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STAT 453: Deep Learning, Spring 2020 
Sebastian Raschka 

http://stat.wisc.edu/~sraschka/teaching/stat453-ss2020/

Lecture 03

The Perceptron
And introduction to single-layer neural networks

http://stat.wisc.edu/~sraschka/teaching/stat453-ss2020/
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Announcements
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• Project groups (by next Tue), 3 members per group -- TA will set up 
a document where you can add your team member preferences 

• Project topics (brainstorm with group members) 

• HW1 (related to the Perceptron; more about that later) 

• Piazza for questions, encouraged to help each other  
(but don't share your HW solutions) 
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https://www.wired.com/story/most-complete-brain-map-ever-is-here-a-flys-connectome/

From the News

https://www.wired.com/story/most-complete-brain-map-ever-is-here-a-flys-connectome/
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After this lecture, you will be able to 
implement your first neuron model for 

making predictions!*

*Sorry, we are not going to implement a fruit fly brain, but if you are interested in a worm brain: 
"MNIST classification using the neuronal network of Caenorhabditis elegans" 
https://github.com/vinayprabhu/Network_Science_Meets_Deep_Learning/blob/master/
1_MNIST_C_Elegans.ipynb

https://github.com/vinayprabhu/Network_Science_Meets_Deep_Learning/blob/master/1_MNIST_C_Elegans.ipynb
https://github.com/vinayprabhu/Network_Science_Meets_Deep_Learning/blob/master/1_MNIST_C_Elegans.ipynb
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1/5 -- Brains and neuron models 

2/5 -- The perceptron learning rule 

3/5 -- Optional: The perceptron convergence theorem 

4/5 -- Geometric intuition 

5/5 -- HW1

Overview
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1/5 -- Brains and neuron models 
2/5 -- The perceptron learning rule 
3/5 -- Optional: The perceptron convergence theorem 
4/5 -- Geometric intuition 
5/5 -- HW1

Do our brains use deep learning?
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https://publicdomainpictures.net/en/view-image.php?image=130359&picture=human-brain https://commons.wikimedia.org/wiki/Neuron#/media/File:Mouse_cingulate_cortex_neurons.jpg https://commons.wikimedia.org/wiki/Neuron#/media/File:Pyramidal_hippocampal_neuron_40x.jpg

Inspired by Biological Brains and Neurons
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Source: https://media.mnn.com/assets/images/2016/10/plane-birds.jpg.1000x0_q80_crop-smart.jpg
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On a sidenote:

Number of neurons in brains ...

Source: https://en.wikipedia.org/wiki/
List_of_animals_by_number_of_neurons
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A Biological Neuron
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Pyramidal neuron cells in mouse cortex

electrical postsynaptic potential 
accumulates; when it reaches a threshold 
=> action potential signal

Synaptic connection is chemical

Biological Neurons
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McCulloch & Pitts Neuron Model
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...
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weighted 
sum

threshold binary signal

1943



Sebastian Raschka           STAT 453: Intro to Deep Learning and Generative Models            SS 2020 13

x1 x2 Out
0 0 0

0 1 0

1 0 0

1 1 1

Logical AND Gate

x1
<latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit>

x2
<latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit>

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

t=1.5

=1

=1
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x1 x2 Out
0 0 0

0 1 1

1 0 1

1 1 1

Logical OR Gate

x1
<latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit>

x2
<latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit>

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

t=0.5

=1

=1
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x1 Out

0 1

1 0

Logical NOT Gate

x1
<latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit>

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

= -1
t= -0.5
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x1 x2 Out
0 0 0

0 1 1

1 0 1

1 1 0

Logical XOR Gate

x1
<latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit>

x2
<latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit>

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

t=?

=?

=?

(Take-home exercise)
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Training Single-Layer Neural Networks

1/5 -- Brains and neuron models 
2/5 -- The perceptron learning rule 
3/5 -- Optional: The perceptron convergence theorem 
4/5 -- Geometric intuition 
5/5 -- HW1



Sebastian Raschka           STAT 453: Intro to Deep Learning and Generative Models            SS 2020 18

Source: http://www.enzyklopaedie-der-wirtschaftsinformatik.de/wi-enzyklopaedie/Members/wilex4/Rosen-2.jpg

Rosenblatt's Perceptron
A learning rule for the computational/mathematical neuron model
Rosenblatt, F. (1957). The perceptron, a perceiving and recognizing 
automaton. Project Para. Cornell Aeronautical Laboratory.
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Perceptron Variants

Note that Rosenblatt (and later others) proposed many 
variants of the Perceptron model and learning rule.  
We discuss a "basic" version;  
let's say,  
"Perceptron" = "a classic Rosenblatt Perceptron"
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X
<latexit sha1_base64="0Hc81E1zKREVtkdUaco0RSs+Ymk=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49tZ/fGJGysS/YCTlIeKDrWIBaM4s3o2U/1qza/7c5FVCAqoQaFmv/rVGyQsU1wjk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DTRW3YT7fdUrOnDMgcWLc00jm7u+JnCprJypynYriyC7XZuZ/tW6G8XWYC51myDVbfBRnkmBCZoeTgTCcoZw4oMwItythI2ooQxdPxYUQLJ+8Cu2LeuD4/rLWuCniKMMJnMI5BHAFDbiDJrSAwQie4RXePOW9eO/ex6K15BUzx/BH3ucPMe2OUw==</latexit><latexit sha1_base64="0Hc81E1zKREVtkdUaco0RSs+Ymk=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49tZ/fGJGysS/YCTlIeKDrWIBaM4s3o2U/1qza/7c5FVCAqoQaFmv/rVGyQsU1wjk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DTRW3YT7fdUrOnDMgcWLc00jm7u+JnCprJypynYriyC7XZuZ/tW6G8XWYC51myDVbfBRnkmBCZoeTgTCcoZw4oMwItythI2ooQxdPxYUQLJ+8Cu2LeuD4/rLWuCniKMMJnMI5BHAFDbiDJrSAwQie4RXePOW9eO/ex6K15BUzx/BH3ucPMe2OUw==</latexit><latexit sha1_base64="0Hc81E1zKREVtkdUaco0RSs+Ymk=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49tZ/fGJGysS/YCTlIeKDrWIBaM4s3o2U/1qza/7c5FVCAqoQaFmv/rVGyQsU1wjk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DTRW3YT7fdUrOnDMgcWLc00jm7u+JnCprJypynYriyC7XZuZ/tW6G8XWYC51myDVbfBRnkmBCZoeTgTCcoZw4oMwItythI2ooQxdPxYUQLJ+8Cu2LeuD4/rLWuCniKMMJnMI5BHAFDbiDJrSAwQie4RXePOW9eO/ex6K15BUzx/BH3ucPMe2OUw==</latexit><latexit sha1_base64="0Hc81E1zKREVtkdUaco0RSs+Ymk=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49tZ/fGJGysS/YCTlIeKDrWIBaM4s3o2U/1qza/7c5FVCAqoQaFmv/rVGyQsU1wjk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DTRW3YT7fdUrOnDMgcWLc00jm7u+JnCprJypynYriyC7XZuZ/tW6G8XWYC51myDVbfBRnkmBCZoeTgTCcoZw4oMwItythI2ooQxdPxYUQLJ+8Cu2LeuD4/rLWuCniKMMJnMI5BHAFDbiDJrSAwQie4RXePOW9eO/ex6K15BUzx/BH3ucPMe2OUw==</latexit>

...

x1
<latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit>

x2
<latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit>

xm
<latexit sha1_base64="UZ/Cq01CQU77ibJgEHsrgiYApIY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMiuWpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2aijdw=</latexit><latexit sha1_base64="UZ/Cq01CQU77ibJgEHsrgiYApIY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMiuWpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2aijdw=</latexit><latexit sha1_base64="UZ/Cq01CQU77ibJgEHsrgiYApIY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMiuWpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2aijdw=</latexit><latexit sha1_base64="UZ/Cq01CQU77ibJgEHsrgiYApIY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMiuWpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2aijdw=</latexit>

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wm
<latexit sha1_base64="3SltFZgdSbEccduFdJMJ4sVJM+s=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMquUpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2Ucjds=</latexit><latexit sha1_base64="3SltFZgdSbEccduFdJMJ4sVJM+s=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMquUpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2Ucjds=</latexit><latexit sha1_base64="3SltFZgdSbEccduFdJMJ4sVJM+s=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMquUpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2Ucjds=</latexit><latexit sha1_base64="3SltFZgdSbEccduFdJMJ4sVJM+s=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMquUpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2Ucjds=</latexit>

ŷ
<latexit sha1_base64="Vi95YwknFrFzcB5LyqgiYSoMf0U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aZdutmE3YkQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iCRwqDrfjuljc2t7Z3ybmVv/+DwqHp80jFxqhlvs1jGuhdQw6VQvI0CJe8lmtMokLwbTO/m9e4T10bE6hGzhPsRHSsRCkbRWt3BhGKezYbVmlt3FyLr4BVQg0KtYfVrMIpZGnGFTFJj+p6boJ9TjYJJPqsMUsMTyqZ0zPsWFY248fPFujNyYZ0RCWNtn0KycH9P5DQyJosC2xlRnJjV2tz8r9ZPMbzxc6GSFLliy4/CVBKMyfx2MhKaM5SZBcq0sLsSNqGaMrQJVWwI3urJ69C5qnuWH65rzdsijjKcwTlcggcNaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/5Hz+ALHDj8o=</latexit><latexit sha1_base64="Vi95YwknFrFzcB5LyqgiYSoMf0U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aZdutmE3YkQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iCRwqDrfjuljc2t7Z3ybmVv/+DwqHp80jFxqhlvs1jGuhdQw6VQvI0CJe8lmtMokLwbTO/m9e4T10bE6hGzhPsRHSsRCkbRWt3BhGKezYbVmlt3FyLr4BVQg0KtYfVrMIpZGnGFTFJj+p6boJ9TjYJJPqsMUsMTyqZ0zPsWFY248fPFujNyYZ0RCWNtn0KycH9P5DQyJosC2xlRnJjV2tz8r9ZPMbzxc6GSFLliy4/CVBKMyfx2MhKaM5SZBcq0sLsSNqGaMrQJVWwI3urJ69C5qnuWH65rzdsijjKcwTlcggcNaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/5Hz+ALHDj8o=</latexit><latexit sha1_base64="Vi95YwknFrFzcB5LyqgiYSoMf0U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aZdutmE3YkQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iCRwqDrfjuljc2t7Z3ybmVv/+DwqHp80jFxqhlvs1jGuhdQw6VQvI0CJe8lmtMokLwbTO/m9e4T10bE6hGzhPsRHSsRCkbRWt3BhGKezYbVmlt3FyLr4BVQg0KtYfVrMIpZGnGFTFJj+p6boJ9TjYJJPqsMUsMTyqZ0zPsWFY248fPFujNyYZ0RCWNtn0KycH9P5DQyJosC2xlRnJjV2tz8r9ZPMbzxc6GSFLliy4/CVBKMyfx2MhKaM5SZBcq0sLsSNqGaMrQJVWwI3urJ69C5qnuWH65rzdsijjKcwTlcggcNaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/5Hz+ALHDj8o=</latexit><latexit sha1_base64="Vi95YwknFrFzcB5LyqgiYSoMf0U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aZdutmE3YkQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iCRwqDrfjuljc2t7Z3ybmVv/+DwqHp80jFxqhlvs1jGuhdQw6VQvI0CJe8lmtMokLwbTO/m9e4T10bE6hGzhPsRHSsRCkbRWt3BhGKezYbVmlt3FyLr4BVQg0KtYfVrMIpZGnGFTFJj+p6boJ9TjYJJPqsMUsMTyqZ0zPsWFY248fPFujNyYZ0RCWNtn0KycH9P5DQyJosC2xlRnJjV2tz8r9ZPMbzxc6GSFLliy4/CVBKMyfx2MhKaM5SZBcq0sLsSNqGaMrQJVWwI3urJ69C5qnuWH65rzdsijjKcwTlcggcNaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/5Hz+ALHDj8o=</latexit>

Inputs
<latexit sha1_base64="kW2ZbIA+FSvwKPaKbZPllX8WYNo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXvRWwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+m9eaIayNi9YDjhPsR7SsRCkbRWn4H+RNmdypJ0Uy6pbJbcWciy+DlUIZctW7pq9OLWRpxhUxSY9qem6CfUY2CST4pdlLDE8qGtM/bFhWNuPGz2dITcmqdHgljbZ9CMnN/T2Q0MmYcBbYzojgwi7Wp+V+tnWJ45WdiehNXbP5RmEqCMZkmQHpCc4ZybIEyLeyuhA2opgxtTkUbgrd48jI0ziue5fuLcvU6j6MAx3ACZ+DBJVThFmpQBwaP8Ayv8OaMnBfn3fmYt644+cwR/JHz+QONXpKY</latexit><latexit sha1_base64="kW2ZbIA+FSvwKPaKbZPllX8WYNo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXvRWwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+m9eaIayNi9YDjhPsR7SsRCkbRWn4H+RNmdypJ0Uy6pbJbcWciy+DlUIZctW7pq9OLWRpxhUxSY9qem6CfUY2CST4pdlLDE8qGtM/bFhWNuPGz2dITcmqdHgljbZ9CMnN/T2Q0MmYcBbYzojgwi7Wp+V+tnWJ45WdiehNXbP5RmEqCMZkmQHpCc4ZybIEyLeyuhA2opgxtTkUbgrd48jI0ziue5fuLcvU6j6MAx3ACZ+DBJVThFmpQBwaP8Ayv8OaMnBfn3fmYt644+cwR/JHz+QONXpKY</latexit><latexit sha1_base64="kW2ZbIA+FSvwKPaKbZPllX8WYNo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXvRWwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+m9eaIayNi9YDjhPsR7SsRCkbRWn4H+RNmdypJ0Uy6pbJbcWciy+DlUIZctW7pq9OLWRpxhUxSY9qem6CfUY2CST4pdlLDE8qGtM/bFhWNuPGz2dITcmqdHgljbZ9CMnN/T2Q0MmYcBbYzojgwi7Wp+V+tnWJ45WdiehNXbP5RmEqCMZkmQHpCc4ZybIEyLeyuhA2opgxtTkUbgrd48jI0ziue5fuLcvU6j6MAx3ACZ+DBJVThFmpQBwaP8Ayv8OaMnBfn3fmYt644+cwR/JHz+QONXpKY</latexit><latexit sha1_base64="kW2ZbIA+FSvwKPaKbZPllX8WYNo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXvRWwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+m9eaIayNi9YDjhPsR7SsRCkbRWn4H+RNmdypJ0Uy6pbJbcWciy+DlUIZctW7pq9OLWRpxhUxSY9qem6CfUY2CST4pdlLDE8qGtM/bFhWNuPGz2dITcmqdHgljbZ9CMnN/T2Q0MmYcBbYzojgwi7Wp+V+tnWJ45WdiehNXbP5RmEqCMZkmQHpCc4ZybIEyLeyuhA2opgxtTkUbgrd48jI0ziue5fuLcvU6j6MAx3ACZ+DBJVThFmpQBwaP8Ayv8OaMnBfn3fmYt644+cwR/JHz+QONXpKY</latexit>

Output
<latexit sha1_base64="gvQE9cb1Dja5lCiXX5pMwfJapj8=">AAAB9HicbZBNS8NAEIY3ftb6VfXoZbEInkoigh6LXrxZwX5AG8pmO2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWmyPQRsTqAccJ+BHrKxEKztBafgfhCbO7FJMUJ91S2a24M9Fl8HIok1y1bumr04t5GoFCLpkxbc9N0M+YRsElTIqd1EDC+JD1oW1RsQiMn82WntBT6/RoGGv7FNKZ+3siY5Ex4yiwnRHDgVmsTc3/au0Uwys/E8qeBIrPPwpTSTGm0wRoT2jgKMcWGNfC7kr5gGnG0eZUtCF4iycvQ+O84lm+vyhXr/M4CuSYnJAz4pFLUiW3pEbqhJNH8kxeyZszcl6cd+dj3rri5DNH5I+czx+i4ZKm</latexit><latexit sha1_base64="gvQE9cb1Dja5lCiXX5pMwfJapj8=">AAAB9HicbZBNS8NAEIY3ftb6VfXoZbEInkoigh6LXrxZwX5AG8pmO2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWmyPQRsTqAccJ+BHrKxEKztBafgfhCbO7FJMUJ91S2a24M9Fl8HIok1y1bumr04t5GoFCLpkxbc9N0M+YRsElTIqd1EDC+JD1oW1RsQiMn82WntBT6/RoGGv7FNKZ+3siY5Ex4yiwnRHDgVmsTc3/au0Uwys/E8qeBIrPPwpTSTGm0wRoT2jgKMcWGNfC7kr5gGnG0eZUtCF4iycvQ+O84lm+vyhXr/M4CuSYnJAz4pFLUiW3pEbqhJNH8kxeyZszcl6cd+dj3rri5DNH5I+czx+i4ZKm</latexit><latexit sha1_base64="gvQE9cb1Dja5lCiXX5pMwfJapj8=">AAAB9HicbZBNS8NAEIY3ftb6VfXoZbEInkoigh6LXrxZwX5AG8pmO2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWmyPQRsTqAccJ+BHrKxEKztBafgfhCbO7FJMUJ91S2a24M9Fl8HIok1y1bumr04t5GoFCLpkxbc9N0M+YRsElTIqd1EDC+JD1oW1RsQiMn82WntBT6/RoGGv7FNKZ+3siY5Ex4yiwnRHDgVmsTc3/au0Uwys/E8qeBIrPPwpTSTGm0wRoT2jgKMcWGNfC7kr5gGnG0eZUtCF4iycvQ+O84lm+vyhXr/M4CuSYnJAz4pFLUiW3pEbqhJNH8kxeyZszcl6cd+dj3rri5DNH5I+czx+i4ZKm</latexit><latexit sha1_base64="gvQE9cb1Dja5lCiXX5pMwfJapj8=">AAAB9HicbZBNS8NAEIY3ftb6VfXoZbEInkoigh6LXrxZwX5AG8pmO2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWmyPQRsTqAccJ+BHrKxEKztBafgfhCbO7FJMUJ91S2a24M9Fl8HIok1y1bumr04t5GoFCLpkxbc9N0M+YRsElTIqd1EDC+JD1oW1RsQiMn82WntBT6/RoGGv7FNKZ+3siY5Ex4yiwnRHDgVmsTc3/au0Uwys/E8qeBIrPPwpTSTGm0wRoT2jgKMcWGNfC7kr5gGnG0eZUtCF4iycvQ+O84lm+vyhXr/M4CuSYnJAz4pFLUiW3pEbqhJNH8kxeyZszcl6cd+dj3rri5DNH5I+czx+i4ZKm</latexit>

Net input
<latexit sha1_base64="vnW9SOTDG2wSeqwpvMYjb0pYOfc=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBF0W3biSCvYCbSiT6Uk7dHJh5qRYQt/EjQtF3Pom7nwbp2kW2vrDwMd/zmHO+f1ECo2O822V1tY3NrfK25Wd3b39A/vwqKXjVHFo8ljGquMzDVJE0ESBEjqJAhb6Etr++HZeb09AaRFHjzhNwAvZMBKB4AyN1bftHsITZveAVERJirO+XXVqTi66Cm4BVVKo0be/eoOYpyFEyCXTuus6CXoZUyi4hFmll2pIGB+zIXQNRiwE7WX55jN6ZpwBDWJlXoQ0d39PZCzUehr6pjNkONLLtbn5X62bYnDtZflJEPHFR0EqKcZ0HgMdCAUc5dQA40qYXSkfMcU4mrAqJgR3+eRVaF3UXMMPl9X6TRFHmZyQU3JOXHJF6uSONEiTcDIhz+SVvFmZ9WK9Wx+L1pJVzByTP7I+fwD13ZPb</latexit><latexit sha1_base64="vnW9SOTDG2wSeqwpvMYjb0pYOfc=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBF0W3biSCvYCbSiT6Uk7dHJh5qRYQt/EjQtF3Pom7nwbp2kW2vrDwMd/zmHO+f1ECo2O822V1tY3NrfK25Wd3b39A/vwqKXjVHFo8ljGquMzDVJE0ESBEjqJAhb6Etr++HZeb09AaRFHjzhNwAvZMBKB4AyN1bftHsITZveAVERJirO+XXVqTi66Cm4BVVKo0be/eoOYpyFEyCXTuus6CXoZUyi4hFmll2pIGB+zIXQNRiwE7WX55jN6ZpwBDWJlXoQ0d39PZCzUehr6pjNkONLLtbn5X62bYnDtZflJEPHFR0EqKcZ0HgMdCAUc5dQA40qYXSkfMcU4mrAqJgR3+eRVaF3UXMMPl9X6TRFHmZyQU3JOXHJF6uSONEiTcDIhz+SVvFmZ9WK9Wx+L1pJVzByTP7I+fwD13ZPb</latexit><latexit sha1_base64="vnW9SOTDG2wSeqwpvMYjb0pYOfc=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBF0W3biSCvYCbSiT6Uk7dHJh5qRYQt/EjQtF3Pom7nwbp2kW2vrDwMd/zmHO+f1ECo2O822V1tY3NrfK25Wd3b39A/vwqKXjVHFo8ljGquMzDVJE0ESBEjqJAhb6Etr++HZeb09AaRFHjzhNwAvZMBKB4AyN1bftHsITZveAVERJirO+XXVqTi66Cm4BVVKo0be/eoOYpyFEyCXTuus6CXoZUyi4hFmll2pIGB+zIXQNRiwE7WX55jN6ZpwBDWJlXoQ0d39PZCzUehr6pjNkONLLtbn5X62bYnDtZflJEPHFR0EqKcZ0HgMdCAUc5dQA40qYXSkfMcU4mrAqJgR3+eRVaF3UXMMPl9X6TRFHmZyQU3JOXHJF6uSONEiTcDIhz+SVvFmZ9WK9Wx+L1pJVzByTP7I+fwD13ZPb</latexit><latexit sha1_base64="vnW9SOTDG2wSeqwpvMYjb0pYOfc=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBF0W3biSCvYCbSiT6Uk7dHJh5qRYQt/EjQtF3Pom7nwbp2kW2vrDwMd/zmHO+f1ECo2O822V1tY3NrfK25Wd3b39A/vwqKXjVHFo8ljGquMzDVJE0ESBEjqJAhb6Etr++HZeb09AaRFHjzhNwAvZMBKB4AyN1bftHsITZveAVERJirO+XXVqTi66Cm4BVVKo0be/eoOYpyFEyCXTuus6CXoZUyi4hFmll2pIGB+zIXQNRiwE7WX55jN6ZpwBDWJlXoQ0d39PZCzUehr6pjNkONLLtbn5X62bYnDtZflJEPHFR0EqKcZ0HgMdCAUc5dQA40qYXSkfMcU4mrAqJgR3+eRVaF3UXMMPl9X6TRFHmZyQU3JOXHJF6uSONEiTcDIhz+SVvFmZ9WK9Wx+L1pJVzByTP7I+fwD13ZPb</latexit>

Threshold
<latexit sha1_base64="HmStRmxc+7HHgB2knpGSNB9+Q5Y=">AAAB+XicbZBNS8NAEIY39avWr6hHL8EieCqJCHosevFYoV/QhrLZTNqlm2zYnRRL6D/x4kERr/4Tb/4bt20O2vrCwsM7M8zsG6SCa3Tdb6u0sbm1vVPereztHxwe2ccnbS0zxaDFpJCqG1ANgifQQo4CuqkCGgcCOsH4fl7vTEBpLpMmTlPwYzpMeMQZRWMNbLuP8IR5c6RAj6QIZwO76tbchZx18AqokkKNgf3VDyXLYkiQCap1z3NT9HOqkDMBs0o/05BSNqZD6BlMaAzazxeXz5wL44ROJJV5CToL9/dETmOtp3FgOmOKI71am5v/1XoZRrd+zpM0Q0jYclGUCQelM4/BCbkChmJqgDLFza0OG1FFGZqwKiYEb/XL69C+qnmGH6+r9bsijjI5I+fkknjkhtTJA2mQFmFkQp7JK3mzcuvFerc+lq0lq5g5JX9kff4ASZeUEQ==</latexit><latexit sha1_base64="HmStRmxc+7HHgB2knpGSNB9+Q5Y=">AAAB+XicbZBNS8NAEIY39avWr6hHL8EieCqJCHosevFYoV/QhrLZTNqlm2zYnRRL6D/x4kERr/4Tb/4bt20O2vrCwsM7M8zsG6SCa3Tdb6u0sbm1vVPereztHxwe2ccnbS0zxaDFpJCqG1ANgifQQo4CuqkCGgcCOsH4fl7vTEBpLpMmTlPwYzpMeMQZRWMNbLuP8IR5c6RAj6QIZwO76tbchZx18AqokkKNgf3VDyXLYkiQCap1z3NT9HOqkDMBs0o/05BSNqZD6BlMaAzazxeXz5wL44ROJJV5CToL9/dETmOtp3FgOmOKI71am5v/1XoZRrd+zpM0Q0jYclGUCQelM4/BCbkChmJqgDLFza0OG1FFGZqwKiYEb/XL69C+qnmGH6+r9bsijjI5I+fkknjkhtTJA2mQFmFkQp7JK3mzcuvFerc+lq0lq5g5JX9kff4ASZeUEQ==</latexit><latexit sha1_base64="HmStRmxc+7HHgB2knpGSNB9+Q5Y=">AAAB+XicbZBNS8NAEIY39avWr6hHL8EieCqJCHosevFYoV/QhrLZTNqlm2zYnRRL6D/x4kERr/4Tb/4bt20O2vrCwsM7M8zsG6SCa3Tdb6u0sbm1vVPereztHxwe2ccnbS0zxaDFpJCqG1ANgifQQo4CuqkCGgcCOsH4fl7vTEBpLpMmTlPwYzpMeMQZRWMNbLuP8IR5c6RAj6QIZwO76tbchZx18AqokkKNgf3VDyXLYkiQCap1z3NT9HOqkDMBs0o/05BSNqZD6BlMaAzazxeXz5wL44ROJJV5CToL9/dETmOtp3FgOmOKI71am5v/1XoZRrd+zpM0Q0jYclGUCQelM4/BCbkChmJqgDLFza0OG1FFGZqwKiYEb/XL69C+qnmGH6+r9bsijjI5I+fkknjkhtTJA2mQFmFkQp7JK3mzcuvFerc+lq0lq5g5JX9kff4ASZeUEQ==</latexit><latexit sha1_base64="HmStRmxc+7HHgB2knpGSNB9+Q5Y=">AAAB+XicbZBNS8NAEIY39avWr6hHL8EieCqJCHosevFYoV/QhrLZTNqlm2zYnRRL6D/x4kERr/4Tb/4bt20O2vrCwsM7M8zsG6SCa3Tdb6u0sbm1vVPereztHxwe2ccnbS0zxaDFpJCqG1ANgifQQo4CuqkCGgcCOsH4fl7vTEBpLpMmTlPwYzpMeMQZRWMNbLuP8IR5c6RAj6QIZwO76tbchZx18AqokkKNgf3VDyXLYkiQCap1z3NT9HOqkDMBs0o/05BSNqZD6BlMaAzazxeXz5wL44ROJJV5CToL9/dETmOtp3FgOmOKI71am5v/1XoZRrd+zpM0Q0jYclGUCQelM4/BCbkChmJqgDLFza0OG1FFGZqwKiYEb/XL69C+qnmGH6+r9bsijjI5I+fkknjkhtTJA2mQFmFkQp7JK3mzcuvFerc+lq0lq5g5JX9kff4ASZeUEQ==</latexit>
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1<latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit>

0<latexit sha1_base64="mSC7jR5dlnc4mUSSs2Y7zLybdHk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY7KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz95G4y0</latexit> <latexit sha1_base64="mSC7jR5dlnc4mUSSs2Y7zLybdHk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY7KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz95G4y0</latexit> <latexit sha1_base64="mSC7jR5dlnc4mUSSs2Y7zLybdHk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY7KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz95G4y0</latexit> <latexit sha1_base64="mSC7jR5dlnc4mUSSs2Y7zLybdHk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY7KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz95G4y0</latexit>

f(z) =

(
0 if z < ✓

1 if z � ✓
<latexit sha1_base64="Rc8P2/bwG4VpYHBZl3KrPUvxez8="></latexit><latexit sha1_base64="Rc8P2/bwG4VpYHBZl3KrPUvxez8="></latexit><latexit sha1_base64="Rc8P2/bwG4VpYHBZl3KrPUvxez8="></latexit><latexit sha1_base64="Rc8P2/bwG4VpYHBZl3KrPUvxez8="></latexit>

f✓

 
mX

i=1

xiwi

!
= ŷ

<latexit sha1_base64="s2pgoIN7KwQmP75hFuTCkPIYsRc=">AAACH3icbZDLSsNAFIYn9VbrrerSzWAR6qYkIupGkLpxWcFeoKlhMp20Q2eSMHOilpA3ceOruHGhiLjr2zi9LLT1wMDH/5/DmfP7seAabHtk5ZaWV1bX8uuFjc2t7Z3i7l5DR4mirE4jEamWTzQTPGR14CBYK1aMSF+wpj+4HvvNB6Y0j8I7GMasI0kv5AGnBIzkFc8CL3Whz4BkbpX3emVXJ9JL+aWT3Uv85HH86HEXT7xjfIndPoF0mHnFkl2xJ4UXwZlBCc2q5hW/3W5EE8lCoIJo3XbsGDopUcCpYFnBTTSLCR2QHmsbDIlkupNO7svwkVG6OIiUeSHgifp7IiVS66H0Tack0Nfz3lj8z2snEFx0Uh7GCbCQThcFicAQ4XFYuMsVoyCGBghV3PwV0z5RhIKJtGBCcOZPXoTGScUxfHtauqrO4sijA3SIyshB5+gK3aAaqiOKntErekcf1ov1Zn1aX9PWnDWb2Ud/yhr9ACNlol0=</latexit><latexit sha1_base64="s2pgoIN7KwQmP75hFuTCkPIYsRc=">AAACH3icbZDLSsNAFIYn9VbrrerSzWAR6qYkIupGkLpxWcFeoKlhMp20Q2eSMHOilpA3ceOruHGhiLjr2zi9LLT1wMDH/5/DmfP7seAabHtk5ZaWV1bX8uuFjc2t7Z3i7l5DR4mirE4jEamWTzQTPGR14CBYK1aMSF+wpj+4HvvNB6Y0j8I7GMasI0kv5AGnBIzkFc8CL3Whz4BkbpX3emVXJ9JL+aWT3Uv85HH86HEXT7xjfIndPoF0mHnFkl2xJ4UXwZlBCc2q5hW/3W5EE8lCoIJo3XbsGDopUcCpYFnBTTSLCR2QHmsbDIlkupNO7svwkVG6OIiUeSHgifp7IiVS66H0Tack0Nfz3lj8z2snEFx0Uh7GCbCQThcFicAQ4XFYuMsVoyCGBghV3PwV0z5RhIKJtGBCcOZPXoTGScUxfHtauqrO4sijA3SIyshB5+gK3aAaqiOKntErekcf1ov1Zn1aX9PWnDWb2Ud/yhr9ACNlol0=</latexit><latexit sha1_base64="s2pgoIN7KwQmP75hFuTCkPIYsRc=">AAACH3icbZDLSsNAFIYn9VbrrerSzWAR6qYkIupGkLpxWcFeoKlhMp20Q2eSMHOilpA3ceOruHGhiLjr2zi9LLT1wMDH/5/DmfP7seAabHtk5ZaWV1bX8uuFjc2t7Z3i7l5DR4mirE4jEamWTzQTPGR14CBYK1aMSF+wpj+4HvvNB6Y0j8I7GMasI0kv5AGnBIzkFc8CL3Whz4BkbpX3emVXJ9JL+aWT3Uv85HH86HEXT7xjfIndPoF0mHnFkl2xJ4UXwZlBCc2q5hW/3W5EE8lCoIJo3XbsGDopUcCpYFnBTTSLCR2QHmsbDIlkupNO7svwkVG6OIiUeSHgifp7IiVS66H0Tack0Nfz3lj8z2snEFx0Uh7GCbCQThcFicAQ4XFYuMsVoyCGBghV3PwV0z5RhIKJtGBCcOZPXoTGScUxfHtauqrO4sijA3SIyshB5+gK3aAaqiOKntErekcf1ov1Zn1aX9PWnDWb2Ud/yhr9ACNlol0=</latexit><latexit sha1_base64="s2pgoIN7KwQmP75hFuTCkPIYsRc=">AAACH3icbZDLSsNAFIYn9VbrrerSzWAR6qYkIupGkLpxWcFeoKlhMp20Q2eSMHOilpA3ceOruHGhiLjr2zi9LLT1wMDH/5/DmfP7seAabHtk5ZaWV1bX8uuFjc2t7Z3i7l5DR4mirE4jEamWTzQTPGR14CBYK1aMSF+wpj+4HvvNB6Y0j8I7GMasI0kv5AGnBIzkFc8CL3Whz4BkbpX3emVXJ9JL+aWT3Uv85HH86HEXT7xjfIndPoF0mHnFkl2xJ4UXwZlBCc2q5hW/3W5EE8lCoIJo3XbsGDopUcCpYFnBTTSLCR2QHmsbDIlkupNO7svwkVG6OIiUeSHgifp7IiVS66H0Tack0Nfz3lj8z2snEFx0Uh7GCbCQThcFicAQ4XFYuMsVoyCGBghV3PwV0z5RhIKJtGBCcOZPXoTGScUxfHtauqrO4sijA3SIyshB5+gK3aAaqiOKntErekcf1ov1Zn1aX9PWnDWb2Ud/yhr9ACNlol0=</latexit>

A Computational Model of a Biological Neuron

20

f(z) =

(
0, z  ✓

1, z > ✓
<latexit sha1_base64="NZ0OX2X7eZqKxseSRl9vLWZDRqs="></latexit><latexit sha1_base64="NZ0OX2X7eZqKxseSRl9vLWZDRqs="></latexit><latexit sha1_base64="NZ0OX2X7eZqKxseSRl9vLWZDRqs="></latexit><latexit sha1_base64="NZ0OX2X7eZqKxseSRl9vLWZDRqs="></latexit>
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X
<latexit sha1_base64="0Hc81E1zKREVtkdUaco0RSs+Ymk=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49tZ/fGJGysS/YCTlIeKDrWIBaM4s3o2U/1qza/7c5FVCAqoQaFmv/rVGyQsU1wjk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DTRW3YT7fdUrOnDMgcWLc00jm7u+JnCprJypynYriyC7XZuZ/tW6G8XWYC51myDVbfBRnkmBCZoeTgTCcoZw4oMwItythI2ooQxdPxYUQLJ+8Cu2LeuD4/rLWuCniKMMJnMI5BHAFDbiDJrSAwQie4RXePOW9eO/ex6K15BUzx/BH3ucPMe2OUw==</latexit><latexit sha1_base64="0Hc81E1zKREVtkdUaco0RSs+Ymk=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49tZ/fGJGysS/YCTlIeKDrWIBaM4s3o2U/1qza/7c5FVCAqoQaFmv/rVGyQsU1wjk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DTRW3YT7fdUrOnDMgcWLc00jm7u+JnCprJypynYriyC7XZuZ/tW6G8XWYC51myDVbfBRnkmBCZoeTgTCcoZw4oMwItythI2ooQxdPxYUQLJ+8Cu2LeuD4/rLWuCniKMMJnMI5BHAFDbiDJrSAwQie4RXePOW9eO/ex6K15BUzx/BH3ucPMe2OUw==</latexit><latexit sha1_base64="0Hc81E1zKREVtkdUaco0RSs+Ymk=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49tZ/fGJGysS/YCTlIeKDrWIBaM4s3o2U/1qza/7c5FVCAqoQaFmv/rVGyQsU1wjk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DTRW3YT7fdUrOnDMgcWLc00jm7u+JnCprJypynYriyC7XZuZ/tW6G8XWYC51myDVbfBRnkmBCZoeTgTCcoZw4oMwItythI2ooQxdPxYUQLJ+8Cu2LeuD4/rLWuCniKMMJnMI5BHAFDbiDJrSAwQie4RXePOW9eO/ex6K15BUzx/BH3ucPMe2OUw==</latexit><latexit sha1_base64="0Hc81E1zKREVtkdUaco0RSs+Ymk=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49tZ/fGJGysS/YCTlIeKDrWIBaM4s3o2U/1qza/7c5FVCAqoQaFmv/rVGyQsU1wjk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DTRW3YT7fdUrOnDMgcWLc00jm7u+JnCprJypynYriyC7XZuZ/tW6G8XWYC51myDVbfBRnkmBCZoeTgTCcoZw4oMwItythI2ooQxdPxYUQLJ+8Cu2LeuD4/rLWuCniKMMJnMI5BHAFDbiDJrSAwQie4RXePOW9eO/ex6K15BUzx/BH3ucPMe2OUw==</latexit>

...

x1
<latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit>

x2
<latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit>

xm
<latexit sha1_base64="UZ/Cq01CQU77ibJgEHsrgiYApIY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMiuWpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2aijdw=</latexit><latexit sha1_base64="UZ/Cq01CQU77ibJgEHsrgiYApIY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMiuWpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2aijdw=</latexit><latexit sha1_base64="UZ/Cq01CQU77ibJgEHsrgiYApIY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMiuWpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2aijdw=</latexit><latexit sha1_base64="UZ/Cq01CQU77ibJgEHsrgiYApIY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMiuWpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2aijdw=</latexit>

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wm
<latexit sha1_base64="3SltFZgdSbEccduFdJMJ4sVJM+s=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMquUpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2Ucjds=</latexit><latexit sha1_base64="3SltFZgdSbEccduFdJMJ4sVJM+s=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMquUpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2Ucjds=</latexit><latexit sha1_base64="3SltFZgdSbEccduFdJMJ4sVJM+s=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMquUpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2Ucjds=</latexit><latexit sha1_base64="3SltFZgdSbEccduFdJMJ4sVJM+s=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMquUpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2Ucjds=</latexit>

ŷ
<latexit sha1_base64="Vi95YwknFrFzcB5LyqgiYSoMf0U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aZdutmE3YkQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iCRwqDrfjuljc2t7Z3ybmVv/+DwqHp80jFxqhlvs1jGuhdQw6VQvI0CJe8lmtMokLwbTO/m9e4T10bE6hGzhPsRHSsRCkbRWt3BhGKezYbVmlt3FyLr4BVQg0KtYfVrMIpZGnGFTFJj+p6boJ9TjYJJPqsMUsMTyqZ0zPsWFY248fPFujNyYZ0RCWNtn0KycH9P5DQyJosC2xlRnJjV2tz8r9ZPMbzxc6GSFLliy4/CVBKMyfx2MhKaM5SZBcq0sLsSNqGaMrQJVWwI3urJ69C5qnuWH65rzdsijjKcwTlcggcNaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/5Hz+ALHDj8o=</latexit><latexit sha1_base64="Vi95YwknFrFzcB5LyqgiYSoMf0U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aZdutmE3YkQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iCRwqDrfjuljc2t7Z3ybmVv/+DwqHp80jFxqhlvs1jGuhdQw6VQvI0CJe8lmtMokLwbTO/m9e4T10bE6hGzhPsRHSsRCkbRWt3BhGKezYbVmlt3FyLr4BVQg0KtYfVrMIpZGnGFTFJj+p6boJ9TjYJJPqsMUsMTyqZ0zPsWFY248fPFujNyYZ0RCWNtn0KycH9P5DQyJosC2xlRnJjV2tz8r9ZPMbzxc6GSFLliy4/CVBKMyfx2MhKaM5SZBcq0sLsSNqGaMrQJVWwI3urJ69C5qnuWH65rzdsijjKcwTlcggcNaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/5Hz+ALHDj8o=</latexit><latexit sha1_base64="Vi95YwknFrFzcB5LyqgiYSoMf0U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aZdutmE3YkQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iCRwqDrfjuljc2t7Z3ybmVv/+DwqHp80jFxqhlvs1jGuhdQw6VQvI0CJe8lmtMokLwbTO/m9e4T10bE6hGzhPsRHSsRCkbRWt3BhGKezYbVmlt3FyLr4BVQg0KtYfVrMIpZGnGFTFJj+p6boJ9TjYJJPqsMUsMTyqZ0zPsWFY248fPFujNyYZ0RCWNtn0KycH9P5DQyJosC2xlRnJjV2tz8r9ZPMbzxc6GSFLliy4/CVBKMyfx2MhKaM5SZBcq0sLsSNqGaMrQJVWwI3urJ69C5qnuWH65rzdsijjKcwTlcggcNaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/5Hz+ALHDj8o=</latexit><latexit sha1_base64="Vi95YwknFrFzcB5LyqgiYSoMf0U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aZdutmE3YkQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iCRwqDrfjuljc2t7Z3ybmVv/+DwqHp80jFxqhlvs1jGuhdQw6VQvI0CJe8lmtMokLwbTO/m9e4T10bE6hGzhPsRHSsRCkbRWt3BhGKezYbVmlt3FyLr4BVQg0KtYfVrMIpZGnGFTFJj+p6boJ9TjYJJPqsMUsMTyqZ0zPsWFY248fPFujNyYZ0RCWNtn0KycH9P5DQyJosC2xlRnJjV2tz8r9ZPMbzxc6GSFLliy4/CVBKMyfx2MhKaM5SZBcq0sLsSNqGaMrQJVWwI3urJ69C5qnuWH65rzdsijjKcwTlcggcNaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/5Hz+ALHDj8o=</latexit>

Inputs
<latexit sha1_base64="kW2ZbIA+FSvwKPaKbZPllX8WYNo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXvRWwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+m9eaIayNi9YDjhPsR7SsRCkbRWn4H+RNmdypJ0Uy6pbJbcWciy+DlUIZctW7pq9OLWRpxhUxSY9qem6CfUY2CST4pdlLDE8qGtM/bFhWNuPGz2dITcmqdHgljbZ9CMnN/T2Q0MmYcBbYzojgwi7Wp+V+tnWJ45WdiehNXbP5RmEqCMZkmQHpCc4ZybIEyLeyuhA2opgxtTkUbgrd48jI0ziue5fuLcvU6j6MAx3ACZ+DBJVThFmpQBwaP8Ayv8OaMnBfn3fmYt644+cwR/JHz+QONXpKY</latexit><latexit sha1_base64="kW2ZbIA+FSvwKPaKbZPllX8WYNo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXvRWwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+m9eaIayNi9YDjhPsR7SsRCkbRWn4H+RNmdypJ0Uy6pbJbcWciy+DlUIZctW7pq9OLWRpxhUxSY9qem6CfUY2CST4pdlLDE8qGtM/bFhWNuPGz2dITcmqdHgljbZ9CMnN/T2Q0MmYcBbYzojgwi7Wp+V+tnWJ45WdiehNXbP5RmEqCMZkmQHpCc4ZybIEyLeyuhA2opgxtTkUbgrd48jI0ziue5fuLcvU6j6MAx3ACZ+DBJVThFmpQBwaP8Ayv8OaMnBfn3fmYt644+cwR/JHz+QONXpKY</latexit><latexit sha1_base64="kW2ZbIA+FSvwKPaKbZPllX8WYNo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXvRWwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+m9eaIayNi9YDjhPsR7SsRCkbRWn4H+RNmdypJ0Uy6pbJbcWciy+DlUIZctW7pq9OLWRpxhUxSY9qem6CfUY2CST4pdlLDE8qGtM/bFhWNuPGz2dITcmqdHgljbZ9CMnN/T2Q0MmYcBbYzojgwi7Wp+V+tnWJ45WdiehNXbP5RmEqCMZkmQHpCc4ZybIEyLeyuhA2opgxtTkUbgrd48jI0ziue5fuLcvU6j6MAx3ACZ+DBJVThFmpQBwaP8Ayv8OaMnBfn3fmYt644+cwR/JHz+QONXpKY</latexit><latexit sha1_base64="kW2ZbIA+FSvwKPaKbZPllX8WYNo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXvRWwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+m9eaIayNi9YDjhPsR7SsRCkbRWn4H+RNmdypJ0Uy6pbJbcWciy+DlUIZctW7pq9OLWRpxhUxSY9qem6CfUY2CST4pdlLDE8qGtM/bFhWNuPGz2dITcmqdHgljbZ9CMnN/T2Q0MmYcBbYzojgwi7Wp+V+tnWJ45WdiehNXbP5RmEqCMZkmQHpCc4ZybIEyLeyuhA2opgxtTkUbgrd48jI0ziue5fuLcvU6j6MAx3ACZ+DBJVThFmpQBwaP8Ayv8OaMnBfn3fmYt644+cwR/JHz+QONXpKY</latexit>

Output
<latexit sha1_base64="gvQE9cb1Dja5lCiXX5pMwfJapj8=">AAAB9HicbZBNS8NAEIY3ftb6VfXoZbEInkoigh6LXrxZwX5AG8pmO2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWmyPQRsTqAccJ+BHrKxEKztBafgfhCbO7FJMUJ91S2a24M9Fl8HIok1y1bumr04t5GoFCLpkxbc9N0M+YRsElTIqd1EDC+JD1oW1RsQiMn82WntBT6/RoGGv7FNKZ+3siY5Ex4yiwnRHDgVmsTc3/au0Uwys/E8qeBIrPPwpTSTGm0wRoT2jgKMcWGNfC7kr5gGnG0eZUtCF4iycvQ+O84lm+vyhXr/M4CuSYnJAz4pFLUiW3pEbqhJNH8kxeyZszcl6cd+dj3rri5DNH5I+czx+i4ZKm</latexit><latexit sha1_base64="gvQE9cb1Dja5lCiXX5pMwfJapj8=">AAAB9HicbZBNS8NAEIY3ftb6VfXoZbEInkoigh6LXrxZwX5AG8pmO2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWmyPQRsTqAccJ+BHrKxEKztBafgfhCbO7FJMUJ91S2a24M9Fl8HIok1y1bumr04t5GoFCLpkxbc9N0M+YRsElTIqd1EDC+JD1oW1RsQiMn82WntBT6/RoGGv7FNKZ+3siY5Ex4yiwnRHDgVmsTc3/au0Uwys/E8qeBIrPPwpTSTGm0wRoT2jgKMcWGNfC7kr5gGnG0eZUtCF4iycvQ+O84lm+vyhXr/M4CuSYnJAz4pFLUiW3pEbqhJNH8kxeyZszcl6cd+dj3rri5DNH5I+czx+i4ZKm</latexit><latexit sha1_base64="gvQE9cb1Dja5lCiXX5pMwfJapj8=">AAAB9HicbZBNS8NAEIY3ftb6VfXoZbEInkoigh6LXrxZwX5AG8pmO2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWmyPQRsTqAccJ+BHrKxEKztBafgfhCbO7FJMUJ91S2a24M9Fl8HIok1y1bumr04t5GoFCLpkxbc9N0M+YRsElTIqd1EDC+JD1oW1RsQiMn82WntBT6/RoGGv7FNKZ+3siY5Ex4yiwnRHDgVmsTc3/au0Uwys/E8qeBIrPPwpTSTGm0wRoT2jgKMcWGNfC7kr5gGnG0eZUtCF4iycvQ+O84lm+vyhXr/M4CuSYnJAz4pFLUiW3pEbqhJNH8kxeyZszcl6cd+dj3rri5DNH5I+czx+i4ZKm</latexit><latexit sha1_base64="gvQE9cb1Dja5lCiXX5pMwfJapj8=">AAAB9HicbZBNS8NAEIY3ftb6VfXoZbEInkoigh6LXrxZwX5AG8pmO2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWmyPQRsTqAccJ+BHrKxEKztBafgfhCbO7FJMUJ91S2a24M9Fl8HIok1y1bumr04t5GoFCLpkxbc9N0M+YRsElTIqd1EDC+JD1oW1RsQiMn82WntBT6/RoGGv7FNKZ+3siY5Ex4yiwnRHDgVmsTc3/au0Uwys/E8qeBIrPPwpTSTGm0wRoT2jgKMcWGNfC7kr5gGnG0eZUtCF4iycvQ+O84lm+vyhXr/M4CuSYnJAz4pFLUiW3pEbqhJNH8kxeyZszcl6cd+dj3rri5DNH5I+czx+i4ZKm</latexit>

Net input
<latexit sha1_base64="vnW9SOTDG2wSeqwpvMYjb0pYOfc=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBF0W3biSCvYCbSiT6Uk7dHJh5qRYQt/EjQtF3Pom7nwbp2kW2vrDwMd/zmHO+f1ECo2O822V1tY3NrfK25Wd3b39A/vwqKXjVHFo8ljGquMzDVJE0ESBEjqJAhb6Etr++HZeb09AaRFHjzhNwAvZMBKB4AyN1bftHsITZveAVERJirO+XXVqTi66Cm4BVVKo0be/eoOYpyFEyCXTuus6CXoZUyi4hFmll2pIGB+zIXQNRiwE7WX55jN6ZpwBDWJlXoQ0d39PZCzUehr6pjNkONLLtbn5X62bYnDtZflJEPHFR0EqKcZ0HgMdCAUc5dQA40qYXSkfMcU4mrAqJgR3+eRVaF3UXMMPl9X6TRFHmZyQU3JOXHJF6uSONEiTcDIhz+SVvFmZ9WK9Wx+L1pJVzByTP7I+fwD13ZPb</latexit><latexit sha1_base64="vnW9SOTDG2wSeqwpvMYjb0pYOfc=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBF0W3biSCvYCbSiT6Uk7dHJh5qRYQt/EjQtF3Pom7nwbp2kW2vrDwMd/zmHO+f1ECo2O822V1tY3NrfK25Wd3b39A/vwqKXjVHFo8ljGquMzDVJE0ESBEjqJAhb6Etr++HZeb09AaRFHjzhNwAvZMBKB4AyN1bftHsITZveAVERJirO+XXVqTi66Cm4BVVKo0be/eoOYpyFEyCXTuus6CXoZUyi4hFmll2pIGB+zIXQNRiwE7WX55jN6ZpwBDWJlXoQ0d39PZCzUehr6pjNkONLLtbn5X62bYnDtZflJEPHFR0EqKcZ0HgMdCAUc5dQA40qYXSkfMcU4mrAqJgR3+eRVaF3UXMMPl9X6TRFHmZyQU3JOXHJF6uSONEiTcDIhz+SVvFmZ9WK9Wx+L1pJVzByTP7I+fwD13ZPb</latexit><latexit sha1_base64="vnW9SOTDG2wSeqwpvMYjb0pYOfc=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBF0W3biSCvYCbSiT6Uk7dHJh5qRYQt/EjQtF3Pom7nwbp2kW2vrDwMd/zmHO+f1ECo2O822V1tY3NrfK25Wd3b39A/vwqKXjVHFo8ljGquMzDVJE0ESBEjqJAhb6Etr++HZeb09AaRFHjzhNwAvZMBKB4AyN1bftHsITZveAVERJirO+XXVqTi66Cm4BVVKo0be/eoOYpyFEyCXTuus6CXoZUyi4hFmll2pIGB+zIXQNRiwE7WX55jN6ZpwBDWJlXoQ0d39PZCzUehr6pjNkONLLtbn5X62bYnDtZflJEPHFR0EqKcZ0HgMdCAUc5dQA40qYXSkfMcU4mrAqJgR3+eRVaF3UXMMPl9X6TRFHmZyQU3JOXHJF6uSONEiTcDIhz+SVvFmZ9WK9Wx+L1pJVzByTP7I+fwD13ZPb</latexit><latexit sha1_base64="vnW9SOTDG2wSeqwpvMYjb0pYOfc=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBF0W3biSCvYCbSiT6Uk7dHJh5qRYQt/EjQtF3Pom7nwbp2kW2vrDwMd/zmHO+f1ECo2O822V1tY3NrfK25Wd3b39A/vwqKXjVHFo8ljGquMzDVJE0ESBEjqJAhb6Etr++HZeb09AaRFHjzhNwAvZMBKB4AyN1bftHsITZveAVERJirO+XXVqTi66Cm4BVVKo0be/eoOYpyFEyCXTuus6CXoZUyi4hFmll2pIGB+zIXQNRiwE7WX55jN6ZpwBDWJlXoQ0d39PZCzUehr6pjNkONLLtbn5X62bYnDtZflJEPHFR0EqKcZ0HgMdCAUc5dQA40qYXSkfMcU4mrAqJgR3+eRVaF3UXMMPl9X6TRFHmZyQU3JOXHJF6uSONEiTcDIhz+SVvFmZ9WK9Wx+L1pJVzByTP7I+fwD13ZPb</latexit>

Threshold
<latexit sha1_base64="HmStRmxc+7HHgB2knpGSNB9+Q5Y=">AAAB+XicbZBNS8NAEIY39avWr6hHL8EieCqJCHosevFYoV/QhrLZTNqlm2zYnRRL6D/x4kERr/4Tb/4bt20O2vrCwsM7M8zsG6SCa3Tdb6u0sbm1vVPereztHxwe2ccnbS0zxaDFpJCqG1ANgifQQo4CuqkCGgcCOsH4fl7vTEBpLpMmTlPwYzpMeMQZRWMNbLuP8IR5c6RAj6QIZwO76tbchZx18AqokkKNgf3VDyXLYkiQCap1z3NT9HOqkDMBs0o/05BSNqZD6BlMaAzazxeXz5wL44ROJJV5CToL9/dETmOtp3FgOmOKI71am5v/1XoZRrd+zpM0Q0jYclGUCQelM4/BCbkChmJqgDLFza0OG1FFGZqwKiYEb/XL69C+qnmGH6+r9bsijjI5I+fkknjkhtTJA2mQFmFkQp7JK3mzcuvFerc+lq0lq5g5JX9kff4ASZeUEQ==</latexit><latexit sha1_base64="HmStRmxc+7HHgB2knpGSNB9+Q5Y=">AAAB+XicbZBNS8NAEIY39avWr6hHL8EieCqJCHosevFYoV/QhrLZTNqlm2zYnRRL6D/x4kERr/4Tb/4bt20O2vrCwsM7M8zsG6SCa3Tdb6u0sbm1vVPereztHxwe2ccnbS0zxaDFpJCqG1ANgifQQo4CuqkCGgcCOsH4fl7vTEBpLpMmTlPwYzpMeMQZRWMNbLuP8IR5c6RAj6QIZwO76tbchZx18AqokkKNgf3VDyXLYkiQCap1z3NT9HOqkDMBs0o/05BSNqZD6BlMaAzazxeXz5wL44ROJJV5CToL9/dETmOtp3FgOmOKI71am5v/1XoZRrd+zpM0Q0jYclGUCQelM4/BCbkChmJqgDLFza0OG1FFGZqwKiYEb/XL69C+qnmGH6+r9bsijjI5I+fkknjkhtTJA2mQFmFkQp7JK3mzcuvFerc+lq0lq5g5JX9kff4ASZeUEQ==</latexit><latexit sha1_base64="HmStRmxc+7HHgB2knpGSNB9+Q5Y=">AAAB+XicbZBNS8NAEIY39avWr6hHL8EieCqJCHosevFYoV/QhrLZTNqlm2zYnRRL6D/x4kERr/4Tb/4bt20O2vrCwsM7M8zsG6SCa3Tdb6u0sbm1vVPereztHxwe2ccnbS0zxaDFpJCqG1ANgifQQo4CuqkCGgcCOsH4fl7vTEBpLpMmTlPwYzpMeMQZRWMNbLuP8IR5c6RAj6QIZwO76tbchZx18AqokkKNgf3VDyXLYkiQCap1z3NT9HOqkDMBs0o/05BSNqZD6BlMaAzazxeXz5wL44ROJJV5CToL9/dETmOtp3FgOmOKI71am5v/1XoZRrd+zpM0Q0jYclGUCQelM4/BCbkChmJqgDLFza0OG1FFGZqwKiYEb/XL69C+qnmGH6+r9bsijjI5I+fkknjkhtTJA2mQFmFkQp7JK3mzcuvFerc+lq0lq5g5JX9kff4ASZeUEQ==</latexit><latexit sha1_base64="HmStRmxc+7HHgB2knpGSNB9+Q5Y=">AAAB+XicbZBNS8NAEIY39avWr6hHL8EieCqJCHosevFYoV/QhrLZTNqlm2zYnRRL6D/x4kERr/4Tb/4bt20O2vrCwsM7M8zsG6SCa3Tdb6u0sbm1vVPereztHxwe2ccnbS0zxaDFpJCqG1ANgifQQo4CuqkCGgcCOsH4fl7vTEBpLpMmTlPwYzpMeMQZRWMNbLuP8IR5c6RAj6QIZwO76tbchZx18AqokkKNgf3VDyXLYkiQCap1z3NT9HOqkDMBs0o/05BSNqZD6BlMaAzazxeXz5wL44ROJJV5CToL9/dETmOtp3FgOmOKI71am5v/1XoZRrd+zpM0Q0jYclGUCQelM4/BCbkChmJqgDLFza0OG1FFGZqwKiYEb/XL69C+qnmGH6+r9bsijjI5I+fkknjkhtTJA2mQFmFkQp7JK3mzcuvFerc+lq0lq5g5JX9kff4ASZeUEQ==</latexit>
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0<latexit sha1_base64="mSC7jR5dlnc4mUSSs2Y7zLybdHk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY7KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz95G4y0</latexit> <latexit sha1_base64="mSC7jR5dlnc4mUSSs2Y7zLybdHk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY7KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz95G4y0</latexit> <latexit sha1_base64="mSC7jR5dlnc4mUSSs2Y7zLybdHk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY7KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz95G4y0</latexit> <latexit sha1_base64="mSC7jR5dlnc4mUSSs2Y7zLybdHk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY7KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz95G4y0</latexit>

f(z) =

(
0 if z < ✓

1 if z � ✓
<latexit sha1_base64="Rc8P2/bwG4VpYHBZl3KrPUvxez8="></latexit><latexit sha1_base64="Rc8P2/bwG4VpYHBZl3KrPUvxez8="></latexit><latexit sha1_base64="Rc8P2/bwG4VpYHBZl3KrPUvxez8="></latexit><latexit sha1_base64="Rc8P2/bwG4VpYHBZl3KrPUvxez8="></latexit>

f✓

 
mX

i=1

xiwi

!
= ŷ

<latexit sha1_base64="s2pgoIN7KwQmP75hFuTCkPIYsRc=">AAACH3icbZDLSsNAFIYn9VbrrerSzWAR6qYkIupGkLpxWcFeoKlhMp20Q2eSMHOilpA3ceOruHGhiLjr2zi9LLT1wMDH/5/DmfP7seAabHtk5ZaWV1bX8uuFjc2t7Z3i7l5DR4mirE4jEamWTzQTPGR14CBYK1aMSF+wpj+4HvvNB6Y0j8I7GMasI0kv5AGnBIzkFc8CL3Whz4BkbpX3emVXJ9JL+aWT3Uv85HH86HEXT7xjfIndPoF0mHnFkl2xJ4UXwZlBCc2q5hW/3W5EE8lCoIJo3XbsGDopUcCpYFnBTTSLCR2QHmsbDIlkupNO7svwkVG6OIiUeSHgifp7IiVS66H0Tack0Nfz3lj8z2snEFx0Uh7GCbCQThcFicAQ4XFYuMsVoyCGBghV3PwV0z5RhIKJtGBCcOZPXoTGScUxfHtauqrO4sijA3SIyshB5+gK3aAaqiOKntErekcf1ov1Zn1aX9PWnDWb2Ud/yhr9ACNlol0=</latexit><latexit sha1_base64="s2pgoIN7KwQmP75hFuTCkPIYsRc=">AAACH3icbZDLSsNAFIYn9VbrrerSzWAR6qYkIupGkLpxWcFeoKlhMp20Q2eSMHOilpA3ceOruHGhiLjr2zi9LLT1wMDH/5/DmfP7seAabHtk5ZaWV1bX8uuFjc2t7Z3i7l5DR4mirE4jEamWTzQTPGR14CBYK1aMSF+wpj+4HvvNB6Y0j8I7GMasI0kv5AGnBIzkFc8CL3Whz4BkbpX3emVXJ9JL+aWT3Uv85HH86HEXT7xjfIndPoF0mHnFkl2xJ4UXwZlBCc2q5hW/3W5EE8lCoIJo3XbsGDopUcCpYFnBTTSLCR2QHmsbDIlkupNO7svwkVG6OIiUeSHgifp7IiVS66H0Tack0Nfz3lj8z2snEFx0Uh7GCbCQThcFicAQ4XFYuMsVoyCGBghV3PwV0z5RhIKJtGBCcOZPXoTGScUxfHtauqrO4sijA3SIyshB5+gK3aAaqiOKntErekcf1ov1Zn1aX9PWnDWb2Ud/yhr9ACNlol0=</latexit><latexit sha1_base64="s2pgoIN7KwQmP75hFuTCkPIYsRc=">AAACH3icbZDLSsNAFIYn9VbrrerSzWAR6qYkIupGkLpxWcFeoKlhMp20Q2eSMHOilpA3ceOruHGhiLjr2zi9LLT1wMDH/5/DmfP7seAabHtk5ZaWV1bX8uuFjc2t7Z3i7l5DR4mirE4jEamWTzQTPGR14CBYK1aMSF+wpj+4HvvNB6Y0j8I7GMasI0kv5AGnBIzkFc8CL3Whz4BkbpX3emVXJ9JL+aWT3Uv85HH86HEXT7xjfIndPoF0mHnFkl2xJ4UXwZlBCc2q5hW/3W5EE8lCoIJo3XbsGDopUcCpYFnBTTSLCR2QHmsbDIlkupNO7svwkVG6OIiUeSHgifp7IiVS66H0Tack0Nfz3lj8z2snEFx0Uh7GCbCQThcFicAQ4XFYuMsVoyCGBghV3PwV0z5RhIKJtGBCcOZPXoTGScUxfHtauqrO4sijA3SIyshB5+gK3aAaqiOKntErekcf1ov1Zn1aX9PWnDWb2Ud/yhr9ACNlol0=</latexit><latexit sha1_base64="s2pgoIN7KwQmP75hFuTCkPIYsRc=">AAACH3icbZDLSsNAFIYn9VbrrerSzWAR6qYkIupGkLpxWcFeoKlhMp20Q2eSMHOilpA3ceOruHGhiLjr2zi9LLT1wMDH/5/DmfP7seAabHtk5ZaWV1bX8uuFjc2t7Z3i7l5DR4mirE4jEamWTzQTPGR14CBYK1aMSF+wpj+4HvvNB6Y0j8I7GMasI0kv5AGnBIzkFc8CL3Whz4BkbpX3emVXJ9JL+aWT3Uv85HH86HEXT7xjfIndPoF0mHnFkl2xJ4UXwZlBCc2q5hW/3W5EE8lCoIJo3XbsGDopUcCpYFnBTTSLCR2QHmsbDIlkupNO7svwkVG6OIiUeSHgifp7IiVS66H0Tack0Nfz3lj8z2snEFx0Uh7GCbCQThcFicAQ4XFYuMsVoyCGBghV3PwV0z5RhIKJtGBCcOZPXoTGScUxfHtauqrO4sijA3SIyshB5+gK3aAaqiOKntErekcf1ov1Zn1aX9PWnDWb2Ud/yhr9ACNlol0=</latexit>

 Terminology

21

General (logistic regression, multilayer nets, ...): 
• Net input = weighted inputs,  
• Activations = activation function(net input);  
• Label output = threshold(activations of last layer);  

Special cases: 
• In perceptron: activation function = threshold function 
• In linear regression: activation = net input = output

z
a = σ(z)

̂y = f(a)

f(z) =

(
0, z  ✓

1, z > ✓
<latexit sha1_base64="NZ0OX2X7eZqKxseSRl9vLWZDRqs="></latexit><latexit sha1_base64="NZ0OX2X7eZqKxseSRl9vLWZDRqs="></latexit><latexit sha1_base64="NZ0OX2X7eZqKxseSRl9vLWZDRqs="></latexit><latexit sha1_base64="NZ0OX2X7eZqKxseSRl9vLWZDRqs="></latexit>



Sebastian Raschka           STAT 453: Intro to Deep Learning and Generative Models            SS 2020

ŷ =

(
0, z < ✓,

1, z � ✓,
<latexit sha1_base64="YQGWhwVmpYvL2KTPGvzXMV6Te2M="></latexit><latexit sha1_base64="YQGWhwVmpYvL2KTPGvzXMV6Te2M="></latexit><latexit sha1_base64="YQGWhwVmpYvL2KTPGvzXMV6Te2M="></latexit><latexit sha1_base64="YQGWhwVmpYvL2KTPGvzXMV6Te2M="></latexit>

ŷ =

(
0, z � ✓ < 0,

1, z � ✓ � 0,
<latexit sha1_base64="UluvzdNqfSb3dnAUicsFbiBwYmA="></latexit><latexit sha1_base64="UluvzdNqfSb3dnAUicsFbiBwYmA="></latexit><latexit sha1_base64="UluvzdNqfSb3dnAUicsFbiBwYmA="></latexit><latexit sha1_base64="UluvzdNqfSb3dnAUicsFbiBwYmA="></latexit>

More convenient to re-arrange:

�✓
<latexit sha1_base64="n7OD3CvnOqylAInuQLPl7+vDpLc=">AAAB7nicbZDLSgNBEEVr4ivGV9Slm8YguDHMiKDLoBuXEcwDkiH0dGqSJj0PumuEEPIRblwo4tbvceff2ElmoYkXGg63quiqG6RKGnLdb6ewtr6xuVXcLu3s7u0flA+PmibJtMCGSFSi2wE3qGSMDZKksJ1q5FGgsBWM7mb11hNqI5P4kcYp+hEfxDKUgpO1WhddGiLxXrniVt252Cp4OVQgV71X/ur2E5FFGJNQ3JiO56bkT7gmKRROS93MYMrFiA+wYzHmERp/Ml93ys6s02dhou2Lic3d3xMTHhkzjgLbGXEamuXazPyv1skovPEnMk4zwlgsPgozxShhs9tZX2oUpMYWuNDS7srEkGsuyCZUsiF4yyevQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg0QMIJneIU3J3VenHfnY9FacPKZY/gj5/MHDjiPXw==</latexit><latexit sha1_base64="n7OD3CvnOqylAInuQLPl7+vDpLc=">AAAB7nicbZDLSgNBEEVr4ivGV9Slm8YguDHMiKDLoBuXEcwDkiH0dGqSJj0PumuEEPIRblwo4tbvceff2ElmoYkXGg63quiqG6RKGnLdb6ewtr6xuVXcLu3s7u0flA+PmibJtMCGSFSi2wE3qGSMDZKksJ1q5FGgsBWM7mb11hNqI5P4kcYp+hEfxDKUgpO1WhddGiLxXrniVt252Cp4OVQgV71X/ur2E5FFGJNQ3JiO56bkT7gmKRROS93MYMrFiA+wYzHmERp/Ml93ys6s02dhou2Lic3d3xMTHhkzjgLbGXEamuXazPyv1skovPEnMk4zwlgsPgozxShhs9tZX2oUpMYWuNDS7srEkGsuyCZUsiF4yyevQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg0QMIJneIU3J3VenHfnY9FacPKZY/gj5/MHDjiPXw==</latexit><latexit sha1_base64="n7OD3CvnOqylAInuQLPl7+vDpLc=">AAAB7nicbZDLSgNBEEVr4ivGV9Slm8YguDHMiKDLoBuXEcwDkiH0dGqSJj0PumuEEPIRblwo4tbvceff2ElmoYkXGg63quiqG6RKGnLdb6ewtr6xuVXcLu3s7u0flA+PmibJtMCGSFSi2wE3qGSMDZKksJ1q5FGgsBWM7mb11hNqI5P4kcYp+hEfxDKUgpO1WhddGiLxXrniVt252Cp4OVQgV71X/ur2E5FFGJNQ3JiO56bkT7gmKRROS93MYMrFiA+wYzHmERp/Ml93ys6s02dhou2Lic3d3xMTHhkzjgLbGXEamuXazPyv1skovPEnMk4zwlgsPgozxShhs9tZX2oUpMYWuNDS7srEkGsuyCZUsiF4yyevQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg0QMIJneIU3J3VenHfnY9FacPKZY/gj5/MHDjiPXw==</latexit><latexit sha1_base64="n7OD3CvnOqylAInuQLPl7+vDpLc=">AAAB7nicbZDLSgNBEEVr4ivGV9Slm8YguDHMiKDLoBuXEcwDkiH0dGqSJj0PumuEEPIRblwo4tbvceff2ElmoYkXGg63quiqG6RKGnLdb6ewtr6xuVXcLu3s7u0flA+PmibJtMCGSFSi2wE3qGSMDZKksJ1q5FGgsBWM7mb11hNqI5P4kcYp+hEfxDKUgpO1WhddGiLxXrniVt252Cp4OVQgV71X/ur2E5FFGJNQ3JiO56bkT7gmKRROS93MYMrFiA+wYzHmERp/Ml93ys6s02dhou2Lic3d3xMTHhkzjgLbGXEamuXazPyv1skovPEnMk4zwlgsPgozxShhs9tZX2oUpMYWuNDS7srEkGsuyCZUsiF4yyevQvOy6ll+uKrUbvM4inACp3AOHlxDDe6hDg0QMIJneIU3J3VenHfnY9FacPKZY/gj5/MHDjiPXw==</latexit>

= "bias"

Perceptron Output

22

use > 0
ŷ =

(
0, z � ✓  0

1, z � ✓ > 0
<latexit sha1_base64="4bMZ89nB996e4v0iNuLHzdgPd6M="></latexit><latexit sha1_base64="4bMZ89nB996e4v0iNuLHzdgPd6M="></latexit><latexit sha1_base64="4bMZ89nB996e4v0iNuLHzdgPd6M="></latexit><latexit sha1_base64="4bMZ89nB996e4v0iNuLHzdgPd6M="></latexit>

ŷ =

(
0, z  ✓

1, z > ✓
<latexit sha1_base64="PvzvrBemhNK4vBhn/z8jasoJbkw="></latexit><latexit sha1_base64="PvzvrBemhNK4vBhn/z8jasoJbkw="></latexit><latexit sha1_base64="PvzvrBemhNK4vBhn/z8jasoJbkw="></latexit><latexit sha1_base64="PvzvrBemhNK4vBhn/z8jasoJbkw="></latexit>

negative threshold
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X
<latexit sha1_base64="0Hc81E1zKREVtkdUaco0RSs+Ymk=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49tZ/fGJGysS/YCTlIeKDrWIBaM4s3o2U/1qza/7c5FVCAqoQaFmv/rVGyQsU1wjk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DTRW3YT7fdUrOnDMgcWLc00jm7u+JnCprJypynYriyC7XZuZ/tW6G8XWYC51myDVbfBRnkmBCZoeTgTCcoZw4oMwItythI2ooQxdPxYUQLJ+8Cu2LeuD4/rLWuCniKMMJnMI5BHAFDbiDJrSAwQie4RXePOW9eO/ex6K15BUzx/BH3ucPMe2OUw==</latexit><latexit sha1_base64="0Hc81E1zKREVtkdUaco0RSs+Ymk=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49tZ/fGJGysS/YCTlIeKDrWIBaM4s3o2U/1qza/7c5FVCAqoQaFmv/rVGyQsU1wjk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DTRW3YT7fdUrOnDMgcWLc00jm7u+JnCprJypynYriyC7XZuZ/tW6G8XWYC51myDVbfBRnkmBCZoeTgTCcoZw4oMwItythI2ooQxdPxYUQLJ+8Cu2LeuD4/rLWuCniKMMJnMI5BHAFDbiDJrSAwQie4RXePOW9eO/ex6K15BUzx/BH3ucPMe2OUw==</latexit><latexit sha1_base64="0Hc81E1zKREVtkdUaco0RSs+Ymk=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49tZ/fGJGysS/YCTlIeKDrWIBaM4s3o2U/1qza/7c5FVCAqoQaFmv/rVGyQsU1wjk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DTRW3YT7fdUrOnDMgcWLc00jm7u+JnCprJypynYriyC7XZuZ/tW6G8XWYC51myDVbfBRnkmBCZoeTgTCcoZw4oMwItythI2ooQxdPxYUQLJ+8Cu2LeuD4/rLWuCniKMMJnMI5BHAFDbiDJrSAwQie4RXePOW9eO/ex6K15BUzx/BH3ucPMe2OUw==</latexit><latexit sha1_base64="0Hc81E1zKREVtkdUaco0RSs+Ymk=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49tZ/fGJGysS/YCTlIeKDrWIBaM4s3o2U/1qza/7c5FVCAqoQaFmv/rVGyQsU1wjk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DTRW3YT7fdUrOnDMgcWLc00jm7u+JnCprJypynYriyC7XZuZ/tW6G8XWYC51myDVbfBRnkmBCZoeTgTCcoZw4oMwItythI2ooQxdPxYUQLJ+8Cu2LeuD4/rLWuCniKMMJnMI5BHAFDbiDJrSAwQie4RXePOW9eO/ex6K15BUzx/BH3ucPMe2OUw==</latexit>

�
<latexit sha1_base64="dwm2weui/za/rSvUQ73K/Rk4/5k=">AAAB7XicbZDLSgMxFIbP1Futt1GXboJFcFVmRNBl0Y3LCvYC7VAyaaaNzWVIMkIZ+g5uXCji1vdx59uYtrPQ1h8CH/85h5zzxylnxgbBt1daW9/Y3CpvV3Z29/YP/MOjllGZJrRJFFe6E2NDOZO0aZnltJNqikXMaTse387q7SeqDVPywU5SGgk8lCxhBFtntXqGDQXu+9WgFsyFViEsoAqFGn3/qzdQJBNUWsKxMd0wSG2UY20Z4XRa6WWGppiM8ZB2HUosqIny+bZTdOacAUqUdk9aNHd/T+RYGDMRsesU2I7Mcm1m/lfrZja5jnIm08xSSRYfJRlHVqHZ6WjANCWWTxxgopnbFZER1phYF1DFhRAun7wKrYta6Pj+slq/KeIowwmcwjmEcAV1uIMGNIHAIzzDK7x5ynvx3r2PRWvJK2aO4Y+8zx+cYY8j</latexit><latexit sha1_base64="dwm2weui/za/rSvUQ73K/Rk4/5k=">AAAB7XicbZDLSgMxFIbP1Futt1GXboJFcFVmRNBl0Y3LCvYC7VAyaaaNzWVIMkIZ+g5uXCji1vdx59uYtrPQ1h8CH/85h5zzxylnxgbBt1daW9/Y3CpvV3Z29/YP/MOjllGZJrRJFFe6E2NDOZO0aZnltJNqikXMaTse387q7SeqDVPywU5SGgk8lCxhBFtntXqGDQXu+9WgFsyFViEsoAqFGn3/qzdQJBNUWsKxMd0wSG2UY20Z4XRa6WWGppiM8ZB2HUosqIny+bZTdOacAUqUdk9aNHd/T+RYGDMRsesU2I7Mcm1m/lfrZja5jnIm08xSSRYfJRlHVqHZ6WjANCWWTxxgopnbFZER1phYF1DFhRAun7wKrYta6Pj+slq/KeIowwmcwjmEcAV1uIMGNIHAIzzDK7x5ynvx3r2PRWvJK2aO4Y+8zx+cYY8j</latexit><latexit sha1_base64="dwm2weui/za/rSvUQ73K/Rk4/5k=">AAAB7XicbZDLSgMxFIbP1Futt1GXboJFcFVmRNBl0Y3LCvYC7VAyaaaNzWVIMkIZ+g5uXCji1vdx59uYtrPQ1h8CH/85h5zzxylnxgbBt1daW9/Y3CpvV3Z29/YP/MOjllGZJrRJFFe6E2NDOZO0aZnltJNqikXMaTse387q7SeqDVPywU5SGgk8lCxhBFtntXqGDQXu+9WgFsyFViEsoAqFGn3/qzdQJBNUWsKxMd0wSG2UY20Z4XRa6WWGppiM8ZB2HUosqIny+bZTdOacAUqUdk9aNHd/T+RYGDMRsesU2I7Mcm1m/lfrZja5jnIm08xSSRYfJRlHVqHZ6WjANCWWTxxgopnbFZER1phYF1DFhRAun7wKrYta6Pj+slq/KeIowwmcwjmEcAV1uIMGNIHAIzzDK7x5ynvx3r2PRWvJK2aO4Y+8zx+cYY8j</latexit><latexit sha1_base64="dwm2weui/za/rSvUQ73K/Rk4/5k=">AAAB7XicbZDLSgMxFIbP1Futt1GXboJFcFVmRNBl0Y3LCvYC7VAyaaaNzWVIMkIZ+g5uXCji1vdx59uYtrPQ1h8CH/85h5zzxylnxgbBt1daW9/Y3CpvV3Z29/YP/MOjllGZJrRJFFe6E2NDOZO0aZnltJNqikXMaTse387q7SeqDVPywU5SGgk8lCxhBFtntXqGDQXu+9WgFsyFViEsoAqFGn3/qzdQJBNUWsKxMd0wSG2UY20Z4XRa6WWGppiM8ZB2HUosqIny+bZTdOacAUqUdk9aNHd/T+RYGDMRsesU2I7Mcm1m/lfrZja5jnIm08xSSRYfJRlHVqHZ6WjANCWWTxxgopnbFZER1phYF1DFhRAun7wKrYta6Pj+slq/KeIowwmcwjmEcAV1uIMGNIHAIzzDK7x5ynvx3r2PRWvJK2aO4Y+8zx+cYY8j</latexit>

...

x1
<latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit>

x2
<latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit>

xm
<latexit sha1_base64="UZ/Cq01CQU77ibJgEHsrgiYApIY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMiuWpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2aijdw=</latexit><latexit sha1_base64="UZ/Cq01CQU77ibJgEHsrgiYApIY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMiuWpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2aijdw=</latexit><latexit sha1_base64="UZ/Cq01CQU77ibJgEHsrgiYApIY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMiuWpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2aijdw=</latexit><latexit sha1_base64="UZ/Cq01CQU77ibJgEHsrgiYApIY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMiuWpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2aijdw=</latexit>

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wm
<latexit sha1_base64="3SltFZgdSbEccduFdJMJ4sVJM+s=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMquUpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2Ucjds=</latexit><latexit sha1_base64="3SltFZgdSbEccduFdJMJ4sVJM+s=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMquUpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2Ucjds=</latexit><latexit sha1_base64="3SltFZgdSbEccduFdJMJ4sVJM+s=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMquUpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2Ucjds=</latexit><latexit sha1_base64="3SltFZgdSbEccduFdJMJ4sVJM+s=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMquUpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2Ucjds=</latexit>

ŷ
<latexit sha1_base64="Vi95YwknFrFzcB5LyqgiYSoMf0U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aZdutmE3YkQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iCRwqDrfjuljc2t7Z3ybmVv/+DwqHp80jFxqhlvs1jGuhdQw6VQvI0CJe8lmtMokLwbTO/m9e4T10bE6hGzhPsRHSsRCkbRWt3BhGKezYbVmlt3FyLr4BVQg0KtYfVrMIpZGnGFTFJj+p6boJ9TjYJJPqsMUsMTyqZ0zPsWFY248fPFujNyYZ0RCWNtn0KycH9P5DQyJosC2xlRnJjV2tz8r9ZPMbzxc6GSFLliy4/CVBKMyfx2MhKaM5SZBcq0sLsSNqGaMrQJVWwI3urJ69C5qnuWH65rzdsijjKcwTlcggcNaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/5Hz+ALHDj8o=</latexit><latexit sha1_base64="Vi95YwknFrFzcB5LyqgiYSoMf0U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aZdutmE3YkQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iCRwqDrfjuljc2t7Z3ybmVv/+DwqHp80jFxqhlvs1jGuhdQw6VQvI0CJe8lmtMokLwbTO/m9e4T10bE6hGzhPsRHSsRCkbRWt3BhGKezYbVmlt3FyLr4BVQg0KtYfVrMIpZGnGFTFJj+p6boJ9TjYJJPqsMUsMTyqZ0zPsWFY248fPFujNyYZ0RCWNtn0KycH9P5DQyJosC2xlRnJjV2tz8r9ZPMbzxc6GSFLliy4/CVBKMyfx2MhKaM5SZBcq0sLsSNqGaMrQJVWwI3urJ69C5qnuWH65rzdsijjKcwTlcggcNaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/5Hz+ALHDj8o=</latexit><latexit sha1_base64="Vi95YwknFrFzcB5LyqgiYSoMf0U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aZdutmE3YkQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iCRwqDrfjuljc2t7Z3ybmVv/+DwqHp80jFxqhlvs1jGuhdQw6VQvI0CJe8lmtMokLwbTO/m9e4T10bE6hGzhPsRHSsRCkbRWt3BhGKezYbVmlt3FyLr4BVQg0KtYfVrMIpZGnGFTFJj+p6boJ9TjYJJPqsMUsMTyqZ0zPsWFY248fPFujNyYZ0RCWNtn0KycH9P5DQyJosC2xlRnJjV2tz8r9ZPMbzxc6GSFLliy4/CVBKMyfx2MhKaM5SZBcq0sLsSNqGaMrQJVWwI3urJ69C5qnuWH65rzdsijjKcwTlcggcNaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/5Hz+ALHDj8o=</latexit><latexit sha1_base64="Vi95YwknFrFzcB5LyqgiYSoMf0U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aZdutmE3YkQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iCRwqDrfjuljc2t7Z3ybmVv/+DwqHp80jFxqhlvs1jGuhdQw6VQvI0CJe8lmtMokLwbTO/m9e4T10bE6hGzhPsRHSsRCkbRWt3BhGKezYbVmlt3FyLr4BVQg0KtYfVrMIpZGnGFTFJj+p6boJ9TjYJJPqsMUsMTyqZ0zPsWFY248fPFujNyYZ0RCWNtn0KycH9P5DQyJosC2xlRnJjV2tz8r9ZPMbzxc6GSFLliy4/CVBKMyfx2MhKaM5SZBcq0sLsSNqGaMrQJVWwI3urJ69C5qnuWH65rzdsijjKcwTlcggcNaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/5Hz+ALHDj8o=</latexit>

Inputs
<latexit sha1_base64="kW2ZbIA+FSvwKPaKbZPllX8WYNo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXvRWwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+m9eaIayNi9YDjhPsR7SsRCkbRWn4H+RNmdypJ0Uy6pbJbcWciy+DlUIZctW7pq9OLWRpxhUxSY9qem6CfUY2CST4pdlLDE8qGtM/bFhWNuPGz2dITcmqdHgljbZ9CMnN/T2Q0MmYcBbYzojgwi7Wp+V+tnWJ45WdiehNXbP5RmEqCMZkmQHpCc4ZybIEyLeyuhA2opgxtTkUbgrd48jI0ziue5fuLcvU6j6MAx3ACZ+DBJVThFmpQBwaP8Ayv8OaMnBfn3fmYt644+cwR/JHz+QONXpKY</latexit><latexit sha1_base64="kW2ZbIA+FSvwKPaKbZPllX8WYNo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXvRWwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+m9eaIayNi9YDjhPsR7SsRCkbRWn4H+RNmdypJ0Uy6pbJbcWciy+DlUIZctW7pq9OLWRpxhUxSY9qem6CfUY2CST4pdlLDE8qGtM/bFhWNuPGz2dITcmqdHgljbZ9CMnN/T2Q0MmYcBbYzojgwi7Wp+V+tnWJ45WdiehNXbP5RmEqCMZkmQHpCc4ZybIEyLeyuhA2opgxtTkUbgrd48jI0ziue5fuLcvU6j6MAx3ACZ+DBJVThFmpQBwaP8Ayv8OaMnBfn3fmYt644+cwR/JHz+QONXpKY</latexit><latexit sha1_base64="kW2ZbIA+FSvwKPaKbZPllX8WYNo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXvRWwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+m9eaIayNi9YDjhPsR7SsRCkbRWn4H+RNmdypJ0Uy6pbJbcWciy+DlUIZctW7pq9OLWRpxhUxSY9qem6CfUY2CST4pdlLDE8qGtM/bFhWNuPGz2dITcmqdHgljbZ9CMnN/T2Q0MmYcBbYzojgwi7Wp+V+tnWJ45WdiehNXbP5RmEqCMZkmQHpCc4ZybIEyLeyuhA2opgxtTkUbgrd48jI0ziue5fuLcvU6j6MAx3ACZ+DBJVThFmpQBwaP8Ayv8OaMnBfn3fmYt644+cwR/JHz+QONXpKY</latexit><latexit sha1_base64="kW2ZbIA+FSvwKPaKbZPllX8WYNo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXvRWwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+m9eaIayNi9YDjhPsR7SsRCkbRWn4H+RNmdypJ0Uy6pbJbcWciy+DlUIZctW7pq9OLWRpxhUxSY9qem6CfUY2CST4pdlLDE8qGtM/bFhWNuPGz2dITcmqdHgljbZ9CMnN/T2Q0MmYcBbYzojgwi7Wp+V+tnWJ45WdiehNXbP5RmEqCMZkmQHpCc4ZybIEyLeyuhA2opgxtTkUbgrd48jI0ziue5fuLcvU6j6MAx3ACZ+DBJVThFmpQBwaP8Ayv8OaMnBfn3fmYt644+cwR/JHz+QONXpKY</latexit>

Output
<latexit sha1_base64="gvQE9cb1Dja5lCiXX5pMwfJapj8=">AAAB9HicbZBNS8NAEIY3ftb6VfXoZbEInkoigh6LXrxZwX5AG8pmO2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWmyPQRsTqAccJ+BHrKxEKztBafgfhCbO7FJMUJ91S2a24M9Fl8HIok1y1bumr04t5GoFCLpkxbc9N0M+YRsElTIqd1EDC+JD1oW1RsQiMn82WntBT6/RoGGv7FNKZ+3siY5Ex4yiwnRHDgVmsTc3/au0Uwys/E8qeBIrPPwpTSTGm0wRoT2jgKMcWGNfC7kr5gGnG0eZUtCF4iycvQ+O84lm+vyhXr/M4CuSYnJAz4pFLUiW3pEbqhJNH8kxeyZszcl6cd+dj3rri5DNH5I+czx+i4ZKm</latexit><latexit sha1_base64="gvQE9cb1Dja5lCiXX5pMwfJapj8=">AAAB9HicbZBNS8NAEIY3ftb6VfXoZbEInkoigh6LXrxZwX5AG8pmO2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWmyPQRsTqAccJ+BHrKxEKztBafgfhCbO7FJMUJ91S2a24M9Fl8HIok1y1bumr04t5GoFCLpkxbc9N0M+YRsElTIqd1EDC+JD1oW1RsQiMn82WntBT6/RoGGv7FNKZ+3siY5Ex4yiwnRHDgVmsTc3/au0Uwys/E8qeBIrPPwpTSTGm0wRoT2jgKMcWGNfC7kr5gGnG0eZUtCF4iycvQ+O84lm+vyhXr/M4CuSYnJAz4pFLUiW3pEbqhJNH8kxeyZszcl6cd+dj3rri5DNH5I+czx+i4ZKm</latexit><latexit sha1_base64="gvQE9cb1Dja5lCiXX5pMwfJapj8=">AAAB9HicbZBNS8NAEIY3ftb6VfXoZbEInkoigh6LXrxZwX5AG8pmO2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWmyPQRsTqAccJ+BHrKxEKztBafgfhCbO7FJMUJ91S2a24M9Fl8HIok1y1bumr04t5GoFCLpkxbc9N0M+YRsElTIqd1EDC+JD1oW1RsQiMn82WntBT6/RoGGv7FNKZ+3siY5Ex4yiwnRHDgVmsTc3/au0Uwys/E8qeBIrPPwpTSTGm0wRoT2jgKMcWGNfC7kr5gGnG0eZUtCF4iycvQ+O84lm+vyhXr/M4CuSYnJAz4pFLUiW3pEbqhJNH8kxeyZszcl6cd+dj3rri5DNH5I+czx+i4ZKm</latexit><latexit sha1_base64="gvQE9cb1Dja5lCiXX5pMwfJapj8=">AAAB9HicbZBNS8NAEIY3ftb6VfXoZbEInkoigh6LXrxZwX5AG8pmO2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWmyPQRsTqAccJ+BHrKxEKztBafgfhCbO7FJMUJ91S2a24M9Fl8HIok1y1bumr04t5GoFCLpkxbc9N0M+YRsElTIqd1EDC+JD1oW1RsQiMn82WntBT6/RoGGv7FNKZ+3siY5Ex4yiwnRHDgVmsTc3/au0Uwys/E8qeBIrPPwpTSTGm0wRoT2jgKMcWGNfC7kr5gGnG0eZUtCF4iycvQ+O84lm+vyhXr/M4CuSYnJAz4pFLUiW3pEbqhJNH8kxeyZszcl6cd+dj3rri5DNH5I+czx+i4ZKm</latexit>

Net input
<latexit sha1_base64="vnW9SOTDG2wSeqwpvMYjb0pYOfc=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBF0W3biSCvYCbSiT6Uk7dHJh5qRYQt/EjQtF3Pom7nwbp2kW2vrDwMd/zmHO+f1ECo2O822V1tY3NrfK25Wd3b39A/vwqKXjVHFo8ljGquMzDVJE0ESBEjqJAhb6Etr++HZeb09AaRFHjzhNwAvZMBKB4AyN1bftHsITZveAVERJirO+XXVqTi66Cm4BVVKo0be/eoOYpyFEyCXTuus6CXoZUyi4hFmll2pIGB+zIXQNRiwE7WX55jN6ZpwBDWJlXoQ0d39PZCzUehr6pjNkONLLtbn5X62bYnDtZflJEPHFR0EqKcZ0HgMdCAUc5dQA40qYXSkfMcU4mrAqJgR3+eRVaF3UXMMPl9X6TRFHmZyQU3JOXHJF6uSONEiTcDIhz+SVvFmZ9WK9Wx+L1pJVzByTP7I+fwD13ZPb</latexit><latexit sha1_base64="vnW9SOTDG2wSeqwpvMYjb0pYOfc=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBF0W3biSCvYCbSiT6Uk7dHJh5qRYQt/EjQtF3Pom7nwbp2kW2vrDwMd/zmHO+f1ECo2O822V1tY3NrfK25Wd3b39A/vwqKXjVHFo8ljGquMzDVJE0ESBEjqJAhb6Etr++HZeb09AaRFHjzhNwAvZMBKB4AyN1bftHsITZveAVERJirO+XXVqTi66Cm4BVVKo0be/eoOYpyFEyCXTuus6CXoZUyi4hFmll2pIGB+zIXQNRiwE7WX55jN6ZpwBDWJlXoQ0d39PZCzUehr6pjNkONLLtbn5X62bYnDtZflJEPHFR0EqKcZ0HgMdCAUc5dQA40qYXSkfMcU4mrAqJgR3+eRVaF3UXMMPl9X6TRFHmZyQU3JOXHJF6uSONEiTcDIhz+SVvFmZ9WK9Wx+L1pJVzByTP7I+fwD13ZPb</latexit><latexit sha1_base64="vnW9SOTDG2wSeqwpvMYjb0pYOfc=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBF0W3biSCvYCbSiT6Uk7dHJh5qRYQt/EjQtF3Pom7nwbp2kW2vrDwMd/zmHO+f1ECo2O822V1tY3NrfK25Wd3b39A/vwqKXjVHFo8ljGquMzDVJE0ESBEjqJAhb6Etr++HZeb09AaRFHjzhNwAvZMBKB4AyN1bftHsITZveAVERJirO+XXVqTi66Cm4BVVKo0be/eoOYpyFEyCXTuus6CXoZUyi4hFmll2pIGB+zIXQNRiwE7WX55jN6ZpwBDWJlXoQ0d39PZCzUehr6pjNkONLLtbn5X62bYnDtZflJEPHFR0EqKcZ0HgMdCAUc5dQA40qYXSkfMcU4mrAqJgR3+eRVaF3UXMMPl9X6TRFHmZyQU3JOXHJF6uSONEiTcDIhz+SVvFmZ9WK9Wx+L1pJVzByTP7I+fwD13ZPb</latexit><latexit sha1_base64="vnW9SOTDG2wSeqwpvMYjb0pYOfc=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBF0W3biSCvYCbSiT6Uk7dHJh5qRYQt/EjQtF3Pom7nwbp2kW2vrDwMd/zmHO+f1ECo2O822V1tY3NrfK25Wd3b39A/vwqKXjVHFo8ljGquMzDVJE0ESBEjqJAhb6Etr++HZeb09AaRFHjzhNwAvZMBKB4AyN1bftHsITZveAVERJirO+XXVqTi66Cm4BVVKo0be/eoOYpyFEyCXTuus6CXoZUyi4hFmll2pIGB+zIXQNRiwE7WX55jN6ZpwBDWJlXoQ0d39PZCzUehr6pjNkONLLtbn5X62bYnDtZflJEPHFR0EqKcZ0HgMdCAUc5dQA40qYXSkfMcU4mrAqJgR3+eRVaF3UXMMPl9X6TRFHmZyQU3JOXHJF6uSONEiTcDIhz+SVvFmZ9WK9Wx+L1pJVzByTP7I+fwD13ZPb</latexit>

Activation
<latexit sha1_base64="yC0dBIEl9qTv0X7X9wtBoMi5o3k=">AAAB+nicbZBNS8NAEIYnftb6lerRS7AInkoigh6rXjxWsB/QhrLZbtulm03YnVRL7E/x4kERr/4Sb/4bt2kO2vrCwsM7M8zsG8SCa3Tdb2tldW19Y7OwVdze2d3bt0sHDR0lirI6jUSkWgHRTHDJ6shRsFasGAkDwZrB6GZWb46Z0jyS9ziJmR+SgeR9Tgkaq2uXOsgeMb2iyMeZNe3aZbfiZnKWwcuhDLlqXfur04toEjKJVBCt254bo58ShZwKNi12Es1iQkdkwNoGJQmZ9tPs9KlzYpye04+UeRKdzP09kZJQ60kYmM6Q4FAv1mbmf7V2gv1LP+UyTpBJOl/UT4SDkTPLwelxxSiKiQFCFTe3OnRIFKFo0iqaELzFLy9D46ziGb47L1ev8zgKcATHcAoeXEAVbqEGdaDwAM/wCm/Wk/VivVsf89YVK585hD+yPn8ADeOUgA==</latexit><latexit sha1_base64="yC0dBIEl9qTv0X7X9wtBoMi5o3k=">AAAB+nicbZBNS8NAEIYnftb6lerRS7AInkoigh6rXjxWsB/QhrLZbtulm03YnVRL7E/x4kERr/4Sb/4bt2kO2vrCwsM7M8zsG8SCa3Tdb2tldW19Y7OwVdze2d3bt0sHDR0lirI6jUSkWgHRTHDJ6shRsFasGAkDwZrB6GZWb46Z0jyS9ziJmR+SgeR9Tgkaq2uXOsgeMb2iyMeZNe3aZbfiZnKWwcuhDLlqXfur04toEjKJVBCt254bo58ShZwKNi12Es1iQkdkwNoGJQmZ9tPs9KlzYpye04+UeRKdzP09kZJQ60kYmM6Q4FAv1mbmf7V2gv1LP+UyTpBJOl/UT4SDkTPLwelxxSiKiQFCFTe3OnRIFKFo0iqaELzFLy9D46ziGb47L1ev8zgKcATHcAoeXEAVbqEGdaDwAM/wCm/Wk/VivVsf89YVK585hD+yPn8ADeOUgA==</latexit><latexit sha1_base64="yC0dBIEl9qTv0X7X9wtBoMi5o3k=">AAAB+nicbZBNS8NAEIYnftb6lerRS7AInkoigh6rXjxWsB/QhrLZbtulm03YnVRL7E/x4kERr/4Sb/4bt2kO2vrCwsM7M8zsG8SCa3Tdb2tldW19Y7OwVdze2d3bt0sHDR0lirI6jUSkWgHRTHDJ6shRsFasGAkDwZrB6GZWb46Z0jyS9ziJmR+SgeR9Tgkaq2uXOsgeMb2iyMeZNe3aZbfiZnKWwcuhDLlqXfur04toEjKJVBCt254bo58ShZwKNi12Es1iQkdkwNoGJQmZ9tPs9KlzYpye04+UeRKdzP09kZJQ60kYmM6Q4FAv1mbmf7V2gv1LP+UyTpBJOl/UT4SDkTPLwelxxSiKiQFCFTe3OnRIFKFo0iqaELzFLy9D46ziGb47L1ev8zgKcATHcAoeXEAVbqEGdaDwAM/wCm/Wk/VivVsf89YVK585hD+yPn8ADeOUgA==</latexit><latexit sha1_base64="yC0dBIEl9qTv0X7X9wtBoMi5o3k=">AAAB+nicbZBNS8NAEIYnftb6lerRS7AInkoigh6rXjxWsB/QhrLZbtulm03YnVRL7E/x4kERr/4Sb/4bt2kO2vrCwsM7M8zsG8SCa3Tdb2tldW19Y7OwVdze2d3bt0sHDR0lirI6jUSkWgHRTHDJ6shRsFasGAkDwZrB6GZWb46Z0jyS9ziJmR+SgeR9Tgkaq2uXOsgeMb2iyMeZNe3aZbfiZnKWwcuhDLlqXfur04toEjKJVBCt254bo58ShZwKNi12Es1iQkdkwNoGJQmZ9tPs9KlzYpye04+UeRKdzP09kZJQ60kYmM6Q4FAv1mbmf7V2gv1LP+UyTpBJOl/UT4SDkTPLwelxxSiKiQFCFTe3OnRIFKFo0iqaELzFLy9D46ziGb47L1ev8zgKcATHcAoeXEAVbqEGdaDwAM/wCm/Wk/VivVsf89YVK585hD+yPn8ADeOUgA==</latexit>

b
<latexit sha1_base64="s6L+Z+fhtGywXDdOyCIOKOnOTTA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYwKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/E44zm</latexit><latexit sha1_base64="s6L+Z+fhtGywXDdOyCIOKOnOTTA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYwKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/E44zm</latexit><latexit sha1_base64="s6L+Z+fhtGywXDdOyCIOKOnOTTA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYwKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/E44zm</latexit><latexit sha1_base64="s6L+Z+fhtGywXDdOyCIOKOnOTTA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYwKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/E44zm</latexit>

�

 
mX

i=1

x1w1 + b

!
= �

�
xTw + b

�
= ŷ

<latexit sha1_base64="A6o7zW7lnOXrNRdOyoA7bzsujJ4="></latexit><latexit sha1_base64="A6o7zW7lnOXrNRdOyoA7bzsujJ4="></latexit><latexit sha1_base64="A6o7zW7lnOXrNRdOyoA7bzsujJ4="></latexit><latexit sha1_base64="A6o7zW7lnOXrNRdOyoA7bzsujJ4="></latexit>

�(z) =

(
0 if z < 0

1 if z � 1
<latexit sha1_base64="m1vO6djD/2/n5RhOD3QM1YDZNMw="></latexit><latexit sha1_base64="m1vO6djD/2/n5RhOD3QM1YDZNMw="></latexit><latexit sha1_base64="m1vO6djD/2/n5RhOD3QM1YDZNMw="></latexit><latexit sha1_base64="m1vO6djD/2/n5RhOD3QM1YDZNMw="></latexit>

b = �✓
<latexit sha1_base64="DCslSBKTzJPCossa3lI7E6Re1xA=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8GJJRNCLUPTisYK1hSaUzXbSLt1swu5EKKF/w4sHRbz6Z7z5b9y2OWjrCwsP78wws2+YSmHQdb+d0srq2vpGebOytb2zu1fdP3g0SaY5tHgiE90JmQEpFLRQoIROqoHFoYR2OLqd1ttPoI1I1AOOUwhiNlAiEpyhtfyQXtMz6uMQkPWqNbfuzkSXwSugRgo1e9Uvv5/wLAaFXDJjup6bYpAzjYJLmFT8zEDK+IgNoGtRsRhMkM9untAT6/RplGj7FNKZ+3siZ7Ex4zi0nTHDoVmsTc3/at0Mo6sgFyrNEBSfL4oySTGh0wBoX2jgKMcWGNfC3kr5kGnG0cZUsSF4i19ehsfzumf5/qLWuCniKJMjckxOiUcuSYPckSZpEU5S8kxeyZuTOS/Ou/Mxby05xcwh+SPn8wdTHpCQ</latexit><latexit sha1_base64="DCslSBKTzJPCossa3lI7E6Re1xA=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8GJJRNCLUPTisYK1hSaUzXbSLt1swu5EKKF/w4sHRbz6Z7z5b9y2OWjrCwsP78wws2+YSmHQdb+d0srq2vpGebOytb2zu1fdP3g0SaY5tHgiE90JmQEpFLRQoIROqoHFoYR2OLqd1ttPoI1I1AOOUwhiNlAiEpyhtfyQXtMz6uMQkPWqNbfuzkSXwSugRgo1e9Uvv5/wLAaFXDJjup6bYpAzjYJLmFT8zEDK+IgNoGtRsRhMkM9untAT6/RplGj7FNKZ+3siZ7Ex4zi0nTHDoVmsTc3/at0Mo6sgFyrNEBSfL4oySTGh0wBoX2jgKMcWGNfC3kr5kGnG0cZUsSF4i19ehsfzumf5/qLWuCniKJMjckxOiUcuSYPckSZpEU5S8kxeyZuTOS/Ou/Mxby05xcwh+SPn8wdTHpCQ</latexit><latexit sha1_base64="DCslSBKTzJPCossa3lI7E6Re1xA=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8GJJRNCLUPTisYK1hSaUzXbSLt1swu5EKKF/w4sHRbz6Z7z5b9y2OWjrCwsP78wws2+YSmHQdb+d0srq2vpGebOytb2zu1fdP3g0SaY5tHgiE90JmQEpFLRQoIROqoHFoYR2OLqd1ttPoI1I1AOOUwhiNlAiEpyhtfyQXtMz6uMQkPWqNbfuzkSXwSugRgo1e9Uvv5/wLAaFXDJjup6bYpAzjYJLmFT8zEDK+IgNoGtRsRhMkM9untAT6/RplGj7FNKZ+3siZ7Ex4zi0nTHDoVmsTc3/at0Mo6sgFyrNEBSfL4oySTGh0wBoX2jgKMcWGNfC3kr5kGnG0cZUsSF4i19ehsfzumf5/qLWuCniKJMjckxOiUcuSYPckSZpEU5S8kxeyZuTOS/Ou/Mxby05xcwh+SPn8wdTHpCQ</latexit><latexit sha1_base64="DCslSBKTzJPCossa3lI7E6Re1xA=">AAAB83icbZBNS8NAEIY39avWr6pHL4tF8GJJRNCLUPTisYK1hSaUzXbSLt1swu5EKKF/w4sHRbz6Z7z5b9y2OWjrCwsP78wws2+YSmHQdb+d0srq2vpGebOytb2zu1fdP3g0SaY5tHgiE90JmQEpFLRQoIROqoHFoYR2OLqd1ttPoI1I1AOOUwhiNlAiEpyhtfyQXtMz6uMQkPWqNbfuzkSXwSugRgo1e9Uvv5/wLAaFXDJjup6bYpAzjYJLmFT8zEDK+IgNoGtRsRhMkM9untAT6/RplGj7FNKZ+3siZ7Ex4zi0nTHDoVmsTc3/at0Mo6sgFyrNEBSfL4oySTGh0wBoX2jgKMcWGNfC3kr5kGnG0cZUsSF4i19ehsfzumf5/qLWuCniKJMjckxOiUcuSYPckSZpEU5S8kxeyZuTOS/Ou/Mxby05xcwh+SPn8wdTHpCQ</latexit>

• Common notation (in most modern texts): define the bias unit separately 
• However, often inconvenient for mathematical notation 

General Notation for Single-Layer Neural Networks

23

�(z) =

(
0, z  0

1, z > 0
<latexit sha1_base64="T1uilhZzWsdKA050UzjQrhpqtEw="></latexit><latexit sha1_base64="T1uilhZzWsdKA050UzjQrhpqtEw="></latexit><latexit sha1_base64="T1uilhZzWsdKA050UzjQrhpqtEw="></latexit><latexit sha1_base64="T1uilhZzWsdKA050UzjQrhpqtEw="></latexit>

�

 
mX

i=1

xiwi + b

!
= �

�
xTw + b

�
= ŷ

<latexit sha1_base64="5F4RtKSwN6gLVNG6+drmzi7FRow="></latexit><latexit sha1_base64="5F4RtKSwN6gLVNG6+drmzi7FRow="></latexit><latexit sha1_base64="5F4RtKSwN6gLVNG6+drmzi7FRow="></latexit><latexit sha1_base64="5F4RtKSwN6gLVNG6+drmzi7FRow="></latexit>

"separate" bias unit
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w0
<latexit sha1_base64="bcuIWy+A2payM+NYYhRXc5O7Jx8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+m6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwiojZ4=</latexit><latexit sha1_base64="bcuIWy+A2payM+NYYhRXc5O7Jx8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+m6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwiojZ4=</latexit><latexit sha1_base64="bcuIWy+A2payM+NYYhRXc5O7Jx8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+m6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwiojZ4=</latexit><latexit sha1_base64="bcuIWy+A2payM+NYYhRXc5O7Jx8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+m6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwiojZ4=</latexit>

X
<latexit sha1_base64="0Hc81E1zKREVtkdUaco0RSs+Ymk=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49tZ/fGJGysS/YCTlIeKDrWIBaM4s3o2U/1qza/7c5FVCAqoQaFmv/rVGyQsU1wjk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DTRW3YT7fdUrOnDMgcWLc00jm7u+JnCprJypynYriyC7XZuZ/tW6G8XWYC51myDVbfBRnkmBCZoeTgTCcoZw4oMwItythI2ooQxdPxYUQLJ+8Cu2LeuD4/rLWuCniKMMJnMI5BHAFDbiDJrSAwQie4RXePOW9eO/ex6K15BUzx/BH3ucPMe2OUw==</latexit><latexit sha1_base64="0Hc81E1zKREVtkdUaco0RSs+Ymk=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49tZ/fGJGysS/YCTlIeKDrWIBaM4s3o2U/1qza/7c5FVCAqoQaFmv/rVGyQsU1wjk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DTRW3YT7fdUrOnDMgcWLc00jm7u+JnCprJypynYriyC7XZuZ/tW6G8XWYC51myDVbfBRnkmBCZoeTgTCcoZw4oMwItythI2ooQxdPxYUQLJ+8Cu2LeuD4/rLWuCniKMMJnMI5BHAFDbiDJrSAwQie4RXePOW9eO/ex6K15BUzx/BH3ucPMe2OUw==</latexit><latexit sha1_base64="0Hc81E1zKREVtkdUaco0RSs+Ymk=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49tZ/fGJGysS/YCTlIeKDrWIBaM4s3o2U/1qza/7c5FVCAqoQaFmv/rVGyQsU1wjk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DTRW3YT7fdUrOnDMgcWLc00jm7u+JnCprJypynYriyC7XZuZ/tW6G8XWYC51myDVbfBRnkmBCZoeTgTCcoZw4oMwItythI2ooQxdPxYUQLJ+8Cu2LeuD4/rLWuCniKMMJnMI5BHAFDbiDJrSAwQie4RXePOW9eO/ex6K15BUzx/BH3ucPMe2OUw==</latexit><latexit sha1_base64="0Hc81E1zKREVtkdUaco0RSs+Ymk=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49tZ/fGJGysS/YCTlIeKDrWIBaM4s3o2U/1qza/7c5FVCAqoQaFmv/rVGyQsU1wjk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DTRW3YT7fdUrOnDMgcWLc00jm7u+JnCprJypynYriyC7XZuZ/tW6G8XWYC51myDVbfBRnkmBCZoeTgTCcoZw4oMwItythI2ooQxdPxYUQLJ+8Cu2LeuD4/rLWuCniKMMJnMI5BHAFDbiDJrSAwQie4RXePOW9eO/ex6K15BUzx/BH3ucPMe2OUw==</latexit>

�
<latexit sha1_base64="dwm2weui/za/rSvUQ73K/Rk4/5k=">AAAB7XicbZDLSgMxFIbP1Futt1GXboJFcFVmRNBl0Y3LCvYC7VAyaaaNzWVIMkIZ+g5uXCji1vdx59uYtrPQ1h8CH/85h5zzxylnxgbBt1daW9/Y3CpvV3Z29/YP/MOjllGZJrRJFFe6E2NDOZO0aZnltJNqikXMaTse387q7SeqDVPywU5SGgk8lCxhBFtntXqGDQXu+9WgFsyFViEsoAqFGn3/qzdQJBNUWsKxMd0wSG2UY20Z4XRa6WWGppiM8ZB2HUosqIny+bZTdOacAUqUdk9aNHd/T+RYGDMRsesU2I7Mcm1m/lfrZja5jnIm08xSSRYfJRlHVqHZ6WjANCWWTxxgopnbFZER1phYF1DFhRAun7wKrYta6Pj+slq/KeIowwmcwjmEcAV1uIMGNIHAIzzDK7x5ynvx3r2PRWvJK2aO4Y+8zx+cYY8j</latexit><latexit sha1_base64="dwm2weui/za/rSvUQ73K/Rk4/5k=">AAAB7XicbZDLSgMxFIbP1Futt1GXboJFcFVmRNBl0Y3LCvYC7VAyaaaNzWVIMkIZ+g5uXCji1vdx59uYtrPQ1h8CH/85h5zzxylnxgbBt1daW9/Y3CpvV3Z29/YP/MOjllGZJrRJFFe6E2NDOZO0aZnltJNqikXMaTse387q7SeqDVPywU5SGgk8lCxhBFtntXqGDQXu+9WgFsyFViEsoAqFGn3/qzdQJBNUWsKxMd0wSG2UY20Z4XRa6WWGppiM8ZB2HUosqIny+bZTdOacAUqUdk9aNHd/T+RYGDMRsesU2I7Mcm1m/lfrZja5jnIm08xSSRYfJRlHVqHZ6WjANCWWTxxgopnbFZER1phYF1DFhRAun7wKrYta6Pj+slq/KeIowwmcwjmEcAV1uIMGNIHAIzzDK7x5ynvx3r2PRWvJK2aO4Y+8zx+cYY8j</latexit><latexit sha1_base64="dwm2weui/za/rSvUQ73K/Rk4/5k=">AAAB7XicbZDLSgMxFIbP1Futt1GXboJFcFVmRNBl0Y3LCvYC7VAyaaaNzWVIMkIZ+g5uXCji1vdx59uYtrPQ1h8CH/85h5zzxylnxgbBt1daW9/Y3CpvV3Z29/YP/MOjllGZJrRJFFe6E2NDOZO0aZnltJNqikXMaTse387q7SeqDVPywU5SGgk8lCxhBFtntXqGDQXu+9WgFsyFViEsoAqFGn3/qzdQJBNUWsKxMd0wSG2UY20Z4XRa6WWGppiM8ZB2HUosqIny+bZTdOacAUqUdk9aNHd/T+RYGDMRsesU2I7Mcm1m/lfrZja5jnIm08xSSRYfJRlHVqHZ6WjANCWWTxxgopnbFZER1phYF1DFhRAun7wKrYta6Pj+slq/KeIowwmcwjmEcAV1uIMGNIHAIzzDK7x5ynvx3r2PRWvJK2aO4Y+8zx+cYY8j</latexit><latexit sha1_base64="dwm2weui/za/rSvUQ73K/Rk4/5k=">AAAB7XicbZDLSgMxFIbP1Futt1GXboJFcFVmRNBl0Y3LCvYC7VAyaaaNzWVIMkIZ+g5uXCji1vdx59uYtrPQ1h8CH/85h5zzxylnxgbBt1daW9/Y3CpvV3Z29/YP/MOjllGZJrRJFFe6E2NDOZO0aZnltJNqikXMaTse387q7SeqDVPywU5SGgk8lCxhBFtntXqGDQXu+9WgFsyFViEsoAqFGn3/qzdQJBNUWsKxMd0wSG2UY20Z4XRa6WWGppiM8ZB2HUosqIny+bZTdOacAUqUdk9aNHd/T+RYGDMRsesU2I7Mcm1m/lfrZja5jnIm08xSSRYfJRlHVqHZ6WjANCWWTxxgopnbFZER1phYF1DFhRAun7wKrYta6Pj+slq/KeIowwmcwjmEcAV1uIMGNIHAIzzDK7x5ynvx3r2PRWvJK2aO4Y+8zx+cYY8j</latexit>

...

x1
<latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit>

x2
<latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit>

xm
<latexit sha1_base64="UZ/Cq01CQU77ibJgEHsrgiYApIY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMiuWpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2aijdw=</latexit><latexit sha1_base64="UZ/Cq01CQU77ibJgEHsrgiYApIY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMiuWpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2aijdw=</latexit><latexit sha1_base64="UZ/Cq01CQU77ibJgEHsrgiYApIY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMiuWpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2aijdw=</latexit><latexit sha1_base64="UZ/Cq01CQU77ibJgEHsrgiYApIY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMiuWpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2aijdw=</latexit>

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wm
<latexit sha1_base64="3SltFZgdSbEccduFdJMJ4sVJM+s=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMquUpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2Ucjds=</latexit><latexit sha1_base64="3SltFZgdSbEccduFdJMJ4sVJM+s=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMquUpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2Ucjds=</latexit><latexit sha1_base64="3SltFZgdSbEccduFdJMJ4sVJM+s=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMquUpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2Ucjds=</latexit><latexit sha1_base64="3SltFZgdSbEccduFdJMJ4sVJM+s=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMquUpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2Ucjds=</latexit>

ŷ
<latexit sha1_base64="Vi95YwknFrFzcB5LyqgiYSoMf0U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aZdutmE3YkQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iCRwqDrfjuljc2t7Z3ybmVv/+DwqHp80jFxqhlvs1jGuhdQw6VQvI0CJe8lmtMokLwbTO/m9e4T10bE6hGzhPsRHSsRCkbRWt3BhGKezYbVmlt3FyLr4BVQg0KtYfVrMIpZGnGFTFJj+p6boJ9TjYJJPqsMUsMTyqZ0zPsWFY248fPFujNyYZ0RCWNtn0KycH9P5DQyJosC2xlRnJjV2tz8r9ZPMbzxc6GSFLliy4/CVBKMyfx2MhKaM5SZBcq0sLsSNqGaMrQJVWwI3urJ69C5qnuWH65rzdsijjKcwTlcggcNaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/5Hz+ALHDj8o=</latexit><latexit sha1_base64="Vi95YwknFrFzcB5LyqgiYSoMf0U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aZdutmE3YkQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iCRwqDrfjuljc2t7Z3ybmVv/+DwqHp80jFxqhlvs1jGuhdQw6VQvI0CJe8lmtMokLwbTO/m9e4T10bE6hGzhPsRHSsRCkbRWt3BhGKezYbVmlt3FyLr4BVQg0KtYfVrMIpZGnGFTFJj+p6boJ9TjYJJPqsMUsMTyqZ0zPsWFY248fPFujNyYZ0RCWNtn0KycH9P5DQyJosC2xlRnJjV2tz8r9ZPMbzxc6GSFLliy4/CVBKMyfx2MhKaM5SZBcq0sLsSNqGaMrQJVWwI3urJ69C5qnuWH65rzdsijjKcwTlcggcNaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/5Hz+ALHDj8o=</latexit><latexit sha1_base64="Vi95YwknFrFzcB5LyqgiYSoMf0U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aZdutmE3YkQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iCRwqDrfjuljc2t7Z3ybmVv/+DwqHp80jFxqhlvs1jGuhdQw6VQvI0CJe8lmtMokLwbTO/m9e4T10bE6hGzhPsRHSsRCkbRWt3BhGKezYbVmlt3FyLr4BVQg0KtYfVrMIpZGnGFTFJj+p6boJ9TjYJJPqsMUsMTyqZ0zPsWFY248fPFujNyYZ0RCWNtn0KycH9P5DQyJosC2xlRnJjV2tz8r9ZPMbzxc6GSFLliy4/CVBKMyfx2MhKaM5SZBcq0sLsSNqGaMrQJVWwI3urJ69C5qnuWH65rzdsijjKcwTlcggcNaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/5Hz+ALHDj8o=</latexit><latexit sha1_base64="Vi95YwknFrFzcB5LyqgiYSoMf0U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aZdutmE3YkQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iCRwqDrfjuljc2t7Z3ybmVv/+DwqHp80jFxqhlvs1jGuhdQw6VQvI0CJe8lmtMokLwbTO/m9e4T10bE6hGzhPsRHSsRCkbRWt3BhGKezYbVmlt3FyLr4BVQg0KtYfVrMIpZGnGFTFJj+p6boJ9TjYJJPqsMUsMTyqZ0zPsWFY248fPFujNyYZ0RCWNtn0KycH9P5DQyJosC2xlRnJjV2tz8r9ZPMbzxc6GSFLliy4/CVBKMyfx2MhKaM5SZBcq0sLsSNqGaMrQJVWwI3urJ69C5qnuWH65rzdsijjKcwTlcggcNaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/5Hz+ALHDj8o=</latexit>

Inputs
<latexit sha1_base64="kW2ZbIA+FSvwKPaKbZPllX8WYNo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXvRWwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+m9eaIayNi9YDjhPsR7SsRCkbRWn4H+RNmdypJ0Uy6pbJbcWciy+DlUIZctW7pq9OLWRpxhUxSY9qem6CfUY2CST4pdlLDE8qGtM/bFhWNuPGz2dITcmqdHgljbZ9CMnN/T2Q0MmYcBbYzojgwi7Wp+V+tnWJ45WdiehNXbP5RmEqCMZkmQHpCc4ZybIEyLeyuhA2opgxtTkUbgrd48jI0ziue5fuLcvU6j6MAx3ACZ+DBJVThFmpQBwaP8Ayv8OaMnBfn3fmYt644+cwR/JHz+QONXpKY</latexit><latexit sha1_base64="kW2ZbIA+FSvwKPaKbZPllX8WYNo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXvRWwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+m9eaIayNi9YDjhPsR7SsRCkbRWn4H+RNmdypJ0Uy6pbJbcWciy+DlUIZctW7pq9OLWRpxhUxSY9qem6CfUY2CST4pdlLDE8qGtM/bFhWNuPGz2dITcmqdHgljbZ9CMnN/T2Q0MmYcBbYzojgwi7Wp+V+tnWJ45WdiehNXbP5RmEqCMZkmQHpCc4ZybIEyLeyuhA2opgxtTkUbgrd48jI0ziue5fuLcvU6j6MAx3ACZ+DBJVThFmpQBwaP8Ayv8OaMnBfn3fmYt644+cwR/JHz+QONXpKY</latexit><latexit sha1_base64="kW2ZbIA+FSvwKPaKbZPllX8WYNo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXvRWwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+m9eaIayNi9YDjhPsR7SsRCkbRWn4H+RNmdypJ0Uy6pbJbcWciy+DlUIZctW7pq9OLWRpxhUxSY9qem6CfUY2CST4pdlLDE8qGtM/bFhWNuPGz2dITcmqdHgljbZ9CMnN/T2Q0MmYcBbYzojgwi7Wp+V+tnWJ45WdiehNXbP5RmEqCMZkmQHpCc4ZybIEyLeyuhA2opgxtTkUbgrd48jI0ziue5fuLcvU6j6MAx3ACZ+DBJVThFmpQBwaP8Ayv8OaMnBfn3fmYt644+cwR/JHz+QONXpKY</latexit><latexit sha1_base64="kW2ZbIA+FSvwKPaKbZPllX8WYNo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXvRWwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+m9eaIayNi9YDjhPsR7SsRCkbRWn4H+RNmdypJ0Uy6pbJbcWciy+DlUIZctW7pq9OLWRpxhUxSY9qem6CfUY2CST4pdlLDE8qGtM/bFhWNuPGz2dITcmqdHgljbZ9CMnN/T2Q0MmYcBbYzojgwi7Wp+V+tnWJ45WdiehNXbP5RmEqCMZkmQHpCc4ZybIEyLeyuhA2opgxtTkUbgrd48jI0ziue5fuLcvU6j6MAx3ACZ+DBJVThFmpQBwaP8Ayv8OaMnBfn3fmYt644+cwR/JHz+QONXpKY</latexit>

Output
<latexit sha1_base64="gvQE9cb1Dja5lCiXX5pMwfJapj8=">AAAB9HicbZBNS8NAEIY3ftb6VfXoZbEInkoigh6LXrxZwX5AG8pmO2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWmyPQRsTqAccJ+BHrKxEKztBafgfhCbO7FJMUJ91S2a24M9Fl8HIok1y1bumr04t5GoFCLpkxbc9N0M+YRsElTIqd1EDC+JD1oW1RsQiMn82WntBT6/RoGGv7FNKZ+3siY5Ex4yiwnRHDgVmsTc3/au0Uwys/E8qeBIrPPwpTSTGm0wRoT2jgKMcWGNfC7kr5gGnG0eZUtCF4iycvQ+O84lm+vyhXr/M4CuSYnJAz4pFLUiW3pEbqhJNH8kxeyZszcl6cd+dj3rri5DNH5I+czx+i4ZKm</latexit><latexit sha1_base64="gvQE9cb1Dja5lCiXX5pMwfJapj8=">AAAB9HicbZBNS8NAEIY3ftb6VfXoZbEInkoigh6LXrxZwX5AG8pmO2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWmyPQRsTqAccJ+BHrKxEKztBafgfhCbO7FJMUJ91S2a24M9Fl8HIok1y1bumr04t5GoFCLpkxbc9N0M+YRsElTIqd1EDC+JD1oW1RsQiMn82WntBT6/RoGGv7FNKZ+3siY5Ex4yiwnRHDgVmsTc3/au0Uwys/E8qeBIrPPwpTSTGm0wRoT2jgKMcWGNfC7kr5gGnG0eZUtCF4iycvQ+O84lm+vyhXr/M4CuSYnJAz4pFLUiW3pEbqhJNH8kxeyZszcl6cd+dj3rri5DNH5I+czx+i4ZKm</latexit><latexit sha1_base64="gvQE9cb1Dja5lCiXX5pMwfJapj8=">AAAB9HicbZBNS8NAEIY3ftb6VfXoZbEInkoigh6LXrxZwX5AG8pmO2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWmyPQRsTqAccJ+BHrKxEKztBafgfhCbO7FJMUJ91S2a24M9Fl8HIok1y1bumr04t5GoFCLpkxbc9N0M+YRsElTIqd1EDC+JD1oW1RsQiMn82WntBT6/RoGGv7FNKZ+3siY5Ex4yiwnRHDgVmsTc3/au0Uwys/E8qeBIrPPwpTSTGm0wRoT2jgKMcWGNfC7kr5gGnG0eZUtCF4iycvQ+O84lm+vyhXr/M4CuSYnJAz4pFLUiW3pEbqhJNH8kxeyZszcl6cd+dj3rri5DNH5I+czx+i4ZKm</latexit><latexit sha1_base64="gvQE9cb1Dja5lCiXX5pMwfJapj8=">AAAB9HicbZBNS8NAEIY3ftb6VfXoZbEInkoigh6LXrxZwX5AG8pmO2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWmyPQRsTqAccJ+BHrKxEKztBafgfhCbO7FJMUJ91S2a24M9Fl8HIok1y1bumr04t5GoFCLpkxbc9N0M+YRsElTIqd1EDC+JD1oW1RsQiMn82WntBT6/RoGGv7FNKZ+3siY5Ex4yiwnRHDgVmsTc3/au0Uwys/E8qeBIrPPwpTSTGm0wRoT2jgKMcWGNfC7kr5gGnG0eZUtCF4iycvQ+O84lm+vyhXr/M4CuSYnJAz4pFLUiW3pEbqhJNH8kxeyZszcl6cd+dj3rri5DNH5I+czx+i4ZKm</latexit>

Net input
<latexit sha1_base64="vnW9SOTDG2wSeqwpvMYjb0pYOfc=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBF0W3biSCvYCbSiT6Uk7dHJh5qRYQt/EjQtF3Pom7nwbp2kW2vrDwMd/zmHO+f1ECo2O822V1tY3NrfK25Wd3b39A/vwqKXjVHFo8ljGquMzDVJE0ESBEjqJAhb6Etr++HZeb09AaRFHjzhNwAvZMBKB4AyN1bftHsITZveAVERJirO+XXVqTi66Cm4BVVKo0be/eoOYpyFEyCXTuus6CXoZUyi4hFmll2pIGB+zIXQNRiwE7WX55jN6ZpwBDWJlXoQ0d39PZCzUehr6pjNkONLLtbn5X62bYnDtZflJEPHFR0EqKcZ0HgMdCAUc5dQA40qYXSkfMcU4mrAqJgR3+eRVaF3UXMMPl9X6TRFHmZyQU3JOXHJF6uSONEiTcDIhz+SVvFmZ9WK9Wx+L1pJVzByTP7I+fwD13ZPb</latexit><latexit sha1_base64="vnW9SOTDG2wSeqwpvMYjb0pYOfc=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBF0W3biSCvYCbSiT6Uk7dHJh5qRYQt/EjQtF3Pom7nwbp2kW2vrDwMd/zmHO+f1ECo2O822V1tY3NrfK25Wd3b39A/vwqKXjVHFo8ljGquMzDVJE0ESBEjqJAhb6Etr++HZeb09AaRFHjzhNwAvZMBKB4AyN1bftHsITZveAVERJirO+XXVqTi66Cm4BVVKo0be/eoOYpyFEyCXTuus6CXoZUyi4hFmll2pIGB+zIXQNRiwE7WX55jN6ZpwBDWJlXoQ0d39PZCzUehr6pjNkONLLtbn5X62bYnDtZflJEPHFR0EqKcZ0HgMdCAUc5dQA40qYXSkfMcU4mrAqJgR3+eRVaF3UXMMPl9X6TRFHmZyQU3JOXHJF6uSONEiTcDIhz+SVvFmZ9WK9Wx+L1pJVzByTP7I+fwD13ZPb</latexit><latexit sha1_base64="vnW9SOTDG2wSeqwpvMYjb0pYOfc=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBF0W3biSCvYCbSiT6Uk7dHJh5qRYQt/EjQtF3Pom7nwbp2kW2vrDwMd/zmHO+f1ECo2O822V1tY3NrfK25Wd3b39A/vwqKXjVHFo8ljGquMzDVJE0ESBEjqJAhb6Etr++HZeb09AaRFHjzhNwAvZMBKB4AyN1bftHsITZveAVERJirO+XXVqTi66Cm4BVVKo0be/eoOYpyFEyCXTuus6CXoZUyi4hFmll2pIGB+zIXQNRiwE7WX55jN6ZpwBDWJlXoQ0d39PZCzUehr6pjNkONLLtbn5X62bYnDtZflJEPHFR0EqKcZ0HgMdCAUc5dQA40qYXSkfMcU4mrAqJgR3+eRVaF3UXMMPl9X6TRFHmZyQU3JOXHJF6uSONEiTcDIhz+SVvFmZ9WK9Wx+L1pJVzByTP7I+fwD13ZPb</latexit><latexit sha1_base64="vnW9SOTDG2wSeqwpvMYjb0pYOfc=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBF0W3biSCvYCbSiT6Uk7dHJh5qRYQt/EjQtF3Pom7nwbp2kW2vrDwMd/zmHO+f1ECo2O822V1tY3NrfK25Wd3b39A/vwqKXjVHFo8ljGquMzDVJE0ESBEjqJAhb6Etr++HZeb09AaRFHjzhNwAvZMBKB4AyN1bftHsITZveAVERJirO+XXVqTi66Cm4BVVKo0be/eoOYpyFEyCXTuus6CXoZUyi4hFmll2pIGB+zIXQNRiwE7WX55jN6ZpwBDWJlXoQ0d39PZCzUehr6pjNkONLLtbn5X62bYnDtZflJEPHFR0EqKcZ0HgMdCAUc5dQA40qYXSkfMcU4mrAqJgR3+eRVaF3UXMMPl9X6TRFHmZyQU3JOXHJF6uSONEiTcDIhz+SVvFmZ9WK9Wx+L1pJVzByTP7I+fwD13ZPb</latexit>

Activation
<latexit sha1_base64="yC0dBIEl9qTv0X7X9wtBoMi5o3k=">AAAB+nicbZBNS8NAEIYnftb6lerRS7AInkoigh6rXjxWsB/QhrLZbtulm03YnVRL7E/x4kERr/4Sb/4bt2kO2vrCwsM7M8zsG8SCa3Tdb2tldW19Y7OwVdze2d3bt0sHDR0lirI6jUSkWgHRTHDJ6shRsFasGAkDwZrB6GZWb46Z0jyS9ziJmR+SgeR9Tgkaq2uXOsgeMb2iyMeZNe3aZbfiZnKWwcuhDLlqXfur04toEjKJVBCt254bo58ShZwKNi12Es1iQkdkwNoGJQmZ9tPs9KlzYpye04+UeRKdzP09kZJQ60kYmM6Q4FAv1mbmf7V2gv1LP+UyTpBJOl/UT4SDkTPLwelxxSiKiQFCFTe3OnRIFKFo0iqaELzFLy9D46ziGb47L1ev8zgKcATHcAoeXEAVbqEGdaDwAM/wCm/Wk/VivVsf89YVK585hD+yPn8ADeOUgA==</latexit><latexit sha1_base64="yC0dBIEl9qTv0X7X9wtBoMi5o3k=">AAAB+nicbZBNS8NAEIYnftb6lerRS7AInkoigh6rXjxWsB/QhrLZbtulm03YnVRL7E/x4kERr/4Sb/4bt2kO2vrCwsM7M8zsG8SCa3Tdb2tldW19Y7OwVdze2d3bt0sHDR0lirI6jUSkWgHRTHDJ6shRsFasGAkDwZrB6GZWb46Z0jyS9ziJmR+SgeR9Tgkaq2uXOsgeMb2iyMeZNe3aZbfiZnKWwcuhDLlqXfur04toEjKJVBCt254bo58ShZwKNi12Es1iQkdkwNoGJQmZ9tPs9KlzYpye04+UeRKdzP09kZJQ60kYmM6Q4FAv1mbmf7V2gv1LP+UyTpBJOl/UT4SDkTPLwelxxSiKiQFCFTe3OnRIFKFo0iqaELzFLy9D46ziGb47L1ev8zgKcATHcAoeXEAVbqEGdaDwAM/wCm/Wk/VivVsf89YVK585hD+yPn8ADeOUgA==</latexit><latexit sha1_base64="yC0dBIEl9qTv0X7X9wtBoMi5o3k=">AAAB+nicbZBNS8NAEIYnftb6lerRS7AInkoigh6rXjxWsB/QhrLZbtulm03YnVRL7E/x4kERr/4Sb/4bt2kO2vrCwsM7M8zsG8SCa3Tdb2tldW19Y7OwVdze2d3bt0sHDR0lirI6jUSkWgHRTHDJ6shRsFasGAkDwZrB6GZWb46Z0jyS9ziJmR+SgeR9Tgkaq2uXOsgeMb2iyMeZNe3aZbfiZnKWwcuhDLlqXfur04toEjKJVBCt254bo58ShZwKNi12Es1iQkdkwNoGJQmZ9tPs9KlzYpye04+UeRKdzP09kZJQ60kYmM6Q4FAv1mbmf7V2gv1LP+UyTpBJOl/UT4SDkTPLwelxxSiKiQFCFTe3OnRIFKFo0iqaELzFLy9D46ziGb47L1ev8zgKcATHcAoeXEAVbqEGdaDwAM/wCm/Wk/VivVsf89YVK585hD+yPn8ADeOUgA==</latexit><latexit sha1_base64="yC0dBIEl9qTv0X7X9wtBoMi5o3k=">AAAB+nicbZBNS8NAEIYnftb6lerRS7AInkoigh6rXjxWsB/QhrLZbtulm03YnVRL7E/x4kERr/4Sb/4bt2kO2vrCwsM7M8zsG8SCa3Tdb2tldW19Y7OwVdze2d3bt0sHDR0lirI6jUSkWgHRTHDJ6shRsFasGAkDwZrB6GZWb46Z0jyS9ziJmR+SgeR9Tgkaq2uXOsgeMb2iyMeZNe3aZbfiZnKWwcuhDLlqXfur04toEjKJVBCt254bo58ShZwKNi12Es1iQkdkwNoGJQmZ9tPs9KlzYpye04+UeRKdzP09kZJQ60kYmM6Q4FAv1mbmf7V2gv1LP+UyTpBJOl/UT4SDkTPLwelxxSiKiQFCFTe3OnRIFKFo0iqaELzFLy9D46ziGb47L1ev8zgKcATHcAoeXEAVbqEGdaDwAM/wCm/Wk/VivVsf89YVK585hD+yPn8ADeOUgA==</latexit>

1
<latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit>
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<latexit sha1_base64="f0bK/7uEdS00YtbqG5UODvQhjXQ="></latexit><latexit sha1_base64="f0bK/7uEdS00YtbqG5UODvQhjXQ="></latexit><latexit sha1_base64="f0bK/7uEdS00YtbqG5UODvQhjXQ="></latexit><latexit sha1_base64="f0bK/7uEdS00YtbqG5UODvQhjXQ="></latexit>

�(z) =

(
0 if z < 0

1 if z � 1
<latexit sha1_base64="m1vO6djD/2/n5RhOD3QM1YDZNMw="></latexit><latexit sha1_base64="m1vO6djD/2/n5RhOD3QM1YDZNMw="></latexit><latexit sha1_base64="m1vO6djD/2/n5RhOD3QM1YDZNMw="></latexit><latexit sha1_base64="m1vO6djD/2/n5RhOD3QM1YDZNMw="></latexit>

w0 = �✓
<latexit sha1_base64="uq85eCvkyXNyYkvb4MzxZsICWH4=">AAAB9XicbZBNSwMxEIaz9avWr6pHL8EieLHsiqAXoejFYwX7Ae1asum0Dc1ml2TWUpb+Dy8eFPHqf/HmvzFt96CtLwQe3plhJm8QS2HQdb+d3Mrq2vpGfrOwtb2zu1fcP6ibKNEcajySkW4GzIAUCmooUEIz1sDCQEIjGN5O640n0EZE6gHHMfgh6yvRE5yhtR5HHZde0zPaxgEg6xRLbtmdiS6Dl0GJZKp2il/tbsSTEBRyyYxpeW6Mfso0Ci5hUmgnBmLGh6wPLYuKhWD8dHb1hJ5Yp0t7kbZPIZ25vydSFhozDgPbGTIcmMXa1Pyv1kqwd+WnQsUJguLzRb1EUozoNALaFRo4yrEFxrWwt1I+YJpxtEEVbAje4peXoX5e9izfX5QqN1kceXJEjskp8cglqZA7UiU1wokmz+SVvDkj58V5dz7mrTknmzkkf+R8/gCeDJFI</latexit><latexit sha1_base64="uq85eCvkyXNyYkvb4MzxZsICWH4=">AAAB9XicbZBNSwMxEIaz9avWr6pHL8EieLHsiqAXoejFYwX7Ae1asum0Dc1ml2TWUpb+Dy8eFPHqf/HmvzFt96CtLwQe3plhJm8QS2HQdb+d3Mrq2vpGfrOwtb2zu1fcP6ibKNEcajySkW4GzIAUCmooUEIz1sDCQEIjGN5O640n0EZE6gHHMfgh6yvRE5yhtR5HHZde0zPaxgEg6xRLbtmdiS6Dl0GJZKp2il/tbsSTEBRyyYxpeW6Mfso0Ci5hUmgnBmLGh6wPLYuKhWD8dHb1hJ5Yp0t7kbZPIZ25vydSFhozDgPbGTIcmMXa1Pyv1kqwd+WnQsUJguLzRb1EUozoNALaFRo4yrEFxrWwt1I+YJpxtEEVbAje4peXoX5e9izfX5QqN1kceXJEjskp8cglqZA7UiU1wokmz+SVvDkj58V5dz7mrTknmzkkf+R8/gCeDJFI</latexit><latexit sha1_base64="uq85eCvkyXNyYkvb4MzxZsICWH4=">AAAB9XicbZBNSwMxEIaz9avWr6pHL8EieLHsiqAXoejFYwX7Ae1asum0Dc1ml2TWUpb+Dy8eFPHqf/HmvzFt96CtLwQe3plhJm8QS2HQdb+d3Mrq2vpGfrOwtb2zu1fcP6ibKNEcajySkW4GzIAUCmooUEIz1sDCQEIjGN5O640n0EZE6gHHMfgh6yvRE5yhtR5HHZde0zPaxgEg6xRLbtmdiS6Dl0GJZKp2il/tbsSTEBRyyYxpeW6Mfso0Ci5hUmgnBmLGh6wPLYuKhWD8dHb1hJ5Yp0t7kbZPIZ25vydSFhozDgPbGTIcmMXa1Pyv1kqwd+WnQsUJguLzRb1EUozoNALaFRo4yrEFxrWwt1I+YJpxtEEVbAje4peXoX5e9izfX5QqN1kceXJEjskp8cglqZA7UiU1wokmz+SVvDkj58V5dz7mrTknmzkkf+R8/gCeDJFI</latexit><latexit sha1_base64="uq85eCvkyXNyYkvb4MzxZsICWH4=">AAAB9XicbZBNSwMxEIaz9avWr6pHL8EieLHsiqAXoejFYwX7Ae1asum0Dc1ml2TWUpb+Dy8eFPHqf/HmvzFt96CtLwQe3plhJm8QS2HQdb+d3Mrq2vpGfrOwtb2zu1fcP6ibKNEcajySkW4GzIAUCmooUEIz1sDCQEIjGN5O640n0EZE6gHHMfgh6yvRE5yhtR5HHZde0zPaxgEg6xRLbtmdiS6Dl0GJZKp2il/tbsSTEBRyyYxpeW6Mfso0Ci5hUmgnBmLGh6wPLYuKhWD8dHb1hJ5Yp0t7kbZPIZ25vydSFhozDgPbGTIcmMXa1Pyv1kqwd+WnQsUJguLzRb1EUozoNALaFRo4yrEFxrWwt1I+YJpxtEEVbAje4peXoX5e9izfX5QqN1kceXJEjskp8cglqZA7UiU1wokmz+SVvDkj58V5dz7mrTknmzkkf+R8/gCeDJFI</latexit>

General Notation for Single-Layer Neural Networks

24

• Often more convenient notation: define bias unit as  and 
prepend a 1 to each input vector as an additional "feature" value 

• Modifying input vectors is more inconvenient/inefficient coding-wise, though

w0

�(z) =

(
0, z  0

1, z > 0
<latexit sha1_base64="T1uilhZzWsdKA050UzjQrhpqtEw="></latexit><latexit sha1_base64="T1uilhZzWsdKA050UzjQrhpqtEw="></latexit><latexit sha1_base64="T1uilhZzWsdKA050UzjQrhpqtEw="></latexit><latexit sha1_base64="T1uilhZzWsdKA050UzjQrhpqtEw="></latexit>

bias unit "included" as w0
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<latexit sha1_base64="BH/HYJUE4C1169iQOnZ0f4abNuU="></latexit>
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w0
<latexit sha1_base64="bcuIWy+A2payM+NYYhRXc5O7Jx8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+m6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwiojZ4=</latexit><latexit sha1_base64="bcuIWy+A2payM+NYYhRXc5O7Jx8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+m6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwiojZ4=</latexit><latexit sha1_base64="bcuIWy+A2payM+NYYhRXc5O7Jx8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+m6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwiojZ4=</latexit><latexit sha1_base64="bcuIWy+A2payM+NYYhRXc5O7Jx8=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+m6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwiojZ4=</latexit>

X
<latexit sha1_base64="0Hc81E1zKREVtkdUaco0RSs+Ymk=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49tZ/fGJGysS/YCTlIeKDrWIBaM4s3o2U/1qza/7c5FVCAqoQaFmv/rVGyQsU1wjk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DTRW3YT7fdUrOnDMgcWLc00jm7u+JnCprJypynYriyC7XZuZ/tW6G8XWYC51myDVbfBRnkmBCZoeTgTCcoZw4oMwItythI2ooQxdPxYUQLJ+8Cu2LeuD4/rLWuCniKMMJnMI5BHAFDbiDJrSAwQie4RXePOW9eO/ex6K15BUzx/BH3ucPMe2OUw==</latexit><latexit sha1_base64="0Hc81E1zKREVtkdUaco0RSs+Ymk=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49tZ/fGJGysS/YCTlIeKDrWIBaM4s3o2U/1qza/7c5FVCAqoQaFmv/rVGyQsU1wjk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DTRW3YT7fdUrOnDMgcWLc00jm7u+JnCprJypynYriyC7XZuZ/tW6G8XWYC51myDVbfBRnkmBCZoeTgTCcoZw4oMwItythI2ooQxdPxYUQLJ+8Cu2LeuD4/rLWuCniKMMJnMI5BHAFDbiDJrSAwQie4RXePOW9eO/ex6K15BUzx/BH3ucPMe2OUw==</latexit><latexit sha1_base64="0Hc81E1zKREVtkdUaco0RSs+Ymk=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49tZ/fGJGysS/YCTlIeKDrWIBaM4s3o2U/1qza/7c5FVCAqoQaFmv/rVGyQsU1wjk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DTRW3YT7fdUrOnDMgcWLc00jm7u+JnCprJypynYriyC7XZuZ/tW6G8XWYC51myDVbfBRnkmBCZoeTgTCcoZw4oMwItythI2ooQxdPxYUQLJ+8Cu2LeuD4/rLWuCniKMMJnMI5BHAFDbiDJrSAwQie4RXePOW9eO/ex6K15BUzx/BH3ucPMe2OUw==</latexit><latexit sha1_base64="0Hc81E1zKREVtkdUaco0RSs+Ymk=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk02wbmmSXZFYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0qlsOj7315pbX1jc6u8XdnZ3ds/qB4etW2SGcZbLJGJ6UTUcik0b6FAyTup4VRFkj9G49tZ/fGJGysS/YCTlIeKDrWIBaM4s3o2U/1qza/7c5FVCAqoQaFmv/rVGyQsU1wjk9TabuCnGObUoGCSTyu9zPKUsjEd8q5DTRW3YT7fdUrOnDMgcWLc00jm7u+JnCprJypynYriyC7XZuZ/tW6G8XWYC51myDVbfBRnkmBCZoeTgTCcoZw4oMwItythI2ooQxdPxYUQLJ+8Cu2LeuD4/rLWuCniKMMJnMI5BHAFDbiDJrSAwQie4RXePOW9eO/ex6K15BUzx/BH3ucPMe2OUw==</latexit>

�
<latexit sha1_base64="dwm2weui/za/rSvUQ73K/Rk4/5k=">AAAB7XicbZDLSgMxFIbP1Futt1GXboJFcFVmRNBl0Y3LCvYC7VAyaaaNzWVIMkIZ+g5uXCji1vdx59uYtrPQ1h8CH/85h5zzxylnxgbBt1daW9/Y3CpvV3Z29/YP/MOjllGZJrRJFFe6E2NDOZO0aZnltJNqikXMaTse387q7SeqDVPywU5SGgk8lCxhBFtntXqGDQXu+9WgFsyFViEsoAqFGn3/qzdQJBNUWsKxMd0wSG2UY20Z4XRa6WWGppiM8ZB2HUosqIny+bZTdOacAUqUdk9aNHd/T+RYGDMRsesU2I7Mcm1m/lfrZja5jnIm08xSSRYfJRlHVqHZ6WjANCWWTxxgopnbFZER1phYF1DFhRAun7wKrYta6Pj+slq/KeIowwmcwjmEcAV1uIMGNIHAIzzDK7x5ynvx3r2PRWvJK2aO4Y+8zx+cYY8j</latexit><latexit sha1_base64="dwm2weui/za/rSvUQ73K/Rk4/5k=">AAAB7XicbZDLSgMxFIbP1Futt1GXboJFcFVmRNBl0Y3LCvYC7VAyaaaNzWVIMkIZ+g5uXCji1vdx59uYtrPQ1h8CH/85h5zzxylnxgbBt1daW9/Y3CpvV3Z29/YP/MOjllGZJrRJFFe6E2NDOZO0aZnltJNqikXMaTse387q7SeqDVPywU5SGgk8lCxhBFtntXqGDQXu+9WgFsyFViEsoAqFGn3/qzdQJBNUWsKxMd0wSG2UY20Z4XRa6WWGppiM8ZB2HUosqIny+bZTdOacAUqUdk9aNHd/T+RYGDMRsesU2I7Mcm1m/lfrZja5jnIm08xSSRYfJRlHVqHZ6WjANCWWTxxgopnbFZER1phYF1DFhRAun7wKrYta6Pj+slq/KeIowwmcwjmEcAV1uIMGNIHAIzzDK7x5ynvx3r2PRWvJK2aO4Y+8zx+cYY8j</latexit><latexit sha1_base64="dwm2weui/za/rSvUQ73K/Rk4/5k=">AAAB7XicbZDLSgMxFIbP1Futt1GXboJFcFVmRNBl0Y3LCvYC7VAyaaaNzWVIMkIZ+g5uXCji1vdx59uYtrPQ1h8CH/85h5zzxylnxgbBt1daW9/Y3CpvV3Z29/YP/MOjllGZJrRJFFe6E2NDOZO0aZnltJNqikXMaTse387q7SeqDVPywU5SGgk8lCxhBFtntXqGDQXu+9WgFsyFViEsoAqFGn3/qzdQJBNUWsKxMd0wSG2UY20Z4XRa6WWGppiM8ZB2HUosqIny+bZTdOacAUqUdk9aNHd/T+RYGDMRsesU2I7Mcm1m/lfrZja5jnIm08xSSRYfJRlHVqHZ6WjANCWWTxxgopnbFZER1phYF1DFhRAun7wKrYta6Pj+slq/KeIowwmcwjmEcAV1uIMGNIHAIzzDK7x5ynvx3r2PRWvJK2aO4Y+8zx+cYY8j</latexit><latexit sha1_base64="dwm2weui/za/rSvUQ73K/Rk4/5k=">AAAB7XicbZDLSgMxFIbP1Futt1GXboJFcFVmRNBl0Y3LCvYC7VAyaaaNzWVIMkIZ+g5uXCji1vdx59uYtrPQ1h8CH/85h5zzxylnxgbBt1daW9/Y3CpvV3Z29/YP/MOjllGZJrRJFFe6E2NDOZO0aZnltJNqikXMaTse387q7SeqDVPywU5SGgk8lCxhBFtntXqGDQXu+9WgFsyFViEsoAqFGn3/qzdQJBNUWsKxMd0wSG2UY20Z4XRa6WWGppiM8ZB2HUosqIny+bZTdOacAUqUdk9aNHd/T+RYGDMRsesU2I7Mcm1m/lfrZja5jnIm08xSSRYfJRlHVqHZ6WjANCWWTxxgopnbFZER1phYF1DFhRAun7wKrYta6Pj+slq/KeIowwmcwjmEcAV1uIMGNIHAIzzDK7x5ynvx3r2PRWvJK2aO4Y+8zx+cYY8j</latexit>

...

x1
<latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit>

x2
<latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit>

xm
<latexit sha1_base64="UZ/Cq01CQU77ibJgEHsrgiYApIY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMiuWpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2aijdw=</latexit><latexit sha1_base64="UZ/Cq01CQU77ibJgEHsrgiYApIY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMiuWpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2aijdw=</latexit><latexit sha1_base64="UZ/Cq01CQU77ibJgEHsrgiYApIY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMiuWpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2aijdw=</latexit><latexit sha1_base64="UZ/Cq01CQU77ibJgEHsrgiYApIY=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMiuWpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2aijdw=</latexit>

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wm
<latexit sha1_base64="3SltFZgdSbEccduFdJMJ4sVJM+s=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMquUpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2Ucjds=</latexit><latexit sha1_base64="3SltFZgdSbEccduFdJMJ4sVJM+s=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMquUpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2Ucjds=</latexit><latexit sha1_base64="3SltFZgdSbEccduFdJMJ4sVJM+s=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMquUpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2Ucjds=</latexit><latexit sha1_base64="3SltFZgdSbEccduFdJMJ4sVJM+s=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk07QNTbJLMquUpT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtCJquRSaN1Cg5K3EcKoiyR+i0fW0/vDIjRWxvsdxwkNFB1r0BaPorLunruqWK37Vn4ksQ5BDBXLVu+WvTi9mqeIamaTWtgM/wTCjBgWTfFLqpJYnlI3ogLcdaqq4DbPZqhNy4pwe6cfGPY1k5v6eyKiydqwi16koDu1ibWr+V2un2L8MM6GTFLlm84/6qSQYk+ndpCcMZyjHDigzwu1K2JAaytClU3IhBIsnL0PzrBo4vj2v1K7yOIpwBMdwCgFcQA1uoA4NYDCAZ3iFN096L9679zFvLXj5zCH8kff5A2Ucjds=</latexit>

ŷ
<latexit sha1_base64="Vi95YwknFrFzcB5LyqgiYSoMf0U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aZdutmE3YkQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iCRwqDrfjuljc2t7Z3ybmVv/+DwqHp80jFxqhlvs1jGuhdQw6VQvI0CJe8lmtMokLwbTO/m9e4T10bE6hGzhPsRHSsRCkbRWt3BhGKezYbVmlt3FyLr4BVQg0KtYfVrMIpZGnGFTFJj+p6boJ9TjYJJPqsMUsMTyqZ0zPsWFY248fPFujNyYZ0RCWNtn0KycH9P5DQyJosC2xlRnJjV2tz8r9ZPMbzxc6GSFLliy4/CVBKMyfx2MhKaM5SZBcq0sLsSNqGaMrQJVWwI3urJ69C5qnuWH65rzdsijjKcwTlcggcNaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/5Hz+ALHDj8o=</latexit><latexit sha1_base64="Vi95YwknFrFzcB5LyqgiYSoMf0U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aZdutmE3YkQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iCRwqDrfjuljc2t7Z3ybmVv/+DwqHp80jFxqhlvs1jGuhdQw6VQvI0CJe8lmtMokLwbTO/m9e4T10bE6hGzhPsRHSsRCkbRWt3BhGKezYbVmlt3FyLr4BVQg0KtYfVrMIpZGnGFTFJj+p6boJ9TjYJJPqsMUsMTyqZ0zPsWFY248fPFujNyYZ0RCWNtn0KycH9P5DQyJosC2xlRnJjV2tz8r9ZPMbzxc6GSFLliy4/CVBKMyfx2MhKaM5SZBcq0sLsSNqGaMrQJVWwI3urJ69C5qnuWH65rzdsijjKcwTlcggcNaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/5Hz+ALHDj8o=</latexit><latexit sha1_base64="Vi95YwknFrFzcB5LyqgiYSoMf0U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aZdutmE3YkQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iCRwqDrfjuljc2t7Z3ybmVv/+DwqHp80jFxqhlvs1jGuhdQw6VQvI0CJe8lmtMokLwbTO/m9e4T10bE6hGzhPsRHSsRCkbRWt3BhGKezYbVmlt3FyLr4BVQg0KtYfVrMIpZGnGFTFJj+p6boJ9TjYJJPqsMUsMTyqZ0zPsWFY248fPFujNyYZ0RCWNtn0KycH9P5DQyJosC2xlRnJjV2tz8r9ZPMbzxc6GSFLliy4/CVBKMyfx2MhKaM5SZBcq0sLsSNqGaMrQJVWwI3urJ69C5qnuWH65rzdsijjKcwTlcggcNaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/5Hz+ALHDj8o=</latexit><latexit sha1_base64="Vi95YwknFrFzcB5LyqgiYSoMf0U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjBfsBbSib7aZdutmE3YkQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3iCRwqDrfjuljc2t7Z3ybmVv/+DwqHp80jFxqhlvs1jGuhdQw6VQvI0CJe8lmtMokLwbTO/m9e4T10bE6hGzhPsRHSsRCkbRWt3BhGKezYbVmlt3FyLr4BVQg0KtYfVrMIpZGnGFTFJj+p6boJ9TjYJJPqsMUsMTyqZ0zPsWFY248fPFujNyYZ0RCWNtn0KycH9P5DQyJosC2xlRnJjV2tz8r9ZPMbzxc6GSFLliy4/CVBKMyfx2MhKaM5SZBcq0sLsSNqGaMrQJVWwI3urJ69C5qnuWH65rzdsijjKcwTlcggcNaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/5Hz+ALHDj8o=</latexit>

Inputs
<latexit sha1_base64="kW2ZbIA+FSvwKPaKbZPllX8WYNo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXvRWwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+m9eaIayNi9YDjhPsR7SsRCkbRWn4H+RNmdypJ0Uy6pbJbcWciy+DlUIZctW7pq9OLWRpxhUxSY9qem6CfUY2CST4pdlLDE8qGtM/bFhWNuPGz2dITcmqdHgljbZ9CMnN/T2Q0MmYcBbYzojgwi7Wp+V+tnWJ45WdiehNXbP5RmEqCMZkmQHpCc4ZybIEyLeyuhA2opgxtTkUbgrd48jI0ziue5fuLcvU6j6MAx3ACZ+DBJVThFmpQBwaP8Ayv8OaMnBfn3fmYt644+cwR/JHz+QONXpKY</latexit><latexit sha1_base64="kW2ZbIA+FSvwKPaKbZPllX8WYNo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXvRWwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+m9eaIayNi9YDjhPsR7SsRCkbRWn4H+RNmdypJ0Uy6pbJbcWciy+DlUIZctW7pq9OLWRpxhUxSY9qem6CfUY2CST4pdlLDE8qGtM/bFhWNuPGz2dITcmqdHgljbZ9CMnN/T2Q0MmYcBbYzojgwi7Wp+V+tnWJ45WdiehNXbP5RmEqCMZkmQHpCc4ZybIEyLeyuhA2opgxtTkUbgrd48jI0ziue5fuLcvU6j6MAx3ACZ+DBJVThFmpQBwaP8Ayv8OaMnBfn3fmYt644+cwR/JHz+QONXpKY</latexit><latexit sha1_base64="kW2ZbIA+FSvwKPaKbZPllX8WYNo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXvRWwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+m9eaIayNi9YDjhPsR7SsRCkbRWn4H+RNmdypJ0Uy6pbJbcWciy+DlUIZctW7pq9OLWRpxhUxSY9qem6CfUY2CST4pdlLDE8qGtM/bFhWNuPGz2dITcmqdHgljbZ9CMnN/T2Q0MmYcBbYzojgwi7Wp+V+tnWJ45WdiehNXbP5RmEqCMZkmQHpCc4ZybIEyLeyuhA2opgxtTkUbgrd48jI0ziue5fuLcvU6j6MAx3ACZ+DBJVThFmpQBwaP8Ayv8OaMnBfn3fmYt644+cwR/JHz+QONXpKY</latexit><latexit sha1_base64="kW2ZbIA+FSvwKPaKbZPllX8WYNo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXvRWwX5AG8pmu2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+m9eaIayNi9YDjhPsR7SsRCkbRWn4H+RNmdypJ0Uy6pbJbcWciy+DlUIZctW7pq9OLWRpxhUxSY9qem6CfUY2CST4pdlLDE8qGtM/bFhWNuPGz2dITcmqdHgljbZ9CMnN/T2Q0MmYcBbYzojgwi7Wp+V+tnWJ45WdiehNXbP5RmEqCMZkmQHpCc4ZybIEyLeyuhA2opgxtTkUbgrd48jI0ziue5fuLcvU6j6MAx3ACZ+DBJVThFmpQBwaP8Ayv8OaMnBfn3fmYt644+cwR/JHz+QONXpKY</latexit>

Output
<latexit sha1_base64="gvQE9cb1Dja5lCiXX5pMwfJapj8=">AAAB9HicbZBNS8NAEIY3ftb6VfXoZbEInkoigh6LXrxZwX5AG8pmO2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWmyPQRsTqAccJ+BHrKxEKztBafgfhCbO7FJMUJ91S2a24M9Fl8HIok1y1bumr04t5GoFCLpkxbc9N0M+YRsElTIqd1EDC+JD1oW1RsQiMn82WntBT6/RoGGv7FNKZ+3siY5Ex4yiwnRHDgVmsTc3/au0Uwys/E8qeBIrPPwpTSTGm0wRoT2jgKMcWGNfC7kr5gGnG0eZUtCF4iycvQ+O84lm+vyhXr/M4CuSYnJAz4pFLUiW3pEbqhJNH8kxeyZszcl6cd+dj3rri5DNH5I+czx+i4ZKm</latexit><latexit sha1_base64="gvQE9cb1Dja5lCiXX5pMwfJapj8=">AAAB9HicbZBNS8NAEIY3ftb6VfXoZbEInkoigh6LXrxZwX5AG8pmO2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWmyPQRsTqAccJ+BHrKxEKztBafgfhCbO7FJMUJ91S2a24M9Fl8HIok1y1bumr04t5GoFCLpkxbc9N0M+YRsElTIqd1EDC+JD1oW1RsQiMn82WntBT6/RoGGv7FNKZ+3siY5Ex4yiwnRHDgVmsTc3/au0Uwys/E8qeBIrPPwpTSTGm0wRoT2jgKMcWGNfC7kr5gGnG0eZUtCF4iycvQ+O84lm+vyhXr/M4CuSYnJAz4pFLUiW3pEbqhJNH8kxeyZszcl6cd+dj3rri5DNH5I+czx+i4ZKm</latexit><latexit sha1_base64="gvQE9cb1Dja5lCiXX5pMwfJapj8=">AAAB9HicbZBNS8NAEIY3ftb6VfXoZbEInkoigh6LXrxZwX5AG8pmO2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWmyPQRsTqAccJ+BHrKxEKztBafgfhCbO7FJMUJ91S2a24M9Fl8HIok1y1bumr04t5GoFCLpkxbc9N0M+YRsElTIqd1EDC+JD1oW1RsQiMn82WntBT6/RoGGv7FNKZ+3siY5Ex4yiwnRHDgVmsTc3/au0Uwys/E8qeBIrPPwpTSTGm0wRoT2jgKMcWGNfC7kr5gGnG0eZUtCF4iycvQ+O84lm+vyhXr/M4CuSYnJAz4pFLUiW3pEbqhJNH8kxeyZszcl6cd+dj3rri5DNH5I+czx+i4ZKm</latexit><latexit sha1_base64="gvQE9cb1Dja5lCiXX5pMwfJapj8=">AAAB9HicbZBNS8NAEIY3ftb6VfXoZbEInkoigh6LXrxZwX5AG8pmO2mXbjZxd1Isob/DiwdFvPpjvPlv3LY5aOsLCw/vzLAzb5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqjnUeSxj3QqYASkU1FGghFaigUWBhGYwvJnWmyPQRsTqAccJ+BHrKxEKztBafgfhCbO7FJMUJ91S2a24M9Fl8HIok1y1bumr04t5GoFCLpkxbc9N0M+YRsElTIqd1EDC+JD1oW1RsQiMn82WntBT6/RoGGv7FNKZ+3siY5Ex4yiwnRHDgVmsTc3/au0Uwys/E8qeBIrPPwpTSTGm0wRoT2jgKMcWGNfC7kr5gGnG0eZUtCF4iycvQ+O84lm+vyhXr/M4CuSYnJAz4pFLUiW3pEbqhJNH8kxeyZszcl6cd+dj3rri5DNH5I+czx+i4ZKm</latexit>

Net input
<latexit sha1_base64="vnW9SOTDG2wSeqwpvMYjb0pYOfc=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBF0W3biSCvYCbSiT6Uk7dHJh5qRYQt/EjQtF3Pom7nwbp2kW2vrDwMd/zmHO+f1ECo2O822V1tY3NrfK25Wd3b39A/vwqKXjVHFo8ljGquMzDVJE0ESBEjqJAhb6Etr++HZeb09AaRFHjzhNwAvZMBKB4AyN1bftHsITZveAVERJirO+XXVqTi66Cm4BVVKo0be/eoOYpyFEyCXTuus6CXoZUyi4hFmll2pIGB+zIXQNRiwE7WX55jN6ZpwBDWJlXoQ0d39PZCzUehr6pjNkONLLtbn5X62bYnDtZflJEPHFR0EqKcZ0HgMdCAUc5dQA40qYXSkfMcU4mrAqJgR3+eRVaF3UXMMPl9X6TRFHmZyQU3JOXHJF6uSONEiTcDIhz+SVvFmZ9WK9Wx+L1pJVzByTP7I+fwD13ZPb</latexit><latexit sha1_base64="vnW9SOTDG2wSeqwpvMYjb0pYOfc=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBF0W3biSCvYCbSiT6Uk7dHJh5qRYQt/EjQtF3Pom7nwbp2kW2vrDwMd/zmHO+f1ECo2O822V1tY3NrfK25Wd3b39A/vwqKXjVHFo8ljGquMzDVJE0ESBEjqJAhb6Etr++HZeb09AaRFHjzhNwAvZMBKB4AyN1bftHsITZveAVERJirO+XXVqTi66Cm4BVVKo0be/eoOYpyFEyCXTuus6CXoZUyi4hFmll2pIGB+zIXQNRiwE7WX55jN6ZpwBDWJlXoQ0d39PZCzUehr6pjNkONLLtbn5X62bYnDtZflJEPHFR0EqKcZ0HgMdCAUc5dQA40qYXSkfMcU4mrAqJgR3+eRVaF3UXMMPl9X6TRFHmZyQU3JOXHJF6uSONEiTcDIhz+SVvFmZ9WK9Wx+L1pJVzByTP7I+fwD13ZPb</latexit><latexit sha1_base64="vnW9SOTDG2wSeqwpvMYjb0pYOfc=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBF0W3biSCvYCbSiT6Uk7dHJh5qRYQt/EjQtF3Pom7nwbp2kW2vrDwMd/zmHO+f1ECo2O822V1tY3NrfK25Wd3b39A/vwqKXjVHFo8ljGquMzDVJE0ESBEjqJAhb6Etr++HZeb09AaRFHjzhNwAvZMBKB4AyN1bftHsITZveAVERJirO+XXVqTi66Cm4BVVKo0be/eoOYpyFEyCXTuus6CXoZUyi4hFmll2pIGB+zIXQNRiwE7WX55jN6ZpwBDWJlXoQ0d39PZCzUehr6pjNkONLLtbn5X62bYnDtZflJEPHFR0EqKcZ0HgMdCAUc5dQA40qYXSkfMcU4mrAqJgR3+eRVaF3UXMMPl9X6TRFHmZyQU3JOXHJF6uSONEiTcDIhz+SVvFmZ9WK9Wx+L1pJVzByTP7I+fwD13ZPb</latexit><latexit sha1_base64="vnW9SOTDG2wSeqwpvMYjb0pYOfc=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEBF0W3biSCvYCbSiT6Uk7dHJh5qRYQt/EjQtF3Pom7nwbp2kW2vrDwMd/zmHO+f1ECo2O822V1tY3NrfK25Wd3b39A/vwqKXjVHFo8ljGquMzDVJE0ESBEjqJAhb6Etr++HZeb09AaRFHjzhNwAvZMBKB4AyN1bftHsITZveAVERJirO+XXVqTi66Cm4BVVKo0be/eoOYpyFEyCXTuus6CXoZUyi4hFmll2pIGB+zIXQNRiwE7WX55jN6ZpwBDWJlXoQ0d39PZCzUehr6pjNkONLLtbn5X62bYnDtZflJEPHFR0EqKcZ0HgMdCAUc5dQA40qYXSkfMcU4mrAqJgR3+eRVaF3UXMMPl9X6TRFHmZyQU3JOXHJF6uSONEiTcDIhz+SVvFmZ9WK9Wx+L1pJVzByTP7I+fwD13ZPb</latexit>

Activation
<latexit sha1_base64="yC0dBIEl9qTv0X7X9wtBoMi5o3k=">AAAB+nicbZBNS8NAEIYnftb6lerRS7AInkoigh6rXjxWsB/QhrLZbtulm03YnVRL7E/x4kERr/4Sb/4bt2kO2vrCwsM7M8zsG8SCa3Tdb2tldW19Y7OwVdze2d3bt0sHDR0lirI6jUSkWgHRTHDJ6shRsFasGAkDwZrB6GZWb46Z0jyS9ziJmR+SgeR9Tgkaq2uXOsgeMb2iyMeZNe3aZbfiZnKWwcuhDLlqXfur04toEjKJVBCt254bo58ShZwKNi12Es1iQkdkwNoGJQmZ9tPs9KlzYpye04+UeRKdzP09kZJQ60kYmM6Q4FAv1mbmf7V2gv1LP+UyTpBJOl/UT4SDkTPLwelxxSiKiQFCFTe3OnRIFKFo0iqaELzFLy9D46ziGb47L1ev8zgKcATHcAoeXEAVbqEGdaDwAM/wCm/Wk/VivVsf89YVK585hD+yPn8ADeOUgA==</latexit><latexit sha1_base64="yC0dBIEl9qTv0X7X9wtBoMi5o3k=">AAAB+nicbZBNS8NAEIYnftb6lerRS7AInkoigh6rXjxWsB/QhrLZbtulm03YnVRL7E/x4kERr/4Sb/4bt2kO2vrCwsM7M8zsG8SCa3Tdb2tldW19Y7OwVdze2d3bt0sHDR0lirI6jUSkWgHRTHDJ6shRsFasGAkDwZrB6GZWb46Z0jyS9ziJmR+SgeR9Tgkaq2uXOsgeMb2iyMeZNe3aZbfiZnKWwcuhDLlqXfur04toEjKJVBCt254bo58ShZwKNi12Es1iQkdkwNoGJQmZ9tPs9KlzYpye04+UeRKdzP09kZJQ60kYmM6Q4FAv1mbmf7V2gv1LP+UyTpBJOl/UT4SDkTPLwelxxSiKiQFCFTe3OnRIFKFo0iqaELzFLy9D46ziGb47L1ev8zgKcATHcAoeXEAVbqEGdaDwAM/wCm/Wk/VivVsf89YVK585hD+yPn8ADeOUgA==</latexit><latexit sha1_base64="yC0dBIEl9qTv0X7X9wtBoMi5o3k=">AAAB+nicbZBNS8NAEIYnftb6lerRS7AInkoigh6rXjxWsB/QhrLZbtulm03YnVRL7E/x4kERr/4Sb/4bt2kO2vrCwsM7M8zsG8SCa3Tdb2tldW19Y7OwVdze2d3bt0sHDR0lirI6jUSkWgHRTHDJ6shRsFasGAkDwZrB6GZWb46Z0jyS9ziJmR+SgeR9Tgkaq2uXOsgeMb2iyMeZNe3aZbfiZnKWwcuhDLlqXfur04toEjKJVBCt254bo58ShZwKNi12Es1iQkdkwNoGJQmZ9tPs9KlzYpye04+UeRKdzP09kZJQ60kYmM6Q4FAv1mbmf7V2gv1LP+UyTpBJOl/UT4SDkTPLwelxxSiKiQFCFTe3OnRIFKFo0iqaELzFLy9D46ziGb47L1ev8zgKcATHcAoeXEAVbqEGdaDwAM/wCm/Wk/VivVsf89YVK585hD+yPn8ADeOUgA==</latexit><latexit sha1_base64="yC0dBIEl9qTv0X7X9wtBoMi5o3k=">AAAB+nicbZBNS8NAEIYnftb6lerRS7AInkoigh6rXjxWsB/QhrLZbtulm03YnVRL7E/x4kERr/4Sb/4bt2kO2vrCwsM7M8zsG8SCa3Tdb2tldW19Y7OwVdze2d3bt0sHDR0lirI6jUSkWgHRTHDJ6shRsFasGAkDwZrB6GZWb46Z0jyS9ziJmR+SgeR9Tgkaq2uXOsgeMb2iyMeZNe3aZbfiZnKWwcuhDLlqXfur04toEjKJVBCt254bo58ShZwKNi12Es1iQkdkwNoGJQmZ9tPs9KlzYpye04+UeRKdzP09kZJQ60kYmM6Q4FAv1mbmf7V2gv1LP+UyTpBJOl/UT4SDkTPLwelxxSiKiQFCFTe3OnRIFKFo0iqaELzFLy9D46ziGb47L1ev8zgKcATHcAoeXEAVbqEGdaDwAM/wCm/Wk/VivVsf89YVK585hD+yPn8ADeOUgA==</latexit>

1
<latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit>
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<latexit sha1_base64="f0bK/7uEdS00YtbqG5UODvQhjXQ="></latexit><latexit sha1_base64="f0bK/7uEdS00YtbqG5UODvQhjXQ="></latexit><latexit sha1_base64="f0bK/7uEdS00YtbqG5UODvQhjXQ="></latexit><latexit sha1_base64="f0bK/7uEdS00YtbqG5UODvQhjXQ="></latexit>

�(z) =

(
0 if z < 0

1 if z � 1
<latexit sha1_base64="m1vO6djD/2/n5RhOD3QM1YDZNMw="></latexit><latexit sha1_base64="m1vO6djD/2/n5RhOD3QM1YDZNMw="></latexit><latexit sha1_base64="m1vO6djD/2/n5RhOD3QM1YDZNMw="></latexit><latexit sha1_base64="m1vO6djD/2/n5RhOD3QM1YDZNMw="></latexit>

w0 = �✓
<latexit sha1_base64="uq85eCvkyXNyYkvb4MzxZsICWH4=">AAAB9XicbZBNSwMxEIaz9avWr6pHL8EieLHsiqAXoejFYwX7Ae1asum0Dc1ml2TWUpb+Dy8eFPHqf/HmvzFt96CtLwQe3plhJm8QS2HQdb+d3Mrq2vpGfrOwtb2zu1fcP6ibKNEcajySkW4GzIAUCmooUEIz1sDCQEIjGN5O640n0EZE6gHHMfgh6yvRE5yhtR5HHZde0zPaxgEg6xRLbtmdiS6Dl0GJZKp2il/tbsSTEBRyyYxpeW6Mfso0Ci5hUmgnBmLGh6wPLYuKhWD8dHb1hJ5Yp0t7kbZPIZ25vydSFhozDgPbGTIcmMXa1Pyv1kqwd+WnQsUJguLzRb1EUozoNALaFRo4yrEFxrWwt1I+YJpxtEEVbAje4peXoX5e9izfX5QqN1kceXJEjskp8cglqZA7UiU1wokmz+SVvDkj58V5dz7mrTknmzkkf+R8/gCeDJFI</latexit><latexit sha1_base64="uq85eCvkyXNyYkvb4MzxZsICWH4=">AAAB9XicbZBNSwMxEIaz9avWr6pHL8EieLHsiqAXoejFYwX7Ae1asum0Dc1ml2TWUpb+Dy8eFPHqf/HmvzFt96CtLwQe3plhJm8QS2HQdb+d3Mrq2vpGfrOwtb2zu1fcP6ibKNEcajySkW4GzIAUCmooUEIz1sDCQEIjGN5O640n0EZE6gHHMfgh6yvRE5yhtR5HHZde0zPaxgEg6xRLbtmdiS6Dl0GJZKp2il/tbsSTEBRyyYxpeW6Mfso0Ci5hUmgnBmLGh6wPLYuKhWD8dHb1hJ5Yp0t7kbZPIZ25vydSFhozDgPbGTIcmMXa1Pyv1kqwd+WnQsUJguLzRb1EUozoNALaFRo4yrEFxrWwt1I+YJpxtEEVbAje4peXoX5e9izfX5QqN1kceXJEjskp8cglqZA7UiU1wokmz+SVvDkj58V5dz7mrTknmzkkf+R8/gCeDJFI</latexit><latexit sha1_base64="uq85eCvkyXNyYkvb4MzxZsICWH4=">AAAB9XicbZBNSwMxEIaz9avWr6pHL8EieLHsiqAXoejFYwX7Ae1asum0Dc1ml2TWUpb+Dy8eFPHqf/HmvzFt96CtLwQe3plhJm8QS2HQdb+d3Mrq2vpGfrOwtb2zu1fcP6ibKNEcajySkW4GzIAUCmooUEIz1sDCQEIjGN5O640n0EZE6gHHMfgh6yvRE5yhtR5HHZde0zPaxgEg6xRLbtmdiS6Dl0GJZKp2il/tbsSTEBRyyYxpeW6Mfso0Ci5hUmgnBmLGh6wPLYuKhWD8dHb1hJ5Yp0t7kbZPIZ25vydSFhozDgPbGTIcmMXa1Pyv1kqwd+WnQsUJguLzRb1EUozoNALaFRo4yrEFxrWwt1I+YJpxtEEVbAje4peXoX5e9izfX5QqN1kceXJEjskp8cglqZA7UiU1wokmz+SVvDkj58V5dz7mrTknmzkkf+R8/gCeDJFI</latexit><latexit sha1_base64="uq85eCvkyXNyYkvb4MzxZsICWH4=">AAAB9XicbZBNSwMxEIaz9avWr6pHL8EieLHsiqAXoejFYwX7Ae1asum0Dc1ml2TWUpb+Dy8eFPHqf/HmvzFt96CtLwQe3plhJm8QS2HQdb+d3Mrq2vpGfrOwtb2zu1fcP6ibKNEcajySkW4GzIAUCmooUEIz1sDCQEIjGN5O640n0EZE6gHHMfgh6yvRE5yhtR5HHZde0zPaxgEg6xRLbtmdiS6Dl0GJZKp2il/tbsSTEBRyyYxpeW6Mfso0Ci5hUmgnBmLGh6wPLYuKhWD8dHb1hJ5Yp0t7kbZPIZ25vydSFhozDgPbGTIcmMXa1Pyv1kqwd+WnQsUJguLzRb1EUozoNALaFRo4yrEFxrWwt1I+YJpxtEEVbAje4peXoX5e9izfX5QqN1kceXJEjskp8cglqZA7UiU1wokmz+SVvDkj58V5dz7mrTknmzkkf+R8/gCeDJFI</latexit>

�(z) =

(
0, z � ✓  0

1, z � ✓ > 0
<latexit sha1_base64="zyVd33BWAqcAV8UNVlsJ5WQIsDw="></latexit><latexit sha1_base64="zyVd33BWAqcAV8UNVlsJ5WQIsDw="></latexit><latexit sha1_base64="zyVd33BWAqcAV8UNVlsJ5WQIsDw="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="aklfhIT305jg37nRsSg2GUsLuE8="></latexit><latexit sha1_base64="aklfhIT305jg37nRsSg2GUsLuE8="></latexit><latexit sha1_base64="F2iwpCkiwstMnTZXAEiEqXiCgnw="></latexit><latexit sha1_base64="zyVd33BWAqcAV8UNVlsJ5WQIsDw="></latexit><latexit sha1_base64="zyVd33BWAqcAV8UNVlsJ5WQIsDw="></latexit><latexit sha1_base64="zyVd33BWAqcAV8UNVlsJ5WQIsDw="></latexit><latexit sha1_base64="zyVd33BWAqcAV8UNVlsJ5WQIsDw="></latexit><latexit sha1_base64="zyVd33BWAqcAV8UNVlsJ5WQIsDw="></latexit><latexit sha1_base64="zyVd33BWAqcAV8UNVlsJ5WQIsDw="></latexit>

General Notation for Single-Layer Neural Networks
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Vector dot product
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mX

i=0

xiwi
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<latexit sha1_base64="6pvg3U5UUGSQra7hL50u8iJ8N5c=">AAACFnicbZDLSgMxFIYz9VbrrerSTbAIdWGZqYJuhKIblxXsBTq1ZNJMG5rMDMkZtQzzFG58FTcuFHEr7nwb08tCWw8kfPz/OSTn9yLBNdj2t5VZWFxaXsmu5tbWNza38ts7dR3GirIaDUWomh7RTPCA1YCDYM1IMSI9wRre4HLkN+6Y0jwMbmAYsbYkvYD7nBIwUid/5Grek8QVzIeiq2PZSfi5nd4mMsUPhlN8P7pdxXt9OOzkC3bJHheeB2cKBTStaif/5XZDGksWABVE65ZjR9BOiAJOBUtzbqxZROiA9FjLYEAk0+1kvFaKD4zSxX6ozAkAj9XfEwmRWg+lZzolgb6e9Ubif14rBv+snfAgioEFdPKQHwsMIR5lhLtcMQpiaIBQxc1fMe0TRSiYJHMmBGd25Xmol0vOcal8fVKoXEzjyKI9tI+KyEGnqIKuUBXVEEWP6Bm9ojfryXqx3q2PSWvGms7soj9lff4ALXOgAA==</latexit>
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In [1]:

In [2]:

In [3]:

In [4]:

2.2

2.2

2.2
2.2

x0, x1, x2 = 1., 2., 3.
bias, w1, w2 = 0.1, 0.3, 0.5
 
x = [x0, x1, x2]
w = [bias, w1, w2]

z = 0.
for i in range(len(x)):
    z += x[i] * w[i]
    
print(z)

z = sum(x_i*w_i for x_i, w_i in zip(x, w))
print(z)

import numpy as np
 
x_vec, w_vec = np.array(x), np.array(w)
 
z = (x_vec.transpose()).dot(w_vec)
print(z)
 
z = x_vec.dot(w_vec)
print(z)

Interlude: "Vectorization" in Python

26

A simple for-loop:

Question for you: What are we computing here?
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In [1]:

In [2]:

In [3]:

In [4]:

2.2

2.2

2.2
2.2

x0, x1, x2 = 1., 2., 3.
bias, w1, w2 = 0.1, 0.3, 0.5
 
x = [x0, x1, x2]
w = [bias, w1, w2]

z = 0.
for i in range(len(x)):
    z += x[i] * w[i]
    
print(z)

z = sum(x_i*w_i for x_i, w_i in zip(x, w))
print(z)

import numpy as np
 
x_vec, w_vec = np.array(x), np.array(w)
 
z = (x_vec.transpose()).dot(w_vec)
print(z)
 
z = x_vec.dot(w_vec)
print(z)

27

A simple for-loop:

A little bit better, list comprehensions:

Interlude: "Vectorization" in Python
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In [1]:

In [2]:

In [3]:

In [4]:

2.2

2.2

2.2
2.2

x0, x1, x2 = 1., 2., 3.
bias, w1, w2 = 0.1, 0.3, 0.5
 
x = [x0, x1, x2]
w = [bias, w1, w2]

z = 0.
for i in range(len(x)):
    z += x[i] * w[i]
    
print(z)

z = sum(x_i*w_i for x_i, w_i in zip(x, w))
print(z)

import numpy as np
 
x_vec, w_vec = np.array(x), np.array(w)
 
z = (x_vec.transpose()).dot(w_vec)
print(z)
 
z = x_vec.dot(w_vec)
print(z)

28

list comprehensions (still sequential):

A vectorized implementation using NumPy:

Interlude: "Vectorization" in Python
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Page 1 of 1file:///Users/sebastian/Desktop/vectorization-example-Copy1.slides.html

In [5]: def forloop(x, w):
    z = 0.
    for i in range(len(x)):
        z += x[i] * w[i]
    return z

def listcomprehension(x, w):
    return sum(x_i*w_i for x_i, w_i in zip(x, w))

def vectorized(x, w):
    return x_vec.dot(w_vec)

x, w = np.random.rand(100000), np.random.rand(100000)
x_vec, w_vec = np.array(x), np.array(w)

In [6]: %timeit -r 100 -n 10 forloop(x, w)

In [7]: %timeit -r 100 -n 10 listcomprehension(x, w)

In [8]: %timeit -r 100 -n 10 vectorized(x_vec, w_vec)

38.9 ms ± 1.32 ms per loop (mean ± std. dev. of 100 r
uns, 10 loops each)

29.7 ms ± 842 µs per loop (mean ± std. dev. of 100 ru
ns, 10 loops each)

46.8 µs ± 8.07 µs per loop (mean ± std. dev. of 100 r
uns, 10 loops each)

Interlude: "Vectorization" in Python
a) 

b) 

c) 

Questions for you:  
Which one is the fastest? 

How much faster is the fastest one compared to the slowest one? 
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In [5]: def forloop(x, w):
    z = 0.
    for i in range(len(x)):
        z += x[i] * w[i]
    return z

def listcomprehension(x, w):
    return sum(x_i*w_i for x_i, w_i in zip(x, w))

def vectorized(x, w):
    return x_vec.dot(w_vec)

x, w = np.random.rand(100000), np.random.rand(100000)
x_vec, w_vec = np.array(x), np.array(w)

In [6]: %timeit -r 100 -n 10 forloop(x, w)

In [7]: %timeit -r 100 -n 10 listcomprehension(x, w)

In [8]: %timeit -r 100 -n 10 vectorized(x_vec, w_vec)

38.9 ms ± 1.32 ms per loop (mean ± std. dev. of 100 r
uns, 10 loops each)

29.7 ms ± 842 µs per loop (mean ± std. dev. of 100 ru
ns, 10 loops each)

46.8 µs ± 8.07 µs per loop (mean ± std. dev. of 100 r
uns, 10 loops each)

Interlude: "Vectorization" in Python
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Interlude: Connections and Parallel Computation
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NVIDIA Volta with approx. 2.1 x 1010 transistors

Image Source: https://fossbytes.com/wp-content/uploads/
2017/05/nvidia-volta-v100-gpu.jpg

Brain with 1.6  x 1010 neurons

Image Source: https://timedotcom.files.wordpress.com/
2014/05/brain.jpg?w=1100&quality=85

104 -105 connections per neuron

approx. 1015 connections in total

approx. only 10 connections per transistor
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https://www.wired.com/story/worlds-fastest-
supercomputer-breaks-ai-record/

> 27,000 GPUs 
"billion billion" operations per second (exaflop) 

“Deep learning has never been scaled 
to such levels of performance before,” 
says Prabhat (research group leader at 
Berkeley National Lab)

Application: Weather patterns (three-
hour forecasts)

https://www.wired.com/story/worlds-fastest-supercomputer-breaks-ai-record/
https://www.wired.com/story/worlds-fastest-supercomputer-breaks-ai-record/
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https://www.wired.com/story/ai-great-things-burn-planet/

https://www.wired.com/story/ai-great-things-burn-planet/
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Perceptron Learning Rule

Code at https://github.com/rasbt/stat453-deep-learning-ss20/blob/master/L03-
perceptron/code/perceptron-animation.ipynb if you want to play with it.

Assume binary classification task, Perceptron finds decision boundary if 
classes are separable

x1
<latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit><latexit sha1_base64="Z7jxfJr8/pbKF9IEHv5u2p28PzU=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwuyjaA=</latexit>

x2
<latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit><latexit sha1_base64="8ur8Qnjf68veizOKVqkUmBXGiPw=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlYQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwANNo2h</latexit>

[animated GIF]

https://github.com/rasbt/stat453-deep-learning-ss20/blob/master/L03-perceptron/code/perceptron-animation.ipynb
https://github.com/rasbt/stat453-deep-learning-ss20/blob/master/L03-perceptron/code/perceptron-animation.ipynb
https://github.com/rasbt/stat453-deep-learning-ss20/blob/master/L03-perceptron/code/perceptron-animation.ipynb
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The Perceptron Learning Algorithm
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• If correct: Do nothing if the prediction if output is equal to the target 

• If incorrect, scenario a):  
If output is 0 and target is 1, add input vector to weight vector 

• If incorrect, scenario b):  
If output is 1 and target is 0, subtract input vector from weight vector

Guaranteed to converge if a solution exists 
(more about that later...)
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The Perceptron Learning Algorithm
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Let

1. Initialize w := 0m
<latexit sha1_base64="Ovfw16+rosPXEmOAFXWO3SGmqMw=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUASh6MZlBfuANpbJdNIOnUnCzMRSYj/FjQtF3Pol7vwbJ20W2npg4HDOvdwzx485U9pxvq3Cyura+kZxs7S1vbO7Z5f3mypKJKENEvFItn2sKGchbWimOW3HkmLhc9ryRzeZ33qkUrEovNeTmHoCD0IWMIK1kXp2uSuwHvpBOp6iyyvkPIieXXGqzgxombg5qUCOes/+6vYjkggaasKxUh3XibWXYqkZ4XRa6iaKxpiM8IB2DA2xoMpLZ9Gn6NgofRRE0rxQo5n6eyPFQqmJ8M1kFlQtepn4n9dJdHDhpSyME01DMj8UJBzpCGU9oD6TlGg+MQQTyUxWRIZYYqJNWyVTgrv45WXSPK26ht+dVWrXeR1FOIQjOAEXzqEGt1CHBhAYwzO8wpv1ZL1Y79bHfLRg5TsH8AfW5w8qP5NE</latexit><latexit sha1_base64="Ovfw16+rosPXEmOAFXWO3SGmqMw=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUASh6MZlBfuANpbJdNIOnUnCzMRSYj/FjQtF3Pol7vwbJ20W2npg4HDOvdwzx485U9pxvq3Cyura+kZxs7S1vbO7Z5f3mypKJKENEvFItn2sKGchbWimOW3HkmLhc9ryRzeZ33qkUrEovNeTmHoCD0IWMIK1kXp2uSuwHvpBOp6iyyvkPIieXXGqzgxombg5qUCOes/+6vYjkggaasKxUh3XibWXYqkZ4XRa6iaKxpiM8IB2DA2xoMpLZ9Gn6NgofRRE0rxQo5n6eyPFQqmJ8M1kFlQtepn4n9dJdHDhpSyME01DMj8UJBzpCGU9oD6TlGg+MQQTyUxWRIZYYqJNWyVTgrv45WXSPK26ht+dVWrXeR1FOIQjOAEXzqEGt1CHBhAYwzO8wpv1ZL1Y79bHfLRg5TsH8AfW5w8qP5NE</latexit><latexit sha1_base64="Ovfw16+rosPXEmOAFXWO3SGmqMw=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUASh6MZlBfuANpbJdNIOnUnCzMRSYj/FjQtF3Pol7vwbJ20W2npg4HDOvdwzx485U9pxvq3Cyura+kZxs7S1vbO7Z5f3mypKJKENEvFItn2sKGchbWimOW3HkmLhc9ryRzeZ33qkUrEovNeTmHoCD0IWMIK1kXp2uSuwHvpBOp6iyyvkPIieXXGqzgxombg5qUCOes/+6vYjkggaasKxUh3XibWXYqkZ4XRa6iaKxpiM8IB2DA2xoMpLZ9Gn6NgofRRE0rxQo5n6eyPFQqmJ8M1kFlQtepn4n9dJdHDhpSyME01DMj8UJBzpCGU9oD6TlGg+MQQTyUxWRIZYYqJNWyVTgrv45WXSPK26ht+dVWrXeR1FOIQjOAEXzqEGt1CHBhAYwzO8wpv1ZL1Y79bHfLRg5TsH8AfW5w8qP5NE</latexit><latexit sha1_base64="Ovfw16+rosPXEmOAFXWO3SGmqMw=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUASh6MZlBfuANpbJdNIOnUnCzMRSYj/FjQtF3Pol7vwbJ20W2npg4HDOvdwzx485U9pxvq3Cyura+kZxs7S1vbO7Z5f3mypKJKENEvFItn2sKGchbWimOW3HkmLhc9ryRzeZ33qkUrEovNeTmHoCD0IWMIK1kXp2uSuwHvpBOp6iyyvkPIieXXGqzgxombg5qUCOes/+6vYjkggaasKxUh3XibWXYqkZ4XRa6iaKxpiM8IB2DA2xoMpLZ9Gn6NgofRRE0rxQo5n6eyPFQqmJ8M1kFlQtepn4n9dJdHDhpSyME01DMj8UJBzpCGU9oD6TlGg+MQQTyUxWRIZYYqJNWyVTgrv45WXSPK26ht+dVWrXeR1FOIQjOAEXzqEGt1CHBhAYwzO8wpv1ZL1Y79bHfLRg5TsH8AfW5w8qP5NE</latexit>

(assume notation where weight incl. bias)

2. For every training epoch:

A. For every :

w := w + err ⇥ x[i]
<latexit sha1_base64="ypGRpFBWbrLkFvM0DBOQw+AAwc4=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0UQhJKIqAhC0Y3LCvYBSSyT6aQdOpmEmYlaQv7Ejb/ixoUi4q5/46QtUlsPDJw5517uvcePGZXKsoZGYWFxaXmluFpaW9/Y3DK3dxoySgQmdRyxSLR8JAmjnNQVVYy0YkFQ6DPS9PvXud98IELSiN+pQUy8EHU5DShGSktt89QNker5QfqYwYtLOPU7gkQI6CoaEvmrP2X3qUO9rG2WrYo1Apwn9oSUwQS1tvntdiKchIQrzJCUjm3FykuRUBQzkpXcRJIY4T7qEkdTjvRULx3dl8EDrXRgEAn9uIIjdbojRaGUg9DXlfmectbLxf88J1HBuZdSHieKcDweFCQMqgjmYcEOFQQrNtAEYUH1rhD3kEBY6UhLOgR79uR50jiu2JrfnpSrV5M4imAP7INDYIMzUAU3oAbqAINn8ArewYfxYrwZn8bXuLRgTHp2wR8Ywx9A/KMf</latexit><latexit sha1_base64="ypGRpFBWbrLkFvM0DBOQw+AAwc4=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0UQhJKIqAhC0Y3LCvYBSSyT6aQdOpmEmYlaQv7Ejb/ixoUi4q5/46QtUlsPDJw5517uvcePGZXKsoZGYWFxaXmluFpaW9/Y3DK3dxoySgQmdRyxSLR8JAmjnNQVVYy0YkFQ6DPS9PvXud98IELSiN+pQUy8EHU5DShGSktt89QNker5QfqYwYtLOPU7gkQI6CoaEvmrP2X3qUO9rG2WrYo1Apwn9oSUwQS1tvntdiKchIQrzJCUjm3FykuRUBQzkpXcRJIY4T7qEkdTjvRULx3dl8EDrXRgEAn9uIIjdbojRaGUg9DXlfmectbLxf88J1HBuZdSHieKcDweFCQMqgjmYcEOFQQrNtAEYUH1rhD3kEBY6UhLOgR79uR50jiu2JrfnpSrV5M4imAP7INDYIMzUAU3oAbqAINn8ArewYfxYrwZn8bXuLRgTHp2wR8Ywx9A/KMf</latexit><latexit sha1_base64="ypGRpFBWbrLkFvM0DBOQw+AAwc4=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0UQhJKIqAhC0Y3LCvYBSSyT6aQdOpmEmYlaQv7Ejb/ixoUi4q5/46QtUlsPDJw5517uvcePGZXKsoZGYWFxaXmluFpaW9/Y3DK3dxoySgQmdRyxSLR8JAmjnNQVVYy0YkFQ6DPS9PvXud98IELSiN+pQUy8EHU5DShGSktt89QNker5QfqYwYtLOPU7gkQI6CoaEvmrP2X3qUO9rG2WrYo1Apwn9oSUwQS1tvntdiKchIQrzJCUjm3FykuRUBQzkpXcRJIY4T7qEkdTjvRULx3dl8EDrXRgEAn9uIIjdbojRaGUg9DXlfmectbLxf88J1HBuZdSHieKcDweFCQMqgjmYcEOFQQrNtAEYUH1rhD3kEBY6UhLOgR79uR50jiu2JrfnpSrV5M4imAP7INDYIMzUAU3oAbqAINn8ArewYfxYrwZn8bXuLRgTHp2wR8Ywx9A/KMf</latexit><latexit sha1_base64="ypGRpFBWbrLkFvM0DBOQw+AAwc4=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0UQhJKIqAhC0Y3LCvYBSSyT6aQdOpmEmYlaQv7Ejb/ixoUi4q5/46QtUlsPDJw5517uvcePGZXKsoZGYWFxaXmluFpaW9/Y3DK3dxoySgQmdRyxSLR8JAmjnNQVVYy0YkFQ6DPS9PvXud98IELSiN+pQUy8EHU5DShGSktt89QNker5QfqYwYtLOPU7gkQI6CoaEvmrP2X3qUO9rG2WrYo1Apwn9oSUwQS1tvntdiKchIQrzJCUjm3FykuRUBQzkpXcRJIY4T7qEkdTjvRULx3dl8EDrXRgEAn9uIIjdbojRaGUg9DXlfmectbLxf88J1HBuZdSHieKcDweFCQMqgjmYcEOFQQrNtAEYUH1rhD3kEBY6UhLOgR79uR50jiu2JrfnpSrV5M4imAP7INDYIMzUAU3oAbqAINn8ArewYfxYrwZn8bXuLRgTHp2wR8Ywx9A/KMf</latexit>

(a)  

(b)  
(c)  

err := (y[i] � ŷ[i])
<latexit sha1_base64="wYimCRAo97FH6nzYS/fz3/CUouY=">AAACEHicbZDLSsNAFIYn3q23qEs3g0XUhZKIoAhC0Y1LBWuFJpbJ9NQOnVyYORFDyCO48VXcuFDErUt3vo3TNgut/jDwzX/OYeb8QSKFRsf5ssbGJyanpmdmK3PzC4tL9vLKlY5TxaHOYxmr64BpkCKCOgqUcJ0oYGEgoRH0Tvv1xh0oLeLoErME/JDdRqIjOENjtexND+Eec1CqoEfHdCu7yZvCL+gO9boM86wY3rdbdtXZdQaif8EtoUpKnbfsT68d8zSECLlkWjddJ0E/ZwoFl1BUvFRDwniP3ULTYMRC0H4+WKigG8Zp006szImQDtyfEzkLtc7CwHSGDLt6tNY3/6s1U+wc+rmIkhQh4sOHOqmkGNN+OrQtFHCUmQHGlTB/pbzLFONoMqyYENzRlf/C1d6ua/hiv1o7KeOYIWtknWwRlxyQGjkj56ROOHkgT+SFvFqP1rP1Zr0PW8escmaV/JL18Q3haZx5</latexit><latexit sha1_base64="wYimCRAo97FH6nzYS/fz3/CUouY=">AAACEHicbZDLSsNAFIYn3q23qEs3g0XUhZKIoAhC0Y1LBWuFJpbJ9NQOnVyYORFDyCO48VXcuFDErUt3vo3TNgut/jDwzX/OYeb8QSKFRsf5ssbGJyanpmdmK3PzC4tL9vLKlY5TxaHOYxmr64BpkCKCOgqUcJ0oYGEgoRH0Tvv1xh0oLeLoErME/JDdRqIjOENjtexND+Eec1CqoEfHdCu7yZvCL+gO9boM86wY3rdbdtXZdQaif8EtoUpKnbfsT68d8zSECLlkWjddJ0E/ZwoFl1BUvFRDwniP3ULTYMRC0H4+WKigG8Zp006szImQDtyfEzkLtc7CwHSGDLt6tNY3/6s1U+wc+rmIkhQh4sOHOqmkGNN+OrQtFHCUmQHGlTB/pbzLFONoMqyYENzRlf/C1d6ua/hiv1o7KeOYIWtknWwRlxyQGjkj56ROOHkgT+SFvFqP1rP1Zr0PW8escmaV/JL18Q3haZx5</latexit><latexit sha1_base64="wYimCRAo97FH6nzYS/fz3/CUouY=">AAACEHicbZDLSsNAFIYn3q23qEs3g0XUhZKIoAhC0Y1LBWuFJpbJ9NQOnVyYORFDyCO48VXcuFDErUt3vo3TNgut/jDwzX/OYeb8QSKFRsf5ssbGJyanpmdmK3PzC4tL9vLKlY5TxaHOYxmr64BpkCKCOgqUcJ0oYGEgoRH0Tvv1xh0oLeLoErME/JDdRqIjOENjtexND+Eec1CqoEfHdCu7yZvCL+gO9boM86wY3rdbdtXZdQaif8EtoUpKnbfsT68d8zSECLlkWjddJ0E/ZwoFl1BUvFRDwniP3ULTYMRC0H4+WKigG8Zp006szImQDtyfEzkLtc7CwHSGDLt6tNY3/6s1U+wc+rmIkhQh4sOHOqmkGNN+OrQtFHCUmQHGlTB/pbzLFONoMqyYENzRlf/C1d6ua/hiv1o7KeOYIWtknWwRlxyQGjkj56ROOHkgT+SFvFqP1rP1Zr0PW8escmaV/JL18Q3haZx5</latexit><latexit sha1_base64="wYimCRAo97FH6nzYS/fz3/CUouY=">AAACEHicbZDLSsNAFIYn3q23qEs3g0XUhZKIoAhC0Y1LBWuFJpbJ9NQOnVyYORFDyCO48VXcuFDErUt3vo3TNgut/jDwzX/OYeb8QSKFRsf5ssbGJyanpmdmK3PzC4tL9vLKlY5TxaHOYxmr64BpkCKCOgqUcJ0oYGEgoRH0Tvv1xh0oLeLoErME/JDdRqIjOENjtexND+Eec1CqoEfHdCu7yZvCL+gO9boM86wY3rdbdtXZdQaif8EtoUpKnbfsT68d8zSECLlkWjddJ0E/ZwoFl1BUvFRDwniP3ULTYMRC0H4+WKigG8Zp006szImQDtyfEzkLtc7CwHSGDLt6tNY3/6s1U+wc+rmIkhQh4sOHOqmkGNN+OrQtFHCUmQHGlTB/pbzLFONoMqyYENzRlf/C1d6ua/hiv1o7KeOYIWtknWwRlxyQGjkj56ROOHkgT+SFvFqP1rP1Zr0PW8escmaV/JL18Q3haZx5</latexit>

hx[i], y[i]i 2 D
<latexit sha1_base64="KiRtzBWzB6OcgzuVeAuk4oyYAnU=">AAACJHicbZDLSsNAFIYn9VbrLerSzWARXEhJRFBwU9SFywr2Akksk+mkHTqZhJmJGEIexo2v4saFF1y48VmctFlo64GBj//8hznn92NGpbKsL6OysLi0vFJdra2tb2xumds7HRklApM2jlgkej6ShFFO2ooqRnqxICj0Gen648ui370nQtKI36o0Jl6IhpwGFCOlpb557jLEh4xAN0Rq5AfZQ36XOdTLj2CWlghdUXoon/owYtlV3jfrVsOaFJwHu4Q6KKvVN9/dQYSTkHCFGZLSsa1YeRkSimJG8pqbSBIjPEZD4mjkKCTSyyZH5vBAKwMYREI/ruBE/T2RoVDKNPS1s1hRzvYK8b+ek6jgzMsojxNFOJ5+FCQMqggWicEBFQQrlmpAWFC9K8QjJBBWOteaDsGePXkeOscNW/PNSb15UcZRBXtgHxwCG5yCJrgGLdAGGDyCZ/AK3own48X4MD6n1opRzuyCP2V8/wAUwKWr</latexit><latexit sha1_base64="KiRtzBWzB6OcgzuVeAuk4oyYAnU=">AAACJHicbZDLSsNAFIYn9VbrLerSzWARXEhJRFBwU9SFywr2Akksk+mkHTqZhJmJGEIexo2v4saFF1y48VmctFlo64GBj//8hznn92NGpbKsL6OysLi0vFJdra2tb2xumds7HRklApM2jlgkej6ShFFO2ooqRnqxICj0Gen648ui370nQtKI36o0Jl6IhpwGFCOlpb557jLEh4xAN0Rq5AfZQ36XOdTLj2CWlghdUXoon/owYtlV3jfrVsOaFJwHu4Q6KKvVN9/dQYSTkHCFGZLSsa1YeRkSimJG8pqbSBIjPEZD4mjkKCTSyyZH5vBAKwMYREI/ruBE/T2RoVDKNPS1s1hRzvYK8b+ek6jgzMsojxNFOJ5+FCQMqggWicEBFQQrlmpAWFC9K8QjJBBWOteaDsGePXkeOscNW/PNSb15UcZRBXtgHxwCG5yCJrgGLdAGGDyCZ/AK3own48X4MD6n1opRzuyCP2V8/wAUwKWr</latexit><latexit sha1_base64="KiRtzBWzB6OcgzuVeAuk4oyYAnU=">AAACJHicbZDLSsNAFIYn9VbrLerSzWARXEhJRFBwU9SFywr2Akksk+mkHTqZhJmJGEIexo2v4saFF1y48VmctFlo64GBj//8hznn92NGpbKsL6OysLi0vFJdra2tb2xumds7HRklApM2jlgkej6ShFFO2ooqRnqxICj0Gen648ui370nQtKI36o0Jl6IhpwGFCOlpb557jLEh4xAN0Rq5AfZQ36XOdTLj2CWlghdUXoon/owYtlV3jfrVsOaFJwHu4Q6KKvVN9/dQYSTkHCFGZLSsa1YeRkSimJG8pqbSBIjPEZD4mjkKCTSyyZH5vBAKwMYREI/ruBE/T2RoVDKNPS1s1hRzvYK8b+ek6jgzMsojxNFOJ5+FCQMqggWicEBFQQrlmpAWFC9K8QjJBBWOteaDsGePXkeOscNW/PNSb15UcZRBXtgHxwCG5yCJrgGLdAGGDyCZ/AK3own48X4MD6n1opRzuyCP2V8/wAUwKWr</latexit><latexit sha1_base64="KiRtzBWzB6OcgzuVeAuk4oyYAnU=">AAACJHicbZDLSsNAFIYn9VbrLerSzWARXEhJRFBwU9SFywr2Akksk+mkHTqZhJmJGEIexo2v4saFF1y48VmctFlo64GBj//8hznn92NGpbKsL6OysLi0vFJdra2tb2xumds7HRklApM2jlgkej6ShFFO2ooqRnqxICj0Gen648ui370nQtKI36o0Jl6IhpwGFCOlpb557jLEh4xAN0Rq5AfZQ36XOdTLj2CWlghdUXoon/owYtlV3jfrVsOaFJwHu4Q6KKvVN9/dQYSTkHCFGZLSsa1YeRkSimJG8pqbSBIjPEZD4mjkKCTSyyZH5vBAKwMYREI/ruBE/T2RoVDKNPS1s1hRzvYK8b+ek6jgzMsojxNFOJ5+FCQMqggWicEBFQQrlmpAWFC9K8QjJBBWOteaDsGePXkeOscNW/PNSb15UcZRBXtgHxwCG5yCJrgGLdAGGDyCZ/AK3own48X4MD6n1opRzuyCP2V8/wAUwKWr</latexit>

D = (hx[1], y[1]i, hx[2], y[2]i, ..., hx[n], y[n]i) 2 (Rm ⇥ {0, 1})n
<latexit sha1_base64="Wal6cJLWU5bzcyF5u646zqqA+4A="></latexit><latexit sha1_base64="Wal6cJLWU5bzcyF5u646zqqA+4A="></latexit><latexit sha1_base64="Wal6cJLWU5bzcyF5u646zqqA+4A="></latexit><latexit sha1_base64="Wal6cJLWU5bzcyF5u646zqqA+4A="></latexit>

ŷ[i] := �
�
x[i]>w

�

<latexit sha1_base64="ey2mhIAxaoSX/WiAcguRkJeAN4c="></latexit>
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Perceptron Coding Example

 

https://github.com/rasbt/stat453-deep-learning-ss20/blob/master/L03-
perceptron/code/perceptron-numpy.ipynb

https://github.com/rasbt/stat453-deep-learning-ss20/blob/master/L03-
perceptron/code/perceptron-pytorch.ipynb

https://github.com/rasbt/stat479-deep-learning-ss19/tree/master/L03_perceptron/code/perceptron-numpy.ipynb
https://github.com/rasbt/stat453-deep-learning-ss20/blob/master/L03-perceptron/code/perceptron-numpy.ipynb
https://github.com/rasbt/stat453-deep-learning-ss20/blob/master/L03-perceptron/code/perceptron-numpy.ipynb
https://github.com/rasbt/stat453-deep-learning-ss20/blob/master/L03-perceptron/code/perceptron-pytorch.ipynb
https://github.com/rasbt/stat453-deep-learning-ss20/blob/master/L03-perceptron/code/perceptron-pytorch.ipynb
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Optional: Perceptron Convergence Theorem

1/5 -- Brains and neuron models 
2/5 -- The perceptron learning rule 
3/5 -- Optional: The perceptron convergence theorem 
4/5 -- Geometric intuition 
5/5 -- HW1
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Perceptron Convergence Theorem

D = (hx[1], y[1]i, hx[2], y[2]i, ..., hx[n], y[n]i) 2 (Rm ⇥ {0, 1})n
<latexit sha1_base64="Wal6cJLWU5bzcyF5u646zqqA+4A="></latexit><latexit sha1_base64="Wal6cJLWU5bzcyF5u646zqqA+4A="></latexit><latexit sha1_base64="Wal6cJLWU5bzcyF5u646zqqA+4A="></latexit><latexit sha1_base64="Wal6cJLWU5bzcyF5u646zqqA+4A="></latexit>

8y[i] 2 D1 : y[i] = 1
<latexit sha1_base64="+NRK6kyZWKvaxCb9nW3Ascrxg9k=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgupCQiKIJQ1IXLCvYBSQyT6bQdOpmEmYkQQn7Cjb/ixoUibgV3/o2TNoK2Hhg4nHMvc+4JYkalsqwvY25+YXFpubJSXV1b39g0t7bbMkoEJi0csUh0AyQJo5y0FFWMdGNBUBgw0glGl4XfuSdC0ojfqjQmXogGnPYpRkpLvnno9iOBGIPpXeZQL4cu5dANkRpixLKr3LfPfqxz2zdrVt0aA84SuyQ1UKLpm59uL8JJSLjCDEnp2FasvAwJRTEjedVNJIkRHqEBcTTlKCTSy8ZX5XBfKz2o4+nHFRyrvzcyFEqZhoGeLPLKaa8Q//OcRPVPvYzyOFGE48lH/YRBFcGiItijgmDFUk0QFlRnhXiIBMJKF1nVJdjTJ8+S9lHd1vzmuNa4KOuogF2wBw6ADU5AA1yDJmgBDB7AE3gBr8aj8Wy8Ge+T0Tmj3NkBf2B8fAOvu558</latexit><latexit sha1_base64="+NRK6kyZWKvaxCb9nW3Ascrxg9k=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgupCQiKIJQ1IXLCvYBSQyT6bQdOpmEmYkQQn7Cjb/ixoUibgV3/o2TNoK2Hhg4nHMvc+4JYkalsqwvY25+YXFpubJSXV1b39g0t7bbMkoEJi0csUh0AyQJo5y0FFWMdGNBUBgw0glGl4XfuSdC0ojfqjQmXogGnPYpRkpLvnno9iOBGIPpXeZQL4cu5dANkRpixLKr3LfPfqxz2zdrVt0aA84SuyQ1UKLpm59uL8JJSLjCDEnp2FasvAwJRTEjedVNJIkRHqEBcTTlKCTSy8ZX5XBfKz2o4+nHFRyrvzcyFEqZhoGeLPLKaa8Q//OcRPVPvYzyOFGE48lH/YRBFcGiItijgmDFUk0QFlRnhXiIBMJKF1nVJdjTJ8+S9lHd1vzmuNa4KOuogF2wBw6ADU5AA1yDJmgBDB7AE3gBr8aj8Wy8Ge+T0Tmj3NkBf2B8fAOvu558</latexit><latexit sha1_base64="+NRK6kyZWKvaxCb9nW3Ascrxg9k=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgupCQiKIJQ1IXLCvYBSQyT6bQdOpmEmYkQQn7Cjb/ixoUibgV3/o2TNoK2Hhg4nHMvc+4JYkalsqwvY25+YXFpubJSXV1b39g0t7bbMkoEJi0csUh0AyQJo5y0FFWMdGNBUBgw0glGl4XfuSdC0ojfqjQmXogGnPYpRkpLvnno9iOBGIPpXeZQL4cu5dANkRpixLKr3LfPfqxz2zdrVt0aA84SuyQ1UKLpm59uL8JJSLjCDEnp2FasvAwJRTEjedVNJIkRHqEBcTTlKCTSy8ZX5XBfKz2o4+nHFRyrvzcyFEqZhoGeLPLKaa8Q//OcRPVPvYzyOFGE48lH/YRBFcGiItijgmDFUk0QFlRnhXiIBMJKF1nVJdjTJ8+S9lHd1vzmuNa4KOuogF2wBw6ADU5AA1yDJmgBDB7AE3gBr8aj8Wy8Ge+T0Tmj3NkBf2B8fAOvu558</latexit><latexit sha1_base64="+NRK6kyZWKvaxCb9nW3Ascrxg9k=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgupCQiKIJQ1IXLCvYBSQyT6bQdOpmEmYkQQn7Cjb/ixoUibgV3/o2TNoK2Hhg4nHMvc+4JYkalsqwvY25+YXFpubJSXV1b39g0t7bbMkoEJi0csUh0AyQJo5y0FFWMdGNBUBgw0glGl4XfuSdC0ojfqjQmXogGnPYpRkpLvnno9iOBGIPpXeZQL4cu5dANkRpixLKr3LfPfqxz2zdrVt0aA84SuyQ1UKLpm59uL8JJSLjCDEnp2FasvAwJRTEjedVNJIkRHqEBcTTlKCTSy8ZX5XBfKz2o4+nHFRyrvzcyFEqZhoGeLPLKaa8Q//OcRPVPvYzyOFGE48lH/YRBFcGiItijgmDFUk0QFlRnhXiIBMJKF1nVJdjTJ8+S9lHd1vzmuNa4KOuogF2wBw6ADU5AA1yDJmgBDB7AE3gBr8aj8Wy8Ge+T0Tmj3NkBf2B8fAOvu558</latexit>

Let

8y[i] 2 D2 : y[i] = 0
<latexit sha1_base64="4Q+84eB8n5BvndVOU3M3SSqYfNc=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VwISUpgiIIRV24rGAfkMQwmU7aoZNJmJkIIeQn3Pgrblwo4lZw5984bSNo64GBwzn3MuceP2ZUKtP8MkoLi0vLK+XVytr6xuZWdXunI6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/dDn2u/dESBrxW5XGxA3RgNOAYqS05FWPnCASiDGY3mU2dXPoUA6dEKkhRiy7yr3G2Y91bnrVmlk3J4DzxCpIDRRoedVPpx/hJCRcYYaktC0zVm6GhKKYkbziJJLECI/QgNiachQS6WaTq3J4oJU+1PH04wpO1N8bGQqlTENfT47zyllvLP7n2YkKTt2M8jhRhOPpR0HCoIrguCLYp4JgxVJNEBZUZ4V4iATCShdZ0SVYsyfPk06jbml+c1xrXhR1lMEe2AeHwAInoAmuQQu0AQYP4Am8gFfj0Xg23oz36WjJKHZ2wR8YH9+vxp58</latexit><latexit sha1_base64="4Q+84eB8n5BvndVOU3M3SSqYfNc=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VwISUpgiIIRV24rGAfkMQwmU7aoZNJmJkIIeQn3Pgrblwo4lZw5984bSNo64GBwzn3MuceP2ZUKtP8MkoLi0vLK+XVytr6xuZWdXunI6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/dDn2u/dESBrxW5XGxA3RgNOAYqS05FWPnCASiDGY3mU2dXPoUA6dEKkhRiy7yr3G2Y91bnrVmlk3J4DzxCpIDRRoedVPpx/hJCRcYYaktC0zVm6GhKKYkbziJJLECI/QgNiachQS6WaTq3J4oJU+1PH04wpO1N8bGQqlTENfT47zyllvLP7n2YkKTt2M8jhRhOPpR0HCoIrguCLYp4JgxVJNEBZUZ4V4iATCShdZ0SVYsyfPk06jbml+c1xrXhR1lMEe2AeHwAInoAmuQQu0AQYP4Am8gFfj0Xg23oz36WjJKHZ2wR8YH9+vxp58</latexit><latexit sha1_base64="4Q+84eB8n5BvndVOU3M3SSqYfNc=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VwISUpgiIIRV24rGAfkMQwmU7aoZNJmJkIIeQn3Pgrblwo4lZw5984bSNo64GBwzn3MuceP2ZUKtP8MkoLi0vLK+XVytr6xuZWdXunI6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/dDn2u/dESBrxW5XGxA3RgNOAYqS05FWPnCASiDGY3mU2dXPoUA6dEKkhRiy7yr3G2Y91bnrVmlk3J4DzxCpIDRRoedVPpx/hJCRcYYaktC0zVm6GhKKYkbziJJLECI/QgNiachQS6WaTq3J4oJU+1PH04wpO1N8bGQqlTENfT47zyllvLP7n2YkKTt2M8jhRhOPpR0HCoIrguCLYp4JgxVJNEBZUZ4V4iATCShdZ0SVYsyfPk06jbml+c1xrXhR1lMEe2AeHwAInoAmuQQu0AQYP4Am8gFfj0Xg23oz36WjJKHZ2wR8YH9+vxp58</latexit><latexit sha1_base64="4Q+84eB8n5BvndVOU3M3SSqYfNc=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VwISUpgiIIRV24rGAfkMQwmU7aoZNJmJkIIeQn3Pgrblwo4lZw5984bSNo64GBwzn3MuceP2ZUKtP8MkoLi0vLK+XVytr6xuZWdXunI6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/dDn2u/dESBrxW5XGxA3RgNOAYqS05FWPnCASiDGY3mU2dXPoUA6dEKkhRiy7yr3G2Y91bnrVmlk3J4DzxCpIDRRoedVPpx/hJCRcYYaktC0zVm6GhKKYkbziJJLECI/QgNiachQS6WaTq3J4oJU+1PH04wpO1N8bGQqlTENfT47zyllvLP7n2YkKTt2M8jhRhOPpR0HCoIrguCLYp4JgxVJNEBZUZ4V4iATCShdZ0SVYsyfPk06jbml+c1xrXhR1lMEe2AeHwAInoAmuQQu0AQYP4Am8gFfj0Xg23oz36WjJKHZ2wR8YH9+vxp58</latexit>

and D1 [D2 = D
<latexit sha1_base64="xlHpeIXviTTPyARLsXqq4wNDExU=">AAACR3icdZHNS8MwGMbfzq+5+VH16CU4BE+zFUEvwlAPHie4D9jKSLN0C0vTkqTCKPvvvHj15r/gxYMiHs26HnSbL4T8eJ73JckTP+ZMacd5tQorq2vrG8XNUnlre2fX3ttvqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsf3Uz91iOVikXiQY9j6oV4IFjACNZGiuxT6EIIGDQMgZidQwq3MIEeuICMRyCBOKPlXWfGu/rPR+WeXXGqTlZoEdwcKpBXvWe/dPsRSUIqNOFYqY7rxNpLsdSMcDopdRNFY0xGeEA7BgUOqfLSLIcJOjZKHwWRNEtolKm/J1IcKjUOfdMZYj1U895UXOZ1Eh1ceikTcaKpILODgoQjHaFpqKjPJCWajw1gIpm5KyJDLDHRJvqSCcGdf/IiNM+qruH780rtOo+jCIdwBCfmKy6gBndQh4aJ9wne4AM+rWfr3fqyvmetBSufOYA/VbB+AOZdoDw=</latexit><latexit sha1_base64="xlHpeIXviTTPyARLsXqq4wNDExU=">AAACR3icdZHNS8MwGMbfzq+5+VH16CU4BE+zFUEvwlAPHie4D9jKSLN0C0vTkqTCKPvvvHj15r/gxYMiHs26HnSbL4T8eJ73JckTP+ZMacd5tQorq2vrG8XNUnlre2fX3ttvqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsf3Uz91iOVikXiQY9j6oV4IFjACNZGiuxT6EIIGDQMgZidQwq3MIEeuICMRyCBOKPlXWfGu/rPR+WeXXGqTlZoEdwcKpBXvWe/dPsRSUIqNOFYqY7rxNpLsdSMcDopdRNFY0xGeEA7BgUOqfLSLIcJOjZKHwWRNEtolKm/J1IcKjUOfdMZYj1U895UXOZ1Eh1ceikTcaKpILODgoQjHaFpqKjPJCWajw1gIpm5KyJDLDHRJvqSCcGdf/IiNM+qruH780rtOo+jCIdwBCfmKy6gBndQh4aJ9wne4AM+rWfr3fqyvmetBSufOYA/VbB+AOZdoDw=</latexit><latexit sha1_base64="xlHpeIXviTTPyARLsXqq4wNDExU=">AAACR3icdZHNS8MwGMbfzq+5+VH16CU4BE+zFUEvwlAPHie4D9jKSLN0C0vTkqTCKPvvvHj15r/gxYMiHs26HnSbL4T8eJ73JckTP+ZMacd5tQorq2vrG8XNUnlre2fX3ttvqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsf3Uz91iOVikXiQY9j6oV4IFjACNZGiuxT6EIIGDQMgZidQwq3MIEeuICMRyCBOKPlXWfGu/rPR+WeXXGqTlZoEdwcKpBXvWe/dPsRSUIqNOFYqY7rxNpLsdSMcDopdRNFY0xGeEA7BgUOqfLSLIcJOjZKHwWRNEtolKm/J1IcKjUOfdMZYj1U895UXOZ1Eh1ceikTcaKpILODgoQjHaFpqKjPJCWajw1gIpm5KyJDLDHRJvqSCcGdf/IiNM+qruH780rtOo+jCIdwBCfmKy6gBndQh4aJ9wne4AM+rWfr3fqyvmetBSufOYA/VbB+AOZdoDw=</latexit><latexit sha1_base64="xlHpeIXviTTPyARLsXqq4wNDExU=">AAACR3icdZHNS8MwGMbfzq+5+VH16CU4BE+zFUEvwlAPHie4D9jKSLN0C0vTkqTCKPvvvHj15r/gxYMiHs26HnSbL4T8eJ73JckTP+ZMacd5tQorq2vrG8XNUnlre2fX3ttvqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsf3Uz91iOVikXiQY9j6oV4IFjACNZGiuxT6EIIGDQMgZidQwq3MIEeuICMRyCBOKPlXWfGu/rPR+WeXXGqTlZoEdwcKpBXvWe/dPsRSUIqNOFYqY7rxNpLsdSMcDopdRNFY0xGeEA7BgUOqfLSLIcJOjZKHwWRNEtolKm/J1IcKjUOfdMZYj1U895UXOZ1Eh1ceikTcaKpILODgoQjHaFpqKjPJCWajw1gIpm5KyJDLDHRJvqSCcGdf/IiNM+qruH780rtOo+jCIdwBCfmKy6gBndQh4aJ9wne4AM+rWfr3fqyvmetBSufOYA/VbB+AOZdoDw=</latexit>

Assume the input vectors come from two linearly separable 
classes such that a feasible weight vector exists. w *

The perceptron learning algorithm is guaranteed to converge 
to a weight vector in the feasible region in a finite number of 
iterations such that

8x[i] 2 D1 : w>x[i] > 0

<latexit sha1_base64="HnF1HCFH/8dUWUAH2Ga35JOu+w8="></latexit>

8x[i] 2 D2 : w>x[i]  0

<latexit sha1_base64="miz4yBDZqckIL3Jy8BrIYKyMbqc="></latexit>
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Let us slightly rewrite the update rule (upon misclassification) for 
convenience when we construct the proof:

w[i+1] = w[i] + x[i] if (w[i])>x[i]  0 ,x[i] 2 D1

<latexit sha1_base64="xi2FTTMonEqkt5nS+G7EqjNJ5Co="></latexit>

w[i+1] = w[i] � x[i] if (w[i])>x[i] > 0 ,x[i] 2 D2

<latexit sha1_base64="G62XrNpaMDF3wVC/5xnm1768WgM="></latexit>

Here  refers to the weight vector of the next training 
example (that is, the weight after updating)

[i + 1]



Sebastian Raschka           STAT 453: Intro to Deep Learning and Generative Models            SS 2020 41

Perceptron Convergence Theorem -- Proof

We can rewrite this as follows:

Also, we can drop this term if we 
initialize the weight vector as 0m

<latexit sha1_base64="mZaBmXIv9kAQNbyEPbV3Hk650Jw=">AAAB6nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFY0X5Au5ZsOtuGJtklyQql9Cd48aCIV3+RN/+NabsHbX0h8PDODJl5o1RwY33/21tZXVvf2CxsFbd3dvf2SweHDZNkmmGdJSLRrYgaFFxh3XIrsJVqpDIS2IyGN9N68wm14Yl6sKMUQ0n7isecUeuse/9Rdktlv+LPRJYhyKEMuWrd0lenl7BMorJMUGPagZ/acEy15UzgpNjJDKaUDWkf2w4VlWjC8WzVCTl1To/EiXZPWTJzf0+MqTRmJCPXKakdmMXa1Pyv1s5sfBWOuUozi4rNP4ozQWxCpneTHtfIrBg5oExztythA6opsy6dogshWDx5GRrnlcDx3UW5ep3HUYBjOIEzCOASqnALNagDgz48wyu8ecJ78d69j3nripfPHMEfeZ8/916Nkw==</latexit><latexit sha1_base64="mZaBmXIv9kAQNbyEPbV3Hk650Jw=">AAAB6nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFY0X5Au5ZsOtuGJtklyQql9Cd48aCIV3+RN/+NabsHbX0h8PDODJl5o1RwY33/21tZXVvf2CxsFbd3dvf2SweHDZNkmmGdJSLRrYgaFFxh3XIrsJVqpDIS2IyGN9N68wm14Yl6sKMUQ0n7isecUeuse/9Rdktlv+LPRJYhyKEMuWrd0lenl7BMorJMUGPagZ/acEy15UzgpNjJDKaUDWkf2w4VlWjC8WzVCTl1To/EiXZPWTJzf0+MqTRmJCPXKakdmMXa1Pyv1s5sfBWOuUozi4rNP4ozQWxCpneTHtfIrBg5oExztythA6opsy6dogshWDx5GRrnlcDx3UW5ep3HUYBjOIEzCOASqnALNagDgz48wyu8ecJ78d69j3nripfPHMEfeZ8/916Nkw==</latexit><latexit sha1_base64="mZaBmXIv9kAQNbyEPbV3Hk650Jw=">AAAB6nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFY0X5Au5ZsOtuGJtklyQql9Cd48aCIV3+RN/+NabsHbX0h8PDODJl5o1RwY33/21tZXVvf2CxsFbd3dvf2SweHDZNkmmGdJSLRrYgaFFxh3XIrsJVqpDIS2IyGN9N68wm14Yl6sKMUQ0n7isecUeuse/9Rdktlv+LPRJYhyKEMuWrd0lenl7BMorJMUGPagZ/acEy15UzgpNjJDKaUDWkf2w4VlWjC8WzVCTl1To/EiXZPWTJzf0+MqTRmJCPXKakdmMXa1Pyv1s5sfBWOuUozi4rNP4ozQWxCpneTHtfIrBg5oExztythA6opsy6dogshWDx5GRrnlcDx3UW5ep3HUYBjOIEzCOASqnALNagDgz48wyu8ecJ78d69j3nripfPHMEfeZ8/916Nkw==</latexit><latexit sha1_base64="mZaBmXIv9kAQNbyEPbV3Hk650Jw=">AAAB6nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFY0X5Au5ZsOtuGJtklyQql9Cd48aCIV3+RN/+NabsHbX0h8PDODJl5o1RwY33/21tZXVvf2CxsFbd3dvf2SweHDZNkmmGdJSLRrYgaFFxh3XIrsJVqpDIS2IyGN9N68wm14Yl6sKMUQ0n7isecUeuse/9Rdktlv+LPRJYhyKEMuWrd0lenl7BMorJMUGPagZ/acEy15UzgpNjJDKaUDWkf2w4VlWjC8WzVCTl1To/EiXZPWTJzf0+MqTRmJCPXKakdmMXa1Pyv1s5sfBWOuUozi4rNP4ozQWxCpneTHtfIrBg5oExztythA6opsy6dogshWDx5GRrnlcDx3UW5ep3HUYBjOIEzCOASqnALNagDgz48wyu8ecJ78d69j3nripfPHMEfeZ8/916Nkw==</latexit>

w[i+1] = x[1] + ...+ x[i]
<latexit sha1_base64="ivs2DyrG6dK+k+1lgM+dHFRqra8=">AAACJ3icbZBdS8MwFIbT+TXnV9VLb4JDEAalFUFvlKE3Xk5wH7DVkWbpFpamJUnVUfpvvPGveCOoiF76T0y3Cm7zQMLL8+aQc14vYlQq2/4yCguLS8srxdXS2vrG5pa5vdOQYSwwqeOQhaLlIUkY5aSuqGKkFQmCAo+Rpje8zPzmHRGShvxGjSLiBqjPqU8xUhp1zfNOgNTA85P79DZp04rjpvAM/sKHDGaoAi3L0veUQd20a5Ztyx4XnBdOLsogr1rXfO30QhwHhCvMkJRtx46UmyChKGYkLXViSSKEh6hP2lpyFBDpJuM9U3igSQ/6odCHKzimfzsSFEg5Cjz9MptTznoZ/M9rx8o/dRPKo1gRjicf+TGDKoRZaLBHBcGKjbRAWFA9K8QDJBBWOtqSDsGZXXleNI4sR+vr43L1Io+jCPbAPjgEDjgBVXAFaqAOMHgEz+ANvBtPxovxYXxOnhaMvGcXTJXx/QO6EqU2</latexit><latexit sha1_base64="ivs2DyrG6dK+k+1lgM+dHFRqra8=">AAACJ3icbZBdS8MwFIbT+TXnV9VLb4JDEAalFUFvlKE3Xk5wH7DVkWbpFpamJUnVUfpvvPGveCOoiF76T0y3Cm7zQMLL8+aQc14vYlQq2/4yCguLS8srxdXS2vrG5pa5vdOQYSwwqeOQhaLlIUkY5aSuqGKkFQmCAo+Rpje8zPzmHRGShvxGjSLiBqjPqU8xUhp1zfNOgNTA85P79DZp04rjpvAM/sKHDGaoAi3L0veUQd20a5Ztyx4XnBdOLsogr1rXfO30QhwHhCvMkJRtx46UmyChKGYkLXViSSKEh6hP2lpyFBDpJuM9U3igSQ/6odCHKzimfzsSFEg5Cjz9MptTznoZ/M9rx8o/dRPKo1gRjicf+TGDKoRZaLBHBcGKjbRAWFA9K8QDJBBWOtqSDsGZXXleNI4sR+vr43L1Io+jCPbAPjgEDjgBVXAFaqAOMHgEz+ANvBtPxovxYXxOnhaMvGcXTJXx/QO6EqU2</latexit><latexit sha1_base64="ivs2DyrG6dK+k+1lgM+dHFRqra8=">AAACJ3icbZBdS8MwFIbT+TXnV9VLb4JDEAalFUFvlKE3Xk5wH7DVkWbpFpamJUnVUfpvvPGveCOoiF76T0y3Cm7zQMLL8+aQc14vYlQq2/4yCguLS8srxdXS2vrG5pa5vdOQYSwwqeOQhaLlIUkY5aSuqGKkFQmCAo+Rpje8zPzmHRGShvxGjSLiBqjPqU8xUhp1zfNOgNTA85P79DZp04rjpvAM/sKHDGaoAi3L0veUQd20a5Ztyx4XnBdOLsogr1rXfO30QhwHhCvMkJRtx46UmyChKGYkLXViSSKEh6hP2lpyFBDpJuM9U3igSQ/6odCHKzimfzsSFEg5Cjz9MptTznoZ/M9rx8o/dRPKo1gRjicf+TGDKoRZaLBHBcGKjbRAWFA9K8QDJBBWOtqSDsGZXXleNI4sR+vr43L1Io+jCPbAPjgEDjgBVXAFaqAOMHgEz+ANvBtPxovxYXxOnhaMvGcXTJXx/QO6EqU2</latexit><latexit sha1_base64="ivs2DyrG6dK+k+1lgM+dHFRqra8=">AAACJ3icbZBdS8MwFIbT+TXnV9VLb4JDEAalFUFvlKE3Xk5wH7DVkWbpFpamJUnVUfpvvPGveCOoiF76T0y3Cm7zQMLL8+aQc14vYlQq2/4yCguLS8srxdXS2vrG5pa5vdOQYSwwqeOQhaLlIUkY5aSuqGKkFQmCAo+Rpje8zPzmHRGShvxGjSLiBqjPqU8xUhp1zfNOgNTA85P79DZp04rjpvAM/sKHDGaoAi3L0veUQd20a5Ztyx4XnBdOLsogr1rXfO30QhwHhCvMkJRtx46UmyChKGYkLXViSSKEh6hP2lpyFBDpJuM9U3igSQ/6odCHKzimfzsSFEg5Cjz9MptTznoZ/M9rx8o/dRPKo1gRjicf+TGDKoRZaLBHBcGKjbRAWFA9K8QDJBBWOtqSDsGZXXleNI4sR+vr43L1Io+jCPbAPjgEDjgBVXAFaqAOMHgEz+ANvBtPxovxYXxOnhaMvGcXTJXx/QO6EqU2</latexit>

w[i+1] = w[0] + x[1] + ...+ x[i]
<latexit sha1_base64="Z1mdSMoxFT1+HKPi48NHgAmxJ1A=">AAACOnicbZDLSsNAFIYn9VbrLerSzWARhEJIRNCNUHTjsgV7gTSWyXTSDp1cmJmoJeS53PgU7ly4caGIWx/ASRrEth4Y+Pn+c5hzfjdiVEjTfNFKS8srq2vl9crG5tb2jr671xZhzDFp4ZCFvOsiQRgNSEtSyUg34gT5LiMdd3yV+Z07wgUNgxs5iYjjo2FAPYqRVKivN3s+kiPXS+7T28SmNctJ4QWcgaZCtV/0kCErR4ZhzBvUSft61TTMvOCisApRBUU1+vpzbxDi2CeBxAwJYVtmJJ0EcUkxI2mlFwsSITxGQ2IrGSCfCCfJT0/hkSID6IVcvUDCnP6dSJAvxMR3VWe2p5j3MvifZ8fSO3cSGkSxJAGefuTFDMoQZjnCAeUESzZRAmFO1a4QjxBHWKq0KyoEa/7kRdE+MSylm6fV+mURRxkcgENwDCxwBurgGjRAC2DwCF7BO/jQnrQ37VP7mraWtGJmH8yU9v0D6IGs2g==</latexit><latexit sha1_base64="Z1mdSMoxFT1+HKPi48NHgAmxJ1A=">AAACOnicbZDLSsNAFIYn9VbrLerSzWARhEJIRNCNUHTjsgV7gTSWyXTSDp1cmJmoJeS53PgU7ly4caGIWx/ASRrEth4Y+Pn+c5hzfjdiVEjTfNFKS8srq2vl9crG5tb2jr671xZhzDFp4ZCFvOsiQRgNSEtSyUg34gT5LiMdd3yV+Z07wgUNgxs5iYjjo2FAPYqRVKivN3s+kiPXS+7T28SmNctJ4QWcgaZCtV/0kCErR4ZhzBvUSft61TTMvOCisApRBUU1+vpzbxDi2CeBxAwJYVtmJJ0EcUkxI2mlFwsSITxGQ2IrGSCfCCfJT0/hkSID6IVcvUDCnP6dSJAvxMR3VWe2p5j3MvifZ8fSO3cSGkSxJAGefuTFDMoQZjnCAeUESzZRAmFO1a4QjxBHWKq0KyoEa/7kRdE+MSylm6fV+mURRxkcgENwDCxwBurgGjRAC2DwCF7BO/jQnrQ37VP7mraWtGJmH8yU9v0D6IGs2g==</latexit><latexit sha1_base64="Z1mdSMoxFT1+HKPi48NHgAmxJ1A=">AAACOnicbZDLSsNAFIYn9VbrLerSzWARhEJIRNCNUHTjsgV7gTSWyXTSDp1cmJmoJeS53PgU7ly4caGIWx/ASRrEth4Y+Pn+c5hzfjdiVEjTfNFKS8srq2vl9crG5tb2jr671xZhzDFp4ZCFvOsiQRgNSEtSyUg34gT5LiMdd3yV+Z07wgUNgxs5iYjjo2FAPYqRVKivN3s+kiPXS+7T28SmNctJ4QWcgaZCtV/0kCErR4ZhzBvUSft61TTMvOCisApRBUU1+vpzbxDi2CeBxAwJYVtmJJ0EcUkxI2mlFwsSITxGQ2IrGSCfCCfJT0/hkSID6IVcvUDCnP6dSJAvxMR3VWe2p5j3MvifZ8fSO3cSGkSxJAGefuTFDMoQZjnCAeUESzZRAmFO1a4QjxBHWKq0KyoEa/7kRdE+MSylm6fV+mURRxkcgENwDCxwBurgGjRAC2DwCF7BO/jQnrQ37VP7mraWtGJmH8yU9v0D6IGs2g==</latexit><latexit sha1_base64="Z1mdSMoxFT1+HKPi48NHgAmxJ1A=">AAACOnicbZDLSsNAFIYn9VbrLerSzWARhEJIRNCNUHTjsgV7gTSWyXTSDp1cmJmoJeS53PgU7ly4caGIWx/ASRrEth4Y+Pn+c5hzfjdiVEjTfNFKS8srq2vl9crG5tb2jr671xZhzDFp4ZCFvOsiQRgNSEtSyUg34gT5LiMdd3yV+Z07wgUNgxs5iYjjo2FAPYqRVKivN3s+kiPXS+7T28SmNctJ4QWcgaZCtV/0kCErR4ZhzBvUSft61TTMvOCisApRBUU1+vpzbxDi2CeBxAwJYVtmJJ0EcUkxI2mlFwsSITxGQ2IrGSCfCCfJT0/hkSID6IVcvUDCnP6dSJAvxMR3VWe2p5j3MvifZ8fSO3cSGkSxJAGefuTFDMoQZjnCAeUESzZRAmFO1a4QjxBHWKq0KyoEa/7kRdE+MSylm6fV+mURRxkcgENwDCxwBurgGjRAC2DwCF7BO/jQnrQ37VP7mraWtGJmH8yU9v0D6IGs2g==</latexit>

From the previous slide:

w[i+1] = w[i] + x[i] if (w[i])>x[i]  0 ,x[i] 2 D1

<latexit sha1_base64="xi2FTTMonEqkt5nS+G7EqjNJ5Co="></latexit>
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w[i+1] = x[1] + ...+ x[i]
<latexit sha1_base64="ivs2DyrG6dK+k+1lgM+dHFRqra8=">AAACJ3icbZBdS8MwFIbT+TXnV9VLb4JDEAalFUFvlKE3Xk5wH7DVkWbpFpamJUnVUfpvvPGveCOoiF76T0y3Cm7zQMLL8+aQc14vYlQq2/4yCguLS8srxdXS2vrG5pa5vdOQYSwwqeOQhaLlIUkY5aSuqGKkFQmCAo+Rpje8zPzmHRGShvxGjSLiBqjPqU8xUhp1zfNOgNTA85P79DZp04rjpvAM/sKHDGaoAi3L0veUQd20a5Ztyx4XnBdOLsogr1rXfO30QhwHhCvMkJRtx46UmyChKGYkLXViSSKEh6hP2lpyFBDpJuM9U3igSQ/6odCHKzimfzsSFEg5Cjz9MptTznoZ/M9rx8o/dRPKo1gRjicf+TGDKoRZaLBHBcGKjbRAWFA9K8QDJBBWOtqSDsGZXXleNI4sR+vr43L1Io+jCPbAPjgEDjgBVXAFaqAOMHgEz+ANvBtPxovxYXxOnhaMvGcXTJXx/QO6EqU2</latexit><latexit sha1_base64="ivs2DyrG6dK+k+1lgM+dHFRqra8=">AAACJ3icbZBdS8MwFIbT+TXnV9VLb4JDEAalFUFvlKE3Xk5wH7DVkWbpFpamJUnVUfpvvPGveCOoiF76T0y3Cm7zQMLL8+aQc14vYlQq2/4yCguLS8srxdXS2vrG5pa5vdOQYSwwqeOQhaLlIUkY5aSuqGKkFQmCAo+Rpje8zPzmHRGShvxGjSLiBqjPqU8xUhp1zfNOgNTA85P79DZp04rjpvAM/sKHDGaoAi3L0veUQd20a5Ztyx4XnBdOLsogr1rXfO30QhwHhCvMkJRtx46UmyChKGYkLXViSSKEh6hP2lpyFBDpJuM9U3igSQ/6odCHKzimfzsSFEg5Cjz9MptTznoZ/M9rx8o/dRPKo1gRjicf+TGDKoRZaLBHBcGKjbRAWFA9K8QDJBBWOtqSDsGZXXleNI4sR+vr43L1Io+jCPbAPjgEDjgBVXAFaqAOMHgEz+ANvBtPxovxYXxOnhaMvGcXTJXx/QO6EqU2</latexit><latexit sha1_base64="ivs2DyrG6dK+k+1lgM+dHFRqra8=">AAACJ3icbZBdS8MwFIbT+TXnV9VLb4JDEAalFUFvlKE3Xk5wH7DVkWbpFpamJUnVUfpvvPGveCOoiF76T0y3Cm7zQMLL8+aQc14vYlQq2/4yCguLS8srxdXS2vrG5pa5vdOQYSwwqeOQhaLlIUkY5aSuqGKkFQmCAo+Rpje8zPzmHRGShvxGjSLiBqjPqU8xUhp1zfNOgNTA85P79DZp04rjpvAM/sKHDGaoAi3L0veUQd20a5Ztyx4XnBdOLsogr1rXfO30QhwHhCvMkJRtx46UmyChKGYkLXViSSKEh6hP2lpyFBDpJuM9U3igSQ/6odCHKzimfzsSFEg5Cjz9MptTznoZ/M9rx8o/dRPKo1gRjicf+TGDKoRZaLBHBcGKjbRAWFA9K8QDJBBWOtqSDsGZXXleNI4sR+vr43L1Io+jCPbAPjgEDjgBVXAFaqAOMHgEz+ANvBtPxovxYXxOnhaMvGcXTJXx/QO6EqU2</latexit><latexit sha1_base64="ivs2DyrG6dK+k+1lgM+dHFRqra8=">AAACJ3icbZBdS8MwFIbT+TXnV9VLb4JDEAalFUFvlKE3Xk5wH7DVkWbpFpamJUnVUfpvvPGveCOoiF76T0y3Cm7zQMLL8+aQc14vYlQq2/4yCguLS8srxdXS2vrG5pa5vdOQYSwwqeOQhaLlIUkY5aSuqGKkFQmCAo+Rpje8zPzmHRGShvxGjSLiBqjPqU8xUhp1zfNOgNTA85P79DZp04rjpvAM/sKHDGaoAi3L0veUQd20a5Ztyx4XnBdOLsogr1rXfO30QhwHhCvMkJRtx46UmyChKGYkLXViSSKEh6hP2lpyFBDpJuM9U3igSQ/6odCHKzimfzsSFEg5Cjz9MptTznoZ/M9rx8o/dRPKo1gRjicf+TGDKoRZaLBHBcGKjbRAWFA9K8QDJBBWOtqSDsGZXXleNI4sR+vr43L1Io+jCPbAPjgEDjgBVXAFaqAOMHgEz+ANvBtPxovxYXxOnhaMvGcXTJXx/QO6EqU2</latexit>

From the previous slide, the update rule:

Let's multiply both sides by     :w⇤
<latexit sha1_base64="0F8Uwu542wH44M1cD9DXEpHQmR0=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIsgLsqMCLosunFZwT6gM5ZMmmlDM5mQZJQy9DfcuFDErT/jzr8x085CWw8EDufcyz05oeRMG9f9dkorq2vrG+XNytb2zu5edf+grZNUEdoiCU9UN8SaciZoyzDDaVcqiuOQ0044vsn9ziNVmiXi3kwkDWI8FCxiBBsr+X6MzSiMsqfpw1m/WnPr7gxomXgFqUGBZr/65Q8SksZUGMKx1j3PlSbIsDKMcDqt+KmmEpMxHtKepQLHVAfZLPMUnVhlgKJE2ScMmqm/NzIcaz2JQzuZZ9SLXi7+5/VSE10FGRMyNVSQ+aEo5cgkKC8ADZiixPCJJZgoZrMiMsIKE2NrqtgSvMUvL5P2ed2z/O6i1rgu6ijDERzDKXhwCQ24hSa0gICEZ3iFNyd1Xpx352M+WnKKnUP4A+fzBxy6kbc=</latexit><latexit sha1_base64="0F8Uwu542wH44M1cD9DXEpHQmR0=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIsgLsqMCLosunFZwT6gM5ZMmmlDM5mQZJQy9DfcuFDErT/jzr8x085CWw8EDufcyz05oeRMG9f9dkorq2vrG+XNytb2zu5edf+grZNUEdoiCU9UN8SaciZoyzDDaVcqiuOQ0044vsn9ziNVmiXi3kwkDWI8FCxiBBsr+X6MzSiMsqfpw1m/WnPr7gxomXgFqUGBZr/65Q8SksZUGMKx1j3PlSbIsDKMcDqt+KmmEpMxHtKepQLHVAfZLPMUnVhlgKJE2ScMmqm/NzIcaz2JQzuZZ9SLXi7+5/VSE10FGRMyNVSQ+aEo5cgkKC8ADZiixPCJJZgoZrMiMsIKE2NrqtgSvMUvL5P2ed2z/O6i1rgu6ijDERzDKXhwCQ24hSa0gICEZ3iFNyd1Xpx352M+WnKKnUP4A+fzBxy6kbc=</latexit><latexit sha1_base64="0F8Uwu542wH44M1cD9DXEpHQmR0=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIsgLsqMCLosunFZwT6gM5ZMmmlDM5mQZJQy9DfcuFDErT/jzr8x085CWw8EDufcyz05oeRMG9f9dkorq2vrG+XNytb2zu5edf+grZNUEdoiCU9UN8SaciZoyzDDaVcqiuOQ0044vsn9ziNVmiXi3kwkDWI8FCxiBBsr+X6MzSiMsqfpw1m/WnPr7gxomXgFqUGBZr/65Q8SksZUGMKx1j3PlSbIsDKMcDqt+KmmEpMxHtKepQLHVAfZLPMUnVhlgKJE2ScMmqm/NzIcaz2JQzuZZ9SLXi7+5/VSE10FGRMyNVSQ+aEo5cgkKC8ADZiixPCJJZgoZrMiMsIKE2NrqtgSvMUvL5P2ed2z/O6i1rgu6ijDERzDKXhwCQ24hSa0gICEZ3iFNyd1Xpx352M+WnKKnUP4A+fzBxy6kbc=</latexit><latexit sha1_base64="0F8Uwu542wH44M1cD9DXEpHQmR0=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIsgLsqMCLosunFZwT6gM5ZMmmlDM5mQZJQy9DfcuFDErT/jzr8x085CWw8EDufcyz05oeRMG9f9dkorq2vrG+XNytb2zu5edf+grZNUEdoiCU9UN8SaciZoyzDDaVcqiuOQ0044vsn9ziNVmiXi3kwkDWI8FCxiBBsr+X6MzSiMsqfpw1m/WnPr7gxomXgFqUGBZr/65Q8SksZUGMKx1j3PlSbIsDKMcDqt+KmmEpMxHtKepQLHVAfZLPMUnVhlgKJE2ScMmqm/NzIcaz2JQzuZZ9SLXi7+5/VSE10FGRMyNVSQ+aEo5cgkKC8ADZiixPCJJZgoZrMiMsIKE2NrqtgSvMUvL5P2ed2z/O6i1rgu6ijDERzDKXhwCQ24hSa0gICEZ3iFNyd1Xpx352M+WnKKnUP4A+fzBxy6kbc=</latexit>

All these terms are > 0, because remember that we have

so the updates are all to make the net inputs more positive 

Now, let

then

(w⇤)Tw[i+1] = (w⇤)Tx[1] + ...+ (w⇤)Tx[i]
<latexit sha1_base64="2bagsj4kiE4Bp4QcNqvpbc577yY=">AAACX3icfZHNS8MwGMbT+rG5zVn1JF6CQ5gOSiuCXoShF48T9gVbN9Is3cLSD5J0Okr/SW+CF/8T022HfYgvJDw87+8lyRM3YlRIy/rS9L39g8Nc/qhQLB2XT4zTs7YIY45JC4cs5F0XCcJoQFqSSka6ESfIdxnpuNOXrN+ZES5oGDTlPCKOj8YB9ShGUllDY1bt+0hOXC95TwfJbXozaMJ1p0drtpPCJ/gP95FxGVWDpmmqfZfdQKmTDo2KZVqLgrvCXokKWFVjaHz2RyGOfRJIzJAQPduKpJMgLilmJC30Y0EihKdoTHpKBsgnwkkW+aTwWjkj6IVcrUDChbs+kSBfiLnvKjK7p9juZeZfvV4svUcnoUEUSxLg5UFezKAMYRY2HFFOsGRzJRDmVN0V4gniCEv1JQUVgr395F3RvjNtpd/uK/XnVRx5cAmuQBXY4AHUwStogBbA4FvTtaJW0n70nF7WjSWqa6uZc7BR+sUvLo607Q==</latexit><latexit sha1_base64="2bagsj4kiE4Bp4QcNqvpbc577yY=">AAACX3icfZHNS8MwGMbT+rG5zVn1JF6CQ5gOSiuCXoShF48T9gVbN9Is3cLSD5J0Okr/SW+CF/8T022HfYgvJDw87+8lyRM3YlRIy/rS9L39g8Nc/qhQLB2XT4zTs7YIY45JC4cs5F0XCcJoQFqSSka6ESfIdxnpuNOXrN+ZES5oGDTlPCKOj8YB9ShGUllDY1bt+0hOXC95TwfJbXozaMJ1p0drtpPCJ/gP95FxGVWDpmmqfZfdQKmTDo2KZVqLgrvCXokKWFVjaHz2RyGOfRJIzJAQPduKpJMgLilmJC30Y0EihKdoTHpKBsgnwkkW+aTwWjkj6IVcrUDChbs+kSBfiLnvKjK7p9juZeZfvV4svUcnoUEUSxLg5UFezKAMYRY2HFFOsGRzJRDmVN0V4gniCEv1JQUVgr395F3RvjNtpd/uK/XnVRx5cAmuQBXY4AHUwStogBbA4FvTtaJW0n70nF7WjSWqa6uZc7BR+sUvLo607Q==</latexit><latexit sha1_base64="2bagsj4kiE4Bp4QcNqvpbc577yY=">AAACX3icfZHNS8MwGMbT+rG5zVn1JF6CQ5gOSiuCXoShF48T9gVbN9Is3cLSD5J0Okr/SW+CF/8T022HfYgvJDw87+8lyRM3YlRIy/rS9L39g8Nc/qhQLB2XT4zTs7YIY45JC4cs5F0XCcJoQFqSSka6ESfIdxnpuNOXrN+ZES5oGDTlPCKOj8YB9ShGUllDY1bt+0hOXC95TwfJbXozaMJ1p0drtpPCJ/gP95FxGVWDpmmqfZfdQKmTDo2KZVqLgrvCXokKWFVjaHz2RyGOfRJIzJAQPduKpJMgLilmJC30Y0EihKdoTHpKBsgnwkkW+aTwWjkj6IVcrUDChbs+kSBfiLnvKjK7p9juZeZfvV4svUcnoUEUSxLg5UFezKAMYRY2HFFOsGRzJRDmVN0V4gniCEv1JQUVgr395F3RvjNtpd/uK/XnVRx5cAmuQBXY4AHUwStogBbA4FvTtaJW0n70nF7WjSWqa6uZc7BR+sUvLo607Q==</latexit><latexit sha1_base64="2bagsj4kiE4Bp4QcNqvpbc577yY=">AAACX3icfZHNS8MwGMbT+rG5zVn1JF6CQ5gOSiuCXoShF48T9gVbN9Is3cLSD5J0Okr/SW+CF/8T022HfYgvJDw87+8lyRM3YlRIy/rS9L39g8Nc/qhQLB2XT4zTs7YIY45JC4cs5F0XCcJoQFqSSka6ESfIdxnpuNOXrN+ZES5oGDTlPCKOj8YB9ShGUllDY1bt+0hOXC95TwfJbXozaMJ1p0drtpPCJ/gP95FxGVWDpmmqfZfdQKmTDo2KZVqLgrvCXokKWFVjaHz2RyGOfRJIzJAQPduKpJMgLilmJC30Y0EihKdoTHpKBsgnwkkW+aTwWjkj6IVcrUDChbs+kSBfiLnvKjK7p9juZeZfvV4svUcnoUEUSxLg5UFezKAMYRY2HFFOsGRzJRDmVN0V4gniCEv1JQUVgr395F3RvjNtpd/uK/XnVRx5cAmuQBXY4AHUwStogBbA4FvTtaJW0n70nF7WjSWqa6uZc7BR+sUvLo607Q==</latexit>

w[i+1] = w[i] + x[i] if (w[i])Tx[i]  0 ,x[i] 2 D1
<latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit>

↵ = min
x[j]

(w⇤)Tx[j], j = 1, ..., i
<latexit sha1_base64="BFdhenkfmyvzJR7u9fgzL6/qK8M="></latexit><latexit sha1_base64="BFdhenkfmyvzJR7u9fgzL6/qK8M="></latexit><latexit sha1_base64="BFdhenkfmyvzJR7u9fgzL6/qK8M="></latexit><latexit sha1_base64="BFdhenkfmyvzJR7u9fgzL6/qK8M="></latexit>

(w⇤)Tw[i+1] � ↵i
<latexit sha1_base64="kBTXL4xEo91UMh4mpttWC3dVfLU=">AAACG3icbZDLSsNAFIYnXmu9RV26GSxCVShJEXRZdOOyQm/QpGUynbRDJ5MwM1FKyHu48VXcuFDEleDCt3HSZlFbfxj4+M85zDm/FzEqlWX9GCura+sbm4Wt4vbO7t6+eXDYkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3vs3q7QciJA15Q00i4gZoyKlPMVLa6pvVshMgNfL85DHtJefpWa8B550uvbDdFDpDAh3EohGCtG+WrIo1FVwGO4cSyFXvm1/OIMRxQLjCDEnZta1IuQkSimJG0qITSxIhPEZD0tXIUUCkm0xvS+GpdgbQD4V+XMGpOz+RoEDKSeDpzmxtuVjLzP9q3Vj5125CeRQrwvHsIz9mUIUwCwoOqCBYsYkGhAXVu0I8QgJhpeMs6hDsxZOXoVWt2JrvL0u1mzyOAjgGJ6AMbHAFauAO1EETYPAEXsAbeDeejVfjw/icta4Y+cwR+CPj+xc9d6Di</latexit><latexit sha1_base64="kBTXL4xEo91UMh4mpttWC3dVfLU=">AAACG3icbZDLSsNAFIYnXmu9RV26GSxCVShJEXRZdOOyQm/QpGUynbRDJ5MwM1FKyHu48VXcuFDEleDCt3HSZlFbfxj4+M85zDm/FzEqlWX9GCura+sbm4Wt4vbO7t6+eXDYkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3vs3q7QciJA15Q00i4gZoyKlPMVLa6pvVshMgNfL85DHtJefpWa8B550uvbDdFDpDAh3EohGCtG+WrIo1FVwGO4cSyFXvm1/OIMRxQLjCDEnZta1IuQkSimJG0qITSxIhPEZD0tXIUUCkm0xvS+GpdgbQD4V+XMGpOz+RoEDKSeDpzmxtuVjLzP9q3Vj5125CeRQrwvHsIz9mUIUwCwoOqCBYsYkGhAXVu0I8QgJhpeMs6hDsxZOXoVWt2JrvL0u1mzyOAjgGJ6AMbHAFauAO1EETYPAEXsAbeDeejVfjw/icta4Y+cwR+CPj+xc9d6Di</latexit><latexit sha1_base64="kBTXL4xEo91UMh4mpttWC3dVfLU=">AAACG3icbZDLSsNAFIYnXmu9RV26GSxCVShJEXRZdOOyQm/QpGUynbRDJ5MwM1FKyHu48VXcuFDEleDCt3HSZlFbfxj4+M85zDm/FzEqlWX9GCura+sbm4Wt4vbO7t6+eXDYkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3vs3q7QciJA15Q00i4gZoyKlPMVLa6pvVshMgNfL85DHtJefpWa8B550uvbDdFDpDAh3EohGCtG+WrIo1FVwGO4cSyFXvm1/OIMRxQLjCDEnZta1IuQkSimJG0qITSxIhPEZD0tXIUUCkm0xvS+GpdgbQD4V+XMGpOz+RoEDKSeDpzmxtuVjLzP9q3Vj5125CeRQrwvHsIz9mUIUwCwoOqCBYsYkGhAXVu0I8QgJhpeMs6hDsxZOXoVWt2JrvL0u1mzyOAjgGJ6AMbHAFauAO1EETYPAEXsAbeDeejVfjw/icta4Y+cwR+CPj+xc9d6Di</latexit><latexit sha1_base64="kBTXL4xEo91UMh4mpttWC3dVfLU=">AAACG3icbZDLSsNAFIYnXmu9RV26GSxCVShJEXRZdOOyQm/QpGUynbRDJ5MwM1FKyHu48VXcuFDEleDCt3HSZlFbfxj4+M85zDm/FzEqlWX9GCura+sbm4Wt4vbO7t6+eXDYkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3vs3q7QciJA15Q00i4gZoyKlPMVLa6pvVshMgNfL85DHtJefpWa8B550uvbDdFDpDAh3EohGCtG+WrIo1FVwGO4cSyFXvm1/OIMRxQLjCDEnZta1IuQkSimJG0qITSxIhPEZD0tXIUUCkm0xvS+GpdgbQD4V+XMGpOz+RoEDKSeDpzmxtuVjLzP9q3Vj5125CeRQrwvHsIz9mUIUwCwoOqCBYsYkGhAXVu0I8QgJhpeMs6hDsxZOXoVWt2JrvL0u1mzyOAjgGJ6AMbHAFauAO1EETYPAEXsAbeDeejVfjw/icta4Y+cwR+CPj+xc9d6Di</latexit>
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Perceptron Convergence Theorem -- Proof
From the previous slide, we had the inequality:

( <latexit sha1_base64="XF1Gr8h4738t5rWCuUTTLtNRQb4=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEInkoigh5LvXisYD+gCWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vrCwsM7M+zMG6aCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wfDurd55QaZ7IBzNJMYjpUPKIM2qs1fUbfDgkft6vVN2aOxdZBa+AKhRq9itf/iBhWYzSMEG17nluaoKcKsOZwGnZzzSmlI3pEHsWJY1RB/l83yk5t86ARImyTxoyd39P5DTWehKHtjOmZqSXazPzv1ovM9FNkHOZZgYlW3wUZYKYhMyOJwOukBkxsUCZ4nZXwkZUUWZsRGUbgrd88iq0L2ue5furar1RxFGCUziDC/DgGupwB01oAQMBz/AKb86j8+K8Ox+L1jWnmDmBP3I+fwB5xo+W</latexit><latexit sha1_base64="XF1Gr8h4738t5rWCuUTTLtNRQb4=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEInkoigh5LvXisYD+gCWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vrCwsM7M+zMG6aCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wfDurd55QaZ7IBzNJMYjpUPKIM2qs1fUbfDgkft6vVN2aOxdZBa+AKhRq9itf/iBhWYzSMEG17nluaoKcKsOZwGnZzzSmlI3pEHsWJY1RB/l83yk5t86ARImyTxoyd39P5DTWehKHtjOmZqSXazPzv1ovM9FNkHOZZgYlW3wUZYKYhMyOJwOukBkxsUCZ4nZXwkZUUWZsRGUbgrd88iq0L2ue5furar1RxFGCUziDC/DgGupwB01oAQMBz/AKb86j8+K8Ox+L1jWnmDmBP3I+fwB5xo+W</latexit><latexit sha1_base64="XF1Gr8h4738t5rWCuUTTLtNRQb4=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEInkoigh5LvXisYD+gCWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vrCwsM7M+zMG6aCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wfDurd55QaZ7IBzNJMYjpUPKIM2qs1fUbfDgkft6vVN2aOxdZBa+AKhRq9itf/iBhWYzSMEG17nluaoKcKsOZwGnZzzSmlI3pEHsWJY1RB/l83yk5t86ARImyTxoyd39P5DTWehKHtjOmZqSXazPzv1ovM9FNkHOZZgYlW3wUZYKYhMyOJwOukBkxsUCZ4nZXwkZUUWZsRGUbgrd88iq0L2ue5furar1RxFGCUziDC/DgGupwB01oAQMBz/AKb86j8+K8Ox+L1jWnmDmBP3I+fwB5xo+W</latexit><latexit sha1_base64="XF1Gr8h4738t5rWCuUTTLtNRQb4=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEInkoigh5LvXisYD+gCWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vrCwsM7M+zMG6aCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wfDurd55QaZ7IBzNJMYjpUPKIM2qs1fUbfDgkft6vVN2aOxdZBa+AKhRq9itf/iBhWYzSMEG17nluaoKcKsOZwGnZzzSmlI3pEHsWJY1RB/l83yk5t86ARImyTxoyd39P5DTWehKHtjOmZqSXazPzv1ovM9FNkHOZZgYlW3wUZYKYhMyOJwOukBkxsUCZ4nZXwkZUUWZsRGUbgrd88iq0L2ue5furar1RxFGCUziDC/DgGupwB01oAQMBz/AKb86j8+K8Ox+L1jWnmDmBP3I+fwB5xo+W</latexit>

Using the Cauchy-Schwarz inequality, we can then say

as well as 

So, we can finally define the lower bound of the size of the weights

||w[i+1]||2 � ↵2i2

||w⇤||2
<latexit sha1_base64="Ksl5iqQyUNnihiWifLlV5Wm7I/s="></latexit><latexit sha1_base64="Ksl5iqQyUNnihiWifLlV5Wm7I/s="></latexit><latexit sha1_base64="Ksl5iqQyUNnihiWifLlV5Wm7I/s="></latexit><latexit sha1_base64="Ksl5iqQyUNnihiWifLlV5Wm7I/s="></latexit>

(w⇤)Tw[i+1] � ↵i
<latexit sha1_base64="kBTXL4xEo91UMh4mpttWC3dVfLU=">AAACG3icbZDLSsNAFIYnXmu9RV26GSxCVShJEXRZdOOyQm/QpGUynbRDJ5MwM1FKyHu48VXcuFDEleDCt3HSZlFbfxj4+M85zDm/FzEqlWX9GCura+sbm4Wt4vbO7t6+eXDYkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3vs3q7QciJA15Q00i4gZoyKlPMVLa6pvVshMgNfL85DHtJefpWa8B550uvbDdFDpDAh3EohGCtG+WrIo1FVwGO4cSyFXvm1/OIMRxQLjCDEnZta1IuQkSimJG0qITSxIhPEZD0tXIUUCkm0xvS+GpdgbQD4V+XMGpOz+RoEDKSeDpzmxtuVjLzP9q3Vj5125CeRQrwvHsIz9mUIUwCwoOqCBYsYkGhAXVu0I8QgJhpeMs6hDsxZOXoVWt2JrvL0u1mzyOAjgGJ6AMbHAFauAO1EETYPAEXsAbeDeejVfjw/icta4Y+cwR+CPj+xc9d6Di</latexit><latexit sha1_base64="kBTXL4xEo91UMh4mpttWC3dVfLU=">AAACG3icbZDLSsNAFIYnXmu9RV26GSxCVShJEXRZdOOyQm/QpGUynbRDJ5MwM1FKyHu48VXcuFDEleDCt3HSZlFbfxj4+M85zDm/FzEqlWX9GCura+sbm4Wt4vbO7t6+eXDYkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3vs3q7QciJA15Q00i4gZoyKlPMVLa6pvVshMgNfL85DHtJefpWa8B550uvbDdFDpDAh3EohGCtG+WrIo1FVwGO4cSyFXvm1/OIMRxQLjCDEnZta1IuQkSimJG0qITSxIhPEZD0tXIUUCkm0xvS+GpdgbQD4V+XMGpOz+RoEDKSeDpzmxtuVjLzP9q3Vj5125CeRQrwvHsIz9mUIUwCwoOqCBYsYkGhAXVu0I8QgJhpeMs6hDsxZOXoVWt2JrvL0u1mzyOAjgGJ6AMbHAFauAO1EETYPAEXsAbeDeejVfjw/icta4Y+cwR+CPj+xc9d6Di</latexit><latexit sha1_base64="kBTXL4xEo91UMh4mpttWC3dVfLU=">AAACG3icbZDLSsNAFIYnXmu9RV26GSxCVShJEXRZdOOyQm/QpGUynbRDJ5MwM1FKyHu48VXcuFDEleDCt3HSZlFbfxj4+M85zDm/FzEqlWX9GCura+sbm4Wt4vbO7t6+eXDYkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3vs3q7QciJA15Q00i4gZoyKlPMVLa6pvVshMgNfL85DHtJefpWa8B550uvbDdFDpDAh3EohGCtG+WrIo1FVwGO4cSyFXvm1/OIMRxQLjCDEnZta1IuQkSimJG0qITSxIhPEZD0tXIUUCkm0xvS+GpdgbQD4V+XMGpOz+RoEDKSeDpzmxtuVjLzP9q3Vj5125CeRQrwvHsIz9mUIUwCwoOqCBYsYkGhAXVu0I8QgJhpeMs6hDsxZOXoVWt2JrvL0u1mzyOAjgGJ6AMbHAFauAO1EETYPAEXsAbeDeejVfjw/icta4Y+cwR+CPj+xc9d6Di</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="EQP/6SMwMgPcCD0u9uAOVI1JrVY=">AAACEHicbZBLSwMxFIXv+Ky16ujWTbAIVaHMdKNLwY3LCn3BzLRk0kwbmnmQZJQyzP9w419x40IRV+78N2baLmrrgcDHOQm59/gJZ1JZ1o+xsbm1vbNb2ivvVw4Oj8zjSkfGqSC0TWIei56PJeUsom3FFKe9RFAc+px2/cldkXcfqZAsjlpqmlAvxKOIBYxgpa2B2ai5IVZjP8ie8n52mV/0W2jZcdiV7eXIHVHkYp6MMWIDs2rVrZnQOtgLqMJCzYH57Q5jkoY0UoRjKR3bSpSXYaEY4TQvu6mkCSYTPKKOxgiHVHrZbLccnWtniIJY6BMpNHOXX2Q4lHIa+vpmMbZczQrzv8xJVXDjZSxKUkUjMv8oSDlSMSqKQkMmKFF8qgETwfSsiIyxwETpOsu6BHt15XXoNOq25gcLSnAKZ1ADG67hFu6hCW0g8Ayv8A4fxovxZnzO69owFr2dwB8ZX79XCp9c</latexit><latexit sha1_base64="EQP/6SMwMgPcCD0u9uAOVI1JrVY=">AAACEHicbZBLSwMxFIXv+Ky16ujWTbAIVaHMdKNLwY3LCn3BzLRk0kwbmnmQZJQyzP9w419x40IRV+78N2baLmrrgcDHOQm59/gJZ1JZ1o+xsbm1vbNb2ivvVw4Oj8zjSkfGqSC0TWIei56PJeUsom3FFKe9RFAc+px2/cldkXcfqZAsjlpqmlAvxKOIBYxgpa2B2ai5IVZjP8ie8n52mV/0W2jZcdiV7eXIHVHkYp6MMWIDs2rVrZnQOtgLqMJCzYH57Q5jkoY0UoRjKR3bSpSXYaEY4TQvu6mkCSYTPKKOxgiHVHrZbLccnWtniIJY6BMpNHOXX2Q4lHIa+vpmMbZczQrzv8xJVXDjZSxKUkUjMv8oSDlSMSqKQkMmKFF8qgETwfSsiIyxwETpOsu6BHt15XXoNOq25gcLSnAKZ1ADG67hFu6hCW0g8Ayv8A4fxovxZnzO69owFr2dwB8ZX79XCp9c</latexit><latexit sha1_base64="YwT+534rIr3qtNvZpveMSBhmVQ8=">AAACG3icbZDLSsNAFIYn9VbrLerSzWARqkJJutFl0Y3LCr1Bk5bJdNIOnUzCzEQpIe/hxldx40IRV4IL38ZJm0Vt/WHg4z/nMOf8XsSoVJb1YxTW1jc2t4rbpZ3dvf0D8/CoLcNYYNLCIQtF10OSMMpJS1HFSDcSBAUeIx1vcpvVOw9ESBrypppGxA3QiFOfYqS0NTBrFSdAauz5yWPaTy7S834TLjo9emm7KXRGBDqIRWME6cAsW1VrJrgKdg5lkKsxML+cYYjjgHCFGZKyZ1uRchMkFMWMpCUnliRCeIJGpKeRo4BIN5ndlsIz7QyhHwr9uIIzd3EiQYGU08DTndnacrmWmf/VerHyr92E8ihWhOP5R37MoAphFhQcUkGwYlMNCAuqd4V4jATCSsdZ0iHYyyevQrtWtTXfW+X6TR5HEZyAU1ABNrgCdXAHGqAFMHgCL+ANvBvPxqvxYXzOWwtGPnMM/sj4/gU8N6De</latexit><latexit sha1_base64="kBTXL4xEo91UMh4mpttWC3dVfLU=">AAACG3icbZDLSsNAFIYnXmu9RV26GSxCVShJEXRZdOOyQm/QpGUynbRDJ5MwM1FKyHu48VXcuFDEleDCt3HSZlFbfxj4+M85zDm/FzEqlWX9GCura+sbm4Wt4vbO7t6+eXDYkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3vs3q7QciJA15Q00i4gZoyKlPMVLa6pvVshMgNfL85DHtJefpWa8B550uvbDdFDpDAh3EohGCtG+WrIo1FVwGO4cSyFXvm1/OIMRxQLjCDEnZta1IuQkSimJG0qITSxIhPEZD0tXIUUCkm0xvS+GpdgbQD4V+XMGpOz+RoEDKSeDpzmxtuVjLzP9q3Vj5125CeRQrwvHsIz9mUIUwCwoOqCBYsYkGhAXVu0I8QgJhpeMs6hDsxZOXoVWt2JrvL0u1mzyOAjgGJ6AMbHAFauAO1EETYPAEXsAbeDeejVfjw/icta4Y+cwR+CPj+xc9d6Di</latexit><latexit sha1_base64="kBTXL4xEo91UMh4mpttWC3dVfLU=">AAACG3icbZDLSsNAFIYnXmu9RV26GSxCVShJEXRZdOOyQm/QpGUynbRDJ5MwM1FKyHu48VXcuFDEleDCt3HSZlFbfxj4+M85zDm/FzEqlWX9GCura+sbm4Wt4vbO7t6+eXDYkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3vs3q7QciJA15Q00i4gZoyKlPMVLa6pvVshMgNfL85DHtJefpWa8B550uvbDdFDpDAh3EohGCtG+WrIo1FVwGO4cSyFXvm1/OIMRxQLjCDEnZta1IuQkSimJG0qITSxIhPEZD0tXIUUCkm0xvS+GpdgbQD4V+XMGpOz+RoEDKSeDpzmxtuVjLzP9q3Vj5125CeRQrwvHsIz9mUIUwCwoOqCBYsYkGhAXVu0I8QgJhpeMs6hDsxZOXoVWt2JrvL0u1mzyOAjgGJ6AMbHAFauAO1EETYPAEXsAbeDeejVfjw/icta4Y+cwR+CPj+xc9d6Di</latexit><latexit sha1_base64="kBTXL4xEo91UMh4mpttWC3dVfLU=">AAACG3icbZDLSsNAFIYnXmu9RV26GSxCVShJEXRZdOOyQm/QpGUynbRDJ5MwM1FKyHu48VXcuFDEleDCt3HSZlFbfxj4+M85zDm/FzEqlWX9GCura+sbm4Wt4vbO7t6+eXDYkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3vs3q7QciJA15Q00i4gZoyKlPMVLa6pvVshMgNfL85DHtJefpWa8B550uvbDdFDpDAh3EohGCtG+WrIo1FVwGO4cSyFXvm1/OIMRxQLjCDEnZta1IuQkSimJG0qITSxIhPEZD0tXIUUCkm0xvS+GpdgbQD4V+XMGpOz+RoEDKSeDpzmxtuVjLzP9q3Vj5125CeRQrwvHsIz9mUIUwCwoOqCBYsYkGhAXVu0I8QgJhpeMs6hDsxZOXoVWt2JrvL0u1mzyOAjgGJ6AMbHAFauAO1EETYPAEXsAbeDeejVfjw/icta4Y+cwR+CPj+xc9d6Di</latexit><latexit sha1_base64="kBTXL4xEo91UMh4mpttWC3dVfLU=">AAACG3icbZDLSsNAFIYnXmu9RV26GSxCVShJEXRZdOOyQm/QpGUynbRDJ5MwM1FKyHu48VXcuFDEleDCt3HSZlFbfxj4+M85zDm/FzEqlWX9GCura+sbm4Wt4vbO7t6+eXDYkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3vs3q7QciJA15Q00i4gZoyKlPMVLa6pvVshMgNfL85DHtJefpWa8B550uvbDdFDpDAh3EohGCtG+WrIo1FVwGO4cSyFXvm1/OIMRxQLjCDEnZta1IuQkSimJG0qITSxIhPEZD0tXIUUCkm0xvS+GpdgbQD4V+XMGpOz+RoEDKSeDpzmxtuVjLzP9q3Vj5125CeRQrwvHsIz9mUIUwCwoOqCBYsYkGhAXVu0I8QgJhpeMs6hDsxZOXoVWt2JrvL0u1mzyOAjgGJ6AMbHAFauAO1EETYPAEXsAbeDeejVfjw/icta4Y+cwR+CPj+xc9d6Di</latexit><latexit sha1_base64="kBTXL4xEo91UMh4mpttWC3dVfLU=">AAACG3icbZDLSsNAFIYnXmu9RV26GSxCVShJEXRZdOOyQm/QpGUynbRDJ5MwM1FKyHu48VXcuFDEleDCt3HSZlFbfxj4+M85zDm/FzEqlWX9GCura+sbm4Wt4vbO7t6+eXDYkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3vs3q7QciJA15Q00i4gZoyKlPMVLa6pvVshMgNfL85DHtJefpWa8B550uvbDdFDpDAh3EohGCtG+WrIo1FVwGO4cSyFXvm1/OIMRxQLjCDEnZta1IuQkSimJG0qITSxIhPEZD0tXIUUCkm0xvS+GpdgbQD4V+XMGpOz+RoEDKSeDpzmxtuVjLzP9q3Vj5125CeRQrwvHsIz9mUIUwCwoOqCBYsYkGhAXVu0I8QgJhpeMs6hDsxZOXoVWt2JrvL0u1mzyOAjgGJ6AMbHAFauAO1EETYPAEXsAbeDeejVfjw/icta4Y+cwR+CPj+xc9d6Di</latexit><latexit sha1_base64="kBTXL4xEo91UMh4mpttWC3dVfLU=">AAACG3icbZDLSsNAFIYnXmu9RV26GSxCVShJEXRZdOOyQm/QpGUynbRDJ5MwM1FKyHu48VXcuFDEleDCt3HSZlFbfxj4+M85zDm/FzEqlWX9GCura+sbm4Wt4vbO7t6+eXDYkmEsMGnikIWi4yFJGOWkqahipBMJggKPkbY3vs3q7QciJA15Q00i4gZoyKlPMVLa6pvVshMgNfL85DHtJefpWa8B550uvbDdFDpDAh3EohGCtG+WrIo1FVwGO4cSyFXvm1/OIMRxQLjCDEnZta1IuQkSimJG0qITSxIhPEZD0tXIUUCkm0xvS+GpdgbQD4V+XMGpOz+RoEDKSeDpzmxtuVjLzP9q3Vj5125CeRQrwvHsIz9mUIUwCwoOqCBYsYkGhAXVu0I8QgJhpeMs6hDsxZOXoVWt2JrvL0u1mzyOAjgGJ6AMbHAFauAO1EETYPAEXsAbeDeejVfjw/icta4Y+cwR+CPj+xc9d6Di</latexit>

||w⇤||2 · ||w[i+1]||2 �
�
(w⇤)Tw[i+1]

�2
<latexit sha1_base64="YSgoXbrhxve+hE4EKORsHzsMzEU="></latexit><latexit sha1_base64="YSgoXbrhxve+hE4EKORsHzsMzEU="></latexit><latexit sha1_base64="YSgoXbrhxve+hE4EKORsHzsMzEU="></latexit><latexit sha1_base64="YSgoXbrhxve+hE4EKORsHzsMzEU="></latexit>

||w⇤||2 · ||w[i+1]||2 � (↵i)2
<latexit sha1_base64="hMjsgpvB8oZtDsRUn7dAH4HagUc="></latexit><latexit sha1_base64="hMjsgpvB8oZtDsRUn7dAH4HagUc="></latexit><latexit sha1_base64="hMjsgpvB8oZtDsRUn7dAH4HagUc="></latexit><latexit sha1_base64="hMjsgpvB8oZtDsRUn7dAH4HagUc="></latexit>
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Perceptron Convergence Theorem -- Proof
Now that we defined the lower bound of the size of the weights, 
let us get the upper bound.

For that, let's go back to the update rule

and apply the squared L2 norm on both sides

||w[i+1]||2 = ||w[i] + x[i]||2
<latexit sha1_base64="mh6nOSvUgtWXLeXFDyjggPq2Oe4=">AAACLXicbVDLSsNAFJ34rPUVdelmsAhCoSRF0I1Q1IXLCvYBaVom00k7dPJgZqKWJD/kxl8RwUVF3PobTtoI2npg4HDOucy9xwkZFdIwJtrS8srq2npho7i5tb2zq+/tN0UQcUwaOGABbztIEEZ90pBUMtIOOUGew0jLGV1lfuuecEED/06OQ2J7aOBTl2IkldTTr5Ok4yE5dNz4Ie3GFi2bdpok3Sq8gPOWncIy/JEecynL9vSSUTGmgIvEzEkJ5Kj39NdOP8CRR3yJGRLCMo1Q2jHikmJG0mInEiREeIQGxFLURx4Rdjy9NoXHSulDN+Dq+RJO1d8TMfKEGHuOSma7inkvE//zrEi653ZM/TCSxMezj9yIQRnArDrYp5xgycaKIMyp2hXiIeIIS1VwUZVgzp+8SJrViqn47WmpdpnXUQCH4AicABOcgRq4AXXQABg8gRcwAe/as/amfWifs+iSls8cgD/Qvr4B2/2ptA==</latexit><latexit sha1_base64="mh6nOSvUgtWXLeXFDyjggPq2Oe4=">AAACLXicbVDLSsNAFJ34rPUVdelmsAhCoSRF0I1Q1IXLCvYBaVom00k7dPJgZqKWJD/kxl8RwUVF3PobTtoI2npg4HDOucy9xwkZFdIwJtrS8srq2npho7i5tb2zq+/tN0UQcUwaOGABbztIEEZ90pBUMtIOOUGew0jLGV1lfuuecEED/06OQ2J7aOBTl2IkldTTr5Ok4yE5dNz4Ie3GFi2bdpok3Sq8gPOWncIy/JEecynL9vSSUTGmgIvEzEkJ5Kj39NdOP8CRR3yJGRLCMo1Q2jHikmJG0mInEiREeIQGxFLURx4Rdjy9NoXHSulDN+Dq+RJO1d8TMfKEGHuOSma7inkvE//zrEi653ZM/TCSxMezj9yIQRnArDrYp5xgycaKIMyp2hXiIeIIS1VwUZVgzp+8SJrViqn47WmpdpnXUQCH4AicABOcgRq4AXXQABg8gRcwAe/as/amfWifs+iSls8cgD/Qvr4B2/2ptA==</latexit><latexit sha1_base64="mh6nOSvUgtWXLeXFDyjggPq2Oe4=">AAACLXicbVDLSsNAFJ34rPUVdelmsAhCoSRF0I1Q1IXLCvYBaVom00k7dPJgZqKWJD/kxl8RwUVF3PobTtoI2npg4HDOucy9xwkZFdIwJtrS8srq2npho7i5tb2zq+/tN0UQcUwaOGABbztIEEZ90pBUMtIOOUGew0jLGV1lfuuecEED/06OQ2J7aOBTl2IkldTTr5Ok4yE5dNz4Ie3GFi2bdpok3Sq8gPOWncIy/JEecynL9vSSUTGmgIvEzEkJ5Kj39NdOP8CRR3yJGRLCMo1Q2jHikmJG0mInEiREeIQGxFLURx4Rdjy9NoXHSulDN+Dq+RJO1d8TMfKEGHuOSma7inkvE//zrEi653ZM/TCSxMezj9yIQRnArDrYp5xgycaKIMyp2hXiIeIIS1VwUZVgzp+8SJrViqn47WmpdpnXUQCH4AicABOcgRq4AXXQABg8gRcwAe/as/amfWifs+iSls8cgD/Qvr4B2/2ptA==</latexit><latexit sha1_base64="mh6nOSvUgtWXLeXFDyjggPq2Oe4=">AAACLXicbVDLSsNAFJ34rPUVdelmsAhCoSRF0I1Q1IXLCvYBaVom00k7dPJgZqKWJD/kxl8RwUVF3PobTtoI2npg4HDOucy9xwkZFdIwJtrS8srq2npho7i5tb2zq+/tN0UQcUwaOGABbztIEEZ90pBUMtIOOUGew0jLGV1lfuuecEED/06OQ2J7aOBTl2IkldTTr5Ok4yE5dNz4Ie3GFi2bdpok3Sq8gPOWncIy/JEecynL9vSSUTGmgIvEzEkJ5Kj39NdOP8CRR3yJGRLCMo1Q2jHikmJG0mInEiREeIQGxFLURx4Rdjy9NoXHSulDN+Dq+RJO1d8TMfKEGHuOSma7inkvE//zrEi653ZM/TCSxMezj9yIQRnArDrYp5xgycaKIMyp2hXiIeIIS1VwUZVgzp+8SJrViqn47WmpdpnXUQCH4AicABOcgRq4AXXQABg8gRcwAe/as/amfWifs+iSls8cgD/Qvr4B2/2ptA==</latexit>

w[i+1] = w[i] + x[i] if (w[i])Tx[i]  0 ,x[i] 2 D1
<latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="q+kI6dZtWxcZyJcuwi9H/sBseUI="></latexit><latexit sha1_base64="q+kI6dZtWxcZyJcuwi9H/sBseUI="></latexit><latexit sha1_base64="QmDFYUNY6J1FfiHSnLcgP1REaN4="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit>

= ||w[i]||2 + 2(x[i])Tw[i] + ||x[i]||2
<latexit sha1_base64="WrQgutLGBRW3hS2PwnaeJJGEzrA=">AAACRXicbVBJSwMxGM241rpVPXoJFqFSKDNF0ItQ9OKxQjeYmZZMmmlDMwtJRlum/XNevHvzH3jxoIhXzbQj1NYHgcd735bnhIwKqesv2srq2vrGZmYru72zu7efOzhsiCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuEn85j3hggZ+TY5CYnuo51OXYiSV1MlZV3A8tjwk+44bP0zasUntyXjcLsMiLMPCrzNMnbN2DcLF8iKcmzGcm9HJ5fWSPgVcJkZK8iBFtZN7troBjjziS8yQEKahh9KOEZcUMzLJWpEgIcID1COmoj7yiLDjaQoTeKqULnQDrp4v4VSd74iRJ8TIc1RlcqtY9BLxP8+MpHtpx9QPI0l8PFvkRgzKACaRwi7lBEs2UgRhTtWtEPcRR1iq4LMqBGPxy8ukUS4Zit+d5yvXaRwZcAxOQAEY4AJUwC2ogjrA4BG8gnfwoT1pb9qn9jUrXdHSniPwB9r3D2+Tst0=</latexit><latexit sha1_base64="WrQgutLGBRW3hS2PwnaeJJGEzrA=">AAACRXicbVBJSwMxGM241rpVPXoJFqFSKDNF0ItQ9OKxQjeYmZZMmmlDMwtJRlum/XNevHvzH3jxoIhXzbQj1NYHgcd735bnhIwKqesv2srq2vrGZmYru72zu7efOzhsiCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuEn85j3hggZ+TY5CYnuo51OXYiSV1MlZV3A8tjwk+44bP0zasUntyXjcLsMiLMPCrzNMnbN2DcLF8iKcmzGcm9HJ5fWSPgVcJkZK8iBFtZN7troBjjziS8yQEKahh9KOEZcUMzLJWpEgIcID1COmoj7yiLDjaQoTeKqULnQDrp4v4VSd74iRJ8TIc1RlcqtY9BLxP8+MpHtpx9QPI0l8PFvkRgzKACaRwi7lBEs2UgRhTtWtEPcRR1iq4LMqBGPxy8ukUS4Zit+d5yvXaRwZcAxOQAEY4AJUwC2ogjrA4BG8gnfwoT1pb9qn9jUrXdHSniPwB9r3D2+Tst0=</latexit><latexit sha1_base64="WrQgutLGBRW3hS2PwnaeJJGEzrA=">AAACRXicbVBJSwMxGM241rpVPXoJFqFSKDNF0ItQ9OKxQjeYmZZMmmlDMwtJRlum/XNevHvzH3jxoIhXzbQj1NYHgcd735bnhIwKqesv2srq2vrGZmYru72zu7efOzhsiCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuEn85j3hggZ+TY5CYnuo51OXYiSV1MlZV3A8tjwk+44bP0zasUntyXjcLsMiLMPCrzNMnbN2DcLF8iKcmzGcm9HJ5fWSPgVcJkZK8iBFtZN7troBjjziS8yQEKahh9KOEZcUMzLJWpEgIcID1COmoj7yiLDjaQoTeKqULnQDrp4v4VSd74iRJ8TIc1RlcqtY9BLxP8+MpHtpx9QPI0l8PFvkRgzKACaRwi7lBEs2UgRhTtWtEPcRR1iq4LMqBGPxy8ukUS4Zit+d5yvXaRwZcAxOQAEY4AJUwC2ogjrA4BG8gnfwoT1pb9qn9jUrXdHSniPwB9r3D2+Tst0=</latexit><latexit sha1_base64="WrQgutLGBRW3hS2PwnaeJJGEzrA=">AAACRXicbVBJSwMxGM241rpVPXoJFqFSKDNF0ItQ9OKxQjeYmZZMmmlDMwtJRlum/XNevHvzH3jxoIhXzbQj1NYHgcd735bnhIwKqesv2srq2vrGZmYru72zu7efOzhsiCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuEn85j3hggZ+TY5CYnuo51OXYiSV1MlZV3A8tjwk+44bP0zasUntyXjcLsMiLMPCrzNMnbN2DcLF8iKcmzGcm9HJ5fWSPgVcJkZK8iBFtZN7troBjjziS8yQEKahh9KOEZcUMzLJWpEgIcID1COmoj7yiLDjaQoTeKqULnQDrp4v4VSd74iRJ8TIc1RlcqtY9BLxP8+MpHtpx9QPI0l8PFvkRgzKACaRwi7lBEs2UgRhTtWtEPcRR1iq4LMqBGPxy8ukUS4Zit+d5yvXaRwZcAxOQAEY4AJUwC2ogjrA4BG8gnfwoT1pb9qn9jUrXdHSniPwB9r3D2+Tst0=</latexit>
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Perceptron Convergence Theorem -- Proof
Now that we defined the lower bound of the size of the weights, 
let us get the upper bound.

For that, let's go back to the update rule

and apply the squared L2 norm on both sides

||w[i+1]||2 = ||w[i] + x[i]||2
<latexit sha1_base64="mh6nOSvUgtWXLeXFDyjggPq2Oe4=">AAACLXicbVDLSsNAFJ34rPUVdelmsAhCoSRF0I1Q1IXLCvYBaVom00k7dPJgZqKWJD/kxl8RwUVF3PobTtoI2npg4HDOucy9xwkZFdIwJtrS8srq2npho7i5tb2zq+/tN0UQcUwaOGABbztIEEZ90pBUMtIOOUGew0jLGV1lfuuecEED/06OQ2J7aOBTl2IkldTTr5Ok4yE5dNz4Ie3GFi2bdpok3Sq8gPOWncIy/JEecynL9vSSUTGmgIvEzEkJ5Kj39NdOP8CRR3yJGRLCMo1Q2jHikmJG0mInEiREeIQGxFLURx4Rdjy9NoXHSulDN+Dq+RJO1d8TMfKEGHuOSma7inkvE//zrEi653ZM/TCSxMezj9yIQRnArDrYp5xgycaKIMyp2hXiIeIIS1VwUZVgzp+8SJrViqn47WmpdpnXUQCH4AicABOcgRq4AXXQABg8gRcwAe/as/amfWifs+iSls8cgD/Qvr4B2/2ptA==</latexit><latexit sha1_base64="mh6nOSvUgtWXLeXFDyjggPq2Oe4=">AAACLXicbVDLSsNAFJ34rPUVdelmsAhCoSRF0I1Q1IXLCvYBaVom00k7dPJgZqKWJD/kxl8RwUVF3PobTtoI2npg4HDOucy9xwkZFdIwJtrS8srq2npho7i5tb2zq+/tN0UQcUwaOGABbztIEEZ90pBUMtIOOUGew0jLGV1lfuuecEED/06OQ2J7aOBTl2IkldTTr5Ok4yE5dNz4Ie3GFi2bdpok3Sq8gPOWncIy/JEecynL9vSSUTGmgIvEzEkJ5Kj39NdOP8CRR3yJGRLCMo1Q2jHikmJG0mInEiREeIQGxFLURx4Rdjy9NoXHSulDN+Dq+RJO1d8TMfKEGHuOSma7inkvE//zrEi653ZM/TCSxMezj9yIQRnArDrYp5xgycaKIMyp2hXiIeIIS1VwUZVgzp+8SJrViqn47WmpdpnXUQCH4AicABOcgRq4AXXQABg8gRcwAe/as/amfWifs+iSls8cgD/Qvr4B2/2ptA==</latexit><latexit sha1_base64="mh6nOSvUgtWXLeXFDyjggPq2Oe4=">AAACLXicbVDLSsNAFJ34rPUVdelmsAhCoSRF0I1Q1IXLCvYBaVom00k7dPJgZqKWJD/kxl8RwUVF3PobTtoI2npg4HDOucy9xwkZFdIwJtrS8srq2npho7i5tb2zq+/tN0UQcUwaOGABbztIEEZ90pBUMtIOOUGew0jLGV1lfuuecEED/06OQ2J7aOBTl2IkldTTr5Ok4yE5dNz4Ie3GFi2bdpok3Sq8gPOWncIy/JEecynL9vSSUTGmgIvEzEkJ5Kj39NdOP8CRR3yJGRLCMo1Q2jHikmJG0mInEiREeIQGxFLURx4Rdjy9NoXHSulDN+Dq+RJO1d8TMfKEGHuOSma7inkvE//zrEi653ZM/TCSxMezj9yIQRnArDrYp5xgycaKIMyp2hXiIeIIS1VwUZVgzp+8SJrViqn47WmpdpnXUQCH4AicABOcgRq4AXXQABg8gRcwAe/as/amfWifs+iSls8cgD/Qvr4B2/2ptA==</latexit><latexit sha1_base64="mh6nOSvUgtWXLeXFDyjggPq2Oe4=">AAACLXicbVDLSsNAFJ34rPUVdelmsAhCoSRF0I1Q1IXLCvYBaVom00k7dPJgZqKWJD/kxl8RwUVF3PobTtoI2npg4HDOucy9xwkZFdIwJtrS8srq2npho7i5tb2zq+/tN0UQcUwaOGABbztIEEZ90pBUMtIOOUGew0jLGV1lfuuecEED/06OQ2J7aOBTl2IkldTTr5Ok4yE5dNz4Ie3GFi2bdpok3Sq8gPOWncIy/JEecynL9vSSUTGmgIvEzEkJ5Kj39NdOP8CRR3yJGRLCMo1Q2jHikmJG0mInEiREeIQGxFLURx4Rdjy9NoXHSulDN+Dq+RJO1d8TMfKEGHuOSma7inkvE//zrEi653ZM/TCSxMezj9yIQRnArDrYp5xgycaKIMyp2hXiIeIIS1VwUZVgzp+8SJrViqn47WmpdpnXUQCH4AicABOcgRq4AXXQABg8gRcwAe/as/amfWifs+iSls8cgD/Qvr4B2/2ptA==</latexit>

= ||w[i]||2 + 2(x[i])Tw[i] + ||x[i]||2
<latexit sha1_base64="WrQgutLGBRW3hS2PwnaeJJGEzrA=">AAACRXicbVBJSwMxGM241rpVPXoJFqFSKDNF0ItQ9OKxQjeYmZZMmmlDMwtJRlum/XNevHvzH3jxoIhXzbQj1NYHgcd735bnhIwKqesv2srq2vrGZmYru72zu7efOzhsiCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuEn85j3hggZ+TY5CYnuo51OXYiSV1MlZV3A8tjwk+44bP0zasUntyXjcLsMiLMPCrzNMnbN2DcLF8iKcmzGcm9HJ5fWSPgVcJkZK8iBFtZN7troBjjziS8yQEKahh9KOEZcUMzLJWpEgIcID1COmoj7yiLDjaQoTeKqULnQDrp4v4VSd74iRJ8TIc1RlcqtY9BLxP8+MpHtpx9QPI0l8PFvkRgzKACaRwi7lBEs2UgRhTtWtEPcRR1iq4LMqBGPxy8ukUS4Zit+d5yvXaRwZcAxOQAEY4AJUwC2ogjrA4BG8gnfwoT1pb9qn9jUrXdHSniPwB9r3D2+Tst0=</latexit><latexit sha1_base64="WrQgutLGBRW3hS2PwnaeJJGEzrA=">AAACRXicbVBJSwMxGM241rpVPXoJFqFSKDNF0ItQ9OKxQjeYmZZMmmlDMwtJRlum/XNevHvzH3jxoIhXzbQj1NYHgcd735bnhIwKqesv2srq2vrGZmYru72zu7efOzhsiCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuEn85j3hggZ+TY5CYnuo51OXYiSV1MlZV3A8tjwk+44bP0zasUntyXjcLsMiLMPCrzNMnbN2DcLF8iKcmzGcm9HJ5fWSPgVcJkZK8iBFtZN7troBjjziS8yQEKahh9KOEZcUMzLJWpEgIcID1COmoj7yiLDjaQoTeKqULnQDrp4v4VSd74iRJ8TIc1RlcqtY9BLxP8+MpHtpx9QPI0l8PFvkRgzKACaRwi7lBEs2UgRhTtWtEPcRR1iq4LMqBGPxy8ukUS4Zit+d5yvXaRwZcAxOQAEY4AJUwC2ogjrA4BG8gnfwoT1pb9qn9jUrXdHSniPwB9r3D2+Tst0=</latexit><latexit sha1_base64="WrQgutLGBRW3hS2PwnaeJJGEzrA=">AAACRXicbVBJSwMxGM241rpVPXoJFqFSKDNF0ItQ9OKxQjeYmZZMmmlDMwtJRlum/XNevHvzH3jxoIhXzbQj1NYHgcd735bnhIwKqesv2srq2vrGZmYru72zu7efOzhsiCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuEn85j3hggZ+TY5CYnuo51OXYiSV1MlZV3A8tjwk+44bP0zasUntyXjcLsMiLMPCrzNMnbN2DcLF8iKcmzGcm9HJ5fWSPgVcJkZK8iBFtZN7troBjjziS8yQEKahh9KOEZcUMzLJWpEgIcID1COmoj7yiLDjaQoTeKqULnQDrp4v4VSd74iRJ8TIc1RlcqtY9BLxP8+MpHtpx9QPI0l8PFvkRgzKACaRwi7lBEs2UgRhTtWtEPcRR1iq4LMqBGPxy8ukUS4Zit+d5yvXaRwZcAxOQAEY4AJUwC2ogjrA4BG8gnfwoT1pb9qn9jUrXdHSniPwB9r3D2+Tst0=</latexit><latexit sha1_base64="WrQgutLGBRW3hS2PwnaeJJGEzrA=">AAACRXicbVBJSwMxGM241rpVPXoJFqFSKDNF0ItQ9OKxQjeYmZZMmmlDMwtJRlum/XNevHvzH3jxoIhXzbQj1NYHgcd735bnhIwKqesv2srq2vrGZmYru72zu7efOzhsiCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuEn85j3hggZ+TY5CYnuo51OXYiSV1MlZV3A8tjwk+44bP0zasUntyXjcLsMiLMPCrzNMnbN2DcLF8iKcmzGcm9HJ5fWSPgVcJkZK8iBFtZN7troBjjziS8yQEKahh9KOEZcUMzLJWpEgIcID1COmoj7yiLDjaQoTeKqULnQDrp4v4VSd74iRJ8TIc1RlcqtY9BLxP8+MpHtpx9QPI0l8PFvkRgzKACaRwi7lBEs2UgRhTtWtEPcRR1iq4LMqBGPxy8ukUS4Zit+d5yvXaRwZcAxOQAEY4AJUwC2ogjrA4BG8gnfwoT1pb9qn9jUrXdHSniPwB9r3D2+Tst0=</latexit>

w[i+1] = w[i] + x[i] if (w[i])Tx[i]  0 ,x[i] 2 D1
<latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="q+kI6dZtWxcZyJcuwi9H/sBseUI="></latexit><latexit sha1_base64="q+kI6dZtWxcZyJcuwi9H/sBseUI="></latexit><latexit sha1_base64="QmDFYUNY6J1FfiHSnLcgP1REaN4="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit>

||w[i+1]||2  ||w[i]||2 + ||x[i]||2
<latexit sha1_base64="cRZ2ZhxSmnvkG8rX3SFwDNCiryU=">AAACNXicbZDLSsNAFIYn9VbrLerSzWARhEJJiqDLohsXLirYCzRpmUwn7dDJhZmJWpK8lBvfw5UuXCji1ldw0mZRWw8M/PzfOcw5vxMyKqRhvGmFldW19Y3iZmlre2d3T98/aIkg4pg0ccAC3nGQIIz6pCmpZKQTcoI8h5G2M77KePuecEED/05OQmJ7aOhTl2IkldXXb5LE8pAcOW78kPbiLq2YdpokvRq0GIGLMEeVOfA4B/p62aga04LLwsxFGeTV6Osv1iDAkUd8iRkSomsaobRjxCXFjKQlKxIkRHiMhqSrpI88Iux4enUKT5QzgG7A1fMlnLrzEzHyhJh4jurMdhWLLDP/Y91Iuhd2TP0wksTHs4/ciEEZwCxCOKCcYMkmSiDMqdoV4hHiCEsVdEmFYC6evCxataqp9O1ZuX6Zx1EER+AYnAITnIM6uAYN0AQYPIFX8AE+tWftXfvSvmetBS2fOQR/Svv5BShTrXQ=</latexit><latexit sha1_base64="cRZ2ZhxSmnvkG8rX3SFwDNCiryU=">AAACNXicbZDLSsNAFIYn9VbrLerSzWARhEJJiqDLohsXLirYCzRpmUwn7dDJhZmJWpK8lBvfw5UuXCji1ldw0mZRWw8M/PzfOcw5vxMyKqRhvGmFldW19Y3iZmlre2d3T98/aIkg4pg0ccAC3nGQIIz6pCmpZKQTcoI8h5G2M77KePuecEED/05OQmJ7aOhTl2IkldXXb5LE8pAcOW78kPbiLq2YdpokvRq0GIGLMEeVOfA4B/p62aga04LLwsxFGeTV6Osv1iDAkUd8iRkSomsaobRjxCXFjKQlKxIkRHiMhqSrpI88Iux4enUKT5QzgG7A1fMlnLrzEzHyhJh4jurMdhWLLDP/Y91Iuhd2TP0wksTHs4/ciEEZwCxCOKCcYMkmSiDMqdoV4hHiCEsVdEmFYC6evCxataqp9O1ZuX6Zx1EER+AYnAITnIM6uAYN0AQYPIFX8AE+tWftXfvSvmetBS2fOQR/Svv5BShTrXQ=</latexit><latexit sha1_base64="cRZ2ZhxSmnvkG8rX3SFwDNCiryU=">AAACNXicbZDLSsNAFIYn9VbrLerSzWARhEJJiqDLohsXLirYCzRpmUwn7dDJhZmJWpK8lBvfw5UuXCji1ldw0mZRWw8M/PzfOcw5vxMyKqRhvGmFldW19Y3iZmlre2d3T98/aIkg4pg0ccAC3nGQIIz6pCmpZKQTcoI8h5G2M77KePuecEED/05OQmJ7aOhTl2IkldXXb5LE8pAcOW78kPbiLq2YdpokvRq0GIGLMEeVOfA4B/p62aga04LLwsxFGeTV6Osv1iDAkUd8iRkSomsaobRjxCXFjKQlKxIkRHiMhqSrpI88Iux4enUKT5QzgG7A1fMlnLrzEzHyhJh4jurMdhWLLDP/Y91Iuhd2TP0wksTHs4/ciEEZwCxCOKCcYMkmSiDMqdoV4hHiCEsVdEmFYC6evCxataqp9O1ZuX6Zx1EER+AYnAITnIM6uAYN0AQYPIFX8AE+tWftXfvSvmetBS2fOQR/Svv5BShTrXQ=</latexit><latexit sha1_base64="cRZ2ZhxSmnvkG8rX3SFwDNCiryU=">AAACNXicbZDLSsNAFIYn9VbrLerSzWARhEJJiqDLohsXLirYCzRpmUwn7dDJhZmJWpK8lBvfw5UuXCji1ldw0mZRWw8M/PzfOcw5vxMyKqRhvGmFldW19Y3iZmlre2d3T98/aIkg4pg0ccAC3nGQIIz6pCmpZKQTcoI8h5G2M77KePuecEED/05OQmJ7aOhTl2IkldXXb5LE8pAcOW78kPbiLq2YdpokvRq0GIGLMEeVOfA4B/p62aga04LLwsxFGeTV6Osv1iDAkUd8iRkSomsaobRjxCXFjKQlKxIkRHiMhqSrpI88Iux4enUKT5QzgG7A1fMlnLrzEzHyhJh4jurMdhWLLDP/Y91Iuhd2TP0wksTHs4/ciEEZwCxCOKCcYMkmSiDMqdoV4hHiCEsVdEmFYC6evCxataqp9O1ZuX6Zx1EER+AYnAITnIM6uAYN0AQYPIFX8AE+tWftXfvSvmetBS2fOQR/Svv5BShTrXQ=</latexit>

Leads to
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Perceptron Convergence Theorem -- Proof
Now that we defined the lower bound of the size of the weights, 
let us get the upper bound.

For that, let's go back to the update rule

and apply the squared L2 norm on both sides

||w[i+1]||2 = ||w[i] + x[i]||2
<latexit sha1_base64="mh6nOSvUgtWXLeXFDyjggPq2Oe4=">AAACLXicbVDLSsNAFJ34rPUVdelmsAhCoSRF0I1Q1IXLCvYBaVom00k7dPJgZqKWJD/kxl8RwUVF3PobTtoI2npg4HDOucy9xwkZFdIwJtrS8srq2npho7i5tb2zq+/tN0UQcUwaOGABbztIEEZ90pBUMtIOOUGew0jLGV1lfuuecEED/06OQ2J7aOBTl2IkldTTr5Ok4yE5dNz4Ie3GFi2bdpok3Sq8gPOWncIy/JEecynL9vSSUTGmgIvEzEkJ5Kj39NdOP8CRR3yJGRLCMo1Q2jHikmJG0mInEiREeIQGxFLURx4Rdjy9NoXHSulDN+Dq+RJO1d8TMfKEGHuOSma7inkvE//zrEi653ZM/TCSxMezj9yIQRnArDrYp5xgycaKIMyp2hXiIeIIS1VwUZVgzp+8SJrViqn47WmpdpnXUQCH4AicABOcgRq4AXXQABg8gRcwAe/as/amfWifs+iSls8cgD/Qvr4B2/2ptA==</latexit><latexit sha1_base64="mh6nOSvUgtWXLeXFDyjggPq2Oe4=">AAACLXicbVDLSsNAFJ34rPUVdelmsAhCoSRF0I1Q1IXLCvYBaVom00k7dPJgZqKWJD/kxl8RwUVF3PobTtoI2npg4HDOucy9xwkZFdIwJtrS8srq2npho7i5tb2zq+/tN0UQcUwaOGABbztIEEZ90pBUMtIOOUGew0jLGV1lfuuecEED/06OQ2J7aOBTl2IkldTTr5Ok4yE5dNz4Ie3GFi2bdpok3Sq8gPOWncIy/JEecynL9vSSUTGmgIvEzEkJ5Kj39NdOP8CRR3yJGRLCMo1Q2jHikmJG0mInEiREeIQGxFLURx4Rdjy9NoXHSulDN+Dq+RJO1d8TMfKEGHuOSma7inkvE//zrEi653ZM/TCSxMezj9yIQRnArDrYp5xgycaKIMyp2hXiIeIIS1VwUZVgzp+8SJrViqn47WmpdpnXUQCH4AicABOcgRq4AXXQABg8gRcwAe/as/amfWifs+iSls8cgD/Qvr4B2/2ptA==</latexit><latexit sha1_base64="mh6nOSvUgtWXLeXFDyjggPq2Oe4=">AAACLXicbVDLSsNAFJ34rPUVdelmsAhCoSRF0I1Q1IXLCvYBaVom00k7dPJgZqKWJD/kxl8RwUVF3PobTtoI2npg4HDOucy9xwkZFdIwJtrS8srq2npho7i5tb2zq+/tN0UQcUwaOGABbztIEEZ90pBUMtIOOUGew0jLGV1lfuuecEED/06OQ2J7aOBTl2IkldTTr5Ok4yE5dNz4Ie3GFi2bdpok3Sq8gPOWncIy/JEecynL9vSSUTGmgIvEzEkJ5Kj39NdOP8CRR3yJGRLCMo1Q2jHikmJG0mInEiREeIQGxFLURx4Rdjy9NoXHSulDN+Dq+RJO1d8TMfKEGHuOSma7inkvE//zrEi653ZM/TCSxMezj9yIQRnArDrYp5xgycaKIMyp2hXiIeIIS1VwUZVgzp+8SJrViqn47WmpdpnXUQCH4AicABOcgRq4AXXQABg8gRcwAe/as/amfWifs+iSls8cgD/Qvr4B2/2ptA==</latexit><latexit sha1_base64="mh6nOSvUgtWXLeXFDyjggPq2Oe4=">AAACLXicbVDLSsNAFJ34rPUVdelmsAhCoSRF0I1Q1IXLCvYBaVom00k7dPJgZqKWJD/kxl8RwUVF3PobTtoI2npg4HDOucy9xwkZFdIwJtrS8srq2npho7i5tb2zq+/tN0UQcUwaOGABbztIEEZ90pBUMtIOOUGew0jLGV1lfuuecEED/06OQ2J7aOBTl2IkldTTr5Ok4yE5dNz4Ie3GFi2bdpok3Sq8gPOWncIy/JEecynL9vSSUTGmgIvEzEkJ5Kj39NdOP8CRR3yJGRLCMo1Q2jHikmJG0mInEiREeIQGxFLURx4Rdjy9NoXHSulDN+Dq+RJO1d8TMfKEGHuOSma7inkvE//zrEi653ZM/TCSxMezj9yIQRnArDrYp5xgycaKIMyp2hXiIeIIS1VwUZVgzp+8SJrViqn47WmpdpnXUQCH4AicABOcgRq4AXXQABg8gRcwAe/as/amfWifs+iSls8cgD/Qvr4B2/2ptA==</latexit>

( <latexit sha1_base64="XF1Gr8h4738t5rWCuUTTLtNRQb4=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEInkoigh5LvXisYD+gCWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vrCwsM7M+zMG6aCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wfDurd55QaZ7IBzNJMYjpUPKIM2qs1fUbfDgkft6vVN2aOxdZBa+AKhRq9itf/iBhWYzSMEG17nluaoKcKsOZwGnZzzSmlI3pEHsWJY1RB/l83yk5t86ARImyTxoyd39P5DTWehKHtjOmZqSXazPzv1ovM9FNkHOZZgYlW3wUZYKYhMyOJwOukBkxsUCZ4nZXwkZUUWZsRGUbgrd88iq0L2ue5furar1RxFGCUziDC/DgGupwB01oAQMBz/AKb86j8+K8Ox+L1jWnmDmBP3I+fwB5xo+W</latexit><latexit sha1_base64="XF1Gr8h4738t5rWCuUTTLtNRQb4=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEInkoigh5LvXisYD+gCWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vrCwsM7M+zMG6aCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wfDurd55QaZ7IBzNJMYjpUPKIM2qs1fUbfDgkft6vVN2aOxdZBa+AKhRq9itf/iBhWYzSMEG17nluaoKcKsOZwGnZzzSmlI3pEHsWJY1RB/l83yk5t86ARImyTxoyd39P5DTWehKHtjOmZqSXazPzv1ovM9FNkHOZZgYlW3wUZYKYhMyOJwOukBkxsUCZ4nZXwkZUUWZsRGUbgrd88iq0L2ue5furar1RxFGCUziDC/DgGupwB01oAQMBz/AKb86j8+K8Ox+L1jWnmDmBP3I+fwB5xo+W</latexit><latexit sha1_base64="XF1Gr8h4738t5rWCuUTTLtNRQb4=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEInkoigh5LvXisYD+gCWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vrCwsM7M+zMG6aCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wfDurd55QaZ7IBzNJMYjpUPKIM2qs1fUbfDgkft6vVN2aOxdZBa+AKhRq9itf/iBhWYzSMEG17nluaoKcKsOZwGnZzzSmlI3pEHsWJY1RB/l83yk5t86ARImyTxoyd39P5DTWehKHtjOmZqSXazPzv1ovM9FNkHOZZgYlW3wUZYKYhMyOJwOukBkxsUCZ4nZXwkZUUWZsRGUbgrd88iq0L2ue5furar1RxFGCUziDC/DgGupwB01oAQMBz/AKb86j8+K8Ox+L1jWnmDmBP3I+fwB5xo+W</latexit><latexit sha1_base64="XF1Gr8h4738t5rWCuUTTLtNRQb4=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEInkoigh5LvXisYD+gCWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vrCwsM7M+zMG6aCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wfDurd55QaZ7IBzNJMYjpUPKIM2qs1fUbfDgkft6vVN2aOxdZBa+AKhRq9itf/iBhWYzSMEG17nluaoKcKsOZwGnZzzSmlI3pEHsWJY1RB/l83yk5t86ARImyTxoyd39P5DTWehKHtjOmZqSXazPzv1ovM9FNkHOZZgYlW3wUZYKYhMyOJwOukBkxsUCZ4nZXwkZUUWZsRGUbgrd88iq0L2ue5furar1RxFGCUziDC/DgGupwB01oAQMBz/AKb86j8+K8Ox+L1jWnmDmBP3I+fwB5xo+W</latexit>

( <latexit sha1_base64="XF1Gr8h4738t5rWCuUTTLtNRQb4=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEInkoigh5LvXisYD+gCWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vrCwsM7M+zMG6aCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wfDurd55QaZ7IBzNJMYjpUPKIM2qs1fUbfDgkft6vVN2aOxdZBa+AKhRq9itf/iBhWYzSMEG17nluaoKcKsOZwGnZzzSmlI3pEHsWJY1RB/l83yk5t86ARImyTxoyd39P5DTWehKHtjOmZqSXazPzv1ovM9FNkHOZZgYlW3wUZYKYhMyOJwOukBkxsUCZ4nZXwkZUUWZsRGUbgrd88iq0L2ue5furar1RxFGCUziDC/DgGupwB01oAQMBz/AKb86j8+K8Ox+L1jWnmDmBP3I+fwB5xo+W</latexit><latexit sha1_base64="XF1Gr8h4738t5rWCuUTTLtNRQb4=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEInkoigh5LvXisYD+gCWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vrCwsM7M+zMG6aCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wfDurd55QaZ7IBzNJMYjpUPKIM2qs1fUbfDgkft6vVN2aOxdZBa+AKhRq9itf/iBhWYzSMEG17nluaoKcKsOZwGnZzzSmlI3pEHsWJY1RB/l83yk5t86ARImyTxoyd39P5DTWehKHtjOmZqSXazPzv1ovM9FNkHOZZgYlW3wUZYKYhMyOJwOukBkxsUCZ4nZXwkZUUWZsRGUbgrd88iq0L2ue5furar1RxFGCUziDC/DgGupwB01oAQMBz/AKb86j8+K8Ox+L1jWnmDmBP3I+fwB5xo+W</latexit><latexit sha1_base64="XF1Gr8h4738t5rWCuUTTLtNRQb4=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEInkoigh5LvXisYD+gCWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vrCwsM7M+zMG6aCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wfDurd55QaZ7IBzNJMYjpUPKIM2qs1fUbfDgkft6vVN2aOxdZBa+AKhRq9itf/iBhWYzSMEG17nluaoKcKsOZwGnZzzSmlI3pEHsWJY1RB/l83yk5t86ARImyTxoyd39P5DTWehKHtjOmZqSXazPzv1ovM9FNkHOZZgYlW3wUZYKYhMyOJwOukBkxsUCZ4nZXwkZUUWZsRGUbgrd88iq0L2ue5furar1RxFGCUziDC/DgGupwB01oAQMBz/AKb86j8+K8Ox+L1jWnmDmBP3I+fwB5xo+W</latexit><latexit sha1_base64="XF1Gr8h4738t5rWCuUTTLtNRQb4=">AAAB73icbZBNS8NAEIYnftb6VfXoZbEInkoigh5LvXisYD+gCWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vrCwsM7M+zMG6aCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wfDurd55QaZ7IBzNJMYjpUPKIM2qs1fUbfDgkft6vVN2aOxdZBa+AKhRq9itf/iBhWYzSMEG17nluaoKcKsOZwGnZzzSmlI3pEHsWJY1RB/l83yk5t86ARImyTxoyd39P5DTWehKHtjOmZqSXazPzv1ovM9FNkHOZZgYlW3wUZYKYhMyOJwOukBkxsUCZ4nZXwkZUUWZsRGUbgrd88iq0L2ue5furar1RxFGCUziDC/DgGupwB01oAQMBz/AKb86j8+K8Ox+L1jWnmDmBP3I+fwB5xo+W</latexit>

implies

 0
<latexit sha1_base64="KxR+33HRklC9cMM/IPSJxMjyggQ=">AAACGHicbZDLSgMxFIYzXmu9jbp0EyyCC6mZUtu6K7pxWcFeYGYomTRtQzMXkoxQhnkMN76KGxeKuO3OtzGdzkJbDwQ+/v+c5OT3Is6kQujbWFvf2NzaLuwUd/f2Dw7No+OODGNBaJuEPBQ9D0vKWUDbiilOe5Gg2Pc47XqTu7nffaJCsjB4VNOIuj4eBWzICFZa6ptXiZNdYouR5yaojG5QtVq/ROVao2HVrjUgq1KpoxQ6nEKU9s2SlrKCq2DlUAJ5tfrmzBmEJPZpoAjHUtoWipSbYKEY4TQtOrGkESYTPKK2xgD7VLpJtlMKz7UygMNQ6BMomKm/JxLsSzn1Pd3pYzWWy95c/M+zYzVsuAkLoljRgCweGsYcqhDOU4IDJihRfKoBE8H0rpCMscBE6SyLOgRr+cur0KmULc0P1VLzNo+jAE7BGbgAFqiDJrgHLdAGBDyDV/AOPowX4834NL4WrWtGPnMC/pQx+wFw6puU</latexit><latexit sha1_base64="KxR+33HRklC9cMM/IPSJxMjyggQ=">AAACGHicbZDLSgMxFIYzXmu9jbp0EyyCC6mZUtu6K7pxWcFeYGYomTRtQzMXkoxQhnkMN76KGxeKuO3OtzGdzkJbDwQ+/v+c5OT3Is6kQujbWFvf2NzaLuwUd/f2Dw7No+OODGNBaJuEPBQ9D0vKWUDbiilOe5Gg2Pc47XqTu7nffaJCsjB4VNOIuj4eBWzICFZa6ptXiZNdYouR5yaojG5QtVq/ROVao2HVrjUgq1KpoxQ6nEKU9s2SlrKCq2DlUAJ5tfrmzBmEJPZpoAjHUtoWipSbYKEY4TQtOrGkESYTPKK2xgD7VLpJtlMKz7UygMNQ6BMomKm/JxLsSzn1Pd3pYzWWy95c/M+zYzVsuAkLoljRgCweGsYcqhDOU4IDJihRfKoBE8H0rpCMscBE6SyLOgRr+cur0KmULc0P1VLzNo+jAE7BGbgAFqiDJrgHLdAGBDyDV/AOPowX4834NL4WrWtGPnMC/pQx+wFw6puU</latexit><latexit sha1_base64="KxR+33HRklC9cMM/IPSJxMjyggQ=">AAACGHicbZDLSgMxFIYzXmu9jbp0EyyCC6mZUtu6K7pxWcFeYGYomTRtQzMXkoxQhnkMN76KGxeKuO3OtzGdzkJbDwQ+/v+c5OT3Is6kQujbWFvf2NzaLuwUd/f2Dw7No+OODGNBaJuEPBQ9D0vKWUDbiilOe5Gg2Pc47XqTu7nffaJCsjB4VNOIuj4eBWzICFZa6ptXiZNdYouR5yaojG5QtVq/ROVao2HVrjUgq1KpoxQ6nEKU9s2SlrKCq2DlUAJ5tfrmzBmEJPZpoAjHUtoWipSbYKEY4TQtOrGkESYTPKK2xgD7VLpJtlMKz7UygMNQ6BMomKm/JxLsSzn1Pd3pYzWWy95c/M+zYzVsuAkLoljRgCweGsYcqhDOU4IDJihRfKoBE8H0rpCMscBE6SyLOgRr+cur0KmULc0P1VLzNo+jAE7BGbgAFqiDJrgHLdAGBDyDV/AOPowX4834NL4WrWtGPnMC/pQx+wFw6puU</latexit><latexit sha1_base64="KxR+33HRklC9cMM/IPSJxMjyggQ=">AAACGHicbZDLSgMxFIYzXmu9jbp0EyyCC6mZUtu6K7pxWcFeYGYomTRtQzMXkoxQhnkMN76KGxeKuO3OtzGdzkJbDwQ+/v+c5OT3Is6kQujbWFvf2NzaLuwUd/f2Dw7No+OODGNBaJuEPBQ9D0vKWUDbiilOe5Gg2Pc47XqTu7nffaJCsjB4VNOIuj4eBWzICFZa6ptXiZNdYouR5yaojG5QtVq/ROVao2HVrjUgq1KpoxQ6nEKU9s2SlrKCq2DlUAJ5tfrmzBmEJPZpoAjHUtoWipSbYKEY4TQtOrGkESYTPKK2xgD7VLpJtlMKz7UygMNQ6BMomKm/JxLsSzn1Pd3pYzWWy95c/M+zYzVsuAkLoljRgCweGsYcqhDOU4IDJihRfKoBE8H0rpCMscBE6SyLOgRr+cur0KmULc0P1VLzNo+jAE7BGbgAFqiDJrgHLdAGBDyDV/AOPowX4834NL4WrWtGPnMC/pQx+wFw6puU</latexit>

Thus

||w[i+1]||2  ||w[i]||2 + ||x[i]||2
<latexit sha1_base64="sF3qpTo/9pWtoWknABTm8osIbzw="></latexit><latexit sha1_base64="sF3qpTo/9pWtoWknABTm8osIbzw="></latexit><latexit sha1_base64="sF3qpTo/9pWtoWknABTm8osIbzw="></latexit><latexit sha1_base64="sF3qpTo/9pWtoWknABTm8osIbzw="></latexit>

= ||w[i]||2 + 2(x[i])Tw[i] + ||x[i]||2
<latexit sha1_base64="WrQgutLGBRW3hS2PwnaeJJGEzrA=">AAACRXicbVBJSwMxGM241rpVPXoJFqFSKDNF0ItQ9OKxQjeYmZZMmmlDMwtJRlum/XNevHvzH3jxoIhXzbQj1NYHgcd735bnhIwKqesv2srq2vrGZmYru72zu7efOzhsiCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuEn85j3hggZ+TY5CYnuo51OXYiSV1MlZV3A8tjwk+44bP0zasUntyXjcLsMiLMPCrzNMnbN2DcLF8iKcmzGcm9HJ5fWSPgVcJkZK8iBFtZN7troBjjziS8yQEKahh9KOEZcUMzLJWpEgIcID1COmoj7yiLDjaQoTeKqULnQDrp4v4VSd74iRJ8TIc1RlcqtY9BLxP8+MpHtpx9QPI0l8PFvkRgzKACaRwi7lBEs2UgRhTtWtEPcRR1iq4LMqBGPxy8ukUS4Zit+d5yvXaRwZcAxOQAEY4AJUwC2ogjrA4BG8gnfwoT1pb9qn9jUrXdHSniPwB9r3D2+Tst0=</latexit><latexit sha1_base64="WrQgutLGBRW3hS2PwnaeJJGEzrA=">AAACRXicbVBJSwMxGM241rpVPXoJFqFSKDNF0ItQ9OKxQjeYmZZMmmlDMwtJRlum/XNevHvzH3jxoIhXzbQj1NYHgcd735bnhIwKqesv2srq2vrGZmYru72zu7efOzhsiCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuEn85j3hggZ+TY5CYnuo51OXYiSV1MlZV3A8tjwk+44bP0zasUntyXjcLsMiLMPCrzNMnbN2DcLF8iKcmzGcm9HJ5fWSPgVcJkZK8iBFtZN7troBjjziS8yQEKahh9KOEZcUMzLJWpEgIcID1COmoj7yiLDjaQoTeKqULnQDrp4v4VSd74iRJ8TIc1RlcqtY9BLxP8+MpHtpx9QPI0l8PFvkRgzKACaRwi7lBEs2UgRhTtWtEPcRR1iq4LMqBGPxy8ukUS4Zit+d5yvXaRwZcAxOQAEY4AJUwC2ogjrA4BG8gnfwoT1pb9qn9jUrXdHSniPwB9r3D2+Tst0=</latexit><latexit sha1_base64="WrQgutLGBRW3hS2PwnaeJJGEzrA=">AAACRXicbVBJSwMxGM241rpVPXoJFqFSKDNF0ItQ9OKxQjeYmZZMmmlDMwtJRlum/XNevHvzH3jxoIhXzbQj1NYHgcd735bnhIwKqesv2srq2vrGZmYru72zu7efOzhsiCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuEn85j3hggZ+TY5CYnuo51OXYiSV1MlZV3A8tjwk+44bP0zasUntyXjcLsMiLMPCrzNMnbN2DcLF8iKcmzGcm9HJ5fWSPgVcJkZK8iBFtZN7troBjjziS8yQEKahh9KOEZcUMzLJWpEgIcID1COmoj7yiLDjaQoTeKqULnQDrp4v4VSd74iRJ8TIc1RlcqtY9BLxP8+MpHtpx9QPI0l8PFvkRgzKACaRwi7lBEs2UgRhTtWtEPcRR1iq4LMqBGPxy8ukUS4Zit+d5yvXaRwZcAxOQAEY4AJUwC2ogjrA4BG8gnfwoT1pb9qn9jUrXdHSniPwB9r3D2+Tst0=</latexit><latexit sha1_base64="WrQgutLGBRW3hS2PwnaeJJGEzrA=">AAACRXicbVBJSwMxGM241rpVPXoJFqFSKDNF0ItQ9OKxQjeYmZZMmmlDMwtJRlum/XNevHvzH3jxoIhXzbQj1NYHgcd735bnhIwKqesv2srq2vrGZmYru72zu7efOzhsiCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuEn85j3hggZ+TY5CYnuo51OXYiSV1MlZV3A8tjwk+44bP0zasUntyXjcLsMiLMPCrzNMnbN2DcLF8iKcmzGcm9HJ5fWSPgVcJkZK8iBFtZN7troBjjziS8yQEKahh9KOEZcUMzLJWpEgIcID1COmoj7yiLDjaQoTeKqULnQDrp4v4VSd74iRJ8TIc1RlcqtY9BLxP8+MpHtpx9QPI0l8PFvkRgzKACaRwi7lBEs2UgRhTtWtEPcRR1iq4LMqBGPxy8ukUS4Zit+d5yvXaRwZcAxOQAEY4AJUwC2ogjrA4BG8gnfwoT1pb9qn9jUrXdHSniPwB9r3D2+Tst0=</latexit>

w[i+1] = w[i] + x[i] if (w[i])Tx[i]  0 ,x[i] 2 D1
<latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="q+kI6dZtWxcZyJcuwi9H/sBseUI="></latexit><latexit sha1_base64="q+kI6dZtWxcZyJcuwi9H/sBseUI="></latexit><latexit sha1_base64="QmDFYUNY6J1FfiHSnLcgP1REaN4="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit><latexit sha1_base64="VqXIKUaMsmh1IsyUEjebniqF/eE="></latexit>
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Perceptron Convergence Theorem -- Proof

||w[i+1]||2  ||w[i]||2 + ||x[i]||2
<latexit sha1_base64="VlJexkld9GzMR5JEXg9pp90wJzM=">AAACOHicbZDLSsNAFIYn9VbrLerSzWARhEJJiqDLoht3VrAXaNIymU7aoZMLMxO1JHksNz6GO3HjQhG3PoGTNovaemDg5//OYc75nZBRIQ3jVSusrK6tbxQ3S1vbO7t7+v5BSwQRx6SJAxbwjoMEYdQnTUklI52QE+Q5jLSd8VXG2/eECxr4d3ISEttDQ5+6FCOprL5+kySWh+TIceOHtBd3acW00yTp1SC0GIEQLvKcVubA4xzo62WjakwLLgszF2WQV6Ovv1iDAEce8SVmSIiuaYTSjhGXFDOSlqxIkBDhMRqSrpI+8oiw4+nhKTxRzgC6AVfPl3Dqzk/EyBNi4jmqM9tVLLLM/I91I+le2DH1w0gSH88+ciMGZQCzFOGAcoIlmyiBMKdqV4hHiCMsVdYlFYK5ePKyaNWqptK3Z+X6ZR5HERyBY3AKTHAO6uAaNEATYPAE3sAH+NSetXftS/uetRa0fOYQ/Cnt5xdc3a3y</latexit><latexit sha1_base64="VlJexkld9GzMR5JEXg9pp90wJzM=">AAACOHicbZDLSsNAFIYn9VbrLerSzWARhEJJiqDLoht3VrAXaNIymU7aoZMLMxO1JHksNz6GO3HjQhG3PoGTNovaemDg5//OYc75nZBRIQ3jVSusrK6tbxQ3S1vbO7t7+v5BSwQRx6SJAxbwjoMEYdQnTUklI52QE+Q5jLSd8VXG2/eECxr4d3ISEttDQ5+6FCOprL5+kySWh+TIceOHtBd3acW00yTp1SC0GIEQLvKcVubA4xzo62WjakwLLgszF2WQV6Ovv1iDAEce8SVmSIiuaYTSjhGXFDOSlqxIkBDhMRqSrpI+8oiw4+nhKTxRzgC6AVfPl3Dqzk/EyBNi4jmqM9tVLLLM/I91I+le2DH1w0gSH88+ciMGZQCzFOGAcoIlmyiBMKdqV4hHiCMsVdYlFYK5ePKyaNWqptK3Z+X6ZR5HERyBY3AKTHAO6uAaNEATYPAE3sAH+NSetXftS/uetRa0fOYQ/Cnt5xdc3a3y</latexit><latexit sha1_base64="VlJexkld9GzMR5JEXg9pp90wJzM=">AAACOHicbZDLSsNAFIYn9VbrLerSzWARhEJJiqDLoht3VrAXaNIymU7aoZMLMxO1JHksNz6GO3HjQhG3PoGTNovaemDg5//OYc75nZBRIQ3jVSusrK6tbxQ3S1vbO7t7+v5BSwQRx6SJAxbwjoMEYdQnTUklI52QE+Q5jLSd8VXG2/eECxr4d3ISEttDQ5+6FCOprL5+kySWh+TIceOHtBd3acW00yTp1SC0GIEQLvKcVubA4xzo62WjakwLLgszF2WQV6Ovv1iDAEce8SVmSIiuaYTSjhGXFDOSlqxIkBDhMRqSrpI+8oiw4+nhKTxRzgC6AVfPl3Dqzk/EyBNi4jmqM9tVLLLM/I91I+le2DH1w0gSH88+ciMGZQCzFOGAcoIlmyiBMKdqV4hHiCMsVdYlFYK5ePKyaNWqptK3Z+X6ZR5HERyBY3AKTHAO6uAaNEATYPAE3sAH+NSetXftS/uetRa0fOYQ/Cnt5xdc3a3y</latexit><latexit sha1_base64="VlJexkld9GzMR5JEXg9pp90wJzM=">AAACOHicbZDLSsNAFIYn9VbrLerSzWARhEJJiqDLoht3VrAXaNIymU7aoZMLMxO1JHksNz6GO3HjQhG3PoGTNovaemDg5//OYc75nZBRIQ3jVSusrK6tbxQ3S1vbO7t7+v5BSwQRx6SJAxbwjoMEYdQnTUklI52QE+Q5jLSd8VXG2/eECxr4d3ISEttDQ5+6FCOprL5+kySWh+TIceOHtBd3acW00yTp1SC0GIEQLvKcVubA4xzo62WjakwLLgszF2WQV6Ovv1iDAEce8SVmSIiuaYTSjhGXFDOSlqxIkBDhMRqSrpI+8oiw4+nhKTxRzgC6AVfPl3Dqzk/EyBNi4jmqM9tVLLLM/I91I+le2DH1w0gSH88+ciMGZQCzFOGAcoIlmyiBMKdqV4hHiCMsVdYlFYK5ePKyaNWqptK3Z+X6ZR5HERyBY3AKTHAO6uAaNEATYPAE3sAH+NSetXftS/uetRa0fOYQ/Cnt5xdc3a3y</latexit>

||w[i+1]||2  ||w[i�1]||2 + ||x[i�1]||2 + ||x[i]||2
<latexit sha1_base64="06kvBhTMP+V71uZaOrpdxX3r0zw=">AAACVnicbZFdS8MwFIbTzrk5v6peehMcgjAc7RD0cuiNlxPcB6zdSLN0C0s/SFJ1tP2TeqM/xRsx3SbMbQcCL+9zDjl540aMCmmaX5pe2Cnulsp7lf2Dw6Nj4+S0I8KYY9LGIQt5z0WCMBqQtqSSkV7ECfJdRrru9CHn3RfCBQ2DZzmLiOOjcUA9ipFU1tDw09T2kZy4XvKaDZI+rVlOlqaDBoQ2IxDCdX79x2sr6O0/2sIWZGhUzbo5L7gprKWogmW1hsa7PQpx7JNAYoaE6FtmJJ0EcUkxI1nFjgWJEJ6iMekrGSCfCCeZx5LBS+WMoBdydQIJ5+7qRIJ8IWa+qzrzXcU6y81trB9L785JaBDFkgR4cZEXMyhDmGcMR5QTLNlMCYQ5VbtCPEEcYal+oqJCsNafvCk6jbql9NNNtXm/jKMMzsEFuAIWuAVN8AhaoA0w+ADfmq4VtE/tRy/qpUWrri1nzsC/0o1fFHW0nw==</latexit><latexit sha1_base64="06kvBhTMP+V71uZaOrpdxX3r0zw=">AAACVnicbZFdS8MwFIbTzrk5v6peehMcgjAc7RD0cuiNlxPcB6zdSLN0C0s/SFJ1tP2TeqM/xRsx3SbMbQcCL+9zDjl540aMCmmaX5pe2Cnulsp7lf2Dw6Nj4+S0I8KYY9LGIQt5z0WCMBqQtqSSkV7ECfJdRrru9CHn3RfCBQ2DZzmLiOOjcUA9ipFU1tDw09T2kZy4XvKaDZI+rVlOlqaDBoQ2IxDCdX79x2sr6O0/2sIWZGhUzbo5L7gprKWogmW1hsa7PQpx7JNAYoaE6FtmJJ0EcUkxI1nFjgWJEJ6iMekrGSCfCCeZx5LBS+WMoBdydQIJ5+7qRIJ8IWa+qzrzXcU6y81trB9L785JaBDFkgR4cZEXMyhDmGcMR5QTLNlMCYQ5VbtCPEEcYal+oqJCsNafvCk6jbql9NNNtXm/jKMMzsEFuAIWuAVN8AhaoA0w+ADfmq4VtE/tRy/qpUWrri1nzsC/0o1fFHW0nw==</latexit><latexit sha1_base64="06kvBhTMP+V71uZaOrpdxX3r0zw=">AAACVnicbZFdS8MwFIbTzrk5v6peehMcgjAc7RD0cuiNlxPcB6zdSLN0C0s/SFJ1tP2TeqM/xRsx3SbMbQcCL+9zDjl540aMCmmaX5pe2Cnulsp7lf2Dw6Nj4+S0I8KYY9LGIQt5z0WCMBqQtqSSkV7ECfJdRrru9CHn3RfCBQ2DZzmLiOOjcUA9ipFU1tDw09T2kZy4XvKaDZI+rVlOlqaDBoQ2IxDCdX79x2sr6O0/2sIWZGhUzbo5L7gprKWogmW1hsa7PQpx7JNAYoaE6FtmJJ0EcUkxI1nFjgWJEJ6iMekrGSCfCCeZx5LBS+WMoBdydQIJ5+7qRIJ8IWa+qzrzXcU6y81trB9L785JaBDFkgR4cZEXMyhDmGcMR5QTLNlMCYQ5VbtCPEEcYal+oqJCsNafvCk6jbql9NNNtXm/jKMMzsEFuAIWuAVN8AhaoA0w+ADfmq4VtE/tRy/qpUWrri1nzsC/0o1fFHW0nw==</latexit><latexit sha1_base64="06kvBhTMP+V71uZaOrpdxX3r0zw=">AAACVnicbZFdS8MwFIbTzrk5v6peehMcgjAc7RD0cuiNlxPcB6zdSLN0C0s/SFJ1tP2TeqM/xRsx3SbMbQcCL+9zDjl540aMCmmaX5pe2Cnulsp7lf2Dw6Nj4+S0I8KYY9LGIQt5z0WCMBqQtqSSkV7ECfJdRrru9CHn3RfCBQ2DZzmLiOOjcUA9ipFU1tDw09T2kZy4XvKaDZI+rVlOlqaDBoQ2IxDCdX79x2sr6O0/2sIWZGhUzbo5L7gprKWogmW1hsa7PQpx7JNAYoaE6FtmJJ0EcUkxI1nFjgWJEJ6iMekrGSCfCCeZx5LBS+WMoBdydQIJ5+7qRIJ8IWa+qzrzXcU6y81trB9L785JaBDFkgR4cZEXMyhDmGcMR5QTLNlMCYQ5VbtCPEEcYal+oqJCsNafvCk6jbql9NNNtXm/jKMMzsEFuAIWuAVN8AhaoA0w+ADfmq4VtE/tRy/qpUWrri1nzsC/0o1fFHW0nw==</latexit>

||w[i+1]||2  ||w[i�2]||2 + ||x[i�2]||2 + ||x[i�1]||2 + ||x[i]||2
<latexit sha1_base64="UqpF0KC7wKhja2wB6bQDw1ScT8I="></latexit><latexit sha1_base64="UqpF0KC7wKhja2wB6bQDw1ScT8I="></latexit><latexit sha1_base64="UqpF0KC7wKhja2wB6bQDw1ScT8I="></latexit><latexit sha1_base64="UqpF0KC7wKhja2wB6bQDw1ScT8I="></latexit>

...
<latexit sha1_base64="6zhPYCd7LoWJJ/0EStBY4k8k58I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8BQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/UD08apkk04w3WSIT3Qmp4VIo3kSBkndSzWkcSt4Ox7ezevuJayMS9YiTlAcxHSoRCUbRWg+u6/arNc/15iKr4BdQg0KNfvWrN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrwvUt31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8AUvmjSI=</latexit><latexit sha1_base64="6zhPYCd7LoWJJ/0EStBY4k8k58I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8BQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/UD08apkk04w3WSIT3Qmp4VIo3kSBkndSzWkcSt4Ox7ezevuJayMS9YiTlAcxHSoRCUbRWg+u6/arNc/15iKr4BdQg0KNfvWrN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrwvUt31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8AUvmjSI=</latexit><latexit sha1_base64="6zhPYCd7LoWJJ/0EStBY4k8k58I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8BQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/UD08apkk04w3WSIT3Qmp4VIo3kSBkndSzWkcSt4Ox7ezevuJayMS9YiTlAcxHSoRCUbRWg+u6/arNc/15iKr4BdQg0KNfvWrN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrwvUt31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8AUvmjSI=</latexit><latexit sha1_base64="6zhPYCd7LoWJJ/0EStBY4k8k58I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8BQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/UD08apkk04w3WSIT3Qmp4VIo3kSBkndSzWkcSt4Ox7ezevuJayMS9YiTlAcxHSoRCUbRWg+u6/arNc/15iKr4BdQg0KNfvWrN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrwvUt31/W6jdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+yPn8AUvmjSI=</latexit>

||w[i+1]||2  ||w[1]||2 +
iX

j=1

||x[j]||2

<latexit sha1_base64="ht1LYz0tIsHy5AckfbXeKzg+kRk="></latexit><latexit sha1_base64="ht1LYz0tIsHy5AckfbXeKzg+kRk="></latexit><latexit sha1_base64="ht1LYz0tIsHy5AckfbXeKzg+kRk="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="zcxLwyt3iYRHJjeUzUypTj8Zjw4=">AAACO3icbZBLSwMxFIXv+Ky1anXrJlgEoVBmutGNILhxWcE+oDMtmTTTps08SDJqmc6vc+PanT/BjQtF3JppK2rrhcDhnBNy87kRZ1KZ5rOxsrq2vrGZ28pvF3Z294r7hYYMY0FonYQ8FC0XS8pZQOuKKU5bkaDYdzltuqPLLG/eUiFZGNyocUQdH/cD5jGClba6RWcysX2sBq6X3KWdpM3KlpNOJp0qQjanCKGF/DstI1vGfjcZnlvaZulP7T6rDWe1brFkVszpoGVhzUUJ5lPrFp/sXkhinwaKcCxl2zIj5SRYKEY4TfN2LGmEyQj3aVvLAPtUOskUQ4qOtdNDXij0CRSaur9vJNiXcuy7upntKhezzPwva8fKO3MSFkSxogGZPeTFHKkQZUxRjwlKFB9rgYlgeldEBlhgojT5vIZgLX55WTSqFUvraxNycAhHcAIWnMIFXEEN6kDgAV7gDd6NR+PV+JjhWjHm3A7gzxifX6qJsjU=</latexit><latexit sha1_base64="zcxLwyt3iYRHJjeUzUypTj8Zjw4=">AAACO3icbZBLSwMxFIXv+Ky1anXrJlgEoVBmutGNILhxWcE+oDMtmTTTps08SDJqmc6vc+PanT/BjQtF3JppK2rrhcDhnBNy87kRZ1KZ5rOxsrq2vrGZ28pvF3Z294r7hYYMY0FonYQ8FC0XS8pZQOuKKU5bkaDYdzltuqPLLG/eUiFZGNyocUQdH/cD5jGClba6RWcysX2sBq6X3KWdpM3KlpNOJp0qQjanCKGF/DstI1vGfjcZnlvaZulP7T6rDWe1brFkVszpoGVhzUUJ5lPrFp/sXkhinwaKcCxl2zIj5SRYKEY4TfN2LGmEyQj3aVvLAPtUOskUQ4qOtdNDXij0CRSaur9vJNiXcuy7upntKhezzPwva8fKO3MSFkSxogGZPeTFHKkQZUxRjwlKFB9rgYlgeldEBlhgojT5vIZgLX55WTSqFUvraxNycAhHcAIWnMIFXEEN6kDgAV7gDd6NR+PV+JjhWjHm3A7gzxifX6qJsjU=</latexit><latexit sha1_base64="P/wjO6RPCOEOYUodaP4qtxBYN9c="></latexit><latexit sha1_base64="ht1LYz0tIsHy5AckfbXeKzg+kRk="></latexit><latexit sha1_base64="ht1LYz0tIsHy5AckfbXeKzg+kRk="></latexit><latexit sha1_base64="ht1LYz0tIsHy5AckfbXeKzg+kRk="></latexit><latexit sha1_base64="ht1LYz0tIsHy5AckfbXeKzg+kRk="></latexit><latexit sha1_base64="ht1LYz0tIsHy5AckfbXeKzg+kRk="></latexit><latexit sha1_base64="ht1LYz0tIsHy5AckfbXeKzg+kRk="></latexit>

||w[i+1]||2 
iX

j=1

||x[j]||2

<latexit sha1_base64="gEkXb4DkVNJ4FXmGQst6Z7Fr/OE="></latexit><latexit sha1_base64="gEkXb4DkVNJ4FXmGQst6Z7Fr/OE="></latexit><latexit sha1_base64="gEkXb4DkVNJ4FXmGQst6Z7Fr/OE="></latexit><latexit sha1_base64="gEkXb4DkVNJ4FXmGQst6Z7Fr/OE="></latexit>

Now, we simply expand:



Sebastian Raschka           STAT 453: Intro to Deep Learning and Generative Models            SS 2020 48

Perceptron Convergence Theorem -- Proof

From ||w[i+1]||2 
iX

j=1

||x[j]||2

<latexit sha1_base64="gEkXb4DkVNJ4FXmGQst6Z7Fr/OE="></latexit><latexit sha1_base64="gEkXb4DkVNJ4FXmGQst6Z7Fr/OE="></latexit><latexit sha1_base64="gEkXb4DkVNJ4FXmGQst6Z7Fr/OE="></latexit><latexit sha1_base64="gEkXb4DkVNJ4FXmGQst6Z7Fr/OE="></latexit>

we can finally get the 

upper bound.

Let

then ||w[i+1]||2  �i
<latexit sha1_base64="8c7SIE0kmnWOIHqOB4ixuDLewdk=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUGaKoMuiG5cV7APaacmkd9rQTGZIMkqZ9g/c+CtuXCji1q07/8ZM24W2Hkg4nHMv997jx5wp7Tjf1tLyyuraem4jv7m1vbNr7+3XVJRIClUa8Ug2fKKAMwFVzTSHRiyBhD6Huj+4zvz6PUjFInGnhzF4IekJFjBKtJE69slo1AqJ7vtB+jBup0125nrj0ahdwrjFwXw+aIJZxy44RWcCvEjcGSmgGSod+6vVjWgSgtCUE6WarhNrLyVSM8phnG8lCmJCB6QHTUMFCUF56eSeMT42ShcHkTRPaDxRf3ekJFRqGPqmMttdzXuZ+J/XTHRw6aVMxIkGQaeDgoRjHeEsHNxlEqjmQ0MIlczsimmfSEK1iTBvQnDnT14ktVLRNfz2vFC+msWRQ4foCJ0iF12gMrpBFVRFFD2iZ/SK3qwn68V6tz6mpUvWrOcA/YH1+QPsGpvl</latexit><latexit sha1_base64="8c7SIE0kmnWOIHqOB4ixuDLewdk=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUGaKoMuiG5cV7APaacmkd9rQTGZIMkqZ9g/c+CtuXCji1q07/8ZM24W2Hkg4nHMv997jx5wp7Tjf1tLyyuraem4jv7m1vbNr7+3XVJRIClUa8Ug2fKKAMwFVzTSHRiyBhD6Huj+4zvz6PUjFInGnhzF4IekJFjBKtJE69slo1AqJ7vtB+jBup0125nrj0ahdwrjFwXw+aIJZxy44RWcCvEjcGSmgGSod+6vVjWgSgtCUE6WarhNrLyVSM8phnG8lCmJCB6QHTUMFCUF56eSeMT42ShcHkTRPaDxRf3ekJFRqGPqmMttdzXuZ+J/XTHRw6aVMxIkGQaeDgoRjHeEsHNxlEqjmQ0MIlczsimmfSEK1iTBvQnDnT14ktVLRNfz2vFC+msWRQ4foCJ0iF12gMrpBFVRFFD2iZ/SK3qwn68V6tz6mpUvWrOcA/YH1+QPsGpvl</latexit><latexit sha1_base64="8c7SIE0kmnWOIHqOB4ixuDLewdk=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUGaKoMuiG5cV7APaacmkd9rQTGZIMkqZ9g/c+CtuXCji1q07/8ZM24W2Hkg4nHMv997jx5wp7Tjf1tLyyuraem4jv7m1vbNr7+3XVJRIClUa8Ug2fKKAMwFVzTSHRiyBhD6Huj+4zvz6PUjFInGnhzF4IekJFjBKtJE69slo1AqJ7vtB+jBup0125nrj0ahdwrjFwXw+aIJZxy44RWcCvEjcGSmgGSod+6vVjWgSgtCUE6WarhNrLyVSM8phnG8lCmJCB6QHTUMFCUF56eSeMT42ShcHkTRPaDxRf3ekJFRqGPqmMttdzXuZ+J/XTHRw6aVMxIkGQaeDgoRjHeEsHNxlEqjmQ0MIlczsimmfSEK1iTBvQnDnT14ktVLRNfz2vFC+msWRQ4foCJ0iF12gMrpBFVRFFD2iZ/SK3qwn68V6tz6mpUvWrOcA/YH1+QPsGpvl</latexit><latexit sha1_base64="8c7SIE0kmnWOIHqOB4ixuDLewdk=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUGaKoMuiG5cV7APaacmkd9rQTGZIMkqZ9g/c+CtuXCji1q07/8ZM24W2Hkg4nHMv997jx5wp7Tjf1tLyyuraem4jv7m1vbNr7+3XVJRIClUa8Ug2fKKAMwFVzTSHRiyBhD6Huj+4zvz6PUjFInGnhzF4IekJFjBKtJE69slo1AqJ7vtB+jBup0125nrj0ahdwrjFwXw+aIJZxy44RWcCvEjcGSmgGSod+6vVjWgSgtCUE6WarhNrLyVSM8phnG8lCmJCB6QHTUMFCUF56eSeMT42ShcHkTRPaDxRf3ekJFRqGPqmMttdzXuZ+J/XTHRw6aVMxIkGQaeDgoRjHeEsHNxlEqjmQ0MIlczsimmfSEK1iTBvQnDnT14ktVLRNfz2vFC+msWRQ4foCJ0iF12gMrpBFVRFFD2iZ/SK3qwn68V6tz6mpUvWrOcA/YH1+QPsGpvl</latexit>

� = max ||x[j]||2
<latexit sha1_base64="Z8dz9v4AKYnLI+UN2SvNch0hBNE=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhMVVKQYEGqYGEsEn1ISVo5rtOaOk5kO6hVkg9g4VdYGECIlQ9g429w2g7QciXLR+ecq3vv8SJGpTLNb2NpeWV1bb2wUdzc2t7ZLe3tN2UYC0waOGShaHtIEkY5aSiqGGlHgqDAY6TlDa9zvfVAhKQhv1PjiLgB6nPqU4yUprqlsuMRheAldAI0gmmqPzXw/GSUdRL73s3StFPVLrNiTgouAmsGymBW9W7py+mFOA4IV5ghKW3LjJSbIKEoZiQrOrEkEcJD1Ce2hhwFRLrJ5JgMHmumB/1Q6McVnLC/OxIUSDkOPO3Md5XzWk7+p9mx8i/chPIoVoTj6SA/ZlCFME8G9qggWLGxBggLqneFeIAEwkrnV9QhWPMnL4JmtWKdVszbs3LtahZHARyCI3ACLHAOauAG1EEDYPAInsEreDOejBfj3fiYWpeMWc8B+FPG5w/K3pt4</latexit>
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||w[i+1]||2  �i
<latexit sha1_base64="8c7SIE0kmnWOIHqOB4ixuDLewdk=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUGaKoMuiG5cV7APaacmkd9rQTGZIMkqZ9g/c+CtuXCji1q07/8ZM24W2Hkg4nHMv997jx5wp7Tjf1tLyyuraem4jv7m1vbNr7+3XVJRIClUa8Ug2fKKAMwFVzTSHRiyBhD6Huj+4zvz6PUjFInGnhzF4IekJFjBKtJE69slo1AqJ7vtB+jBup0125nrj0ahdwrjFwXw+aIJZxy44RWcCvEjcGSmgGSod+6vVjWgSgtCUE6WarhNrLyVSM8phnG8lCmJCB6QHTUMFCUF56eSeMT42ShcHkTRPaDxRf3ekJFRqGPqmMttdzXuZ+J/XTHRw6aVMxIkGQaeDgoRjHeEsHNxlEqjmQ0MIlczsimmfSEK1iTBvQnDnT14ktVLRNfz2vFC+msWRQ4foCJ0iF12gMrpBFVRFFD2iZ/SK3qwn68V6tz6mpUvWrOcA/YH1+QPsGpvl</latexit><latexit sha1_base64="8c7SIE0kmnWOIHqOB4ixuDLewdk=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUGaKoMuiG5cV7APaacmkd9rQTGZIMkqZ9g/c+CtuXCji1q07/8ZM24W2Hkg4nHMv997jx5wp7Tjf1tLyyuraem4jv7m1vbNr7+3XVJRIClUa8Ug2fKKAMwFVzTSHRiyBhD6Huj+4zvz6PUjFInGnhzF4IekJFjBKtJE69slo1AqJ7vtB+jBup0125nrj0ahdwrjFwXw+aIJZxy44RWcCvEjcGSmgGSod+6vVjWgSgtCUE6WarhNrLyVSM8phnG8lCmJCB6QHTUMFCUF56eSeMT42ShcHkTRPaDxRf3ekJFRqGPqmMttdzXuZ+J/XTHRw6aVMxIkGQaeDgoRjHeEsHNxlEqjmQ0MIlczsimmfSEK1iTBvQnDnT14ktVLRNfz2vFC+msWRQ4foCJ0iF12gMrpBFVRFFD2iZ/SK3qwn68V6tz6mpUvWrOcA/YH1+QPsGpvl</latexit><latexit sha1_base64="8c7SIE0kmnWOIHqOB4ixuDLewdk=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUGaKoMuiG5cV7APaacmkd9rQTGZIMkqZ9g/c+CtuXCji1q07/8ZM24W2Hkg4nHMv997jx5wp7Tjf1tLyyuraem4jv7m1vbNr7+3XVJRIClUa8Ug2fKKAMwFVzTSHRiyBhD6Huj+4zvz6PUjFInGnhzF4IekJFjBKtJE69slo1AqJ7vtB+jBup0125nrj0ahdwrjFwXw+aIJZxy44RWcCvEjcGSmgGSod+6vVjWgSgtCUE6WarhNrLyVSM8phnG8lCmJCB6QHTUMFCUF56eSeMT42ShcHkTRPaDxRf3ekJFRqGPqmMttdzXuZ+J/XTHRw6aVMxIkGQaeDgoRjHeEsHNxlEqjmQ0MIlczsimmfSEK1iTBvQnDnT14ktVLRNfz2vFC+msWRQ4foCJ0iF12gMrpBFVRFFD2iZ/SK3qwn68V6tz6mpUvWrOcA/YH1+QPsGpvl</latexit><latexit sha1_base64="8c7SIE0kmnWOIHqOB4ixuDLewdk=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUGaKoMuiG5cV7APaacmkd9rQTGZIMkqZ9g/c+CtuXCji1q07/8ZM24W2Hkg4nHMv997jx5wp7Tjf1tLyyuraem4jv7m1vbNr7+3XVJRIClUa8Ug2fKKAMwFVzTSHRiyBhD6Huj+4zvz6PUjFInGnhzF4IekJFjBKtJE69slo1AqJ7vtB+jBup0125nrj0ahdwrjFwXw+aIJZxy44RWcCvEjcGSmgGSod+6vVjWgSgtCUE6WarhNrLyVSM8phnG8lCmJCB6QHTUMFCUF56eSeMT42ShcHkTRPaDxRf3ekJFRqGPqmMttdzXuZ+J/XTHRw6aVMxIkGQaeDgoRjHeEsHNxlEqjmQ0MIlczsimmfSEK1iTBvQnDnT14ktVLRNfz2vFC+msWRQ4foCJ0iF12gMrpBFVRFFD2iZ/SK3qwn68V6tz6mpUvWrOcA/YH1+QPsGpvl</latexit>
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<latexit sha1_base64="Pa0/JLqOqpgcRB0lytlyotxOGCk="></latexit><latexit sha1_base64="Pa0/JLqOqpgcRB0lytlyotxOGCk="></latexit><latexit sha1_base64="Pa0/JLqOqpgcRB0lytlyotxOGCk="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="N7on5w8OFVe4wZzx8M3r8t7Sr4Q=">AAACInicbZDLSsNAFIZPvNZaNbp1M1gEUShJN7oUdOGygr1Ak5bJdNIOnVyYmSglzQu58VVEcFERn8VJ2kVt/WHg5z/nMOd8XsyZVJY1MzY2t7Z3dkt75f3KweGReVxpySgRhDZJxCPR8bCknIW0qZjitBMLigOP07Y3vsvr7WcqJIvCJzWJqRvgYch8RrDSUd+8n06dAKuR56cvWS/tsivbzabTXh05Q4ocX2CSOpjHI6wj1qtn6dJA77Jozfpm1apZhdC6sRemCgs1+uaHM4hIEtBQEY6l7NpWrNwUC8UIp1nZSSSNMRnjIe1qG+KASjctrs3QuU4GyI+EfqFCRbo8keJAykng6c58Ublay8P/at1E+TduysI4UTQk84/8hCMVoRwdGjBBieITbTARTO+KyAhrQkoDLmsI9urJ66ZVr9naP1pQglM4gwuw4Rpu4QEa0AQCr/AOM/gy3oxP43uOa8NYcDuBPzJ+fgFJJafr</latexit><latexit sha1_base64="N7on5w8OFVe4wZzx8M3r8t7Sr4Q=">AAACInicbZDLSsNAFIZPvNZaNbp1M1gEUShJN7oUdOGygr1Ak5bJdNIOnVyYmSglzQu58VVEcFERn8VJ2kVt/WHg5z/nMOd8XsyZVJY1MzY2t7Z3dkt75f3KweGReVxpySgRhDZJxCPR8bCknIW0qZjitBMLigOP07Y3vsvr7WcqJIvCJzWJqRvgYch8RrDSUd+8n06dAKuR56cvWS/tsivbzabTXh05Q4ocX2CSOpjHI6wj1qtn6dJA77Jozfpm1apZhdC6sRemCgs1+uaHM4hIEtBQEY6l7NpWrNwUC8UIp1nZSSSNMRnjIe1qG+KASjctrs3QuU4GyI+EfqFCRbo8keJAykng6c58Ublay8P/at1E+TduysI4UTQk84/8hCMVoRwdGjBBieITbTARTO+KyAhrQkoDLmsI9urJ66ZVr9naP1pQglM4gwuw4Rpu4QEa0AQCr/AOM/gy3oxP43uOa8NYcDuBPzJ+fgFJJafr</latexit><latexit sha1_base64="Fa2nh52SXsH+ubH7GEfTph3Hopk="></latexit><latexit sha1_base64="Pa0/JLqOqpgcRB0lytlyotxOGCk="></latexit><latexit sha1_base64="Pa0/JLqOqpgcRB0lytlyotxOGCk="></latexit><latexit sha1_base64="Pa0/JLqOqpgcRB0lytlyotxOGCk="></latexit><latexit sha1_base64="Pa0/JLqOqpgcRB0lytlyotxOGCk="></latexit><latexit sha1_base64="Pa0/JLqOqpgcRB0lytlyotxOGCk="></latexit><latexit sha1_base64="Pa0/JLqOqpgcRB0lytlyotxOGCk="></latexit>
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<latexit sha1_base64="VuVVRvVCuODYxIME5ryKgy9oEPM="></latexit><latexit sha1_base64="VuVVRvVCuODYxIME5ryKgy9oEPM="></latexit><latexit sha1_base64="VuVVRvVCuODYxIME5ryKgy9oEPM="></latexit><latexit sha1_base64="VuVVRvVCuODYxIME5ryKgy9oEPM="></latexit>

Since the number of iterations i has an upper 
bound, 
we can conclude that the weights only change a 
finite number of times and will converge if the 
classes are linearly separable.

⇤
<latexit sha1_base64="xL2b+0uuneWLA4OhRB/n7H1MhF0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aRdutnE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IBzNJMYjpUPKIM2qs1e7px4wq7Fdrbt2di6yCV0ANCjX71a/eIGFZjNIwQbXuem5qgpwqw5nAaaWXaUwpG9Mhdi1KGqMO8vm6U3JmnQGJEmWfNGTu/p7Iaaz1JA5tZ0zNSC/XZuZ/tW5mousg5zLNDEq2+CjKBDEJmd1OBlwhM2JigTLF7a6EjaiizNiEKjYEb/nkVWhd1D3L95e1xk0RRxlO4BTOwYMraMAdNMEHBmN4hld4c1LnxXl3PhatJaeYOYY/cj5/AIYOj60=</latexit><latexit sha1_base64="xL2b+0uuneWLA4OhRB/n7H1MhF0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aRdutnE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IBzNJMYjpUPKIM2qs1e7px4wq7Fdrbt2di6yCV0ANCjX71a/eIGFZjNIwQbXuem5qgpwqw5nAaaWXaUwpG9Mhdi1KGqMO8vm6U3JmnQGJEmWfNGTu/p7Iaaz1JA5tZ0zNSC/XZuZ/tW5mousg5zLNDEq2+CjKBDEJmd1OBlwhM2JigTLF7a6EjaiizNiEKjYEb/nkVWhd1D3L95e1xk0RRxlO4BTOwYMraMAdNMEHBmN4hld4c1LnxXl3PhatJaeYOYY/cj5/AIYOj60=</latexit><latexit sha1_base64="xL2b+0uuneWLA4OhRB/n7H1MhF0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aRdutnE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IBzNJMYjpUPKIM2qs1e7px4wq7Fdrbt2di6yCV0ANCjX71a/eIGFZjNIwQbXuem5qgpwqw5nAaaWXaUwpG9Mhdi1KGqMO8vm6U3JmnQGJEmWfNGTu/p7Iaaz1JA5tZ0zNSC/XZuZ/tW5mousg5zLNDEq2+CjKBDEJmd1OBlwhM2JigTLF7a6EjaiizNiEKjYEb/nkVWhd1D3L95e1xk0RRxlO4BTOwYMraMAdNMEHBmN4hld4c1LnxXl3PhatJaeYOYY/cj5/AIYOj60=</latexit><latexit sha1_base64="xL2b+0uuneWLA4OhRB/n7H1MhF0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aRdutnE3Y1QQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDurt59QaZ7IBzNJMYjpUPKIM2qs1e7px4wq7Fdrbt2di6yCV0ANCjX71a/eIGFZjNIwQbXuem5qgpwqw5nAaaWXaUwpG9Mhdi1KGqMO8vm6U3JmnQGJEmWfNGTu/p7Iaaz1JA5tZ0zNSC/XZuZ/tW5mousg5zLNDEq2+CjKBDEJmd1OBlwhM2JigTLF7a6EjaiizNiEKjYEb/nkVWhd1D3L95e1xk0RRxlO4BTOwYMraMAdNMEHBmN4hld4c1LnxXl3PhatJaeYOYY/cj5/AIYOj60=</latexit>
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<latexit sha1_base64="8XyUQ/hpevXoCRMKz7TPeHseaKs=">AAACHXicbZA9SwNBEIb3/IzxK2ppsxgEsQh3Imgp2lhGMCrkLmFuM5cs2ftwd08Jl/sjNv4VGwtFLGzEf+MmXqGJLyw8vDPDzrx+IrjStv1lzczOzS8slpbKyyura+uVjc0rFaeSYYPFIpY3PigUPMKG5lrgTSIRQl/gtd8/G9Wv71AqHkeXepCgF0I34gFnoI3Vrhxy6gq8pdQNJLDM9VEDHQ7dEHTPD7L7vJXt58Nh6yCnmQsi6YHBdqVq1+yx6DQ4BVRJoXq78uF2YpaGGGkmQKmmYyfay0BqzgTmZTdVmADrQxebBiMIUXnZ+Lqc7hqnQ4NYmhdpOnZ/T2QQKjUIfdM52lpN1kbmf7VmqoNjL+NRkmqM2M9HQSqojukoKtrhEpkWAwPAJDe7UtYDE5M2gZZNCM7kydNwdVBzDF8cVk9OizhKZJvskD3ikCNyQs5JnTQIIw/kibyQV+vRerberPef1hmrmNkif2R9fgPdk6Jp</latexit><latexit sha1_base64="8XyUQ/hpevXoCRMKz7TPeHseaKs=">AAACHXicbZA9SwNBEIb3/IzxK2ppsxgEsQh3Imgp2lhGMCrkLmFuM5cs2ftwd08Jl/sjNv4VGwtFLGzEf+MmXqGJLyw8vDPDzrx+IrjStv1lzczOzS8slpbKyyura+uVjc0rFaeSYYPFIpY3PigUPMKG5lrgTSIRQl/gtd8/G9Wv71AqHkeXepCgF0I34gFnoI3Vrhxy6gq8pdQNJLDM9VEDHQ7dEHTPD7L7vJXt58Nh6yCnmQsi6YHBdqVq1+yx6DQ4BVRJoXq78uF2YpaGGGkmQKmmYyfay0BqzgTmZTdVmADrQxebBiMIUXnZ+Lqc7hqnQ4NYmhdpOnZ/T2QQKjUIfdM52lpN1kbmf7VmqoNjL+NRkmqM2M9HQSqojukoKtrhEpkWAwPAJDe7UtYDE5M2gZZNCM7kydNwdVBzDF8cVk9OizhKZJvskD3ikCNyQs5JnTQIIw/kibyQV+vRerberPef1hmrmNkif2R9fgPdk6Jp</latexit><latexit sha1_base64="8XyUQ/hpevXoCRMKz7TPeHseaKs=">AAACHXicbZA9SwNBEIb3/IzxK2ppsxgEsQh3Imgp2lhGMCrkLmFuM5cs2ftwd08Jl/sjNv4VGwtFLGzEf+MmXqGJLyw8vDPDzrx+IrjStv1lzczOzS8slpbKyyura+uVjc0rFaeSYYPFIpY3PigUPMKG5lrgTSIRQl/gtd8/G9Wv71AqHkeXepCgF0I34gFnoI3Vrhxy6gq8pdQNJLDM9VEDHQ7dEHTPD7L7vJXt58Nh6yCnmQsi6YHBdqVq1+yx6DQ4BVRJoXq78uF2YpaGGGkmQKmmYyfay0BqzgTmZTdVmADrQxebBiMIUXnZ+Lqc7hqnQ4NYmhdpOnZ/T2QQKjUIfdM52lpN1kbmf7VmqoNjL+NRkmqM2M9HQSqojukoKtrhEpkWAwPAJDe7UtYDE5M2gZZNCM7kydNwdVBzDF8cVk9OizhKZJvskD3ikCNyQs5JnTQIIw/kibyQV+vRerberPef1hmrmNkif2R9fgPdk6Jp</latexit><latexit sha1_base64="8XyUQ/hpevXoCRMKz7TPeHseaKs=">AAACHXicbZA9SwNBEIb3/IzxK2ppsxgEsQh3Imgp2lhGMCrkLmFuM5cs2ftwd08Jl/sjNv4VGwtFLGzEf+MmXqGJLyw8vDPDzrx+IrjStv1lzczOzS8slpbKyyura+uVjc0rFaeSYYPFIpY3PigUPMKG5lrgTSIRQl/gtd8/G9Wv71AqHkeXepCgF0I34gFnoI3Vrhxy6gq8pdQNJLDM9VEDHQ7dEHTPD7L7vJXt58Nh6yCnmQsi6YHBdqVq1+yx6DQ4BVRJoXq78uF2YpaGGGkmQKmmYyfay0BqzgTmZTdVmADrQxebBiMIUXnZ+Lqc7hqnQ4NYmhdpOnZ/T2QQKjUIfdM52lpN1kbmf7VmqoNjL+NRkmqM2M9HQSqojukoKtrhEpkWAwPAJDe7UtYDE5M2gZZNCM7kydNwdVBzDF8cVk9OizhKZJvskD3ikCNyQs5JnTQIIw/kibyQV+vRerberPef1hmrmNkif2R9fgPdk6Jp</latexit>
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Perceptron Convergence Theorem -- Proof

i
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<latexit sha1_base64="JyIP1lInlSlDfjGKg3+t2j+RGNM=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJiqDLohuXFewF0rRMppN26GQSZiZKSYIbX8WNC0Xc+hTufBsnbRba+sPAx3/OYc75vYhRqSzr21haXlldWy9tlDe3tnd2zb39lgxjgUkThywUHQ9JwignTUUVI51IEBR4jLS98XVeb98TIWnI79QkIm6Ahpz6FCOlrb55mKbdAKmR5ycPWS9x6JntZmnaq8G+WbGq1lRwEewCKqBQo29+dQchjgPCFWZISse2IuUmSCiKGcnK3ViSCOExGhJHI0cBkW4yPSGDJ9oZQD8U+nEFp+7viQQFUk4CT3fm68r5Wm7+V3Ni5V+6CeVRrAjHs4/8mEEVwjwPOKCCYMUmGhAWVO8K8QgJhJVOraxDsOdPXoRWrWprvj2v1K+KOErgCByDU2CDC1AHN6ABmgCDR/AMXsGb8WS8GO/Gx6x1yShmDsAfGZ8/TUqXVQ==</latexit><latexit sha1_base64="JyIP1lInlSlDfjGKg3+t2j+RGNM=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJiqDLohuXFewF0rRMppN26GQSZiZKSYIbX8WNC0Xc+hTufBsnbRba+sPAx3/OYc75vYhRqSzr21haXlldWy9tlDe3tnd2zb39lgxjgUkThywUHQ9JwignTUUVI51IEBR4jLS98XVeb98TIWnI79QkIm6Ahpz6FCOlrb55mKbdAKmR5ycPWS9x6JntZmnaq8G+WbGq1lRwEewCKqBQo29+dQchjgPCFWZISse2IuUmSCiKGcnK3ViSCOExGhJHI0cBkW4yPSGDJ9oZQD8U+nEFp+7viQQFUk4CT3fm68r5Wm7+V3Ni5V+6CeVRrAjHs4/8mEEVwjwPOKCCYMUmGhAWVO8K8QgJhJVOraxDsOdPXoRWrWprvj2v1K+KOErgCByDU2CDC1AHN6ABmgCDR/AMXsGb8WS8GO/Gx6x1yShmDsAfGZ8/TUqXVQ==</latexit><latexit sha1_base64="JyIP1lInlSlDfjGKg3+t2j+RGNM=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJiqDLohuXFewF0rRMppN26GQSZiZKSYIbX8WNC0Xc+hTufBsnbRba+sPAx3/OYc75vYhRqSzr21haXlldWy9tlDe3tnd2zb39lgxjgUkThywUHQ9JwignTUUVI51IEBR4jLS98XVeb98TIWnI79QkIm6Ahpz6FCOlrb55mKbdAKmR5ycPWS9x6JntZmnaq8G+WbGq1lRwEewCKqBQo29+dQchjgPCFWZISse2IuUmSCiKGcnK3ViSCOExGhJHI0cBkW4yPSGDJ9oZQD8U+nEFp+7viQQFUk4CT3fm68r5Wm7+V3Ni5V+6CeVRrAjHs4/8mEEVwjwPOKCCYMUmGhAWVO8K8QgJhJVOraxDsOdPXoRWrWprvj2v1K+KOErgCByDU2CDC1AHN6ABmgCDR/AMXsGb8WS8GO/Gx6x1yShmDsAfGZ8/TUqXVQ==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="Xq1iO/ZsvTmfKCSKJ7BQTlg6QEM=">AAAB93icbZBPS8MwGMbf+nfOqdWbeAkOQRBGu4seBS8eJ7g/0HUjzdItLE1LkiqjHV78Kl48KOI38ea3Md120M0HAj+eJyHv+wQJZ0o7zre1tr6xubVd2invVvb2D+zDSkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwfimyNsPVCoWi3s9Sagf4aFgISNYG6tvH+d5N8J6FITZ47SXeezC9ad53qujvl11as5MaBXcBVRhoUbf/uoOYpJGVGjCsVKe6yTaz7DUjHA6LXdTRRNMxnhIPYMCR1T52WyFKTozzgCFsTRHaDRzf7/IcKTUJArMzWJctZwV5n+Zl+rwys+YSFJNBZl/FKYc6RgVfaABk5RoPjGAiWRmVkRGWGKiTWtlU4K7vPIqtOo11/CdAyU4gVM4Bxcu4RpuoQFNIPAEL/AG79az9Wp9zOtasxa9HcEfWZ8/y26V6A==</latexit><latexit sha1_base64="Xq1iO/ZsvTmfKCSKJ7BQTlg6QEM=">AAAB93icbZBPS8MwGMbf+nfOqdWbeAkOQRBGu4seBS8eJ7g/0HUjzdItLE1LkiqjHV78Kl48KOI38ea3Md120M0HAj+eJyHv+wQJZ0o7zre1tr6xubVd2invVvb2D+zDSkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwfimyNsPVCoWi3s9Sagf4aFgISNYG6tvH+d5N8J6FITZ47SXeezC9ad53qujvl11as5MaBXcBVRhoUbf/uoOYpJGVGjCsVKe6yTaz7DUjHA6LXdTRRNMxnhIPYMCR1T52WyFKTozzgCFsTRHaDRzf7/IcKTUJArMzWJctZwV5n+Zl+rwys+YSFJNBZl/FKYc6RgVfaABk5RoPjGAiWRmVkRGWGKiTWtlU4K7vPIqtOo11/CdAyU4gVM4Bxcu4RpuoQFNIPAEL/AG79az9Wp9zOtasxa9HcEfWZ8/y26V6A==</latexit><latexit sha1_base64="tA9bfXNMdBpLVtt2UUb3oXQ52Do=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWQRBK0o0ui25cVrAXSNMymU7aoZNJmJkoJQlufBU3LhRx61O4822ctFlo6w8DH/85hznn9yJGpbKsb6O0srq2vlHerGxt7+zumfsHbRnGApMWDlkouh6ShFFOWooqRrqRICjwGOl4k+u83rknQtKQ36lpRNwAjTj1KUZKWwPzKE17AVJjz08esn7i0HPbzdK0X4cDs2rVrJngMtgFVEGh5sD86g1DHAeEK8yQlI5tRcpNkFAUM5JVerEkEcITNCKORo4CIt1kdkIGT7UzhH4o9OMKztzfEwkKpJwGnu7M15WLtdz8r+bEyr90E8qjWBGO5x/5MYMqhHkecEgFwYpNNSAsqN4V4jESCCudWkWHYC+evAztes3WfGtVG1dFHGVwDE7AGbDBBWiAG9AELYDBI3gGr+DNeDJejHfjY95aMoqZQ/BHxucPTAqXUQ==</latexit><latexit sha1_base64="JyIP1lInlSlDfjGKg3+t2j+RGNM=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJiqDLohuXFewF0rRMppN26GQSZiZKSYIbX8WNC0Xc+hTufBsnbRba+sPAx3/OYc75vYhRqSzr21haXlldWy9tlDe3tnd2zb39lgxjgUkThywUHQ9JwignTUUVI51IEBR4jLS98XVeb98TIWnI79QkIm6Ahpz6FCOlrb55mKbdAKmR5ycPWS9x6JntZmnaq8G+WbGq1lRwEewCKqBQo29+dQchjgPCFWZISse2IuUmSCiKGcnK3ViSCOExGhJHI0cBkW4yPSGDJ9oZQD8U+nEFp+7viQQFUk4CT3fm68r5Wm7+V3Ni5V+6CeVRrAjHs4/8mEEVwjwPOKCCYMUmGhAWVO8K8QgJhJVOraxDsOdPXoRWrWprvj2v1K+KOErgCByDU2CDC1AHN6ABmgCDR/AMXsGb8WS8GO/Gx6x1yShmDsAfGZ8/TUqXVQ==</latexit><latexit sha1_base64="JyIP1lInlSlDfjGKg3+t2j+RGNM=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJiqDLohuXFewF0rRMppN26GQSZiZKSYIbX8WNC0Xc+hTufBsnbRba+sPAx3/OYc75vYhRqSzr21haXlldWy9tlDe3tnd2zb39lgxjgUkThywUHQ9JwignTUUVI51IEBR4jLS98XVeb98TIWnI79QkIm6Ahpz6FCOlrb55mKbdAKmR5ycPWS9x6JntZmnaq8G+WbGq1lRwEewCKqBQo29+dQchjgPCFWZISse2IuUmSCiKGcnK3ViSCOExGhJHI0cBkW4yPSGDJ9oZQD8U+nEFp+7viQQFUk4CT3fm68r5Wm7+V3Ni5V+6CeVRrAjHs4/8mEEVwjwPOKCCYMUmGhAWVO8K8QgJhJVOraxDsOdPXoRWrWprvj2v1K+KOErgCByDU2CDC1AHN6ABmgCDR/AMXsGb8WS8GO/Gx6x1yShmDsAfGZ8/TUqXVQ==</latexit><latexit sha1_base64="JyIP1lInlSlDfjGKg3+t2j+RGNM=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJiqDLohuXFewF0rRMppN26GQSZiZKSYIbX8WNC0Xc+hTufBsnbRba+sPAx3/OYc75vYhRqSzr21haXlldWy9tlDe3tnd2zb39lgxjgUkThywUHQ9JwignTUUVI51IEBR4jLS98XVeb98TIWnI79QkIm6Ahpz6FCOlrb55mKbdAKmR5ycPWS9x6JntZmnaq8G+WbGq1lRwEewCKqBQo29+dQchjgPCFWZISse2IuUmSCiKGcnK3ViSCOExGhJHI0cBkW4yPSGDJ9oZQD8U+nEFp+7viQQFUk4CT3fm68r5Wm7+V3Ni5V+6CeVRrAjHs4/8mEEVwjwPOKCCYMUmGhAWVO8K8QgJhJVOraxDsOdPXoRWrWprvj2v1K+KOErgCByDU2CDC1AHN6ABmgCDR/AMXsGb8WS8GO/Gx6x1yShmDsAfGZ8/TUqXVQ==</latexit><latexit sha1_base64="JyIP1lInlSlDfjGKg3+t2j+RGNM=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJiqDLohuXFewF0rRMppN26GQSZiZKSYIbX8WNC0Xc+hTufBsnbRba+sPAx3/OYc75vYhRqSzr21haXlldWy9tlDe3tnd2zb39lgxjgUkThywUHQ9JwignTUUVI51IEBR4jLS98XVeb98TIWnI79QkIm6Ahpz6FCOlrb55mKbdAKmR5ycPWS9x6JntZmnaq8G+WbGq1lRwEewCKqBQo29+dQchjgPCFWZISse2IuUmSCiKGcnK3ViSCOExGhJHI0cBkW4yPSGDJ9oZQD8U+nEFp+7viQQFUk4CT3fm68r5Wm7+V3Ni5V+6CeVRrAjHs4/8mEEVwjwPOKCCYMUmGhAWVO8K8QgJhJVOraxDsOdPXoRWrWprvj2v1K+KOErgCByDU2CDC1AHN6ABmgCDR/AMXsGb8WS8GO/Gx6x1yShmDsAfGZ8/TUqXVQ==</latexit><latexit sha1_base64="JyIP1lInlSlDfjGKg3+t2j+RGNM=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJiqDLohuXFewF0rRMppN26GQSZiZKSYIbX8WNC0Xc+hTufBsnbRba+sPAx3/OYc75vYhRqSzr21haXlldWy9tlDe3tnd2zb39lgxjgUkThywUHQ9JwignTUUVI51IEBR4jLS98XVeb98TIWnI79QkIm6Ahpz6FCOlrb55mKbdAKmR5ycPWS9x6JntZmnaq8G+WbGq1lRwEewCKqBQo29+dQchjgPCFWZISse2IuUmSCiKGcnK3ViSCOExGhJHI0cBkW4yPSGDJ9oZQD8U+nEFp+7viQQFUk4CT3fm68r5Wm7+V3Ni5V+6CeVRrAjHs4/8mEEVwjwPOKCCYMUmGhAWVO8K8QgJhJVOraxDsOdPXoRWrWprvj2v1K+KOErgCByDU2CDC1AHN6ABmgCDR/AMXsGb8WS8GO/Gx6x1yShmDsAfGZ8/TUqXVQ==</latexit><latexit sha1_base64="JyIP1lInlSlDfjGKg3+t2j+RGNM=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJiqDLohuXFewF0rRMppN26GQSZiZKSYIbX8WNC0Xc+hTufBsnbRba+sPAx3/OYc75vYhRqSzr21haXlldWy9tlDe3tnd2zb39lgxjgUkThywUHQ9JwignTUUVI51IEBR4jLS98XVeb98TIWnI79QkIm6Ahpz6FCOlrb55mKbdAKmR5ycPWS9x6JntZmnaq8G+WbGq1lRwEewCKqBQo29+dQchjgPCFWZISse2IuUmSCiKGcnK3ViSCOExGhJHI0cBkW4yPSGDJ9oZQD8U+nEFp+7viQQFUk4CT3fm68r5Wm7+V3Ni5V+6CeVRrAjHs4/8mEEVwjwPOKCCYMUmGhAWVO8K8QgJhJVOraxDsOdPXoRWrWprvj2v1K+KOErgCByDU2CDC1AHN6ABmgCDR/AMXsGb8WS8GO/Gx6x1yShmDsAfGZ8/TUqXVQ==</latexit>

↵2
<latexit sha1_base64="C9EVecZrAqUOi6KF3c6v2jUjVDg=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjBfsBbSyT7aZdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVFHWpLGIVSdAzQSXrGm4EayTKIZRIFg7GN/M6u0npjSP5b2ZJMyPcCh5yCkaa3V6KJIRPtT65Ypbdeciq+DlUIFcjX75qzeIaRoxaahArbuemxg/Q2U4FWxa6qWaJUjHOGRdixIjpv1svu+UnFlnQMJY2ScNmbu/JzKMtJ5Ege2M0Iz0cm1m/lfrpia88jMuk9QwSRcfhakgJiaz48mAK0aNmFhAqrjdldARKqTGRlSyIXjLJ69Cq1b1LN9dVOrXeRxFOIFTOAcPLqEOt9CAJlAQ8Ayv8OY8Oi/Ou/OxaC04+cwx/JHz+QO00o+8</latexit><latexit sha1_base64="C9EVecZrAqUOi6KF3c6v2jUjVDg=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjBfsBbSyT7aZdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVFHWpLGIVSdAzQSXrGm4EayTKIZRIFg7GN/M6u0npjSP5b2ZJMyPcCh5yCkaa3V6KJIRPtT65Ypbdeciq+DlUIFcjX75qzeIaRoxaahArbuemxg/Q2U4FWxa6qWaJUjHOGRdixIjpv1svu+UnFlnQMJY2ScNmbu/JzKMtJ5Ege2M0Iz0cm1m/lfrpia88jMuk9QwSRcfhakgJiaz48mAK0aNmFhAqrjdldARKqTGRlSyIXjLJ69Cq1b1LN9dVOrXeRxFOIFTOAcPLqEOt9CAJlAQ8Ayv8OY8Oi/Ou/OxaC04+cwx/JHz+QO00o+8</latexit><latexit sha1_base64="C9EVecZrAqUOi6KF3c6v2jUjVDg=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjBfsBbSyT7aZdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVFHWpLGIVSdAzQSXrGm4EayTKIZRIFg7GN/M6u0npjSP5b2ZJMyPcCh5yCkaa3V6KJIRPtT65Ypbdeciq+DlUIFcjX75qzeIaRoxaahArbuemxg/Q2U4FWxa6qWaJUjHOGRdixIjpv1svu+UnFlnQMJY2ScNmbu/JzKMtJ5Ege2M0Iz0cm1m/lfrpia88jMuk9QwSRcfhakgJiaz48mAK0aNmFhAqrjdldARKqTGRlSyIXjLJ69Cq1b1LN9dVOrXeRxFOIFTOAcPLqEOt9CAJlAQ8Ayv8OY8Oi/Ou/OxaC04+cwx/JHz+QO00o+8</latexit><latexit sha1_base64="C9EVecZrAqUOi6KF3c6v2jUjVDg=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjBfsBbSyT7aZdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVFHWpLGIVSdAzQSXrGm4EayTKIZRIFg7GN/M6u0npjSP5b2ZJMyPcCh5yCkaa3V6KJIRPtT65Ypbdeciq+DlUIFcjX75qzeIaRoxaahArbuemxg/Q2U4FWxa6qWaJUjHOGRdixIjpv1svu+UnFlnQMJY2ScNmbu/JzKMtJ5Ege2M0Iz0cm1m/lfrpia88jMuk9QwSRcfhakgJiaz48mAK0aNmFhAqrjdldARKqTGRlSyIXjLJ69Cq1b1LN9dVOrXeRxFOIFTOAcPLqEOt9CAJlAQ8Ayv8OY8Oi/Ou/OxaC04+cwx/JHz+QO00o+8</latexit>

�
<latexit sha1_base64="g+IRNevPc1g3Nk0ZK/Q3r3J8OUI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pmO2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPWFhYd3ZtiZN8qkMOR5305pbX1jc6u8XdnZ3ds/qB4etUyaa44BT2Wq2xEzKIXCgARJbGcaWRJJfIxGt7P64xNqI1L1QOMMw4QNlIgFZ2StoBshsV615tW9udxV8AuoQaFmr/rV7ac8T1ARl8yYju9lFE6YJsElTivd3GDG+IgNsGNRsQRNOJkvO3XPrNN341Tbp8idu78nJiwxZpxEtjNhNDTLtZn5X62TU3wdToTKckLFFx/FuXQpdWeXu32hkZMcW2BcC7ury4dMM042n4oNwV8+eRVaF3Xf8v1lrXFTxFGGEziFc/DhChpwB00IgIOAZ3iFN0c5L86787FoLTnFzDH8kfP5A8PYjqQ=</latexit><latexit sha1_base64="g+IRNevPc1g3Nk0ZK/Q3r3J8OUI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pmO2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPWFhYd3ZtiZN8qkMOR5305pbX1jc6u8XdnZ3ds/qB4etUyaa44BT2Wq2xEzKIXCgARJbGcaWRJJfIxGt7P64xNqI1L1QOMMw4QNlIgFZ2StoBshsV615tW9udxV8AuoQaFmr/rV7ac8T1ARl8yYju9lFE6YJsElTivd3GDG+IgNsGNRsQRNOJkvO3XPrNN341Tbp8idu78nJiwxZpxEtjNhNDTLtZn5X62TU3wdToTKckLFFx/FuXQpdWeXu32hkZMcW2BcC7ury4dMM042n4oNwV8+eRVaF3Xf8v1lrXFTxFGGEziFc/DhChpwB00IgIOAZ3iFN0c5L86787FoLTnFzDH8kfP5A8PYjqQ=</latexit><latexit sha1_base64="g+IRNevPc1g3Nk0ZK/Q3r3J8OUI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pmO2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPWFhYd3ZtiZN8qkMOR5305pbX1jc6u8XdnZ3ds/qB4etUyaa44BT2Wq2xEzKIXCgARJbGcaWRJJfIxGt7P64xNqI1L1QOMMw4QNlIgFZ2StoBshsV615tW9udxV8AuoQaFmr/rV7ac8T1ARl8yYju9lFE6YJsElTivd3GDG+IgNsGNRsQRNOJkvO3XPrNN341Tbp8idu78nJiwxZpxEtjNhNDTLtZn5X62TU3wdToTKckLFFx/FuXQpdWeXu32hkZMcW2BcC7ury4dMM042n4oNwV8+eRVaF3Xf8v1lrXFTxFGGEziFc/DhChpwB00IgIOAZ3iFN0c5L86787FoLTnFzDH8kfP5A8PYjqQ=</latexit><latexit sha1_base64="g+IRNevPc1g3Nk0ZK/Q3r3J8OUI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pmO2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPWFhYd3ZtiZN8qkMOR5305pbX1jc6u8XdnZ3ds/qB4etUyaa44BT2Wq2xEzKIXCgARJbGcaWRJJfIxGt7P64xNqI1L1QOMMw4QNlIgFZ2StoBshsV615tW9udxV8AuoQaFmr/rV7ac8T1ARl8yYju9lFE6YJsElTivd3GDG+IgNsGNRsQRNOJkvO3XPrNN341Tbp8idu78nJiwxZpxEtjNhNDTLtZn5X62TU3wdToTKckLFFx/FuXQpdWeXu32hkZMcW2BcC7ury4dMM042n4oNwV8+eRVaF3Xf8v1lrXFTxFGGEziFc/DhChpwB00IgIOAZ3iFN0c5L86787FoLTnFzDH8kfP5A8PYjqQ=</latexit>

�i � ||w[i+1]||2 � ↵2i2
<latexit sha1_base64="2x+Hoc8bYNnyWENuByAIyqXOm/k=">AAACIHicbVDLSgMxFM34rPVVdekmWARBkJki6FJ047KCbYWZabmT3mmDmQdJRinT+RQ3/oobF4roTr/GdOzC14HAyTn3kpwTpIIrbdvv1szs3PzCYmWpuryyurZe29hsqySTDFssEYm8CkCh4DG2NNcCr1KJEAUCO8H12cTv3KBUPIkv9ShFP4JBzEPOQBupVzvyAtRAOfUGSMdjLwI9DML8tujmLt93/GI87jZKM/dApEMwN95tFL1a3T6wS9C/xJmSOpmi2au9ef2EZRHGmglQynXsVPs5SM2ZwKLqZQpTYNcwQNfQGCJUfl4GLOiuUfo0TKQ5saal+n0jh0ipURSYyUkA9dubiP95bqbDYz/ncZppjNnXQ2EmqE7opC3a5xKZFiNDgElu/krZECQwbTqtmhKc35H/knbjwDH84rB+cjqto0K2yQ7ZIw45IifknDRJizByRx7IE3m27q1H68V6/RqdsaY7W+QHrI9PyT+itQ==</latexit><latexit sha1_base64="2x+Hoc8bYNnyWENuByAIyqXOm/k=">AAACIHicbVDLSgMxFM34rPVVdekmWARBkJki6FJ047KCbYWZabmT3mmDmQdJRinT+RQ3/oobF4roTr/GdOzC14HAyTn3kpwTpIIrbdvv1szs3PzCYmWpuryyurZe29hsqySTDFssEYm8CkCh4DG2NNcCr1KJEAUCO8H12cTv3KBUPIkv9ShFP4JBzEPOQBupVzvyAtRAOfUGSMdjLwI9DML8tujmLt93/GI87jZKM/dApEMwN95tFL1a3T6wS9C/xJmSOpmi2au9ef2EZRHGmglQynXsVPs5SM2ZwKLqZQpTYNcwQNfQGCJUfl4GLOiuUfo0TKQ5saal+n0jh0ipURSYyUkA9dubiP95bqbDYz/ncZppjNnXQ2EmqE7opC3a5xKZFiNDgElu/krZECQwbTqtmhKc35H/knbjwDH84rB+cjqto0K2yQ7ZIw45IifknDRJizByRx7IE3m27q1H68V6/RqdsaY7W+QHrI9PyT+itQ==</latexit><latexit sha1_base64="2x+Hoc8bYNnyWENuByAIyqXOm/k=">AAACIHicbVDLSgMxFM34rPVVdekmWARBkJki6FJ047KCbYWZabmT3mmDmQdJRinT+RQ3/oobF4roTr/GdOzC14HAyTn3kpwTpIIrbdvv1szs3PzCYmWpuryyurZe29hsqySTDFssEYm8CkCh4DG2NNcCr1KJEAUCO8H12cTv3KBUPIkv9ShFP4JBzEPOQBupVzvyAtRAOfUGSMdjLwI9DML8tujmLt93/GI87jZKM/dApEMwN95tFL1a3T6wS9C/xJmSOpmi2au9ef2EZRHGmglQynXsVPs5SM2ZwKLqZQpTYNcwQNfQGCJUfl4GLOiuUfo0TKQ5saal+n0jh0ipURSYyUkA9dubiP95bqbDYz/ncZppjNnXQ2EmqE7opC3a5xKZFiNDgElu/krZECQwbTqtmhKc35H/knbjwDH84rB+cjqto0K2yQ7ZIw45IifknDRJizByRx7IE3m27q1H68V6/RqdsaY7W+QHrI9PyT+itQ==</latexit><latexit sha1_base64="2x+Hoc8bYNnyWENuByAIyqXOm/k=">AAACIHicbVDLSgMxFM34rPVVdekmWARBkJki6FJ047KCbYWZabmT3mmDmQdJRinT+RQ3/oobF4roTr/GdOzC14HAyTn3kpwTpIIrbdvv1szs3PzCYmWpuryyurZe29hsqySTDFssEYm8CkCh4DG2NNcCr1KJEAUCO8H12cTv3KBUPIkv9ShFP4JBzEPOQBupVzvyAtRAOfUGSMdjLwI9DML8tujmLt93/GI87jZKM/dApEMwN95tFL1a3T6wS9C/xJmSOpmi2au9ef2EZRHGmglQynXsVPs5SM2ZwKLqZQpTYNcwQNfQGCJUfl4GLOiuUfo0TKQ5saal+n0jh0ipURSYyUkA9dubiP95bqbDYz/ncZppjNnXQ2EmqE7opC3a5xKZFiNDgElu/krZECQwbTqtmhKc35H/knbjwDH84rB+cjqto0K2yQ7ZIw45IifknDRJizByRx7IE3m27q1H68V6/RqdsaY7W+QHrI9PyT+itQ==</latexit>
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Perceptron Convergence Theorem -- Proof

In the convergence theorem, we can assume that ||w⇤|| = 1
<latexit sha1_base64="BwWi+7pv7xs5NwtLFVpGkGvOoKU=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEcVESEXQjFN24rGAf0MYymU7aoZMHMxOlJsVfceNCEbf+hzv/xkmbhbYeGDiccy/3zHEjzqSyrG+jsLC4tLxSXC2trW9sbpnbOw0ZxoLQOgl5KFoulpSzgNYVU5y2IkGx73LadIdXmd+8p0KyMLhVo4g6Pu4HzGMEKy11zb007fhYDVwveRjfHacpukB21yxbFWsCNE/snJQhR61rfnV6IYl9GijCsZRt24qUk2ChGOF0XOrEkkaYDHGftjUNsE+lk0zSj9GhVnrIC4V+gUIT9fdGgn0pR76rJ7OkctbLxP+8dqy8cydhQRQrGpDpIS/mSIUoqwL1mKBE8ZEmmAimsyIywAITpQsr6RLs2S/Pk8ZJxdb85rRcvczrKMI+HMAR2HAGVbiGGtSBwCM8wyu8GU/Gi/FufExHC0a+swt/YHz+AOi1lNY=</latexit><latexit sha1_base64="BwWi+7pv7xs5NwtLFVpGkGvOoKU=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEcVESEXQjFN24rGAf0MYymU7aoZMHMxOlJsVfceNCEbf+hzv/xkmbhbYeGDiccy/3zHEjzqSyrG+jsLC4tLxSXC2trW9sbpnbOw0ZxoLQOgl5KFoulpSzgNYVU5y2IkGx73LadIdXmd+8p0KyMLhVo4g6Pu4HzGMEKy11zb007fhYDVwveRjfHacpukB21yxbFWsCNE/snJQhR61rfnV6IYl9GijCsZRt24qUk2ChGOF0XOrEkkaYDHGftjUNsE+lk0zSj9GhVnrIC4V+gUIT9fdGgn0pR76rJ7OkctbLxP+8dqy8cydhQRQrGpDpIS/mSIUoqwL1mKBE8ZEmmAimsyIywAITpQsr6RLs2S/Pk8ZJxdb85rRcvczrKMI+HMAR2HAGVbiGGtSBwCM8wyu8GU/Gi/FufExHC0a+swt/YHz+AOi1lNY=</latexit><latexit sha1_base64="BwWi+7pv7xs5NwtLFVpGkGvOoKU=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEcVESEXQjFN24rGAf0MYymU7aoZMHMxOlJsVfceNCEbf+hzv/xkmbhbYeGDiccy/3zHEjzqSyrG+jsLC4tLxSXC2trW9sbpnbOw0ZxoLQOgl5KFoulpSzgNYVU5y2IkGx73LadIdXmd+8p0KyMLhVo4g6Pu4HzGMEKy11zb007fhYDVwveRjfHacpukB21yxbFWsCNE/snJQhR61rfnV6IYl9GijCsZRt24qUk2ChGOF0XOrEkkaYDHGftjUNsE+lk0zSj9GhVnrIC4V+gUIT9fdGgn0pR76rJ7OkctbLxP+8dqy8cydhQRQrGpDpIS/mSIUoqwL1mKBE8ZEmmAimsyIywAITpQsr6RLs2S/Pk8ZJxdb85rRcvczrKMI+HMAR2HAGVbiGGtSBwCM8wyu8GU/Gi/FufExHC0a+swt/YHz+AOi1lNY=</latexit><latexit sha1_base64="BwWi+7pv7xs5NwtLFVpGkGvOoKU=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEcVESEXQjFN24rGAf0MYymU7aoZMHMxOlJsVfceNCEbf+hzv/xkmbhbYeGDiccy/3zHEjzqSyrG+jsLC4tLxSXC2trW9sbpnbOw0ZxoLQOgl5KFoulpSzgNYVU5y2IkGx73LadIdXmd+8p0KyMLhVo4g6Pu4HzGMEKy11zb007fhYDVwveRjfHacpukB21yxbFWsCNE/snJQhR61rfnV6IYl9GijCsZRt24qUk2ChGOF0XOrEkkaYDHGftjUNsE+lk0zSj9GhVnrIC4V+gUIT9fdGgn0pR76rJ7OkctbLxP+8dqy8cydhQRQrGpDpIS/mSIUoqwL1mKBE8ZEmmAimsyIywAITpQsr6RLs2S/Pk8ZJxdb85rRcvczrKMI+HMAR2HAGVbiGGtSBwCM8wyu8GU/Gi/FufExHC0a+swt/YHz+AOi1lNY=</latexit>

(so you may remove it from all equations)

�i � ||w[i+1]||2 � ↵2i2

||w⇤||2
<latexit sha1_base64="VuVVRvVCuODYxIME5ryKgy9oEPM="></latexit><latexit sha1_base64="VuVVRvVCuODYxIME5ryKgy9oEPM="></latexit><latexit sha1_base64="VuVVRvVCuODYxIME5ryKgy9oEPM="></latexit><latexit sha1_base64="VuVVRvVCuODYxIME5ryKgy9oEPM="></latexit><latexit sha1_base64="VuVVRvVCuODYxIME5ryKgy9oEPM="></latexit><latexit sha1_base64="VuVVRvVCuODYxIME5ryKgy9oEPM="></latexit><latexit sha1_base64="VuVVRvVCuODYxIME5ryKgy9oEPM="></latexit>

�i � ||w[i+1]||2 � ↵2i2
<latexit sha1_base64="O35eBYnwQQpV4dauRwyF7NiOuLI=">AAACIHicbVDLSgMxFM34rPVVdekmWARBkJki6FJ047KCbYXOdLiT3mmDmQdJRinT+RQ3/oobF4roTr/GtM7C14HAyTn3kpwTpIIrbdvv1szs3PzCYmWpuryyurZe29hsqySTDFssEYm8CkCh4DG2NNcCr1KJEAUCO8H12cTv3KBUPIkv9ShFL4JBzEPOQBvJrx25AWrwOXUHSMdjNwI9DML8tujlXb7veMV43GtMzdwFkQ7B3HivUfi1un1gT0H/EqckdVKi6dfe3H7CsghjzQQo1XXsVHs5SM2ZwKLqZgpTYNcwwK6hMUSovHwasKC7RunTMJHmxJpO1e8bOURKjaLATE4CqN/eRPzP62Y6PPZyHqeZxph9PRRmguqETtqifS6RaTEyBJjk5q+UDUEC06bTqinB+R35L2k3DhzDLw7rJ6dlHRWyTXbIHnHIETkh56RJWoSRO/JAnsizdW89Wi/W69fojFXubJEfsD4+ATTZovQ=</latexit><latexit sha1_base64="O35eBYnwQQpV4dauRwyF7NiOuLI=">AAACIHicbVDLSgMxFM34rPVVdekmWARBkJki6FJ047KCbYXOdLiT3mmDmQdJRinT+RQ3/oobF4roTr/GtM7C14HAyTn3kpwTpIIrbdvv1szs3PzCYmWpuryyurZe29hsqySTDFssEYm8CkCh4DG2NNcCr1KJEAUCO8H12cTv3KBUPIkv9ShFL4JBzEPOQBvJrx25AWrwOXUHSMdjNwI9DML8tujlXb7veMV43GtMzdwFkQ7B3HivUfi1un1gT0H/EqckdVKi6dfe3H7CsghjzQQo1XXsVHs5SM2ZwKLqZgpTYNcwwK6hMUSovHwasKC7RunTMJHmxJpO1e8bOURKjaLATE4CqN/eRPzP62Y6PPZyHqeZxph9PRRmguqETtqifS6RaTEyBJjk5q+UDUEC06bTqinB+R35L2k3DhzDLw7rJ6dlHRWyTXbIHnHIETkh56RJWoSRO/JAnsizdW89Wi/W69fojFXubJEfsD4+ATTZovQ=</latexit><latexit sha1_base64="O35eBYnwQQpV4dauRwyF7NiOuLI=">AAACIHicbVDLSgMxFM34rPVVdekmWARBkJki6FJ047KCbYXOdLiT3mmDmQdJRinT+RQ3/oobF4roTr/GtM7C14HAyTn3kpwTpIIrbdvv1szs3PzCYmWpuryyurZe29hsqySTDFssEYm8CkCh4DG2NNcCr1KJEAUCO8H12cTv3KBUPIkv9ShFL4JBzEPOQBvJrx25AWrwOXUHSMdjNwI9DML8tujlXb7veMV43GtMzdwFkQ7B3HivUfi1un1gT0H/EqckdVKi6dfe3H7CsghjzQQo1XXsVHs5SM2ZwKLqZgpTYNcwwK6hMUSovHwasKC7RunTMJHmxJpO1e8bOURKjaLATE4CqN/eRPzP62Y6PPZyHqeZxph9PRRmguqETtqifS6RaTEyBJjk5q+UDUEC06bTqinB+R35L2k3DhzDLw7rJ6dlHRWyTXbIHnHIETkh56RJWoSRO/JAnsizdW89Wi/W69fojFXubJEfsD4+ATTZovQ=</latexit><latexit sha1_base64="O35eBYnwQQpV4dauRwyF7NiOuLI=">AAACIHicbVDLSgMxFM34rPVVdekmWARBkJki6FJ047KCbYXOdLiT3mmDmQdJRinT+RQ3/oobF4roTr/GtM7C14HAyTn3kpwTpIIrbdvv1szs3PzCYmWpuryyurZe29hsqySTDFssEYm8CkCh4DG2NNcCr1KJEAUCO8H12cTv3KBUPIkv9ShFL4JBzEPOQBvJrx25AWrwOXUHSMdjNwI9DML8tujlXb7veMV43GtMzdwFkQ7B3HivUfi1un1gT0H/EqckdVKi6dfe3H7CsghjzQQo1XXsVHs5SM2ZwKLqZgpTYNcwwK6hMUSovHwasKC7RunTMJHmxJpO1e8bOURKjaLATE4CqN/eRPzP62Y6PPZyHqeZxph9PRRmguqETtqifS6RaTEyBJjk5q+UDUEC06bTqinB+R35L2k3DhzDLw7rJ6dlHRWyTXbIHnHIETkh56RJWoSRO/JAnsizdW89Wi/W69fojFXubJEfsD4+ATTZovQ=</latexit>

,
<latexit sha1_base64="9DwdRFQNxq71HNR6poETRxcSq9k=">AAAB+HicbZA9SwNBEIb3/IzxI6eWNotBsAp3ImgZtLGwiGA+IAlhbzOXLNnbO3bnlHjkl9hYKGLrT7Hz37hJrtDEFxYe3plhZt8gkcKg5307K6tr6xubha3i9s7uXsndP2iYONUc6jyWsW4FzIAUCuooUEIr0cCiQEIzGF1P680H0EbE6h7HCXQjNlAiFJyhtXpuqXMLIWoxGCLTOn7suWWv4s1El8HPoUxy1XruV6cf8zQChVwyY9q+l2A3YxoFlzApdlIDCeMjNoC2RcUiMN1sdviEnlinT8NY26eQztzfExmLjBlHge2MGA7NYm1q/ldrpxhedjOhkhRB8fmiMJUUYzpNgfaFBo5ybIFxLeytlA+ZZhxtVkUbgr/45WVonFV8y3fn5epVHkeBHJFjckp8ckGq5IbUSJ1wkpJn8krenCfnxXl3PuatK04+c0j+yPn8ATg4k3E=</latexit><latexit sha1_base64="9DwdRFQNxq71HNR6poETRxcSq9k=">AAAB+HicbZA9SwNBEIb3/IzxI6eWNotBsAp3ImgZtLGwiGA+IAlhbzOXLNnbO3bnlHjkl9hYKGLrT7Hz37hJrtDEFxYe3plhZt8gkcKg5307K6tr6xubha3i9s7uXsndP2iYONUc6jyWsW4FzIAUCuooUEIr0cCiQEIzGF1P680H0EbE6h7HCXQjNlAiFJyhtXpuqXMLIWoxGCLTOn7suWWv4s1El8HPoUxy1XruV6cf8zQChVwyY9q+l2A3YxoFlzApdlIDCeMjNoC2RcUiMN1sdviEnlinT8NY26eQztzfExmLjBlHge2MGA7NYm1q/ldrpxhedjOhkhRB8fmiMJUUYzpNgfaFBo5ybIFxLeytlA+ZZhxtVkUbgr/45WVonFV8y3fn5epVHkeBHJFjckp8ckGq5IbUSJ1wkpJn8krenCfnxXl3PuatK04+c0j+yPn8ATg4k3E=</latexit><latexit sha1_base64="9DwdRFQNxq71HNR6poETRxcSq9k=">AAAB+HicbZA9SwNBEIb3/IzxI6eWNotBsAp3ImgZtLGwiGA+IAlhbzOXLNnbO3bnlHjkl9hYKGLrT7Hz37hJrtDEFxYe3plhZt8gkcKg5307K6tr6xubha3i9s7uXsndP2iYONUc6jyWsW4FzIAUCuooUEIr0cCiQEIzGF1P680H0EbE6h7HCXQjNlAiFJyhtXpuqXMLIWoxGCLTOn7suWWv4s1El8HPoUxy1XruV6cf8zQChVwyY9q+l2A3YxoFlzApdlIDCeMjNoC2RcUiMN1sdviEnlinT8NY26eQztzfExmLjBlHge2MGA7NYm1q/ldrpxhedjOhkhRB8fmiMJUUYzpNgfaFBo5ybIFxLeytlA+ZZhxtVkUbgr/45WVonFV8y3fn5epVHkeBHJFjckp8ckGq5IbUSJ1wkpJn8krenCfnxXl3PuatK04+c0j+yPn8ATg4k3E=</latexit><latexit sha1_base64="9DwdRFQNxq71HNR6poETRxcSq9k=">AAAB+HicbZA9SwNBEIb3/IzxI6eWNotBsAp3ImgZtLGwiGA+IAlhbzOXLNnbO3bnlHjkl9hYKGLrT7Hz37hJrtDEFxYe3plhZt8gkcKg5307K6tr6xubha3i9s7uXsndP2iYONUc6jyWsW4FzIAUCuooUEIr0cCiQEIzGF1P680H0EbE6h7HCXQjNlAiFJyhtXpuqXMLIWoxGCLTOn7suWWv4s1El8HPoUxy1XruV6cf8zQChVwyY9q+l2A3YxoFlzApdlIDCeMjNoC2RcUiMN1sdviEnlinT8NY26eQztzfExmLjBlHge2MGA7NYm1q/ldrpxhedjOhkhRB8fmiMJUUYzpNgfaFBo5ybIFxLeytlA+ZZhxtVkUbgr/45WVonFV8y3fn5epVHkeBHJFjckp8ckGq5IbUSJ1wkpJn8krenCfnxXl3PuatK04+c0j+yPn8ATg4k3E=</latexit>

,
<latexit sha1_base64="9DwdRFQNxq71HNR6poETRxcSq9k=">AAAB+HicbZA9SwNBEIb3/IzxI6eWNotBsAp3ImgZtLGwiGA+IAlhbzOXLNnbO3bnlHjkl9hYKGLrT7Hz37hJrtDEFxYe3plhZt8gkcKg5307K6tr6xubha3i9s7uXsndP2iYONUc6jyWsW4FzIAUCuooUEIr0cCiQEIzGF1P680H0EbE6h7HCXQjNlAiFJyhtXpuqXMLIWoxGCLTOn7suWWv4s1El8HPoUxy1XruV6cf8zQChVwyY9q+l2A3YxoFlzApdlIDCeMjNoC2RcUiMN1sdviEnlinT8NY26eQztzfExmLjBlHge2MGA7NYm1q/ldrpxhedjOhkhRB8fmiMJUUYzpNgfaFBo5ybIFxLeytlA+ZZhxtVkUbgr/45WVonFV8y3fn5epVHkeBHJFjckp8ckGq5IbUSJ1wkpJn8krenCfnxXl3PuatK04+c0j+yPn8ATg4k3E=</latexit><latexit sha1_base64="9DwdRFQNxq71HNR6poETRxcSq9k=">AAAB+HicbZA9SwNBEIb3/IzxI6eWNotBsAp3ImgZtLGwiGA+IAlhbzOXLNnbO3bnlHjkl9hYKGLrT7Hz37hJrtDEFxYe3plhZt8gkcKg5307K6tr6xubha3i9s7uXsndP2iYONUc6jyWsW4FzIAUCuooUEIr0cCiQEIzGF1P680H0EbE6h7HCXQjNlAiFJyhtXpuqXMLIWoxGCLTOn7suWWv4s1El8HPoUxy1XruV6cf8zQChVwyY9q+l2A3YxoFlzApdlIDCeMjNoC2RcUiMN1sdviEnlinT8NY26eQztzfExmLjBlHge2MGA7NYm1q/ldrpxhedjOhkhRB8fmiMJUUYzpNgfaFBo5ybIFxLeytlA+ZZhxtVkUbgr/45WVonFV8y3fn5epVHkeBHJFjckp8ckGq5IbUSJ1wkpJn8krenCfnxXl3PuatK04+c0j+yPn8ATg4k3E=</latexit><latexit sha1_base64="9DwdRFQNxq71HNR6poETRxcSq9k=">AAAB+HicbZA9SwNBEIb3/IzxI6eWNotBsAp3ImgZtLGwiGA+IAlhbzOXLNnbO3bnlHjkl9hYKGLrT7Hz37hJrtDEFxYe3plhZt8gkcKg5307K6tr6xubha3i9s7uXsndP2iYONUc6jyWsW4FzIAUCuooUEIr0cCiQEIzGF1P680H0EbE6h7HCXQjNlAiFJyhtXpuqXMLIWoxGCLTOn7suWWv4s1El8HPoUxy1XruV6cf8zQChVwyY9q+l2A3YxoFlzApdlIDCeMjNoC2RcUiMN1sdviEnlinT8NY26eQztzfExmLjBlHge2MGA7NYm1q/ldrpxhedjOhkhRB8fmiMJUUYzpNgfaFBo5ybIFxLeytlA+ZZhxtVkUbgr/45WVonFV8y3fn5epVHkeBHJFjckp8ckGq5IbUSJ1wkpJn8krenCfnxXl3PuatK04+c0j+yPn8ATg4k3E=</latexit><latexit sha1_base64="9DwdRFQNxq71HNR6poETRxcSq9k=">AAAB+HicbZA9SwNBEIb3/IzxI6eWNotBsAp3ImgZtLGwiGA+IAlhbzOXLNnbO3bnlHjkl9hYKGLrT7Hz37hJrtDEFxYe3plhZt8gkcKg5307K6tr6xubha3i9s7uXsndP2iYONUc6jyWsW4FzIAUCuooUEIr0cCiQEIzGF1P680H0EbE6h7HCXQjNlAiFJyhtXpuqXMLIWoxGCLTOn7suWWv4s1El8HPoUxy1XruV6cf8zQChVwyY9q+l2A3YxoFlzApdlIDCeMjNoC2RcUiMN1sdviEnlinT8NY26eQztzfExmLjBlHge2MGA7NYm1q/ldrpxhedjOhkhRB8fmiMJUUYzpNgfaFBo5ybIFxLeytlA+ZZhxtVkUbgr/45WVonFV8y3fn5epVHkeBHJFjckp8ckGq5IbUSJ1wkpJn8krenCfnxXl3PuatK04+c0j+yPn8ATg4k3E=</latexit> i  �

↵2
<latexit sha1_base64="xkFPDBVxdEKehgToBlt49xbEO6Q=">AAACB3icbZC7SgNBFIZnvcZ4W7UUZDAIVmE3CFoGbSwjmAtkYzg7OZsMmb04MyuEJZ2Nr2JjoYitr2Dn2zhJttDEHwY+/nMOZ87vJ4Ir7Tjf1tLyyuraemGjuLm1vbNr7+03VJxKhnUWi1i2fFAoeIR1zbXAViIRQl9g0x9eTerNB5SKx9GtHiXYCaEf8YAz0Mbq2kecegLvKfUCCSzzfNQwzjwQyQDuKuOuXXLKzlR0EdwcSiRXrWt/eb2YpSFGmglQqu06ie5kIDVnAsdFL1WYABtCH9sGIwhRdbLpHWN6YpweDWJpXqTp1P09kUGo1Cj0TWcIeqDmaxPzv1o71cFFJ+NRkmqM2GxRkAqqYzoJhfa4RKbFyAAwyc1fKRuACUSb6IomBHf+5EVoVMqu4ZuzUvUyj6NADskxOSUuOSdVck1qpE4YeSTP5JW8WU/Wi/Vufcxal6x85oD8kfX5A3plmRA=</latexit><latexit sha1_base64="xkFPDBVxdEKehgToBlt49xbEO6Q=">AAACB3icbZC7SgNBFIZnvcZ4W7UUZDAIVmE3CFoGbSwjmAtkYzg7OZsMmb04MyuEJZ2Nr2JjoYitr2Dn2zhJttDEHwY+/nMOZ87vJ4Ir7Tjf1tLyyuraemGjuLm1vbNr7+03VJxKhnUWi1i2fFAoeIR1zbXAViIRQl9g0x9eTerNB5SKx9GtHiXYCaEf8YAz0Mbq2kecegLvKfUCCSzzfNQwzjwQyQDuKuOuXXLKzlR0EdwcSiRXrWt/eb2YpSFGmglQqu06ie5kIDVnAsdFL1WYABtCH9sGIwhRdbLpHWN6YpweDWJpXqTp1P09kUGo1Cj0TWcIeqDmaxPzv1o71cFFJ+NRkmqM2GxRkAqqYzoJhfa4RKbFyAAwyc1fKRuACUSb6IomBHf+5EVoVMqu4ZuzUvUyj6NADskxOSUuOSdVck1qpE4YeSTP5JW8WU/Wi/Vufcxal6x85oD8kfX5A3plmRA=</latexit><latexit sha1_base64="xkFPDBVxdEKehgToBlt49xbEO6Q=">AAACB3icbZC7SgNBFIZnvcZ4W7UUZDAIVmE3CFoGbSwjmAtkYzg7OZsMmb04MyuEJZ2Nr2JjoYitr2Dn2zhJttDEHwY+/nMOZ87vJ4Ir7Tjf1tLyyuraemGjuLm1vbNr7+03VJxKhnUWi1i2fFAoeIR1zbXAViIRQl9g0x9eTerNB5SKx9GtHiXYCaEf8YAz0Mbq2kecegLvKfUCCSzzfNQwzjwQyQDuKuOuXXLKzlR0EdwcSiRXrWt/eb2YpSFGmglQqu06ie5kIDVnAsdFL1WYABtCH9sGIwhRdbLpHWN6YpweDWJpXqTp1P09kUGo1Cj0TWcIeqDmaxPzv1o71cFFJ+NRkmqM2GxRkAqqYzoJhfa4RKbFyAAwyc1fKRuACUSb6IomBHf+5EVoVMqu4ZuzUvUyj6NADskxOSUuOSdVck1qpE4YeSTP5JW8WU/Wi/Vufcxal6x85oD8kfX5A3plmRA=</latexit><latexit sha1_base64="xkFPDBVxdEKehgToBlt49xbEO6Q=">AAACB3icbZC7SgNBFIZnvcZ4W7UUZDAIVmE3CFoGbSwjmAtkYzg7OZsMmb04MyuEJZ2Nr2JjoYitr2Dn2zhJttDEHwY+/nMOZ87vJ4Ir7Tjf1tLyyuraemGjuLm1vbNr7+03VJxKhnUWi1i2fFAoeIR1zbXAViIRQl9g0x9eTerNB5SKx9GtHiXYCaEf8YAz0Mbq2kecegLvKfUCCSzzfNQwzjwQyQDuKuOuXXLKzlR0EdwcSiRXrWt/eb2YpSFGmglQqu06ie5kIDVnAsdFL1WYABtCH9sGIwhRdbLpHWN6YpweDWJpXqTp1P09kUGo1Cj0TWcIeqDmaxPzv1o71cFFJ+NRkmqM2GxRkAqqYzoJhfa4RKbFyAAwyc1fKRuACUSb6IomBHf+5EVoVMqu4ZuzUvUyj6NADskxOSUuOSdVck1qpE4YeSTP5JW8WU/Wi/Vufcxal6x85oD8kfX5A3plmRA=</latexit>

i  �||w⇤||2

↵2
<latexit sha1_base64="8XyUQ/hpevXoCRMKz7TPeHseaKs=">AAACHXicbZA9SwNBEIb3/IzxK2ppsxgEsQh3Imgp2lhGMCrkLmFuM5cs2ftwd08Jl/sjNv4VGwtFLGzEf+MmXqGJLyw8vDPDzrx+IrjStv1lzczOzS8slpbKyyura+uVjc0rFaeSYYPFIpY3PigUPMKG5lrgTSIRQl/gtd8/G9Wv71AqHkeXepCgF0I34gFnoI3Vrhxy6gq8pdQNJLDM9VEDHQ7dEHTPD7L7vJXt58Nh6yCnmQsi6YHBdqVq1+yx6DQ4BVRJoXq78uF2YpaGGGkmQKmmYyfay0BqzgTmZTdVmADrQxebBiMIUXnZ+Lqc7hqnQ4NYmhdpOnZ/T2QQKjUIfdM52lpN1kbmf7VmqoNjL+NRkmqM2M9HQSqojukoKtrhEpkWAwPAJDe7UtYDE5M2gZZNCM7kydNwdVBzDF8cVk9OizhKZJvskD3ikCNyQs5JnTQIIw/kibyQV+vRerberPef1hmrmNkif2R9fgPdk6Jp</latexit><latexit sha1_base64="8XyUQ/hpevXoCRMKz7TPeHseaKs=">AAACHXicbZA9SwNBEIb3/IzxK2ppsxgEsQh3Imgp2lhGMCrkLmFuM5cs2ftwd08Jl/sjNv4VGwtFLGzEf+MmXqGJLyw8vDPDzrx+IrjStv1lzczOzS8slpbKyyura+uVjc0rFaeSYYPFIpY3PigUPMKG5lrgTSIRQl/gtd8/G9Wv71AqHkeXepCgF0I34gFnoI3Vrhxy6gq8pdQNJLDM9VEDHQ7dEHTPD7L7vJXt58Nh6yCnmQsi6YHBdqVq1+yx6DQ4BVRJoXq78uF2YpaGGGkmQKmmYyfay0BqzgTmZTdVmADrQxebBiMIUXnZ+Lqc7hqnQ4NYmhdpOnZ/T2QQKjUIfdM52lpN1kbmf7VmqoNjL+NRkmqM2M9HQSqojukoKtrhEpkWAwPAJDe7UtYDE5M2gZZNCM7kydNwdVBzDF8cVk9OizhKZJvskD3ikCNyQs5JnTQIIw/kibyQV+vRerberPef1hmrmNkif2R9fgPdk6Jp</latexit><latexit sha1_base64="8XyUQ/hpevXoCRMKz7TPeHseaKs=">AAACHXicbZA9SwNBEIb3/IzxK2ppsxgEsQh3Imgp2lhGMCrkLmFuM5cs2ftwd08Jl/sjNv4VGwtFLGzEf+MmXqGJLyw8vDPDzrx+IrjStv1lzczOzS8slpbKyyura+uVjc0rFaeSYYPFIpY3PigUPMKG5lrgTSIRQl/gtd8/G9Wv71AqHkeXepCgF0I34gFnoI3Vrhxy6gq8pdQNJLDM9VEDHQ7dEHTPD7L7vJXt58Nh6yCnmQsi6YHBdqVq1+yx6DQ4BVRJoXq78uF2YpaGGGkmQKmmYyfay0BqzgTmZTdVmADrQxebBiMIUXnZ+Lqc7hqnQ4NYmhdpOnZ/T2QQKjUIfdM52lpN1kbmf7VmqoNjL+NRkmqM2M9HQSqojukoKtrhEpkWAwPAJDe7UtYDE5M2gZZNCM7kydNwdVBzDF8cVk9OizhKZJvskD3ikCNyQs5JnTQIIw/kibyQV+vRerberPef1hmrmNkif2R9fgPdk6Jp</latexit><latexit sha1_base64="8XyUQ/hpevXoCRMKz7TPeHseaKs=">AAACHXicbZA9SwNBEIb3/IzxK2ppsxgEsQh3Imgp2lhGMCrkLmFuM5cs2ftwd08Jl/sjNv4VGwtFLGzEf+MmXqGJLyw8vDPDzrx+IrjStv1lzczOzS8slpbKyyura+uVjc0rFaeSYYPFIpY3PigUPMKG5lrgTSIRQl/gtd8/G9Wv71AqHkeXepCgF0I34gFnoI3Vrhxy6gq8pdQNJLDM9VEDHQ7dEHTPD7L7vJXt58Nh6yCnmQsi6YHBdqVq1+yx6DQ4BVRJoXq78uF2YpaGGGkmQKmmYyfay0BqzgTmZTdVmADrQxebBiMIUXnZ+Lqc7hqnQ4NYmhdpOnZ/T2QQKjUIfdM52lpN1kbmf7VmqoNjL+NRkmqM2M9HQSqojukoKtrhEpkWAwPAJDe7UtYDE5M2gZZNCM7kydNwdVBzDF8cVk9OizhKZJvskD3ikCNyQs5JnTQIIw/kibyQV+vRerberPef1hmrmNkif2R9fgPdk6Jp</latexit>
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Geometric Intuition Behind the Perceptron

1/5 -- Brains and neuron models 
2/5 -- The perceptron learning rule 
3/5 -- Optional: The perceptron convergence theorem 
4/5 -- Geometric intuition 
5/5 -- HW1
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Decision boundary

1
1
1

1 1
0 0

0
0

0
0

Weight vector is perpendicular to 
the boundary. Why?

Geometric Intuition
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Decision boundary

1
1
1

1 1
0 0

0
0

0
0

Weight vector is perpendicular to 
the boundary. Why?

wTx = ||w|| · ||x|| · cos(✓)
<latexit sha1_base64="n4Z9qoOdfiH+D4+P0e2A2JjgSUY=">AAACOXicbVDLSgMxFM3UV62vqks3wSLUjcyIoBuh6MZlhb6gU0smzdjQzGRI7mjLtL/lxr9wJ7hxoYhbf8BMW1GrBwIn59zLvfd4keAabPvRyszNLywuZZdzK6tr6xv5za2alrGirEqlkKrhEc0ED1kVOAjWiBQjgSdY3eudp379hinNZViBQcRaAbkOuc8pASO182U3IND1/OR2dFXBX5/+CJ/i4fDbGw6xSzsSfoj9b9GlUhdd6DIg++18wT6wx8B/iTMlBTRFuZ1/cDuSxgELgQqiddOxI2glRAGngo1ybqxZRGiPXLOmoSEJmG4l48tHeM8oHexLZV4IeKz+7EhIoPUg8Exlurae9VLxP68Zg3/SSngYxcBCOhnkxwKDxGmMuMMVoyAGhhCquNkV0y5RhIIJO2dCcGZP/ktqhweO4ZdHhdLZNI4s2kG7qIgcdIxK6AKVURVRdIee0At6te6tZ+vNep+UZqxpzzb6BevjEyMXruA=</latexit><latexit sha1_base64="n4Z9qoOdfiH+D4+P0e2A2JjgSUY=">AAACOXicbVDLSgMxFM3UV62vqks3wSLUjcyIoBuh6MZlhb6gU0smzdjQzGRI7mjLtL/lxr9wJ7hxoYhbf8BMW1GrBwIn59zLvfd4keAabPvRyszNLywuZZdzK6tr6xv5za2alrGirEqlkKrhEc0ED1kVOAjWiBQjgSdY3eudp379hinNZViBQcRaAbkOuc8pASO182U3IND1/OR2dFXBX5/+CJ/i4fDbGw6xSzsSfoj9b9GlUhdd6DIg++18wT6wx8B/iTMlBTRFuZ1/cDuSxgELgQqiddOxI2glRAGngo1ybqxZRGiPXLOmoSEJmG4l48tHeM8oHexLZV4IeKz+7EhIoPUg8Exlurae9VLxP68Zg3/SSngYxcBCOhnkxwKDxGmMuMMVoyAGhhCquNkV0y5RhIIJO2dCcGZP/ktqhweO4ZdHhdLZNI4s2kG7qIgcdIxK6AKVURVRdIee0At6te6tZ+vNep+UZqxpzzb6BevjEyMXruA=</latexit><latexit sha1_base64="n4Z9qoOdfiH+D4+P0e2A2JjgSUY=">AAACOXicbVDLSgMxFM3UV62vqks3wSLUjcyIoBuh6MZlhb6gU0smzdjQzGRI7mjLtL/lxr9wJ7hxoYhbf8BMW1GrBwIn59zLvfd4keAabPvRyszNLywuZZdzK6tr6xv5za2alrGirEqlkKrhEc0ED1kVOAjWiBQjgSdY3eudp379hinNZViBQcRaAbkOuc8pASO182U3IND1/OR2dFXBX5/+CJ/i4fDbGw6xSzsSfoj9b9GlUhdd6DIg++18wT6wx8B/iTMlBTRFuZ1/cDuSxgELgQqiddOxI2glRAGngo1ybqxZRGiPXLOmoSEJmG4l48tHeM8oHexLZV4IeKz+7EhIoPUg8Exlurae9VLxP68Zg3/SSngYxcBCOhnkxwKDxGmMuMMVoyAGhhCquNkV0y5RhIIJO2dCcGZP/ktqhweO4ZdHhdLZNI4s2kG7qIgcdIxK6AKVURVRdIee0At6te6tZ+vNep+UZqxpzzb6BevjEyMXruA=</latexit><latexit sha1_base64="n4Z9qoOdfiH+D4+P0e2A2JjgSUY=">AAACOXicbVDLSgMxFM3UV62vqks3wSLUjcyIoBuh6MZlhb6gU0smzdjQzGRI7mjLtL/lxr9wJ7hxoYhbf8BMW1GrBwIn59zLvfd4keAabPvRyszNLywuZZdzK6tr6xv5za2alrGirEqlkKrhEc0ED1kVOAjWiBQjgSdY3eudp379hinNZViBQcRaAbkOuc8pASO182U3IND1/OR2dFXBX5/+CJ/i4fDbGw6xSzsSfoj9b9GlUhdd6DIg++18wT6wx8B/iTMlBTRFuZ1/cDuSxgELgQqiddOxI2glRAGngo1ybqxZRGiPXLOmoSEJmG4l48tHeM8oHexLZV4IeKz+7EhIoPUg8Exlurae9VLxP68Zg3/SSngYxcBCOhnkxwKDxGmMuMMVoyAGhhCquNkV0y5RhIIJO2dCcGZP/ktqhweO4ZdHhdLZNI4s2kG7qIgcdIxK6AKVURVRdIee0At6te6tZ+vNep+UZqxpzzb6BevjEyMXruA=</latexit>

ŷ =

(
0, wTx  0

1, wTx > 0
<latexit sha1_base64="dKrDqbr36yVAapgs2DTA7WQPTxQ="></latexit><latexit sha1_base64="dKrDqbr36yVAapgs2DTA7WQPTxQ="></latexit><latexit sha1_base64="dKrDqbr36yVAapgs2DTA7WQPTxQ="></latexit><latexit sha1_base64="dKrDqbr36yVAapgs2DTA7WQPTxQ="></latexit>

Remember,

{ <latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit><latexit sha1_base64="tFROaEGhmnnMpUlcEPFjR2z/BNI=">AAAB6XicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9dDL+27Vq3lzkVXwC6hCoUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVnqZxpSyMR1i16KkMeogn286JWfWGZAoUfZJQ+bu74mcxlpP4tB2xtSM9HJtZv5X62Ymug5yLtPMoGSLj6JMEJOQ2dlkwBUyIyYWKFPc7krYiCrKjA2nYkPwl09ehdZFzbd8f1mt3xRxlOEETuEcfLiCOtxBA5rAIIJneIU3Z+y8OO/Ox6K15BQzx/BHzucPm4aNZQ==</latexit>

So this needs to be 0 at the boundary, and 
it is zero at 90�

<latexit sha1_base64="TH4rbGhP6Fn1kar1I9QiqEcvskc=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg220m7dLOJuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5tpvfWESvNY3ptxgn5EB5KHnFFjrfaV+9BlXLFeueJW3ZnIMng5VCBXvVf+6vZjlkYoDRNU647nJsbPqDKcCZyUuqnGhLIRHWDHoqQRaj+b7TshJ9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89DMuk9SgZPOPwlQQE5Pp8aTPFTIjxhYoU9zuStiQKsqMjahkQ/AWT16G5lnVs3x3Xqld53EU4QiO4RQ8uIAa3EIdGsBAwDO8wpvz6Lw4787HvLXg5DOH8EfO5w9sfo+O</latexit><latexit sha1_base64="TH4rbGhP6Fn1kar1I9QiqEcvskc=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg220m7dLOJuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5tpvfWESvNY3ptxgn5EB5KHnFFjrfaV+9BlXLFeueJW3ZnIMng5VCBXvVf+6vZjlkYoDRNU647nJsbPqDKcCZyUuqnGhLIRHWDHoqQRaj+b7TshJ9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89DMuk9SgZPOPwlQQE5Pp8aTPFTIjxhYoU9zuStiQKsqMjahkQ/AWT16G5lnVs3x3Xqld53EU4QiO4RQ8uIAa3EIdGsBAwDO8wpvz6Lw4787HvLXg5DOH8EfO5w9sfo+O</latexit><latexit sha1_base64="TH4rbGhP6Fn1kar1I9QiqEcvskc=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg220m7dLOJuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5tpvfWESvNY3ptxgn5EB5KHnFFjrfaV+9BlXLFeueJW3ZnIMng5VCBXvVf+6vZjlkYoDRNU647nJsbPqDKcCZyUuqnGhLIRHWDHoqQRaj+b7TshJ9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89DMuk9SgZPOPwlQQE5Pp8aTPFTIjxhYoU9zuStiQKsqMjahkQ/AWT16G5lnVs3x3Xqld53EU4QiO4RQ8uIAa3EIdGsBAwDO8wpvz6Lw4787HvLXg5DOH8EfO5w9sfo+O</latexit><latexit sha1_base64="TH4rbGhP6Fn1kar1I9QiqEcvskc=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg220m7dLOJuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5tpvfWESvNY3ptxgn5EB5KHnFFjrfaV+9BlXLFeueJW3ZnIMng5VCBXvVf+6vZjlkYoDRNU647nJsbPqDKcCZyUuqnGhLIRHWDHoqQRaj+b7TshJ9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89DMuk9SgZPOPwlQQE5Pp8aTPFTIjxhYoU9zuStiQKsqMjahkQ/AWT16G5lnVs3x3Xqld53EU4QiO4RQ8uIAa3EIdGsBAwDO8wpvz6Lw4787HvLXg5DOH8EfO5w9sfo+O</latexit>

Geometric Intuition
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Decision boundary

1
1
1

1 1
0 0

0
0

0
0

Every input vector on this side 
will have an angle with the weight vector 
that is < 90�

<latexit sha1_base64="TH4rbGhP6Fn1kar1I9QiqEcvskc=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg220m7dLOJuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5tpvfWESvNY3ptxgn5EB5KHnFFjrfaV+9BlXLFeueJW3ZnIMng5VCBXvVf+6vZjlkYoDRNU647nJsbPqDKcCZyUuqnGhLIRHWDHoqQRaj+b7TshJ9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89DMuk9SgZPOPwlQQE5Pp8aTPFTIjxhYoU9zuStiQKsqMjahkQ/AWT16G5lnVs3x3Xqld53EU4QiO4RQ8uIAa3EIdGsBAwDO8wpvz6Lw4787HvLXg5DOH8EfO5w9sfo+O</latexit><latexit sha1_base64="TH4rbGhP6Fn1kar1I9QiqEcvskc=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg220m7dLOJuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5tpvfWESvNY3ptxgn5EB5KHnFFjrfaV+9BlXLFeueJW3ZnIMng5VCBXvVf+6vZjlkYoDRNU647nJsbPqDKcCZyUuqnGhLIRHWDHoqQRaj+b7TshJ9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89DMuk9SgZPOPwlQQE5Pp8aTPFTIjxhYoU9zuStiQKsqMjahkQ/AWT16G5lnVs3x3Xqld53EU4QiO4RQ8uIAa3EIdGsBAwDO8wpvz6Lw4787HvLXg5DOH8EfO5w9sfo+O</latexit><latexit sha1_base64="TH4rbGhP6Fn1kar1I9QiqEcvskc=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg220m7dLOJuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5tpvfWESvNY3ptxgn5EB5KHnFFjrfaV+9BlXLFeueJW3ZnIMng5VCBXvVf+6vZjlkYoDRNU647nJsbPqDKcCZyUuqnGhLIRHWDHoqQRaj+b7TshJ9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89DMuk9SgZPOPwlQQE5Pp8aTPFTIjxhYoU9zuStiQKsqMjahkQ/AWT16G5lnVs3x3Xqld53EU4QiO4RQ8uIAa3EIdGsBAwDO8wpvz6Lw4787HvLXg5DOH8EfO5w9sfo+O</latexit><latexit sha1_base64="TH4rbGhP6Fn1kar1I9QiqEcvskc=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg220m7dLOJuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo5tpvfWESvNY3ptxgn5EB5KHnFFjrfaV+9BlXLFeueJW3ZnIMng5VCBXvVf+6vZjlkYoDRNU647nJsbPqDKcCZyUuqnGhLIRHWDHoqQRaj+b7TshJ9bpkzBW9klDZu7viYxGWo+jwHZG1Az1Ym1q/lfrpCa89DMuk9SgZPOPwlQQE5Pp8aTPFTIjxhYoU9zuStiQKsqMjahkQ/AWT16G5lnVs3x3Xqld53EU4QiO4RQ8uIAa3EIdGsBAwDO8wpvz6Lw4787HvLXg5DOH8EfO5w9sfo+O</latexit>

So, we could scale the weights and/or inputs by an arbitrary factor and 
still get the same classification results  
(but large inputs will take much longer to converge if you check the bounds we 
defined previously ...)

What else does this mean?

Assume origin (0, 0) 
and no bias

Geometric Intuition
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input vector for an example with label 1
weight vector must be somewhere such that the angle 
is < 90 degrees to make a correct predictionCORRECT SIDE

WRONG SIDE

wTx = ||w|| · ||x|| · cos(✓)
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The dot product will then be positive, i.e., > 0, since

Geometric Intuition
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input vector for an example with label 0

weight vector must be somewhere such that the angle 
is     90 degrees to make a correct prediction

CORRECT SIDE

WRONG SIDE

wTx = ||w|| · ||x|| · cos(✓)
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The dot product will then     0, since

�
<latexit sha1_base64="phBqpq/gQnqPd3EUjUI52VkCCxU=">AAACFXicdVBLSwMxGMzWV62vqkcvwSJ4KCVbt7THohePFewDtkvJptltaPZBkhXK0j/hxb/ixYMiXgVv/hvTbRdUdCAwzMyXfBk35kwqhD6Nwtr6xuZWcbu0s7u3f1A+POrJKBGEdknEIzFwsaSchbSrmOJ0EAuKA5fTvju9Wvj9Oyoki8JbNYupE2A/ZB4jWGlpVK6mw+wSW/iuk6Ka2bAuTFRFNQuhZquuSbPZaCFrPvTpfFSu5AmYJ2CegGYNZaiAFTqj8sdwHJEkoKEiHEtpmyhWToqFYoTTeWmYSBpjMsU+tTUNcUClk2YLzeGZVsbQi4Q+oYKZ+n0ixYGUs8DVyQCrifztLcS/PDtRXstJWRgnioZk+ZCXcKgiuKgIjpmgRPGZJpgIpneFZIIFJkoXWdIl5D+F/5NevWZqfmNV2perOorgBJyCc2CCJmiDa9ABXUDAPXgEz+DFeDCejFfjbRktGKuZY/ADxvsXgrabPw==</latexit><latexit sha1_base64="phBqpq/gQnqPd3EUjUI52VkCCxU=">AAACFXicdVBLSwMxGMzWV62vqkcvwSJ4KCVbt7THohePFewDtkvJptltaPZBkhXK0j/hxb/ixYMiXgVv/hvTbRdUdCAwzMyXfBk35kwqhD6Nwtr6xuZWcbu0s7u3f1A+POrJKBGEdknEIzFwsaSchbSrmOJ0EAuKA5fTvju9Wvj9Oyoki8JbNYupE2A/ZB4jWGlpVK6mw+wSW/iuk6Ka2bAuTFRFNQuhZquuSbPZaCFrPvTpfFSu5AmYJ2CegGYNZaiAFTqj8sdwHJEkoKEiHEtpmyhWToqFYoTTeWmYSBpjMsU+tTUNcUClk2YLzeGZVsbQi4Q+oYKZ+n0ixYGUs8DVyQCrifztLcS/PDtRXstJWRgnioZk+ZCXcKgiuKgIjpmgRPGZJpgIpneFZIIFJkoXWdIl5D+F/5NevWZqfmNV2perOorgBJyCc2CCJmiDa9ABXUDAPXgEz+DFeDCejFfjbRktGKuZY/ADxvsXgrabPw==</latexit><latexit sha1_base64="phBqpq/gQnqPd3EUjUI52VkCCxU=">AAACFXicdVBLSwMxGMzWV62vqkcvwSJ4KCVbt7THohePFewDtkvJptltaPZBkhXK0j/hxb/ixYMiXgVv/hvTbRdUdCAwzMyXfBk35kwqhD6Nwtr6xuZWcbu0s7u3f1A+POrJKBGEdknEIzFwsaSchbSrmOJ0EAuKA5fTvju9Wvj9Oyoki8JbNYupE2A/ZB4jWGlpVK6mw+wSW/iuk6Ka2bAuTFRFNQuhZquuSbPZaCFrPvTpfFSu5AmYJ2CegGYNZaiAFTqj8sdwHJEkoKEiHEtpmyhWToqFYoTTeWmYSBpjMsU+tTUNcUClk2YLzeGZVsbQi4Q+oYKZ+n0ixYGUs8DVyQCrifztLcS/PDtRXstJWRgnioZk+ZCXcKgiuKgIjpmgRPGZJpgIpneFZIIFJkoXWdIl5D+F/5NevWZqfmNV2perOorgBJyCc2CCJmiDa9ABXUDAPXgEz+DFeDCejFfjbRktGKuZY/ADxvsXgrabPw==</latexit><latexit sha1_base64="phBqpq/gQnqPd3EUjUI52VkCCxU=">AAACFXicdVBLSwMxGMzWV62vqkcvwSJ4KCVbt7THohePFewDtkvJptltaPZBkhXK0j/hxb/ixYMiXgVv/hvTbRdUdCAwzMyXfBk35kwqhD6Nwtr6xuZWcbu0s7u3f1A+POrJKBGEdknEIzFwsaSchbSrmOJ0EAuKA5fTvju9Wvj9Oyoki8JbNYupE2A/ZB4jWGlpVK6mw+wSW/iuk6Ka2bAuTFRFNQuhZquuSbPZaCFrPvTpfFSu5AmYJ2CegGYNZaiAFTqj8sdwHJEkoKEiHEtpmyhWToqFYoTTeWmYSBpjMsU+tTUNcUClk2YLzeGZVsbQi4Q+oYKZ+n0ixYGUs8DVyQCrifztLcS/PDtRXstJWRgnioZk+ZCXcKgiuKgIjpmgRPGZJpgIpneFZIIFJkoXWdIl5D+F/5NevWZqfmNV2perOorgBJyCc2CCJmiDa9ABXUDAPXgEz+DFeDCejFfjbRktGKuZY/ADxvsXgrabPw==</latexit>


<latexit sha1_base64="mdkazFxpJsVn78ADooJLin6Ic9g=">AAACFXicdVDLSgMxFM3UV62vUZdugkVwUUqmTpkui25cVrAP6Awlk6ZtaOZBkhHK0J9w46+4caGIW8Gdf2M67YCKHggczj33kePHnEmF0KdRWFvf2Nwqbpd2dvf2D8zDo46MEkFom0Q8Ej0fS8pZSNuKKU57saA48Dnt+tOrRb17R4VkUXirZjH1AjwO2YgRrLQ0MCupmw3pi7Hvpahq1e0LC1VQ1UbIadQ0cZx6A9lzl9P5wCznDpg7YO6AVhVlKIMVWgPzwx1GJAloqAjHUvYtFCsvxUIxoueV3ETSGJMpHtO+piEOqPTS7KA5PNPKEI4ioV+oYKZ+70hxIOUs8LUzwGoif9cW4l+1fqJGDS9lYZwoGpLlolHCoYrgIiI4ZIISxWeaYCKYvhWSCRaYKB1kSYeQ/xT+Tzq1qqX5jV1uXq7iKIITcArOgQUc0ATXoAXagIB78AiewYvxYDwZr8bb0lowVj3H4AeM9y+KVJtE</latexit><latexit sha1_base64="mdkazFxpJsVn78ADooJLin6Ic9g=">AAACFXicdVDLSgMxFM3UV62vUZdugkVwUUqmTpkui25cVrAP6Awlk6ZtaOZBkhHK0J9w46+4caGIW8Gdf2M67YCKHggczj33kePHnEmF0KdRWFvf2Nwqbpd2dvf2D8zDo46MEkFom0Q8Ej0fS8pZSNuKKU57saA48Dnt+tOrRb17R4VkUXirZjH1AjwO2YgRrLQ0MCupmw3pi7Hvpahq1e0LC1VQ1UbIadQ0cZx6A9lzl9P5wCznDpg7YO6AVhVlKIMVWgPzwx1GJAloqAjHUvYtFCsvxUIxoueV3ETSGJMpHtO+piEOqPTS7KA5PNPKEI4ioV+oYKZ+70hxIOUs8LUzwGoif9cW4l+1fqJGDS9lYZwoGpLlolHCoYrgIiI4ZIISxWeaYCKYvhWSCRaYKB1kSYeQ/xT+Tzq1qqX5jV1uXq7iKIITcArOgQUc0ATXoAXagIB78AiewYvxYDwZr8bb0lowVj3H4AeM9y+KVJtE</latexit><latexit sha1_base64="mdkazFxpJsVn78ADooJLin6Ic9g=">AAACFXicdVDLSgMxFM3UV62vUZdugkVwUUqmTpkui25cVrAP6Awlk6ZtaOZBkhHK0J9w46+4caGIW8Gdf2M67YCKHggczj33kePHnEmF0KdRWFvf2Nwqbpd2dvf2D8zDo46MEkFom0Q8Ej0fS8pZSNuKKU57saA48Dnt+tOrRb17R4VkUXirZjH1AjwO2YgRrLQ0MCupmw3pi7Hvpahq1e0LC1VQ1UbIadQ0cZx6A9lzl9P5wCznDpg7YO6AVhVlKIMVWgPzwx1GJAloqAjHUvYtFCsvxUIxoueV3ETSGJMpHtO+piEOqPTS7KA5PNPKEI4ioV+oYKZ+70hxIOUs8LUzwGoif9cW4l+1fqJGDS9lYZwoGpLlolHCoYrgIiI4ZIISxWeaYCKYvhWSCRaYKB1kSYeQ/xT+Tzq1qqX5jV1uXq7iKIITcArOgQUc0ATXoAXagIB78AiewYvxYDwZr8bb0lowVj3H4AeM9y+KVJtE</latexit><latexit sha1_base64="mdkazFxpJsVn78ADooJLin6Ic9g=">AAACFXicdVDLSgMxFM3UV62vUZdugkVwUUqmTpkui25cVrAP6Awlk6ZtaOZBkhHK0J9w46+4caGIW8Gdf2M67YCKHggczj33kePHnEmF0KdRWFvf2Nwqbpd2dvf2D8zDo46MEkFom0Q8Ej0fS8pZSNuKKU57saA48Dnt+tOrRb17R4VkUXirZjH1AjwO2YgRrLQ0MCupmw3pi7Hvpahq1e0LC1VQ1UbIadQ0cZx6A9lzl9P5wCznDpg7YO6AVhVlKIMVWgPzwx1GJAloqAjHUvYtFCsvxUIxoueV3ETSGJMpHtO+piEOqPTS7KA5PNPKEI4ioV+oYKZ+70hxIOUs8LUzwGoif9cW4l+1fqJGDS9lYZwoGpLlolHCoYrgIiI4ZIISxWeaYCKYvhWSCRaYKB1kSYeQ/xT+Tzq1qqX5jV1uXq7iKIITcArOgQUc0ATXoAXagIB78AiewYvxYDwZr8bb0lowVj3H4AeM9y+KVJtE</latexit>

Geometric Intuition
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input vector for an example with label 1

For this weight vector, we make a wrong prediction; 
hence, we update

CORRECT SIDE

WRONG SIDE

This is the new weight vector

Geometric Intuition
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Perceptron Conclusions

59

The (classic) Perceptron has many problems  
(as discussed in the previous lecture) 

• Linear classifier, no non-linear boundaries possible 
• Binary classifier, cannot solve XOR problems, for example 
• Does not converge if classes are not linearly separable 
• Many "optimal" solutions in terms of 0/1 loss on the training 

data, most will not be optimal in terms of generalization 
performance
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https://qph.fs.quoracdn.net/main-qimg-305eb8136c4a20f348bb7ab465bc2e10 http://theconversation.com/want-to-beat-climate-change-protect-our-natural-forests-121491
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[...] Where a perceptron had been trained to distinguish between - this was for 
military purposes - it was looking at a scene of a forest in which there were 
camouflaged tanks in one picture and no camouflaged tanks in the other. And the 
perceptron - after a little training - made a 100% correct distinction between 
these two different sets of photographs. Then they were embarrassed a few hours 
later to discover that the two rolls of film had been developed differently. And so 
these pictures were just a little darker than all of these pictures and the 
perceptron was just measuring the total amount of light in the scene. But it was 
very clever of the perceptron to find some way of making the distinction.

Source: https://www.webofstories.com/play/marvin.minsky/122

-- Marvin Minsky, Famous AI researcher, Author of the famous "Perceptrons" book

Perceptron Fun Fact

61
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An Analogy to Future Lectures ...

62

We can say the perceptron optimizes a loss function analogous to the  
squared error in least-squares regression, except that we have targets 
and outputs:

where ŷ = �(wTx+ b) =

(
0, wTx+ b  0

1, wTx+ b > 0
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X

i

1

2
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An Analogy to Future Lectures ...

63

where ŷ = �(wTx+ b) =

(
0, wTx+ b  0

1, wTx+ b > 0
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L(w, b) =
X
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(ŷ[i] � y[i])2
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We can say the perceptron optimizes a loss function analogous to the  
squared error in least-squares regression, except that we have targets 
and outputs:
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where ŷ = �(wTx+ b) =

(
0, wTx+ b  0

1, wTx+ b > 0
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(�(wTx[i])� y[i])

=
X

i

2(�(wTx[i])� y[i])�0(wTx[i])
@

@wj
wTx[i]
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not differentiable!

L(w, b) =
X

i

1

2
(ŷ[i] � y[i])2
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We can say the perceptron optimizes a loss function analogous to the  
squared error in least-squares regression, except that we have targets 
and outputs:
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where ŷ = �(wTx+ b) =

(
0, wTx+ b  0

1, wTx+ b > 0
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not differentiable!

However, perceptron does 
something very similar 
to stochastic gradient 
descent:

L(w, b) =
X

i

1

2
(ŷ[i] � y[i])2
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(not a real derivative)

@L
@wj

= (y[i] � ŷ[i])xj
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wj := wj +
@L
@wj
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We can say the perceptron optimizes a loss function analogous to the  
squared error in least-squares regression, except that we have targets 
and outputs:
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(Excerpt from "Architects of Intelligence")



Sebastian Raschka           STAT 453: Intro to Deep Learning and Generative Models            SS 2020 67

Your First Homework!

1/5 -- Brains and neuron models 
2/5 -- The perceptron learning rule 
3/5 -- Optional: The perceptron convergence theorem 
4/5 -- Geometric intuition 
5/5 -- HW1

https://finmaxbo.com/uploads/posts/2019-07/1562831275_excitement.jpg
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Your task: 
Based on the NumPy example, 
implement Perceptron code into pure Python to become more familiar of 
how PyTorch/NumPy (and the Perceptron) works 
(=> no NumPy, no PyTorch, etc.)

https://github.com/rasbt/stat453-deep-learning-ss20/tree/master/hw01

1) Download code from:

2) Submit solution via Canvas for grading (submission deadline will be announced)

Homework Assignment 1

68

https://github.com/rasbt/stat453-deep-learning-ss20/tree/master/hw01

