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Unsupervised Learning Algorithms



Dimensionality Reduction
Principal Component Analysis
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Scikit-Learn



Dimensionality Reduction
Kernel PCA
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Extension of PCA which achieves non-linear dimensionality reduction through the use of kernels

Define a nonlinear
feature space 
through a kernel

ϕ(x) =

x1
x2

x2
1

x1x2
⋮

Perform PCA on the new space



Dimensionality Reduction
t-Distributed Stochastic Neighbor Embedding (t-SNE)
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Represents high-dimensional data in a lower-dimensional space  
while preserving the relationships between data points

https://scikit-learn.org/1.5/auto_examples/manifold/plot_t_sne_perplexity.html#sphx-glr-auto-examples-manifold-plot-t-sne-perplexity-py



Dimensionality Reduction
t-Distributed Stochastic Neighbor Embedding (t-SNE)
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t-SNE of the MNIST data



Dimensionality Reduction
t-Distributed Stochastic Neighbor Embedding (t-SNE)
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https://scikit-learn.org/1.5/auto_examples/manifold/plot_t_sne_perplexity.html#sphx-glr-auto-examples-manifold-plot-t-sne-perplexity-py

The similarity between two data points,  &  
is calculated using a conditional probability

xi xj

P(xj |xi) =
exp (−

∥xi − xj∥2

2σ2
i )

∑k≠i exp (− ∥xi − xk∥2

2σ2
i )

In lower-dimensions (2-3D), the joint distribution 
between points in the reduced space is given by

Then a joint distribution   
is created by the mean 

P(xi, xj)

P(xi, xj) = [P(xi |xj) + P(xj |xi)]/2n

Q(xi, xj) =
(1 + ∥yi − yj∥2)

−1

∑k≠l (1 + ∥yk − yl∥2)−1

Which is a Student’s t-distribution



Dimensionality Reduction
t-Distributed Stochastic Neighbor Embedding (t-SNE)
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https://scikit-learn.org/1.5/auto_examples/manifold/plot_t_sne_perplexity.html#sphx-glr-auto-examples-manifold-plot-t-sne-perplexity-py

P(xj |xi) =
exp (−

∥xi − xj∥2

2σ2
i )

∑k≠i exp (− ∥xi − xk∥2

2σ2
i )

P(xi, xj) = [P(xi |xj) + P(xj |xi)]/2n

“Distance” between them is minimized 
using gradient descent

KL(P∥Q) = ∑
i≠j

Pij log
Pij

Qij

The Kullback-Leibler (KL) divergence is 
Often used to minimize the distance between 

two distributions

Q(xi, xj) =
(1 + ∥yi − yj∥2)

−1

∑k≠l (1 + ∥yk − yl∥2)−1



Dimensionality Reduction
Independent Component Analysis (ICA)
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https://scikit-learn.org/stable/auto_examples/decomposition/plot_ica_vs_pca.html#sphx-glr-auto-examples-decomposition-plot-ica-vs-pca-py

The goal of ICA is to express observed data  (A matrix of n observed signals) 
as a linear combination of statistically independent source signals

X
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The goal of ICA is to express observed data  (a matrix of n observed signals) 
as a linear combination of statistically independent source signals
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Dimensionality Reduction
Factor Analysis

https://scikit-learn.org/stable/modules/decomposition.html#factor-analysis



Dimensionality Reduction
Neural Networks: Auto-encoders
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v2
<latexit sha1_base64="XK0vjF1wzTPomXbZ5jiA2NqgoyI=">AAACA3icbVDLSsNAFJ34rPVVdelmsAiuQhL63BXcuJKK9gFtKJPpJB06k4SZSaGELl261Y9wJ279EL/Bn3DahmKLBy5czjmXe+/xYkalsqxvY2t7Z3dvP3eQPzw6PjktnJ23ZZQITFo4YpHoekgSRkPSUlQx0o0FQdxjpOONb+d6Z0KEpFH4pKYxcTkKQupTjJSmHicDZ1AoWma9Vi47ZWib1gJQMxqVyoopggzNQeGnP4xwwkmoMENS9mwrVm6KhKKYkVm+n0gSIzxGAenpNkScSDddnDqD15oZQj8SukIFF+zfiRRxKafc006O1EhuanPyP62XKL/mpjSME0VCvFzkJwyqCM7/hkMqCFZsqhuEBdW3QjxCAmGl01nfwoJIG0bc0c/odDZCqZaypm6v0mk7pm2Z9kOp2LjPcsqBS3AFboANqqAB7kATtAAGAXgBr+DNeDbejQ/jc2ndMrKZC7AG4+sXbGmYxA==</latexit><latexit sha1_base64="XK0vjF1wzTPomXbZ5jiA2NqgoyI=">AAACA3icbVDLSsNAFJ34rPVVdelmsAiuQhL63BXcuJKK9gFtKJPpJB06k4SZSaGELl261Y9wJ279EL/Bn3DahmKLBy5czjmXe+/xYkalsqxvY2t7Z3dvP3eQPzw6PjktnJ23ZZQITFo4YpHoekgSRkPSUlQx0o0FQdxjpOONb+d6Z0KEpFH4pKYxcTkKQupTjJSmHicDZ1AoWma9Vi47ZWib1gJQMxqVyoopggzNQeGnP4xwwkmoMENS9mwrVm6KhKKYkVm+n0gSIzxGAenpNkScSDddnDqD15oZQj8SukIFF+zfiRRxKafc006O1EhuanPyP62XKL/mpjSME0VCvFzkJwyqCM7/hkMqCFZsqhuEBdW3QjxCAmGl01nfwoJIG0bc0c/odDZCqZaypm6v0mk7pm2Z9kOp2LjPcsqBS3AFboANqqAB7kATtAAGAXgBr+DNeDbejQ/jc2ndMrKZC7AG4+sXbGmYxA==</latexit><latexit sha1_base64="XK0vjF1wzTPomXbZ5jiA2NqgoyI=">AAACA3icbVDLSsNAFJ34rPVVdelmsAiuQhL63BXcuJKK9gFtKJPpJB06k4SZSaGELl261Y9wJ279EL/Bn3DahmKLBy5czjmXe+/xYkalsqxvY2t7Z3dvP3eQPzw6PjktnJ23ZZQITFo4YpHoekgSRkPSUlQx0o0FQdxjpOONb+d6Z0KEpFH4pKYxcTkKQupTjJSmHicDZ1AoWma9Vi47ZWib1gJQMxqVyoopggzNQeGnP4xwwkmoMENS9mwrVm6KhKKYkVm+n0gSIzxGAenpNkScSDddnDqD15oZQj8SukIFF+zfiRRxKafc006O1EhuanPyP62XKL/mpjSME0VCvFzkJwyqCM7/hkMqCFZsqhuEBdW3QjxCAmGl01nfwoJIG0bc0c/odDZCqZaypm6v0mk7pm2Z9kOp2LjPcsqBS3AFboANqqAB7kATtAAGAXgBr+DNeDbejQ/jc2ndMrKZC7AG4+sXbGmYxA==</latexit><latexit sha1_base64="XK0vjF1wzTPomXbZ5jiA2NqgoyI=">AAACA3icbVDLSsNAFJ34rPVVdelmsAiuQhL63BXcuJKK9gFtKJPpJB06k4SZSaGELl261Y9wJ279EL/Bn3DahmKLBy5czjmXe+/xYkalsqxvY2t7Z3dvP3eQPzw6PjktnJ23ZZQITFo4YpHoekgSRkPSUlQx0o0FQdxjpOONb+d6Z0KEpFH4pKYxcTkKQupTjJSmHicDZ1AoWma9Vi47ZWib1gJQMxqVyoopggzNQeGnP4xwwkmoMENS9mwrVm6KhKKYkVm+n0gSIzxGAenpNkScSDddnDqD15oZQj8SukIFF+zfiRRxKafc006O1EhuanPyP62XKL/mpjSME0VCvFzkJwyqCM7/hkMqCFZsqhuEBdW3QjxCAmGl01nfwoJIG0bc0c/odDZCqZaypm6v0mk7pm2Z9kOp2LjPcsqBS3AFboANqqAB7kATtAAGAXgBr+DNeDbejQ/jc2ndMrKZC7AG4+sXbGmYxA==</latexit><latexit sha1_base64="XK0vjF1wzTPomXbZ5jiA2NqgoyI=">AAACA3icbVDLSsNAFJ34rPVVdelmsAiuQhL63BXcuJKK9gFtKJPpJB06k4SZSaGELl261Y9wJ279EL/Bn3DahmKLBy5czjmXe+/xYkalsqxvY2t7Z3dvP3eQPzw6PjktnJ23ZZQITFo4YpHoekgSRkPSUlQx0o0FQdxjpOONb+d6Z0KEpFH4pKYxcTkKQupTjJSmHicDZ1AoWma9Vi47ZWib1gJQMxqVyoopggzNQeGnP4xwwkmoMENS9mwrVm6KhKKYkVm+n0gSIzxGAenpNkScSDddnDqD15oZQj8SukIFF+zfiRRxKafc006O1EhuanPyP62XKL/mpjSME0VCvFzkJwyqCM7/hkMqCFZsqhuEBdW3QjxCAmGl01nfwoJIG0bc0c/odDZCqZaypm6v0mk7pm2Z9kOp2LjPcsqBS3AFboANqqAB7kATtAAGAXgBr+DNeDbejQ/jc2ndMrKZC7AG4+sXbGmYxA==</latexit><latexit sha1_base64="XK0vjF1wzTPomXbZ5jiA2NqgoyI=">AAACA3icbVDLSsNAFJ34rPVVdelmsAiuQhL63BXcuJKK9gFtKJPpJB06k4SZSaGELl261Y9wJ279EL/Bn3DahmKLBy5czjmXe+/xYkalsqxvY2t7Z3dvP3eQPzw6PjktnJ23ZZQITFo4YpHoekgSRkPSUlQx0o0FQdxjpOONb+d6Z0KEpFH4pKYxcTkKQupTjJSmHicDZ1AoWma9Vi47ZWib1gJQMxqVyoopggzNQeGnP4xwwkmoMENS9mwrVm6KhKKYkVm+n0gSIzxGAenpNkScSDddnDqD15oZQj8SukIFF+zfiRRxKafc006O1EhuanPyP62XKL/mpjSME0VCvFzkJwyqCM7/hkMqCFZsqhuEBdW3QjxCAmGl01nfwoJIG0bc0c/odDZCqZaypm6v0mk7pm2Z9kOp2LjPcsqBS3AFboANqqAB7kATtAAGAXgBr+DNeDbejQ/jc2ndMrKZC7AG4+sXbGmYxA==</latexit>

W2
<latexit sha1_base64="rrnih/XPsEKQC5MTQpWCmnzqaVQ=">AAACC3icbVDLSsNAFJ3UV62vqks3g0VwFZLQ567gxpVUsK2QhjKZTtqhk0yYmQgl9BNcutWPcCdu/Qi/wZ9w0oZiiwcuHM49l3vv8WNGpbKsb6Owtb2zu1fcLx0cHh2flE/PepInApMu5oyLRx9JwmhEuooqRh5jQVDoM9L3pzdZv/9EhKQ8elCzmHghGkc0oBgpLbmDEKmJH8D+0BmWK5bZatZqTg3aprUA1IpGvb5SKiBHZ1j+GYw4TkISKcyQlK5txcpLkVAUMzIvDRJJYoSnaExcTSMUEumli5Pn8EorIxhwoStScKH+nUhRKOUs9LUzO1Fu9jLxv56bqKDppTSKE0UivFwUJAwqDrP/4YgKghWbaYKwoPpWiCdIIKx0Sutb2JhrwyR09DM6nY1QGtWctOxVOj3HtC3Tvq9W2nd5TkVwAS7BNbBBA7TBLeiALsCAgxfwCt6MZ+Pd+DA+l9aCkc+cgzUYX78wq5vj</latexit><latexit sha1_base64="rrnih/XPsEKQC5MTQpWCmnzqaVQ=">AAACC3icbVDLSsNAFJ3UV62vqks3g0VwFZLQ567gxpVUsK2QhjKZTtqhk0yYmQgl9BNcutWPcCdu/Qi/wZ9w0oZiiwcuHM49l3vv8WNGpbKsb6Owtb2zu1fcLx0cHh2flE/PepInApMu5oyLRx9JwmhEuooqRh5jQVDoM9L3pzdZv/9EhKQ8elCzmHghGkc0oBgpLbmDEKmJH8D+0BmWK5bZatZqTg3aprUA1IpGvb5SKiBHZ1j+GYw4TkISKcyQlK5txcpLkVAUMzIvDRJJYoSnaExcTSMUEumli5Pn8EorIxhwoStScKH+nUhRKOUs9LUzO1Fu9jLxv56bqKDppTSKE0UivFwUJAwqDrP/4YgKghWbaYKwoPpWiCdIIKx0Sutb2JhrwyR09DM6nY1QGtWctOxVOj3HtC3Tvq9W2nd5TkVwAS7BNbBBA7TBLeiALsCAgxfwCt6MZ+Pd+DA+l9aCkc+cgzUYX78wq5vj</latexit><latexit sha1_base64="rrnih/XPsEKQC5MTQpWCmnzqaVQ=">AAACC3icbVDLSsNAFJ3UV62vqks3g0VwFZLQ567gxpVUsK2QhjKZTtqhk0yYmQgl9BNcutWPcCdu/Qi/wZ9w0oZiiwcuHM49l3vv8WNGpbKsb6Owtb2zu1fcLx0cHh2flE/PepInApMu5oyLRx9JwmhEuooqRh5jQVDoM9L3pzdZv/9EhKQ8elCzmHghGkc0oBgpLbmDEKmJH8D+0BmWK5bZatZqTg3aprUA1IpGvb5SKiBHZ1j+GYw4TkISKcyQlK5txcpLkVAUMzIvDRJJYoSnaExcTSMUEumli5Pn8EorIxhwoStScKH+nUhRKOUs9LUzO1Fu9jLxv56bqKDppTSKE0UivFwUJAwqDrP/4YgKghWbaYKwoPpWiCdIIKx0Sutb2JhrwyR09DM6nY1QGtWctOxVOj3HtC3Tvq9W2nd5TkVwAS7BNbBBA7TBLeiALsCAgxfwCt6MZ+Pd+DA+l9aCkc+cgzUYX78wq5vj</latexit><latexit sha1_base64="rrnih/XPsEKQC5MTQpWCmnzqaVQ=">AAACC3icbVDLSsNAFJ3UV62vqks3g0VwFZLQ567gxpVUsK2QhjKZTtqhk0yYmQgl9BNcutWPcCdu/Qi/wZ9w0oZiiwcuHM49l3vv8WNGpbKsb6Owtb2zu1fcLx0cHh2flE/PepInApMu5oyLRx9JwmhEuooqRh5jQVDoM9L3pzdZv/9EhKQ8elCzmHghGkc0oBgpLbmDEKmJH8D+0BmWK5bZatZqTg3aprUA1IpGvb5SKiBHZ1j+GYw4TkISKcyQlK5txcpLkVAUMzIvDRJJYoSnaExcTSMUEumli5Pn8EorIxhwoStScKH+nUhRKOUs9LUzO1Fu9jLxv56bqKDppTSKE0UivFwUJAwqDrP/4YgKghWbaYKwoPpWiCdIIKx0Sutb2JhrwyR09DM6nY1QGtWctOxVOj3HtC3Tvq9W2nd5TkVwAS7BNbBBA7TBLeiALsCAgxfwCt6MZ+Pd+DA+l9aCkc+cgzUYX78wq5vj</latexit><latexit sha1_base64="rrnih/XPsEKQC5MTQpWCmnzqaVQ=">AAACC3icbVDLSsNAFJ3UV62vqks3g0VwFZLQ567gxpVUsK2QhjKZTtqhk0yYmQgl9BNcutWPcCdu/Qi/wZ9w0oZiiwcuHM49l3vv8WNGpbKsb6Owtb2zu1fcLx0cHh2flE/PepInApMu5oyLRx9JwmhEuooqRh5jQVDoM9L3pzdZv/9EhKQ8elCzmHghGkc0oBgpLbmDEKmJH8D+0BmWK5bZatZqTg3aprUA1IpGvb5SKiBHZ1j+GYw4TkISKcyQlK5txcpLkVAUMzIvDRJJYoSnaExcTSMUEumli5Pn8EorIxhwoStScKH+nUhRKOUs9LUzO1Fu9jLxv56bqKDppTSKE0UivFwUJAwqDrP/4YgKghWbaYKwoPpWiCdIIKx0Sutb2JhrwyR09DM6nY1QGtWctOxVOj3HtC3Tvq9W2nd5TkVwAS7BNbBBA7TBLeiALsCAgxfwCt6MZ+Pd+DA+l9aCkc+cgzUYX78wq5vj</latexit><latexit sha1_base64="rrnih/XPsEKQC5MTQpWCmnzqaVQ=">AAACC3icbVDLSsNAFJ3UV62vqks3g0VwFZLQ567gxpVUsK2QhjKZTtqhk0yYmQgl9BNcutWPcCdu/Qi/wZ9w0oZiiwcuHM49l3vv8WNGpbKsb6Owtb2zu1fcLx0cHh2flE/PepInApMu5oyLRx9JwmhEuooqRh5jQVDoM9L3pzdZv/9EhKQ8elCzmHghGkc0oBgpLbmDEKmJH8D+0BmWK5bZatZqTg3aprUA1IpGvb5SKiBHZ1j+GYw4TkISKcyQlK5txcpLkVAUMzIvDRJJYoSnaExcTSMUEumli5Pn8EorIxhwoStScKH+nUhRKOUs9LUzO1Fu9jLxv56bqKDppTSKE0UivFwUJAwqDrP/4YgKghWbaYKwoPpWiCdIIKx0Sutb2JhrwyR09DM6nY1QGtWctOxVOj3HtC3Tvq9W2nd5TkVwAS7BNbBBA7TBLeiALsCAgxfwCt6MZ+Pd+DA+l9aCkc+cgzUYX78wq5vj</latexit> �

<latexit sha1_base64="hT6iG1EmbyzTuKdVwiGzpm3dEg8=">AAACF3icbVDLSgMxFM3UV62vqrhyEyyCq2Gm9Lkr6MJlBfuAdiiZNDMNTSZDkhHK0A9x6VY/wp24dek3+BOmD4otHghczjk3Jzl+zKjSjvNtZba2d3b3svu5g8Oj45P86VlbiURi0sKCCdn1kSKMRqSlqWakG0uCuM9Ixx/fzvTOE5GKiuhRT2LicRRGNKAYaUMN8hdpf35J6jOEx9O+oiFH00G+4Nj1WrlcLEPXduaAhjGoVFZMASzRHOR/+kOBE04ijRlSquc6sfZSJDXFjExz/USR2ASgkPTMGCFOlJfOk6fw2jBDGAhpTqThnP27kSKu1IT7xsmRHqlNbUb+p/USHdS8lEZxokmEF0FBwqAWcNYFHFJJsGYTMyAsqXkrxCMkEdamsfUUFgpjGPGi+YxpZ6OUamk51N1VO+2i7Tq2+1AqNO6WPWXBJbgCN8AFVdAA96AJWgCDFLyAV/BmPVvv1of1ubBmrOXOOViD9fULb1yhbQ==</latexit><latexit sha1_base64="hT6iG1EmbyzTuKdVwiGzpm3dEg8=">AAACF3icbVDLSgMxFM3UV62vqrhyEyyCq2Gm9Lkr6MJlBfuAdiiZNDMNTSZDkhHK0A9x6VY/wp24dek3+BOmD4otHghczjk3Jzl+zKjSjvNtZba2d3b3svu5g8Oj45P86VlbiURi0sKCCdn1kSKMRqSlqWakG0uCuM9Ixx/fzvTOE5GKiuhRT2LicRRGNKAYaUMN8hdpf35J6jOEx9O+oiFH00G+4Nj1WrlcLEPXduaAhjGoVFZMASzRHOR/+kOBE04ijRlSquc6sfZSJDXFjExz/USR2ASgkPTMGCFOlJfOk6fw2jBDGAhpTqThnP27kSKu1IT7xsmRHqlNbUb+p/USHdS8lEZxokmEF0FBwqAWcNYFHFJJsGYTMyAsqXkrxCMkEdamsfUUFgpjGPGi+YxpZ6OUamk51N1VO+2i7Tq2+1AqNO6WPWXBJbgCN8AFVdAA96AJWgCDFLyAV/BmPVvv1of1ubBmrOXOOViD9fULb1yhbQ==</latexit><latexit sha1_base64="hT6iG1EmbyzTuKdVwiGzpm3dEg8=">AAACF3icbVDLSgMxFM3UV62vqrhyEyyCq2Gm9Lkr6MJlBfuAdiiZNDMNTSZDkhHK0A9x6VY/wp24dek3+BOmD4otHghczjk3Jzl+zKjSjvNtZba2d3b3svu5g8Oj45P86VlbiURi0sKCCdn1kSKMRqSlqWakG0uCuM9Ixx/fzvTOE5GKiuhRT2LicRRGNKAYaUMN8hdpf35J6jOEx9O+oiFH00G+4Nj1WrlcLEPXduaAhjGoVFZMASzRHOR/+kOBE04ijRlSquc6sfZSJDXFjExz/USR2ASgkPTMGCFOlJfOk6fw2jBDGAhpTqThnP27kSKu1IT7xsmRHqlNbUb+p/USHdS8lEZxokmEF0FBwqAWcNYFHFJJsGYTMyAsqXkrxCMkEdamsfUUFgpjGPGi+YxpZ6OUamk51N1VO+2i7Tq2+1AqNO6WPWXBJbgCN8AFVdAA96AJWgCDFLyAV/BmPVvv1of1ubBmrOXOOViD9fULb1yhbQ==</latexit><latexit sha1_base64="hT6iG1EmbyzTuKdVwiGzpm3dEg8=">AAACF3icbVDLSgMxFM3UV62vqrhyEyyCq2Gm9Lkr6MJlBfuAdiiZNDMNTSZDkhHK0A9x6VY/wp24dek3+BOmD4otHghczjk3Jzl+zKjSjvNtZba2d3b3svu5g8Oj45P86VlbiURi0sKCCdn1kSKMRqSlqWakG0uCuM9Ixx/fzvTOE5GKiuhRT2LicRRGNKAYaUMN8hdpf35J6jOEx9O+oiFH00G+4Nj1WrlcLEPXduaAhjGoVFZMASzRHOR/+kOBE04ijRlSquc6sfZSJDXFjExz/USR2ASgkPTMGCFOlJfOk6fw2jBDGAhpTqThnP27kSKu1IT7xsmRHqlNbUb+p/USHdS8lEZxokmEF0FBwqAWcNYFHFJJsGYTMyAsqXkrxCMkEdamsfUUFgpjGPGi+YxpZ6OUamk51N1VO+2i7Tq2+1AqNO6WPWXBJbgCN8AFVdAA96AJWgCDFLyAV/BmPVvv1of1ubBmrOXOOViD9fULb1yhbQ==</latexit><latexit sha1_base64="hT6iG1EmbyzTuKdVwiGzpm3dEg8=">AAACF3icbVDLSgMxFM3UV62vqrhyEyyCq2Gm9Lkr6MJlBfuAdiiZNDMNTSZDkhHK0A9x6VY/wp24dek3+BOmD4otHghczjk3Jzl+zKjSjvNtZba2d3b3svu5g8Oj45P86VlbiURi0sKCCdn1kSKMRqSlqWakG0uCuM9Ixx/fzvTOE5GKiuhRT2LicRRGNKAYaUMN8hdpf35J6jOEx9O+oiFH00G+4Nj1WrlcLEPXduaAhjGoVFZMASzRHOR/+kOBE04ijRlSquc6sfZSJDXFjExz/USR2ASgkPTMGCFOlJfOk6fw2jBDGAhpTqThnP27kSKu1IT7xsmRHqlNbUb+p/USHdS8lEZxokmEF0FBwqAWcNYFHFJJsGYTMyAsqXkrxCMkEdamsfUUFgpjGPGi+YxpZ6OUamk51N1VO+2i7Tq2+1AqNO6WPWXBJbgCN8AFVdAA96AJWgCDFLyAV/BmPVvv1of1ubBmrOXOOViD9fULb1yhbQ==</latexit><latexit sha1_base64="hT6iG1EmbyzTuKdVwiGzpm3dEg8=">AAACF3icbVDLSgMxFM3UV62vqrhyEyyCq2Gm9Lkr6MJlBfuAdiiZNDMNTSZDkhHK0A9x6VY/wp24dek3+BOmD4otHghczjk3Jzl+zKjSjvNtZba2d3b3svu5g8Oj45P86VlbiURi0sKCCdn1kSKMRqSlqWakG0uCuM9Ixx/fzvTOE5GKiuhRT2LicRRGNKAYaUMN8hdpf35J6jOEx9O+oiFH00G+4Nj1WrlcLEPXduaAhjGoVFZMASzRHOR/+kOBE04ijRlSquc6sfZSJDXFjExz/USR2ASgkPTMGCFOlJfOk6fw2jBDGAhpTqThnP27kSKu1IT7xsmRHqlNbUb+p/USHdS8lEZxokmEF0FBwqAWcNYFHFJJsGYTMyAsqXkrxCMkEdamsfUUFgpjGPGi+YxpZ6OUamk51N1VO+2i7Tq2+1AqNO6WPWXBJbgCN8AFVdAA96AJWgCDFLyAV/BmPVvv1of1ubBmrOXOOViD9fULb1yhbQ==</latexit>

x1
<latexit sha1_base64="4ghFaOIX6G2Vctc4Nb2Ao5dyTsk=">AAACA3icbVDLSgMxFM34rPVVdekmWARXw0zpc1dw40oq2ge0Q8mk6TQ0kwxJRixDly7d6ke4E7d+iN/gT5i2Q7HFAxcu55zLvff4EaNKO863tbG5tb2zm9nL7h8cHh3nTk5bSsQSkyYWTMiOjxRhlJOmppqRTiQJCn1G2v74eqa3H4lUVPAHPYmIF6KA0yHFSBvq/qnv9nN5x65VS6VCCbq2Mwc0jEG5vGTyIEWjn/vpDQSOQ8I1ZkiprutE2kuQ1BQzMs32YkUihMcoIF3TchQS5SXzU6fw0jADOBTSFNdwzv6dSFCo1CT0jTNEeqTWtRn5n9aN9bDqJZRHsSYcLxYNYwa1gLO/4YBKgjWbmAZhSc2tEI+QRFibdFa3sEAYwygsmGdMOmuhVIppU3OX6bQKtuvY7l0xX79Nc8qAc3ABroALKqAObkADNAEGAXgBr+DNerberQ/rc2HdsNKZM7AC6+sXbgqYxQ==</latexit><latexit sha1_base64="4ghFaOIX6G2Vctc4Nb2Ao5dyTsk=">AAACA3icbVDLSgMxFM34rPVVdekmWARXw0zpc1dw40oq2ge0Q8mk6TQ0kwxJRixDly7d6ke4E7d+iN/gT5i2Q7HFAxcu55zLvff4EaNKO863tbG5tb2zm9nL7h8cHh3nTk5bSsQSkyYWTMiOjxRhlJOmppqRTiQJCn1G2v74eqa3H4lUVPAHPYmIF6KA0yHFSBvq/qnv9nN5x65VS6VCCbq2Mwc0jEG5vGTyIEWjn/vpDQSOQ8I1ZkiprutE2kuQ1BQzMs32YkUihMcoIF3TchQS5SXzU6fw0jADOBTSFNdwzv6dSFCo1CT0jTNEeqTWtRn5n9aN9bDqJZRHsSYcLxYNYwa1gLO/4YBKgjWbmAZhSc2tEI+QRFibdFa3sEAYwygsmGdMOmuhVIppU3OX6bQKtuvY7l0xX79Nc8qAc3ABroALKqAObkADNAEGAXgBr+DNerberQ/rc2HdsNKZM7AC6+sXbgqYxQ==</latexit><latexit sha1_base64="4ghFaOIX6G2Vctc4Nb2Ao5dyTsk=">AAACA3icbVDLSgMxFM34rPVVdekmWARXw0zpc1dw40oq2ge0Q8mk6TQ0kwxJRixDly7d6ke4E7d+iN/gT5i2Q7HFAxcu55zLvff4EaNKO863tbG5tb2zm9nL7h8cHh3nTk5bSsQSkyYWTMiOjxRhlJOmppqRTiQJCn1G2v74eqa3H4lUVPAHPYmIF6KA0yHFSBvq/qnv9nN5x65VS6VCCbq2Mwc0jEG5vGTyIEWjn/vpDQSOQ8I1ZkiprutE2kuQ1BQzMs32YkUihMcoIF3TchQS5SXzU6fw0jADOBTSFNdwzv6dSFCo1CT0jTNEeqTWtRn5n9aN9bDqJZRHsSYcLxYNYwa1gLO/4YBKgjWbmAZhSc2tEI+QRFibdFa3sEAYwygsmGdMOmuhVIppU3OX6bQKtuvY7l0xX79Nc8qAc3ABroALKqAObkADNAEGAXgBr+DNerberQ/rc2HdsNKZM7AC6+sXbgqYxQ==</latexit><latexit sha1_base64="4ghFaOIX6G2Vctc4Nb2Ao5dyTsk=">AAACA3icbVDLSgMxFM34rPVVdekmWARXw0zpc1dw40oq2ge0Q8mk6TQ0kwxJRixDly7d6ke4E7d+iN/gT5i2Q7HFAxcu55zLvff4EaNKO863tbG5tb2zm9nL7h8cHh3nTk5bSsQSkyYWTMiOjxRhlJOmppqRTiQJCn1G2v74eqa3H4lUVPAHPYmIF6KA0yHFSBvq/qnv9nN5x65VS6VCCbq2Mwc0jEG5vGTyIEWjn/vpDQSOQ8I1ZkiprutE2kuQ1BQzMs32YkUihMcoIF3TchQS5SXzU6fw0jADOBTSFNdwzv6dSFCo1CT0jTNEeqTWtRn5n9aN9bDqJZRHsSYcLxYNYwa1gLO/4YBKgjWbmAZhSc2tEI+QRFibdFa3sEAYwygsmGdMOmuhVIppU3OX6bQKtuvY7l0xX79Nc8qAc3ABroALKqAObkADNAEGAXgBr+DNerberQ/rc2HdsNKZM7AC6+sXbgqYxQ==</latexit><latexit sha1_base64="4ghFaOIX6G2Vctc4Nb2Ao5dyTsk=">AAACA3icbVDLSgMxFM34rPVVdekmWARXw0zpc1dw40oq2ge0Q8mk6TQ0kwxJRixDly7d6ke4E7d+iN/gT5i2Q7HFAxcu55zLvff4EaNKO863tbG5tb2zm9nL7h8cHh3nTk5bSsQSkyYWTMiOjxRhlJOmppqRTiQJCn1G2v74eqa3H4lUVPAHPYmIF6KA0yHFSBvq/qnv9nN5x65VS6VCCbq2Mwc0jEG5vGTyIEWjn/vpDQSOQ8I1ZkiprutE2kuQ1BQzMs32YkUihMcoIF3TchQS5SXzU6fw0jADOBTSFNdwzv6dSFCo1CT0jTNEeqTWtRn5n9aN9bDqJZRHsSYcLxYNYwa1gLO/4YBKgjWbmAZhSc2tEI+QRFibdFa3sEAYwygsmGdMOmuhVIppU3OX6bQKtuvY7l0xX79Nc8qAc3ABroALKqAObkADNAEGAXgBr+DNerberQ/rc2HdsNKZM7AC6+sXbgqYxQ==</latexit><latexit sha1_base64="4ghFaOIX6G2Vctc4Nb2Ao5dyTsk=">AAACA3icbVDLSgMxFM34rPVVdekmWARXw0zpc1dw40oq2ge0Q8mk6TQ0kwxJRixDly7d6ke4E7d+iN/gT5i2Q7HFAxcu55zLvff4EaNKO863tbG5tb2zm9nL7h8cHh3nTk5bSsQSkyYWTMiOjxRhlJOmppqRTiQJCn1G2v74eqa3H4lUVPAHPYmIF6KA0yHFSBvq/qnv9nN5x65VS6VCCbq2Mwc0jEG5vGTyIEWjn/vpDQSOQ8I1ZkiprutE2kuQ1BQzMs32YkUihMcoIF3TchQS5SXzU6fw0jADOBTSFNdwzv6dSFCo1CT0jTNEeqTWtRn5n9aN9bDqJZRHsSYcLxYNYwa1gLO/4YBKgjWbmAZhSc2tEI+QRFibdFa3sEAYwygsmGdMOmuhVIppU3OX6bQKtuvY7l0xX79Nc8qAc3ABroALKqAObkADNAEGAXgBr+DNerberQ/rc2HdsNKZM7AC6+sXbgqYxQ==</latexit>

x2
<latexit sha1_base64="4uavJ6eb0A/cw6ouGjZ9ki0pY6E=">AAACA3icbVDLSsNAFJ34rPVVdelmsAiuQhL63BXcuJKK9gFtKJPpJB06mYSZiVhCly7d6ke4E7d+iN/gTzhtQ7HFAxcu55zLvfd4MaNSWda3sbG5tb2zm9vL7x8cHh0XTk7bMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vHG1zO980iEpBF/UJOYuCEKOPUpRkpT908DZ1AoWma9Vi47ZWib1hxQMxqVypIpggzNQeGnP4xwEhKuMENS9mwrVm6KhKKYkWm+n0gSIzxGAenplqOQSDednzqFl5oZQj8SuriCc/bvRIpCKSehp50hUiO5rs3I/7Reovyam1IeJ4pwvFjkJwyqCM7+hkMqCFZsohuEBdW3QjxCAmGl01ndwoJIG0aho5/R6ayFUi1lTd1eptN2TNsy7btSsXGb5ZQD5+ACXAEbVEED3IAmaAEMAvACXsGb8Wy8Gx/G58K6YWQzZ2AFxtcvb6eYxg==</latexit><latexit sha1_base64="4uavJ6eb0A/cw6ouGjZ9ki0pY6E=">AAACA3icbVDLSsNAFJ34rPVVdelmsAiuQhL63BXcuJKK9gFtKJPpJB06mYSZiVhCly7d6ke4E7d+iN/gTzhtQ7HFAxcu55zLvfd4MaNSWda3sbG5tb2zm9vL7x8cHh0XTk7bMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vHG1zO980iEpBF/UJOYuCEKOPUpRkpT908DZ1AoWma9Vi47ZWib1hxQMxqVypIpggzNQeGnP4xwEhKuMENS9mwrVm6KhKKYkWm+n0gSIzxGAenplqOQSDednzqFl5oZQj8SuriCc/bvRIpCKSehp50hUiO5rs3I/7Reovyam1IeJ4pwvFjkJwyqCM7+hkMqCFZsohuEBdW3QjxCAmGl01ndwoJIG0aho5/R6ayFUi1lTd1eptN2TNsy7btSsXGb5ZQD5+ACXAEbVEED3IAmaAEMAvACXsGb8Wy8Gx/G58K6YWQzZ2AFxtcvb6eYxg==</latexit><latexit sha1_base64="4uavJ6eb0A/cw6ouGjZ9ki0pY6E=">AAACA3icbVDLSsNAFJ34rPVVdelmsAiuQhL63BXcuJKK9gFtKJPpJB06mYSZiVhCly7d6ke4E7d+iN/gTzhtQ7HFAxcu55zLvfd4MaNSWda3sbG5tb2zm9vL7x8cHh0XTk7bMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vHG1zO980iEpBF/UJOYuCEKOPUpRkpT908DZ1AoWma9Vi47ZWib1hxQMxqVypIpggzNQeGnP4xwEhKuMENS9mwrVm6KhKKYkWm+n0gSIzxGAenplqOQSDednzqFl5oZQj8SuriCc/bvRIpCKSehp50hUiO5rs3I/7Reovyam1IeJ4pwvFjkJwyqCM7+hkMqCFZsohuEBdW3QjxCAmGl01ndwoJIG0aho5/R6ayFUi1lTd1eptN2TNsy7btSsXGb5ZQD5+ACXAEbVEED3IAmaAEMAvACXsGb8Wy8Gx/G58K6YWQzZ2AFxtcvb6eYxg==</latexit><latexit sha1_base64="4uavJ6eb0A/cw6ouGjZ9ki0pY6E=">AAACA3icbVDLSsNAFJ34rPVVdelmsAiuQhL63BXcuJKK9gFtKJPpJB06mYSZiVhCly7d6ke4E7d+iN/gTzhtQ7HFAxcu55zLvfd4MaNSWda3sbG5tb2zm9vL7x8cHh0XTk7bMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vHG1zO980iEpBF/UJOYuCEKOPUpRkpT908DZ1AoWma9Vi47ZWib1hxQMxqVypIpggzNQeGnP4xwEhKuMENS9mwrVm6KhKKYkWm+n0gSIzxGAenplqOQSDednzqFl5oZQj8SuriCc/bvRIpCKSehp50hUiO5rs3I/7Reovyam1IeJ4pwvFjkJwyqCM7+hkMqCFZsohuEBdW3QjxCAmGl01ndwoJIG0aho5/R6ayFUi1lTd1eptN2TNsy7btSsXGb5ZQD5+ACXAEbVEED3IAmaAEMAvACXsGb8Wy8Gx/G58K6YWQzZ2AFxtcvb6eYxg==</latexit><latexit sha1_base64="4uavJ6eb0A/cw6ouGjZ9ki0pY6E=">AAACA3icbVDLSsNAFJ34rPVVdelmsAiuQhL63BXcuJKK9gFtKJPpJB06mYSZiVhCly7d6ke4E7d+iN/gTzhtQ7HFAxcu55zLvfd4MaNSWda3sbG5tb2zm9vL7x8cHh0XTk7bMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vHG1zO980iEpBF/UJOYuCEKOPUpRkpT908DZ1AoWma9Vi47ZWib1hxQMxqVypIpggzNQeGnP4xwEhKuMENS9mwrVm6KhKKYkWm+n0gSIzxGAenplqOQSDednzqFl5oZQj8SuriCc/bvRIpCKSehp50hUiO5rs3I/7Reovyam1IeJ4pwvFjkJwyqCM7+hkMqCFZsohuEBdW3QjxCAmGl01ndwoJIG0aho5/R6ayFUi1lTd1eptN2TNsy7btSsXGb5ZQD5+ACXAEbVEED3IAmaAEMAvACXsGb8Wy8Gx/G58K6YWQzZ2AFxtcvb6eYxg==</latexit><latexit sha1_base64="4uavJ6eb0A/cw6ouGjZ9ki0pY6E=">AAACA3icbVDLSsNAFJ34rPVVdelmsAiuQhL63BXcuJKK9gFtKJPpJB06mYSZiVhCly7d6ke4E7d+iN/gTzhtQ7HFAxcu55zLvfd4MaNSWda3sbG5tb2zm9vL7x8cHh0XTk7bMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vHG1zO980iEpBF/UJOYuCEKOPUpRkpT908DZ1AoWma9Vi47ZWib1hxQMxqVypIpggzNQeGnP4xwEhKuMENS9mwrVm6KhKKYkWm+n0gSIzxGAenplqOQSDednzqFl5oZQj8SuriCc/bvRIpCKSehp50hUiO5rs3I/7Reovyam1IeJ4pwvFjkJwyqCM7+hkMqCFZsohuEBdW3QjxCAmGl01ndwoJIG0aho5/R6ayFUi1lTd1eptN2TNsy7btSsXGb5ZQD5+ACXAEbVEED3IAmaAEMAvACXsGb8Wy8Gx/G58K6YWQzZ2AFxtcvb6eYxg==</latexit>

x3
<latexit sha1_base64="AvfDOkMbdvzTGViELwhJA8ruDzw=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwFZLa567gxpVUtA9oQ5lMJ+nQmSTMTMQSunTpVj/Cnbj1Q/wGf8JpG4otHrhwOedc7r3HjRiVyrK+jczG5tb2TnY3t7d/cHiUPz5pyzAWmLRwyELRdZEkjAakpahipBsJgrjLSMcdX8/0ziMRkobBg5pExOHID6hHMVKaun8aXA3yBcus18rlYhnapjUH1IxGpbJkCiBFc5D/6Q9DHHMSKMyQlD3bipSTIKEoZmSa68eSRAiPkU96ug0QJ9JJ5qdO4YVmhtALha5AwTn7dyJBXMoJd7WTIzWS69qM/E/rxcqrOQkNoliRAC8WeTGDKoSzv+GQCoIVm+gGYUH1rRCPkEBY6XRWtzA/1IYRL+pndDproVRLaVO3l+m0i6ZtmfZdqdC4TXPKgjNwDi6BDaqgAW5AE7QABj54Aa/gzXg23o0P43NhzRjpzClYgfH1C3FEmMc=</latexit><latexit sha1_base64="AvfDOkMbdvzTGViELwhJA8ruDzw=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwFZLa567gxpVUtA9oQ5lMJ+nQmSTMTMQSunTpVj/Cnbj1Q/wGf8JpG4otHrhwOedc7r3HjRiVyrK+jczG5tb2TnY3t7d/cHiUPz5pyzAWmLRwyELRdZEkjAakpahipBsJgrjLSMcdX8/0ziMRkobBg5pExOHID6hHMVKaun8aXA3yBcus18rlYhnapjUH1IxGpbJkCiBFc5D/6Q9DHHMSKMyQlD3bipSTIKEoZmSa68eSRAiPkU96ug0QJ9JJ5qdO4YVmhtALha5AwTn7dyJBXMoJd7WTIzWS69qM/E/rxcqrOQkNoliRAC8WeTGDKoSzv+GQCoIVm+gGYUH1rRCPkEBY6XRWtzA/1IYRL+pndDproVRLaVO3l+m0i6ZtmfZdqdC4TXPKgjNwDi6BDaqgAW5AE7QABj54Aa/gzXg23o0P43NhzRjpzClYgfH1C3FEmMc=</latexit><latexit sha1_base64="AvfDOkMbdvzTGViELwhJA8ruDzw=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwFZLa567gxpVUtA9oQ5lMJ+nQmSTMTMQSunTpVj/Cnbj1Q/wGf8JpG4otHrhwOedc7r3HjRiVyrK+jczG5tb2TnY3t7d/cHiUPz5pyzAWmLRwyELRdZEkjAakpahipBsJgrjLSMcdX8/0ziMRkobBg5pExOHID6hHMVKaun8aXA3yBcus18rlYhnapjUH1IxGpbJkCiBFc5D/6Q9DHHMSKMyQlD3bipSTIKEoZmSa68eSRAiPkU96ug0QJ9JJ5qdO4YVmhtALha5AwTn7dyJBXMoJd7WTIzWS69qM/E/rxcqrOQkNoliRAC8WeTGDKoSzv+GQCoIVm+gGYUH1rRCPkEBY6XRWtzA/1IYRL+pndDproVRLaVO3l+m0i6ZtmfZdqdC4TXPKgjNwDi6BDaqgAW5AE7QABj54Aa/gzXg23o0P43NhzRjpzClYgfH1C3FEmMc=</latexit><latexit sha1_base64="AvfDOkMbdvzTGViELwhJA8ruDzw=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwFZLa567gxpVUtA9oQ5lMJ+nQmSTMTMQSunTpVj/Cnbj1Q/wGf8JpG4otHrhwOedc7r3HjRiVyrK+jczG5tb2TnY3t7d/cHiUPz5pyzAWmLRwyELRdZEkjAakpahipBsJgrjLSMcdX8/0ziMRkobBg5pExOHID6hHMVKaun8aXA3yBcus18rlYhnapjUH1IxGpbJkCiBFc5D/6Q9DHHMSKMyQlD3bipSTIKEoZmSa68eSRAiPkU96ug0QJ9JJ5qdO4YVmhtALha5AwTn7dyJBXMoJd7WTIzWS69qM/E/rxcqrOQkNoliRAC8WeTGDKoSzv+GQCoIVm+gGYUH1rRCPkEBY6XRWtzA/1IYRL+pndDproVRLaVO3l+m0i6ZtmfZdqdC4TXPKgjNwDi6BDaqgAW5AE7QABj54Aa/gzXg23o0P43NhzRjpzClYgfH1C3FEmMc=</latexit><latexit sha1_base64="AvfDOkMbdvzTGViELwhJA8ruDzw=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwFZLa567gxpVUtA9oQ5lMJ+nQmSTMTMQSunTpVj/Cnbj1Q/wGf8JpG4otHrhwOedc7r3HjRiVyrK+jczG5tb2TnY3t7d/cHiUPz5pyzAWmLRwyELRdZEkjAakpahipBsJgrjLSMcdX8/0ziMRkobBg5pExOHID6hHMVKaun8aXA3yBcus18rlYhnapjUH1IxGpbJkCiBFc5D/6Q9DHHMSKMyQlD3bipSTIKEoZmSa68eSRAiPkU96ug0QJ9JJ5qdO4YVmhtALha5AwTn7dyJBXMoJd7WTIzWS69qM/E/rxcqrOQkNoliRAC8WeTGDKoSzv+GQCoIVm+gGYUH1rRCPkEBY6XRWtzA/1IYRL+pndDproVRLaVO3l+m0i6ZtmfZdqdC4TXPKgjNwDi6BDaqgAW5AE7QABj54Aa/gzXg23o0P43NhzRjpzClYgfH1C3FEmMc=</latexit><latexit sha1_base64="AvfDOkMbdvzTGViELwhJA8ruDzw=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwFZLa567gxpVUtA9oQ5lMJ+nQmSTMTMQSunTpVj/Cnbj1Q/wGf8JpG4otHrhwOedc7r3HjRiVyrK+jczG5tb2TnY3t7d/cHiUPz5pyzAWmLRwyELRdZEkjAakpahipBsJgrjLSMcdX8/0ziMRkobBg5pExOHID6hHMVKaun8aXA3yBcus18rlYhnapjUH1IxGpbJkCiBFc5D/6Q9DHHMSKMyQlD3bipSTIKEoZmSa68eSRAiPkU96ug0QJ9JJ5qdO4YVmhtALha5AwTn7dyJBXMoJd7WTIzWS69qM/E/rxcqrOQkNoliRAC8WeTGDKoSzv+GQCoIVm+gGYUH1rRCPkEBY6XRWtzA/1IYRL+pndDproVRLaVO3l+m0i6ZtmfZdqdC4TXPKgjNwDi6BDaqgAW5AE7QABj54Aa/gzXg23o0P43NhzRjpzClYgfH1C3FEmMc=</latexit>

ŷ1
<latexit sha1_base64="MR9zResGXbwIZ62Jh0fjtFT5obg=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4GmZKn7uCG1dSwdZCO5RMmumEZpIhyQjD0B9w6VY/wp249S/8Bn/C9EGxxQMXLuecy733+DGjSjvOt5Xb2t7Z3cvvFw4Oj45PiqdnXSUSiUkHCyZkz0eKMMpJR1PNSC+WBEU+I4/+5GamPz4RqajgDzqNiRehMacBxUgbqjcIkYbp0B0WS47dbFSr5Sp0bWcOaBiDWm3FlMAS7WHxZzASOIkI15ghpfquE2svQ1JTzMi0MEgUiRGeoDHpm5ajiCgvm987hVeGGcFASFNcwzn7dyJDkVJp5BtnhHSoNrUZ+Z/WT3TQ8DLK40QTjheLgoRBLeDseTiikmDNUtMgLKm5FeIQSYS1iWh9CxsLYwijsnnGpLMRSr2ybJruKp1u2XYd272vlFp3y5zy4AJcgmvggjpogVvQBh2AAQMv4BW8Wc/Wu/VhfS6sOWs5cw7WYH39AvltmrE=</latexit><latexit sha1_base64="MR9zResGXbwIZ62Jh0fjtFT5obg=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4GmZKn7uCG1dSwdZCO5RMmumEZpIhyQjD0B9w6VY/wp249S/8Bn/C9EGxxQMXLuecy733+DGjSjvOt5Xb2t7Z3cvvFw4Oj45PiqdnXSUSiUkHCyZkz0eKMMpJR1PNSC+WBEU+I4/+5GamPz4RqajgDzqNiRehMacBxUgbqjcIkYbp0B0WS47dbFSr5Sp0bWcOaBiDWm3FlMAS7WHxZzASOIkI15ghpfquE2svQ1JTzMi0MEgUiRGeoDHpm5ajiCgvm987hVeGGcFASFNcwzn7dyJDkVJp5BtnhHSoNrUZ+Z/WT3TQ8DLK40QTjheLgoRBLeDseTiikmDNUtMgLKm5FeIQSYS1iWh9CxsLYwijsnnGpLMRSr2ybJruKp1u2XYd272vlFp3y5zy4AJcgmvggjpogVvQBh2AAQMv4BW8Wc/Wu/VhfS6sOWs5cw7WYH39AvltmrE=</latexit><latexit sha1_base64="MR9zResGXbwIZ62Jh0fjtFT5obg=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4GmZKn7uCG1dSwdZCO5RMmumEZpIhyQjD0B9w6VY/wp249S/8Bn/C9EGxxQMXLuecy733+DGjSjvOt5Xb2t7Z3cvvFw4Oj45PiqdnXSUSiUkHCyZkz0eKMMpJR1PNSC+WBEU+I4/+5GamPz4RqajgDzqNiRehMacBxUgbqjcIkYbp0B0WS47dbFSr5Sp0bWcOaBiDWm3FlMAS7WHxZzASOIkI15ghpfquE2svQ1JTzMi0MEgUiRGeoDHpm5ajiCgvm987hVeGGcFASFNcwzn7dyJDkVJp5BtnhHSoNrUZ+Z/WT3TQ8DLK40QTjheLgoRBLeDseTiikmDNUtMgLKm5FeIQSYS1iWh9CxsLYwijsnnGpLMRSr2ybJruKp1u2XYd272vlFp3y5zy4AJcgmvggjpogVvQBh2AAQMv4BW8Wc/Wu/VhfS6sOWs5cw7WYH39AvltmrE=</latexit><latexit sha1_base64="MR9zResGXbwIZ62Jh0fjtFT5obg=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4GmZKn7uCG1dSwdZCO5RMmumEZpIhyQjD0B9w6VY/wp249S/8Bn/C9EGxxQMXLuecy733+DGjSjvOt5Xb2t7Z3cvvFw4Oj45PiqdnXSUSiUkHCyZkz0eKMMpJR1PNSC+WBEU+I4/+5GamPz4RqajgDzqNiRehMacBxUgbqjcIkYbp0B0WS47dbFSr5Sp0bWcOaBiDWm3FlMAS7WHxZzASOIkI15ghpfquE2svQ1JTzMi0MEgUiRGeoDHpm5ajiCgvm987hVeGGcFASFNcwzn7dyJDkVJp5BtnhHSoNrUZ+Z/WT3TQ8DLK40QTjheLgoRBLeDseTiikmDNUtMgLKm5FeIQSYS1iWh9CxsLYwijsnnGpLMRSr2ybJruKp1u2XYd272vlFp3y5zy4AJcgmvggjpogVvQBh2AAQMv4BW8Wc/Wu/VhfS6sOWs5cw7WYH39AvltmrE=</latexit><latexit sha1_base64="MR9zResGXbwIZ62Jh0fjtFT5obg=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4GmZKn7uCG1dSwdZCO5RMmumEZpIhyQjD0B9w6VY/wp249S/8Bn/C9EGxxQMXLuecy733+DGjSjvOt5Xb2t7Z3cvvFw4Oj45PiqdnXSUSiUkHCyZkz0eKMMpJR1PNSC+WBEU+I4/+5GamPz4RqajgDzqNiRehMacBxUgbqjcIkYbp0B0WS47dbFSr5Sp0bWcOaBiDWm3FlMAS7WHxZzASOIkI15ghpfquE2svQ1JTzMi0MEgUiRGeoDHpm5ajiCgvm987hVeGGcFASFNcwzn7dyJDkVJp5BtnhHSoNrUZ+Z/WT3TQ8DLK40QTjheLgoRBLeDseTiikmDNUtMgLKm5FeIQSYS1iWh9CxsLYwijsnnGpLMRSr2ybJruKp1u2XYd272vlFp3y5zy4AJcgmvggjpogVvQBh2AAQMv4BW8Wc/Wu/VhfS6sOWs5cw7WYH39AvltmrE=</latexit><latexit sha1_base64="MR9zResGXbwIZ62Jh0fjtFT5obg=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4GmZKn7uCG1dSwdZCO5RMmumEZpIhyQjD0B9w6VY/wp249S/8Bn/C9EGxxQMXLuecy733+DGjSjvOt5Xb2t7Z3cvvFw4Oj45PiqdnXSUSiUkHCyZkz0eKMMpJR1PNSC+WBEU+I4/+5GamPz4RqajgDzqNiRehMacBxUgbqjcIkYbp0B0WS47dbFSr5Sp0bWcOaBiDWm3FlMAS7WHxZzASOIkI15ghpfquE2svQ1JTzMi0MEgUiRGeoDHpm5ajiCgvm987hVeGGcFASFNcwzn7dyJDkVJp5BtnhHSoNrUZ+Z/WT3TQ8DLK40QTjheLgoRBLeDseTiikmDNUtMgLKm5FeIQSYS1iWh9CxsLYwijsnnGpLMRSr2ybJruKp1u2XYd272vlFp3y5zy4AJcgmvggjpogVvQBh2AAQMv4BW8Wc/Wu/VhfS6sOWs5cw7WYH39AvltmrE=</latexit>

ŷ2
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ŷ3
<latexit sha1_base64="VVQbn0cchLfJajJ8zrZizprnlJQ=">AAACCHicbVDLSsNAFJ3UV62vqks3g0VwFZLa567gxpVUsA9oQ5lMJ83QmSTMTIQQ+gMu3epHuBO3/oXf4E84bUOxxQMXLuecy733uBGjUlnWt5Hb2t7Z3cvvFw4Oj45PiqdnXRnGApMODlko+i6ShNGAdBRVjPQjQRB3Gem509u53nsiQtIweFRJRByOJgH1KEZKU/2hjxRMRjejYskym41qtVyFtmktADWjUautmBLI0B4Vf4bjEMecBAozJOXAtiLlpEgoihmZFYaxJBHCUzQhA90GiBPppIt7Z/BKM2PohUJXoOCC/TuRIi5lwl3t5Ej5clObk/9pg1h5DSelQRQrEuDlIi9mUIVw/jwcU0GwYoluEBZU3wqxjwTCSke0voVNQm3weVk/o9PZCKVeyZqmvUqnWzZty7QfKqXWfZZTHlyAS3ANbFAHLXAH2qADMGDgBbyCN+PZeDc+jM+lNWdkM+dgDcbXL/ynmrM=</latexit><latexit sha1_base64="VVQbn0cchLfJajJ8zrZizprnlJQ=">AAACCHicbVDLSsNAFJ3UV62vqks3g0VwFZLa567gxpVUsA9oQ5lMJ83QmSTMTIQQ+gMu3epHuBO3/oXf4E84bUOxxQMXLuecy733uBGjUlnWt5Hb2t7Z3cvvFw4Oj45PiqdnXRnGApMODlko+i6ShNGAdBRVjPQjQRB3Gem509u53nsiQtIweFRJRByOJgH1KEZKU/2hjxRMRjejYskym41qtVyFtmktADWjUautmBLI0B4Vf4bjEMecBAozJOXAtiLlpEgoihmZFYaxJBHCUzQhA90GiBPppIt7Z/BKM2PohUJXoOCC/TuRIi5lwl3t5Ej5clObk/9pg1h5DSelQRQrEuDlIi9mUIVw/jwcU0GwYoluEBZU3wqxjwTCSke0voVNQm3weVk/o9PZCKVeyZqmvUqnWzZty7QfKqXWfZZTHlyAS3ANbFAHLXAH2qADMGDgBbyCN+PZeDc+jM+lNWdkM+dgDcbXL/ynmrM=</latexit><latexit sha1_base64="VVQbn0cchLfJajJ8zrZizprnlJQ=">AAACCHicbVDLSsNAFJ3UV62vqks3g0VwFZLa567gxpVUsA9oQ5lMJ83QmSTMTIQQ+gMu3epHuBO3/oXf4E84bUOxxQMXLuecy733uBGjUlnWt5Hb2t7Z3cvvFw4Oj45PiqdnXRnGApMODlko+i6ShNGAdBRVjPQjQRB3Gem509u53nsiQtIweFRJRByOJgH1KEZKU/2hjxRMRjejYskym41qtVyFtmktADWjUautmBLI0B4Vf4bjEMecBAozJOXAtiLlpEgoihmZFYaxJBHCUzQhA90GiBPppIt7Z/BKM2PohUJXoOCC/TuRIi5lwl3t5Ej5clObk/9pg1h5DSelQRQrEuDlIi9mUIVw/jwcU0GwYoluEBZU3wqxjwTCSke0voVNQm3weVk/o9PZCKVeyZqmvUqnWzZty7QfKqXWfZZTHlyAS3ANbFAHLXAH2qADMGDgBbyCN+PZeDc+jM+lNWdkM+dgDcbXL/ynmrM=</latexit><latexit sha1_base64="VVQbn0cchLfJajJ8zrZizprnlJQ=">AAACCHicbVDLSsNAFJ3UV62vqks3g0VwFZLa567gxpVUsA9oQ5lMJ83QmSTMTIQQ+gMu3epHuBO3/oXf4E84bUOxxQMXLuecy733uBGjUlnWt5Hb2t7Z3cvvFw4Oj45PiqdnXRnGApMODlko+i6ShNGAdBRVjPQjQRB3Gem509u53nsiQtIweFRJRByOJgH1KEZKU/2hjxRMRjejYskym41qtVyFtmktADWjUautmBLI0B4Vf4bjEMecBAozJOXAtiLlpEgoihmZFYaxJBHCUzQhA90GiBPppIt7Z/BKM2PohUJXoOCC/TuRIi5lwl3t5Ej5clObk/9pg1h5DSelQRQrEuDlIi9mUIVw/jwcU0GwYoluEBZU3wqxjwTCSke0voVNQm3weVk/o9PZCKVeyZqmvUqnWzZty7QfKqXWfZZTHlyAS3ANbFAHLXAH2qADMGDgBbyCN+PZeDc+jM+lNWdkM+dgDcbXL/ynmrM=</latexit><latexit sha1_base64="VVQbn0cchLfJajJ8zrZizprnlJQ=">AAACCHicbVDLSsNAFJ3UV62vqks3g0VwFZLa567gxpVUsA9oQ5lMJ83QmSTMTIQQ+gMu3epHuBO3/oXf4E84bUOxxQMXLuecy733uBGjUlnWt5Hb2t7Z3cvvFw4Oj45PiqdnXRnGApMODlko+i6ShNGAdBRVjPQjQRB3Gem509u53nsiQtIweFRJRByOJgH1KEZKU/2hjxRMRjejYskym41qtVyFtmktADWjUautmBLI0B4Vf4bjEMecBAozJOXAtiLlpEgoihmZFYaxJBHCUzQhA90GiBPppIt7Z/BKM2PohUJXoOCC/TuRIi5lwl3t5Ej5clObk/9pg1h5DSelQRQrEuDlIi9mUIVw/jwcU0GwYoluEBZU3wqxjwTCSke0voVNQm3weVk/o9PZCKVeyZqmvUqnWzZty7QfKqXWfZZTHlyAS3ANbFAHLXAH2qADMGDgBbyCN+PZeDc+jM+lNWdkM+dgDcbXL/ynmrM=</latexit><latexit sha1_base64="VVQbn0cchLfJajJ8zrZizprnlJQ=">AAACCHicbVDLSsNAFJ3UV62vqks3g0VwFZLa567gxpVUsA9oQ5lMJ83QmSTMTIQQ+gMu3epHuBO3/oXf4E84bUOxxQMXLuecy733uBGjUlnWt5Hb2t7Z3cvvFw4Oj45PiqdnXRnGApMODlko+i6ShNGAdBRVjPQjQRB3Gem509u53nsiQtIweFRJRByOJgH1KEZKU/2hjxRMRjejYskym41qtVyFtmktADWjUautmBLI0B4Vf4bjEMecBAozJOXAtiLlpEgoihmZFYaxJBHCUzQhA90GiBPppIt7Z/BKM2PohUJXoOCC/TuRIi5lwl3t5Ej5clObk/9pg1h5DSelQRQrEuDlIi9mUIVw/jwcU0GwYoluEBZU3wqxjwTCSke0voVNQm3weVk/o9PZCKVeyZqmvUqnWzZty7QfKqXWfZZTHlyAS3ANbFAHLXAH2qADMGDgBbyCN+PZeDc+jM+lNWdkM+dgDcbXL/ynmrM=</latexit>

v
<latexit sha1_base64="MFh8gs/petKdC+Yn0SekPjUqHJo=">AAACCXicbVDLSgMxFM3UV62vqks3wSK4KjOlz13BjSupYB/SDiWTZtrQZDIkmUIZ+gUu3epHuBO3foXf4E+YaQexxQMXDueey733eCGjStv2l5XZ2t7Z3cvu5w4Oj45P8qdnHSUiiUkbCyZkz0OKMBqQtqaakV4oCeIeI11vepP0uzMiFRXBg56HxOVoHFCfYqSN9DjgSE88H86G+YJdbNQrlVIFOkV7CWgUg2r1VymAFK1h/nswEjjiJNCYIaX6jh1qN0ZSU8zIIjeIFAkRnqIx6RsaIE6UGy8PXsAro4ygL6SpQMOl+nciRlypOfeMMzlQbfYS8b9eP9J+3Y1pEEaaBHi1yI8Y1AIm38MRlQRrNjcEYUnNrRBPkERYm4zWt7CxMIYJL5lnTDobodTKKWk4v+l0SkXHLjr35ULzLs0pCy7AJbgGDqiBJrgFLdAGGHDwDF7Aq/VkvVnv1sfKmrHSmXOwBuvzByetm10=</latexit><latexit sha1_base64="MFh8gs/petKdC+Yn0SekPjUqHJo=">AAACCXicbVDLSgMxFM3UV62vqks3wSK4KjOlz13BjSupYB/SDiWTZtrQZDIkmUIZ+gUu3epHuBO3foXf4E+YaQexxQMXDueey733eCGjStv2l5XZ2t7Z3cvu5w4Oj45P8qdnHSUiiUkbCyZkz0OKMBqQtqaakV4oCeIeI11vepP0uzMiFRXBg56HxOVoHFCfYqSN9DjgSE88H86G+YJdbNQrlVIFOkV7CWgUg2r1VymAFK1h/nswEjjiJNCYIaX6jh1qN0ZSU8zIIjeIFAkRnqIx6RsaIE6UGy8PXsAro4ygL6SpQMOl+nciRlypOfeMMzlQbfYS8b9eP9J+3Y1pEEaaBHi1yI8Y1AIm38MRlQRrNjcEYUnNrRBPkERYm4zWt7CxMIYJL5lnTDobodTKKWk4v+l0SkXHLjr35ULzLs0pCy7AJbgGDqiBJrgFLdAGGHDwDF7Aq/VkvVnv1sfKmrHSmXOwBuvzByetm10=</latexit><latexit sha1_base64="MFh8gs/petKdC+Yn0SekPjUqHJo=">AAACCXicbVDLSgMxFM3UV62vqks3wSK4KjOlz13BjSupYB/SDiWTZtrQZDIkmUIZ+gUu3epHuBO3foXf4E+YaQexxQMXDueey733eCGjStv2l5XZ2t7Z3cvu5w4Oj45P8qdnHSUiiUkbCyZkz0OKMBqQtqaakV4oCeIeI11vepP0uzMiFRXBg56HxOVoHFCfYqSN9DjgSE88H86G+YJdbNQrlVIFOkV7CWgUg2r1VymAFK1h/nswEjjiJNCYIaX6jh1qN0ZSU8zIIjeIFAkRnqIx6RsaIE6UGy8PXsAro4ygL6SpQMOl+nciRlypOfeMMzlQbfYS8b9eP9J+3Y1pEEaaBHi1yI8Y1AIm38MRlQRrNjcEYUnNrRBPkERYm4zWt7CxMIYJL5lnTDobodTKKWk4v+l0SkXHLjr35ULzLs0pCy7AJbgGDqiBJrgFLdAGGHDwDF7Aq/VkvVnv1sfKmrHSmXOwBuvzByetm10=</latexit><latexit sha1_base64="MFh8gs/petKdC+Yn0SekPjUqHJo=">AAACCXicbVDLSgMxFM3UV62vqks3wSK4KjOlz13BjSupYB/SDiWTZtrQZDIkmUIZ+gUu3epHuBO3foXf4E+YaQexxQMXDueey733eCGjStv2l5XZ2t7Z3cvu5w4Oj45P8qdnHSUiiUkbCyZkz0OKMBqQtqaakV4oCeIeI11vepP0uzMiFRXBg56HxOVoHFCfYqSN9DjgSE88H86G+YJdbNQrlVIFOkV7CWgUg2r1VymAFK1h/nswEjjiJNCYIaX6jh1qN0ZSU8zIIjeIFAkRnqIx6RsaIE6UGy8PXsAro4ygL6SpQMOl+nciRlypOfeMMzlQbfYS8b9eP9J+3Y1pEEaaBHi1yI8Y1AIm38MRlQRrNjcEYUnNrRBPkERYm4zWt7CxMIYJL5lnTDobodTKKWk4v+l0SkXHLjr35ULzLs0pCy7AJbgGDqiBJrgFLdAGGHDwDF7Aq/VkvVnv1sfKmrHSmXOwBuvzByetm10=</latexit><latexit sha1_base64="MFh8gs/petKdC+Yn0SekPjUqHJo=">AAACCXicbVDLSgMxFM3UV62vqks3wSK4KjOlz13BjSupYB/SDiWTZtrQZDIkmUIZ+gUu3epHuBO3foXf4E+YaQexxQMXDueey733eCGjStv2l5XZ2t7Z3cvu5w4Oj45P8qdnHSUiiUkbCyZkz0OKMBqQtqaakV4oCeIeI11vepP0uzMiFRXBg56HxOVoHFCfYqSN9DjgSE88H86G+YJdbNQrlVIFOkV7CWgUg2r1VymAFK1h/nswEjjiJNCYIaX6jh1qN0ZSU8zIIjeIFAkRnqIx6RsaIE6UGy8PXsAro4ygL6SpQMOl+nciRlypOfeMMzlQbfYS8b9eP9J+3Y1pEEaaBHi1yI8Y1AIm38MRlQRrNjcEYUnNrRBPkERYm4zWt7CxMIYJL5lnTDobodTKKWk4v+l0SkXHLjr35ULzLs0pCy7AJbgGDqiBJrgFLdAGGHDwDF7Aq/VkvVnv1sfKmrHSmXOwBuvzByetm10=</latexit><latexit sha1_base64="MFh8gs/petKdC+Yn0SekPjUqHJo=">AAACCXicbVDLSgMxFM3UV62vqks3wSK4KjOlz13BjSupYB/SDiWTZtrQZDIkmUIZ+gUu3epHuBO3foXf4E+YaQexxQMXDueey733eCGjStv2l5XZ2t7Z3cvu5w4Oj45P8qdnHSUiiUkbCyZkz0OKMBqQtqaakV4oCeIeI11vepP0uzMiFRXBg56HxOVoHFCfYqSN9DjgSE88H86G+YJdbNQrlVIFOkV7CWgUg2r1VymAFK1h/nswEjjiJNCYIaX6jh1qN0ZSU8zIIjeIFAkRnqIx6RsaIE6UGy8PXsAro4ygL6SpQMOl+nciRlypOfeMMzlQbfYS8b9eP9J+3Y1pEEaaBHi1yI8Y1AIm38MRlQRrNjcEYUnNrRBPkERYm4zWt7CxMIYJL5lnTDobodTKKWk4v+l0SkXHLjr35ULzLs0pCy7AJbgGDqiBJrgFLdAGGHDwDF7Aq/VkvVnv1sfKmrHSmXOwBuvzByetm10=</latexit>

L = kfW1W2(x)� xk2
<latexit sha1_base64="oRmOE55QzSlj+/UNy+bbQFkpZPU="></latexit><latexit sha1_base64="oRmOE55QzSlj+/UNy+bbQFkpZPU="></latexit><latexit sha1_base64="oRmOE55QzSlj+/UNy+bbQFkpZPU="></latexit><latexit sha1_base64="oRmOE55QzSlj+/UNy+bbQFkpZPU="></latexit><latexit sha1_base64="oRmOE55QzSlj+/UNy+bbQFkpZPU="></latexit><latexit sha1_base64="oRmOE55QzSlj+/UNy+bbQFkpZPU="></latexit>

encoder decoder

Low dimensional

Latent representation

if            , network reduced to SVD decomposition � = I
<latexit sha1_base64="NbwpkRoBjV+StfyvrJYR7ii6st4=">AAACCnicbVDJSgNBEO2JW4xb1KOXxiB4CjMh60EI6EFvEcyCSQg9nZ5Jk16G7h4hhPyBR6/6Ed7Eqz/hN/gTdhaCCT4oKN57RVU9P2JUG9f9dhIbm1vbO8nd1N7+weFR+vikoWWsMKljyaRq+UgTRgWpG2oYaUWKIO4z0vSH11O9+USUplI8mFFEuhyFggYUI2Opx46mIUfwCt710hk3WykXCrkC9LLuDNAyFsXiksmABWq99E+nL3HMiTCYIa3bnhuZ7hgpQzEjk1Qn1iRCeIhC0ratQJzo7nh28QReWKYPA6lsCQNn7N+JMeJaj7hvnRyZgV7XpuR/Wjs2Qbk7piKKDRF4viiIGTQSTt+HfaoINmxkG4QVtbdCPEAKYWNDWt3CQmkNA56zz9h01kIp5RdNxVum08hlPTfr3ecz1ZtFTklwBs7BJfBACVTBLaiBOsBAgBfwCt6cZ+fd+XA+59aEs5g5BStwvn4B/UGbLA==</latexit><latexit sha1_base64="NbwpkRoBjV+StfyvrJYR7ii6st4=">AAACCnicbVDJSgNBEO2JW4xb1KOXxiB4CjMh60EI6EFvEcyCSQg9nZ5Jk16G7h4hhPyBR6/6Ed7Eqz/hN/gTdhaCCT4oKN57RVU9P2JUG9f9dhIbm1vbO8nd1N7+weFR+vikoWWsMKljyaRq+UgTRgWpG2oYaUWKIO4z0vSH11O9+USUplI8mFFEuhyFggYUI2Opx46mIUfwCt710hk3WykXCrkC9LLuDNAyFsXiksmABWq99E+nL3HMiTCYIa3bnhuZ7hgpQzEjk1Qn1iRCeIhC0ratQJzo7nh28QReWKYPA6lsCQNn7N+JMeJaj7hvnRyZgV7XpuR/Wjs2Qbk7piKKDRF4viiIGTQSTt+HfaoINmxkG4QVtbdCPEAKYWNDWt3CQmkNA56zz9h01kIp5RdNxVum08hlPTfr3ecz1ZtFTklwBs7BJfBACVTBLaiBOsBAgBfwCt6cZ+fd+XA+59aEs5g5BStwvn4B/UGbLA==</latexit><latexit sha1_base64="NbwpkRoBjV+StfyvrJYR7ii6st4=">AAACCnicbVDJSgNBEO2JW4xb1KOXxiB4CjMh60EI6EFvEcyCSQg9nZ5Jk16G7h4hhPyBR6/6Ed7Eqz/hN/gTdhaCCT4oKN57RVU9P2JUG9f9dhIbm1vbO8nd1N7+weFR+vikoWWsMKljyaRq+UgTRgWpG2oYaUWKIO4z0vSH11O9+USUplI8mFFEuhyFggYUI2Opx46mIUfwCt710hk3WykXCrkC9LLuDNAyFsXiksmABWq99E+nL3HMiTCYIa3bnhuZ7hgpQzEjk1Qn1iRCeIhC0ratQJzo7nh28QReWKYPA6lsCQNn7N+JMeJaj7hvnRyZgV7XpuR/Wjs2Qbk7piKKDRF4viiIGTQSTt+HfaoINmxkG4QVtbdCPEAKYWNDWt3CQmkNA56zz9h01kIp5RdNxVum08hlPTfr3ecz1ZtFTklwBs7BJfBACVTBLaiBOsBAgBfwCt6cZ+fd+XA+59aEs5g5BStwvn4B/UGbLA==</latexit><latexit sha1_base64="NbwpkRoBjV+StfyvrJYR7ii6st4=">AAACCnicbVDJSgNBEO2JW4xb1KOXxiB4CjMh60EI6EFvEcyCSQg9nZ5Jk16G7h4hhPyBR6/6Ed7Eqz/hN/gTdhaCCT4oKN57RVU9P2JUG9f9dhIbm1vbO8nd1N7+weFR+vikoWWsMKljyaRq+UgTRgWpG2oYaUWKIO4z0vSH11O9+USUplI8mFFEuhyFggYUI2Opx46mIUfwCt710hk3WykXCrkC9LLuDNAyFsXiksmABWq99E+nL3HMiTCYIa3bnhuZ7hgpQzEjk1Qn1iRCeIhC0ratQJzo7nh28QReWKYPA6lsCQNn7N+JMeJaj7hvnRyZgV7XpuR/Wjs2Qbk7piKKDRF4viiIGTQSTt+HfaoINmxkG4QVtbdCPEAKYWNDWt3CQmkNA56zz9h01kIp5RdNxVum08hlPTfr3ecz1ZtFTklwBs7BJfBACVTBLaiBOsBAgBfwCt6cZ+fd+XA+59aEs5g5BStwvn4B/UGbLA==</latexit><latexit sha1_base64="NbwpkRoBjV+StfyvrJYR7ii6st4=">AAACCnicbVDJSgNBEO2JW4xb1KOXxiB4CjMh60EI6EFvEcyCSQg9nZ5Jk16G7h4hhPyBR6/6Ed7Eqz/hN/gTdhaCCT4oKN57RVU9P2JUG9f9dhIbm1vbO8nd1N7+weFR+vikoWWsMKljyaRq+UgTRgWpG2oYaUWKIO4z0vSH11O9+USUplI8mFFEuhyFggYUI2Opx46mIUfwCt710hk3WykXCrkC9LLuDNAyFsXiksmABWq99E+nL3HMiTCYIa3bnhuZ7hgpQzEjk1Qn1iRCeIhC0ratQJzo7nh28QReWKYPA6lsCQNn7N+JMeJaj7hvnRyZgV7XpuR/Wjs2Qbk7piKKDRF4viiIGTQSTt+HfaoINmxkG4QVtbdCPEAKYWNDWt3CQmkNA56zz9h01kIp5RdNxVum08hlPTfr3ecz1ZtFTklwBs7BJfBACVTBLaiBOsBAgBfwCt6cZ+fd+XA+59aEs5g5BStwvn4B/UGbLA==</latexit><latexit sha1_base64="NbwpkRoBjV+StfyvrJYR7ii6st4=">AAACCnicbVDJSgNBEO2JW4xb1KOXxiB4CjMh60EI6EFvEcyCSQg9nZ5Jk16G7h4hhPyBR6/6Ed7Eqz/hN/gTdhaCCT4oKN57RVU9P2JUG9f9dhIbm1vbO8nd1N7+weFR+vikoWWsMKljyaRq+UgTRgWpG2oYaUWKIO4z0vSH11O9+USUplI8mFFEuhyFggYUI2Opx46mIUfwCt710hk3WykXCrkC9LLuDNAyFsXiksmABWq99E+nL3HMiTCYIa3bnhuZ7hgpQzEjk1Qn1iRCeIhC0ratQJzo7nh28QReWKYPA6lsCQNn7N+JMeJaj7hvnRyZgV7XpuR/Wjs2Qbk7piKKDRF4viiIGTQSTt+HfaoINmxkG4QVtbdCPEAKYWNDWt3CQmkNA56zz9h01kIp5RdNxVum08hlPTfr3ecz1ZtFTklwBs7BJfBACVTBLaiBOsBAgBfwCt6cZ+fd+XA+59aEs5g5BStwvn4B/UGbLA==</latexit>

X = U⌃V⇤
<latexit sha1_base64="QOj7b6peWw9OsqQ/Mx77oKqwapI="></latexit><latexit sha1_base64="QOj7b6peWw9OsqQ/Mx77oKqwapI="></latexit><latexit sha1_base64="QOj7b6peWw9OsqQ/Mx77oKqwapI="></latexit><latexit sha1_base64="QOj7b6peWw9OsqQ/Mx77oKqwapI="></latexit><latexit sha1_base64="QOj7b6peWw9OsqQ/Mx77oKqwapI="></latexit><latexit sha1_base64="QOj7b6peWw9OsqQ/Mx77oKqwapI="></latexit>



Denoising
Neural Networks: Auto-encoders
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Clustering
Gaussian Mixture Models
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Clustering
A zoo of clustering methods
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https://scikit-learn.org/stable/modules/clustering.html#hierarchical-clustering
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∑
C

∑
x∈C

∥x − μC∥2

•  represents a cluster in the set of all clusters


•  is a data point within cluster 


•  is the centroid (mean) of cluster 


•  is the squared Euclidean distance between a point  
and the centroid 

C

x C

μc C

∥x − μC∥2 x
μc

Objective function for Ward’s method


