCyU3udx6p0kyKe5PG1I/wSLCQEWys9NCPsBkHYZZO0TVKB9WaW3dnQMvEK0gNCjQH1a/+UJIkosIQjrXueW5s/Awrwwin00o/0TTGZIJHtGepwBHVfjZLPUUnVhmiUCr7hEEz9fdGhiOt0yiwk3lKvejl4n9eLzHhpZ8xESeGCjI/FCYcGYnyCtCQKUoMTy3BRDGbFZExVpgYW1TFluAtfnmZtM/qnuV357XGVVFHGY7gGE7BgwtowC00oQUEFDzDK7w5T86L8+58zEdLTrFzCH/gfP4AF9GSNQ==</latexit><latexit sha1_base64="CfBZpU3R2DLSMsS2kejXuNJcOvw=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAuFghuXFewD2rFk0kwbmkmGJKMMQ//DjQtF3Pov7vwbM+0stPVA4HDOvdyTE8ScaeO6305pZXVtfaO8Wdna3tndq+4ftLVMFKEtIrlU3QBrypmgLcMMp91YURwFnHaCyU3udx6p0kyKe5PG1I/wSLCQEWys9NCPsBkHYZZO0TVKB9WaW3dnQMvEK0gNCjQH1a/+UJIkosIQjrXueW5s/Awrwwin00o/0TTGZIJHtGepwBHVfjZLPUUnVhmiUCr7hEEz9fdGhiOt0yiwk3lKvejl4n9eLzHhpZ8xESeGCjI/FCYcGYnyCtCQKUoMTy3BRDGbFZExVpgYW1TFluAtfnmZtM/qnuV357XGVVFHGY7gGE7BgwtowC00oQUEFDzDK7w5T86L8+58zEdLTrFzCH/gfP4AF9GSNQ==</latexit><latexit sha1_base64="CfBZpU3R2DLSMsS2kejXuNJcOvw=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAuFghuXFewD2rFk0kwbmkmGJKMMQ//DjQtF3Pov7vwbM+0stPVA4HDOvdyTE8ScaeO6305pZXVtfaO8Wdna3tndq+4ftLVMFKEtIrlU3QBrypmgLcMMp91YURwFnHaCyU3udx6p0kyKe5PG1I/wSLCQEWys9NCPsBkHYZZO0TVKB9WaW3dnQMvEK0gNCjQH1a/+UJIkosIQjrXueW5s/Awrwwin00o/0TTGZIJHtGepwBHVfjZLPUUnVhmiUCr7hEEz9fdGhiOt0yiwk3lKvejl4n9eLzHhpZ8xESeGCjI/FCYcGYnyCtCQKUoMTy3BRDGbFZExVpgYW1TFluAtfnmZtM/qnuV357XGVVFHGY7gGE7BgwtowC00oQUEFDzDK7w5T86L8+58zEdLTrFzCH/gfP4AF9GSNQ==</latexit>

Introduction
Learning basics

Math. basics

✓1x1 + ✓2x2 + · · ·+ ✓dxd = ✓Tx
<latexit sha1_base64="Z4nYnDNGxmKzRXmd44mCnkykS4Q=">AAACLXicbVDLSgMxFM3UV62vqks3wSIIQpkpgi4UCrpwWaEvaOuQyWTa0MyD5I60DP0hN/6KCC4q4tbfMNMOqK0XAuec+8i9x4kEV2CaUyO3srq2vpHfLGxt7+zuFfcPmiqMJWUNGopQth2imOABawAHwdqRZMR3BGs5w5s033pkUvEwqMM4Yj2f9APucUpAS3bxtgsDBsS2RraFz3DGKiO7kjI3BPWjuiPbxdcZe6h3fQIDx0tGE7tYMsvmLPAysDJQQlnU7OKrHk1jnwVABVGqY5kR9BIigVPBJoVurFhE6JD0WUfDgPhM9ZLZtRN8ohUXe6HULwA8U393JMRXauw7ujLdUC3mUvG/XCcG77KX8CCKgQV0/pEXCwwhTq3DLpeMghhrQKjkeldMB0QSCtrggjbBWjx5GTQrZUvj+/NS9SqzI4+O0DE6RRa6QFV0h2qogSh6Qi9oit6NZ+PN+DA+56U5I+s5RH/C+PoGXYenCQ==</latexit><latexit sha1_base64="Z4nYnDNGxmKzRXmd44mCnkykS4Q=">AAACLXicbVDLSgMxFM3UV62vqks3wSIIQpkpgi4UCrpwWaEvaOuQyWTa0MyD5I60DP0hN/6KCC4q4tbfMNMOqK0XAuec+8i9x4kEV2CaUyO3srq2vpHfLGxt7+zuFfcPmiqMJWUNGopQth2imOABawAHwdqRZMR3BGs5w5s033pkUvEwqMM4Yj2f9APucUpAS3bxtgsDBsS2RraFz3DGKiO7kjI3BPWjuiPbxdcZe6h3fQIDx0tGE7tYMsvmLPAysDJQQlnU7OKrHk1jnwVABVGqY5kR9BIigVPBJoVurFhE6JD0WUfDgPhM9ZLZtRN8ohUXe6HULwA8U393JMRXauw7ujLdUC3mUvG/XCcG77KX8CCKgQV0/pEXCwwhTq3DLpeMghhrQKjkeldMB0QSCtrggjbBWjx5GTQrZUvj+/NS9SqzI4+O0DE6RRa6QFV0h2qogSh6Qi9oit6NZ+PN+DA+56U5I+s5RH/C+PoGXYenCQ==</latexit><latexit sha1_base64="Z4nYnDNGxmKzRXmd44mCnkykS4Q=">AAACLXicbVDLSgMxFM3UV62vqks3wSIIQpkpgi4UCrpwWaEvaOuQyWTa0MyD5I60DP0hN/6KCC4q4tbfMNMOqK0XAuec+8i9x4kEV2CaUyO3srq2vpHfLGxt7+zuFfcPmiqMJWUNGopQth2imOABawAHwdqRZMR3BGs5w5s033pkUvEwqMM4Yj2f9APucUpAS3bxtgsDBsS2RraFz3DGKiO7kjI3BPWjuiPbxdcZe6h3fQIDx0tGE7tYMsvmLPAysDJQQlnU7OKrHk1jnwVABVGqY5kR9BIigVPBJoVurFhE6JD0WUfDgPhM9ZLZtRN8ohUXe6HULwA8U393JMRXauw7ujLdUC3mUvG/XCcG77KX8CCKgQV0/pEXCwwhTq3DLpeMghhrQKjkeldMB0QSCtrggjbBWjx5GTQrZUvj+/NS9SqzI4+O0DE6RRa6QFV0h2qogSh6Qi9oit6NZ+PN+DA+56U5I+s5RH/C+PoGXYenCQ==</latexit><latexit sha1_base64="Z4nYnDNGxmKzRXmd44mCnkykS4Q=">AAACLXicbVDLSgMxFM3UV62vqks3wSIIQpkpgi4UCrpwWaEvaOuQyWTa0MyD5I60DP0hN/6KCC4q4tbfMNMOqK0XAuec+8i9x4kEV2CaUyO3srq2vpHfLGxt7+zuFfcPmiqMJWUNGopQth2imOABawAHwdqRZMR3BGs5w5s033pkUvEwqMM4Yj2f9APucUpAS3bxtgsDBsS2RraFz3DGKiO7kjI3BPWjuiPbxdcZe6h3fQIDx0tGE7tYMsvmLPAysDJQQlnU7OKrHk1jnwVABVGqY5kR9BIigVPBJoVurFhE6JD0WUfDgPhM9ZLZtRN8ohUXe6HULwA8U393JMRXauw7ujLdUC3mUvG/XCcG77KX8CCKgQV0/pEXCwwhTq3DLpeMghhrQKjkeldMB0QSCtrggjbBWjx5GTQrZUvj+/NS9SqzI4+O0DE6RRa6QFV0h2qogSh6Qi9oit6NZ+PN+DA+56U5I+s5RH/C+PoGXYenCQ==</latexit>

✓
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Computer
Vision Logistic regression model

Introduction
Learning basics

Math. basics D = {(xn,yn)}Nn=1
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Learning

p(y = 1) = f(x; ✓) =
1

1 + e�✓Tx
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✓⇤ = arg✓ min
NX

n

� log(fk(xn; ✓))yn

� log(1� fk(xn; ✓))(1� yn)
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Computer
Vision Logistic regression model

Introduction
Learning basics

Math. basics D = {(xn,yn)}Nn=1
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Learning

Line is the point where p(y=1)=0.5

Logistic regression is the building 
block of the perceptron model

p(y = 1) = f(x; ✓) =
1

1 + e�✓Tx
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<latexit sha1_base64="gl96Dlnn0kTWcKhZfisUWj245mo="></latexit><latexit sha1_base64="gl96Dlnn0kTWcKhZfisUWj245mo="></latexit><latexit sha1_base64="gl96Dlnn0kTWcKhZfisUWj245mo="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="4abVCkXSJh9hLA5QL260L7dI6Vo="></latexit><latexit sha1_base64="4abVCkXSJh9hLA5QL260L7dI6Vo="></latexit><latexit sha1_base64="EPmRYltNi6uBLHVz+nwk5zBMdtU="></latexit><latexit sha1_base64="gl96Dlnn0kTWcKhZfisUWj245mo="></latexit><latexit sha1_base64="gl96Dlnn0kTWcKhZfisUWj245mo="></latexit><latexit sha1_base64="gl96Dlnn0kTWcKhZfisUWj245mo="></latexit><latexit sha1_base64="gl96Dlnn0kTWcKhZfisUWj245mo="></latexit><latexit sha1_base64="gl96Dlnn0kTWcKhZfisUWj245mo="></latexit><latexit sha1_base64="gl96Dlnn0kTWcKhZfisUWj245mo="></latexit>



Section 2: Perceptron model 
and Multilayer extension



Computer
Vision Basic perceptron model

Introduction
Learning basics

Math. basics
Perceptron model

Formed of two different parts
1. Activation

2. Nonlinearity

Model of binary classification
x1

<latexit sha1_base64="1p8qYRCBQrHvfdg5jGW1euME0Gs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA220m7dLMJuxuxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk5t5vfOISvNYPphpgn5ER5KHnFFjrfungTcoV9yquxBZBy+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLVWfkwjpDEsbKPmnIwv09kdFI62kU2M6ImrFerc3N/2q91ITXfsZlkhqUbPlRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6ZRsCN7qyevQvqp6lu9qlUYtj6MIZ3AOl+BBHRpwC01oAYMRPMMrvDnCeXHenY9la8HJZ07hj5zPHwd8jZI=</latexit><latexit sha1_base64="1p8qYRCBQrHvfdg5jGW1euME0Gs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA220m7dLMJuxuxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk5t5vfOISvNYPphpgn5ER5KHnFFjrfungTcoV9yquxBZBy+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLVWfkwjpDEsbKPmnIwv09kdFI62kU2M6ImrFerc3N/2q91ITXfsZlkhqUbPlRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6ZRsCN7qyevQvqp6lu9qlUYtj6MIZ3AOl+BBHRpwC01oAYMRPMMrvDnCeXHenY9la8HJZ07hj5zPHwd8jZI=</latexit><latexit sha1_base64="1p8qYRCBQrHvfdg5jGW1euME0Gs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA220m7dLMJuxuxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk5t5vfOISvNYPphpgn5ER5KHnFFjrfungTcoV9yquxBZBy+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLVWfkwjpDEsbKPmnIwv09kdFI62kU2M6ImrFerc3N/2q91ITXfsZlkhqUbPlRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6ZRsCN7qyevQvqp6lu9qlUYtj6MIZ3AOl+BBHRpwC01oAYMRPMMrvDnCeXHenY9la8HJZ07hj5zPHwd8jZI=</latexit><latexit sha1_base64="1p8qYRCBQrHvfdg5jGW1euME0Gs=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA220m7dLMJuxuxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk5t5vfOISvNYPphpgn5ER5KHnFFjrfungTcoV9yquxBZBy+HCuRqDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLVWfkwjpDEsbKPmnIwv09kdFI62kU2M6ImrFerc3N/2q91ITXfsZlkhqUbPlRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6ZRsCN7qyevQvqp6lu9qlUYtj6MIZ3AOl+BBHRpwC01oAYMRPMMrvDnCeXHenY9la8HJZ07hj5zPHwd8jZI=</latexit>

x2
<latexit sha1_base64="W/QnPvssHBQAXlfYjXiuE1s+yj0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSUtBjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DWqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehXat6lu/qlUY9j6MIZ3AOl+DBFTTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPwkAjZM=</latexit><latexit sha1_base64="W/QnPvssHBQAXlfYjXiuE1s+yj0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSUtBjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DWqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehXat6lu/qlUY9j6MIZ3AOl+DBFTTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPwkAjZM=</latexit><latexit sha1_base64="W/QnPvssHBQAXlfYjXiuE1s+yj0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSUtBjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DWqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehXat6lu/qlUY9j6MIZ3AOl+DBFTTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPwkAjZM=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="bPU7vIcAy4mK9B/IoSfGL2tJJfQ=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCoz3ehScOOyon1AO5RMeqcNzWSG5I5YSn+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397ha3tnd294n7poHx4dFw5KbdsmhuBTZGq1HQiblFJjU2SpLCTGeRJpLAdjW/nefsJjZWpfqRJhmHCh1rGUnBy1sNzv96vVP2avxDbhGAFVVip0a989QapyBPUJBS3thv4GYVTbkgKhbNSL7eYcTHmQ+w61DxBG04Xo87YhXMGLE6NO5rYwv39YsoTaydJ5G4mnEZ2PZub/2XdnOLrcCp1lhNqsfwozhWjlM33ZgNpUJCaOODCSDcrEyNuuCDXTsmVEKyvvAmtei1wfO9DEc7gHC4hgCu4gTtoQBMEDOEF3uDdU96r97Gsq+CtejuFP/I+fwDxxoxM</latexit><latexit sha1_base64="bPU7vIcAy4mK9B/IoSfGL2tJJfQ=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCoz3ehScOOyon1AO5RMeqcNzWSG5I5YSn+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397ha3tnd294n7poHx4dFw5KbdsmhuBTZGq1HQiblFJjU2SpLCTGeRJpLAdjW/nefsJjZWpfqRJhmHCh1rGUnBy1sNzv96vVP2avxDbhGAFVVip0a989QapyBPUJBS3thv4GYVTbkgKhbNSL7eYcTHmQ+w61DxBG04Xo87YhXMGLE6NO5rYwv39YsoTaydJ5G4mnEZ2PZub/2XdnOLrcCp1lhNqsfwozhWjlM33ZgNpUJCaOODCSDcrEyNuuCDXTsmVEKyvvAmtei1wfO9DEc7gHC4hgCu4gTtoQBMEDOEF3uDdU96r97Gsq+CtejuFP/I+fwDxxoxM</latexit><latexit sha1_base64="J/0LyjTwy3tdXs0LigVs5BD4QJ4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSItRjwYvHivYD2lA220m7dLMJuxuxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk5t5vfOISvNYPphpgn5ER5KHnFFjrfunQW1QrrhVdyGyDl4OFcjVHJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izKGmE2s8Wq87IhXWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQmv/YzLJDUo2fKjMBXExGR+NxlyhcyIqQXKFLe7EjamijJj0ynZELzVk9ehXat6lu/cSuMqj6MIZ3AOl+BBHRpwC01oAYMRPMMrvDnCeXHenY9la8HJZ07hj5zPHwfAjY8=</latexit><latexit sha1_base64="W/QnPvssHBQAXlfYjXiuE1s+yj0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSUtBjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DWqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehXat6lu/qlUY9j6MIZ3AOl+DBFTTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPwkAjZM=</latexit><latexit sha1_base64="W/QnPvssHBQAXlfYjXiuE1s+yj0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSUtBjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DWqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehXat6lu/qlUY9j6MIZ3AOl+DBFTTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPwkAjZM=</latexit><latexit sha1_base64="W/QnPvssHBQAXlfYjXiuE1s+yj0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSUtBjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DWqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehXat6lu/qlUY9j6MIZ3AOl+DBFTTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPwkAjZM=</latexit><latexit sha1_base64="W/QnPvssHBQAXlfYjXiuE1s+yj0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSUtBjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DWqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehXat6lu/qlUY9j6MIZ3AOl+DBFTTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPwkAjZM=</latexit><latexit sha1_base64="W/QnPvssHBQAXlfYjXiuE1s+yj0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSUtBjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DWqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehXat6lu/qlUY9j6MIZ3AOl+DBFTTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPwkAjZM=</latexit><latexit sha1_base64="W/QnPvssHBQAXlfYjXiuE1s+yj0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSUtBjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DWqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehXat6lu/qlUY9j6MIZ3AOl+DBFTTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPwkAjZM=</latexit>

x3
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x5
<latexit sha1_base64="6+37z4n/14bQsUZDyEuP3s1FC+I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSqeix4MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+pf9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANjI2W</latexit><latexit sha1_base64="6+37z4n/14bQsUZDyEuP3s1FC+I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSqeix4MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+pf9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANjI2W</latexit><latexit sha1_base64="6+37z4n/14bQsUZDyEuP3s1FC+I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSqeix4MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+pf9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANjI2W</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="cJzGb0znxu/lfFHtS+eO1dMblDg=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozguhScOOyon1AO5RMeqcNzWSG5I5YSn+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397hY3Nre2d4m5pr7x/cFg5KjdtmhuBDZGq1LQjblFJjQ2SpLCdGeRJpLAVjW5neesJjZWpfqRxhmHCB1rGUnBy1sNz77JXqfo1fy62DsESqrBUvVf56vZTkSeoSShubSfwMwon3JAUCqelbm4x42LEB9hxqHmCNpzMR52yM+f0WZwadzSxufv7xYQn1o6TyN1MOA3tajYz/8s6OcXX4UTqLCfUYvFRnCtGKZvtzfrSoCA1dsCFkW5WJobccEGunZIrIVhdeR2aF7XA8b0PRTiBUziHAK7gBu6gDg0QMIAXeIN3T3mv3seiroK37O0Y/sj7/AH2MYxP</latexit><latexit sha1_base64="cJzGb0znxu/lfFHtS+eO1dMblDg=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozguhScOOyon1AO5RMeqcNzWSG5I5YSn+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397hY3Nre2d4m5pr7x/cFg5KjdtmhuBDZGq1LQjblFJjQ2SpLCdGeRJpLAVjW5neesJjZWpfqRxhmHCB1rGUnBy1sNz77JXqfo1fy62DsESqrBUvVf56vZTkSeoSShubSfwMwon3JAUCqelbm4x42LEB9hxqHmCNpzMR52yM+f0WZwadzSxufv7xYQn1o6TyN1MOA3tajYz/8s6OcXX4UTqLCfUYvFRnCtGKZvtzfrSoCA1dsCFkW5WJobccEGunZIrIVhdeR2aF7XA8b0PRTiBUziHAK7gBu6gDg0QMIAXeIN3T3mv3seiroK37O0Y/sj7/AH2MYxP</latexit><latexit sha1_base64="/fIc29cRPrvH9nlpEQoGNKU3X4s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSseix4MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+5lQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQuqh6lu/cSv0yj6MIJ3AK5+DBFdThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwxMjZI=</latexit><latexit sha1_base64="6+37z4n/14bQsUZDyEuP3s1FC+I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSqeix4MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+pf9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANjI2W</latexit><latexit sha1_base64="6+37z4n/14bQsUZDyEuP3s1FC+I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSqeix4MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+pf9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANjI2W</latexit><latexit sha1_base64="6+37z4n/14bQsUZDyEuP3s1FC+I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSqeix4MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+pf9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANjI2W</latexit><latexit sha1_base64="6+37z4n/14bQsUZDyEuP3s1FC+I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSqeix4MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+pf9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANjI2W</latexit><latexit sha1_base64="6+37z4n/14bQsUZDyEuP3s1FC+I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSqeix4MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+pf9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANjI2W</latexit><latexit sha1_base64="6+37z4n/14bQsUZDyEuP3s1FC+I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSqeix4MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+pf9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANjI2W</latexit>

x6
<latexit sha1_base64="37pM5HsGtB47nNf4g/iRXXY+LpA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeqx4MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+pf9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwAPEI2X</latexit><latexit sha1_base64="37pM5HsGtB47nNf4g/iRXXY+LpA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeqx4MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+pf9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwAPEI2X</latexit><latexit sha1_base64="37pM5HsGtB47nNf4g/iRXXY+LpA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeqx4MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+pf9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwAPEI2X</latexit><latexit sha1_base64="37pM5HsGtB47nNf4g/iRXXY+LpA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeqx4MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+pf9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwAPEI2X</latexit>

x7
<latexit sha1_base64="cGVAQn/yocbYypvZ1mcjjQ5xAkQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DeqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVX1LN/VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPxCUjZg=</latexit><latexit sha1_base64="cGVAQn/yocbYypvZ1mcjjQ5xAkQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DeqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVX1LN/VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPxCUjZg=</latexit><latexit sha1_base64="cGVAQn/yocbYypvZ1mcjjQ5xAkQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DeqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVX1LN/VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPxCUjZg=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="R37lBYsIMpCskxWeNitoMqOg5Iw=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbupScOOyon1AO5RMeqcNzWSG5I5YSn+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397ha3tnd294n7poHx4dFw5KbdsmhuBTZGq1HQiblFJjU2SpLCTGeRJpLAdjW/nefsJjZWpfqRJhmHCh1rGUnBy1sNzv96vVP2avxDbhGAFVVip0a989QapyBPUJBS3thv4GYVTbkgKhbNSL7eYcTHmQ+w61DxBG04Xo87YhXMGLE6NO5rYwv39YsoTaydJ5G4mnEZ2PZub/2XdnOLrcCp1lhNqsfwozhWjlM33ZgNpUJCaOODCSDcrEyNuuCDXTsmVEKyvvAmtq1rg+N6HIpzBOVxCAHW4gTtoQBMEDOEF3uDdU96r97Gsq+CtejuFP/I+fwD5I4xR</latexit><latexit sha1_base64="R37lBYsIMpCskxWeNitoMqOg5Iw=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbupScOOyon1AO5RMeqcNzWSG5I5YSn+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397ha3tnd294n7poHx4dFw5KbdsmhuBTZGq1HQiblFJjU2SpLCTGeRJpLAdjW/nefsJjZWpfqRJhmHCh1rGUnBy1sNzv96vVP2avxDbhGAFVVip0a989QapyBPUJBS3thv4GYVTbkgKhbNSL7eYcTHmQ+w61DxBG04Xo87YhXMGLE6NO5rYwv39YsoTaydJ5G4mnEZ2PZub/2XdnOLrcCp1lhNqsfwozhWjlM33ZgNpUJCaOODCSDcrEyNuuCDXTsmVEKyvvAmtq1rg+N6HIpzBOVxCAHW4gTtoQBMEDOEF3uDdU96r97Gsq+CtejuFP/I+fwD5I4xR</latexit><latexit sha1_base64="wOsdeW4f3tR9VRSW+FTj0vaC/h4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEdpjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DWqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzGs+5lQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lu/cSuM6j6MIZ3AOl+BBDRpwC01oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPHw9UjZQ=</latexit><latexit sha1_base64="cGVAQn/yocbYypvZ1mcjjQ5xAkQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DeqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVX1LN/VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPxCUjZg=</latexit><latexit sha1_base64="cGVAQn/yocbYypvZ1mcjjQ5xAkQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DeqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVX1LN/VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPxCUjZg=</latexit><latexit sha1_base64="cGVAQn/yocbYypvZ1mcjjQ5xAkQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DeqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVX1LN/VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPxCUjZg=</latexit><latexit sha1_base64="cGVAQn/yocbYypvZ1mcjjQ5xAkQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DeqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVX1LN/VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPxCUjZg=</latexit><latexit sha1_base64="cGVAQn/yocbYypvZ1mcjjQ5xAkQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DeqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVX1LN/VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPxCUjZg=</latexit><latexit sha1_base64="cGVAQn/yocbYypvZ1mcjjQ5xAkQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DeqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVX1LN/VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPxCUjZg=</latexit>

W, b| {z }
parameters

<latexit sha1_base64="EcBO5xqbOlgXPiWXpSt7pjxN35E=">AAACF3icbVA9S8RAEN347fl1ammzeAgWciQiaGFxYGOp4H3AJRybvYkubjZhdyIeIf/Cxr9iY6GIrXb+Gzd3KfT0wcLjvZmdmRemUhh03S9nZnZufmFxabm2srq2vlHf3OqYJNMc2jyRie6FzIAUCtooUEIv1cDiUEI3vD0r/e4daCMSdYWjFIKYXSsRCc7QSoN608/UEHSoGYfcjxnehFHeLQ5oWAxyH+Ee85RpFgPaT4piUG+4TXcM+pd4FWmQCheD+qc/THgWg0IumTF9z00xyJlGwSUUNT8zkDJ+y66hb6myk0yQj+8q6J5VhjRKtH0K6Vj92ZGz2JhRHNrKcnMz7ZXif14/w+gkyIVKMwTFJ4OiTFJMaBkSHQoNHOXIEsa1sLtSfmNj4GUKNRuCN33yX9I5bHqWXx41WqdVHEtkh+ySfeKRY9Ii5+SCtAknD+SJvJBX59F5dt6c90npjFP1bJNfcD6+AWmZoU8=</latexit><latexit sha1_base64="EcBO5xqbOlgXPiWXpSt7pjxN35E=">AAACF3icbVA9S8RAEN347fl1ammzeAgWciQiaGFxYGOp4H3AJRybvYkubjZhdyIeIf/Cxr9iY6GIrXb+Gzd3KfT0wcLjvZmdmRemUhh03S9nZnZufmFxabm2srq2vlHf3OqYJNMc2jyRie6FzIAUCtooUEIv1cDiUEI3vD0r/e4daCMSdYWjFIKYXSsRCc7QSoN608/UEHSoGYfcjxnehFHeLQ5oWAxyH+Ee85RpFgPaT4piUG+4TXcM+pd4FWmQCheD+qc/THgWg0IumTF9z00xyJlGwSUUNT8zkDJ+y66hb6myk0yQj+8q6J5VhjRKtH0K6Vj92ZGz2JhRHNrKcnMz7ZXif14/w+gkyIVKMwTFJ4OiTFJMaBkSHQoNHOXIEsa1sLtSfmNj4GUKNRuCN33yX9I5bHqWXx41WqdVHEtkh+ySfeKRY9Ii5+SCtAknD+SJvJBX59F5dt6c90npjFP1bJNfcD6+AWmZoU8=</latexit><latexit sha1_base64="EcBO5xqbOlgXPiWXpSt7pjxN35E=">AAACF3icbVA9S8RAEN347fl1ammzeAgWciQiaGFxYGOp4H3AJRybvYkubjZhdyIeIf/Cxr9iY6GIrXb+Gzd3KfT0wcLjvZmdmRemUhh03S9nZnZufmFxabm2srq2vlHf3OqYJNMc2jyRie6FzIAUCtooUEIv1cDiUEI3vD0r/e4daCMSdYWjFIKYXSsRCc7QSoN608/UEHSoGYfcjxnehFHeLQ5oWAxyH+Ee85RpFgPaT4piUG+4TXcM+pd4FWmQCheD+qc/THgWg0IumTF9z00xyJlGwSUUNT8zkDJ+y66hb6myk0yQj+8q6J5VhjRKtH0K6Vj92ZGz2JhRHNrKcnMz7ZXif14/w+gkyIVKMwTFJ4OiTFJMaBkSHQoNHOXIEsa1sLtSfmNj4GUKNRuCN33yX9I5bHqWXx41WqdVHEtkh+ySfeKRY9Ii5+SCtAknD+SJvJBX59F5dt6c90npjFP1bJNfcD6+AWmZoU8=</latexit><latexit sha1_base64="EcBO5xqbOlgXPiWXpSt7pjxN35E=">AAACF3icbVA9S8RAEN347fl1ammzeAgWciQiaGFxYGOp4H3AJRybvYkubjZhdyIeIf/Cxr9iY6GIrXb+Gzd3KfT0wcLjvZmdmRemUhh03S9nZnZufmFxabm2srq2vlHf3OqYJNMc2jyRie6FzIAUCtooUEIv1cDiUEI3vD0r/e4daCMSdYWjFIKYXSsRCc7QSoN608/UEHSoGYfcjxnehFHeLQ5oWAxyH+Ee85RpFgPaT4piUG+4TXcM+pd4FWmQCheD+qc/THgWg0IumTF9z00xyJlGwSUUNT8zkDJ+y66hb6myk0yQj+8q6J5VhjRKtH0K6Vj92ZGz2JhRHNrKcnMz7ZXif14/w+gkyIVKMwTFJ4OiTFJMaBkSHQoNHOXIEsa1sLtSfmNj4GUKNRuCN33yX9I5bHqWXx41WqdVHEtkh+ySfeKRY9Ii5+SCtAknD+SJvJBX59F5dt6c90npjFP1bJNfcD6+AWmZoU8=</latexit>

x|{z}
inputs

<latexit sha1_base64="y8o1gfCSgjR1qIprDBDwEM1C4YQ=">AAACEHicbVA9SwNBEN2LXzF+RS1tDoNoFe5E0MIiYGMZwXxA7gh7m7lkyd7esTsnCUd+go1/xcZCEVtLO/+Nm+QKTXyw8Pa9GWbmBYngGh3n2yqsrK6tbxQ3S1vbO7t75f2Dpo5TxaDBYhGrdkA1CC6hgRwFtBMFNAoEtILhzdRvPYDSPJb3OE7Aj2hf8pAzikbqlk+9VPZABYoyyLyI4iAIs9Fk0s08hBFmXCYpavMvV5yqM4O9TNycVEiOerf85fVilkYgkQmqdcd1EvQzqpAzAZOSl2pIKBvSPnQMlTQC7Wezgyb2iVF6dhgr8yTaM/V3R0YjrcdRYCqnK+tFbyr+53VSDK/8+VEg2XxQmAobY3uajt3jChiKsSGUKW52tdmAmnDQZFgyIbiLJy+T5nnVNfzuolK7zuMokiNyTM6ISy5JjdySOmkQRh7JM3klb9aT9WK9Wx/z0oKV9xySP7A+fwDDip7r</latexit><latexit sha1_base64="y8o1gfCSgjR1qIprDBDwEM1C4YQ=">AAACEHicbVA9SwNBEN2LXzF+RS1tDoNoFe5E0MIiYGMZwXxA7gh7m7lkyd7esTsnCUd+go1/xcZCEVtLO/+Nm+QKTXyw8Pa9GWbmBYngGh3n2yqsrK6tbxQ3S1vbO7t75f2Dpo5TxaDBYhGrdkA1CC6hgRwFtBMFNAoEtILhzdRvPYDSPJb3OE7Aj2hf8pAzikbqlk+9VPZABYoyyLyI4iAIs9Fk0s08hBFmXCYpavMvV5yqM4O9TNycVEiOerf85fVilkYgkQmqdcd1EvQzqpAzAZOSl2pIKBvSPnQMlTQC7Wezgyb2iVF6dhgr8yTaM/V3R0YjrcdRYCqnK+tFbyr+53VSDK/8+VEg2XxQmAobY3uajt3jChiKsSGUKW52tdmAmnDQZFgyIbiLJy+T5nnVNfzuolK7zuMokiNyTM6ISy5JjdySOmkQRh7JM3klb9aT9WK9Wx/z0oKV9xySP7A+fwDDip7r</latexit><latexit sha1_base64="y8o1gfCSgjR1qIprDBDwEM1C4YQ=">AAACEHicbVA9SwNBEN2LXzF+RS1tDoNoFe5E0MIiYGMZwXxA7gh7m7lkyd7esTsnCUd+go1/xcZCEVtLO/+Nm+QKTXyw8Pa9GWbmBYngGh3n2yqsrK6tbxQ3S1vbO7t75f2Dpo5TxaDBYhGrdkA1CC6hgRwFtBMFNAoEtILhzdRvPYDSPJb3OE7Aj2hf8pAzikbqlk+9VPZABYoyyLyI4iAIs9Fk0s08hBFmXCYpavMvV5yqM4O9TNycVEiOerf85fVilkYgkQmqdcd1EvQzqpAzAZOSl2pIKBvSPnQMlTQC7Wezgyb2iVF6dhgr8yTaM/V3R0YjrcdRYCqnK+tFbyr+53VSDK/8+VEg2XxQmAobY3uajt3jChiKsSGUKW52tdmAmnDQZFgyIbiLJy+T5nnVNfzuolK7zuMokiNyTM6ISy5JjdySOmkQRh7JM3klb9aT9WK9Wx/z0oKV9xySP7A+fwDDip7r</latexit><latexit sha1_base64="y8o1gfCSgjR1qIprDBDwEM1C4YQ=">AAACEHicbVA9SwNBEN2LXzF+RS1tDoNoFe5E0MIiYGMZwXxA7gh7m7lkyd7esTsnCUd+go1/xcZCEVtLO/+Nm+QKTXyw8Pa9GWbmBYngGh3n2yqsrK6tbxQ3S1vbO7t75f2Dpo5TxaDBYhGrdkA1CC6hgRwFtBMFNAoEtILhzdRvPYDSPJb3OE7Aj2hf8pAzikbqlk+9VPZABYoyyLyI4iAIs9Fk0s08hBFmXCYpavMvV5yqM4O9TNycVEiOerf85fVilkYgkQmqdcd1EvQzqpAzAZOSl2pIKBvSPnQMlTQC7Wezgyb2iVF6dhgr8yTaM/V3R0YjrcdRYCqnK+tFbyr+53VSDK/8+VEg2XxQmAobY3uajt3jChiKsSGUKW52tdmAmnDQZFgyIbiLJy+T5nnVNfzuolK7zuMokiNyTM6ISy5JjdySOmkQRh7JM3klb9aT9WK9Wx/z0oKV9xySP7A+fwDDip7r</latexit>

a|{z}
activation

= W|{z}
weights

x+ b|{z}
bias

<latexit sha1_base64="iaLOCz2DhG1sMrlIuiOgRldwoXA="></latexit><latexit sha1_base64="iaLOCz2DhG1sMrlIuiOgRldwoXA="></latexit><latexit sha1_base64="iaLOCz2DhG1sMrlIuiOgRldwoXA="></latexit><latexit sha1_base64="iaLOCz2DhG1sMrlIuiOgRldwoXA="></latexit>

p(y = 1) = f(x; ✓) = �(Wx+ b)
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f(x; ✓) = �(a)
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f(x; ✓)| {z }
output

<latexit sha1_base64="amifqDmghsSaig6SJB8j2vIR3T4=">AAACGnicbVDLSsNAFJ3UV62vqks3wSLUTUlEUNBFwY3LCvYBTSmT6U07dDIJMzfSEvIdbvwVNy4UcSdu/Bunj4W2Hhg4nHMvc8/xY8E1Os63lVtZXVvfyG8WtrZ3dveK+wcNHSWKQZ1FIlItn2oQXEIdOQpoxQpo6Ato+sObid98AKV5JO9xHEMnpH3JA84oGqlbdL1E9kD5ijJIg7IXUhz4QTrKrjwcANLTrJt6CCNMowTjBLOsWyw5FWcKe5m4c1Iic9S6xU+vF7EkBIlMUK3brhNjJ6UKOROQFbxEQ0zZkPahbaikIehOOo2W2SdG6dlBpMyTaE/V3xspDbUeh76ZnJyuF72J+J/XTjC47KRcmkwg2eyjIBE2RvakJ7vHFTAUY0MoU9zcarMBNTWhabNgSnAXIy+TxlnFNfzuvFS9nteRJ0fkmJSJSy5IldySGqkTRh7JM3klb9aT9WK9Wx+z0Zw13zkkf2B9/QAUHqLB</latexit><latexit sha1_base64="amifqDmghsSaig6SJB8j2vIR3T4=">AAACGnicbVDLSsNAFJ3UV62vqks3wSLUTUlEUNBFwY3LCvYBTSmT6U07dDIJMzfSEvIdbvwVNy4UcSdu/Bunj4W2Hhg4nHMvc8/xY8E1Os63lVtZXVvfyG8WtrZ3dveK+wcNHSWKQZ1FIlItn2oQXEIdOQpoxQpo6Ato+sObid98AKV5JO9xHEMnpH3JA84oGqlbdL1E9kD5ijJIg7IXUhz4QTrKrjwcANLTrJt6CCNMowTjBLOsWyw5FWcKe5m4c1Iic9S6xU+vF7EkBIlMUK3brhNjJ6UKOROQFbxEQ0zZkPahbaikIehOOo2W2SdG6dlBpMyTaE/V3xspDbUeh76ZnJyuF72J+J/XTjC47KRcmkwg2eyjIBE2RvakJ7vHFTAUY0MoU9zcarMBNTWhabNgSnAXIy+TxlnFNfzuvFS9nteRJ0fkmJSJSy5IldySGqkTRh7JM3klb9aT9WK9Wx+z0Zw13zkkf2B9/QAUHqLB</latexit><latexit sha1_base64="amifqDmghsSaig6SJB8j2vIR3T4=">AAACGnicbVDLSsNAFJ3UV62vqks3wSLUTUlEUNBFwY3LCvYBTSmT6U07dDIJMzfSEvIdbvwVNy4UcSdu/Bunj4W2Hhg4nHMvc8/xY8E1Os63lVtZXVvfyG8WtrZ3dveK+wcNHSWKQZ1FIlItn2oQXEIdOQpoxQpo6Ato+sObid98AKV5JO9xHEMnpH3JA84oGqlbdL1E9kD5ijJIg7IXUhz4QTrKrjwcANLTrJt6CCNMowTjBLOsWyw5FWcKe5m4c1Iic9S6xU+vF7EkBIlMUK3brhNjJ6UKOROQFbxEQ0zZkPahbaikIehOOo2W2SdG6dlBpMyTaE/V3xspDbUeh76ZnJyuF72J+J/XTjC47KRcmkwg2eyjIBE2RvakJ7vHFTAUY0MoU9zcarMBNTWhabNgSnAXIy+TxlnFNfzuvFS9nteRJ0fkmJSJSy5IldySGqkTRh7JM3klb9aT9WK9Wx+z0Zw13zkkf2B9/QAUHqLB</latexit><latexit sha1_base64="amifqDmghsSaig6SJB8j2vIR3T4=">AAACGnicbVDLSsNAFJ3UV62vqks3wSLUTUlEUNBFwY3LCvYBTSmT6U07dDIJMzfSEvIdbvwVNy4UcSdu/Bunj4W2Hhg4nHMvc8/xY8E1Os63lVtZXVvfyG8WtrZ3dveK+wcNHSWKQZ1FIlItn2oQXEIdOQpoxQpo6Ato+sObid98AKV5JO9xHEMnpH3JA84oGqlbdL1E9kD5ijJIg7IXUhz4QTrKrjwcANLTrJt6CCNMowTjBLOsWyw5FWcKe5m4c1Iic9S6xU+vF7EkBIlMUK3brhNjJ6UKOROQFbxEQ0zZkPahbaikIehOOo2W2SdG6dlBpMyTaE/V3xspDbUeh76ZnJyuF72J+J/XTjC47KRcmkwg2eyjIBE2RvakJ7vHFTAUY0MoU9zcarMBNTWhabNgSnAXIy+TxlnFNfzuvFS9nteRJ0fkmJSJSy5IldySGqkTRh7JM3klb9aT9WK9Wx+z0Zw13zkkf2B9/QAUHqLB</latexit>

✓ = {W, b}
<latexit sha1_base64="/ozh5f22v3OW7cydNVggkixUC+A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwYWURARdKBTcuKxgL9CUMplO2qGTSZg5EUoIbnwVNy4UcetTuPNtnLRZaOsPAx//OYc55/djwTU4zrdVWlpeWV0rr1c2Nre2d+zdvZaOEkVZk0YiUh2faCa4ZE3gIFgnVoyEvmBtf3yT19sPTGkeyXuYxKwXkqHkAacEjNW3DzwYMSD4GnupFxIY+UHazk59L+vbVafmTIUXwS2gigo1+vaXN4hoEjIJVBCtu64TQy8lCjgVLKt4iWYxoWMyZF2DkoRM99LpCRk+Ns4AB5EyTwKeur8nUhJqPQl905lvqedruflfrZtAcNlLuYwTYJLOPgoSgSHCeR54wBWjICYGCFXc7IrpiChCwaRWMSG48ycvQuus5hq+O6/Wr4o4yugQHaET5KILVEe3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVkFTP76I+szx+hU5bp</latexit><latexit sha1_base64="/ozh5f22v3OW7cydNVggkixUC+A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwYWURARdKBTcuKxgL9CUMplO2qGTSZg5EUoIbnwVNy4UcetTuPNtnLRZaOsPAx//OYc55/djwTU4zrdVWlpeWV0rr1c2Nre2d+zdvZaOEkVZk0YiUh2faCa4ZE3gIFgnVoyEvmBtf3yT19sPTGkeyXuYxKwXkqHkAacEjNW3DzwYMSD4GnupFxIY+UHazk59L+vbVafmTIUXwS2gigo1+vaXN4hoEjIJVBCtu64TQy8lCjgVLKt4iWYxoWMyZF2DkoRM99LpCRk+Ns4AB5EyTwKeur8nUhJqPQl905lvqedruflfrZtAcNlLuYwTYJLOPgoSgSHCeR54wBWjICYGCFXc7IrpiChCwaRWMSG48ycvQuus5hq+O6/Wr4o4yugQHaET5KILVEe3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVkFTP76I+szx+hU5bp</latexit><latexit sha1_base64="/ozh5f22v3OW7cydNVggkixUC+A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwYWURARdKBTcuKxgL9CUMplO2qGTSZg5EUoIbnwVNy4UcetTuPNtnLRZaOsPAx//OYc55/djwTU4zrdVWlpeWV0rr1c2Nre2d+zdvZaOEkVZk0YiUh2faCa4ZE3gIFgnVoyEvmBtf3yT19sPTGkeyXuYxKwXkqHkAacEjNW3DzwYMSD4GnupFxIY+UHazk59L+vbVafmTIUXwS2gigo1+vaXN4hoEjIJVBCtu64TQy8lCjgVLKt4iWYxoWMyZF2DkoRM99LpCRk+Ns4AB5EyTwKeur8nUhJqPQl905lvqedruflfrZtAcNlLuYwTYJLOPgoSgSHCeR54wBWjICYGCFXc7IrpiChCwaRWMSG48ycvQuus5hq+O6/Wr4o4yugQHaET5KILVEe3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVkFTP76I+szx+hU5bp</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="8kFdTVX1T1BUl+ydIHhxNc7yWzI=">AAAB93icbZBLSwMxFIXv1FetVUd34iZYBBdSZtzoRhDcuKxgH9AZSibNtKGZB8kdoQyDG/+KGxeK+E/c+W/MtF1o64HAxzkJufcEqRQaHefbqqytb2xuVbdrO/XdvX37oN7RSaYYb7NEJqoXUM2liHkbBUreSxWnUSB5N5jclnn3kSstkvgBpyn3IzqKRSgYRWMN7CMPxxwpuSZe7kUUx0GYd4vzwCsGdsNpOjORVXAX0ICFWgP7yxsmLIt4jExSrfuuk6KfU4WCSV7UvEzzlLIJHfG+wZhGXPv5bIWCnBpnSMJEmRMjmbm/X+Q00noaBeZmOaVezkrzv6yfYXjl5yJOM+Qxm38UZpJgQso+yFAozlBODVCmhJmVsDFVlKFprWZKcJdXXoXORdM1fO9AFY7hBM7AhUu4gTtoQRsYPMELvMG79Wy9Wh/zuirWordD+CPr8wcltpWC</latexit><latexit sha1_base64="8kFdTVX1T1BUl+ydIHhxNc7yWzI=">AAAB93icbZBLSwMxFIXv1FetVUd34iZYBBdSZtzoRhDcuKxgH9AZSibNtKGZB8kdoQyDG/+KGxeK+E/c+W/MtF1o64HAxzkJufcEqRQaHefbqqytb2xuVbdrO/XdvX37oN7RSaYYb7NEJqoXUM2liHkbBUreSxWnUSB5N5jclnn3kSstkvgBpyn3IzqKRSgYRWMN7CMPxxwpuSZe7kUUx0GYd4vzwCsGdsNpOjORVXAX0ICFWgP7yxsmLIt4jExSrfuuk6KfU4WCSV7UvEzzlLIJHfG+wZhGXPv5bIWCnBpnSMJEmRMjmbm/X+Q00noaBeZmOaVezkrzv6yfYXjl5yJOM+Qxm38UZpJgQso+yFAozlBODVCmhJmVsDFVlKFprWZKcJdXXoXORdM1fO9AFY7hBM7AhUu4gTtoQRsYPMELvMG79Wy9Wh/zuirWordD+CPr8wcltpWC</latexit><latexit sha1_base64="DVSTx6a0yz1yjYEmZi/LH9tQ/yI=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuJCSuNGFQsGNywr2Ak0ok+mkHTqZhJkToYTgxldx40IRtz6FO9/GSZuFtv4w8PGfc5hz/iARXIPjfFtLyyura+uVjerm1vbOrr2339Zxqihr0VjEqhsQzQSXrAUcBOsmipEoEKwTjG+KeueBKc1jeQ+ThPkRGUoeckrAWH370IMRA4KvsZd5EYFREGad/Czw8r5dc+rOVHgR3BJqqFSzb395g5imEZNABdG65zoJ+BlRwKlgedVLNUsIHZMh6xmUJGLaz6Yn5PjEOAMcxso8CXjq/p7ISKT1JApMZ7Glnq8V5n+1XgrhpZ9xmaTAJJ19FKYCQ4yLPPCAK0ZBTAwQqrjZFdMRUYSCSa1qQnDnT16E9nndNXzn1BpXZRwVdISO0Sly0QVqoFvURC1E0SN6Rq/ozXqyXqx362PWumSVMwfoj6zPH6ATluU=</latexit><latexit sha1_base64="/ozh5f22v3OW7cydNVggkixUC+A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwYWURARdKBTcuKxgL9CUMplO2qGTSZg5EUoIbnwVNy4UcetTuPNtnLRZaOsPAx//OYc55/djwTU4zrdVWlpeWV0rr1c2Nre2d+zdvZaOEkVZk0YiUh2faCa4ZE3gIFgnVoyEvmBtf3yT19sPTGkeyXuYxKwXkqHkAacEjNW3DzwYMSD4GnupFxIY+UHazk59L+vbVafmTIUXwS2gigo1+vaXN4hoEjIJVBCtu64TQy8lCjgVLKt4iWYxoWMyZF2DkoRM99LpCRk+Ns4AB5EyTwKeur8nUhJqPQl905lvqedruflfrZtAcNlLuYwTYJLOPgoSgSHCeR54wBWjICYGCFXc7IrpiChCwaRWMSG48ycvQuus5hq+O6/Wr4o4yugQHaET5KILVEe3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVkFTP76I+szx+hU5bp</latexit><latexit sha1_base64="/ozh5f22v3OW7cydNVggkixUC+A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwYWURARdKBTcuKxgL9CUMplO2qGTSZg5EUoIbnwVNy4UcetTuPNtnLRZaOsPAx//OYc55/djwTU4zrdVWlpeWV0rr1c2Nre2d+zdvZaOEkVZk0YiUh2faCa4ZE3gIFgnVoyEvmBtf3yT19sPTGkeyXuYxKwXkqHkAacEjNW3DzwYMSD4GnupFxIY+UHazk59L+vbVafmTIUXwS2gigo1+vaXN4hoEjIJVBCtu64TQy8lCjgVLKt4iWYxoWMyZF2DkoRM99LpCRk+Ns4AB5EyTwKeur8nUhJqPQl905lvqedruflfrZtAcNlLuYwTYJLOPgoSgSHCeR54wBWjICYGCFXc7IrpiChCwaRWMSG48ycvQuus5hq+O6/Wr4o4yugQHaET5KILVEe3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVkFTP76I+szx+hU5bp</latexit><latexit sha1_base64="/ozh5f22v3OW7cydNVggkixUC+A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwYWURARdKBTcuKxgL9CUMplO2qGTSZg5EUoIbnwVNy4UcetTuPNtnLRZaOsPAx//OYc55/djwTU4zrdVWlpeWV0rr1c2Nre2d+zdvZaOEkVZk0YiUh2faCa4ZE3gIFgnVoyEvmBtf3yT19sPTGkeyXuYxKwXkqHkAacEjNW3DzwYMSD4GnupFxIY+UHazk59L+vbVafmTIUXwS2gigo1+vaXN4hoEjIJVBCtu64TQy8lCjgVLKt4iWYxoWMyZF2DkoRM99LpCRk+Ns4AB5EyTwKeur8nUhJqPQl905lvqedruflfrZtAcNlLuYwTYJLOPgoSgSHCeR54wBWjICYGCFXc7IrpiChCwaRWMSG48ycvQuus5hq+O6/Wr4o4yugQHaET5KILVEe3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVkFTP76I+szx+hU5bp</latexit><latexit sha1_base64="/ozh5f22v3OW7cydNVggkixUC+A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwYWURARdKBTcuKxgL9CUMplO2qGTSZg5EUoIbnwVNy4UcetTuPNtnLRZaOsPAx//OYc55/djwTU4zrdVWlpeWV0rr1c2Nre2d+zdvZaOEkVZk0YiUh2faCa4ZE3gIFgnVoyEvmBtf3yT19sPTGkeyXuYxKwXkqHkAacEjNW3DzwYMSD4GnupFxIY+UHazk59L+vbVafmTIUXwS2gigo1+vaXN4hoEjIJVBCtu64TQy8lCjgVLKt4iWYxoWMyZF2DkoRM99LpCRk+Ns4AB5EyTwKeur8nUhJqPQl905lvqedruflfrZtAcNlLuYwTYJLOPgoSgSHCeR54wBWjICYGCFXc7IrpiChCwaRWMSG48ycvQuus5hq+O6/Wr4o4yugQHaET5KILVEe3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVkFTP76I+szx+hU5bp</latexit><latexit sha1_base64="/ozh5f22v3OW7cydNVggkixUC+A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwYWURARdKBTcuKxgL9CUMplO2qGTSZg5EUoIbnwVNy4UcetTuPNtnLRZaOsPAx//OYc55/djwTU4zrdVWlpeWV0rr1c2Nre2d+zdvZaOEkVZk0YiUh2faCa4ZE3gIFgnVoyEvmBtf3yT19sPTGkeyXuYxKwXkqHkAacEjNW3DzwYMSD4GnupFxIY+UHazk59L+vbVafmTIUXwS2gigo1+vaXN4hoEjIJVBCtu64TQy8lCjgVLKt4iWYxoWMyZF2DkoRM99LpCRk+Ns4AB5EyTwKeur8nUhJqPQl905lvqedruflfrZtAcNlLuYwTYJLOPgoSgSHCeR54wBWjICYGCFXc7IrpiChCwaRWMSG48ycvQuus5hq+O6/Wr4o4yugQHaET5KILVEe3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVkFTP76I+szx+hU5bp</latexit><latexit sha1_base64="/ozh5f22v3OW7cydNVggkixUC+A=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwYWURARdKBTcuKxgL9CUMplO2qGTSZg5EUoIbnwVNy4UcetTuPNtnLRZaOsPAx//OYc55/djwTU4zrdVWlpeWV0rr1c2Nre2d+zdvZaOEkVZk0YiUh2faCa4ZE3gIFgnVoyEvmBtf3yT19sPTGkeyXuYxKwXkqHkAacEjNW3DzwYMSD4GnupFxIY+UHazk59L+vbVafmTIUXwS2gigo1+vaXN4hoEjIJVBCtu64TQy8lCjgVLKt4iWYxoWMyZF2DkoRM99LpCRk+Ns4AB5EyTwKeur8nUhJqPQl905lvqedruflfrZtAcNlLuYwTYJLOPgoSgSHCeR54wBWjICYGCFXc7IrpiChCwaRWMSG48ycvQuus5hq+O6/Wr4o4yugQHaET5KILVEe3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVkFTP76I+szx+hU5bp</latexit>



Computer
Vision Activation 

• Linear transformation of the features 
• d + 1 number of parameters b 2 R

<latexit sha1_base64="VajK44mS6R90HuQLyx5CX5Gv8jI=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQRcuCm5cVrEP6AwlSTNtaCYzJJlCGfonblwo4tY/ceffmGlnodUDgcM593JPDkkF18bzvpzK2vrG5lZ1u7azu7d/4B4edXSSKcraNBGJ6hGsmeCStQ03gvVSxXBMBOuSyW3hd6dMaZ7IRzNLWRjjkeQRp9hYaeC6BAVcoiDGZkxI/jAfuHWv4S2A/hK/JHUo0Rq4n8EwoVnMpKECa933vdSEOVaGU8HmtSDTLMV0gkesb6nEMdNhvkg+R2dWGaIoUfZJgxbqz40cx1rPYmIni4R61SvE/7x+ZqLrMOcyzQyTdHkoygQyCSpqQEOuGDViZgmmitusiI6xwtTYsmq2BH/1y39J56LhW35/WW/elHVU4QRO4Rx8uIIm3EEL2kBhCk/wAq9O7jw7b877crTilDvH8AvOxzfvaZMu</latexit><latexit sha1_base64="VajK44mS6R90HuQLyx5CX5Gv8jI=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQRcuCm5cVrEP6AwlSTNtaCYzJJlCGfonblwo4tY/ceffmGlnodUDgcM593JPDkkF18bzvpzK2vrG5lZ1u7azu7d/4B4edXSSKcraNBGJ6hGsmeCStQ03gvVSxXBMBOuSyW3hd6dMaZ7IRzNLWRjjkeQRp9hYaeC6BAVcoiDGZkxI/jAfuHWv4S2A/hK/JHUo0Rq4n8EwoVnMpKECa933vdSEOVaGU8HmtSDTLMV0gkesb6nEMdNhvkg+R2dWGaIoUfZJgxbqz40cx1rPYmIni4R61SvE/7x+ZqLrMOcyzQyTdHkoygQyCSpqQEOuGDViZgmmitusiI6xwtTYsmq2BH/1y39J56LhW35/WW/elHVU4QRO4Rx8uIIm3EEL2kBhCk/wAq9O7jw7b877crTilDvH8AvOxzfvaZMu</latexit><latexit sha1_base64="VajK44mS6R90HuQLyx5CX5Gv8jI=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQRcuCm5cVrEP6AwlSTNtaCYzJJlCGfonblwo4tY/ceffmGlnodUDgcM593JPDkkF18bzvpzK2vrG5lZ1u7azu7d/4B4edXSSKcraNBGJ6hGsmeCStQ03gvVSxXBMBOuSyW3hd6dMaZ7IRzNLWRjjkeQRp9hYaeC6BAVcoiDGZkxI/jAfuHWv4S2A/hK/JHUo0Rq4n8EwoVnMpKECa933vdSEOVaGU8HmtSDTLMV0gkesb6nEMdNhvkg+R2dWGaIoUfZJgxbqz40cx1rPYmIni4R61SvE/7x+ZqLrMOcyzQyTdHkoygQyCSpqQEOuGDViZgmmitusiI6xwtTYsmq2BH/1y39J56LhW35/WW/elHVU4QRO4Rx8uIIm3EEL2kBhCk/wAq9O7jw7b877crTilDvH8AvOxzfvaZMu</latexit><latexit sha1_base64="VajK44mS6R90HuQLyx5CX5Gv8jI=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQRcuCm5cVrEP6AwlSTNtaCYzJJlCGfonblwo4tY/ceffmGlnodUDgcM593JPDkkF18bzvpzK2vrG5lZ1u7azu7d/4B4edXSSKcraNBGJ6hGsmeCStQ03gvVSxXBMBOuSyW3hd6dMaZ7IRzNLWRjjkeQRp9hYaeC6BAVcoiDGZkxI/jAfuHWv4S2A/hK/JHUo0Rq4n8EwoVnMpKECa933vdSEOVaGU8HmtSDTLMV0gkesb6nEMdNhvkg+R2dWGaIoUfZJgxbqz40cx1rPYmIni4R61SvE/7x+ZqLrMOcyzQyTdHkoygQyCSpqQEOuGDViZgmmitusiI6xwtTYsmq2BH/1y39J56LhW35/WW/elHVU4QRO4Rx8uIIm3EEL2kBhCk/wAq9O7jw7b877crTilDvH8AvOxzfvaZMu</latexit>

Features and classes Transformation # 1 Transformation # 2

Introduction
Learning basics

Math. basics
Perceptron model

a|{z}
activation

= W|{z}
weights

x+ b|{z}
bias

<latexit sha1_base64="iaLOCz2DhG1sMrlIuiOgRldwoXA="></latexit><latexit sha1_base64="iaLOCz2DhG1sMrlIuiOgRldwoXA="></latexit><latexit sha1_base64="iaLOCz2DhG1sMrlIuiOgRldwoXA="></latexit><latexit sha1_base64="iaLOCz2DhG1sMrlIuiOgRldwoXA="></latexit>



Computer
Vision Non-linearity

• Maps real line to probabilities, i.e. 
• Element-wise application

� : R 7! (0, 1)
<latexit sha1_base64="XvEPGJn3YVoJChztqCudWmLTDZI=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJCSiKCIi4Ibl1XsBZpQJtNpO3QmCTMToYRu3fgqblwo4tY3cOfbOGmz0NYfBj7+cw5zzh/EnCntON9WYWl5ZXWtuF7a2Nza3rF395oqSiShDRLxSLYDrChnIW1opjltx5JiEXDaCkbXWb31QKViUXivxzH1BR6ErM8I1sbq2shTbCAwukSewHoYBOndxFCsdIQqzol73LXLTtWZCi2Cm0MZctW79pfXi0giaKgJx0p1XCfWfoqlZoTTSclLFI0xGeEB7RgMsaDKT6eXTNCRcXqoH0nzQo2m7u+JFAulxiIwndm6ar6Wmf/VOonuX/gpC+NE05DMPuonHJkzs1hQj0lKNB8bwEQysysiQywx0Sa8kgnBnT95EZqnVdfw7Vm5dpXHUYQDOIQKuHAONbiBOjSAwCM8wyu8WU/Wi/VufcxaC1Y+sw9/ZH3+AGICmM4=</latexit><latexit sha1_base64="XvEPGJn3YVoJChztqCudWmLTDZI=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJCSiKCIi4Ibl1XsBZpQJtNpO3QmCTMToYRu3fgqblwo4tY3cOfbOGmz0NYfBj7+cw5zzh/EnCntON9WYWl5ZXWtuF7a2Nza3rF395oqSiShDRLxSLYDrChnIW1opjltx5JiEXDaCkbXWb31QKViUXivxzH1BR6ErM8I1sbq2shTbCAwukSewHoYBOndxFCsdIQqzol73LXLTtWZCi2Cm0MZctW79pfXi0giaKgJx0p1XCfWfoqlZoTTSclLFI0xGeEB7RgMsaDKT6eXTNCRcXqoH0nzQo2m7u+JFAulxiIwndm6ar6Wmf/VOonuX/gpC+NE05DMPuonHJkzs1hQj0lKNB8bwEQysysiQywx0Sa8kgnBnT95EZqnVdfw7Vm5dpXHUYQDOIQKuHAONbiBOjSAwCM8wyu8WU/Wi/VufcxaC1Y+sw9/ZH3+AGICmM4=</latexit><latexit sha1_base64="XvEPGJn3YVoJChztqCudWmLTDZI=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJCSiKCIi4Ibl1XsBZpQJtNpO3QmCTMToYRu3fgqblwo4tY3cOfbOGmz0NYfBj7+cw5zzh/EnCntON9WYWl5ZXWtuF7a2Nza3rF395oqSiShDRLxSLYDrChnIW1opjltx5JiEXDaCkbXWb31QKViUXivxzH1BR6ErM8I1sbq2shTbCAwukSewHoYBOndxFCsdIQqzol73LXLTtWZCi2Cm0MZctW79pfXi0giaKgJx0p1XCfWfoqlZoTTSclLFI0xGeEB7RgMsaDKT6eXTNCRcXqoH0nzQo2m7u+JFAulxiIwndm6ar6Wmf/VOonuX/gpC+NE05DMPuonHJkzs1hQj0lKNB8bwEQysysiQywx0Sa8kgnBnT95EZqnVdfw7Vm5dpXHUYQDOIQKuHAONbiBOjSAwCM8wyu8WU/Wi/VufcxaC1Y+sw9/ZH3+AGICmM4=</latexit><latexit sha1_base64="XvEPGJn3YVoJChztqCudWmLTDZI=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJCSiKCIi4Ibl1XsBZpQJtNpO3QmCTMToYRu3fgqblwo4tY3cOfbOGmz0NYfBj7+cw5zzh/EnCntON9WYWl5ZXWtuF7a2Nza3rF395oqSiShDRLxSLYDrChnIW1opjltx5JiEXDaCkbXWb31QKViUXivxzH1BR6ErM8I1sbq2shTbCAwukSewHoYBOndxFCsdIQqzol73LXLTtWZCi2Cm0MZctW79pfXi0giaKgJx0p1XCfWfoqlZoTTSclLFI0xGeEB7RgMsaDKT6eXTNCRcXqoH0nzQo2m7u+JFAulxiIwndm6ar6Wmf/VOonuX/gpC+NE05DMPuonHJkzs1hQj0lKNB8bwEQysysiQywx0Sa8kgnBnT95EZqnVdfw7Vm5dpXHUYQDOIQKuHAONbiBOjSAwCM8wyu8WU/Wi/VufcxaC1Y+sw9/ZH3+AGICmM4=</latexit>

�(a) =
1

1 + exp(�a)
<latexit sha1_base64="mO72jTBjT3fF3iKXvVoAavZ6mvQ=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitIglEUEXCgU3LivYCzShnEwn7dDJhZmJWEL2bnwVNy4UcesLuPNtnLZZaPWHgY//nMOZ83sxZ1JZ1pdRWFpeWV0rrpc2Nre2d8zdvbaMEkFoi0Q8El0PJOUspC3FFKfdWFAIPE473vhqWu/cUSFZFN6qSUzdAIYh8xkBpa2+WXYkGwZQhRq+xI4vgKR2ltr4CDv0Pq4eQy3rmxWrbs2E/4KdQwXlavbNT2cQkSSgoSIcpOzZVqzcFIRihNOs5CSSxkDGMKQ9jSEEVLrp7JYMH2pngP1I6BcqPHN/TqQQSDkJPN0ZgBrJxdrU/K/WS5R/7qYsjBNFQzJf5CccqwhPg8EDJihRfKIBiGD6r5iMQAeidHwlHYK9ePJfaJ/Ubc03p5XGRR5HER2gMqoiG52hBrpGTdRCBD2gJ/SCXo1H49l4M97nrQUjn9lHv2R8fAOXu5jS</latexit><latexit sha1_base64="mO72jTBjT3fF3iKXvVoAavZ6mvQ=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitIglEUEXCgU3LivYCzShnEwn7dDJhZmJWEL2bnwVNy4UcesLuPNtnLZZaPWHgY//nMOZ83sxZ1JZ1pdRWFpeWV0rrpc2Nre2d8zdvbaMEkFoi0Q8El0PJOUspC3FFKfdWFAIPE473vhqWu/cUSFZFN6qSUzdAIYh8xkBpa2+WXYkGwZQhRq+xI4vgKR2ltr4CDv0Pq4eQy3rmxWrbs2E/4KdQwXlavbNT2cQkSSgoSIcpOzZVqzcFIRihNOs5CSSxkDGMKQ9jSEEVLrp7JYMH2pngP1I6BcqPHN/TqQQSDkJPN0ZgBrJxdrU/K/WS5R/7qYsjBNFQzJf5CccqwhPg8EDJihRfKIBiGD6r5iMQAeidHwlHYK9ePJfaJ/Ubc03p5XGRR5HER2gMqoiG52hBrpGTdRCBD2gJ/SCXo1H49l4M97nrQUjn9lHv2R8fAOXu5jS</latexit><latexit sha1_base64="mO72jTBjT3fF3iKXvVoAavZ6mvQ=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitIglEUEXCgU3LivYCzShnEwn7dDJhZmJWEL2bnwVNy4UcesLuPNtnLZZaPWHgY//nMOZ83sxZ1JZ1pdRWFpeWV0rrpc2Nre2d8zdvbaMEkFoi0Q8El0PJOUspC3FFKfdWFAIPE473vhqWu/cUSFZFN6qSUzdAIYh8xkBpa2+WXYkGwZQhRq+xI4vgKR2ltr4CDv0Pq4eQy3rmxWrbs2E/4KdQwXlavbNT2cQkSSgoSIcpOzZVqzcFIRihNOs5CSSxkDGMKQ9jSEEVLrp7JYMH2pngP1I6BcqPHN/TqQQSDkJPN0ZgBrJxdrU/K/WS5R/7qYsjBNFQzJf5CccqwhPg8EDJihRfKIBiGD6r5iMQAeidHwlHYK9ePJfaJ/Ubc03p5XGRR5HER2gMqoiG52hBrpGTdRCBD2gJ/SCXo1H49l4M97nrQUjn9lHv2R8fAOXu5jS</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="jmUyQOAc/g+cz+ynjwEwJMCX8Ck=">AAACAHicbZBLSwMxFIXv+Ky16ujWTWgRWsQy40Y3guDGZQX7gM5Q7qSZNjTzIMmIZejejX/FjQtF/BXu/Demj4W2Hgh8nJNwc0+QCq6043xba+sbm1vbhZ3ibmlv/8A+LLVUkknKmjQRiewEqJjgMWtqrgXrpJJhFAjWDkY307z9wKTiSXyvxynzIxzEPOQUtbF6dtlTfBBhFWvkinihRJq7k9wlp8Rjj2n1DGuTnl1x6s5MZBXcBVRgoUbP/vL6Cc0iFmsqUKmu66Taz1FqTgWbFL1MsRTpCAesazDGiCk/n+0yISfG6ZMwkebEmszc3y9yjJQaR4G5GaEequVsav6XdTMdXvo5j9NMs5jOB4WZIDoh02JIn0tGtRgbQCq5+SuhQzSFaFNf0ZTgLq+8Cq3zumv4zoECHEMZquDCBVzDLTSgCRSe4AXe4N16tl6tj3lda9aityP4I+vzBwi5l2I=</latexit><latexit sha1_base64="jmUyQOAc/g+cz+ynjwEwJMCX8Ck=">AAACAHicbZBLSwMxFIXv+Ky16ujWTWgRWsQy40Y3guDGZQX7gM5Q7qSZNjTzIMmIZejejX/FjQtF/BXu/Demj4W2Hgh8nJNwc0+QCq6043xba+sbm1vbhZ3ibmlv/8A+LLVUkknKmjQRiewEqJjgMWtqrgXrpJJhFAjWDkY307z9wKTiSXyvxynzIxzEPOQUtbF6dtlTfBBhFWvkinihRJq7k9wlp8Rjj2n1DGuTnl1x6s5MZBXcBVRgoUbP/vL6Cc0iFmsqUKmu66Taz1FqTgWbFL1MsRTpCAesazDGiCk/n+0yISfG6ZMwkebEmszc3y9yjJQaR4G5GaEequVsav6XdTMdXvo5j9NMs5jOB4WZIDoh02JIn0tGtRgbQCq5+SuhQzSFaFNf0ZTgLq+8Cq3zumv4zoECHEMZquDCBVzDLTSgCRSe4AXe4N16tl6tj3lda9aityP4I+vzBwi5l2I=</latexit><latexit sha1_base64="T2TAvAeNizFL4hmGm86bPDsXRhQ=">AAACC3icbZC7SgNBFIZn4y3G26qlzZAgJIhh10YLhYCNZQRzgewSzk5mkyGzF2ZmxbBsb+Or2FgoYusL2Pk2TpItNPGHgY//nMOZ83sxZ1JZ1rdRWFldW98obpa2tnd298z9g7aMEkFoi0Q8El0PJOUspC3FFKfdWFAIPE473vh6Wu/cUyFZFN6pSUzdAIYh8xkBpa2+WXYkGwZQhRq+wo4vgKR2ltr4BDv0Ia6eQi3rmxWrbs2El8HOoYJyNfvmlzOISBLQUBEOUvZsK1ZuCkIxwmlWchJJYyBjGNKexhACKt10dkuGj7UzwH4k9AsVnrm/J1IIpJwEnu4MQI3kYm1q/lfrJcq/cFMWxomiIZkv8hOOVYSnweABE5QoPtEARDD9V0xGoANROr6SDsFePHkZ2md1W/OtVWlc5nEU0REqoyqy0TlqoBvURC1E0CN6Rq/ozXgyXox342PeWjDymUP0R8bnD5Z7mM4=</latexit><latexit sha1_base64="mO72jTBjT3fF3iKXvVoAavZ6mvQ=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitIglEUEXCgU3LivYCzShnEwn7dDJhZmJWEL2bnwVNy4UcesLuPNtnLZZaPWHgY//nMOZ83sxZ1JZ1pdRWFpeWV0rrpc2Nre2d8zdvbaMEkFoi0Q8El0PJOUspC3FFKfdWFAIPE473vhqWu/cUSFZFN6qSUzdAIYh8xkBpa2+WXYkGwZQhRq+xI4vgKR2ltr4CDv0Pq4eQy3rmxWrbs2E/4KdQwXlavbNT2cQkSSgoSIcpOzZVqzcFIRihNOs5CSSxkDGMKQ9jSEEVLrp7JYMH2pngP1I6BcqPHN/TqQQSDkJPN0ZgBrJxdrU/K/WS5R/7qYsjBNFQzJf5CccqwhPg8EDJihRfKIBiGD6r5iMQAeidHwlHYK9ePJfaJ/Ubc03p5XGRR5HER2gMqoiG52hBrpGTdRCBD2gJ/SCXo1H49l4M97nrQUjn9lHv2R8fAOXu5jS</latexit><latexit sha1_base64="mO72jTBjT3fF3iKXvVoAavZ6mvQ=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitIglEUEXCgU3LivYCzShnEwn7dDJhZmJWEL2bnwVNy4UcesLuPNtnLZZaPWHgY//nMOZ83sxZ1JZ1pdRWFpeWV0rrpc2Nre2d8zdvbaMEkFoi0Q8El0PJOUspC3FFKfdWFAIPE473vhqWu/cUSFZFN6qSUzdAIYh8xkBpa2+WXYkGwZQhRq+xI4vgKR2ltr4CDv0Pq4eQy3rmxWrbs2E/4KdQwXlavbNT2cQkSSgoSIcpOzZVqzcFIRihNOs5CSSxkDGMKQ9jSEEVLrp7JYMH2pngP1I6BcqPHN/TqQQSDkJPN0ZgBrJxdrU/K/WS5R/7qYsjBNFQzJf5CccqwhPg8EDJihRfKIBiGD6r5iMQAeidHwlHYK9ePJfaJ/Ubc03p5XGRR5HER2gMqoiG52hBrpGTdRCBD2gJ/SCXo1H49l4M97nrQUjn9lHv2R8fAOXu5jS</latexit><latexit sha1_base64="mO72jTBjT3fF3iKXvVoAavZ6mvQ=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitIglEUEXCgU3LivYCzShnEwn7dDJhZmJWEL2bnwVNy4UcesLuPNtnLZZaPWHgY//nMOZ83sxZ1JZ1pdRWFpeWV0rrpc2Nre2d8zdvbaMEkFoi0Q8El0PJOUspC3FFKfdWFAIPE473vhqWu/cUSFZFN6qSUzdAIYh8xkBpa2+WXYkGwZQhRq+xI4vgKR2ltr4CDv0Pq4eQy3rmxWrbs2E/4KdQwXlavbNT2cQkSSgoSIcpOzZVqzcFIRihNOs5CSSxkDGMKQ9jSEEVLrp7JYMH2pngP1I6BcqPHN/TqQQSDkJPN0ZgBrJxdrU/K/WS5R/7qYsjBNFQzJf5CccqwhPg8EDJihRfKIBiGD6r5iMQAeidHwlHYK9ePJfaJ/Ubc03p5XGRR5HER2gMqoiG52hBrpGTdRCBD2gJ/SCXo1H49l4M97nrQUjn9lHv2R8fAOXu5jS</latexit><latexit sha1_base64="mO72jTBjT3fF3iKXvVoAavZ6mvQ=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitIglEUEXCgU3LivYCzShnEwn7dDJhZmJWEL2bnwVNy4UcesLuPNtnLZZaPWHgY//nMOZ83sxZ1JZ1pdRWFpeWV0rrpc2Nre2d8zdvbaMEkFoi0Q8El0PJOUspC3FFKfdWFAIPE473vhqWu/cUSFZFN6qSUzdAIYh8xkBpa2+WXYkGwZQhRq+xI4vgKR2ltr4CDv0Pq4eQy3rmxWrbs2E/4KdQwXlavbNT2cQkSSgoSIcpOzZVqzcFIRihNOs5CSSxkDGMKQ9jSEEVLrp7JYMH2pngP1I6BcqPHN/TqQQSDkJPN0ZgBrJxdrU/K/WS5R/7qYsjBNFQzJf5CccqwhPg8EDJihRfKIBiGD6r5iMQAeidHwlHYK9ePJfaJ/Ubc03p5XGRR5HER2gMqoiG52hBrpGTdRCBD2gJ/SCXo1H49l4M97nrQUjn9lHv2R8fAOXu5jS</latexit><latexit sha1_base64="mO72jTBjT3fF3iKXvVoAavZ6mvQ=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitIglEUEXCgU3LivYCzShnEwn7dDJhZmJWEL2bnwVNy4UcesLuPNtnLZZaPWHgY//nMOZ83sxZ1JZ1pdRWFpeWV0rrpc2Nre2d8zdvbaMEkFoi0Q8El0PJOUspC3FFKfdWFAIPE473vhqWu/cUSFZFN6qSUzdAIYh8xkBpa2+WXYkGwZQhRq+xI4vgKR2ltr4CDv0Pq4eQy3rmxWrbs2E/4KdQwXlavbNT2cQkSSgoSIcpOzZVqzcFIRihNOs5CSSxkDGMKQ9jSEEVLrp7JYMH2pngP1I6BcqPHN/TqQQSDkJPN0ZgBrJxdrU/K/WS5R/7qYsjBNFQzJf5CccqwhPg8EDJihRfKIBiGD6r5iMQAeidHwlHYK9ePJfaJ/Ubc03p5XGRR5HER2gMqoiG52hBrpGTdRCBD2gJ/SCXo1H49l4M97nrQUjn9lHv2R8fAOXu5jS</latexit><latexit sha1_base64="mO72jTBjT3fF3iKXvVoAavZ6mvQ=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitIglEUEXCgU3LivYCzShnEwn7dDJhZmJWEL2bnwVNy4UcesLuPNtnLZZaPWHgY//nMOZ83sxZ1JZ1pdRWFpeWV0rrpc2Nre2d8zdvbaMEkFoi0Q8El0PJOUspC3FFKfdWFAIPE473vhqWu/cUSFZFN6qSUzdAIYh8xkBpa2+WXYkGwZQhRq+xI4vgKR2ltr4CDv0Pq4eQy3rmxWrbs2E/4KdQwXlavbNT2cQkSSgoSIcpOzZVqzcFIRihNOs5CSSxkDGMKQ9jSEEVLrp7JYMH2pngP1I6BcqPHN/TqQQSDkJPN0ZgBrJxdrU/K/WS5R/7qYsjBNFQzJf5CccqwhPg8EDJihRfKIBiGD6r5iMQAeidHwlHYK9ePJfaJ/Ubc03p5XGRR5HER2gMqoiG52hBrpGTdRCBD2gJ/SCXo1H49l4M97nrQUjn9lHv2R8fAOXu5jS</latexit>

�(a) = tanh(a)/2.0 + 0.5
<latexit sha1_base64="GZhfkY8uGvnCOj8H68m/LGTPUxc=">AAACCnicbZDLSgMxFIYzXmu9jbp0Ey1CRagzRdGFQsGNywr2Am0pZ9K0DU0yQ5IRytC1G1/FjQtF3PoE7nwb03YW2vpD4OM/53By/iDiTBvP+3YWFpeWV1Yza9n1jc2tbXdnt6rDWBFaISEPVT0ATTmTtGKY4bQeKQoi4LQWDG7G9doDVZqF8t4MI9oS0JOsywgYa7Xdg6ZmPQF5OMbXuGlA9vGYT3Gx4OET7BXO227OK3gT4XnwU8ihVOW2+9XshCQWVBrCQeuG70WmlYAyjHA6yjZjTSMgA+jRhkUJgupWMjllhI+s08HdUNknDZ64vycSEFoPRWA7BZi+nq2Nzf9qjdh0L1sJk1FsqCTTRd2YYxPicS64wxQlhg8tAFHM/hWTPiggxqaXtSH4syfPQ7VY8C3fneVKV2kcGbSPDlEe+egCldAtKqMKIugRPaNX9OY8OS/Ou/MxbV1w0pk99EfO5w+0KZZh</latexit><latexit sha1_base64="GZhfkY8uGvnCOj8H68m/LGTPUxc=">AAACCnicbZDLSgMxFIYzXmu9jbp0Ey1CRagzRdGFQsGNywr2Am0pZ9K0DU0yQ5IRytC1G1/FjQtF3PoE7nwb03YW2vpD4OM/53By/iDiTBvP+3YWFpeWV1Yza9n1jc2tbXdnt6rDWBFaISEPVT0ATTmTtGKY4bQeKQoi4LQWDG7G9doDVZqF8t4MI9oS0JOsywgYa7Xdg6ZmPQF5OMbXuGlA9vGYT3Gx4OET7BXO227OK3gT4XnwU8ihVOW2+9XshCQWVBrCQeuG70WmlYAyjHA6yjZjTSMgA+jRhkUJgupWMjllhI+s08HdUNknDZ64vycSEFoPRWA7BZi+nq2Nzf9qjdh0L1sJk1FsqCTTRd2YYxPicS64wxQlhg8tAFHM/hWTPiggxqaXtSH4syfPQ7VY8C3fneVKV2kcGbSPDlEe+egCldAtKqMKIugRPaNX9OY8OS/Ou/MxbV1w0pk99EfO5w+0KZZh</latexit><latexit sha1_base64="GZhfkY8uGvnCOj8H68m/LGTPUxc=">AAACCnicbZDLSgMxFIYzXmu9jbp0Ey1CRagzRdGFQsGNywr2Am0pZ9K0DU0yQ5IRytC1G1/FjQtF3PoE7nwb03YW2vpD4OM/53By/iDiTBvP+3YWFpeWV1Yza9n1jc2tbXdnt6rDWBFaISEPVT0ATTmTtGKY4bQeKQoi4LQWDG7G9doDVZqF8t4MI9oS0JOsywgYa7Xdg6ZmPQF5OMbXuGlA9vGYT3Gx4OET7BXO227OK3gT4XnwU8ihVOW2+9XshCQWVBrCQeuG70WmlYAyjHA6yjZjTSMgA+jRhkUJgupWMjllhI+s08HdUNknDZ64vycSEFoPRWA7BZi+nq2Nzf9qjdh0L1sJk1FsqCTTRd2YYxPicS64wxQlhg8tAFHM/hWTPiggxqaXtSH4syfPQ7VY8C3fneVKV2kcGbSPDlEe+egCldAtKqMKIugRPaNX9OY8OS/Ou/MxbV1w0pk99EfO5w+0KZZh</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="1LRGCOTcZv2VjcZ+Os3WSN5iagw=">AAAB/3icbZBLSwMxFIXv1FetVUe3bqJFqAh1piC6EQQ3LivYB3SGcidN29BMZkgyQildu/GvuHGhiP/Cnf/G9LHQ6oHAxzkJN/dEqeDaeN6Xk1tZXVvfyG8WtorbO7vuXrGhk0xRVqeJSFQrQs0El6xuuBGslSqGcSRYMxreTPPmA1OaJ/LejFIWxtiXvMcpGmt13MNA836MZTwhVyQwKAdkymekWvHIKfEq5x235FW8mchf8BdQgoVqHfcz6CY0i5k0VKDWbd9LTThGZTgVbFIIMs1SpEPss7ZFiTHT4Xi2yoQcW6dLeomyRxoyc3++GGOs9SiO7M0YzUAvZ1Pzv6ydmd5lOOYyzQyTdD6olwliEjLthXS5YtSIkQWkitu/EjpAhdTY9gq2BH955b/QqFZ8y3ce5OEAjqAMPlzANdxCDepA4RGe4RXenCfnxXmf15VzFr3twy85H98/1JTy</latexit><latexit sha1_base64="1LRGCOTcZv2VjcZ+Os3WSN5iagw=">AAAB/3icbZBLSwMxFIXv1FetVUe3bqJFqAh1piC6EQQ3LivYB3SGcidN29BMZkgyQildu/GvuHGhiP/Cnf/G9LHQ6oHAxzkJN/dEqeDaeN6Xk1tZXVvfyG8WtorbO7vuXrGhk0xRVqeJSFQrQs0El6xuuBGslSqGcSRYMxreTPPmA1OaJ/LejFIWxtiXvMcpGmt13MNA836MZTwhVyQwKAdkymekWvHIKfEq5x235FW8mchf8BdQgoVqHfcz6CY0i5k0VKDWbd9LTThGZTgVbFIIMs1SpEPss7ZFiTHT4Xi2yoQcW6dLeomyRxoyc3++GGOs9SiO7M0YzUAvZ1Pzv6ydmd5lOOYyzQyTdD6olwliEjLthXS5YtSIkQWkitu/EjpAhdTY9gq2BH955b/QqFZ8y3ce5OEAjqAMPlzANdxCDepA4RGe4RXenCfnxXmf15VzFr3twy85H98/1JTy</latexit><latexit sha1_base64="aBRIE8g++J5oIWlBrLbjiIK9Lj0=">AAACCnicbZDLSgMxFIYz9VbrrerSTbQIFWHMFEQXCgU3LivYC7SlnEkzbWgmMyQZoQxdu/FV3LhQxK1P4M63Mb0stPWHwMd/zuHk/H4suDaEfDuZpeWV1bXsem5jc2t7J7+7V9NRoiir0khEquGDZoJLVjXcCNaIFYPQF6zuD27G9foDU5pH8t4MY9YOoSd5wCkYa3Xyhy3NeyEU4QRf45YB2cdjPsMll+BTTNzzTr5AXDIRXgRvBgU0U6WT/2p1I5qETBoqQOumR2LTTkEZTgUb5VqJZjHQAfRY06KEkOl2OjllhI+t08VBpOyTBk/c3xMphFoPQ992hmD6er42Nv+rNRMTXLZTLuPEMEmni4JEYBPhcS64yxWjRgwtAFXc/hXTPiigxqaXsyF48ycvQq3kepbvSKF8NYsjiw7QESoiD12gMrpFFVRFFD2iZ/SK3pwn58V5dz6mrRlnNrOP/sj5/AGy6ZZd</latexit><latexit sha1_base64="GZhfkY8uGvnCOj8H68m/LGTPUxc=">AAACCnicbZDLSgMxFIYzXmu9jbp0Ey1CRagzRdGFQsGNywr2Am0pZ9K0DU0yQ5IRytC1G1/FjQtF3PoE7nwb03YW2vpD4OM/53By/iDiTBvP+3YWFpeWV1Yza9n1jc2tbXdnt6rDWBFaISEPVT0ATTmTtGKY4bQeKQoi4LQWDG7G9doDVZqF8t4MI9oS0JOsywgYa7Xdg6ZmPQF5OMbXuGlA9vGYT3Gx4OET7BXO227OK3gT4XnwU8ihVOW2+9XshCQWVBrCQeuG70WmlYAyjHA6yjZjTSMgA+jRhkUJgupWMjllhI+s08HdUNknDZ64vycSEFoPRWA7BZi+nq2Nzf9qjdh0L1sJk1FsqCTTRd2YYxPicS64wxQlhg8tAFHM/hWTPiggxqaXtSH4syfPQ7VY8C3fneVKV2kcGbSPDlEe+egCldAtKqMKIugRPaNX9OY8OS/Ou/MxbV1w0pk99EfO5w+0KZZh</latexit><latexit sha1_base64="GZhfkY8uGvnCOj8H68m/LGTPUxc=">AAACCnicbZDLSgMxFIYzXmu9jbp0Ey1CRagzRdGFQsGNywr2Am0pZ9K0DU0yQ5IRytC1G1/FjQtF3PoE7nwb03YW2vpD4OM/53By/iDiTBvP+3YWFpeWV1Yza9n1jc2tbXdnt6rDWBFaISEPVT0ATTmTtGKY4bQeKQoi4LQWDG7G9doDVZqF8t4MI9oS0JOsywgYa7Xdg6ZmPQF5OMbXuGlA9vGYT3Gx4OET7BXO227OK3gT4XnwU8ihVOW2+9XshCQWVBrCQeuG70WmlYAyjHA6yjZjTSMgA+jRhkUJgupWMjllhI+s08HdUNknDZ64vycSEFoPRWA7BZi+nq2Nzf9qjdh0L1sJk1FsqCTTRd2YYxPicS64wxQlhg8tAFHM/hWTPiggxqaXtSH4syfPQ7VY8C3fneVKV2kcGbSPDlEe+egCldAtKqMKIugRPaNX9OY8OS/Ou/MxbV1w0pk99EfO5w+0KZZh</latexit><latexit sha1_base64="GZhfkY8uGvnCOj8H68m/LGTPUxc=">AAACCnicbZDLSgMxFIYzXmu9jbp0Ey1CRagzRdGFQsGNywr2Am0pZ9K0DU0yQ5IRytC1G1/FjQtF3PoE7nwb03YW2vpD4OM/53By/iDiTBvP+3YWFpeWV1Yza9n1jc2tbXdnt6rDWBFaISEPVT0ATTmTtGKY4bQeKQoi4LQWDG7G9doDVZqF8t4MI9oS0JOsywgYa7Xdg6ZmPQF5OMbXuGlA9vGYT3Gx4OET7BXO227OK3gT4XnwU8ihVOW2+9XshCQWVBrCQeuG70WmlYAyjHA6yjZjTSMgA+jRhkUJgupWMjllhI+s08HdUNknDZ64vycSEFoPRWA7BZi+nq2Nzf9qjdh0L1sJk1FsqCTTRd2YYxPicS64wxQlhg8tAFHM/hWTPiggxqaXtSH4syfPQ7VY8C3fneVKV2kcGbSPDlEe+egCldAtKqMKIugRPaNX9OY8OS/Ou/MxbV1w0pk99EfO5w+0KZZh</latexit><latexit sha1_base64="GZhfkY8uGvnCOj8H68m/LGTPUxc=">AAACCnicbZDLSgMxFIYzXmu9jbp0Ey1CRagzRdGFQsGNywr2Am0pZ9K0DU0yQ5IRytC1G1/FjQtF3PoE7nwb03YW2vpD4OM/53By/iDiTBvP+3YWFpeWV1Yza9n1jc2tbXdnt6rDWBFaISEPVT0ATTmTtGKY4bQeKQoi4LQWDG7G9doDVZqF8t4MI9oS0JOsywgYa7Xdg6ZmPQF5OMbXuGlA9vGYT3Gx4OET7BXO227OK3gT4XnwU8ihVOW2+9XshCQWVBrCQeuG70WmlYAyjHA6yjZjTSMgA+jRhkUJgupWMjllhI+s08HdUNknDZ64vycSEFoPRWA7BZi+nq2Nzf9qjdh0L1sJk1FsqCTTRd2YYxPicS64wxQlhg8tAFHM/hWTPiggxqaXtSH4syfPQ7VY8C3fneVKV2kcGbSPDlEe+egCldAtKqMKIugRPaNX9OY8OS/Ou/MxbV1w0pk99EfO5w+0KZZh</latexit><latexit sha1_base64="GZhfkY8uGvnCOj8H68m/LGTPUxc=">AAACCnicbZDLSgMxFIYzXmu9jbp0Ey1CRagzRdGFQsGNywr2Am0pZ9K0DU0yQ5IRytC1G1/FjQtF3PoE7nwb03YW2vpD4OM/53By/iDiTBvP+3YWFpeWV1Yza9n1jc2tbXdnt6rDWBFaISEPVT0ATTmTtGKY4bQeKQoi4LQWDG7G9doDVZqF8t4MI9oS0JOsywgYa7Xdg6ZmPQF5OMbXuGlA9vGYT3Gx4OET7BXO227OK3gT4XnwU8ihVOW2+9XshCQWVBrCQeuG70WmlYAyjHA6yjZjTSMgA+jRhkUJgupWMjllhI+s08HdUNknDZ64vycSEFoPRWA7BZi+nq2Nzf9qjdh0L1sJk1FsqCTTRd2YYxPicS64wxQlhg8tAFHM/hWTPiggxqaXtSH4syfPQ7VY8C3fneVKV2kcGbSPDlEe+egCldAtKqMKIugRPaNX9OY8OS/Ou/MxbV1w0pk99EfO5w+0KZZh</latexit><latexit sha1_base64="GZhfkY8uGvnCOj8H68m/LGTPUxc=">AAACCnicbZDLSgMxFIYzXmu9jbp0Ey1CRagzRdGFQsGNywr2Am0pZ9K0DU0yQ5IRytC1G1/FjQtF3PoE7nwb03YW2vpD4OM/53By/iDiTBvP+3YWFpeWV1Yza9n1jc2tbXdnt6rDWBFaISEPVT0ATTmTtGKY4bQeKQoi4LQWDG7G9doDVZqF8t4MI9oS0JOsywgYa7Xdg6ZmPQF5OMbXuGlA9vGYT3Gx4OET7BXO227OK3gT4XnwU8ihVOW2+9XshCQWVBrCQeuG70WmlYAyjHA6yjZjTSMgA+jRhkUJgupWMjllhI+s08HdUNknDZ64vycSEFoPRWA7BZi+nq2Nzf9qjdh0L1sJk1FsqCTTRd2YYxPicS64wxQlhg8tAFHM/hWTPiggxqaXtSH4syfPQ7VY8C3fneVKV2kcGbSPDlEe+egCldAtKqMKIugRPaNX9OY8OS/Ou/MxbV1w0pk99EfO5w+0KZZh</latexit>

Sigmoid function

Tangent Hyperbolic

Introduction
Learning basics

Math. basics
Perceptron model



Computer
Vision Decision boundary

Introduction
Learning basics

Math. basics
Perceptron model

f(x; ✓) = 0.5
<latexit sha1_base64="zu7oC/aME43E0OTwRVqjPuO8SbU=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSiKKgQsGNywr2Ak0ok+mkHTq5MHMillBw46u4caGIW1/CnW/jpM1CW38Y+PjPOcw5vxcLrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWUSMoaNBKRbHtEMcFD1gAOgrVjyUjgCdbyhtdZvXXPpOJReAejmLkB6Yfc55SAtrrmnl9xAgIDz08fxhcODBiQI3yFrepp1yxbVWsiPA92DmWUq941v5xeRJOAhUAFUapjWzG4KZHAqWDjkpMoFhM6JH3W0RiSgCk3ndwwxofa6WE/kvqFgCfu74mUBEqNAk93Zvuq2Vpm/lfrJOCfuykP4wRYSKcf+YnAEOEsENzjklEQIw2ESq53xXRAJKGgYyvpEOzZk+eheVy1Nd+elGuXeRxFtI8OUAXZ6AzV0A2qowai6BE9o1f0ZjwZL8a78TFtLRj5zC76I+PzB+vulls=</latexit><latexit sha1_base64="zu7oC/aME43E0OTwRVqjPuO8SbU=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSiKKgQsGNywr2Ak0ok+mkHTq5MHMillBw46u4caGIW1/CnW/jpM1CW38Y+PjPOcw5vxcLrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWUSMoaNBKRbHtEMcFD1gAOgrVjyUjgCdbyhtdZvXXPpOJReAejmLkB6Yfc55SAtrrmnl9xAgIDz08fxhcODBiQI3yFrepp1yxbVWsiPA92DmWUq941v5xeRJOAhUAFUapjWzG4KZHAqWDjkpMoFhM6JH3W0RiSgCk3ndwwxofa6WE/kvqFgCfu74mUBEqNAk93Zvuq2Vpm/lfrJOCfuykP4wRYSKcf+YnAEOEsENzjklEQIw2ESq53xXRAJKGgYyvpEOzZk+eheVy1Nd+elGuXeRxFtI8OUAXZ6AzV0A2qowai6BE9o1f0ZjwZL8a78TFtLRj5zC76I+PzB+vulls=</latexit><latexit sha1_base64="zu7oC/aME43E0OTwRVqjPuO8SbU=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSiKKgQsGNywr2Ak0ok+mkHTq5MHMillBw46u4caGIW1/CnW/jpM1CW38Y+PjPOcw5vxcLrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWUSMoaNBKRbHtEMcFD1gAOgrVjyUjgCdbyhtdZvXXPpOJReAejmLkB6Yfc55SAtrrmnl9xAgIDz08fxhcODBiQI3yFrepp1yxbVWsiPA92DmWUq941v5xeRJOAhUAFUapjWzG4KZHAqWDjkpMoFhM6JH3W0RiSgCk3ndwwxofa6WE/kvqFgCfu74mUBEqNAk93Zvuq2Vpm/lfrJOCfuykP4wRYSKcf+YnAEOEsENzjklEQIw2ESq53xXRAJKGgYyvpEOzZk+eheVy1Nd+elGuXeRxFtI8OUAXZ6AzV0A2qowai6BE9o1f0ZjwZL8a78TFtLRj5zC76I+PzB+vulls=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="WL8rR9Za/lQq14HmhoRf2I4gHSs=">AAAB+HicbZBLSwMxFIXv1FetVatL3QSLUDdlRhAFEQQ3LivYB3SGkkkzbWjmQXJHLEPBjX/FjQtF/CXu/Ddm2i609UDg45yE3Hv8RAqNtv1tFVZW19Y3ipulrfL2zm5lr9zScaoYb7JYxqrjU82liHgTBUreSRSnoS952x/d5Hn7gSst4ugexwn3QjqIRCAYRWP1KgdBzQ0pDv0ge5xcujjkSE/IFbHrZ71K1a7bU5FlcOZQhbkavcqX249ZGvIImaRadx07QS+jCgWTfFJyU80TykZ0wLsGIxpy7WXTHSbk2Dh9EsTKnAjJ1P39IqOh1uPQNzfzefVilpv/Zd0UgwsvE1GSIo/Y7KMglQRjkhdC+kJxhnJsgDIlzKyEDamiDE1tJVOCs7jyMrRO647hOxuKcAhHUAMHzuEabqEBTWDwBC/wBu/Ws/VqfczqKljz3vbhj6zPH3aZlPM=</latexit><latexit sha1_base64="WL8rR9Za/lQq14HmhoRf2I4gHSs=">AAAB+HicbZBLSwMxFIXv1FetVatL3QSLUDdlRhAFEQQ3LivYB3SGkkkzbWjmQXJHLEPBjX/FjQtF/CXu/Ddm2i609UDg45yE3Hv8RAqNtv1tFVZW19Y3ipulrfL2zm5lr9zScaoYb7JYxqrjU82liHgTBUreSRSnoS952x/d5Hn7gSst4ugexwn3QjqIRCAYRWP1KgdBzQ0pDv0ge5xcujjkSE/IFbHrZ71K1a7bU5FlcOZQhbkavcqX249ZGvIImaRadx07QS+jCgWTfFJyU80TykZ0wLsGIxpy7WXTHSbk2Dh9EsTKnAjJ1P39IqOh1uPQNzfzefVilpv/Zd0UgwsvE1GSIo/Y7KMglQRjkhdC+kJxhnJsgDIlzKyEDamiDE1tJVOCs7jyMrRO647hOxuKcAhHUAMHzuEabqEBTWDwBC/wBu/Ws/VqfczqKljz3vbhj6zPH3aZlPM=</latexit><latexit sha1_base64="ILC+C6Xokyr64ay6fEnVmAEIbYE=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIdVMSQRRUKLhxWcFeoAllMp20QyeTMHMillBw46u4caGIW1/CnW/jpO1CW38Y+PjPOcw5f5AIrsFxvq2FxaXlldXCWnF9Y3Nr297Zbeg4VZTVaSxi1QqIZoJLVgcOgrUSxUgUCNYMBtd5vXnPlOaxvINhwvyI9CQPOSVgrI69H5a9iEA/CLOH0YUHfQbkGF9hp3LasUtOxRkLz4M7hRKaqtaxv7xuTNOISaCCaN12nQT8jCjgVLBR0Us1SwgdkB5rG5QkYtrPxjeM8JFxujiMlXkS8Nj9PZGRSOthFJjOfF89W8vN/2rtFMJzP+MySYFJOvkoTAWGGOeB4C5XjIIYGiBUcbMrpn2iCAUTW9GE4M6ePA+Nk4pr+NYpVS+ncRTQATpEZeSiM1RFN6iG6oiiR/SMXtGb9WS9WO/Wx6R1wZrO7KE/sj5/AOqullc=</latexit><latexit sha1_base64="zu7oC/aME43E0OTwRVqjPuO8SbU=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSiKKgQsGNywr2Ak0ok+mkHTq5MHMillBw46u4caGIW1/CnW/jpM1CW38Y+PjPOcw5vxcLrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWUSMoaNBKRbHtEMcFD1gAOgrVjyUjgCdbyhtdZvXXPpOJReAejmLkB6Yfc55SAtrrmnl9xAgIDz08fxhcODBiQI3yFrepp1yxbVWsiPA92DmWUq941v5xeRJOAhUAFUapjWzG4KZHAqWDjkpMoFhM6JH3W0RiSgCk3ndwwxofa6WE/kvqFgCfu74mUBEqNAk93Zvuq2Vpm/lfrJOCfuykP4wRYSKcf+YnAEOEsENzjklEQIw2ESq53xXRAJKGgYyvpEOzZk+eheVy1Nd+elGuXeRxFtI8OUAXZ6AzV0A2qowai6BE9o1f0ZjwZL8a78TFtLRj5zC76I+PzB+vulls=</latexit><latexit sha1_base64="zu7oC/aME43E0OTwRVqjPuO8SbU=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSiKKgQsGNywr2Ak0ok+mkHTq5MHMillBw46u4caGIW1/CnW/jpM1CW38Y+PjPOcw5vxcLrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWUSMoaNBKRbHtEMcFD1gAOgrVjyUjgCdbyhtdZvXXPpOJReAejmLkB6Yfc55SAtrrmnl9xAgIDz08fxhcODBiQI3yFrepp1yxbVWsiPA92DmWUq941v5xeRJOAhUAFUapjWzG4KZHAqWDjkpMoFhM6JH3W0RiSgCk3ndwwxofa6WE/kvqFgCfu74mUBEqNAk93Zvuq2Vpm/lfrJOCfuykP4wRYSKcf+YnAEOEsENzjklEQIw2ESq53xXRAJKGgYyvpEOzZk+eheVy1Nd+elGuXeRxFtI8OUAXZ6AzV0A2qowai6BE9o1f0ZjwZL8a78TFtLRj5zC76I+PzB+vulls=</latexit><latexit sha1_base64="zu7oC/aME43E0OTwRVqjPuO8SbU=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSiKKgQsGNywr2Ak0ok+mkHTq5MHMillBw46u4caGIW1/CnW/jpM1CW38Y+PjPOcw5vxcLrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWUSMoaNBKRbHtEMcFD1gAOgrVjyUjgCdbyhtdZvXXPpOJReAejmLkB6Yfc55SAtrrmnl9xAgIDz08fxhcODBiQI3yFrepp1yxbVWsiPA92DmWUq941v5xeRJOAhUAFUapjWzG4KZHAqWDjkpMoFhM6JH3W0RiSgCk3ndwwxofa6WE/kvqFgCfu74mUBEqNAk93Zvuq2Vpm/lfrJOCfuykP4wRYSKcf+YnAEOEsENzjklEQIw2ESq53xXRAJKGgYyvpEOzZk+eheVy1Nd+elGuXeRxFtI8OUAXZ6AzV0A2qowai6BE9o1f0ZjwZL8a78TFtLRj5zC76I+PzB+vulls=</latexit><latexit sha1_base64="zu7oC/aME43E0OTwRVqjPuO8SbU=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSiKKgQsGNywr2Ak0ok+mkHTq5MHMillBw46u4caGIW1/CnW/jpM1CW38Y+PjPOcw5vxcLrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWUSMoaNBKRbHtEMcFD1gAOgrVjyUjgCdbyhtdZvXXPpOJReAejmLkB6Yfc55SAtrrmnl9xAgIDz08fxhcODBiQI3yFrepp1yxbVWsiPA92DmWUq941v5xeRJOAhUAFUapjWzG4KZHAqWDjkpMoFhM6JH3W0RiSgCk3ndwwxofa6WE/kvqFgCfu74mUBEqNAk93Zvuq2Vpm/lfrJOCfuykP4wRYSKcf+YnAEOEsENzjklEQIw2ESq53xXRAJKGgYyvpEOzZk+eheVy1Nd+elGuXeRxFtI8OUAXZ6AzV0A2qowai6BE9o1f0ZjwZL8a78TFtLRj5zC76I+PzB+vulls=</latexit><latexit sha1_base64="zu7oC/aME43E0OTwRVqjPuO8SbU=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSiKKgQsGNywr2Ak0ok+mkHTq5MHMillBw46u4caGIW1/CnW/jpM1CW38Y+PjPOcw5vxcLrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWUSMoaNBKRbHtEMcFD1gAOgrVjyUjgCdbyhtdZvXXPpOJReAejmLkB6Yfc55SAtrrmnl9xAgIDz08fxhcODBiQI3yFrepp1yxbVWsiPA92DmWUq941v5xeRJOAhUAFUapjWzG4KZHAqWDjkpMoFhM6JH3W0RiSgCk3ndwwxofa6WE/kvqFgCfu74mUBEqNAk93Zvuq2Vpm/lfrJOCfuykP4wRYSKcf+YnAEOEsENzjklEQIw2ESq53xXRAJKGgYyvpEOzZk+eheVy1Nd+elGuXeRxFtI8OUAXZ6AzV0A2qowai6BE9o1f0ZjwZL8a78TFtLRj5zC76I+PzB+vulls=</latexit><latexit sha1_base64="zu7oC/aME43E0OTwRVqjPuO8SbU=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSiKKgQsGNywr2Ak0ok+mkHTq5MHMillBw46u4caGIW1/CnW/jpM1CW38Y+PjPOcw5vxcLrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWUSMoaNBKRbHtEMcFD1gAOgrVjyUjgCdbyhtdZvXXPpOJReAejmLkB6Yfc55SAtrrmnl9xAgIDz08fxhcODBiQI3yFrepp1yxbVWsiPA92DmWUq941v5xeRJOAhUAFUapjWzG4KZHAqWDjkpMoFhM6JH3W0RiSgCk3ndwwxofa6WE/kvqFgCfu74mUBEqNAk93Zvuq2Vpm/lfrJOCfuykP4wRYSKcf+YnAEOEsENzjklEQIw2ESq53xXRAJKGgYyvpEOzZk+eheVy1Nd+elGuXeRxFtI8OUAXZ6AzV0A2qowai6BE9o1f0ZjwZL8a78TFtLRj5zC76I+PzB+vulls=</latexit>



Computer
Vision Decision boundary II

Introduction
Learning basics

Math. basics
Perceptron model

f(x; ✓) = 0.5
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Vision Notes on perceptron model

• Logistic regression is the building block
• Essentially a linear model 
• Linear boundary separation and cannot model more 

complicated separation
• Building block for more complicated models
• We have not seen training yet, will come back that
• First let’s see more complicated models
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x3
<latexit sha1_base64="KuESDiujoxcYHEXLv7bg70MW+us=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix4MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1v1T/7JfrrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/YzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwAKhI2U</latexit><latexit sha1_base64="KuESDiujoxcYHEXLv7bg70MW+us=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix4MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1v1T/7JfrrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/YzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwAKhI2U</latexit><latexit sha1_base64="KuESDiujoxcYHEXLv7bg70MW+us=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix4MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1v1T/7JfrrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/YzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwAKhI2U</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="RDOwuR0gc+Y5Qb3FVtB6C66Taoc=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozutCl4MZlRfuAdiiZ9E4bmskMyR2xlP4ENy4U8V+589+YPhbaeiDwcU5C7j1RpqQl3//2ChubW9s7xd3SXnn/4LByVG7aNDcCGyJVqWlH3KKSGhskSWE7M8iTSGErGt3O8tYTGitT/UjjDMOED7SMpeDkrIfn3mWvUvVr/lxsHYIlVGGpeq/y1e2nIk9Qk1Dc2k7gZxROuCEpFE5L3dxixsWID7DjUPMEbTiZjzplZ87pszg17mhic/f3iwlPrB0nkbuZcBra1Wxm/pd1coqvw4nUWU6oxeKjOFeMUjbbm/WlQUFq7IALI92sTAy54YJcOyVXQrC68jo0L2qB43sfinACp3AOAVzBDdxBHRogYAAv8AbvnvJevY9FXQVv2dsx/JH3+QPzP4xN</latexit><latexit sha1_base64="RDOwuR0gc+Y5Qb3FVtB6C66Taoc=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozutCl4MZlRfuAdiiZ9E4bmskMyR2xlP4ENy4U8V+589+YPhbaeiDwcU5C7j1RpqQl3//2ChubW9s7xd3SXnn/4LByVG7aNDcCGyJVqWlH3KKSGhskSWE7M8iTSGErGt3O8tYTGitT/UjjDMOED7SMpeDkrIfn3mWvUvVr/lxsHYIlVGGpeq/y1e2nIk9Qk1Dc2k7gZxROuCEpFE5L3dxixsWID7DjUPMEbTiZjzplZ87pszg17mhic/f3iwlPrB0nkbuZcBra1Wxm/pd1coqvw4nUWU6oxeKjOFeMUjbbm/WlQUFq7IALI92sTAy54YJcOyVXQrC68jo0L2qB43sfinACp3AOAVzBDdxBHRogYAAv8AbvnvJevY9FXQVv2dsx/JH3+QPzP4xN</latexit><latexit sha1_base64="G7GFJMtGk5y3iye+/9aOI49dJ4M=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix4MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+pf9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN+5lXotj6MIJ3AK5+DBFdThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwlEjZA=</latexit><latexit sha1_base64="KuESDiujoxcYHEXLv7bg70MW+us=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix4MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1v1T/7JfrrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/YzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwAKhI2U</latexit><latexit sha1_base64="KuESDiujoxcYHEXLv7bg70MW+us=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix4MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1v1T/7JfrrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/YzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwAKhI2U</latexit><latexit sha1_base64="KuESDiujoxcYHEXLv7bg70MW+us=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix4MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1v1T/7JfrrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/YzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwAKhI2U</latexit><latexit sha1_base64="KuESDiujoxcYHEXLv7bg70MW+us=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix4MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1v1T/7JfrrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/YzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwAKhI2U</latexit><latexit sha1_base64="KuESDiujoxcYHEXLv7bg70MW+us=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix4MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1v1T/7JfrrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/YzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwAKhI2U</latexit><latexit sha1_base64="KuESDiujoxcYHEXLv7bg70MW+us=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSLeix4MVjRfsBbSib7aRdutmE3Y1YQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1v1T/7JfrrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/YzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3I+fwAKhI2U</latexit>

x4
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x6
<latexit sha1_base64="37pM5HsGtB47nNf4g/iRXXY+LpA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeqx4MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+pf9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwAPEI2X</latexit><latexit sha1_base64="37pM5HsGtB47nNf4g/iRXXY+LpA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeqx4MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+pf9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwAPEI2X</latexit><latexit sha1_base64="37pM5HsGtB47nNf4g/iRXXY+LpA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeqx4MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+pf9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwAPEI2X</latexit><latexit sha1_base64="37pM5HsGtB47nNf4g/iRXXY+LpA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKeqx4MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+pf9csWtunORVfByqECuRr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdi4pG3PjZfNUpObPOgISxtk8hmbu/JzIaGTOJAtsZURyZ5drM/K/WTTG89jOhkhS5YouPwlQSjMnsbjIQmjOUEwuUaWF3JWxENWVo0ynZELzlk1ehdVH1LN/VKvVaHkcRTuAUzsGDK6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwAPEI2X</latexit>

x7
<latexit sha1_base64="cGVAQn/yocbYypvZ1mcjjQ5xAkQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DeqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVX1LN/VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPxCUjZg=</latexit><latexit sha1_base64="cGVAQn/yocbYypvZ1mcjjQ5xAkQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DeqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVX1LN/VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPxCUjZg=</latexit><latexit sha1_base64="cGVAQn/yocbYypvZ1mcjjQ5xAkQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DeqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVX1LN/VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPxCUjZg=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="R37lBYsIMpCskxWeNitoMqOg5Iw=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbupScOOyon1AO5RMeqcNzWSG5I5YSn+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397ha3tnd294n7poHx4dFw5KbdsmhuBTZGq1HQiblFJjU2SpLCTGeRJpLAdjW/nefsJjZWpfqRJhmHCh1rGUnBy1sNzv96vVP2avxDbhGAFVVip0a989QapyBPUJBS3thv4GYVTbkgKhbNSL7eYcTHmQ+w61DxBG04Xo87YhXMGLE6NO5rYwv39YsoTaydJ5G4mnEZ2PZub/2XdnOLrcCp1lhNqsfwozhWjlM33ZgNpUJCaOODCSDcrEyNuuCDXTsmVEKyvvAmtq1rg+N6HIpzBOVxCAHW4gTtoQBMEDOEF3uDdU96r97Gsq+CtejuFP/I+fwD5I4xR</latexit><latexit sha1_base64="R37lBYsIMpCskxWeNitoMqOg5Iw=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbupScOOyon1AO5RMeqcNzWSG5I5YSn+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397ha3tnd294n7poHx4dFw5KbdsmhuBTZGq1HQiblFJjU2SpLCTGeRJpLAdjW/nefsJjZWpfqRJhmHCh1rGUnBy1sNzv96vVP2avxDbhGAFVVip0a989QapyBPUJBS3thv4GYVTbkgKhbNSL7eYcTHmQ+w61DxBG04Xo87YhXMGLE6NO5rYwv39YsoTaydJ5G4mnEZ2PZub/2XdnOLrcCp1lhNqsfwozhWjlM33ZgNpUJCaOODCSDcrEyNuuCDXTsmVEKyvvAmtq1rg+N6HIpzBOVxCAHW4gTtoQBMEDOEF3uDdU96r97Gsq+CtejuFP/I+fwD5I4xR</latexit><latexit sha1_base64="wOsdeW4f3tR9VRSW+FTj0vaC/h4=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEdpjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DWqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzGs+5lQSYpcseVHYSoJxmR+NxkKzRnKqQXKtLC7EjammjK06ZRsCN7qyevQvqp6lu/cSuM6j6MIZ3AOl+BBDRpwC01oAYMRPMMrvDnSeXHenY9la8HJZ07hj5zPHw9UjZQ=</latexit><latexit sha1_base64="cGVAQn/yocbYypvZ1mcjjQ5xAkQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DeqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVX1LN/VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPxCUjZg=</latexit><latexit sha1_base64="cGVAQn/yocbYypvZ1mcjjQ5xAkQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DeqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVX1LN/VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPxCUjZg=</latexit><latexit sha1_base64="cGVAQn/yocbYypvZ1mcjjQ5xAkQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DeqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVX1LN/VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPxCUjZg=</latexit><latexit sha1_base64="cGVAQn/yocbYypvZ1mcjjQ5xAkQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DeqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVX1LN/VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPxCUjZg=</latexit><latexit sha1_base64="cGVAQn/yocbYypvZ1mcjjQ5xAkQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DeqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVX1LN/VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPxCUjZg=</latexit><latexit sha1_base64="cGVAQn/yocbYypvZ1mcjjQ5xAkQ=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKdRjwYvHivYD2lA22027dLMJuxOxhP4ELx4U8eov8ua/cdvmoK0vLDy8M8POvEEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzM651Hro2I1QNOE+5HdKREKBhFa90/DeqDcsWtuguRdfByqECu5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9i4pG3PjZYtUZubDOkISxtk8hWbi/JzIaGTONAtsZURyb1drc/K/WSzG89jOhkhS5YsuPwlQSjMn8bjIUmjOUUwuUaWF3JWxMNWVo0ynZELzVk9ehfVX1LN/VKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzmfPxCUjZg=</latexit>

W, b| {z }
parameters

<latexit sha1_base64="EcBO5xqbOlgXPiWXpSt7pjxN35E=">AAACF3icbVA9S8RAEN347fl1ammzeAgWciQiaGFxYGOp4H3AJRybvYkubjZhdyIeIf/Cxr9iY6GIrXb+Gzd3KfT0wcLjvZmdmRemUhh03S9nZnZufmFxabm2srq2vlHf3OqYJNMc2jyRie6FzIAUCtooUEIv1cDiUEI3vD0r/e4daCMSdYWjFIKYXSsRCc7QSoN608/UEHSoGYfcjxnehFHeLQ5oWAxyH+Ee85RpFgPaT4piUG+4TXcM+pd4FWmQCheD+qc/THgWg0IumTF9z00xyJlGwSUUNT8zkDJ+y66hb6myk0yQj+8q6J5VhjRKtH0K6Vj92ZGz2JhRHNrKcnMz7ZXif14/w+gkyIVKMwTFJ4OiTFJMaBkSHQoNHOXIEsa1sLtSfmNj4GUKNRuCN33yX9I5bHqWXx41WqdVHEtkh+ySfeKRY9Ii5+SCtAknD+SJvJBX59F5dt6c90npjFP1bJNfcD6+AWmZoU8=</latexit><latexit sha1_base64="EcBO5xqbOlgXPiWXpSt7pjxN35E=">AAACF3icbVA9S8RAEN347fl1ammzeAgWciQiaGFxYGOp4H3AJRybvYkubjZhdyIeIf/Cxr9iY6GIrXb+Gzd3KfT0wcLjvZmdmRemUhh03S9nZnZufmFxabm2srq2vlHf3OqYJNMc2jyRie6FzIAUCtooUEIv1cDiUEI3vD0r/e4daCMSdYWjFIKYXSsRCc7QSoN608/UEHSoGYfcjxnehFHeLQ5oWAxyH+Ee85RpFgPaT4piUG+4TXcM+pd4FWmQCheD+qc/THgWg0IumTF9z00xyJlGwSUUNT8zkDJ+y66hb6myk0yQj+8q6J5VhjRKtH0K6Vj92ZGz2JhRHNrKcnMz7ZXif14/w+gkyIVKMwTFJ4OiTFJMaBkSHQoNHOXIEsa1sLtSfmNj4GUKNRuCN33yX9I5bHqWXx41WqdVHEtkh+ySfeKRY9Ii5+SCtAknD+SJvJBX59F5dt6c90npjFP1bJNfcD6+AWmZoU8=</latexit><latexit sha1_base64="EcBO5xqbOlgXPiWXpSt7pjxN35E=">AAACF3icbVA9S8RAEN347fl1ammzeAgWciQiaGFxYGOp4H3AJRybvYkubjZhdyIeIf/Cxr9iY6GIrXb+Gzd3KfT0wcLjvZmdmRemUhh03S9nZnZufmFxabm2srq2vlHf3OqYJNMc2jyRie6FzIAUCtooUEIv1cDiUEI3vD0r/e4daCMSdYWjFIKYXSsRCc7QSoN608/UEHSoGYfcjxnehFHeLQ5oWAxyH+Ee85RpFgPaT4piUG+4TXcM+pd4FWmQCheD+qc/THgWg0IumTF9z00xyJlGwSUUNT8zkDJ+y66hb6myk0yQj+8q6J5VhjRKtH0K6Vj92ZGz2JhRHNrKcnMz7ZXif14/w+gkyIVKMwTFJ4OiTFJMaBkSHQoNHOXIEsa1sLtSfmNj4GUKNRuCN33yX9I5bHqWXx41WqdVHEtkh+ySfeKRY9Ii5+SCtAknD+SJvJBX59F5dt6c90npjFP1bJNfcD6+AWmZoU8=</latexit><latexit sha1_base64="EcBO5xqbOlgXPiWXpSt7pjxN35E=">AAACF3icbVA9S8RAEN347fl1ammzeAgWciQiaGFxYGOp4H3AJRybvYkubjZhdyIeIf/Cxr9iY6GIrXb+Gzd3KfT0wcLjvZmdmRemUhh03S9nZnZufmFxabm2srq2vlHf3OqYJNMc2jyRie6FzIAUCtooUEIv1cDiUEI3vD0r/e4daCMSdYWjFIKYXSsRCc7QSoN608/UEHSoGYfcjxnehFHeLQ5oWAxyH+Ee85RpFgPaT4piUG+4TXcM+pd4FWmQCheD+qc/THgWg0IumTF9z00xyJlGwSUUNT8zkDJ+y66hb6myk0yQj+8q6J5VhjRKtH0K6Vj92ZGz2JhRHNrKcnMz7ZXif14/w+gkyIVKMwTFJ4OiTFJMaBkSHQoNHOXIEsa1sLtSfmNj4GUKNRuCN33yX9I5bHqWXx41WqdVHEtkh+ySfeKRY9Ii5+SCtAknD+SJvJBX59F5dt6c90npjFP1bJNfcD6+AWmZoU8=</latexit>

x|{z}
inputs

<latexit sha1_base64="y8o1gfCSgjR1qIprDBDwEM1C4YQ=">AAACEHicbVA9SwNBEN2LXzF+RS1tDoNoFe5E0MIiYGMZwXxA7gh7m7lkyd7esTsnCUd+go1/xcZCEVtLO/+Nm+QKTXyw8Pa9GWbmBYngGh3n2yqsrK6tbxQ3S1vbO7t75f2Dpo5TxaDBYhGrdkA1CC6hgRwFtBMFNAoEtILhzdRvPYDSPJb3OE7Aj2hf8pAzikbqlk+9VPZABYoyyLyI4iAIs9Fk0s08hBFmXCYpavMvV5yqM4O9TNycVEiOerf85fVilkYgkQmqdcd1EvQzqpAzAZOSl2pIKBvSPnQMlTQC7Wezgyb2iVF6dhgr8yTaM/V3R0YjrcdRYCqnK+tFbyr+53VSDK/8+VEg2XxQmAobY3uajt3jChiKsSGUKW52tdmAmnDQZFgyIbiLJy+T5nnVNfzuolK7zuMokiNyTM6ISy5JjdySOmkQRh7JM3klb9aT9WK9Wx/z0oKV9xySP7A+fwDDip7r</latexit><latexit sha1_base64="y8o1gfCSgjR1qIprDBDwEM1C4YQ=">AAACEHicbVA9SwNBEN2LXzF+RS1tDoNoFe5E0MIiYGMZwXxA7gh7m7lkyd7esTsnCUd+go1/xcZCEVtLO/+Nm+QKTXyw8Pa9GWbmBYngGh3n2yqsrK6tbxQ3S1vbO7t75f2Dpo5TxaDBYhGrdkA1CC6hgRwFtBMFNAoEtILhzdRvPYDSPJb3OE7Aj2hf8pAzikbqlk+9VPZABYoyyLyI4iAIs9Fk0s08hBFmXCYpavMvV5yqM4O9TNycVEiOerf85fVilkYgkQmqdcd1EvQzqpAzAZOSl2pIKBvSPnQMlTQC7Wezgyb2iVF6dhgr8yTaM/V3R0YjrcdRYCqnK+tFbyr+53VSDK/8+VEg2XxQmAobY3uajt3jChiKsSGUKW52tdmAmnDQZFgyIbiLJy+T5nnVNfzuolK7zuMokiNyTM6ISy5JjdySOmkQRh7JM3klb9aT9WK9Wx/z0oKV9xySP7A+fwDDip7r</latexit><latexit sha1_base64="y8o1gfCSgjR1qIprDBDwEM1C4YQ=">AAACEHicbVA9SwNBEN2LXzF+RS1tDoNoFe5E0MIiYGMZwXxA7gh7m7lkyd7esTsnCUd+go1/xcZCEVtLO/+Nm+QKTXyw8Pa9GWbmBYngGh3n2yqsrK6tbxQ3S1vbO7t75f2Dpo5TxaDBYhGrdkA1CC6hgRwFtBMFNAoEtILhzdRvPYDSPJb3OE7Aj2hf8pAzikbqlk+9VPZABYoyyLyI4iAIs9Fk0s08hBFmXCYpavMvV5yqM4O9TNycVEiOerf85fVilkYgkQmqdcd1EvQzqpAzAZOSl2pIKBvSPnQMlTQC7Wezgyb2iVF6dhgr8yTaM/V3R0YjrcdRYCqnK+tFbyr+53VSDK/8+VEg2XxQmAobY3uajt3jChiKsSGUKW52tdmAmnDQZFgyIbiLJy+T5nnVNfzuolK7zuMokiNyTM6ISy5JjdySOmkQRh7JM3klb9aT9WK9Wx/z0oKV9xySP7A+fwDDip7r</latexit><latexit sha1_base64="y8o1gfCSgjR1qIprDBDwEM1C4YQ=">AAACEHicbVA9SwNBEN2LXzF+RS1tDoNoFe5E0MIiYGMZwXxA7gh7m7lkyd7esTsnCUd+go1/xcZCEVtLO/+Nm+QKTXyw8Pa9GWbmBYngGh3n2yqsrK6tbxQ3S1vbO7t75f2Dpo5TxaDBYhGrdkA1CC6hgRwFtBMFNAoEtILhzdRvPYDSPJb3OE7Aj2hf8pAzikbqlk+9VPZABYoyyLyI4iAIs9Fk0s08hBFmXCYpavMvV5yqM4O9TNycVEiOerf85fVilkYgkQmqdcd1EvQzqpAzAZOSl2pIKBvSPnQMlTQC7Wezgyb2iVF6dhgr8yTaM/V3R0YjrcdRYCqnK+tFbyr+53VSDK/8+VEg2XxQmAobY3uajt3jChiKsSGUKW52tdmAmnDQZFgyIbiLJy+T5nnVNfzuolK7zuMokiNyTM6ISy5JjdySOmkQRh7JM3klb9aT9WK9Wx/z0oKV9xySP7A+fwDDip7r</latexit> Simpler graphical representation

f(x; ✓)| {z }
output

<latexit sha1_base64="amifqDmghsSaig6SJB8j2vIR3T4=">AAACGnicbVDLSsNAFJ3UV62vqks3wSLUTUlEUNBFwY3LCvYBTSmT6U07dDIJMzfSEvIdbvwVNy4UcSdu/Bunj4W2Hhg4nHMvc8/xY8E1Os63lVtZXVvfyG8WtrZ3dveK+wcNHSWKQZ1FIlItn2oQXEIdOQpoxQpo6Ato+sObid98AKV5JO9xHEMnpH3JA84oGqlbdL1E9kD5ijJIg7IXUhz4QTrKrjwcANLTrJt6CCNMowTjBLOsWyw5FWcKe5m4c1Iic9S6xU+vF7EkBIlMUK3brhNjJ6UKOROQFbxEQ0zZkPahbaikIehOOo2W2SdG6dlBpMyTaE/V3xspDbUeh76ZnJyuF72J+J/XTjC47KRcmkwg2eyjIBE2RvakJ7vHFTAUY0MoU9zcarMBNTWhabNgSnAXIy+TxlnFNfzuvFS9nteRJ0fkmJSJSy5IldySGqkTRh7JM3klb9aT9WK9Wx+z0Zw13zkkf2B9/QAUHqLB</latexit><latexit sha1_base64="amifqDmghsSaig6SJB8j2vIR3T4=">AAACGnicbVDLSsNAFJ3UV62vqks3wSLUTUlEUNBFwY3LCvYBTSmT6U07dDIJMzfSEvIdbvwVNy4UcSdu/Bunj4W2Hhg4nHMvc8/xY8E1Os63lVtZXVvfyG8WtrZ3dveK+wcNHSWKQZ1FIlItn2oQXEIdOQpoxQpo6Ato+sObid98AKV5JO9xHEMnpH3JA84oGqlbdL1E9kD5ijJIg7IXUhz4QTrKrjwcANLTrJt6CCNMowTjBLOsWyw5FWcKe5m4c1Iic9S6xU+vF7EkBIlMUK3brhNjJ6UKOROQFbxEQ0zZkPahbaikIehOOo2W2SdG6dlBpMyTaE/V3xspDbUeh76ZnJyuF72J+J/XTjC47KRcmkwg2eyjIBE2RvakJ7vHFTAUY0MoU9zcarMBNTWhabNgSnAXIy+TxlnFNfzuvFS9nteRJ0fkmJSJSy5IldySGqkTRh7JM3klb9aT9WK9Wx+z0Zw13zkkf2B9/QAUHqLB</latexit><latexit sha1_base64="amifqDmghsSaig6SJB8j2vIR3T4=">AAACGnicbVDLSsNAFJ3UV62vqks3wSLUTUlEUNBFwY3LCvYBTSmT6U07dDIJMzfSEvIdbvwVNy4UcSdu/Bunj4W2Hhg4nHMvc8/xY8E1Os63lVtZXVvfyG8WtrZ3dveK+wcNHSWKQZ1FIlItn2oQXEIdOQpoxQpo6Ato+sObid98AKV5JO9xHEMnpH3JA84oGqlbdL1E9kD5ijJIg7IXUhz4QTrKrjwcANLTrJt6CCNMowTjBLOsWyw5FWcKe5m4c1Iic9S6xU+vF7EkBIlMUK3brhNjJ6UKOROQFbxEQ0zZkPahbaikIehOOo2W2SdG6dlBpMyTaE/V3xspDbUeh76ZnJyuF72J+J/XTjC47KRcmkwg2eyjIBE2RvakJ7vHFTAUY0MoU9zcarMBNTWhabNgSnAXIy+TxlnFNfzuvFS9nteRJ0fkmJSJSy5IldySGqkTRh7JM3klb9aT9WK9Wx+z0Zw13zkkf2B9/QAUHqLB</latexit><latexit sha1_base64="amifqDmghsSaig6SJB8j2vIR3T4=">AAACGnicbVDLSsNAFJ3UV62vqks3wSLUTUlEUNBFwY3LCvYBTSmT6U07dDIJMzfSEvIdbvwVNy4UcSdu/Bunj4W2Hhg4nHMvc8/xY8E1Os63lVtZXVvfyG8WtrZ3dveK+wcNHSWKQZ1FIlItn2oQXEIdOQpoxQpo6Ato+sObid98AKV5JO9xHEMnpH3JA84oGqlbdL1E9kD5ijJIg7IXUhz4QTrKrjwcANLTrJt6CCNMowTjBLOsWyw5FWcKe5m4c1Iic9S6xU+vF7EkBIlMUK3brhNjJ6UKOROQFbxEQ0zZkPahbaikIehOOo2W2SdG6dlBpMyTaE/V3xspDbUeh76ZnJyuF72J+J/XTjC47KRcmkwg2eyjIBE2RvakJ7vHFTAUY0MoU9zcarMBNTWhabNgSnAXIy+TxlnFNfzuvFS9nteRJ0fkmJSJSy5IldySGqkTRh7JM3klb9aT9WK9Wx+z0Zw13zkkf2B9/QAUHqLB</latexit>
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f(x; ✓) = �(Wx+ b)
<latexit sha1_base64="VMBopX7wwSCWaOXFR7kEH89M2OQ=">AAACIHicbVDJSgNBFOxxjXEb9eilMQgJQpgRIYIKAS8eI5gFMkPo6fQkTXoWut+IYZhP8eKvePGgiN70a+wsuCQWNBRV9ej3yosFV2BZH8bC4tLyympuLb++sbm1be7sNlSUSMrqNBKRbHlEMcFDVgcOgrViyUjgCdb0Bpcjv3nLpOJReAPDmLkB6YXc55SAljpmxS86AYG+56d32ZkDfQakhC+wo3gvIN9eM/tJ4SPslTpmwSpbY+B5Yk9JAU1R65jvTjeiScBCoIIo1batGNyUSOBUsCzvJIrFhA5Ij7U1DUnAlJuOD8zwoVa62I+kfiHgsfp7IiWBUsPA08nRmmrWG4n/ee0E/FM35WGcAAvp5CM/ERgiPGoLd7lkFMRQE0Il17ti2ieSUNCd5nUJ9uzJ86RxXLY1vz4pVM+ndeTQPjpARWSjCqqiK1RDdUTRPXpEz+jFeDCejFfjbRJdMKYze+gPjM8v/g6i0A==</latexit><latexit sha1_base64="VMBopX7wwSCWaOXFR7kEH89M2OQ=">AAACIHicbVDJSgNBFOxxjXEb9eilMQgJQpgRIYIKAS8eI5gFMkPo6fQkTXoWut+IYZhP8eKvePGgiN70a+wsuCQWNBRV9ej3yosFV2BZH8bC4tLyympuLb++sbm1be7sNlSUSMrqNBKRbHlEMcFDVgcOgrViyUjgCdb0Bpcjv3nLpOJReAPDmLkB6YXc55SAljpmxS86AYG+56d32ZkDfQakhC+wo3gvIN9eM/tJ4SPslTpmwSpbY+B5Yk9JAU1R65jvTjeiScBCoIIo1batGNyUSOBUsCzvJIrFhA5Ij7U1DUnAlJuOD8zwoVa62I+kfiHgsfp7IiWBUsPA08nRmmrWG4n/ee0E/FM35WGcAAvp5CM/ERgiPGoLd7lkFMRQE0Il17ti2ieSUNCd5nUJ9uzJ86RxXLY1vz4pVM+ndeTQPjpARWSjCqqiK1RDdUTRPXpEz+jFeDCejFfjbRJdMKYze+gPjM8v/g6i0A==</latexit><latexit sha1_base64="VMBopX7wwSCWaOXFR7kEH89M2OQ=">AAACIHicbVDJSgNBFOxxjXEb9eilMQgJQpgRIYIKAS8eI5gFMkPo6fQkTXoWut+IYZhP8eKvePGgiN70a+wsuCQWNBRV9ej3yosFV2BZH8bC4tLyympuLb++sbm1be7sNlSUSMrqNBKRbHlEMcFDVgcOgrViyUjgCdb0Bpcjv3nLpOJReAPDmLkB6YXc55SAljpmxS86AYG+56d32ZkDfQakhC+wo3gvIN9eM/tJ4SPslTpmwSpbY+B5Yk9JAU1R65jvTjeiScBCoIIo1batGNyUSOBUsCzvJIrFhA5Ij7U1DUnAlJuOD8zwoVa62I+kfiHgsfp7IiWBUsPA08nRmmrWG4n/ee0E/FM35WGcAAvp5CM/ERgiPGoLd7lkFMRQE0Il17ti2ieSUNCd5nUJ9uzJ86RxXLY1vz4pVM+ndeTQPjpARWSjCqqiK1RDdUTRPXpEz+jFeDCejFfjbRJdMKYze+gPjM8v/g6i0A==</latexit><latexit sha1_base64="VMBopX7wwSCWaOXFR7kEH89M2OQ=">AAACIHicbVDJSgNBFOxxjXEb9eilMQgJQpgRIYIKAS8eI5gFMkPo6fQkTXoWut+IYZhP8eKvePGgiN70a+wsuCQWNBRV9ej3yosFV2BZH8bC4tLyympuLb++sbm1be7sNlSUSMrqNBKRbHlEMcFDVgcOgrViyUjgCdb0Bpcjv3nLpOJReAPDmLkB6YXc55SAljpmxS86AYG+56d32ZkDfQakhC+wo3gvIN9eM/tJ4SPslTpmwSpbY+B5Yk9JAU1R65jvTjeiScBCoIIo1batGNyUSOBUsCzvJIrFhA5Ij7U1DUnAlJuOD8zwoVa62I+kfiHgsfp7IiWBUsPA08nRmmrWG4n/ee0E/FM35WGcAAvp5CM/ERgiPGoLd7lkFMRQE0Il17ti2ieSUNCd5nUJ9uzJ86RxXLY1vz4pVM+ndeTQPjpARWSjCqqiK1RDdUTRPXpEz+jFeDCejFfjbRJdMKYze+gPjM8v/g6i0A==</latexit>

f(x; ✓) = �(W2�(W1x+ b1) + b2)
<latexit sha1_base64="ZcKkQyKEQCC1nyoCgdV6fC6rLio="></latexit><latexit sha1_base64="ZcKkQyKEQCC1nyoCgdV6fC6rLio="></latexit><latexit sha1_base64="ZcKkQyKEQCC1nyoCgdV6fC6rLio="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="eZnlUGDaHbhd+3dlWopUcVEJUbk=">AAACM3icbZDLSgMxFIbPeK21anXrJliEFqHMdKMgguDGZQV7gU4ZMmmmDc1cSM6IZeiTufEZ3Ll040IRX8H0gpfWAyEf/59Dzvn9RAqNtv1srayurW9s5rby24Wd3b3ifqGp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+8mvitO660iKNbHCW8G9J+JALBKBrJKzaCshtSHPhBdj8+d3HAkVbIBXG16If022uNvdqy5Py0khPie05letUqXrFkV+1pkWVw5lCCedW94pPbi1ka8giZpFp3HDvBbkYVCib5OO+mmieUDWmfdwxGNOS6m03XH5Njo/RIECtzIiRT9XdHRkOtR6FvXk7m1YveRPzP66QYnHUzESUp8ojNPgpSSTAmkyxJTyjOUI4MUKaEmZWwAVWUoUk8b0JwFldehmat6hi+sSEHh3AEZXDgFC7hGurQAAYP8AJv8G49Wq/WxyyuFWue2wH8KevzC/u9rEM=</latexit><latexit sha1_base64="eZnlUGDaHbhd+3dlWopUcVEJUbk=">AAACM3icbZDLSgMxFIbPeK21anXrJliEFqHMdKMgguDGZQV7gU4ZMmmmDc1cSM6IZeiTufEZ3Ll040IRX8H0gpfWAyEf/59Dzvn9RAqNtv1srayurW9s5rby24Wd3b3ifqGp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+8mvitO660iKNbHCW8G9J+JALBKBrJKzaCshtSHPhBdj8+d3HAkVbIBXG16If022uNvdqy5Py0khPie05letUqXrFkV+1pkWVw5lCCedW94pPbi1ka8giZpFp3HDvBbkYVCib5OO+mmieUDWmfdwxGNOS6m03XH5Njo/RIECtzIiRT9XdHRkOtR6FvXk7m1YveRPzP66QYnHUzESUp8ojNPgpSSTAmkyxJTyjOUI4MUKaEmZWwAVWUoUk8b0JwFldehmat6hi+sSEHh3AEZXDgFC7hGurQAAYP8AJv8G49Wq/WxyyuFWue2wH8KevzC/u9rEM=</latexit><latexit sha1_base64="LwwCQLRhI8TmbL/ZSIpLiaJTMPY="></latexit><latexit sha1_base64="ZcKkQyKEQCC1nyoCgdV6fC6rLio="></latexit><latexit sha1_base64="ZcKkQyKEQCC1nyoCgdV6fC6rLio="></latexit><latexit sha1_base64="ZcKkQyKEQCC1nyoCgdV6fC6rLio="></latexit><latexit sha1_base64="ZcKkQyKEQCC1nyoCgdV6fC6rLio="></latexit><latexit sha1_base64="ZcKkQyKEQCC1nyoCgdV6fC6rLio="></latexit><latexit sha1_base64="ZcKkQyKEQCC1nyoCgdV6fC6rLio="></latexit>

f(x; ✓) = f2(f1(x; ✓1); ✓2)
<latexit sha1_base64="ahdt+cHav49dHNXPRQGNi2p881M=">AAACJnicbZDLSsNAFIYn9VbrrerSzWAR2k1JiqCghYIblxXsBZoQJtNJO3RyYeZELKFP48ZXceOiIuLOR3HaRtDWAwMf/38Oc87vxYIrMM1PI7e2vrG5ld8u7Ozu7R8UD4/aKkokZS0aiUh2PaKY4CFrAQfBurFkJPAE63ijm5nfeWBS8Si8h3HMnIAMQu5zSkBLbrHul+2AwNDz08fJlQ1DBqSC69h3a2XftVZN16r8UK3iFktm1ZwXXgUrgxLKqukWp3Y/oknAQqCCKNWzzBiclEjgVLBJwU4UiwkdkQHraQxJwJSTzs+c4DOt9LEfSf1CwHP190RKAqXGgac7Z1urZW8m/uf1EvAvnZSHcQIspIuP/ERgiPAsM9znklEQYw2ESq53xXRIJKGgky3oEKzlk1ehXatamu/OS43rLI48OkGnqIwsdIEa6BY1UQtR9IRe0BS9Gc/Gq/FufCxac0Y2c4z+lPH1DVwspG4=</latexit><latexit sha1_base64="ahdt+cHav49dHNXPRQGNi2p881M=">AAACJnicbZDLSsNAFIYn9VbrrerSzWAR2k1JiqCghYIblxXsBZoQJtNJO3RyYeZELKFP48ZXceOiIuLOR3HaRtDWAwMf/38Oc87vxYIrMM1PI7e2vrG5ld8u7Ozu7R8UD4/aKkokZS0aiUh2PaKY4CFrAQfBurFkJPAE63ijm5nfeWBS8Si8h3HMnIAMQu5zSkBLbrHul+2AwNDz08fJlQ1DBqSC69h3a2XftVZN16r8UK3iFktm1ZwXXgUrgxLKqukWp3Y/oknAQqCCKNWzzBiclEjgVLBJwU4UiwkdkQHraQxJwJSTzs+c4DOt9LEfSf1CwHP190RKAqXGgac7Z1urZW8m/uf1EvAvnZSHcQIspIuP/ERgiPAsM9znklEQYw2ESq53xXRIJKGgky3oEKzlk1ehXatamu/OS43rLI48OkGnqIwsdIEa6BY1UQtR9IRe0BS9Gc/Gq/FufCxac0Y2c4z+lPH1DVwspG4=</latexit><latexit sha1_base64="ahdt+cHav49dHNXPRQGNi2p881M=">AAACJnicbZDLSsNAFIYn9VbrrerSzWAR2k1JiqCghYIblxXsBZoQJtNJO3RyYeZELKFP48ZXceOiIuLOR3HaRtDWAwMf/38Oc87vxYIrMM1PI7e2vrG5ld8u7Ozu7R8UD4/aKkokZS0aiUh2PaKY4CFrAQfBurFkJPAE63ijm5nfeWBS8Si8h3HMnIAMQu5zSkBLbrHul+2AwNDz08fJlQ1DBqSC69h3a2XftVZN16r8UK3iFktm1ZwXXgUrgxLKqukWp3Y/oknAQqCCKNWzzBiclEjgVLBJwU4UiwkdkQHraQxJwJSTzs+c4DOt9LEfSf1CwHP190RKAqXGgac7Z1urZW8m/uf1EvAvnZSHcQIspIuP/ERgiPAsM9znklEQYw2ESq53xXRIJKGgky3oEKzlk1ehXatamu/OS43rLI48OkGnqIwsdIEa6BY1UQtR9IRe0BS9Gc/Gq/FufCxac0Y2c4z+lPH1DVwspG4=</latexit><latexit sha1_base64="ahdt+cHav49dHNXPRQGNi2p881M=">AAACJnicbZDLSsNAFIYn9VbrrerSzWAR2k1JiqCghYIblxXsBZoQJtNJO3RyYeZELKFP48ZXceOiIuLOR3HaRtDWAwMf/38Oc87vxYIrMM1PI7e2vrG5ld8u7Ozu7R8UD4/aKkokZS0aiUh2PaKY4CFrAQfBurFkJPAE63ijm5nfeWBS8Si8h3HMnIAMQu5zSkBLbrHul+2AwNDz08fJlQ1DBqSC69h3a2XftVZN16r8UK3iFktm1ZwXXgUrgxLKqukWp3Y/oknAQqCCKNWzzBiclEjgVLBJwU4UiwkdkQHraQxJwJSTzs+c4DOt9LEfSf1CwHP190RKAqXGgac7Z1urZW8m/uf1EvAvnZSHcQIspIuP/ERgiPAsM9znklEQYw2ESq53xXRIJKGgky3oEKzlk1ehXatamu/OS43rLI48OkGnqIwsdIEa6BY1UQtR9IRe0BS9Gc/Gq/FufCxac0Y2c4z+lPH1DVwspG4=</latexit>

✓ = {✓1, ✓2} = {W1,W2, b1, b2}
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f(x; ✓) = �(Wx+ b)
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f(x; ✓) = f2(f1(x; ✓1); ✓2)
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Linear separation Able to do linear separation

f(x; ✓) = �(Wx+ b)
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f(x; ✓) = f2(f1(x; ✓1); ✓2)
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d1 is the width of the hidden layer

f(x; ✓) = �(W2�(W1x+ b1) + b2)
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• d1 = d -- only nonlinear transformation 
• d1 > d -- mapping to a higher dimensional space 
• often it becomes easier to separate classes in higher 

dimensions
• able to model complicated decision boundaries
• Larger number of model parameters

• d1 < d – compression / bottleneck – possible information loss
• becomes interesting for determining low-dimensional 

representations, remember PCA? – will talk about this later 



Computer
Vision MLP - depth

Network with one hidden layer

Hidden layers

hl = �(Wlhl�1 + bl)
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Function view

Introduction
Learning basics

Math. basics
Perceptron model

MLP f(x; ✓) = �(W2�(W1x+ b1) + b2)
<latexit sha1_base64="ZcKkQyKEQCC1nyoCgdV6fC6rLio="></latexit><latexit sha1_base64="ZcKkQyKEQCC1nyoCgdV6fC6rLio="></latexit><latexit sha1_base64="ZcKkQyKEQCC1nyoCgdV6fC6rLio="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="eZnlUGDaHbhd+3dlWopUcVEJUbk=">AAACM3icbZDLSgMxFIbPeK21anXrJliEFqHMdKMgguDGZQV7gU4ZMmmmDc1cSM6IZeiTufEZ3Ll040IRX8H0gpfWAyEf/59Dzvn9RAqNtv1srayurW9s5rby24Wd3b3ifqGp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+8mvitO660iKNbHCW8G9J+JALBKBrJKzaCshtSHPhBdj8+d3HAkVbIBXG16If022uNvdqy5Py0khPie05letUqXrFkV+1pkWVw5lCCedW94pPbi1ka8giZpFp3HDvBbkYVCib5OO+mmieUDWmfdwxGNOS6m03XH5Njo/RIECtzIiRT9XdHRkOtR6FvXk7m1YveRPzP66QYnHUzESUp8ojNPgpSSTAmkyxJTyjOUI4MUKaEmZWwAVWUoUk8b0JwFldehmat6hi+sSEHh3AEZXDgFC7hGurQAAYP8AJv8G49Wq/WxyyuFWue2wH8KevzC/u9rEM=</latexit><latexit sha1_base64="eZnlUGDaHbhd+3dlWopUcVEJUbk=">AAACM3icbZDLSgMxFIbPeK21anXrJliEFqHMdKMgguDGZQV7gU4ZMmmmDc1cSM6IZeiTufEZ3Ll040IRX8H0gpfWAyEf/59Dzvn9RAqNtv1srayurW9s5rby24Wd3b3ifqGp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+8mvitO660iKNbHCW8G9J+JALBKBrJKzaCshtSHPhBdj8+d3HAkVbIBXG16If022uNvdqy5Py0khPie05letUqXrFkV+1pkWVw5lCCedW94pPbi1ka8giZpFp3HDvBbkYVCib5OO+mmieUDWmfdwxGNOS6m03XH5Njo/RIECtzIiRT9XdHRkOtR6FvXk7m1YveRPzP66QYnHUzESUp8ojNPgpSSTAmkyxJTyjOUI4MUKaEmZWwAVWUoUk8b0JwFldehmat6hi+sSEHh3AEZXDgFC7hGurQAAYP8AJv8G49Wq/WxyyuFWue2wH8KevzC/u9rEM=</latexit><latexit sha1_base64="LwwCQLRhI8TmbL/ZSIpLiaJTMPY="></latexit><latexit sha1_base64="ZcKkQyKEQCC1nyoCgdV6fC6rLio="></latexit><latexit sha1_base64="ZcKkQyKEQCC1nyoCgdV6fC6rLio="></latexit><latexit sha1_base64="ZcKkQyKEQCC1nyoCgdV6fC6rLio="></latexit><latexit sha1_base64="ZcKkQyKEQCC1nyoCgdV6fC6rLio="></latexit><latexit sha1_base64="ZcKkQyKEQCC1nyoCgdV6fC6rLio="></latexit><latexit sha1_base64="ZcKkQyKEQCC1nyoCgdV6fC6rLio="></latexit>

h0 = x, h2 = f(x; ✓)
<latexit sha1_base64="Vl7VMV+hOyCpHyIrXUdew0Dbwrs=">AAACFnicbZDLSsNAFIYn9VbrLerSzWARKmhJiqCgQsGNywr2Ak0Jk+mkGTq5MHMiltCncOOruHGhiFtx59s4vYDa+sPAz3fOYc75vURwBZb1ZeQWFpeWV/KrhbX1jc0tc3unoeJUUlansYhlyyOKCR6xOnAQrJVIRkJPsKbXvxrVm3dMKh5HtzBIWCckvYj7nBLQyDWPA9fCl9gJCQSen90PjxwcuBWN/NIPPHcgYEAOXbNola2x8Lyxp6aIpqq55qfTjWkasgioIEq1bSuBTkYkcCrYsOCkiiWE9kmPtbWNSMhUJxufNcQHmnSxH0v9IsBj+nsiI6FSg9DTnaNN1WxtBP+rtVPwzzoZj5IUWEQnH/mpwBDjUUa4yyWjIAbaECq53hXTgEhCQSdZ0CHYsyfPm0albGt/c1KsXkzjyKM9tI9KyEanqIquUQ3VEUUP6Am9oFfj0Xg23oz3SWvOmM7soj8yPr4BucCd2Q==</latexit><latexit sha1_base64="Vl7VMV+hOyCpHyIrXUdew0Dbwrs=">AAACFnicbZDLSsNAFIYn9VbrLerSzWARKmhJiqCgQsGNywr2Ak0Jk+mkGTq5MHMiltCncOOruHGhiFtx59s4vYDa+sPAz3fOYc75vURwBZb1ZeQWFpeWV/KrhbX1jc0tc3unoeJUUlansYhlyyOKCR6xOnAQrJVIRkJPsKbXvxrVm3dMKh5HtzBIWCckvYj7nBLQyDWPA9fCl9gJCQSen90PjxwcuBWN/NIPPHcgYEAOXbNola2x8Lyxp6aIpqq55qfTjWkasgioIEq1bSuBTkYkcCrYsOCkiiWE9kmPtbWNSMhUJxufNcQHmnSxH0v9IsBj+nsiI6FSg9DTnaNN1WxtBP+rtVPwzzoZj5IUWEQnH/mpwBDjUUa4yyWjIAbaECq53hXTgEhCQSdZ0CHYsyfPm0albGt/c1KsXkzjyKM9tI9KyEanqIquUQ3VEUUP6Am9oFfj0Xg23oz3SWvOmM7soj8yPr4BucCd2Q==</latexit><latexit sha1_base64="Vl7VMV+hOyCpHyIrXUdew0Dbwrs=">AAACFnicbZDLSsNAFIYn9VbrLerSzWARKmhJiqCgQsGNywr2Ak0Jk+mkGTq5MHMiltCncOOruHGhiFtx59s4vYDa+sPAz3fOYc75vURwBZb1ZeQWFpeWV/KrhbX1jc0tc3unoeJUUlansYhlyyOKCR6xOnAQrJVIRkJPsKbXvxrVm3dMKh5HtzBIWCckvYj7nBLQyDWPA9fCl9gJCQSen90PjxwcuBWN/NIPPHcgYEAOXbNola2x8Lyxp6aIpqq55qfTjWkasgioIEq1bSuBTkYkcCrYsOCkiiWE9kmPtbWNSMhUJxufNcQHmnSxH0v9IsBj+nsiI6FSg9DTnaNN1WxtBP+rtVPwzzoZj5IUWEQnH/mpwBDjUUa4yyWjIAbaECq53hXTgEhCQSdZ0CHYsyfPm0albGt/c1KsXkzjyKM9tI9KyEanqIquUQ3VEUUP6Am9oFfj0Xg23oz3SWvOmM7soj8yPr4BucCd2Q==</latexit><latexit sha1_base64="Vl7VMV+hOyCpHyIrXUdew0Dbwrs=">AAACFnicbZDLSsNAFIYn9VbrLerSzWARKmhJiqCgQsGNywr2Ak0Jk+mkGTq5MHMiltCncOOruHGhiFtx59s4vYDa+sPAz3fOYc75vURwBZb1ZeQWFpeWV/KrhbX1jc0tc3unoeJUUlansYhlyyOKCR6xOnAQrJVIRkJPsKbXvxrVm3dMKh5HtzBIWCckvYj7nBLQyDWPA9fCl9gJCQSen90PjxwcuBWN/NIPPHcgYEAOXbNola2x8Lyxp6aIpqq55qfTjWkasgioIEq1bSuBTkYkcCrYsOCkiiWE9kmPtbWNSMhUJxufNcQHmnSxH0v9IsBj+nsiI6FSg9DTnaNN1WxtBP+rtVPwzzoZj5IUWEQnH/mpwBDjUUa4yyWjIAbaECq53hXTgEhCQSdZ0CHYsyfPm0albGt/c1KsXkzjyKM9tI9KyEanqIquUQ3VEUUP6Am9oFfj0Xg23oz3SWvOmM7soj8yPr4BucCd2Q==</latexit>

hl = fl(hl�1; ✓l) = fl(fl�1(hl�2, ✓l�1); ✓l)
<latexit sha1_base64="dop77R/guEvO8j6l6QZe3hkdOqU=">AAACNHicbVDLSgMxFM3UV62vqks3wSK0oGWmCApVKLgR3FSwD2jLkEkzndDMg+SOUIZ+lBs/xI0ILhRx6zeYtqNo9UDgcM653NzjRIIrMM0nI7OwuLS8kl3Nra1vbG7lt3eaKowlZQ0ailC2HaKY4AFrAAfB2pFkxHcEaznDi4nfumVS8TC4gVHEej4ZBNzllICW7PyVZwt8jl1bFD07EUfWuIq74DEgtiilhjszZoHK+PArMFVL1e+4nS+YZXMK/JdYKSmgFHU7/9DthzT2WQBUEKU6lhlBLyESOBVsnOvGikWEDsmAdTQNiM9UL5kePcYHWuljN5T6BYCn6s+JhPhKjXxHJ30Cnpr3JuJ/XicG97SX8CCKgQV0tsiNBYYQTxrEfS4ZBTHShFDJ9V8x9YgkFHTPOV2CNX/yX9KslC3Nr48LtbO0jizaQ/uoiCx0gmroEtVRA1F0hx7RC3o17o1n4814n0UzRjqzi37B+PgE8Wyong==</latexit><latexit sha1_base64="dop77R/guEvO8j6l6QZe3hkdOqU=">AAACNHicbVDLSgMxFM3UV62vqks3wSK0oGWmCApVKLgR3FSwD2jLkEkzndDMg+SOUIZ+lBs/xI0ILhRx6zeYtqNo9UDgcM653NzjRIIrMM0nI7OwuLS8kl3Nra1vbG7lt3eaKowlZQ0ailC2HaKY4AFrAAfB2pFkxHcEaznDi4nfumVS8TC4gVHEej4ZBNzllICW7PyVZwt8jl1bFD07EUfWuIq74DEgtiilhjszZoHK+PArMFVL1e+4nS+YZXMK/JdYKSmgFHU7/9DthzT2WQBUEKU6lhlBLyESOBVsnOvGikWEDsmAdTQNiM9UL5kePcYHWuljN5T6BYCn6s+JhPhKjXxHJ30Cnpr3JuJ/XicG97SX8CCKgQV0tsiNBYYQTxrEfS4ZBTHShFDJ9V8x9YgkFHTPOV2CNX/yX9KslC3Nr48LtbO0jizaQ/uoiCx0gmroEtVRA1F0hx7RC3o17o1n4814n0UzRjqzi37B+PgE8Wyong==</latexit><latexit sha1_base64="dop77R/guEvO8j6l6QZe3hkdOqU=">AAACNHicbVDLSgMxFM3UV62vqks3wSK0oGWmCApVKLgR3FSwD2jLkEkzndDMg+SOUIZ+lBs/xI0ILhRx6zeYtqNo9UDgcM653NzjRIIrMM0nI7OwuLS8kl3Nra1vbG7lt3eaKowlZQ0ailC2HaKY4AFrAAfB2pFkxHcEaznDi4nfumVS8TC4gVHEej4ZBNzllICW7PyVZwt8jl1bFD07EUfWuIq74DEgtiilhjszZoHK+PArMFVL1e+4nS+YZXMK/JdYKSmgFHU7/9DthzT2WQBUEKU6lhlBLyESOBVsnOvGikWEDsmAdTQNiM9UL5kePcYHWuljN5T6BYCn6s+JhPhKjXxHJ30Cnpr3JuJ/XicG97SX8CCKgQV0tsiNBYYQTxrEfS4ZBTHShFDJ9V8x9YgkFHTPOV2CNX/yX9KslC3Nr48LtbO0jizaQ/uoiCx0gmroEtVRA1F0hx7RC3o17o1n4814n0UzRjqzi37B+PgE8Wyong==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="GGdQHyDPnoi9HJnpCbsdUKDSbaY=">AAACKXicbZBLSwMxFIXv+Ky16ujWTbAILWiZcaMgguBGcFPBtkJbhkyacUIzD5I7Qhn6o9z4Q9yI4EIR/4fpQ9HWC4GPc05I7vFTKTQ6zou1sLi0vLJaWCuulzY2t+ztUlMnmWK8wRKZqFufai5FzBsoUPLbVHEa+ZK3/P7FyG/dc6VFEt/gIOXdiN7FIhCMopE8+yr0JDkjgScroZfLQ3d4SjoYcqSerE6NYGJMAkfDg+/AWK2e/sQ9u+zUnPGQeXCnUIbp1D37qdNLWBbxGJmkWrddJ8VuThUKJvmw2Mk0Tynr0zveNhjTiOtuPl56SPaN0iNBosyJkYzV3zdyGmk9iHyTjCiGetYbif957QyDk24u4jRDHrPJQ0EmCSZk1CDpCcUZyoEBypQwfyUspIoyND0XTQnu7Mrz0DyquYavHSjALuxBBVw4hnO4hDo0gMEDPMMbvFuP1qv1MalrwZr2tgN/xvr8Arv1pwU=</latexit><latexit sha1_base64="GGdQHyDPnoi9HJnpCbsdUKDSbaY=">AAACKXicbZBLSwMxFIXv+Ky16ujWTbAILWiZcaMgguBGcFPBtkJbhkyacUIzD5I7Qhn6o9z4Q9yI4EIR/4fpQ9HWC4GPc05I7vFTKTQ6zou1sLi0vLJaWCuulzY2t+ztUlMnmWK8wRKZqFufai5FzBsoUPLbVHEa+ZK3/P7FyG/dc6VFEt/gIOXdiN7FIhCMopE8+yr0JDkjgScroZfLQ3d4SjoYcqSerE6NYGJMAkfDg+/AWK2e/sQ9u+zUnPGQeXCnUIbp1D37qdNLWBbxGJmkWrddJ8VuThUKJvmw2Mk0Tynr0zveNhjTiOtuPl56SPaN0iNBosyJkYzV3zdyGmk9iHyTjCiGetYbif957QyDk24u4jRDHrPJQ0EmCSZk1CDpCcUZyoEBypQwfyUspIoyND0XTQnu7Mrz0DyquYavHSjALuxBBVw4hnO4hDo0gMEDPMMbvFuP1qv1MalrwZr2tgN/xvr8Arv1pwU=</latexit><latexit sha1_base64="EG/AhuCWHYX/Nw+WZWpxYhvERyk=">AAACNHicbVDLSgMxFM3UV62vqks3wSK0oGWmG4UqFNwIbirYB7RlyKSZTmjmQXJHKEM/yo0f4kYEF4q49RtM21G09UDgcM653NzjRIIrMM1nI7O0vLK6ll3PbWxube/kd/eaKowlZQ0ailC2HaKY4AFrAAfB2pFkxHcEaznDy4nfumNS8TC4hVHEej4ZBNzllICW7Py1Zwt8gV1bFD07ESfWuIq74DEgtiilhjszZoHK+Pg7MFVL1Z+4nS+YZXMKvEislBRQirqdf+z2Qxr7LAAqiFIdy4yglxAJnAo2znVjxSJCh2TAOpoGxGeql0yPHuMjrfSxG0r9AsBT9fdEQnylRr6jkz4BT817E/E/rxODe9ZLeBDFwAI6W+TGAkOIJw3iPpeMghhpQqjk+q+YekQSCrrnnC7Bmj95kTQrZUvzG7NQO0/ryKIDdIiKyEKnqIauUB01EEX36Am9ojfjwXgx3o2PWTRjpDP76A+Mzy/wLKia</latexit><latexit sha1_base64="dop77R/guEvO8j6l6QZe3hkdOqU=">AAACNHicbVDLSgMxFM3UV62vqks3wSK0oGWmCApVKLgR3FSwD2jLkEkzndDMg+SOUIZ+lBs/xI0ILhRx6zeYtqNo9UDgcM653NzjRIIrMM0nI7OwuLS8kl3Nra1vbG7lt3eaKowlZQ0ailC2HaKY4AFrAAfB2pFkxHcEaznDi4nfumVS8TC4gVHEej4ZBNzllICW7PyVZwt8jl1bFD07EUfWuIq74DEgtiilhjszZoHK+PArMFVL1e+4nS+YZXMK/JdYKSmgFHU7/9DthzT2WQBUEKU6lhlBLyESOBVsnOvGikWEDsmAdTQNiM9UL5kePcYHWuljN5T6BYCn6s+JhPhKjXxHJ30Cnpr3JuJ/XicG97SX8CCKgQV0tsiNBYYQTxrEfS4ZBTHShFDJ9V8x9YgkFHTPOV2CNX/yX9KslC3Nr48LtbO0jizaQ/uoiCx0gmroEtVRA1F0hx7RC3o17o1n4814n0UzRjqzi37B+PgE8Wyong==</latexit><latexit sha1_base64="dop77R/guEvO8j6l6QZe3hkdOqU=">AAACNHicbVDLSgMxFM3UV62vqks3wSK0oGWmCApVKLgR3FSwD2jLkEkzndDMg+SOUIZ+lBs/xI0ILhRx6zeYtqNo9UDgcM653NzjRIIrMM0nI7OwuLS8kl3Nra1vbG7lt3eaKowlZQ0ailC2HaKY4AFrAAfB2pFkxHcEaznDi4nfumVS8TC4gVHEej4ZBNzllICW7PyVZwt8jl1bFD07EUfWuIq74DEgtiilhjszZoHK+PArMFVL1e+4nS+YZXMK/JdYKSmgFHU7/9DthzT2WQBUEKU6lhlBLyESOBVsnOvGikWEDsmAdTQNiM9UL5kePcYHWuljN5T6BYCn6s+JhPhKjXxHJ30Cnpr3JuJ/XicG97SX8CCKgQV0tsiNBYYQTxrEfS4ZBTHShFDJ9V8x9YgkFHTPOV2CNX/yX9KslC3Nr48LtbO0jizaQ/uoiCx0gmroEtVRA1F0hx7RC3o17o1n4814n0UzRjqzi37B+PgE8Wyong==</latexit><latexit sha1_base64="dop77R/guEvO8j6l6QZe3hkdOqU=">AAACNHicbVDLSgMxFM3UV62vqks3wSK0oGWmCApVKLgR3FSwD2jLkEkzndDMg+SOUIZ+lBs/xI0ILhRx6zeYtqNo9UDgcM653NzjRIIrMM0nI7OwuLS8kl3Nra1vbG7lt3eaKowlZQ0ailC2HaKY4AFrAAfB2pFkxHcEaznDi4nfumVS8TC4gVHEej4ZBNzllICW7PyVZwt8jl1bFD07EUfWuIq74DEgtiilhjszZoHK+PArMFVL1e+4nS+YZXMK/JdYKSmgFHU7/9DthzT2WQBUEKU6lhlBLyESOBVsnOvGikWEDsmAdTQNiM9UL5kePcYHWuljN5T6BYCn6s+JhPhKjXxHJ30Cnpr3JuJ/XicG97SX8CCKgQV0tsiNBYYQTxrEfS4ZBTHShFDJ9V8x9YgkFHTPOV2CNX/yX9KslC3Nr48LtbO0jizaQ/uoiCx0gmroEtVRA1F0hx7RC3o17o1n4814n0UzRjqzi37B+PgE8Wyong==</latexit><latexit sha1_base64="dop77R/guEvO8j6l6QZe3hkdOqU=">AAACNHicbVDLSgMxFM3UV62vqks3wSK0oGWmCApVKLgR3FSwD2jLkEkzndDMg+SOUIZ+lBs/xI0ILhRx6zeYtqNo9UDgcM653NzjRIIrMM0nI7OwuLS8kl3Nra1vbG7lt3eaKowlZQ0ailC2HaKY4AFrAAfB2pFkxHcEaznDi4nfumVS8TC4gVHEej4ZBNzllICW7PyVZwt8jl1bFD07EUfWuIq74DEgtiilhjszZoHK+PArMFVL1e+4nS+YZXMK/JdYKSmgFHU7/9DthzT2WQBUEKU6lhlBLyESOBVsnOvGikWEDsmAdTQNiM9UL5kePcYHWuljN5T6BYCn6s+JhPhKjXxHJ30Cnpr3JuJ/XicG97SX8CCKgQV0tsiNBYYQTxrEfS4ZBTHShFDJ9V8x9YgkFHTPOV2CNX/yX9KslC3Nr48LtbO0jizaQ/uoiCx0gmroEtVRA1F0hx7RC3o17o1n4814n0UzRjqzi37B+PgE8Wyong==</latexit><latexit sha1_base64="dop77R/guEvO8j6l6QZe3hkdOqU=">AAACNHicbVDLSgMxFM3UV62vqks3wSK0oGWmCApVKLgR3FSwD2jLkEkzndDMg+SOUIZ+lBs/xI0ILhRx6zeYtqNo9UDgcM653NzjRIIrMM0nI7OwuLS8kl3Nra1vbG7lt3eaKowlZQ0ailC2HaKY4AFrAAfB2pFkxHcEaznDi4nfumVS8TC4gVHEej4ZBNzllICW7PyVZwt8jl1bFD07EUfWuIq74DEgtiilhjszZoHK+PArMFVL1e+4nS+YZXMK/JdYKSmgFHU7/9DthzT2WQBUEKU6lhlBLyESOBVsnOvGikWEDsmAdTQNiM9UL5kePcYHWuljN5T6BYCn6s+JhPhKjXxHJ30Cnpr3JuJ/XicG97SX8CCKgQV0tsiNBYYQTxrEfS4ZBTHShFDJ9V8x9YgkFHTPOV2CNX/yX9KslC3Nr48LtbO0jizaQ/uoiCx0gmroEtVRA1F0hx7RC3o17o1n4814n0UzRjqzi37B+PgE8Wyong==</latexit><latexit sha1_base64="dop77R/guEvO8j6l6QZe3hkdOqU=">AAACNHicbVDLSgMxFM3UV62vqks3wSK0oGWmCApVKLgR3FSwD2jLkEkzndDMg+SOUIZ+lBs/xI0ILhRx6zeYtqNo9UDgcM653NzjRIIrMM0nI7OwuLS8kl3Nra1vbG7lt3eaKowlZQ0ailC2HaKY4AFrAAfB2pFkxHcEaznDi4nfumVS8TC4gVHEej4ZBNzllICW7PyVZwt8jl1bFD07EUfWuIq74DEgtiilhjszZoHK+PArMFVL1e+4nS+YZXMK/JdYKSmgFHU7/9DthzT2WQBUEKU6lhlBLyESOBVsnOvGikWEDsmAdTQNiM9UL5kePcYHWuljN5T6BYCn6s+JhPhKjXxHJ30Cnpr3JuJ/XicG97SX8CCKgQV0tsiNBYYQTxrEfS4ZBTHShFDJ9V8x9YgkFHTPOV2CNX/yX9KslC3Nr48LtbO0jizaQ/uoiCx0gmroEtVRA1F0hx7RC3o17o1n4814n0UzRjqzi37B+PgE8Wyong==</latexit>

h2 = f(x; ✓) = f2 � f1(x)
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Computer
Vision MLP – increasing depth

Network with L-1 hidden layer

Hidden layers

hl = �(Wlhl�1 + bl)
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Hidden layers

h0 = x, hL = f(x; ✓)
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f(x; ✓) = fL � · · · � f2 � f1(x)
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✓ = {✓L, . . . , ✓1}
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Computer
Vision

Decision boundary at different depths 
[width = 2 at all depths] 
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Math. basics
Perceptron model

MLP

data No hidden layer

Single hidden layer two hidden layers



Computer
Vision MLP – notes on depth

Introduction
Learning basics

Math. basics
Perceptron model

MLP

• No hidden layer – logistic regression / linear
• Increasing depth 
• Allows more complicated models
• Leads to larger number of model parameters
• Needs more samples to fit reliably

• May become difficult to train – will talk about it later



Computer
Vision Depth / width interaction
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MLP

data

two hidden layers
Widths = 2

Single hidden layer
Width = 2

Single hidden layer
Width = 3



Computer
Vision MLP – notes on depth and width

Introduction
Learning basics

Math. basics
Perceptron model

MLP

• Complicated interaction between depth and width
• Both allow modeling more complicated class separation
• Choices of depth and width are architectural design choices.
• No accepted, widely used method for automatically 

determining architecture for a given problem
• Problem specific – mostly trial and error-based strategy
• Engineering / intuition / art
• Prediction accuracy on a validation set



Computer
Vision Non-linearity – more recent models

• Often used in connections between internal layers
• Element-wise application Rectified Linear Unit (Relu)

Introduction
Learning basics

Math. basics
Perceptron model

�(a) =

⇢
a, a � 0
0, a < 0
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�(a) =

⇢
a, a � 0
↵a, a < 0
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Leaky Relu

�(a) =

⇢
a, a � 0

exp(a)� 1, a < 0
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Exponential Linear Unit (Elu)



Computer
Vision Notes on non-linear functions

• Main difference between non-linear functions is their derivatives
• Sigmoid and tanh saturate for high values, their derivatives 

diminish
• Relu has constant derivative for positive and 0 for negative values, 

it does not saturate for positive values [Hahnloser et al. 2000, 
Hahnloser and Seung 2001]
• Elu [Clevert, Unterthiner and Hochreiter 2015], Leaky Relu and 

Parametric Relu [He et al. 2015] are variations on the Relu idea. 
• Relu is the activation of infinite number of binary sigmoid nodes 

combined together [Nair and Hinton 2010]
• Relu, Elu and Leaky Relu are yield good empirical performance

Introduction
Learning basics

Math. basics
Perceptron model



Computer
Vision MLP – feature space view

Introduction
Learning basics
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Perceptron model

MLP

• There is a linear model at the 
very final layer

• There is a feature map that 
transforms the input

• Automatically determined 
non-linear feature map

…

�(x) : Rd 7! RdL�1
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Feature 
extraction

Linear
classification

f(x; ✓) = fL(�(x); ✓L)

= �(WL�(x) + bL)
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Computer
Vision MLP – why non-linear feature map
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Learning basics
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Perceptron model

MLP

• Non-linearity is due to the activation functions 
• What happens if all activations were linear functions?

• The final map is effectively linear – same as a single linear 
model, such as logistic regression

• Non-linearity is extremely important for complicated models

�(·)
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�(a) = Va+ c
<latexit sha1_base64="qv/RquyuTrGNJTLJnTklrEvBV9I=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiVISSiKALhYIblxXsBZpSTqaTduhkEmYmQglduPFV3LhQxK0P4c63cdJmoa0/DHz85xzmnN+POVPacb6twsrq2vpGcbO0tb2zu2fvH7RUlEhCmyTikez4oChngjY105x2Ykkh9Dlt++ObrN5+oFKxSNzrSUx7IQwFCxgBbay+XfYUG4ZQhRN8jb0Q9MgP0tYU8Ckmfbvi1JyZ8DK4OVRQrkbf/vIGEUlCKjThoFTXdWLdS0FqRjidlrxE0RjIGIa0a1BASFUvnR0xxcfGGeAgkuYJjWfu74kUQqUmoW86szXVYi0z/6t1Ex1c9lIm4kRTQeYfBQnHOsJZInjAJCWaTwwAkczsiskIJBBtciuZENzFk5ehdVZzDd+dV+pXeRxFVEZHqIpcdIHq6BY1UBMR9Iie0St6s56sF+vd+pi3Fqx85hD9kfX5A1+Nlpo=</latexit><latexit sha1_base64="qv/RquyuTrGNJTLJnTklrEvBV9I=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiVISSiKALhYIblxXsBZpSTqaTduhkEmYmQglduPFV3LhQxK0P4c63cdJmoa0/DHz85xzmnN+POVPacb6twsrq2vpGcbO0tb2zu2fvH7RUlEhCmyTikez4oChngjY105x2Ykkh9Dlt++ObrN5+oFKxSNzrSUx7IQwFCxgBbay+XfYUG4ZQhRN8jb0Q9MgP0tYU8Ckmfbvi1JyZ8DK4OVRQrkbf/vIGEUlCKjThoFTXdWLdS0FqRjidlrxE0RjIGIa0a1BASFUvnR0xxcfGGeAgkuYJjWfu74kUQqUmoW86szXVYi0z/6t1Ex1c9lIm4kRTQeYfBQnHOsJZInjAJCWaTwwAkczsiskIJBBtciuZENzFk5ehdVZzDd+dV+pXeRxFVEZHqIpcdIHq6BY1UBMR9Iie0St6s56sF+vd+pi3Fqx85hD9kfX5A1+Nlpo=</latexit><latexit sha1_base64="qv/RquyuTrGNJTLJnTklrEvBV9I=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiVISSiKALhYIblxXsBZpSTqaTduhkEmYmQglduPFV3LhQxK0P4c63cdJmoa0/DHz85xzmnN+POVPacb6twsrq2vpGcbO0tb2zu2fvH7RUlEhCmyTikez4oChngjY105x2Ykkh9Dlt++ObrN5+oFKxSNzrSUx7IQwFCxgBbay+XfYUG4ZQhRN8jb0Q9MgP0tYU8Ckmfbvi1JyZ8DK4OVRQrkbf/vIGEUlCKjThoFTXdWLdS0FqRjidlrxE0RjIGIa0a1BASFUvnR0xxcfGGeAgkuYJjWfu74kUQqUmoW86szXVYi0z/6t1Ex1c9lIm4kRTQeYfBQnHOsJZInjAJCWaTwwAkczsiskIJBBtciuZENzFk5ehdVZzDd+dV+pXeRxFVEZHqIpcdIHq6BY1UBMR9Iie0St6s56sF+vd+pi3Fqx85hD9kfX5A1+Nlpo=</latexit><latexit sha1_base64="qv/RquyuTrGNJTLJnTklrEvBV9I=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiVISSiKALhYIblxXsBZpSTqaTduhkEmYmQglduPFV3LhQxK0P4c63cdJmoa0/DHz85xzmnN+POVPacb6twsrq2vpGcbO0tb2zu2fvH7RUlEhCmyTikez4oChngjY105x2Ykkh9Dlt++ObrN5+oFKxSNzrSUx7IQwFCxgBbay+XfYUG4ZQhRN8jb0Q9MgP0tYU8Ckmfbvi1JyZ8DK4OVRQrkbf/vIGEUlCKjThoFTXdWLdS0FqRjidlrxE0RjIGIa0a1BASFUvnR0xxcfGGeAgkuYJjWfu74kUQqUmoW86szXVYi0z/6t1Ex1c9lIm4kRTQeYfBQnHOsJZInjAJCWaTwwAkczsiskIJBBtciuZENzFk5ehdVZzDd+dV+pXeRxFVEZHqIpcdIHq6BY1UBMR9Iie0St6s56sF+vd+pi3Fqx85hD9kfX5A1+Nlpo=</latexit>

fl(hl�1) = V (Wlhl�1 + b) + c = W̃hl�1 + b̃
<latexit sha1_base64="cnnUO6HkqZd526F0wPleKBIYGvw="></latexit><latexit sha1_base64="cnnUO6HkqZd526F0wPleKBIYGvw="></latexit><latexit sha1_base64="cnnUO6HkqZd526F0wPleKBIYGvw="></latexit><latexit sha1_base64="cnnUO6HkqZd526F0wPleKBIYGvw="></latexit>

y = fL � fL�1 � · · · � f1(x) = Ŵx+ b̂
<latexit sha1_base64="7Goxlwzv0ThgDqC5afp2kdIY+v8="></latexit><latexit sha1_base64="7Goxlwzv0ThgDqC5afp2kdIY+v8="></latexit><latexit sha1_base64="7Goxlwzv0ThgDqC5afp2kdIY+v8="></latexit><latexit sha1_base64="7Goxlwzv0ThgDqC5afp2kdIY+v8="></latexit>



Computer
Vision Fully Connected Classification Network

• Multilayer perceptron model 
with multiple outputs
• In the generic case, applies 

to multi-label classification 
• Last layer of the network is 

constructed to make the 
network perform binary or 
multi-class classification 
• It is common to not use any 

non-linear activation at the 
final layer 

Introduction
Learning basics

Math. basics
Perceptron model

MLP

…



Computer
Vision Fully Connected Classification Network

• Binary classification:

• Multi-label classification – K classes:

• Soft-max function

Introduction
Learning basics

Math. basics
Perceptron model

MLP
p(y = 1) = f(x; ✓) =

1

1 + e�aL
, p(y = 0) = 1� p(y = 1)

<latexit sha1_base64="Sm654cu2tWx1toC1r/oBzIAKLcc="></latexit><latexit sha1_base64="2bxL3PBKp2QaRn/LdmJIMNpzD3k="></latexit><latexit sha1_base64="2bxL3PBKp2QaRn/LdmJIMNpzD3k="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="PPBxiHDpgw69hFAOKOEnkmnmZpo="></latexit><latexit sha1_base64="PPBxiHDpgw69hFAOKOEnkmnmZpo="></latexit><latexit sha1_base64="zUjY5/eUBmHhk0Uw6cKy94G0K5Y="></latexit><latexit sha1_base64="zUjY5/eUBmHhk0Uw6cKy94G0K5Y="></latexit><latexit sha1_base64="2bxL3PBKp2QaRn/LdmJIMNpzD3k="></latexit><latexit sha1_base64="2bxL3PBKp2QaRn/LdmJIMNpzD3k="></latexit><latexit sha1_base64="2bxL3PBKp2QaRn/LdmJIMNpzD3k="></latexit><latexit sha1_base64="2bxL3PBKp2QaRn/LdmJIMNpzD3k="></latexit><latexit sha1_base64="zUjY5/eUBmHhk0Uw6cKy94G0K5Y="></latexit>

aL = WLhL�1 + bL 2 R
<latexit sha1_base64="H4hboNlfFNH2MbET0mlALn8OLtc=">AAACGHicbVC7SgNBFL0bXzG+onbaDAZBEOOujRYKARuLFFHMA5Kwzk5mkyGzs8vMrBCW/Qwb/8LaxkIR23T+jZNHoYkHBs49517m3uNFnClt299WZmFxaXklu5pbW9/Y3Mpv79RUGEtCqyTkoWx4WFHOBK1qpjltRJLiwOO07vWvR379kUrFQnGvBxFtB7grmM8I1kZy86fYLaMr1Aqw7nl+Uk9N2XOT8omTomPkmarFxNT2krvUzRfsoj0GmifOlBRKey/pAwBU3Pyw1QlJHFChCcdKNR070u0ES80Ip2muFSsaYdLHXdo0VOCAqnYyPixFh0bpID+U5gmNxurviQQHSg0Cz3SONlSz3kj8z2vG2r9oJ0xEsaaCTD7yY450iEYpoQ6TlGg+MAQTycyuiPSwxESbLHMmBGf25HlSOys6ht+aNC5hgizswwEcgQPnUIIbqEAVCDzBK7zDh/VsvVmf1tekNWNNZ3bhD6zhD07BoDg=</latexit><latexit sha1_base64="rLxddxjdLzjYzZgiggPeiJrUnJA=">AAACGHicbVC7TsMwFHV4lvIKsMFiUSEhIUrCAgNIlVgYOhREH1ITRY7rtFYdJ7IdpCrKZ7DwBTAyszCAEGs3/gan7QAtR7J07jn3yvceP2ZUKsv6NubmFxaXlgsrxdW19Y1Nc2u7IaNEYFLHEYtEy0eSMMpJXVHFSCsWBIU+I02/f5X7zXsiJI34nRrExA1Rl9OAYqS05JknyKvCS+iESPX8IG1muux5afXYzuAR9HXlUD6x/fQ288ySVbZGgLPEnpBSZfcl65Pnp5pnDp1OhJOQcIUZkrJtW7FyUyQUxYxkRSeRJEa4j7qkrSlHIZFuOjosgwda6cAgEvpxBUfq74kUhVIOQl935hvKaS8X//PaiQrO3ZTyOFGE4/FHQcKgimCeEuxQQbBiA00QFlTvCnEPCYSVzrKoQ7CnT54ljdOyrfmNTuMCjFEAe2AfHAIbnIEKuAY1UAcYPIBX8A4+jEfjzfg0vsatc8ZkZgf8gTH8AaaIofk=</latexit><latexit sha1_base64="rLxddxjdLzjYzZgiggPeiJrUnJA=">AAACGHicbVC7TsMwFHV4lvIKsMFiUSEhIUrCAgNIlVgYOhREH1ITRY7rtFYdJ7IdpCrKZ7DwBTAyszCAEGs3/gan7QAtR7J07jn3yvceP2ZUKsv6NubmFxaXlgsrxdW19Y1Nc2u7IaNEYFLHEYtEy0eSMMpJXVHFSCsWBIU+I02/f5X7zXsiJI34nRrExA1Rl9OAYqS05JknyKvCS+iESPX8IG1muux5afXYzuAR9HXlUD6x/fQ288ySVbZGgLPEnpBSZfcl65Pnp5pnDp1OhJOQcIUZkrJtW7FyUyQUxYxkRSeRJEa4j7qkrSlHIZFuOjosgwda6cAgEvpxBUfq74kUhVIOQl935hvKaS8X//PaiQrO3ZTyOFGE4/FHQcKgimCeEuxQQbBiA00QFlTvCnEPCYSVzrKoQ7CnT54ljdOyrfmNTuMCjFEAe2AfHAIbnIEKuAY1UAcYPIBX8A4+jEfjzfg0vsatc8ZkZgf8gTH8AaaIofk=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="Hd1YuFb8EFOuz5hdboEpWK6rN1g=">AAACDXicbZBPS8MwGMbfzn9zTp1evQSHIIiz9aIXQfDiYYcp7g+so6RZuoWlaUlSYZR+DC9+FS8eFPHqzW9juvWgmy8Efu/zJOR9Hz/mTGnb/rZKK6tr6xvlzcpWdXtnt7ZX7agokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn9zkfveRSsUi8aCnMR2EeCRYwAjWRvJqZ9hroivkhliP/SDtZqYde2nz1MnQCfJN5zJR2H56n3m1ut2wZ4WWwSmgDkW1vNqXO4xIElKhCcdK9R071oMUS80Ip1nFTRSNMZngEe0bFDikapDOFsvQkVGGKIikOUKjmfr7RYpDpaahb27mE6pFLxf/8/qJDi4HKRNxoqkg84+ChCMdoTwlNGSSEs2nBjCRzMyKyBhLTLTJsmJCcBZXXobOecMxfGdDGQ7gEI7BgQu4hltoQRsIPMELvMG79Wy9Wh/zuEpWkds+/Cnr8wfzlpzX</latexit><latexit sha1_base64="Hd1YuFb8EFOuz5hdboEpWK6rN1g=">AAACDXicbZBPS8MwGMbfzn9zTp1evQSHIIiz9aIXQfDiYYcp7g+so6RZuoWlaUlSYZR+DC9+FS8eFPHqzW9juvWgmy8Efu/zJOR9Hz/mTGnb/rZKK6tr6xvlzcpWdXtnt7ZX7agokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn9zkfveRSsUi8aCnMR2EeCRYwAjWRvJqZ9hroivkhliP/SDtZqYde2nz1MnQCfJN5zJR2H56n3m1ut2wZ4WWwSmgDkW1vNqXO4xIElKhCcdK9R071oMUS80Ip1nFTRSNMZngEe0bFDikapDOFsvQkVGGKIikOUKjmfr7RYpDpaahb27mE6pFLxf/8/qJDi4HKRNxoqkg84+ChCMdoTwlNGSSEs2nBjCRzMyKyBhLTLTJsmJCcBZXXobOecMxfGdDGQ7gEI7BgQu4hltoQRsIPMELvMG79Wy9Wh/zuEpWkds+/Cnr8wfzlpzX</latexit><latexit sha1_base64="umUdAEfISIMeJVtUDKsPJLRtEzY=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQxDrjRhcKBTcuuqhiH9ApQ5Jm2mAmMyQZoQzzGW78FTcuFHHbnX9jpp2Fth4InHvOveTeg2POlHacb6u0tLyyulZer2xsbm3v2Lt7bRUlktAWiXgkuxgpypmgLc00p91YUhRiTjv48Sb3O09UKhaJBz2OaT9EQ8ECRpA2km+fIb8Br6EXIj3CQdrJTDny08apm8ETiE3lMVHYOL3PfLvq1Jwp4CJxC1IFBZq+PfEGEUlCKjThSKme68S6nyKpGeE0q3iJojEij2hIe4YKFFLVT6eHZfDIKAMYRNI8oeFU/T2RolCpcYhNZ76hmvdy8T+vl+jgsp8yESeaCjL7KEg41BHMU4IDJinRfGwIIpKZXSEZIYmINllWTAju/MmLpH1ecw2/c6r1qyKOMjgAh+AYuOAC1MEtaIIWIOAZvIJ38GG9WG/Wp/U1ay1Zxcw++ANr8gO7p55Q</latexit><latexit sha1_base64="umUdAEfISIMeJVtUDKsPJLRtEzY=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQxDrjRhcKBTcuuqhiH9ApQ5Jm2mAmMyQZoQzzGW78FTcuFHHbnX9jpp2Fth4InHvOveTeg2POlHacb6u0tLyyulZer2xsbm3v2Lt7bRUlktAWiXgkuxgpypmgLc00p91YUhRiTjv48Sb3O09UKhaJBz2OaT9EQ8ECRpA2km+fIb8Br6EXIj3CQdrJTDny08apm8ETiE3lMVHYOL3PfLvq1Jwp4CJxC1IFBZq+PfEGEUlCKjThSKme68S6nyKpGeE0q3iJojEij2hIe4YKFFLVT6eHZfDIKAMYRNI8oeFU/T2RolCpcYhNZ76hmvdy8T+vl+jgsp8yESeaCjL7KEg41BHMU4IDJinRfGwIIpKZXSEZIYmINllWTAju/MmLpH1ecw2/c6r1qyKOMjgAh+AYuOAC1MEtaIIWIOAZvIJ38GG9WG/Wp/U1ay1Zxcw++ANr8gO7p55Q</latexit><latexit sha1_base64="rLxddxjdLzjYzZgiggPeiJrUnJA=">AAACGHicbVC7TsMwFHV4lvIKsMFiUSEhIUrCAgNIlVgYOhREH1ITRY7rtFYdJ7IdpCrKZ7DwBTAyszCAEGs3/gan7QAtR7J07jn3yvceP2ZUKsv6NubmFxaXlgsrxdW19Y1Nc2u7IaNEYFLHEYtEy0eSMMpJXVHFSCsWBIU+I02/f5X7zXsiJI34nRrExA1Rl9OAYqS05JknyKvCS+iESPX8IG1muux5afXYzuAR9HXlUD6x/fQ288ySVbZGgLPEnpBSZfcl65Pnp5pnDp1OhJOQcIUZkrJtW7FyUyQUxYxkRSeRJEa4j7qkrSlHIZFuOjosgwda6cAgEvpxBUfq74kUhVIOQl935hvKaS8X//PaiQrO3ZTyOFGE4/FHQcKgimCeEuxQQbBiA00QFlTvCnEPCYSVzrKoQ7CnT54ljdOyrfmNTuMCjFEAe2AfHAIbnIEKuAY1UAcYPIBX8A4+jEfjzfg0vsatc8ZkZgf8gTH8AaaIofk=</latexit><latexit sha1_base64="rLxddxjdLzjYzZgiggPeiJrUnJA=">AAACGHicbVC7TsMwFHV4lvIKsMFiUSEhIUrCAgNIlVgYOhREH1ITRY7rtFYdJ7IdpCrKZ7DwBTAyszCAEGs3/gan7QAtR7J07jn3yvceP2ZUKsv6NubmFxaXlgsrxdW19Y1Nc2u7IaNEYFLHEYtEy0eSMMpJXVHFSCsWBIU+I02/f5X7zXsiJI34nRrExA1Rl9OAYqS05JknyKvCS+iESPX8IG1muux5afXYzuAR9HXlUD6x/fQ288ySVbZGgLPEnpBSZfcl65Pnp5pnDp1OhJOQcIUZkrJtW7FyUyQUxYxkRSeRJEa4j7qkrSlHIZFuOjosgwda6cAgEvpxBUfq74kUhVIOQl935hvKaS8X//PaiQrO3ZTyOFGE4/FHQcKgimCeEuxQQbBiA00QFlTvCnEPCYSVzrKoQ7CnT54ljdOyrfmNTuMCjFEAe2AfHAIbnIEKuAY1UAcYPIBX8A4+jEfjzfg0vsatc8ZkZgf8gTH8AaaIofk=</latexit><latexit sha1_base64="rLxddxjdLzjYzZgiggPeiJrUnJA=">AAACGHicbVC7TsMwFHV4lvIKsMFiUSEhIUrCAgNIlVgYOhREH1ITRY7rtFYdJ7IdpCrKZ7DwBTAyszCAEGs3/gan7QAtR7J07jn3yvceP2ZUKsv6NubmFxaXlgsrxdW19Y1Nc2u7IaNEYFLHEYtEy0eSMMpJXVHFSCsWBIU+I02/f5X7zXsiJI34nRrExA1Rl9OAYqS05JknyKvCS+iESPX8IG1muux5afXYzuAR9HXlUD6x/fQ288ySVbZGgLPEnpBSZfcl65Pnp5pnDp1OhJOQcIUZkrJtW7FyUyQUxYxkRSeRJEa4j7qkrSlHIZFuOjosgwda6cAgEvpxBUfq74kUhVIOQl935hvKaS8X//PaiQrO3ZTyOFGE4/FHQcKgimCeEuxQQbBiA00QFlTvCnEPCYSVzrKoQ7CnT54ljdOyrfmNTuMCjFEAe2AfHAIbnIEKuAY1UAcYPIBX8A4+jEfjzfg0vsatc8ZkZgf8gTH8AaaIofk=</latexit><latexit sha1_base64="rLxddxjdLzjYzZgiggPeiJrUnJA=">AAACGHicbVC7TsMwFHV4lvIKsMFiUSEhIUrCAgNIlVgYOhREH1ITRY7rtFYdJ7IdpCrKZ7DwBTAyszCAEGs3/gan7QAtR7J07jn3yvceP2ZUKsv6NubmFxaXlgsrxdW19Y1Nc2u7IaNEYFLHEYtEy0eSMMpJXVHFSCsWBIU+I02/f5X7zXsiJI34nRrExA1Rl9OAYqS05JknyKvCS+iESPX8IG1muux5afXYzuAR9HXlUD6x/fQ288ySVbZGgLPEnpBSZfcl65Pnp5pnDp1OhJOQcIUZkrJtW7FyUyQUxYxkRSeRJEa4j7qkrSlHIZFuOjosgwda6cAgEvpxBUfq74kUhVIOQl935hvKaS8X//PaiQrO3ZTyOFGE4/FHQcKgimCeEuxQQbBiA00QFlTvCnEPCYSVzrKoQ7CnT54ljdOyrfmNTuMCjFEAe2AfHAIbnIEKuAY1UAcYPIBX8A4+jEfjzfg0vsatc8ZkZgf8gTH8AaaIofk=</latexit><latexit sha1_base64="umUdAEfISIMeJVtUDKsPJLRtEzY=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQxDrjRhcKBTcuuqhiH9ApQ5Jm2mAmMyQZoQzzGW78FTcuFHHbnX9jpp2Fth4InHvOveTeg2POlHacb6u0tLyyulZer2xsbm3v2Lt7bRUlktAWiXgkuxgpypmgLc00p91YUhRiTjv48Sb3O09UKhaJBz2OaT9EQ8ECRpA2km+fIb8Br6EXIj3CQdrJTDny08apm8ETiE3lMVHYOL3PfLvq1Jwp4CJxC1IFBZq+PfEGEUlCKjThSKme68S6nyKpGeE0q3iJojEij2hIe4YKFFLVT6eHZfDIKAMYRNI8oeFU/T2RolCpcYhNZ76hmvdy8T+vl+jgsp8yESeaCjL7KEg41BHMU4IDJinRfGwIIpKZXSEZIYmINllWTAju/MmLpH1ecw2/c6r1qyKOMjgAh+AYuOAC1MEtaIIWIOAZvIJ38GG9WG/Wp/U1ay1Zxcw++ANr8gO7p55Q</latexit>

aL = WLhL�1 + bL 2 RK
<latexit sha1_base64="Ubko6DUq2BU4WeG0f6iHH7f2K6g=">AAACGnicbVDLSgMxFL3js9ZX1Z1ugkUQxDLjRhcKBTeCXVSxD2jrmEkzbWgmMyQZoQzzHW78CT/AjQtF3Ikb/8b0sdDWA4Fzz7mX3Hu8iDOlbfvbmpmdm19YzCxll1dW19ZzG5tVFcaS0AoJeSjrHlaUM0ErmmlO65GkOPA4rXm984Ffu6dSsVDc6H5EWwHuCOYzgrWR3JyD3RI6Q80A667nJ7XUlF03KR06KTpAnqmaTIxtL7lOby/dXN4u2EOgaeKMSb64/ZTeAUDZzX022yGJAyo04ViphmNHupVgqRnhNM02Y0UjTHq4QxuGChxQ1UqGp6Vozyht5IfSPKHRUP09keBAqX7gmc7BjmrSG4j/eY1Y+yethIko1lSQ0Ud+zJEO0SAn1GaSEs37hmAimdkVkS6WmGiTZtaE4EyePE2qRwXH8CuTximMkIEd2IV9cOAYinABZagAgQd4hld4sx6tF+vd+hi1zljjmS34A+vrB7nEoPU=</latexit><latexit sha1_base64="hWi28s+C/Ugqy/d5W5sm4dj51F8="></latexit><latexit sha1_base64="hWi28s+C/Ugqy/d5W5sm4dj51F8="></latexit><latexit sha1_base64="x5jKr0CMHH2WmLcudPKI4XeJFxE=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0UQxJK40YVCwY1gF1XsA5oYJtNJO3QyCTMToYR8hxt/xY0LRdyJG//GSZuFth4YOPece5l7jx8zKpVlfRulhcWl5ZXyamVtfWNzy9zeacsoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH13mfueBCEkjfqfGMXFDNOA0oBgpLXmmjbwGvIBOiNTQD9JOpsuhlzaO7QweQV9XDuWF7ae32f21Z1atmjUBnCd2QaqgQNMzP51+hJOQcIUZkrJnW7FyUyQUxYxkFSeRJEZ4hAakpylHIZFuOjktgwda6cMgEvpxBSfq74kUhVKOQ1935jvKWS8X//N6iQrO3JTyOFGE4+lHQcKgimCeE+xTQbBiY00QFlTvCvEQCYSVTrOiQ7BnT54n7ZOarfmNVa2fF3GUwR7YB4fABqegDq5AE7QABo/gGbyCN+PJeDHejY9pa8koZnbBHxhfPya5nw0=</latexit>

X

k2C
p(y = k) = 1

<latexit sha1_base64="NqgiMMbmNFmuyAyEURb+h4rkcCg=">AAACCnicbZC9SgNBFIXv+htj1FVLm9EgxCbs2mhhIJDGMoL5gWwIs5NJMmR2dpmZFZYlYGfjq9hYKGLrE9j5Gj6Bs0kKTTww8HHuvcy9x484U9pxvqyV1bX1jc3cVn67sLO7Z+8fNFUYS0IbJOShbPtYUc4EbWimOW1HkuLA57Tlj2tZvXVHpWKhuNVJRLsBHgo2YARrY/XsY0/FQS8de0wgL8B6RDBPa5NJVEoq4zNUQW7PLjplZyq0DO4citVa4fseAOo9+9PrhyQOqNCEY6U6rhPpboqlZoTTSd6LFY0wGeMh7RgUOKCqm05PmaBT4/TRIJTmCY2m7u+JFAdKJYFvOrNt1WItM/+rdWI9uOymTESxpoLMPhrEHOkQZbmgPpOUaJ4YwEQysysiIywx0Sa9vAnBXTx5GZrnZdfwjUnjCmbKwRGcQAlcuIAqXEMdGkDgAZ7gBV6tR+vZerPeZ60r1nzmEP7I+vgBpWqbsw==</latexit><latexit sha1_base64="yp7STbT9PpInn+lYw/8nuLhE/54=">AAACCnicbZDNSgMxFIUz9a/WqqOCGzfRItRNmXGjCwuFblxWsD/QKSWTpm1okhmSjDAO3QluXPsWblwo4tYncOdr+ARm2i609UDg49x7yb3HDxlV2nG+rMzS8srqWnY9t5Hf3Nq2d3YbKogkJnUcsEC2fKQIo4LUNdWMtEJJEPcZafqjalpv3hCpaCCudRySDkcDQfsUI22srn3oqYh3k5FHBfQ40kOMWFIdj8NiXB6dwDJ0u3bBKTkTwUVwZ1CoVPPfd/u3j7Wu/en1AhxxIjRmSKm264S6kyCpKWZknPMiRUKER2hA2gYF4kR1kskpY3hsnB7sB9I8oeHE/T2RIK5UzH3TmW6r5mup+V+tHen+eSehIow0EXj6UT9iUAcwzQX2qCRYs9gAwpKaXSEeIomwNunlTAju/MmL0DgtuYavTBoXYKosOABHoAhccAYq4BLUQB1gcA+ewAt4tR6sZ+vNep+2ZqzZzB74I+vjBzMsnN0=</latexit><latexit sha1_base64="yp7STbT9PpInn+lYw/8nuLhE/54=">AAACCnicbZDNSgMxFIUz9a/WqqOCGzfRItRNmXGjCwuFblxWsD/QKSWTpm1okhmSjDAO3QluXPsWblwo4tYncOdr+ARm2i609UDg49x7yb3HDxlV2nG+rMzS8srqWnY9t5Hf3Nq2d3YbKogkJnUcsEC2fKQIo4LUNdWMtEJJEPcZafqjalpv3hCpaCCudRySDkcDQfsUI22srn3oqYh3k5FHBfQ40kOMWFIdj8NiXB6dwDJ0u3bBKTkTwUVwZ1CoVPPfd/u3j7Wu/en1AhxxIjRmSKm264S6kyCpKWZknPMiRUKER2hA2gYF4kR1kskpY3hsnB7sB9I8oeHE/T2RIK5UzH3TmW6r5mup+V+tHen+eSehIow0EXj6UT9iUAcwzQX2qCRYs9gAwpKaXSEeIomwNunlTAju/MmL0DgtuYavTBoXYKosOABHoAhccAYq4BLUQB1gcA+ewAt4tR6sZ+vNep+2ZqzZzB74I+vjBzMsnN0=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="UCBeRC9GswcJq6/IdY24sRxM3lo=">AAAB/3icbZDNSgMxFIXv1L9aq1a3bqJFqJsy40Y3BaEblxVsK3SGIZNm2tAkMyQZoQyzduOruHGhiG/hzrcx/Vlo64HAxzkJufdEKWfauO63U9rY3NreKe9W9qr7B4e1o2pPJ5kitEsSnqiHCGvKmaRdwwynD6miWESc9qNJe5b3H6nSLJH3ZprSQOCRZDEj2FgrrJ36OhNhPvGZRL7AZkwwz9tFkTamrckFaiEvrNXdpjsXWgdvCXVYqhPWvvxhQjJBpSEcaz3w3NQEOVaGEU6Lip9pmmIywSM6sCixoDrI56sU6Nw6QxQnyh5p0Nz9/SLHQuupiOzN2bR6NZuZ/2WDzMTXQc5kmhkqyeKjOOPIJGjWCxoyRYnhUwuYKGZnRWSMFSbGtlexJXirK69D77LpWb5zoQwncAYN8OAKbuAWOtAFAk/wAm/w7jw7r87Hoq6Ss+ztGP7I+fwBWVaYRw==</latexit><latexit sha1_base64="UCBeRC9GswcJq6/IdY24sRxM3lo=">AAAB/3icbZDNSgMxFIXv1L9aq1a3bqJFqJsy40Y3BaEblxVsK3SGIZNm2tAkMyQZoQyzduOruHGhiG/hzrcx/Vlo64HAxzkJufdEKWfauO63U9rY3NreKe9W9qr7B4e1o2pPJ5kitEsSnqiHCGvKmaRdwwynD6miWESc9qNJe5b3H6nSLJH3ZprSQOCRZDEj2FgrrJ36OhNhPvGZRL7AZkwwz9tFkTamrckFaiEvrNXdpjsXWgdvCXVYqhPWvvxhQjJBpSEcaz3w3NQEOVaGEU6Lip9pmmIywSM6sCixoDrI56sU6Nw6QxQnyh5p0Nz9/SLHQuupiOzN2bR6NZuZ/2WDzMTXQc5kmhkqyeKjOOPIJGjWCxoyRYnhUwuYKGZnRWSMFSbGtlexJXirK69D77LpWb5zoQwncAYN8OAKbuAWOtAFAk/wAm/w7jw7r87Hoq6Ss+ztGP7I+fwBWVaYRw==</latexit><latexit sha1_base64="whzfG9m/TmG9NU7MvfK/Abd4/f4=">AAACCnicbZC7TsMwFIadcivlFmBkMVRIZakSFhioVKkLY5HoRWqiyHGd1qrjRLaDFEWZWXgVFgYQYuUJ2HgbnDYDtPySpU//OUc+5/djRqWyrG+jsra+sblV3a7t7O7tH5iHR30ZJQKTHo5YJIY+koRRTnqKKkaGsSAo9BkZ+LNOUR88ECFpxO9VGhM3RBNOA4qR0pZnnjoyCb1s5lAOnRCpKUYs6+R53EhbswvYgrZn1q2mNRdcBbuEOijV9cwvZxzhJCRcYYakHNlWrNwMCUUxI3nNSSSJEZ6hCRlp5Cgk0s3mp+TwXDtjGERCP67g3P09kaFQyjT0dWexrVyuFeZ/tVGigms3ozxOFOF48VGQMKgiWOQCx1QQrFiqAWFB9a4QT5FAWOn0ajoEe/nkVehfNm3Nd1a9fVPGUQUn4Aw0gA2uQBvcgi7oAQwewTN4BW/Gk/FivBsfi9aKUc4cgz8yPn8A8RKZsg==</latexit><latexit sha1_base64="whzfG9m/TmG9NU7MvfK/Abd4/f4=">AAACCnicbZC7TsMwFIadcivlFmBkMVRIZakSFhioVKkLY5HoRWqiyHGd1qrjRLaDFEWZWXgVFgYQYuUJ2HgbnDYDtPySpU//OUc+5/djRqWyrG+jsra+sblV3a7t7O7tH5iHR30ZJQKTHo5YJIY+koRRTnqKKkaGsSAo9BkZ+LNOUR88ECFpxO9VGhM3RBNOA4qR0pZnnjoyCb1s5lAOnRCpKUYs6+R53EhbswvYgrZn1q2mNRdcBbuEOijV9cwvZxzhJCRcYYakHNlWrNwMCUUxI3nNSSSJEZ6hCRlp5Cgk0s3mp+TwXDtjGERCP67g3P09kaFQyjT0dWexrVyuFeZ/tVGigms3ozxOFOF48VGQMKgiWOQCx1QQrFiqAWFB9a4QT5FAWOn0ajoEe/nkVehfNm3Nd1a9fVPGUQUn4Aw0gA2uQBvcgi7oAQwewTN4BW/Gk/FivBsfi9aKUc4cgz8yPn8A8RKZsg==</latexit><latexit sha1_base64="yp7STbT9PpInn+lYw/8nuLhE/54=">AAACCnicbZDNSgMxFIUz9a/WqqOCGzfRItRNmXGjCwuFblxWsD/QKSWTpm1okhmSjDAO3QluXPsWblwo4tYncOdr+ARm2i609UDg49x7yb3HDxlV2nG+rMzS8srqWnY9t5Hf3Nq2d3YbKogkJnUcsEC2fKQIo4LUNdWMtEJJEPcZafqjalpv3hCpaCCudRySDkcDQfsUI22srn3oqYh3k5FHBfQ40kOMWFIdj8NiXB6dwDJ0u3bBKTkTwUVwZ1CoVPPfd/u3j7Wu/en1AhxxIjRmSKm264S6kyCpKWZknPMiRUKER2hA2gYF4kR1kskpY3hsnB7sB9I8oeHE/T2RIK5UzH3TmW6r5mup+V+tHen+eSehIow0EXj6UT9iUAcwzQX2qCRYs9gAwpKaXSEeIomwNunlTAju/MmL0DgtuYavTBoXYKosOABHoAhccAYq4BLUQB1gcA+ewAt4tR6sZ+vNep+2ZqzZzB74I+vjBzMsnN0=</latexit><latexit sha1_base64="yp7STbT9PpInn+lYw/8nuLhE/54=">AAACCnicbZDNSgMxFIUz9a/WqqOCGzfRItRNmXGjCwuFblxWsD/QKSWTpm1okhmSjDAO3QluXPsWblwo4tYncOdr+ARm2i609UDg49x7yb3HDxlV2nG+rMzS8srqWnY9t5Hf3Nq2d3YbKogkJnUcsEC2fKQIo4LUNdWMtEJJEPcZafqjalpv3hCpaCCudRySDkcDQfsUI22srn3oqYh3k5FHBfQ40kOMWFIdj8NiXB6dwDJ0u3bBKTkTwUVwZ1CoVPPfd/u3j7Wu/en1AhxxIjRmSKm264S6kyCpKWZknPMiRUKER2hA2gYF4kR1kskpY3hsnB7sB9I8oeHE/T2RIK5UzH3TmW6r5mup+V+tHen+eSehIow0EXj6UT9iUAcwzQX2qCRYs9gAwpKaXSEeIomwNunlTAju/MmL0DgtuYavTBoXYKosOABHoAhccAYq4BLUQB1gcA+ewAt4tR6sZ+vNep+2ZqzZzB74I+vjBzMsnN0=</latexit><latexit sha1_base64="yp7STbT9PpInn+lYw/8nuLhE/54=">AAACCnicbZDNSgMxFIUz9a/WqqOCGzfRItRNmXGjCwuFblxWsD/QKSWTpm1okhmSjDAO3QluXPsWblwo4tYncOdr+ARm2i609UDg49x7yb3HDxlV2nG+rMzS8srqWnY9t5Hf3Nq2d3YbKogkJnUcsEC2fKQIo4LUNdWMtEJJEPcZafqjalpv3hCpaCCudRySDkcDQfsUI22srn3oqYh3k5FHBfQ40kOMWFIdj8NiXB6dwDJ0u3bBKTkTwUVwZ1CoVPPfd/u3j7Wu/en1AhxxIjRmSKm264S6kyCpKWZknPMiRUKER2hA2gYF4kR1kskpY3hsnB7sB9I8oeHE/T2RIK5UzH3TmW6r5mup+V+tHen+eSehIow0EXj6UT9iUAcwzQX2qCRYs9gAwpKaXSEeIomwNunlTAju/MmL0DgtuYavTBoXYKosOABHoAhccAYq4BLUQB1gcA+ewAt4tR6sZ+vNep+2ZqzZzB74I+vjBzMsnN0=</latexit><latexit sha1_base64="yp7STbT9PpInn+lYw/8nuLhE/54=">AAACCnicbZDNSgMxFIUz9a/WqqOCGzfRItRNmXGjCwuFblxWsD/QKSWTpm1okhmSjDAO3QluXPsWblwo4tYncOdr+ARm2i609UDg49x7yb3HDxlV2nG+rMzS8srqWnY9t5Hf3Nq2d3YbKogkJnUcsEC2fKQIo4LUNdWMtEJJEPcZafqjalpv3hCpaCCudRySDkcDQfsUI22srn3oqYh3k5FHBfQ40kOMWFIdj8NiXB6dwDJ0u3bBKTkTwUVwZ1CoVPPfd/u3j7Wu/en1AhxxIjRmSKm264S6kyCpKWZknPMiRUKER2hA2gYF4kR1kskpY3hsnB7sB9I8oeHE/T2RIK5UzH3TmW6r5mup+V+tHen+eSehIow0EXj6UT9iUAcwzQX2qCRYs9gAwpKaXSEeIomwNunlTAju/MmL0DgtuYavTBoXYKosOABHoAhccAYq4BLUQB1gcA+ewAt4tR6sZ+vNep+2ZqzZzB74I+vjBzMsnN0=</latexit><latexit sha1_base64="whzfG9m/TmG9NU7MvfK/Abd4/f4=">AAACCnicbZC7TsMwFIadcivlFmBkMVRIZakSFhioVKkLY5HoRWqiyHGd1qrjRLaDFEWZWXgVFgYQYuUJ2HgbnDYDtPySpU//OUc+5/djRqWyrG+jsra+sblV3a7t7O7tH5iHR30ZJQKTHo5YJIY+koRRTnqKKkaGsSAo9BkZ+LNOUR88ECFpxO9VGhM3RBNOA4qR0pZnnjoyCb1s5lAOnRCpKUYs6+R53EhbswvYgrZn1q2mNRdcBbuEOijV9cwvZxzhJCRcYYakHNlWrNwMCUUxI3nNSSSJEZ6hCRlp5Cgk0s3mp+TwXDtjGERCP67g3P09kaFQyjT0dWexrVyuFeZ/tVGigms3ozxOFOF48VGQMKgiWOQCx1QQrFiqAWFB9a4QT5FAWOn0ajoEe/nkVehfNm3Nd1a9fVPGUQUn4Aw0gA2uQBvcgi7oAQwewTN4BW/Gk/FivBsfi9aKUc4cgz8yPn8A8RKZsg==</latexit>

p(y = k) = fk(x; ✓) =
eaL,k

P
k02C e

aL,k0
<latexit sha1_base64="KoXSh4HOG3iRkGqLSMzUPszV7CU="></latexit><latexit sha1_base64="SswlqTzvGDDXEhIYmkkng9vwirM="></latexit><latexit sha1_base64="SswlqTzvGDDXEhIYmkkng9vwirM="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="F20CJVuVZuPGhFlVUbFHLNNSqMg="></latexit><latexit sha1_base64="F20CJVuVZuPGhFlVUbFHLNNSqMg="></latexit><latexit sha1_base64="MpEpY/ylq6MHiPRV3DhAqnZ40s8="></latexit><latexit sha1_base64="MpEpY/ylq6MHiPRV3DhAqnZ40s8="></latexit><latexit sha1_base64="SswlqTzvGDDXEhIYmkkng9vwirM="></latexit><latexit sha1_base64="SswlqTzvGDDXEhIYmkkng9vwirM="></latexit><latexit sha1_base64="SswlqTzvGDDXEhIYmkkng9vwirM="></latexit><latexit sha1_base64="SswlqTzvGDDXEhIYmkkng9vwirM="></latexit><latexit sha1_base64="MpEpY/ylq6MHiPRV3DhAqnZ40s8="></latexit>



Computer
Vision Fully Connected Regression Network

• Regression network is very 
similar to the classification 
network 
• For an M dimensional 

regression problem

• It is common to not use any 
non-linear activation at the 
final layer 

Introduction
Learning basics

Math. basics
Perceptron model

MLP

…

y 2 RM
<latexit sha1_base64="6c26S8nd2A4BhTzzqMpcl//utDs=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIunBRcONGqGIf0MYymU7aoZNJmJkoIfZT3LhQxK1f4s6/cdJmoa0HBg7n3Ms9c/yYM6Ud59taWl5ZXVsvbZQ3t7Z3du3KXktFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vgy99sPVCoWiTudxtQL8VCwgBGsjdS3K2mPCdQLsR75fnY7ub/u21Wn5kyBFolbkCoUaPTtr94gIklIhSYcK9V1nVh7GZaaEU4n5V6iaIzJGA9p11CBQ6q8bBp9go6MMkBBJM0TGk3V3xsZDpVKQ99M5hnVvJeL/3ndRAfnXsZEnGgqyOxQkHCkI5T3gAZMUqJ5aggmkpmsiIywxESbtsqmBHf+y4ukdVJzDb85rdYvijpKcACHcAwunEEdrqABTSDwCM/wCm/Wk/VivVsfs9Elq9jZhz+wPn8AFW6T2g==</latexit><latexit sha1_base64="6c26S8nd2A4BhTzzqMpcl//utDs=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIunBRcONGqGIf0MYymU7aoZNJmJkoIfZT3LhQxK1f4s6/cdJmoa0HBg7n3Ms9c/yYM6Ud59taWl5ZXVsvbZQ3t7Z3du3KXktFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vgy99sPVCoWiTudxtQL8VCwgBGsjdS3K2mPCdQLsR75fnY7ub/u21Wn5kyBFolbkCoUaPTtr94gIklIhSYcK9V1nVh7GZaaEU4n5V6iaIzJGA9p11CBQ6q8bBp9go6MMkBBJM0TGk3V3xsZDpVKQ99M5hnVvJeL/3ndRAfnXsZEnGgqyOxQkHCkI5T3gAZMUqJ5aggmkpmsiIywxESbtsqmBHf+y4ukdVJzDb85rdYvijpKcACHcAwunEEdrqABTSDwCM/wCm/Wk/VivVsfs9Elq9jZhz+wPn8AFW6T2g==</latexit><latexit sha1_base64="6c26S8nd2A4BhTzzqMpcl//utDs=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIunBRcONGqGIf0MYymU7aoZNJmJkoIfZT3LhQxK1f4s6/cdJmoa0HBg7n3Ms9c/yYM6Ud59taWl5ZXVsvbZQ3t7Z3du3KXktFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vgy99sPVCoWiTudxtQL8VCwgBGsjdS3K2mPCdQLsR75fnY7ub/u21Wn5kyBFolbkCoUaPTtr94gIklIhSYcK9V1nVh7GZaaEU4n5V6iaIzJGA9p11CBQ6q8bBp9go6MMkBBJM0TGk3V3xsZDpVKQ99M5hnVvJeL/3ndRAfnXsZEnGgqyOxQkHCkI5T3gAZMUqJ5aggmkpmsiIywxESbtsqmBHf+y4ukdVJzDb85rdYvijpKcACHcAwunEEdrqABTSDwCM/wCm/Wk/VivVsfs9Elq9jZhz+wPn8AFW6T2g==</latexit><latexit sha1_base64="6c26S8nd2A4BhTzzqMpcl//utDs=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIunBRcONGqGIf0MYymU7aoZNJmJkoIfZT3LhQxK1f4s6/cdJmoa0HBg7n3Ms9c/yYM6Ud59taWl5ZXVsvbZQ3t7Z3du3KXktFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vgy99sPVCoWiTudxtQL8VCwgBGsjdS3K2mPCdQLsR75fnY7ub/u21Wn5kyBFolbkCoUaPTtr94gIklIhSYcK9V1nVh7GZaaEU4n5V6iaIzJGA9p11CBQ6q8bBp9go6MMkBBJM0TGk3V3xsZDpVKQ99M5hnVvJeL/3ndRAfnXsZEnGgqyOxQkHCkI5T3gAZMUqJ5aggmkpmsiIywxESbtsqmBHf+y4ukdVJzDb85rdYvijpKcACHcAwunEEdrqABTSDwCM/wCm/Wk/VivVsfs9Elq9jZhz+wPn8AFW6T2g==</latexit>

f(x; ✓)
<latexit sha1_base64="QaeWYF8+RCoyjN8oF3bbtVDIP6E=">AAAB/XicbVC7SgNBFL3rM8ZXfHRaDAYhNmHXRkGLgI1lBPOAbAizk9lkyOyDmbtiXIKf4C/YWChi63/Y+TfOJik08cDA4Zx7uWeOF0uh0ba/rYXFpeWV1dxafn1jc2u7sLNb11GiGK+xSEaq6VHNpQh5DQVK3owVp4EnecMbXGV+444rLaLwFocxbwe0FwpfMIpG6hT2/ZIbUOx7fno/unCxz5GedApFu2yPQeaJMyXFyuGTSwCg2il8ud2IJQEPkUmqdcuxY2ynVKFgko/ybqJ5TNmA9njL0JAGXLfTcfoROTZKl/iRMi9EMlZ/b6Q00HoYeGYyS6pnvUz8z2sl6J+3UxHGCfKQTQ75iSQYkawK0hWKM5RDQyhTwmQlrE8VZWgKy5sSnNkvz5P6adkx/Ma0cQkT5OAAjqAEDpxBBa6hCjVg8ADP8Apv1qP1Yr1bH5PRBWu6swd/YH3+ACRClnI=</latexit><latexit sha1_base64="DMjBP07WW72ZuB+DII76RHgB6RQ=">AAAB/XicbVDLSsNAFJ3UV62v+NjpIliEuimJGwVdFNy4rGAf0IQymU7aoZNJmLkRayh+Qn/BjQtF3Lr3E9z5Ie6dtF1o64GBwzn3cs8cP+ZMgW1/GbmFxaXllfxqYW19Y3PL3N6pqyiRhNZIxCPZ9LGinAlaAwacNmNJcehz2vD7l5nfuKVSsUjcwCCmXoi7ggWMYNBS29wLSm6IoecH6d3w3IUeBXzcNot22R7DmifOlBQrByO39P0xqrbNT7cTkSSkAgjHSrUcOwYvxRIY4XRYcBNFY0z6uEtbmgocUuWl4/RD60grHSuIpH4CrLH6eyPFoVKD0NeTWVI162Xif14rgeDMS5mIE6CCTA4FCbcgsrIqrA6TlAAfaIKJZDqrRXpYYgK6sIIuwZn98jypn5Qdza91GxdogjzaR4eohBx0iiroClVRDRF0jx7RM3oxHown49V4m4zmjOnOLvoD4/0HORmYwA==</latexit><latexit sha1_base64="DMjBP07WW72ZuB+DII76RHgB6RQ=">AAAB/XicbVDLSsNAFJ3UV62v+NjpIliEuimJGwVdFNy4rGAf0IQymU7aoZNJmLkRayh+Qn/BjQtF3Lr3E9z5Ie6dtF1o64GBwzn3cs8cP+ZMgW1/GbmFxaXllfxqYW19Y3PL3N6pqyiRhNZIxCPZ9LGinAlaAwacNmNJcehz2vD7l5nfuKVSsUjcwCCmXoi7ggWMYNBS29wLSm6IoecH6d3w3IUeBXzcNot22R7DmifOlBQrByO39P0xqrbNT7cTkSSkAgjHSrUcOwYvxRIY4XRYcBNFY0z6uEtbmgocUuWl4/RD60grHSuIpH4CrLH6eyPFoVKD0NeTWVI162Xif14rgeDMS5mIE6CCTA4FCbcgsrIqrA6TlAAfaIKJZDqrRXpYYgK6sIIuwZn98jypn5Qdza91GxdogjzaR4eohBx0iiroClVRDRF0jx7RM3oxHown49V4m4zmjOnOLvoD4/0HORmYwA==</latexit><latexit sha1_base64="k+zjdDTwHJZqGFhgS5c6TdzuUqA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5K4UdBFwY3LCvYBTSiT6aQdOpmEmRuxhuKvuHGhiFv/w51/46TNQlsPDBzOuZd75gSJ4Boc59taWl5ZXVsvbZQ3t7Z3du29/ZaOU0VZk8YiVp2AaCa4ZE3gIFgnUYxEgWDtYHSd++17pjSP5R2ME+ZHZCB5yCkBI/Xsw7DqRQSGQZg9TC49GDIgpz274tScKfAicQtSQQUaPfvL68c0jZgEKojWXddJwM+IAk4Fm5S9VLOE0BEZsK6hkkRM+9k0/QSfGKWPw1iZJwFP1d8bGYm0HkeBmcyT6nkvF//zuimEF37GZZICk3R2KEwFhhjnVeA+V4yCGBtCqOImK6ZDoggFU1jZlODOf3mRtM5qruG3TqV+VdRRQkfoGFWRi85RHd2gBmoiih7RM3pFb9aT9WK9Wx+z0SWr2DlAf2B9/gA+7pUL</latexit>

f(x; ✓) 2 RM
<latexit sha1_base64="T7rSfRiCiOciGWiB25X+o1mH1gg=">AAACDHicbVC7SgNBFL3rM8ZX1FKLQRFiE3ZtFLQI2NgIUcwDsjHMTmbN4OzsMnNXDEs+wEY/xcZCEVs/wM6/cfIoNHpg4HDOucy9J0ikMOi6X87U9Mzs3HxuIb+4tLyyWlhbr5k41YxXWSxj3Qio4VIoXkWBkjcSzWkUSF4Pbk4Gfv2WayNidYm9hLcieq1EKBhFK7ULO2HRjyh2gzC76x/52OVI93yhRmKQXfSvzmzKLblDkL/EG5Od8tajTwCg0i58+p2YpRFXyCQ1pum5CbYyqlEwyft5PzU8oeyGXvOmpYpG3LSy4TF9smuVDgljbZ9CMlR/TmQ0MqYXBTY52NFMegPxP6+ZYnjYyoRKUuSKjT4KU0kwJoNmSEdozlD2LKFMC7srYV2qKUPbX96W4E2e/JfU9kue5ee2jWMYIQebsA1F8OAAynAKFagCg3t4ghd4dR6cZ+fNeR9Fp5zxzAb8gvPxDfJynPo=</latexit><latexit sha1_base64="QSdh3jU9N7kIG72te4+n//UiZRQ=">AAACDHicbVC7SgNBFJ2NrxhfUUstFoMQm7Bro6BFwMZGiGIekF3D7GQ2GTI7u8zcFcOSD7Axn2JjoYiNhR9g54fYO5uk0MQDA4dzzmXuPV7EmQLL+jIyc/MLi0vZ5dzK6tr6Rn5zq6bCWBJaJSEPZcPDinImaBUYcNqIJMWBx2nd652lfv2WSsVCcQ39iLoB7gjmM4JBS618wS86AYau5yd3gxMHuhTwgcPEWPSSq8HNhU5ZJWsEc5bYE1Io7w6d4vf7sNLKfzrtkMQBFUA4VqppWxG4CZbACKeDnBMrGmHSwx3a1FTggCo3GR0zMPe10jb9UOonwBypvycSHCjVDzydTHdU014q/uc1Y/CP3YSJKAYqyPgjP+YmhGbajNlmkhLgfU0wkUzvapIulpiA7i+nS7CnT54ltcOSrfmlbuMUjZFFO2gPFZGNjlAZnaMKqiKC7tEjekYvxoPxZLwab+NoxpjMbKM/MD5+AAdYn0g=</latexit><latexit sha1_base64="QSdh3jU9N7kIG72te4+n//UiZRQ=">AAACDHicbVC7SgNBFJ2NrxhfUUstFoMQm7Bro6BFwMZGiGIekF3D7GQ2GTI7u8zcFcOSD7Axn2JjoYiNhR9g54fYO5uk0MQDA4dzzmXuPV7EmQLL+jIyc/MLi0vZ5dzK6tr6Rn5zq6bCWBJaJSEPZcPDinImaBUYcNqIJMWBx2nd652lfv2WSsVCcQ39iLoB7gjmM4JBS618wS86AYau5yd3gxMHuhTwgcPEWPSSq8HNhU5ZJWsEc5bYE1Io7w6d4vf7sNLKfzrtkMQBFUA4VqppWxG4CZbACKeDnBMrGmHSwx3a1FTggCo3GR0zMPe10jb9UOonwBypvycSHCjVDzydTHdU014q/uc1Y/CP3YSJKAYqyPgjP+YmhGbajNlmkhLgfU0wkUzvapIulpiA7i+nS7CnT54ltcOSrfmlbuMUjZFFO2gPFZGNjlAZnaMKqiKC7tEjekYvxoPxZLwab+NoxpjMbKM/MD5+AAdYn0g=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="4SIwcUNHrOKGL7OIPnEguVTKfVY=">AAACAXicbZDLSsNAFIZP6q3WqtWtm2AR6qYkbhTcCG7cCFXsBZpYJtNJO3QyCTMnYgl5ADe+ihsXivgS7nwbp5eFtv4w8PGfM5xz/iARXKPjfFuFldW19Y3iZmmrvL2zW9krt3ScKsqaNBax6gREM8ElayJHwTqJYiQKBGsHo8tJvf3AlOaxvMNxwvyIDCQPOSVorF6lGta8iOAwCLPH/NzDIUNy7HE5M4PsNr+/Nl1O3ZnKXgZ3DlWYq9GrfHn9mKYRk0gF0brrOgn6GVHIqWB5yUs1SwgdkQHrGpQkYtrPpsfk9pFx+nYYK/Mk2lP394+MRFqPo8B0TnbUi7WJ+V+tm2J45mdcJikySWeDwlTYGNuTZOw+V4yiGBsgVHGzq02HRBGKJr+SCcFdPHkZWid11/CNA0U4gEOogQuncAFX0IAmUHiCF3iDd+vZerU+ZnEVrHlu+/BH1ucPYROaJg==</latexit><latexit sha1_base64="4SIwcUNHrOKGL7OIPnEguVTKfVY=">AAACAXicbZDLSsNAFIZP6q3WqtWtm2AR6qYkbhTcCG7cCFXsBZpYJtNJO3QyCTMnYgl5ADe+ihsXivgS7nwbp5eFtv4w8PGfM5xz/iARXKPjfFuFldW19Y3iZmmrvL2zW9krt3ScKsqaNBax6gREM8ElayJHwTqJYiQKBGsHo8tJvf3AlOaxvMNxwvyIDCQPOSVorF6lGta8iOAwCLPH/NzDIUNy7HE5M4PsNr+/Nl1O3ZnKXgZ3DlWYq9GrfHn9mKYRk0gF0brrOgn6GVHIqWB5yUs1SwgdkQHrGpQkYtrPpsfk9pFx+nYYK/Mk2lP394+MRFqPo8B0TnbUi7WJ+V+tm2J45mdcJikySWeDwlTYGNuTZOw+V4yiGBsgVHGzq02HRBGKJr+SCcFdPHkZWid11/CNA0U4gEOogQuncAFX0IAmUHiCF3iDd+vZerU+ZnEVrHlu+/BH1ucPYROaJg==</latexit><latexit sha1_base64="b8+D1lkUQIwu389P7a93kBArGr8=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxI3CroouHEjVLEPaGKZTCft0MkkzNyIJfQD3Pgrblwo4tYPcOffOGmz0NYDA4dzzmXuPX4suAbb/rYWFpeWV1YLa8X1jc2t7dLOblNHiaKsQSMRqbZPNBNcsgZwEKwdK0ZCX7CWP7zI/NY9U5pH8hZGMfNC0pc84JSAkbqlclBxQwIDP0gfxmcuDBiQI5fLqeinN+O7K5Oyq/YEeJ44OSmjHPVu6cvtRTQJmQQqiNYdx47BS4kCTgUbF91Es5jQIemzjqGShEx76eSYMT40Sg8HkTJPAp6ovydSEmo9Cn2TzHbUs14m/ud1EghOvZTLOAEm6fSjIBEYIpw1g3tcMQpiZAihiptdMR0QRSiY/oqmBGf25HnSPK46hl/b5dp5XkcB7aMDVEEOOkE1dInqqIEoekTP6BW9WU/Wi/VufUyjC1Y+s4f+wPr8AQ0tm5M=</latexit><latexit sha1_base64="b8+D1lkUQIwu389P7a93kBArGr8=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxI3CroouHEjVLEPaGKZTCft0MkkzNyIJfQD3Pgrblwo4tYPcOffOGmz0NYDA4dzzmXuPX4suAbb/rYWFpeWV1YLa8X1jc2t7dLOblNHiaKsQSMRqbZPNBNcsgZwEKwdK0ZCX7CWP7zI/NY9U5pH8hZGMfNC0pc84JSAkbqlclBxQwIDP0gfxmcuDBiQI5fLqeinN+O7K5Oyq/YEeJ44OSmjHPVu6cvtRTQJmQQqiNYdx47BS4kCTgUbF91Es5jQIemzjqGShEx76eSYMT40Sg8HkTJPAp6ovydSEmo9Cn2TzHbUs14m/ud1EghOvZTLOAEm6fSjIBEYIpw1g3tcMQpiZAihiptdMR0QRSiY/oqmBGf25HnSPK46hl/b5dp5XkcB7aMDVEEOOkE1dInqqIEoekTP6BW9WU/Wi/VufUyjC1Y+s4f+wPr8AQ0tm5M=</latexit><latexit sha1_base64="QSdh3jU9N7kIG72te4+n//UiZRQ=">AAACDHicbVC7SgNBFJ2NrxhfUUstFoMQm7Bro6BFwMZGiGIekF3D7GQ2GTI7u8zcFcOSD7Axn2JjoYiNhR9g54fYO5uk0MQDA4dzzmXuPV7EmQLL+jIyc/MLi0vZ5dzK6tr6Rn5zq6bCWBJaJSEPZcPDinImaBUYcNqIJMWBx2nd652lfv2WSsVCcQ39iLoB7gjmM4JBS618wS86AYau5yd3gxMHuhTwgcPEWPSSq8HNhU5ZJWsEc5bYE1Io7w6d4vf7sNLKfzrtkMQBFUA4VqppWxG4CZbACKeDnBMrGmHSwx3a1FTggCo3GR0zMPe10jb9UOonwBypvycSHCjVDzydTHdU014q/uc1Y/CP3YSJKAYqyPgjP+YmhGbajNlmkhLgfU0wkUzvapIulpiA7i+nS7CnT54ltcOSrfmlbuMUjZFFO2gPFZGNjlAZnaMKqiKC7tEjekYvxoPxZLwab+NoxpjMbKM/MD5+AAdYn0g=</latexit><latexit sha1_base64="QSdh3jU9N7kIG72te4+n//UiZRQ=">AAACDHicbVC7SgNBFJ2NrxhfUUstFoMQm7Bro6BFwMZGiGIekF3D7GQ2GTI7u8zcFcOSD7Axn2JjoYiNhR9g54fYO5uk0MQDA4dzzmXuPV7EmQLL+jIyc/MLi0vZ5dzK6tr6Rn5zq6bCWBJaJSEPZcPDinImaBUYcNqIJMWBx2nd652lfv2WSsVCcQ39iLoB7gjmM4JBS618wS86AYau5yd3gxMHuhTwgcPEWPSSq8HNhU5ZJWsEc5bYE1Io7w6d4vf7sNLKfzrtkMQBFUA4VqppWxG4CZbACKeDnBMrGmHSwx3a1FTggCo3GR0zMPe10jb9UOonwBypvycSHCjVDzydTHdU014q/uc1Y/CP3YSJKAYqyPgjP+YmhGbajNlmkhLgfU0wkUzvapIulpiA7i+nS7CnT54ltcOSrfmlbuMUjZFFO2gPFZGNjlAZnaMKqiKC7tEjekYvxoPxZLwab+NoxpjMbKM/MD5+AAdYn0g=</latexit><latexit sha1_base64="QSdh3jU9N7kIG72te4+n//UiZRQ=">AAACDHicbVC7SgNBFJ2NrxhfUUstFoMQm7Bro6BFwMZGiGIekF3D7GQ2GTI7u8zcFcOSD7Axn2JjoYiNhR9g54fYO5uk0MQDA4dzzmXuPV7EmQLL+jIyc/MLi0vZ5dzK6tr6Rn5zq6bCWBJaJSEPZcPDinImaBUYcNqIJMWBx2nd652lfv2WSsVCcQ39iLoB7gjmM4JBS618wS86AYau5yd3gxMHuhTwgcPEWPSSq8HNhU5ZJWsEc5bYE1Io7w6d4vf7sNLKfzrtkMQBFUA4VqppWxG4CZbACKeDnBMrGmHSwx3a1FTggCo3GR0zMPe10jb9UOonwBypvycSHCjVDzydTHdU014q/uc1Y/CP3YSJKAYqyPgjP+YmhGbajNlmkhLgfU0wkUzvapIulpiA7i+nS7CnT54ltcOSrfmlbuMUjZFFO2gPFZGNjlAZnaMKqiKC7tEjekYvxoPxZLwab+NoxpjMbKM/MD5+AAdYn0g=</latexit><latexit sha1_base64="QSdh3jU9N7kIG72te4+n//UiZRQ=">AAACDHicbVC7SgNBFJ2NrxhfUUstFoMQm7Bro6BFwMZGiGIekF3D7GQ2GTI7u8zcFcOSD7Axn2JjoYiNhR9g54fYO5uk0MQDA4dzzmXuPV7EmQLL+jIyc/MLi0vZ5dzK6tr6Rn5zq6bCWBJaJSEPZcPDinImaBUYcNqIJMWBx2nd652lfv2WSsVCcQ39iLoB7gjmM4JBS618wS86AYau5yd3gxMHuhTwgcPEWPSSq8HNhU5ZJWsEc5bYE1Io7w6d4vf7sNLKfzrtkMQBFUA4VqppWxG4CZbACKeDnBMrGmHSwx3a1FTggCo3GR0zMPe10jb9UOonwBypvycSHCjVDzydTHdU014q/uc1Y/CP3YSJKAYqyPgjP+YmhGbajNlmkhLgfU0wkUzvapIulpiA7i+nS7CnT54ltcOSrfmlbuMUjZFFO2gPFZGNjlAZnaMKqiKC7tEjekYvxoPxZLwab+NoxpjMbKM/MD5+AAdYn0g=</latexit><latexit sha1_base64="b8+D1lkUQIwu389P7a93kBArGr8=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxI3CroouHEjVLEPaGKZTCft0MkkzNyIJfQD3Pgrblwo4tYPcOffOGmz0NYDA4dzzmXuPX4suAbb/rYWFpeWV1YLa8X1jc2t7dLOblNHiaKsQSMRqbZPNBNcsgZwEKwdK0ZCX7CWP7zI/NY9U5pH8hZGMfNC0pc84JSAkbqlclBxQwIDP0gfxmcuDBiQI5fLqeinN+O7K5Oyq/YEeJ44OSmjHPVu6cvtRTQJmQQqiNYdx47BS4kCTgUbF91Es5jQIemzjqGShEx76eSYMT40Sg8HkTJPAp6ovydSEmo9Cn2TzHbUs14m/ud1EghOvZTLOAEm6fSjIBEYIpw1g3tcMQpiZAihiptdMR0QRSiY/oqmBGf25HnSPK46hl/b5dp5XkcB7aMDVEEOOkE1dInqqIEoekTP6BW9WU/Wi/VufUyjC1Y+s4f+wPr8AQ0tm5M=</latexit>
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• Fully connected networks are very powerful generic models 
that can represent very complicated functions

• It is important to choose the network architecture correctly 
for the best prediction accuracy 

• This is done on a validation set
• Models can interpolate between samples they have seen
• They do not extrapolate well – that requires knowledge about 

the underlying system



Computer
Vision Information flow is forward while 

predicting
• Flow of information if 

forward when predicting
• The input is fed through the 

layers successively until the 
outputs
• Feed-forward network 

architecture

…

x<latexit sha1_base64="DfR1Mof+83D7D+P7kxw9IjS4V2s=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoAcPBS8eK9hWbEPZbF/apZtN2N2IJfRfePGgiFf/jTf/jZs2B20dWBhm3mPnTZAIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxidR9QjYJLbBluBN4nCmkUCOwE4+vc7zyi0jyWd2aSoB/RoeQhZ9RY6aEXUTMKwuxp2q/W3Lo7A1kmXkFqUKDZr371BjFLI5SGCap113MT42dUGc4ETiu9VGNC2ZgOsWuppBFqP5slnpITqwxIGCv7pCEz9fdGRiOtJ1FgJ/OEetHLxf+8bmrCSz/jMkkNSjb/KEwFMTHJzycDrpAZMbGEMsVtVsJGVFFmbEkVW4K3ePIyaZ/VPctvz2uNq6KOMhzBMZyCBxfQgBtoQgsYSHiGV3hztPPivDsf89GSU+wcwh84nz/7bZEW</latexit><latexit sha1_base64="DfR1Mof+83D7D+P7kxw9IjS4V2s=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoAcPBS8eK9hWbEPZbF/apZtN2N2IJfRfePGgiFf/jTf/jZs2B20dWBhm3mPnTZAIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxidR9QjYJLbBluBN4nCmkUCOwE4+vc7zyi0jyWd2aSoB/RoeQhZ9RY6aEXUTMKwuxp2q/W3Lo7A1kmXkFqUKDZr371BjFLI5SGCap113MT42dUGc4ETiu9VGNC2ZgOsWuppBFqP5slnpITqwxIGCv7pCEz9fdGRiOtJ1FgJ/OEetHLxf+8bmrCSz/jMkkNSjb/KEwFMTHJzycDrpAZMbGEMsVtVsJGVFFmbEkVW4K3ePIyaZ/VPctvz2uNq6KOMhzBMZyCBxfQgBtoQgsYSHiGV3hztPPivDsf89GSU+wcwh84nz/7bZEW</latexit><latexit sha1_base64="DfR1Mof+83D7D+P7kxw9IjS4V2s=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoAcPBS8eK9hWbEPZbF/apZtN2N2IJfRfePGgiFf/jTf/jZs2B20dWBhm3mPnTZAIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxidR9QjYJLbBluBN4nCmkUCOwE4+vc7zyi0jyWd2aSoB/RoeQhZ9RY6aEXUTMKwuxp2q/W3Lo7A1kmXkFqUKDZr371BjFLI5SGCap113MT42dUGc4ETiu9VGNC2ZgOsWuppBFqP5slnpITqwxIGCv7pCEz9fdGRiOtJ1FgJ/OEetHLxf+8bmrCSz/jMkkNSjb/KEwFMTHJzycDrpAZMbGEMsVtVsJGVFFmbEkVW4K3ePIyaZ/VPctvz2uNq6KOMhzBMZyCBxfQgBtoQgsYSHiGV3hztPPivDsf89GSU+wcwh84nz/7bZEW</latexit><latexit sha1_base64="DfR1Mof+83D7D+P7kxw9IjS4V2s=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoAcPBS8eK9hWbEPZbF/apZtN2N2IJfRfePGgiFf/jTf/jZs2B20dWBhm3mPnTZAIro3rfjulldW19Y3yZmVre2d3r7p/0NZxqhi2WCxidR9QjYJLbBluBN4nCmkUCOwE4+vc7zyi0jyWd2aSoB/RoeQhZ9RY6aEXUTMKwuxp2q/W3Lo7A1kmXkFqUKDZr371BjFLI5SGCap113MT42dUGc4ETiu9VGNC2ZgOsWuppBFqP5slnpITqwxIGCv7pCEz9fdGRiOtJ1FgJ/OEetHLxf+8bmrCSz/jMkkNSjb/KEwFMTHJzycDrpAZMbGEMsVtVsJGVFFmbEkVW4K3ePIyaZ/VPctvz2uNq6KOMhzBMZyCBxfQgBtoQgsYSHiGV3hztPPivDsf89GSU+wcwh84nz/7bZEW</latexit>

f(x; ✓)
<latexit sha1_base64="QaeWYF8+RCoyjN8oF3bbtVDIP6E=">AAAB/XicbVC7SgNBFL3rM8ZXfHRaDAYhNmHXRkGLgI1lBPOAbAizk9lkyOyDmbtiXIKf4C/YWChi63/Y+TfOJik08cDA4Zx7uWeOF0uh0ba/rYXFpeWV1dxafn1jc2u7sLNb11GiGK+xSEaq6VHNpQh5DQVK3owVp4EnecMbXGV+444rLaLwFocxbwe0FwpfMIpG6hT2/ZIbUOx7fno/unCxz5GedApFu2yPQeaJMyXFyuGTSwCg2il8ud2IJQEPkUmqdcuxY2ynVKFgko/ybqJ5TNmA9njL0JAGXLfTcfoROTZKl/iRMi9EMlZ/b6Q00HoYeGYyS6pnvUz8z2sl6J+3UxHGCfKQTQ75iSQYkawK0hWKM5RDQyhTwmQlrE8VZWgKy5sSnNkvz5P6adkx/Ma0cQkT5OAAjqAEDpxBBa6hCjVg8ADP8Apv1qP1Yr1bH5PRBWu6swd/YH3+ACRClnI=</latexit><latexit sha1_base64="DMjBP07WW72ZuB+DII76RHgB6RQ=">AAAB/XicbVDLSsNAFJ3UV62v+NjpIliEuimJGwVdFNy4rGAf0IQymU7aoZNJmLkRayh+Qn/BjQtF3Lr3E9z5Ie6dtF1o64GBwzn3cs8cP+ZMgW1/GbmFxaXllfxqYW19Y3PL3N6pqyiRhNZIxCPZ9LGinAlaAwacNmNJcehz2vD7l5nfuKVSsUjcwCCmXoi7ggWMYNBS29wLSm6IoecH6d3w3IUeBXzcNot22R7DmifOlBQrByO39P0xqrbNT7cTkSSkAgjHSrUcOwYvxRIY4XRYcBNFY0z6uEtbmgocUuWl4/RD60grHSuIpH4CrLH6eyPFoVKD0NeTWVI162Xif14rgeDMS5mIE6CCTA4FCbcgsrIqrA6TlAAfaIKJZDqrRXpYYgK6sIIuwZn98jypn5Qdza91GxdogjzaR4eohBx0iiroClVRDRF0jx7RM3oxHown49V4m4zmjOnOLvoD4/0HORmYwA==</latexit><latexit sha1_base64="DMjBP07WW72ZuB+DII76RHgB6RQ=">AAAB/XicbVDLSsNAFJ3UV62v+NjpIliEuimJGwVdFNy4rGAf0IQymU7aoZNJmLkRayh+Qn/BjQtF3Lr3E9z5Ie6dtF1o64GBwzn3cs8cP+ZMgW1/GbmFxaXllfxqYW19Y3PL3N6pqyiRhNZIxCPZ9LGinAlaAwacNmNJcehz2vD7l5nfuKVSsUjcwCCmXoi7ggWMYNBS29wLSm6IoecH6d3w3IUeBXzcNot22R7DmifOlBQrByO39P0xqrbNT7cTkSSkAgjHSrUcOwYvxRIY4XRYcBNFY0z6uEtbmgocUuWl4/RD60grHSuIpH4CrLH6eyPFoVKD0NeTWVI162Xif14rgeDMS5mIE6CCTA4FCbcgsrIqrA6TlAAfaIKJZDqrRXpYYgK6sIIuwZn98jypn5Qdza91GxdogjzaR4eohBx0iiroClVRDRF0jx7RM3oxHown49V4m4zmjOnOLvoD4/0HORmYwA==</latexit><latexit sha1_base64="k+zjdDTwHJZqGFhgS5c6TdzuUqA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5K4UdBFwY3LCvYBTSiT6aQdOpmEmRuxhuKvuHGhiFv/w51/46TNQlsPDBzOuZd75gSJ4Boc59taWl5ZXVsvbZQ3t7Z3du29/ZaOU0VZk8YiVp2AaCa4ZE3gIFgnUYxEgWDtYHSd++17pjSP5R2ME+ZHZCB5yCkBI/Xsw7DqRQSGQZg9TC49GDIgpz274tScKfAicQtSQQUaPfvL68c0jZgEKojWXddJwM+IAk4Fm5S9VLOE0BEZsK6hkkRM+9k0/QSfGKWPw1iZJwFP1d8bGYm0HkeBmcyT6nkvF//zuimEF37GZZICk3R2KEwFhhjnVeA+V4yCGBtCqOImK6ZDoggFU1jZlODOf3mRtM5qruG3TqV+VdRRQkfoGFWRi85RHd2gBmoiih7RM3pFb9aT9WK9Wx+z0SWr2DlAf2B9/gA+7pUL</latexit>
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Computer
Vision Training of multilayered networks

• Training / validation / test set
• Cost functions
• Backpropagation 
• Stochastic optimization
• Initialization 
• Avoiding over-fitting

Introduction
Learning basics

Math. basics
Perceptron model

MLP
Training

Three sets
Cost functions

Backpropagation



Computer
Vision Three sets: Training, validation and test

1. Determining the best 
model parameters

2. Determining the hyper-
parameters 

3. Estimating generalization 
accuracy 

Introduction
Learning basics

Math. basics
Perceptron model

MLP
Training

Three sets

A. Training set

B. Validation set

C. Test set



Computer
Vision Training set

• Main role: Determining the best model parameters

• Model parameters that minimize a cost for the training set
• Size of the training set is important. Larger number of 

training examples are needed for models with larger 
number of parameters.

Introduction
Learning basics

Math. basics
Perceptron model

MLP
Training

Three sets
Dtraining = {xn,yn}

<latexit sha1_base64="HMA+h+FCdtVlDap3f8kPrdRMio0="></latexit><latexit sha1_base64="HMA+h+FCdtVlDap3f8kPrdRMio0="></latexit><latexit sha1_base64="HMA+h+FCdtVlDap3f8kPrdRMio0="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="VAtCYHFx4qElrcxlRJf2KT9aZPk="></latexit><latexit sha1_base64="VAtCYHFx4qElrcxlRJf2KT9aZPk="></latexit><latexit sha1_base64="ixxgDHviXJ90jl8t21TineWeTjQ="></latexit><latexit sha1_base64="HMA+h+FCdtVlDap3f8kPrdRMio0="></latexit><latexit sha1_base64="HMA+h+FCdtVlDap3f8kPrdRMio0="></latexit><latexit sha1_base64="HMA+h+FCdtVlDap3f8kPrdRMio0="></latexit><latexit sha1_base64="HMA+h+FCdtVlDap3f8kPrdRMio0="></latexit><latexit sha1_base64="HMA+h+FCdtVlDap3f8kPrdRMio0="></latexit><latexit sha1_base64="HMA+h+FCdtVlDap3f8kPrdRMio0="></latexit>

✓⇤ = arg✓ min
NX

n=1

L (yn, f(xn; ✓))
<latexit sha1_base64="Csq992K+aU5yUnZVGjwxNd1mnjc="></latexit><latexit sha1_base64="Csq992K+aU5yUnZVGjwxNd1mnjc="></latexit><latexit sha1_base64="Csq992K+aU5yUnZVGjwxNd1mnjc="></latexit><latexit sha1_base64="Csq992K+aU5yUnZVGjwxNd1mnjc="></latexit>



Computer

Vision Validation set

• Main role: Determining the hyper-parameters

• Hyper-parameters of a model

• Architecture – number of layers, width of layers, non-linearities, …

• Number of training iterations

• Using / Not using regularization, regularization coefficients

• Batch size used during training

• Ideally no overlap

Introduction

Learning basics

Math. basics

Perceptron model

MLP

Training

Three sets

Dvalidation = {xn,yn}
<latexit sha1_base64="yqSycCiNLHQAD4VOM5HSHEZmVtE="></latexit><latexit sha1_base64="yqSycCiNLHQAD4VOM5HSHEZmVtE="></latexit><latexit sha1_base64="yqSycCiNLHQAD4VOM5HSHEZmVtE="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="b40Y+4AVpy7mqMNojlFP3RhFteA="></latexit><latexit sha1_base64="b40Y+4AVpy7mqMNojlFP3RhFteA="></latexit><latexit sha1_base64="JFxushXfRyQq83HNio/Yo1he5oY="></latexit><latexit sha1_base64="yqSycCiNLHQAD4VOM5HSHEZmVtE="></latexit><latexit sha1_base64="yqSycCiNLHQAD4VOM5HSHEZmVtE="></latexit><latexit sha1_base64="yqSycCiNLHQAD4VOM5HSHEZmVtE="></latexit><latexit sha1_base64="yqSycCiNLHQAD4VOM5HSHEZmVtE="></latexit><latexit sha1_base64="yqSycCiNLHQAD4VOM5HSHEZmVtE="></latexit><latexit sha1_base64="yqSycCiNLHQAD4VOM5HSHEZmVtE="></latexit>

Dvalidation \Dtraining = ;
<latexit sha1_base64="kqwc6Eqr9qS0sKjEJ9Bps14Btvc=">AAACN3icbVA9SwNBFNzz2/gVtbRZDIKV3ImghYKghZUoGCPkQni3eYmLe3vH7jsxHPevbPwbdtpYKGLrP3ATU2iSgYVhZh5v30SpkpZ8/8WbmJyanpmdmy8tLC4tr5RX165tkhmBVZGoxNxEYFFJjVWSpPAmNQhxpLAW3Z30/No9GisTfUXdFBsxdLRsSwHkpGb5PIyBbgWo/LRo5iHhA+X3oGSr7xcFDwWkfEyIDEgtdcdFjniIcUpdi9QsV/wdvw8+SoIBqbABLprl57CViCxGTUKBtfXAT6mRgyEpFBalMLOYgriDDtYd1RCjbeT9uwu+5ZQWbyfGPU28r/6dyCG2thtHLtk7wA57PXGcV8+ofdDIpU4zQi1+F7UzxSnhvRJ5SxoUpLqOgDDS/ZWLWzAgyFVdciUEwyePkuvdncDxy73K8eGgjjm2wTbZNgvYPjtmZ+yCVZlgj+yVvbMP78l78z69r9/ohDeYWWf/4H3/AEcmryA=</latexit><latexit sha1_base64="kqwc6Eqr9qS0sKjEJ9Bps14Btvc=">AAACN3icbVA9SwNBFNzz2/gVtbRZDIKV3ImghYKghZUoGCPkQni3eYmLe3vH7jsxHPevbPwbdtpYKGLrP3ATU2iSgYVhZh5v30SpkpZ8/8WbmJyanpmdmy8tLC4tr5RX165tkhmBVZGoxNxEYFFJjVWSpPAmNQhxpLAW3Z30/No9GisTfUXdFBsxdLRsSwHkpGb5PIyBbgWo/LRo5iHhA+X3oGSr7xcFDwWkfEyIDEgtdcdFjniIcUpdi9QsV/wdvw8+SoIBqbABLprl57CViCxGTUKBtfXAT6mRgyEpFBalMLOYgriDDtYd1RCjbeT9uwu+5ZQWbyfGPU28r/6dyCG2thtHLtk7wA57PXGcV8+ofdDIpU4zQi1+F7UzxSnhvRJ5SxoUpLqOgDDS/ZWLWzAgyFVdciUEwyePkuvdncDxy73K8eGgjjm2wTbZNgvYPjtmZ+yCVZlgj+yVvbMP78l78z69r9/ohDeYWWf/4H3/AEcmryA=</latexit><latexit sha1_base64="kqwc6Eqr9qS0sKjEJ9Bps14Btvc=">AAACN3icbVA9SwNBFNzz2/gVtbRZDIKV3ImghYKghZUoGCPkQni3eYmLe3vH7jsxHPevbPwbdtpYKGLrP3ATU2iSgYVhZh5v30SpkpZ8/8WbmJyanpmdmy8tLC4tr5RX165tkhmBVZGoxNxEYFFJjVWSpPAmNQhxpLAW3Z30/No9GisTfUXdFBsxdLRsSwHkpGb5PIyBbgWo/LRo5iHhA+X3oGSr7xcFDwWkfEyIDEgtdcdFjniIcUpdi9QsV/wdvw8+SoIBqbABLprl57CViCxGTUKBtfXAT6mRgyEpFBalMLOYgriDDtYd1RCjbeT9uwu+5ZQWbyfGPU28r/6dyCG2thtHLtk7wA57PXGcV8+ofdDIpU4zQi1+F7UzxSnhvRJ5SxoUpLqOgDDS/ZWLWzAgyFVdciUEwyePkuvdncDxy73K8eGgjjm2wTbZNgvYPjtmZ+yCVZlgj+yVvbMP78l78z69r9/ohDeYWWf/4H3/AEcmryA=</latexit><latexit sha1_base64="kqwc6Eqr9qS0sKjEJ9Bps14Btvc=">AAACN3icbVA9SwNBFNzz2/gVtbRZDIKV3ImghYKghZUoGCPkQni3eYmLe3vH7jsxHPevbPwbdtpYKGLrP3ATU2iSgYVhZh5v30SpkpZ8/8WbmJyanpmdmy8tLC4tr5RX165tkhmBVZGoxNxEYFFJjVWSpPAmNQhxpLAW3Z30/No9GisTfUXdFBsxdLRsSwHkpGb5PIyBbgWo/LRo5iHhA+X3oGSr7xcFDwWkfEyIDEgtdcdFjniIcUpdi9QsV/wdvw8+SoIBqbABLprl57CViCxGTUKBtfXAT6mRgyEpFBalMLOYgriDDtYd1RCjbeT9uwu+5ZQWbyfGPU28r/6dyCG2thtHLtk7wA57PXGcV8+ofdDIpU4zQi1+F7UzxSnhvRJ5SxoUpLqOgDDS/ZWLWzAgyFVdciUEwyePkuvdncDxy73K8eGgjjm2wTbZNgvYPjtmZ+yCVZlgj+yVvbMP78l78z69r9/ohDeYWWf/4H3/AEcmryA=</latexit>



Computer
Vision Test set

• Main role: Estimating model prediction accuracy

• Absolutely no overlap

• Model parameters / hyper-parameters should not be 
changed based on test accuracy 
• Ideally should come from the same distribution as training 

and validation sets
• Variations in distributions can reduce prediction accuracy

Introduction
Learning basics

Math. basics
Perceptron model

MLP
Training

Three sets

Dtest = {xn,yn}
<latexit sha1_base64="qH3pGskeZaJpT/F6teTYsrGrs0Y="></latexit><latexit sha1_base64="qH3pGskeZaJpT/F6teTYsrGrs0Y="></latexit><latexit sha1_base64="qH3pGskeZaJpT/F6teTYsrGrs0Y="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="xxHal1qix/dgPbbq42X5RUtTXs4=">AAACJXicbVBNixNBEK2J626McY1evTQbBA8SZry4l4WFXdBjBPMBmTD0dGqSJj09Q3eNJDTzk7z4U/SioIj/xM4H4ib7oOHVe1V01UtLJS2F4Y+g8eDk4elZ81HrcfvJ+dPOs/bQFpUROBCFKsw45RaV1DggSQrHpUGepwpH6fJm448+obGy0B9pXeI053MtMyk4eSnpvItzTgvBlbutExcTrsgRWqprdsVihRnFjm170syt6kS//letfcViI+cLiuuk0w174RbsmER70oU9+knnazwrRJWjJqG4tZMoLGnquCEpFNatuLJYcrHkc5x4qnmOduq2B9fspVdmLCuMf5rYVv1/wvHc2nWe+s7NsvbQ24j3eZOKssupk7qsCLXYfZRVilHBNumxmTQoSK094cJIvysTC264IJ9xy4cQHZ58TIZvepHnH0Jowgu4gFcQwVu4hvfQhwEI+Azf4Cf8Cr4E34Pfu7gawT6353AHwZ+/uWqpyQ==</latexit><latexit sha1_base64="xxHal1qix/dgPbbq42X5RUtTXs4=">AAACJXicbVBNixNBEK2J626McY1evTQbBA8SZry4l4WFXdBjBPMBmTD0dGqSJj09Q3eNJDTzk7z4U/SioIj/xM4H4ib7oOHVe1V01UtLJS2F4Y+g8eDk4elZ81HrcfvJ+dPOs/bQFpUROBCFKsw45RaV1DggSQrHpUGepwpH6fJm448+obGy0B9pXeI053MtMyk4eSnpvItzTgvBlbutExcTrsgRWqprdsVihRnFjm170syt6kS//letfcViI+cLiuuk0w174RbsmER70oU9+knnazwrRJWjJqG4tZMoLGnquCEpFNatuLJYcrHkc5x4qnmOduq2B9fspVdmLCuMf5rYVv1/wvHc2nWe+s7NsvbQ24j3eZOKssupk7qsCLXYfZRVilHBNumxmTQoSK094cJIvysTC264IJ9xy4cQHZ58TIZvepHnH0Jowgu4gFcQwVu4hvfQhwEI+Azf4Cf8Cr4E34Pfu7gawT6353AHwZ+/uWqpyQ==</latexit><latexit sha1_base64="lNfyKcIVYg8PF5ANJdBjEUcACgw="></latexit><latexit sha1_base64="qH3pGskeZaJpT/F6teTYsrGrs0Y="></latexit><latexit sha1_base64="qH3pGskeZaJpT/F6teTYsrGrs0Y="></latexit><latexit sha1_base64="qH3pGskeZaJpT/F6teTYsrGrs0Y="></latexit><latexit sha1_base64="qH3pGskeZaJpT/F6teTYsrGrs0Y="></latexit><latexit sha1_base64="qH3pGskeZaJpT/F6teTYsrGrs0Y="></latexit><latexit sha1_base64="qH3pGskeZaJpT/F6teTYsrGrs0Y="></latexit>

Dtest \Dtraining = ;, Dtest \Dvalidation = ;
<latexit sha1_base64="P5nCbwEAuADKKs3FLdUEizsP6QE="></latexit><latexit sha1_base64="P5nCbwEAuADKKs3FLdUEizsP6QE="></latexit><latexit sha1_base64="P5nCbwEAuADKKs3FLdUEizsP6QE="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="TfVnzXjUphYDUzMqx7GVhZJMWXs=">AAACc3icfVHLSsNAFJ3Ed31Vt25GRRGfiRvdCIIuXCrYVmhKuZnetoOTSZi5EUvIZ/hj7vwWN05rF1qLFwYO59y5j3PjTElLQfDh+TOzc/MLi0uV5ZXVtfXqxkrdprkRWBOpSs1TDBaV1FgjSQqfMoOQxAob8fPNUG+8oLEy1Y80yLCVQE/LrhRAjmpX36IEqC9AFbdlu4gIX6kgtFSWPBKQ8WmyAaml7rmUKx5hktHAIh1HU3P/L/UCSnZGk/wu1q7uBqfBKPhfEI7BLhvHfbv6HnVSkSeoSSiwthkGGbUKMCSFwrIS5RYzEM/Qw6aDGhK0rWJkX8n3HNPh3dS4p4mP2J8/CkisHSSxyxyuYCe1ITlNa+bUvWwVUmc5oRbfjbq54pTy4S14RxoUpAYOgDDSzcpFHwwIcherOBPCyZX/gvr5aejwQ8AW2RbbYQcsZBfsmt2xe1Zjgn16296hd+Qzf98/+bbL98a+bbJf4Z99ASoexRo=</latexit><latexit sha1_base64="TfVnzXjUphYDUzMqx7GVhZJMWXs=">AAACc3icfVHLSsNAFJ3Ed31Vt25GRRGfiRvdCIIuXCrYVmhKuZnetoOTSZi5EUvIZ/hj7vwWN05rF1qLFwYO59y5j3PjTElLQfDh+TOzc/MLi0uV5ZXVtfXqxkrdprkRWBOpSs1TDBaV1FgjSQqfMoOQxAob8fPNUG+8oLEy1Y80yLCVQE/LrhRAjmpX36IEqC9AFbdlu4gIX6kgtFSWPBKQ8WmyAaml7rmUKx5hktHAIh1HU3P/L/UCSnZGk/wu1q7uBqfBKPhfEI7BLhvHfbv6HnVSkSeoSSiwthkGGbUKMCSFwrIS5RYzEM/Qw6aDGhK0rWJkX8n3HNPh3dS4p4mP2J8/CkisHSSxyxyuYCe1ITlNa+bUvWwVUmc5oRbfjbq54pTy4S14RxoUpAYOgDDSzcpFHwwIcherOBPCyZX/gvr5aejwQ8AW2RbbYQcsZBfsmt2xe1Zjgn16296hd+Qzf98/+bbL98a+bbJf4Z99ASoexRo=</latexit><latexit sha1_base64="qke49D4vSvRQpYn3Zmy14heSKWk="></latexit><latexit sha1_base64="P5nCbwEAuADKKs3FLdUEizsP6QE="></latexit><latexit sha1_base64="P5nCbwEAuADKKs3FLdUEizsP6QE="></latexit><latexit sha1_base64="P5nCbwEAuADKKs3FLdUEizsP6QE="></latexit><latexit sha1_base64="P5nCbwEAuADKKs3FLdUEizsP6QE="></latexit><latexit sha1_base64="P5nCbwEAuADKKs3FLdUEizsP6QE="></latexit><latexit sha1_base64="P5nCbwEAuADKKs3FLdUEizsP6QE="></latexit>



Computer
Vision Notes

• Generalization accuracy, computed on the test set, will 
often be lower than the one on training set. 
• Too much difference between test and training accuracy 

points out to “over-fitting”, where the model fits to noise in 
training set that is by chance correlated with labels
• For small datasets one often uses cross-validation, 

bootstrap resampling, jack knife resampling, … 

Introduction
Learning basics

Math. basics
Perceptron model

MLP
Training

Three sets



Computer
Vision Training of multilayered networks

• Training / validation / test set
• Cost functions
• Backpropagation 
• Stochastic optimization
• Initialization 
• Avoiding over-fitting

Introduction
Learning basics

Math. basics
Perceptron model

MLP
Training

Three sets
Cost functions

Backpropagation



Computer
Vision Cost functions - classification

• Depends on the task
• Important to choose an appropriate cost function
• Sums are over training samples 

Introduction
Learning basics

Math. basics
Perceptron model

MLP
Training

Three sets
Cost functions

Binary classification

Multi-label classification

L =
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n=1

�yn ln f(xn; ✓)� (1� yn) ln(1� f(xn; ✓))
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Computer
Vision Cost functions - regression

• Sums are over training samples 
Introduction

Learning basics
Math. basics

Perceptron model
MLP

Training
Three sets

Cost functions

Mean Squared Error, L2 loss

Mean Absolute Error, L1 loss

L =
1

N

NX

n=1

(yn � f(xn; ✓))
T (yn � f(xn; ✓))
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Computer
Vision Training of multilayered networks

• Training / validation / test set
• Cost functions
• Backpropagation 
• Stochastic optimization
• Initialization 
• Avoiding over-fitting

Introduction
Learning basics

Math. basics
Perceptron model

MLP
Training

Three sets
Cost functions

Backpropagation





Computer

Vision Optimization 
Introduction

Learning basics

Math. basics

Perceptron model
MLP

Training
Three sets

Cost functions

Backpropagation

• Whether classification or regression

• The weights and biases of the network 

• Even the simplest network may lead to complicated 
optimization surface, most likely non-convex

• Gradient based optimization – gradient descent (ascent if 
maximization)

• In its simplest form: 

✓⇤ = arg✓ minL
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<latexit sha1_base64="W0CaYvM0WAHKTcJayOtEAGupv9E=">AAACDnicbZDNSsNAFIUn9a/Wv6hLN4Ol4EJKUgRdKBTcuKxgWyENYTKdtEMnkzBzI5TQJ3Djq7hxoYhb1+58G6dtFtp6YODj3Hu5c0+YCq7Bcb6t0srq2vpGebOytb2zu2fvH3R0kinK2jQRiboPiWaCS9YGDoLdp4qROBSsG46up/XuA1OaJ/IOxinzYzKQPOKUgLECu9aDIQOCr7A3p8A9xQU1DPUT0D4O7KpTd2bCy+AWUEWFWoH9ZSZpFjMJVBCtPddJwc+JAk4Fm1R6mWYpoSMyYJ5BSWKm/Xx2zgTXjNPHUaLMk4Bn7u+JnMRaj+PQdMYEhnqxNjX/q3kZRBd+zmWaAZN0vijKBIYET7PBfa4YBTE2QKji5q+YDokiFEyCFROCu3jyMnQaddfw7Vm1eVnEUUZH6BidIBedoya6QS3URhQ9omf0it6sJ+vFerc+5q0lq5g5RH9kff4ArMOakQ==</latexit><latexit sha1_base64="W0CaYvM0WAHKTcJayOtEAGupv9E=">AAACDnicbZDNSsNAFIUn9a/Wv6hLN4Ol4EJKUgRdKBTcuKxgWyENYTKdtEMnkzBzI5TQJ3Djq7hxoYhb1+58G6dtFtp6YODj3Hu5c0+YCq7Bcb6t0srq2vpGebOytb2zu2fvH3R0kinK2jQRiboPiWaCS9YGDoLdp4qROBSsG46up/XuA1OaJ/IOxinzYzKQPOKUgLECu9aDIQOCr7A3p8A9xQU1DPUT0D4O7KpTd2bCy+AWUEWFWoH9ZSZpFjMJVBCtPddJwc+JAk4Fm1R6mWYpoSMyYJ5BSWKm/Xx2zgTXjNPHUaLMk4Bn7u+JnMRaj+PQdMYEhnqxNjX/q3kZRBd+zmWaAZN0vijKBIYET7PBfa4YBTE2QKji5q+YDokiFEyCFROCu3jyMnQaddfw7Vm1eVnEUUZH6BidIBedoya6QS3URhQ9omf0it6sJ+vFerc+5q0lq5g5RH9kff4ArMOakQ==</latexit><latexit sha1_base64="W0CaYvM0WAHKTcJayOtEAGupv9E=">AAACDnicbZDNSsNAFIUn9a/Wv6hLN4Ol4EJKUgRdKBTcuKxgWyENYTKdtEMnkzBzI5TQJ3Djq7hxoYhb1+58G6dtFtp6YODj3Hu5c0+YCq7Bcb6t0srq2vpGebOytb2zu2fvH3R0kinK2jQRiboPiWaCS9YGDoLdp4qROBSsG46up/XuA1OaJ/IOxinzYzKQPOKUgLECu9aDIQOCr7A3p8A9xQU1DPUT0D4O7KpTd2bCy+AWUEWFWoH9ZSZpFjMJVBCtPddJwc+JAk4Fm1R6mWYpoSMyYJ5BSWKm/Xx2zgTXjNPHUaLMk4Bn7u+JnMRaj+PQdMYEhnqxNjX/q3kZRBd+zmWaAZN0vijKBIYET7PBfa4YBTE2QKji5q+YDokiFEyCFROCu3jyMnQaddfw7Vm1eVnEUUZH6BidIBedoya6QS3URhQ9omf0it6sJ+vFerc+5q0lq5g5RH9kff4ArMOakQ==</latexit><latexit sha1_base64="W0CaYvM0WAHKTcJayOtEAGupv9E=">AAACDnicbZDNSsNAFIUn9a/Wv6hLN4Ol4EJKUgRdKBTcuKxgWyENYTKdtEMnkzBzI5TQJ3Djq7hxoYhb1+58G6dtFtp6YODj3Hu5c0+YCq7Bcb6t0srq2vpGebOytb2zu2fvH3R0kinK2jQRiboPiWaCS9YGDoLdp4qROBSsG46up/XuA1OaJ/IOxinzYzKQPOKUgLECu9aDIQOCr7A3p8A9xQU1DPUT0D4O7KpTd2bCy+AWUEWFWoH9ZSZpFjMJVBCtPddJwc+JAk4Fm1R6mWYpoSMyYJ5BSWKm/Xx2zgTXjNPHUaLMk4Bn7u+JnMRaj+PQdMYEhnqxNjX/q3kZRBd+zmWaAZN0vijKBIYET7PBfa4YBTE2QKji5q+YDokiFEyCFROCu3jyMnQaddfw7Vm1eVnEUUZH6BidIBedoya6QS3URhQ9omf0it6sJ+vFerc+5q0lq5g5RH9kff4ArMOakQ==</latexit>
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• Let’s focus on                     , one of the weight and one bias in 

layer l, the partial derivatives are given as 

✓t+1
i = ✓ti � ⌘

@L(f(x; ✓))
@✓i

<latexit sha1_base64="dgIADeyTMY3k+Zj/0P+tiIHeKEw="></latexit><latexit sha1_base64="QUBoZcyHv2KNmL9HaXbMJ4Oz7J8="></latexit><latexit sha1_base64="QUBoZcyHv2KNmL9HaXbMJ4Oz7J8="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="RejRThxvui05nITDgAP3wBdWfXA="></latexit><latexit sha1_base64="RejRThxvui05nITDgAP3wBdWfXA="></latexit><latexit sha1_base64="kQOnsS3p+PQcQbMixViL6B5G6a0="></latexit><latexit sha1_base64="kQOnsS3p+PQcQbMixViL6B5G6a0="></latexit><latexit sha1_base64="QUBoZcyHv2KNmL9HaXbMJ4Oz7J8="></latexit><latexit sha1_base64="QUBoZcyHv2KNmL9HaXbMJ4Oz7J8="></latexit><latexit sha1_base64="QUBoZcyHv2KNmL9HaXbMJ4Oz7J8="></latexit><latexit sha1_base64="QUBoZcyHv2KNmL9HaXbMJ4Oz7J8="></latexit><latexit sha1_base64="kQOnsS3p+PQcQbMixViL6B5G6a0="></latexit>

f(x; ✓) = fL � · · · � f2 � f1(x)
<latexit sha1_base64="yisOZdQx/Sd+czLs6ptZ/N6bMN4="></latexit><latexit sha1_base64="/zyzlsfh/k6KJ/5nV/mBrvI5UQI="></latexit><latexit sha1_base64="/zyzlsfh/k6KJ/5nV/mBrvI5UQI="></latexit><latexit sha1_base64="3hvPDABjlpGzZ22nhPw7KJR9mr4=">AAACMHicbZDLSsNAFIYnXmu9RV26GSxCuylJNwoqFFzowkUFe4GmhMl00g6dXJg5EUvoI7nxUXSjoIhbn8JpG6S2Hhj4+M9lzvm9WHAFlvVmLC2vrK6t5zbym1vbO7vm3n5DRYmkrE4jEcmWRxQTPGR14CBYK5aMBJ5gTW9wOc4375lUPArvYBizTkB6Ifc5JaAl17zyi05AoO/56cPozIE+A1LCF9h3b7BDuaTY6UagMvbdyi/ZM40l7JoFq2xNAi+CnUEBZVFzzWc9mCYBC4EKolTbtmLopEQCp4KN8k6iWEzogPRYW2NIAqY66eTgET7WShf7kdQvBDxRZztSEig1DDxdOd5RzefG4n+5dgL+aSflYZwAC+n0Iz8RGCI8dg93uWQUxFADoZLrXTHtE0koaI/z2gR7/uRFaFTKtuZbq1A9z+zIoUN0hIrIRieoiq5RDdURRY/oBb2jD+PJeDU+ja9p6ZKR9RygP2F8/wCIQagA</latexit>

@L
@wij,l

=
@L
@fl,i

@fl,i
@al,i

@al,i
@wij,l

<latexit sha1_base64="ZfoaPf0Ii3MlAASht9CkBZQAmzI="></latexit><latexit sha1_base64="Vy8TsAE8jjByxEz3BZ5STw/HY6c="></latexit><latexit sha1_base64="Vy8TsAE8jjByxEz3BZ5STw/HY6c="></latexit><latexit sha1_base64="ynVBqM3nGoWqzHXlVdbA+WQeil0="></latexit>

fl = �(al) = �(Wlfl�1 + bl)
<latexit sha1_base64="0Xgdn5Dofxl+Y+T6bQEPAR3Jmhw=">AAACHnicbVDLSsNAFL2pr1pfUZe6GCxCRZREEF0oFNy4rGAf0IQwmU7aoZMHMxOhhH6DH+DGX3HjQhHBlf6Nk7agth4YOHPOvdx7j59wJpVlfRmFufmFxaXicmlldW19w9zcasg4FYTWScxj0fKxpJxFtK6Y4rSVCIpDn9Om37/K/eYdFZLF0a0aJNQNcTdiASNYackzTwOPo0vkSNYNcQV7/ODn54RY9fwgaw49HngZP7KH6BD5usYzy9axNQKaJfaElKu79w4CgJpnfjidmKQhjRThWMq2bSXKzbBQjHA6LDmppAkmfdylbU0jHFLpZqPzhmhfKx0UxEK/SKGR+rsjw6GUg9DXlfnGctrLxf+8dqqCczdjUZIqGpHxoCDlSMUozwp1mKBE8YEmmAimd0WkhwUmSida0iHY0yfPksbJsa35jU7jAsYowg7sQQVsOIMqXEMN6kDgAZ7gBV6NR+PZeDPex6UFY9KzDX9gfH4D9/Wh9A==</latexit><latexit sha1_base64="SDxW3EJom+U4oUFdQ3ccSHuffqU="></latexit><latexit sha1_base64="SDxW3EJom+U4oUFdQ3ccSHuffqU="></latexit><latexit sha1_base64="daw6T1LbuV8FUqrMxCE/4PYnYM0=">AAACHnicbVDLSgMxFM3UV62vUZdugkWoiGVGEF0oFNy4rGAf0BmGTJppQ5PMkGSEMvRL3PgrblwoIrjSvzHTDqjVA4GTc+7l3nvChFGlHefTKi0sLi2vlFcra+sbm1v29k5bxanEpIVjFstuiBRhVJCWppqRbiIJ4iEjnXB0lfudOyIVjcWtHifE52ggaEQx0kYK7NMoYPASeooOOKqhgB1+/zyO9DCMss4kYFGQsWN3Ao9gaGoCu+rUnSngX+IWpAoKNAP73evHOOVEaMyQUj3XSbSfIakpZmRS8VJFEoRHaEB6hgrEifKz6XkTeGCUPoxiaZ7QcKr+7MgQV2rMQ1OZb6zmvVz8z+ulOjr3MyqSVBOBZ4OilEEdwzwr2KeSYM3GhiAsqdkV4iGSCGuTaMWE4M6f/Je0T+qu4TdOtXFRxFEGe2Af1IALzkADXIMmaAEM7sEjeAYv1oP1ZL1ab7PSklX07IJfsD6+ABKwoI0=</latexit>

wij,l, bi,l
<latexit sha1_base64="8NkdhmH/lZ9H6zVSy+4csZZedGE=">AAAB+nicbZC7TsMwFIZPyq2UWwoji0WFxFBVCQsMDJVYWJCKoBepjSLHdVpTx4lsh6oKfRQWBhBi5UnY2HgU3MsALb9k6dN/ztE5/oOEM6Ud58vKrayurW/kNwtb2zu7e3Zxv6HiVBJaJzGPZSvAinImaF0zzWkrkRRHAafNYHA5qTcfqFQsFnd6lFAvwj3BQkawNpZvF4d+xu7LfFxGgSEDvl1yKs5UaBncOZSq6Pr2GwBqvv3Z6cYkjajQhGOl2q6TaC/DUjPC6bjQSRVNMBngHm0bFDiiysump4/RsXG6KIyleUKjqft7IsORUqMoMJ0R1n21WJuY/9XaqQ7PvYyJJNVUkNmiMOVIx2iSA+oySYnmIwOYSGZuRaSPJSbapFUwIbiLX16GxmnFNXxj0riAmfJwCEdwAi6cQRWuoAZ1IDCEJ3iBV+vRerberPdZa86azxzAH1kfPyb1lWo=</latexit><latexit sha1_base64="IG8zcyF+mRIqKNz3wuaYTKPuEtI=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFFK4kYXLgqCuBEq2gvUECbTSTt2MgkzE0uJfRQ3LhRx65O48yl8BaeXhbb+MPDxn3M4Z/4g4Uxpx/myckvLK6tr+fXCxubW9o5d3G2oOJWE1knMY9kKsKKcCVrXTHPaSiTFUcBpM+ifj+vNByoVi8WtHibUi3BXsJARrI3l28WBn7H7Mh+VUWDIgG+XnIozEVoEdwalKrq6+e57FzXf/rzrxCSNqNCEY6XarpNoL8NSM8LpqHCXKppg0sdd2jYocESVl01OH6FD43RQGEvzhEYT9/dEhiOlhlFgOiOse2q+Njb/q7VTHZ56GRNJqqkg00VhypGO0TgH1GGSEs2HBjCRzNyKSA9LTLRJq2BCcOe/vAiN44pr+NqkcQZT5WEfDuAIXDiBKlxCDepAYABP8AKv1qP1bL1Z79PWnDWb2YM/sj5+AKQFloc=</latexit><latexit sha1_base64="IG8zcyF+mRIqKNz3wuaYTKPuEtI=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFFK4kYXLgqCuBEq2gvUECbTSTt2MgkzE0uJfRQ3LhRx65O48yl8BaeXhbb+MPDxn3M4Z/4g4Uxpx/myckvLK6tr+fXCxubW9o5d3G2oOJWE1knMY9kKsKKcCVrXTHPaSiTFUcBpM+ifj+vNByoVi8WtHibUi3BXsJARrI3l28WBn7H7Mh+VUWDIgG+XnIozEVoEdwalKrq6+e57FzXf/rzrxCSNqNCEY6XarpNoL8NSM8LpqHCXKppg0sdd2jYocESVl01OH6FD43RQGEvzhEYT9/dEhiOlhlFgOiOse2q+Njb/q7VTHZ56GRNJqqkg00VhypGO0TgH1GGSEs2HBjCRzNyKSA9LTLRJq2BCcOe/vAiN44pr+NqkcQZT5WEfDuAIXDiBKlxCDepAYABP8AKv1qP1bL1Z79PWnDWb2YM/sj5+AKQFloc=</latexit><latexit sha1_base64="PSf32hOjLXhEqcZNuwNMKC7HuUE=">AAAB+nicbZC7TsMwFIZPyq2UWwoji0WFxFBVCUsZGCqxMBaJXqQ2ihzXaU0dJ7Idqir0UVgYQIiVJ2HjbXDbDNDyS5Y+/eccneM/SDhT2nG+rcLG5tb2TnG3tLd/cHhkl4/bKk4loS0S81h2A6woZ4K2NNOcdhNJcRRw2gnGN/N655FKxWJxr6cJ9SI8FCxkBGtj+XZ54mfsocpnVRQYMuDbFafmLITWwc2hArmavv3VH8QkjajQhGOleq6TaC/DUjPC6azUTxVNMBnjIe0ZFDiiyssWp8/QuXEGKIyleUKjhft7IsORUtMoMJ0R1iO1Wpub/9V6qQ6vvIyJJNVUkOWiMOVIx2ieAxowSYnmUwOYSGZuRWSEJSbapFUyIbirX16H9mXNNXznVBrXeRxFOIUzuAAX6tCAW2hCCwhM4Ble4c16sl6sd+tj2Vqw8pkT+CPr8wefe5OK</latexit>

@L
@bi,l

=
@L
@fl,i

@fl,i
@al,i

@al,i
@bi,l

<latexit sha1_base64="NAc6GKBB2hxjoGT3OYV3I1qQKqA="></latexit><latexit sha1_base64="H6cai4wzE3T390A3+tjXwtGlOQc="></latexit><latexit sha1_base64="H6cai4wzE3T390A3+tjXwtGlOQc="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="oerljpiN8vxrCnexroTxWohnvws="></latexit><latexit sha1_base64="oerljpiN8vxrCnexroTxWohnvws="></latexit><latexit sha1_base64="1ufTc/nvzoU2oV4YwxHXx8JTyEo="></latexit><latexit sha1_base64="1ufTc/nvzoU2oV4YwxHXx8JTyEo="></latexit><latexit sha1_base64="H6cai4wzE3T390A3+tjXwtGlOQc="></latexit><latexit sha1_base64="H6cai4wzE3T390A3+tjXwtGlOQc="></latexit><latexit sha1_base64="H6cai4wzE3T390A3+tjXwtGlOQc="></latexit><latexit sha1_base64="H6cai4wzE3T390A3+tjXwtGlOQc="></latexit><latexit sha1_base64="1ufTc/nvzoU2oV4YwxHXx8JTyEo="></latexit>
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@fl,i
@al,i

= �0(al,i)
<latexit sha1_base64="5fQlcPGH7dN1iRL51QpZbCIo5To=">AAACI3icbZDJSgNBEIZr4hbjFvXopTGIESTMeFFcIODFYwSzQCaEmk5P0qRnobtHCENewifw4qt48aAELx58FzsLqNEfGn6+qqK6fi8WXGnb/rAyC4tLyyvZ1dza+sbmVn57p6aiRFJWpZGIZMNDxQQPWVVzLVgjlgwDT7C6178e1+v3TCoehXd6ELNWgN2Q+5yiNqidP3d9iTR1Y5SaoyB+OxXHfDj8JjgjV67i3QAPizNw1M4X7JI9EflrnJkplC+aDwQAKu38yO1ENAlYqKlApZqOHetWOt5DBRvm3ESxGGkfu6xpbIgBU610cuOQHBjSIX4kzQs1mdCfEykGSg0Cz3QGqHtqvjaG/9WaifbPWikP40SzkE4X+YkgOiLjwEiHS0a1GBiDVHLzV0J7aELTJtacCcGZP/mvqZ2UHONvTRqXMFUW9mAfiuDAKZThBipQBQqP8Ayv8GY9WS/WyHqftmas2cwu/JL1+QXzv6Z5</latexit><latexit sha1_base64="0GoWoqHqASfrkEIpY3Fr2V5P2YA=">AAACI3icbZDJSgNBEIZ74hbjFvUieGkMYgQJM14MLhDw4jGCWSAzDDWdnqRJz0J3jxCGvIRXL158FS8elOBBD76LnQXU6A8NP19VUV2/F3MmlWl+GJm5+YXFpexybmV1bX0jv7lVl1EiCK2RiEei6YGknIW0ppjitBkLCoHHacPrXY7qjVsqJIvCG9WPqRNAJ2Q+I6A0cvOnti+ApHYMQjHg2HdTfsQGg28CU3JhS9YJ4KA4BYduvmCWzLHwX2NNTaFy1rrbuX8vV9380G5HJAloqAgHKVuWGSsnHe0hnA5ydiJpDKQHHdrSNoSASicd3zjA+5q0sR8J/UKFx/TnRAqBlP3A050BqK6crY3gf7VWovyyk7IwThQNyWSRn3CsIjwKDLeZoETxvjZABNN/xaQLOjSlY83pEKzZk/+a+nHJ0v5ap3GOJsqiXbSHishCJ6iCrlAV1RBBD+gJvaBX49F4NobG26Q1Y0xnttEvGZ9fJAGoHA==</latexit><latexit sha1_base64="0GoWoqHqASfrkEIpY3Fr2V5P2YA=">AAACI3icbZDJSgNBEIZ74hbjFvUieGkMYgQJM14MLhDw4jGCWSAzDDWdnqRJz0J3jxCGvIRXL158FS8elOBBD76LnQXU6A8NP19VUV2/F3MmlWl+GJm5+YXFpexybmV1bX0jv7lVl1EiCK2RiEei6YGknIW0ppjitBkLCoHHacPrXY7qjVsqJIvCG9WPqRNAJ2Q+I6A0cvOnti+ApHYMQjHg2HdTfsQGg28CU3JhS9YJ4KA4BYduvmCWzLHwX2NNTaFy1rrbuX8vV9380G5HJAloqAgHKVuWGSsnHe0hnA5ydiJpDKQHHdrSNoSASicd3zjA+5q0sR8J/UKFx/TnRAqBlP3A050BqK6crY3gf7VWovyyk7IwThQNyWSRn3CsIjwKDLeZoETxvjZABNN/xaQLOjSlY83pEKzZk/+a+nHJ0v5ap3GOJsqiXbSHishCJ6iCrlAV1RBBD+gJvaBX49F4NobG26Q1Y0xnttEvGZ9fJAGoHA==</latexit><latexit sha1_base64="dUnHj1j4tKEDmO+9LfRh8cDeH/s=">AAACI3icbZDLSsNAFIYn9VbrLerSzWARK0hJ3CiiUHDjsoK9QBPCyXTSDp1cmJkIJfRd3PgqblwoxY0L38VJG1CrPwz8fOcczpzfTziTyrI+jNLS8srqWnm9srG5tb1j7u61ZZwKQlsk5rHo+iApZxFtKaY47SaCQuhz2vFHN3m980CFZHF0r8YJdUMYRCxgBJRGnnnpBAJI5iQgFAOOAy/jp2wy+SZQkGtHskEIx7UCnHhm1apbM+G/xi5MFRVqeubU6cckDWmkCAcpe7aVKDfL9xBOJxUnlTQBMoIB7WkbQUilm81unOAjTfo4iIV+kcIz+nMig1DKcejrzhDUUC7WcvhfrZeq4MLNWJSkikZkvihIOVYxzgPDfSYoUXysDRDB9F8xGYIOTelYKzoEe/Hkv6Z9Vre1v7OqjasijjI6QIeohmx0jhroFjVRCxH0iJ7RK3oznowXY2q8z1tLRjGzj37J+PwC4eik8Q==</latexit>

@al,i
@bi,l

= 1
<latexit sha1_base64="V37hwXUtCBQ9yHRRr1GYu9t9wOk=">AAACFnicbZDLSsNAFIZPvNZ6q7p0M1gEF7UkbhRUKLhxWcFeIAlhMp20QycXZiZCCXkJ3fgqblwo4lbc+TZO2oLa+sPAx3/OmZnz+wlnUpnml7GwuLS8slpaK69vbG5tV3Z22zJOBaEtEvNYdH0sKWcRbSmmOO0mguLQ57TjD6+KeueOCsni6FaNEuqGuB+xgBGstOVVjp1AYJI5CRaKYY6wl/Eay/Mfx/cyVuN5ji6R5VWqZt0cC82DNYVq49y+RwDQ9CqfTi8maUgjRTiW0rbMRLlZcTXhNC87qaQJJkPcp7bGCIdUutl4rRwdaqeHgljoEyk0dn9PZDiUchT6ujPEaiBna4X5X81OVXDmZixKUkUjMnkoSDlSMSoyQj0mKFF8pAETwfRfERlgnZPSSZZ1CNbsyvPQPqlbmm90GhcwUQn24QCOwIJTaMA1NKEFBB7gCV7g1Xg0no03433SumBMZ/bgj4yPby0RoMY=</latexit><latexit sha1_base64="svdB0WjCL+DNCSWWvLBlHo/M1Vw=">AAACFnicbZBNS8MwGMdTX+d8q3oRvASH4GGO1osDFQZePE5wL9CVkmbpFpamJUmFUfol9CL4Sbx4UMSreNJvY7oN1M0/BH78n+dJ8vz9mFGpLOvLmJtfWFxaLqwUV9fWNzbNre2mjBKBSQNHLBJtH0nCKCcNRRUj7VgQFPqMtPzBRV5v3RAhacSv1TAmboh6nAYUI6UtzzzqBALhtBMjoShiEHkpK9Ms+3F8L6VllmXwHNqeWbIq1khwFuwJlGqnzu3uw2e17pkfnW6Ek5BwhRmS0rGtWLlpfjVmJCt2EklihAeoRxyNHIVEuulorQweaKcLg0jowxUcub8nUhRKOQx93Rki1ZfTtdz8r+YkKqi6KeVxogjH44eChEEVwTwj2KWCYMWGGhAWVP8V4j7SOSmdZFGHYE+vPAvN44qt+UqncQbGKoA9sA8OgQ1OQA1cgjpoAAzuwCN4Bi/GvfFkvBpv49Y5YzKzA/7IeP8GXUSiaQ==</latexit><latexit sha1_base64="svdB0WjCL+DNCSWWvLBlHo/M1Vw=">AAACFnicbZBNS8MwGMdTX+d8q3oRvASH4GGO1osDFQZePE5wL9CVkmbpFpamJUmFUfol9CL4Sbx4UMSreNJvY7oN1M0/BH78n+dJ8vz9mFGpLOvLmJtfWFxaLqwUV9fWNzbNre2mjBKBSQNHLBJtH0nCKCcNRRUj7VgQFPqMtPzBRV5v3RAhacSv1TAmboh6nAYUI6UtzzzqBALhtBMjoShiEHkpK9Ms+3F8L6VllmXwHNqeWbIq1khwFuwJlGqnzu3uw2e17pkfnW6Ek5BwhRmS0rGtWLlpfjVmJCt2EklihAeoRxyNHIVEuulorQweaKcLg0jowxUcub8nUhRKOQx93Rki1ZfTtdz8r+YkKqi6KeVxogjH44eChEEVwTwj2KWCYMWGGhAWVP8V4j7SOSmdZFGHYE+vPAvN44qt+UqncQbGKoA9sA8OgQ1OQA1cgjpoAAzuwCN4Bi/GvfFkvBpv49Y5YzKzA/7IeP8GXUSiaQ==</latexit><latexit sha1_base64="e/JGOUb3nJzStPGtalKFr82F4BY=">AAACFnicbZDLSsNAFIYnXmu9RV26GSyCi1oSN7pQKLhxWcFeoAnhZDpph04uzEyEEvIUbnwVNy4UcSvufBsnbUBt/WHg4z/nzMz5/YQzqSzry1haXlldW69sVDe3tnd2zb39joxTQWibxDwWPR8k5SyibcUUp71EUAh9Trv++Lqod++pkCyO7tQkoW4Iw4gFjIDSlmeeOoEAkjkJCMWAY/AyXmd5/uP4XsbqPM/xFbY9s2Y1rKnwItgl1FCplmd+OoOYpCGNFOEgZd+2EuVmxdWE07zqpJImQMYwpH2NEYRUutl0rRwfa2eAg1joEyk8dX9PZBBKOQl93RmCGsn5WmH+V+unKrhwMxYlqaIRmT0UpByrGBcZ4QETlCg+0QBEMP1XTEagc1I6yaoOwZ5feRE6Zw1b861Va16WcVTQITpCJ8hG56iJblALtRFBD+gJvaBX49F4Nt6M91nrklHOHKA/Mj6+ARs6nz4=</latexit>
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<latexit sha1_base64="c9hAJO7HezXHl6CCfEOur8Agq1s="></latexit><latexit sha1_base64="c9hAJO7HezXHl6CCfEOur8Agq1s="></latexit><latexit sha1_base64="c9hAJO7HezXHl6CCfEOur8Agq1s="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="+fpYrNkcE3zy7lrDFCDfZC/SHzQ=">AAACdXicjVHLSsNAFJ3EV61Vq1s3g0XootbEjW4EwY0LFxXsA5oQbiaTdnDyYGYilJDv8L/c+TGCkzZFbbvwwsDhnDN35p7rp5xJZVmfhrm1vbO7V9uvHzQOj46bJ42BTDJBaJ8kPBEjHyTlLKZ9xRSno1RQiHxOh/7rQ6kP36iQLIlf1CylbgSTmIWMgNKU13x3AsoVeDnvsALfYScUQHInBaEYcOxEoKYEeP5UFD9sZf+3P1z6V9xLfkNnr9myuta88DqwK9BCVfW85ocTJCSLaKwIBynHtpUqNy/7Ek6LupNJmgJ5hQkdaxhDRKWbzwMs8IVmAhwmQp9Y4Tn7+0YOkZSzyNfOckC5qpXkJm2cqfDWzVmcZorGZPFQmHGsElxuAwdMUKL4TAMggum/YjIFHZLSO6vrEOzVkdfB4Lpra/xsoRo6Q+eojWx0g+7RI+qhPiLoy2gZHePSNM22ebWIyzSq3E7RnzLtb/7Mw7U=</latexit><latexit sha1_base64="+fpYrNkcE3zy7lrDFCDfZC/SHzQ=">AAACdXicjVHLSsNAFJ3EV61Vq1s3g0XootbEjW4EwY0LFxXsA5oQbiaTdnDyYGYilJDv8L/c+TGCkzZFbbvwwsDhnDN35p7rp5xJZVmfhrm1vbO7V9uvHzQOj46bJ42BTDJBaJ8kPBEjHyTlLKZ9xRSno1RQiHxOh/7rQ6kP36iQLIlf1CylbgSTmIWMgNKU13x3AsoVeDnvsALfYScUQHInBaEYcOxEoKYEeP5UFD9sZf+3P1z6V9xLfkNnr9myuta88DqwK9BCVfW85ocTJCSLaKwIBynHtpUqNy/7Ek6LupNJmgJ5hQkdaxhDRKWbzwMs8IVmAhwmQp9Y4Tn7+0YOkZSzyNfOckC5qpXkJm2cqfDWzVmcZorGZPFQmHGsElxuAwdMUKL4TAMggum/YjIFHZLSO6vrEOzVkdfB4Lpra/xsoRo6Q+eojWx0g+7RI+qhPiLoy2gZHePSNM22ebWIyzSq3E7RnzLtb/7Mw7U=</latexit><latexit sha1_base64="IC3H0Gl0znNgCoTR3TEp7aJ5xYU="></latexit><latexit sha1_base64="c9hAJO7HezXHl6CCfEOur8Agq1s="></latexit><latexit sha1_base64="c9hAJO7HezXHl6CCfEOur8Agq1s="></latexit><latexit sha1_base64="c9hAJO7HezXHl6CCfEOur8Agq1s="></latexit><latexit sha1_base64="c9hAJO7HezXHl6CCfEOur8Agq1s="></latexit><latexit sha1_base64="c9hAJO7HezXHl6CCfEOur8Agq1s="></latexit><latexit sha1_base64="c9hAJO7HezXHl6CCfEOur8Agq1s="></latexit>
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Computer
Vision Backpropagation 

[Rumelhart, Hinton and Williams 1986, Nature]
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We start at the very final layer L

Propagate errors backwards and compute gradients
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Computer
Vision Training of multilayered networks

• Training / validation / test set
• Cost functions
• Backpropagation 
• Stochastic optimization
• Initialization 
• Avoiding over-fitting
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Computer
Vision Direct optimization can be slow

• Training with very large number of samples

• Forward and backward pass required for each sample for 
each update step
• This would be very slow as the number of samples reach 

even thousands of images. 
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Computer
Vision Stochastic gradient descent (SGD)

• Instead at every step a random batch of training samples are 
chosen, and parameters are updated accordingly
• A random batch of training samples are chosen at each 

update step 

• Gradient with respect to parameters are approximated
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Computer
Vision Notes on optimization techniques

• Learning rate is crucial - not too low, not too high – often set by 
empirical tests on validation set
• Many variations present, including momentum and second 

order gradient approximations
• RMSProp [Hinton]
• Adagrad [Duchi et al. 2011]
• Adam [Ba and Kingma 2014]
• …

• Different algorithms have different convergence properties, e.g.
• Adam works well out of the box with minimal parameter tuning
• SGD may lead to better results but needs more tuning [Wilson et al. 

2017, NIPS]
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Basic update model with momentum



Computer
Vision Training of multilayered networks

• Training / validation / test set
• Cost functions
• Backpropagation 
• Stochastic optimization
• Initialization 
• Avoiding over-fitting
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Computer
Vision Initialization

• The optimization need to start from somewhere

• It turns out that the initialization is quite important
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Computer
Vision Very Naïve Initialization

• Zero (constant) initialization
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Computer
Vision Very Naïve Initialization

• Zero (constant) initialization

• Initialization with constant weights is problematic
• Complete symmetry in the network 
• No matter what the input is the values of the hidden units will be 

the same 
• All the weights in the one layer will get the same updates
• Effectively, one neuron thick networks
• Initializing bias with 0 is used commonly – does not cause 

symmetry problems

w0
ij,l = 0, b0i,l = 0

<latexit sha1_base64="+uwHon3WuarHYEajreNItwtNlXo=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJlgEF6XMiKALhYIblxXsA9pxyKRpG5vJDElGKUPBjb/ixoUibv0Jd/6NaTsLbT0QOPece7m5J4g5U9pxvq3cwuLS8kp+tbC2vrG5ZW/v1FWUSEJrJOKRbAZYUc4ErWmmOW3GkuIw4LQRDC7HfuOeSsUicaOHMfVC3BOsywjWRvLtvQc/ZXclPrp1LpxSGwWmzCrfLjplZwI0T9yMFCFD1be/2p2IJCEVmnCsVMt1Yu2lWGpGOB0V2omiMSYD3KMtQwUOqfLSyQ0jdGiUDupG0jyh0UT9PZHiUKlhGJjOEOu+mvXG4n9eK9HdMy9lIk40FWS6qJtwpCM0DgR1mKRE86EhmEhm/opIH0tMtImtYEJwZ0+eJ/Xjsmv49Umxcp7FkYd9OIAjcOEUKnAFVagBgUd4hld4s56sF+vd+pi25qxsZhf+wPr8AbKOljo=</latexit><latexit sha1_base64="+uwHon3WuarHYEajreNItwtNlXo=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJlgEF6XMiKALhYIblxXsA9pxyKRpG5vJDElGKUPBjb/ixoUibv0Jd/6NaTsLbT0QOPece7m5J4g5U9pxvq3cwuLS8kp+tbC2vrG5ZW/v1FWUSEJrJOKRbAZYUc4ErWmmOW3GkuIw4LQRDC7HfuOeSsUicaOHMfVC3BOsywjWRvLtvQc/ZXclPrp1LpxSGwWmzCrfLjplZwI0T9yMFCFD1be/2p2IJCEVmnCsVMt1Yu2lWGpGOB0V2omiMSYD3KMtQwUOqfLSyQ0jdGiUDupG0jyh0UT9PZHiUKlhGJjOEOu+mvXG4n9eK9HdMy9lIk40FWS6qJtwpCM0DgR1mKRE86EhmEhm/opIH0tMtImtYEJwZ0+eJ/Xjsmv49Umxcp7FkYd9OIAjcOEUKnAFVagBgUd4hld4s56sF+vd+pi25qxsZhf+wPr8AbKOljo=</latexit><latexit sha1_base64="+uwHon3WuarHYEajreNItwtNlXo=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJlgEF6XMiKALhYIblxXsA9pxyKRpG5vJDElGKUPBjb/ixoUibv0Jd/6NaTsLbT0QOPece7m5J4g5U9pxvq3cwuLS8kp+tbC2vrG5ZW/v1FWUSEJrJOKRbAZYUc4ErWmmOW3GkuIw4LQRDC7HfuOeSsUicaOHMfVC3BOsywjWRvLtvQc/ZXclPrp1LpxSGwWmzCrfLjplZwI0T9yMFCFD1be/2p2IJCEVmnCsVMt1Yu2lWGpGOB0V2omiMSYD3KMtQwUOqfLSyQ0jdGiUDupG0jyh0UT9PZHiUKlhGJjOEOu+mvXG4n9eK9HdMy9lIk40FWS6qJtwpCM0DgR1mKRE86EhmEhm/opIH0tMtImtYEJwZ0+eJ/Xjsmv49Umxcp7FkYd9OIAjcOEUKnAFVagBgUd4hld4s56sF+vd+pi25qxsZhf+wPr8AbKOljo=</latexit><latexit sha1_base64="+uwHon3WuarHYEajreNItwtNlXo=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJlgEF6XMiKALhYIblxXsA9pxyKRpG5vJDElGKUPBjb/ixoUibv0Jd/6NaTsLbT0QOPece7m5J4g5U9pxvq3cwuLS8kp+tbC2vrG5ZW/v1FWUSEJrJOKRbAZYUc4ErWmmOW3GkuIw4LQRDC7HfuOeSsUicaOHMfVC3BOsywjWRvLtvQc/ZXclPrp1LpxSGwWmzCrfLjplZwI0T9yMFCFD1be/2p2IJCEVmnCsVMt1Yu2lWGpGOB0V2omiMSYD3KMtQwUOqfLSyQ0jdGiUDupG0jyh0UT9PZHiUKlhGJjOEOu+mvXG4n9eK9HdMy9lIk40FWS6qJtwpCM0DgR1mKRE86EhmEhm/opIH0tMtImtYEJwZ0+eJ/Xjsmv49Umxcp7FkYd9OIAjcOEUKnAFVagBgUd4hld4s56sF+vd+pi25qxsZhf+wPr8AbKOljo=</latexit>

Introduction
Learning basics

Math. basics
Perceptron model

MLP
Training

Three sets
Cost functions

Backpropagation
Initialization



Computer
Vision Random initialization

• Initialize weights with random values biases with zeros

• Not symmetric any more
• Different weights will get different updates
• Used quite often with random samples from uniform or normal
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Computer
Vision Other heuristics

• Random initialization is the common approach
• The main question is what distribution should one use
• Normal and uniform are the obvious choices but with what 

standard deviation? 
• [Glorot and Bengio 2010]

• [He et al. 2015]

• Both considering that variance of a signal at the input and output 
of a layer should be similar   
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Computer
Vision Training of multilayered networks

• Training / validation / test set
• Cost functions
• Backpropagation 
• Stochastic optimization
• Initialization 
• Avoiding over-fitting

Introduction
Learning basics

Math. basics
Perceptron model

MLP
Training

Three sets
Cost functions

Backpropagation
Initialization



Computer

Vision Number of parameters in a network

• Let us assume the following network

• Total number of parameters: 
10x20 + 20 + 20x30 + 30 + 30x10 + 10 + 10 = 1170

• To determine the large number of parameters we need large 

number of samples

• Modern networks have many number of parameter, reaching 

millions
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• When the model has too many parameters and not enough 
training samples
• Model can learn noise in the training samples 
• Perfect prediction on training data
• Bad prediction in validation data
• Will not be able to generalize
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Computer

Vision Over-fitting – how to overcome it?

• Best strategy is to have more data
• Reduce the size of your network, i.e. less parameters

• Regularization [Krogh and Hertz, NIPS 1992]

• Similar strategy is taken for many other learning algorithms, 

ridge regression, SVM, sparse regression,…
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Computer
Vision Drop-out

• Drop-out [Hinton et al. 2012, Srivastava, Hinton, Krizhevsky, 
JMLR 2014] [Figure from latter]
• Randomly set some of the activations to zero during training

Srivastava, Hinton, Krizhevsky, Sutskever and Salakhutdinov
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Figure 3: Comparison of the basic operations of a standard and dropout network.

Here ⇤ denotes an element-wise product. For any layer l, r(l) is a vector of independent
Bernoulli random variables each of which has probability p of being 1. This vector is
sampled and multiplied element-wise with the outputs of that layer, y

(l), to create the
thinned outputs ey(l). The thinned outputs are then used as input to the next layer. This
process is applied at each layer. This amounts to sampling a sub-network from a larger
network. For learning, the derivatives of the loss function are backpropagated through the

sub-network. At test time, the weights are scaled as W
(l)
test = pW

(l) as shown in Figure 2.
The resulting neural network is used without dropout.

5. Learning Dropout Nets

This section describes a procedure for training dropout neural nets.

5.1 Backpropagation

Dropout neural networks can be trained using stochastic gradient descent in a manner simi-
lar to standard neural nets. The only di↵erence is that for each training case in a mini-batch,
we sample a thinned network by dropping out units. Forward and backpropagation for that
training case are done only on this thinned network. The gradients for each parameter are
averaged over the training cases in each mini-batch. Any training case which does not use a
parameter contributes a gradient of zero for that parameter. Many methods have been used
to improve stochastic gradient descent such as momentum, annealed learning rates and L2
weight decay. Those were found to be useful for dropout neural networks as well.

One particular form of regularization was found to be especially useful for dropout—
constraining the norm of the incoming weight vector at each hidden unit to be upper
bounded by a fixed constant c. In other words, if w represents the vector of weights incident
on any hidden unit, the neural network was optimized under the constraint ||w||2  c. This
constraint was imposed during optimization by projecting w onto the surface of a ball of
radius c, whenever w went out of it. This is also called max-norm regularization since it
implies that the maximum value that the norm of any weight can take is c. The constant
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Computer
Vision Drop-out

• [Figure from Srivastava, Hinton, Krizhevsky, JMLR 2014]
• Network builds redundancies, need to create multiple paths

Srivastava, Hinton, Krizhevsky, Sutskever and Salakhutdinov

(a) Standard Neural Net (b) After applying dropout.

Figure 1: Dropout Neural Net Model. Left: A standard neural net with 2 hidden layers. Right:
An example of a thinned net produced by applying dropout to the network on the left.
Crossed units have been dropped.

its posterior probability given the training data. This can sometimes be approximated quite
well for simple or small models (Xiong et al., 2011; Salakhutdinov and Mnih, 2008), but we
would like to approach the performance of the Bayesian gold standard using considerably
less computation. We propose to do this by approximating an equally weighted geometric
mean of the predictions of an exponential number of learned models that share parameters.

Model combination nearly always improves the performance of machine learning meth-
ods. With large neural networks, however, the obvious idea of averaging the outputs of
many separately trained nets is prohibitively expensive. Combining several models is most
helpful when the individual models are di↵erent from each other and in order to make
neural net models di↵erent, they should either have di↵erent architectures or be trained
on di↵erent data. Training many di↵erent architectures is hard because finding optimal
hyperparameters for each architecture is a daunting task and training each large network
requires a lot of computation. Moreover, large networks normally require large amounts of
training data and there may not be enough data available to train di↵erent networks on
di↵erent subsets of the data. Even if one was able to train many di↵erent large networks,
using them all at test time is infeasible in applications where it is important to respond
quickly.

Dropout is a technique that addresses both these issues. It prevents overfitting and
provides a way of approximately combining exponentially many di↵erent neural network
architectures e�ciently. The term “dropout” refers to dropping out units (hidden and
visible) in a neural network. By dropping a unit out, we mean temporarily removing it from
the network, along with all its incoming and outgoing connections, as shown in Figure 1.
The choice of which units to drop is random. In the simplest case, each unit is retained with
a fixed probability p independent of other units, where p can be chosen using a validation
set or can simply be set at 0.5, which seems to be close to optimal for a wide range of
networks and tasks. For the input units, however, the optimal probability of retention is
usually closer to 1 than to 0.5.

1930

Introduction
Learning basics

Math. basics
Perceptron model

MLP
Training

Three sets
Cost functions

Backpropagation
Intialization
Over-fitting



Computer
Vision Training on another task with more data

• There may be tasks with more data 
• Unsupervised pre-training 
• Initial supervised training with other related tasks and 

initializing the network weights with other network’s values –
transfer learning
• We will talk about this more in CNN lectures
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Computer
Vision Other solutions that empirically help

• Data augmentation – we’ll talk about that more

• Adding random noise to the weight / data [An, 1996; Kim, 
Giles and Horne, 1996; application in Graves, Mohamed and 
Hinton, 2013]

Not necessarily for over-fitting but helps convergence:

• Batch-normalization [Ioffe and Szegedy 2015]

• Layer normalization [Ba, Kiros and Hinton 2017]
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Computer

Vision Tools

• Python is arguably the dominant programming language

• Tensorflow

• PyTorch

• A lot of fantastic tools for Matlab also exist

• For C++ lovers – Caffe

• In the exercises you will continue using python
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Computer
Vision MLP - Analogy to brain

Introduction
Learning basics

Math. basics
Perceptron model

MLP
Training

Three sets
Cost functions

Backpropagation
Intialization
Over-fitting


