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Exam Format Details
Ø When: 11:00-12:30PM Thursday 8th

Ø 80 minutes long

Ø Where: in lecture (Wheeler)
Ø DSP details over email 
Ø Makeup exams have been schedule

Ø What to bring:
Ø Berkeley Cal Id Card (we have to check…)
Ø Pencils + eraser
Ø Study Guide -- 1 page front and back 

Ø You may type it but miniaturizing lectures is not a good idea 

Ø What to study: Everything up to and including lec. 14
Ø Homework, labs, section notes …



Review



Topics Students Asked About

Ø Loss Functions and Loss Minimization

Ø Gradient Descent

Ø Do I need to program?

Ø Bad Plots (jiggling, stacking etc…)

Ø Transformations

Ø Everything else …



Modeling and Estimation



Summary of Model Estimation
1. Define the Model: simplified representation of the world

Ø Use domain knowledge but … keep it simple!
Ø Introduce parameters for the unknown quantities

2. Define the Loss Function: measures how well a particular instance 
of the model “fits” the data
Ø We introduced L2, L1, and Huber losses for each record
Ø Take the average loss over the entire dataset

3. Minimize the Loss Function: find the parameter values that 
minimize the loss on the data
Ø Analytically using calculus
Ø Numerically using gradient descent



Define the Model

Ø Motivating example of computing the percentage tip
Ø We explored the constant tip model

Ø A more interesting model:

percentage tip = ✓⇤1 + ✓⇤2 ⇤ total bill

Rationale: 
Larger bills result in larger
tips and people tend to
to be more careful 
or stingy on big tips.

Parameter Interpretation:
Ø θ1: Base tip percentage
Ø θ2: Reduction/increase

in tip for an increase in total bill.



Recommendation Systems Model

Ø How do we recommend movies to people?
Ø Collect user ratings for a bunch of movies 

Ø Using the model

Not on the midterm … but we will review it briefly here

: Model 1 (kind of boring …)= ✓⇤
<latexit sha1_base64="Gzv0tNfBft97pBxgq01a8dL1zG8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoB6EgggeKxhbbGPZbLft0s0m7E6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0ykMOi6387C4tLyymphrbi+sbm1XdrZvTdxqhn3WSxj3Qip4VIo7qNAyRuJ5jQKJa+Hg6uxX3/i2ohY3eEw4UFEe0p0BaNopYdL0sI+R/p43C6V3Yo7AZknXk7KkKPWLn21OjFLI66QSWpM03MTDDKqUTDJR8VWanhC2YD2eNNSRSNugmxy8YgcWqVDurG2pZBM1N8TGY2MGUah7Ywo9s2sNxb/85opds+DTKgkRa7YdFE3lQRjMn6fdITmDOXQEsq0sLcS1qeaMrQhFW0I3uzL88Q/qVxUvNvTcvU6T6MA+3AAR+DBGVThBmrgAwMFz/AKb45xXpx352PauuDkM3vwB87nDwe5kAw=</latexit><latexit sha1_base64="Gzv0tNfBft97pBxgq01a8dL1zG8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoB6EgggeKxhbbGPZbLft0s0m7E6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0ykMOi6387C4tLyymphrbi+sbm1XdrZvTdxqhn3WSxj3Qip4VIo7qNAyRuJ5jQKJa+Hg6uxX3/i2ohY3eEw4UFEe0p0BaNopYdL0sI+R/p43C6V3Yo7AZknXk7KkKPWLn21OjFLI66QSWpM03MTDDKqUTDJR8VWanhC2YD2eNNSRSNugmxy8YgcWqVDurG2pZBM1N8TGY2MGUah7Ywo9s2sNxb/85opds+DTKgkRa7YdFE3lQRjMn6fdITmDOXQEsq0sLcS1qeaMrQhFW0I3uzL88Q/qVxUvNvTcvU6T6MA+3AAR+DBGVThBmrgAwMFz/AKb45xXpx352PauuDkM3vwB87nDwe5kAw=</latexit><latexit sha1_base64="Gzv0tNfBft97pBxgq01a8dL1zG8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoB6EgggeKxhbbGPZbLft0s0m7E6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0ykMOi6387C4tLyymphrbi+sbm1XdrZvTdxqhn3WSxj3Qip4VIo7qNAyRuJ5jQKJa+Hg6uxX3/i2ohY3eEw4UFEe0p0BaNopYdL0sI+R/p43C6V3Yo7AZknXk7KkKPWLn21OjFLI66QSWpM03MTDDKqUTDJR8VWanhC2YD2eNNSRSNugmxy8YgcWqVDurG2pZBM1N8TGY2MGUah7Ywo9s2sNxb/85opds+DTKgkRa7YdFE3lQRjMn6fdITmDOXQEsq0sLcS1qeaMrQhFW0I3uzL88Q/qVxUvNvTcvU6T6MA+3AAR+DBGVThBmrgAwMFz/AKb45xXpx352PauuDkM3vwB87nDwe5kAw=</latexit><latexit sha1_base64="Gzv0tNfBft97pBxgq01a8dL1zG8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoB6EgggeKxhbbGPZbLft0s0m7E6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0ykMOi6387C4tLyymphrbi+sbm1XdrZvTdxqhn3WSxj3Qip4VIo7qNAyRuJ5jQKJa+Hg6uxX3/i2ohY3eEw4UFEe0p0BaNopYdL0sI+R/p43C6V3Yo7AZknXk7KkKPWLn21OjFLI66QSWpM03MTDDKqUTDJR8VWanhC2YD2eNNSRSNugmxy8YgcWqVDurG2pZBM1N8TGY2MGUah7Ywo9s2sNxb/85opds+DTKgkRa7YdFE3lQRjMn6fdITmDOXQEsq0sLcS1qeaMrQhFW0I3uzL88Q/qVxUvNvTcvU6T6MA+3AAR+DBGVThBmrgAwMFz/AKb45xXpx352PauuDkM3vwB87nDwe5kAw=</latexit>

= ✓⇤1 + ✓⇤2 ⇥ I [hasBrad(m)] + ✓⇤3 ⇥ boxOfficeRevenue(m)
<latexit sha1_base64="qcufUWJR3EV5W88vjzZkKz5CL9E="></latexit><latexit sha1_base64="qcufUWJR3EV5W88vjzZkKz5CL9E="></latexit><latexit sha1_base64="qcufUWJR3EV5W88vjzZkKz5CL9E="></latexit><latexit sha1_base64="qcufUWJR3EV5W88vjzZkKz5CL9E="></latexit>

: Model 2 (properties of movie)

= ✓⇤1 + ✓⇤2 ⇥ I [hasBrad(m) AND female(u)] + ✓⇤3 ⇥ boxOfficeRevenue(m)
<latexit sha1_base64="Gtc+N9LgCuH5jnNaJ77a3C8lCYc="></latexit><latexit sha1_base64="Gtc+N9LgCuH5jnNaJ77a3C8lCYc="></latexit><latexit sha1_base64="Gtc+N9LgCuH5jnNaJ77a3C8lCYc="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="zAwHgssbioOmlTVWdyWjufIWv8I="></latexit><latexit sha1_base64="zAwHgssbioOmlTVWdyWjufIWv8I="></latexit><latexit sha1_base64="c+wYdHtRMOuOvcaHKxxaMAeiDpA="></latexit><latexit sha1_base64="Gtc+N9LgCuH5jnNaJ77a3C8lCYc="></latexit><latexit sha1_base64="Gtc+N9LgCuH5jnNaJ77a3C8lCYc="></latexit><latexit sha1_base64="Gtc+N9LgCuH5jnNaJ77a3C8lCYc="></latexit><latexit sha1_base64="Gtc+N9LgCuH5jnNaJ77a3C8lCYc="></latexit><latexit sha1_base64="Gtc+N9LgCuH5jnNaJ77a3C8lCYc="></latexit><latexit sha1_base64="Gtc+N9LgCuH5jnNaJ77a3C8lCYc="></latexit>

: Model 3 (properties of movie and user)

If we knew the
parameters:

(we don’t)

Female
User

Staring Brad Pitt
boxOfficeRevenue:
60M

2.4 + 1.3 + 10�8 ⇥ (60⇥ 106)

= 4.3
<latexit sha1_base64="ILXdqHIOUEuSWG7kRd/CSktCmTE="></latexit><latexit sha1_base64="ILXdqHIOUEuSWG7kRd/CSktCmTE="></latexit><latexit sha1_base64="ILXdqHIOUEuSWG7kRd/CSktCmTE="></latexit><latexit sha1_base64="ILXdqHIOUEuSWG7kRd/CSktCmTE="></latexit>

✓⇤1 = 2.4

✓⇤2 = 1.3

✓⇤3 = 1.0⇥ 10�8
<latexit sha1_base64="+tEtqAejswNHRwEWdqdETF2aIUs="></latexit><latexit sha1_base64="+tEtqAejswNHRwEWdqdETF2aIUs="></latexit><latexit sha1_base64="+tEtqAejswNHRwEWdqdETF2aIUs="></latexit><latexit sha1_base64="+tEtqAejswNHRwEWdqdETF2aIUs="></latexit>

User u’s star rating for movie m
<latexit sha1_base64="YdnL3mId8wSN5rlYGLTPfQOyoTU=">AAACE3icbVDLSgNBEJz1bXxFPXoZTERBCLsiqDdBBI8KrgpJCLOT3jg4j2WmNxiWfIQXf8WLBxWvXrz5N05iDr7qVFR109WVZFI4DMOPYGx8YnJqema2NDe/sLhUXl65cCa3HGJupLFXCXMghYYYBUq4yiwwlUi4TG6OBv5lF6wTRp9jL4OmYh0tUsEZeqlV3m4g3GIRO7C0mlc3HXXILLXe1h2aGkuV6QqgVVXtt8qVsBYOQf+SaEQqZITTVvm90TY8V6CRS+ZcPQozbBbMouAS+qVG7iBj/IZ1oO6pZgpcsxg+1acbXmkPE6RGIx2q3zcKppzrqcRPKobX7rc3EP/z6jmm+81C6CxH0PzrUJpLioYOGqJtYYGj7HnCuBU+K+XXzDKOvseSLyH6/fJfEu/UDmrR2W7l8HjUxgxZI+tki0RkjxySE3JKYsLJHXkgT+Q5uA8eg5fg9Wt0LBjtrJIfCN4+AWQqnVo=</latexit><latexit sha1_base64="YdnL3mId8wSN5rlYGLTPfQOyoTU=">AAACE3icbVDLSgNBEJz1bXxFPXoZTERBCLsiqDdBBI8KrgpJCLOT3jg4j2WmNxiWfIQXf8WLBxWvXrz5N05iDr7qVFR109WVZFI4DMOPYGx8YnJqema2NDe/sLhUXl65cCa3HGJupLFXCXMghYYYBUq4yiwwlUi4TG6OBv5lF6wTRp9jL4OmYh0tUsEZeqlV3m4g3GIRO7C0mlc3HXXILLXe1h2aGkuV6QqgVVXtt8qVsBYOQf+SaEQqZITTVvm90TY8V6CRS+ZcPQozbBbMouAS+qVG7iBj/IZ1oO6pZgpcsxg+1acbXmkPE6RGIx2q3zcKppzrqcRPKobX7rc3EP/z6jmm+81C6CxH0PzrUJpLioYOGqJtYYGj7HnCuBU+K+XXzDKOvseSLyH6/fJfEu/UDmrR2W7l8HjUxgxZI+tki0RkjxySE3JKYsLJHXkgT+Q5uA8eg5fg9Wt0LBjtrJIfCN4+AWQqnVo=</latexit><latexit sha1_base64="YdnL3mId8wSN5rlYGLTPfQOyoTU=">AAACE3icbVDLSgNBEJz1bXxFPXoZTERBCLsiqDdBBI8KrgpJCLOT3jg4j2WmNxiWfIQXf8WLBxWvXrz5N05iDr7qVFR109WVZFI4DMOPYGx8YnJqema2NDe/sLhUXl65cCa3HGJupLFXCXMghYYYBUq4yiwwlUi4TG6OBv5lF6wTRp9jL4OmYh0tUsEZeqlV3m4g3GIRO7C0mlc3HXXILLXe1h2aGkuV6QqgVVXtt8qVsBYOQf+SaEQqZITTVvm90TY8V6CRS+ZcPQozbBbMouAS+qVG7iBj/IZ1oO6pZgpcsxg+1acbXmkPE6RGIx2q3zcKppzrqcRPKobX7rc3EP/z6jmm+81C6CxH0PzrUJpLioYOGqJtYYGj7HnCuBU+K+XXzDKOvseSLyH6/fJfEu/UDmrR2W7l8HjUxgxZI+tki0RkjxySE3JKYsLJHXkgT+Q5uA8eg5fg9Wt0LBjtrJIfCN4+AWQqnVo=</latexit><latexit sha1_base64="YdnL3mId8wSN5rlYGLTPfQOyoTU=">AAACE3icbVDLSgNBEJz1bXxFPXoZTERBCLsiqDdBBI8KrgpJCLOT3jg4j2WmNxiWfIQXf8WLBxWvXrz5N05iDr7qVFR109WVZFI4DMOPYGx8YnJqema2NDe/sLhUXl65cCa3HGJupLFXCXMghYYYBUq4yiwwlUi4TG6OBv5lF6wTRp9jL4OmYh0tUsEZeqlV3m4g3GIRO7C0mlc3HXXILLXe1h2aGkuV6QqgVVXtt8qVsBYOQf+SaEQqZITTVvm90TY8V6CRS+ZcPQozbBbMouAS+qVG7iBj/IZ1oO6pZgpcsxg+1acbXmkPE6RGIx2q3zcKppzrqcRPKobX7rc3EP/z6jmm+81C6CxH0PzrUJpLioYOGqJtYYGj7HnCuBU+K+XXzDKOvseSLyH6/fJfEu/UDmrR2W7l8HjUxgxZI+tki0RkjxySE3JKYsLJHXkgT+Q5uA8eg5fg9Wt0LBjtrJIfCN4+AWQqnVo=</latexit>



Recommendation Systems Model

Ø What if we don’t have any information about the movies 
or the users? All we have are ratings.

Not on the midterm … but we will review it briefly here
U

se
rs

Movies

Ratings ⇡<latexit sha1_base64="EgbrcuBTyZw8773eWS0TMQ1Zro8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VRPBYwbWFdinZNNuGZpOQZMWy9Ed48aDi1f/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLK6tr6RnmzsrW9s7tX3T94MDLThIZEcqnbMTaUM0FDyyynbaUpTmNOW/Hoeuq3Hqk2TIp7O1Y0SvFAsIQRbJ3U6mKltHzqVWt+3Z8BLZOgIDUo0OxVv7p9SbKUCks4NqYT+MpGOdaWEU4nlW5mqMJkhAe046jAKTVRPjt3gk6c0keJ1K6ERTP190SOU2PGaew6U2yHZtGbiv95ncwml1HOhMosFWS+KMk4shJNf0d9pimxfOwIJpq5WxEZYo2JdQlVXAjB4svLJDyrX9WDu/Na46ZIowxHcAynEMAFNOAWmhACgRE8wyu8ecp78d69j3lryStmDuEPvM8fACuPjQ==</latexit><latexit sha1_base64="EgbrcuBTyZw8773eWS0TMQ1Zro8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VRPBYwbWFdinZNNuGZpOQZMWy9Ed48aDi1f/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLK6tr6RnmzsrW9s7tX3T94MDLThIZEcqnbMTaUM0FDyyynbaUpTmNOW/Hoeuq3Hqk2TIp7O1Y0SvFAsIQRbJ3U6mKltHzqVWt+3Z8BLZOgIDUo0OxVv7p9SbKUCks4NqYT+MpGOdaWEU4nlW5mqMJkhAe046jAKTVRPjt3gk6c0keJ1K6ERTP190SOU2PGaew6U2yHZtGbiv95ncwml1HOhMosFWS+KMk4shJNf0d9pimxfOwIJpq5WxEZYo2JdQlVXAjB4svLJDyrX9WDu/Na46ZIowxHcAynEMAFNOAWmhACgRE8wyu8ecp78d69j3lryStmDuEPvM8fACuPjQ==</latexit><latexit sha1_base64="EgbrcuBTyZw8773eWS0TMQ1Zro8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VRPBYwbWFdinZNNuGZpOQZMWy9Ed48aDi1f/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLK6tr6RnmzsrW9s7tX3T94MDLThIZEcqnbMTaUM0FDyyynbaUpTmNOW/Hoeuq3Hqk2TIp7O1Y0SvFAsIQRbJ3U6mKltHzqVWt+3Z8BLZOgIDUo0OxVv7p9SbKUCks4NqYT+MpGOdaWEU4nlW5mqMJkhAe046jAKTVRPjt3gk6c0keJ1K6ERTP190SOU2PGaew6U2yHZtGbiv95ncwml1HOhMosFWS+KMk4shJNf0d9pimxfOwIJpq5WxEZYo2JdQlVXAjB4svLJDyrX9WDu/Na46ZIowxHcAynEMAFNOAWmhACgRE8wyu8ecp78d69j3lryStmDuEPvM8fACuPjQ==</latexit><latexit sha1_base64="EgbrcuBTyZw8773eWS0TMQ1Zro8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VRPBYwbWFdinZNNuGZpOQZMWy9Ed48aDi1f/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLK6tr6RnmzsrW9s7tX3T94MDLThIZEcqnbMTaUM0FDyyynbaUpTmNOW/Hoeuq3Hqk2TIp7O1Y0SvFAsIQRbJ3U6mKltHzqVWt+3Z8BLZOgIDUo0OxVv7p9SbKUCks4NqYT+MpGOdaWEU4nlW5mqMJkhAe046jAKTVRPjt3gk6c0keJ1K6ERTP190SOU2PGaew6U2yHZtGbiv95ncwml1HOhMosFWS+KMk4shJNf0d9pimxfOwIJpq5WxEZYo2JdQlVXAjB4svLJDyrX9WDu/Na46ZIowxHcAynEMAFNOAWmhACgRE8wyu8ecp78d69j3lryStmDuEPvM8fACuPjQ==</latexit>

⇥<latexit sha1_base64="w1rrj9njQF9LabSC7L8RFJchHak=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q0ggscKpi20oWy2m3btZhN2J0IJ/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7RV3t7Z3duvHBw2TZJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlEPOE55ENOBEpFgFK3U7KKIuelVqm7NnYEsE68gVSjQ6FW+uv2EZTFXyCQ1puO5KQY51SiY5JNyNzM8pWxEB7xjqaJ2SZDPrp2QU6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQV5EKlGXLF5ouiTBJMyPR10heaM5RjSyjTwt5K2JBqytAGVLYheIsvLxP/vHZd8+4vqvXbIo0SHMMJnIEHl1CHO2iADwwe4Rle4c1JnBfn3fmYt644xcwR/IHz+QMjbY8L</latexit><latexit sha1_base64="w1rrj9njQF9LabSC7L8RFJchHak=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q0ggscKpi20oWy2m3btZhN2J0IJ/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7RV3t7Z3duvHBw2TZJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlEPOE55ENOBEpFgFK3U7KKIuelVqm7NnYEsE68gVSjQ6FW+uv2EZTFXyCQ1puO5KQY51SiY5JNyNzM8pWxEB7xjqaJ2SZDPrp2QU6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQV5EKlGXLF5ouiTBJMyPR10heaM5RjSyjTwt5K2JBqytAGVLYheIsvLxP/vHZd8+4vqvXbIo0SHMMJnIEHl1CHO2iADwwe4Rle4c1JnBfn3fmYt644xcwR/IHz+QMjbY8L</latexit><latexit sha1_base64="w1rrj9njQF9LabSC7L8RFJchHak=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q0ggscKpi20oWy2m3btZhN2J0IJ/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7RV3t7Z3duvHBw2TZJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlEPOE55ENOBEpFgFK3U7KKIuelVqm7NnYEsE68gVSjQ6FW+uv2EZTFXyCQ1puO5KQY51SiY5JNyNzM8pWxEB7xjqaJ2SZDPrp2QU6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQV5EKlGXLF5ouiTBJMyPR10heaM5RjSyjTwt5K2JBqytAGVLYheIsvLxP/vHZd8+4vqvXbIo0SHMMJnIEHl1CHO2iADwwe4Rle4c1JnBfn3fmYt644xcwR/IHz+QMjbY8L</latexit><latexit sha1_base64="w1rrj9njQF9LabSC7L8RFJchHak=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q0ggscKpi20oWy2m3btZhN2J0IJ/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7RV3t7Z3duvHBw2TZJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlEPOE55ENOBEpFgFK3U7KKIuelVqm7NnYEsE68gVSjQ6FW+uv2EZTFXyCQ1puO5KQY51SiY5JNyNzM8pWxEB7xjqaJ2SZDPrp2QU6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQV5EKlGXLF5ouiTBJMyPR10heaM5RjSyjTwt5K2JBqytAGVLYheIsvLxP/vHZd8+4vqvXbIo0SHMMJnIEHl1CHO2iADwwe4Rle4c1JnBfn3fmYt644xcwR/IHz+QMjbY8L</latexit>

✓u
se
rs

<latexit sha1_base64="34XcL9V4wMr38mWrw8wqPccT4LQ=">AAAB+3icdVDLSgMxFM3UV62v0S7dBIvgapjR2ml3BRFcVrC20NaSSTNtaOZBckcchvorblyouPVH3Pk3pg9BRQ8EDuecm9wcLxZcgW1/GLml5ZXVtfx6YWNza3vH3N27VlEiKWvSSESy7RHFBA9ZEzgI1o4lI4EnWMsbn0391i2TikfhFaQx6wVkGHKfUwJa6pvFLowYkJsusDvIEqWjk75Zsq3aablas7EmlUrNdefEPbGxY9kzlNACjb753h1ENAlYCFQQpTqOHUMvIxI4FWxS6Op7Y0LHZMg6moYkYKqXzZaf4EOtDLAfSX1CwDP1+0RGAqXSwNPJgMBI/fam4l9eJwG/2st4GCfAQjp/yE8EhghPm8ADLhkFkWpCqOR6V0xHRBIKuoSCLuHrp/h/0jy2apZzWS7Vzxdt5NE+OkBHyEEuqqML1EBNRFGKHtATejbujUfjxXidR3PGYqaIfsB4+wTY1JXJ</latexit><latexit sha1_base64="34XcL9V4wMr38mWrw8wqPccT4LQ=">AAAB+3icdVDLSgMxFM3UV62v0S7dBIvgapjR2ml3BRFcVrC20NaSSTNtaOZBckcchvorblyouPVH3Pk3pg9BRQ8EDuecm9wcLxZcgW1/GLml5ZXVtfx6YWNza3vH3N27VlEiKWvSSESy7RHFBA9ZEzgI1o4lI4EnWMsbn0391i2TikfhFaQx6wVkGHKfUwJa6pvFLowYkJsusDvIEqWjk75Zsq3aablas7EmlUrNdefEPbGxY9kzlNACjb753h1ENAlYCFQQpTqOHUMvIxI4FWxS6Op7Y0LHZMg6moYkYKqXzZaf4EOtDLAfSX1CwDP1+0RGAqXSwNPJgMBI/fam4l9eJwG/2st4GCfAQjp/yE8EhghPm8ADLhkFkWpCqOR6V0xHRBIKuoSCLuHrp/h/0jy2apZzWS7Vzxdt5NE+OkBHyEEuqqML1EBNRFGKHtATejbujUfjxXidR3PGYqaIfsB4+wTY1JXJ</latexit><latexit sha1_base64="34XcL9V4wMr38mWrw8wqPccT4LQ=">AAAB+3icdVDLSgMxFM3UV62v0S7dBIvgapjR2ml3BRFcVrC20NaSSTNtaOZBckcchvorblyouPVH3Pk3pg9BRQ8EDuecm9wcLxZcgW1/GLml5ZXVtfx6YWNza3vH3N27VlEiKWvSSESy7RHFBA9ZEzgI1o4lI4EnWMsbn0391i2TikfhFaQx6wVkGHKfUwJa6pvFLowYkJsusDvIEqWjk75Zsq3aablas7EmlUrNdefEPbGxY9kzlNACjb753h1ENAlYCFQQpTqOHUMvIxI4FWxS6Op7Y0LHZMg6moYkYKqXzZaf4EOtDLAfSX1CwDP1+0RGAqXSwNPJgMBI/fam4l9eJwG/2st4GCfAQjp/yE8EhghPm8ADLhkFkWpCqOR6V0xHRBIKuoSCLuHrp/h/0jy2apZzWS7Vzxdt5NE+OkBHyEEuqqML1EBNRFGKHtATejbujUfjxXidR3PGYqaIfsB4+wTY1JXJ</latexit><latexit sha1_base64="34XcL9V4wMr38mWrw8wqPccT4LQ=">AAAB+3icdVDLSgMxFM3UV62v0S7dBIvgapjR2ml3BRFcVrC20NaSSTNtaOZBckcchvorblyouPVH3Pk3pg9BRQ8EDuecm9wcLxZcgW1/GLml5ZXVtfx6YWNza3vH3N27VlEiKWvSSESy7RHFBA9ZEzgI1o4lI4EnWMsbn0391i2TikfhFaQx6wVkGHKfUwJa6pvFLowYkJsusDvIEqWjk75Zsq3aablas7EmlUrNdefEPbGxY9kzlNACjb753h1ENAlYCFQQpTqOHUMvIxI4FWxS6Op7Y0LHZMg6moYkYKqXzZaf4EOtDLAfSX1CwDP1+0RGAqXSwNPJgMBI/fam4l9eJwG/2st4GCfAQjp/yE8EhghPm8ADLhkFkWpCqOR6V0xHRBIKuoSCLuHrp/h/0jy2apZzWS7Vzxdt5NE+OkBHyEEuqqML1EBNRFGKHtATejbujUfjxXidR3PGYqaIfsB4+wTY1JXJ</latexit>

✓movies
<latexit sha1_base64="51vza44mN3oX6F7IXu0peBfpRqQ=">AAAB/HicdVDJSgNBEO2JW4zbuNy8NAbBU5hozHILiOAxgjGBJIaeTiVp0rPQXROMQ/BXvHhQ8eqHePNv7CyCij4oeLxXRVU9N5RCo+N8WImFxaXlleRqam19Y3PL3t651kGkOFR5IANVd5kGKXyookAJ9VAB81wJNXdwNvFrQ1BaBP4VjkJoeazni67gDI3Utvea2AdkN02EW4y9YChAj9t22smUTnPFkkMNyedLhcKMFE4cms04U6TJHJW2/d7sBDzywEcumdaNrBNiK2YKBZcwTjUjDSHjA9aDhqE+80C34un1Y3polA7tBsqUj3Sqfp+Imaf1yHNNp8ewr397E/EvrxFht9iKhR9GCD6fLepGkmJAJ1HQjlDAUY4MYVwJcyvlfaYYRxNYyoTw9Sn9n1SPM6VM9jKXLp/P00iSfXJAjkiWFEiZXJAKqRJO7sgDeSLP1r31aL1Yr7PWhDWf2SU/YL19ApiGljQ=</latexit><latexit sha1_base64="51vza44mN3oX6F7IXu0peBfpRqQ=">AAAB/HicdVDJSgNBEO2JW4zbuNy8NAbBU5hozHILiOAxgjGBJIaeTiVp0rPQXROMQ/BXvHhQ8eqHePNv7CyCij4oeLxXRVU9N5RCo+N8WImFxaXlleRqam19Y3PL3t651kGkOFR5IANVd5kGKXyookAJ9VAB81wJNXdwNvFrQ1BaBP4VjkJoeazni67gDI3Utvea2AdkN02EW4y9YChAj9t22smUTnPFkkMNyedLhcKMFE4cms04U6TJHJW2/d7sBDzywEcumdaNrBNiK2YKBZcwTjUjDSHjA9aDhqE+80C34un1Y3polA7tBsqUj3Sqfp+Imaf1yHNNp8ewr397E/EvrxFht9iKhR9GCD6fLepGkmJAJ1HQjlDAUY4MYVwJcyvlfaYYRxNYyoTw9Sn9n1SPM6VM9jKXLp/P00iSfXJAjkiWFEiZXJAKqRJO7sgDeSLP1r31aL1Yr7PWhDWf2SU/YL19ApiGljQ=</latexit><latexit sha1_base64="51vza44mN3oX6F7IXu0peBfpRqQ=">AAAB/HicdVDJSgNBEO2JW4zbuNy8NAbBU5hozHILiOAxgjGBJIaeTiVp0rPQXROMQ/BXvHhQ8eqHePNv7CyCij4oeLxXRVU9N5RCo+N8WImFxaXlleRqam19Y3PL3t651kGkOFR5IANVd5kGKXyookAJ9VAB81wJNXdwNvFrQ1BaBP4VjkJoeazni67gDI3Utvea2AdkN02EW4y9YChAj9t22smUTnPFkkMNyedLhcKMFE4cms04U6TJHJW2/d7sBDzywEcumdaNrBNiK2YKBZcwTjUjDSHjA9aDhqE+80C34un1Y3polA7tBsqUj3Sqfp+Imaf1yHNNp8ewr397E/EvrxFht9iKhR9GCD6fLepGkmJAJ1HQjlDAUY4MYVwJcyvlfaYYRxNYyoTw9Sn9n1SPM6VM9jKXLp/P00iSfXJAjkiWFEiZXJAKqRJO7sgDeSLP1r31aL1Yr7PWhDWf2SU/YL19ApiGljQ=</latexit><latexit sha1_base64="51vza44mN3oX6F7IXu0peBfpRqQ=">AAAB/HicdVDJSgNBEO2JW4zbuNy8NAbBU5hozHILiOAxgjGBJIaeTiVp0rPQXROMQ/BXvHhQ8eqHePNv7CyCij4oeLxXRVU9N5RCo+N8WImFxaXlleRqam19Y3PL3t651kGkOFR5IANVd5kGKXyookAJ9VAB81wJNXdwNvFrQ1BaBP4VjkJoeazni67gDI3Utvea2AdkN02EW4y9YChAj9t22smUTnPFkkMNyedLhcKMFE4cms04U6TJHJW2/d7sBDzywEcumdaNrBNiK2YKBZcwTjUjDSHjA9aDhqE+80C34un1Y3polA7tBsqUj3Sqfp+Imaf1yHNNp8ewr397E/EvrxFht9iKhR9GCD6fLepGkmJAJ1HQjlDAUY4MYVwJcyvlfaYYRxNYyoTw9Sn9n1SPM6VM9jKXLp/P00iSfXJAjkiWFEiZXJAKqRJO7sgDeSLP1r31aL1Yr7PWhDWf2SU/YL19ApiGljQ=</latexit>✓usersu

<latexit sha1_base64="8//0vvHSR2YawS+k99fviX5Kino=">AAAB/XicbVBPS8MwHE39O+e/qnjyEhyCp9GKoN4GInicYN1grSXN0i0sTUvyqzjKwK/ixYOKV7+HN7+N2daDbj4IPN57v+SXF2WCa3Ccb2thcWl5ZbWyVl3f2Nzatnd273SaK8o8mopUtSOimeCSecBBsHamGEkiwVrR4HLstx6Y0jyVtzDMWJCQnuQxpwSMFNr7PvQZkHsf2CMUuTbRUZiHds2pOxPgeeKWpIZKNEP7y++mNE+YBCqI1h3XySAoiAJOBRtVfXNzRuiA9FjHUEkSpoNisv4IHxmli+NUmSMBT9TfEwVJtB4mkUkmBPp61huL/3mdHOLzoOAyy4FJOn0ozgWGFI+7wF2uGAUxNIRQxc2umPaJIhRMDVVTgjv75XnindQv6u7Naa1xVbZRQQfoEB0jF52hBrpGTeQhigr0jF7Rm/VkvVjv1sc0umCVM3voD6zPH9UulkM=</latexit><latexit sha1_base64="8//0vvHSR2YawS+k99fviX5Kino=">AAAB/XicbVBPS8MwHE39O+e/qnjyEhyCp9GKoN4GInicYN1grSXN0i0sTUvyqzjKwK/ixYOKV7+HN7+N2daDbj4IPN57v+SXF2WCa3Ccb2thcWl5ZbWyVl3f2Nzatnd273SaK8o8mopUtSOimeCSecBBsHamGEkiwVrR4HLstx6Y0jyVtzDMWJCQnuQxpwSMFNr7PvQZkHsf2CMUuTbRUZiHds2pOxPgeeKWpIZKNEP7y++mNE+YBCqI1h3XySAoiAJOBRtVfXNzRuiA9FjHUEkSpoNisv4IHxmli+NUmSMBT9TfEwVJtB4mkUkmBPp61huL/3mdHOLzoOAyy4FJOn0ozgWGFI+7wF2uGAUxNIRQxc2umPaJIhRMDVVTgjv75XnindQv6u7Naa1xVbZRQQfoEB0jF52hBrpGTeQhigr0jF7Rm/VkvVjv1sc0umCVM3voD6zPH9UulkM=</latexit><latexit sha1_base64="8//0vvHSR2YawS+k99fviX5Kino=">AAAB/XicbVBPS8MwHE39O+e/qnjyEhyCp9GKoN4GInicYN1grSXN0i0sTUvyqzjKwK/ixYOKV7+HN7+N2daDbj4IPN57v+SXF2WCa3Ccb2thcWl5ZbWyVl3f2Nzatnd273SaK8o8mopUtSOimeCSecBBsHamGEkiwVrR4HLstx6Y0jyVtzDMWJCQnuQxpwSMFNr7PvQZkHsf2CMUuTbRUZiHds2pOxPgeeKWpIZKNEP7y++mNE+YBCqI1h3XySAoiAJOBRtVfXNzRuiA9FjHUEkSpoNisv4IHxmli+NUmSMBT9TfEwVJtB4mkUkmBPp61huL/3mdHOLzoOAyy4FJOn0ozgWGFI+7wF2uGAUxNIRQxc2umPaJIhRMDVVTgjv75XnindQv6u7Naa1xVbZRQQfoEB0jF52hBrpGTeQhigr0jF7Rm/VkvVjv1sc0umCVM3voD6zPH9UulkM=</latexit><latexit sha1_base64="8//0vvHSR2YawS+k99fviX5Kino=">AAAB/XicbVBPS8MwHE39O+e/qnjyEhyCp9GKoN4GInicYN1grSXN0i0sTUvyqzjKwK/ixYOKV7+HN7+N2daDbj4IPN57v+SXF2WCa3Ccb2thcWl5ZbWyVl3f2Nzatnd273SaK8o8mopUtSOimeCSecBBsHamGEkiwVrR4HLstx6Y0jyVtzDMWJCQnuQxpwSMFNr7PvQZkHsf2CMUuTbRUZiHds2pOxPgeeKWpIZKNEP7y++mNE+YBCqI1h3XySAoiAJOBRtVfXNzRuiA9FjHUEkSpoNisv4IHxmli+NUmSMBT9TfEwVJtB4mkUkmBPp61huL/3mdHOLzoOAyy4FJOn0ozgWGFI+7wF2uGAUxNIRQxc2umPaJIhRMDVVTgjv75XnindQv6u7Naa1xVbZRQQfoEB0jF52hBrpGTeQhigr0jF7Rm/VkvVjv1sc0umCVM3voD6zPH9UulkM=</latexit>

✓movies
m

<latexit sha1_base64="2ZRuVKQQ+B2rkiZbs7zrKZg/7NU=">AAAB/nicbVDLSgNBEJz1GeMrKnjxshgET2FXBPUWEMFjBGMC2RhmJ73JkJnZZaY3GNYc/BUvHlS8+h3e/Bsnj4MmFjQUVd10d4WJ4AY979tZWFxaXlnNreXXNza3tgs7u3cmTjWDKotFrOshNSC4gipyFFBPNFAZCqiFvcuRX+uDNjxWtzhIoClpR/GIM4pWahX2A+wC0vsA4QEzGfc5mGFLtgpFr+SN4c4Tf0qKZIpKq/AVtGOWSlDIBDWm4XsJNjOqkTMBw3yQGkgo69EONCxVVIJpZuP7h+6RVdpuFGtbCt2x+nsio9KYgQxtp6TYNbPeSPzPa6QYnTczrpIUQbHJoigVLsbuKAy3zTUwFANLKNPc3uqyLtWUoY0sb0PwZ1+eJ9WT0kXJvzktlq+maeTIATkkx8QnZ6RMrkmFVAkjj+SZvJI358l5cd6dj0nrgjOd2SN/4Hz+AImOlqY=</latexit><latexit sha1_base64="2ZRuVKQQ+B2rkiZbs7zrKZg/7NU=">AAAB/nicbVDLSgNBEJz1GeMrKnjxshgET2FXBPUWEMFjBGMC2RhmJ73JkJnZZaY3GNYc/BUvHlS8+h3e/Bsnj4MmFjQUVd10d4WJ4AY979tZWFxaXlnNreXXNza3tgs7u3cmTjWDKotFrOshNSC4gipyFFBPNFAZCqiFvcuRX+uDNjxWtzhIoClpR/GIM4pWahX2A+wC0vsA4QEzGfc5mGFLtgpFr+SN4c4Tf0qKZIpKq/AVtGOWSlDIBDWm4XsJNjOqkTMBw3yQGkgo69EONCxVVIJpZuP7h+6RVdpuFGtbCt2x+nsio9KYgQxtp6TYNbPeSPzPa6QYnTczrpIUQbHJoigVLsbuKAy3zTUwFANLKNPc3uqyLtWUoY0sb0PwZ1+eJ9WT0kXJvzktlq+maeTIATkkx8QnZ6RMrkmFVAkjj+SZvJI358l5cd6dj0nrgjOd2SN/4Hz+AImOlqY=</latexit><latexit sha1_base64="2ZRuVKQQ+B2rkiZbs7zrKZg/7NU=">AAAB/nicbVDLSgNBEJz1GeMrKnjxshgET2FXBPUWEMFjBGMC2RhmJ73JkJnZZaY3GNYc/BUvHlS8+h3e/Bsnj4MmFjQUVd10d4WJ4AY979tZWFxaXlnNreXXNza3tgs7u3cmTjWDKotFrOshNSC4gipyFFBPNFAZCqiFvcuRX+uDNjxWtzhIoClpR/GIM4pWahX2A+wC0vsA4QEzGfc5mGFLtgpFr+SN4c4Tf0qKZIpKq/AVtGOWSlDIBDWm4XsJNjOqkTMBw3yQGkgo69EONCxVVIJpZuP7h+6RVdpuFGtbCt2x+nsio9KYgQxtp6TYNbPeSPzPa6QYnTczrpIUQbHJoigVLsbuKAy3zTUwFANLKNPc3uqyLtWUoY0sb0PwZ1+eJ9WT0kXJvzktlq+maeTIATkkx8QnZ6RMrkmFVAkjj+SZvJI358l5cd6dj0nrgjOd2SN/4Hz+AImOlqY=</latexit><latexit sha1_base64="2ZRuVKQQ+B2rkiZbs7zrKZg/7NU=">AAAB/nicbVDLSgNBEJz1GeMrKnjxshgET2FXBPUWEMFjBGMC2RhmJ73JkJnZZaY3GNYc/BUvHlS8+h3e/Bsnj4MmFjQUVd10d4WJ4AY979tZWFxaXlnNreXXNza3tgs7u3cmTjWDKotFrOshNSC4gipyFFBPNFAZCqiFvcuRX+uDNjxWtzhIoClpR/GIM4pWahX2A+wC0vsA4QEzGfc5mGFLtgpFr+SN4c4Tf0qKZIpKq/AVtGOWSlDIBDWm4XsJNjOqkTMBw3yQGkgo69EONCxVVIJpZuP7h+6RVdpuFGtbCt2x+nsio9KYgQxtp6TYNbPeSPzPa6QYnTczrpIUQbHJoigVLsbuKAy3zTUwFANLKNPc3uqyLtWUoY0sb0PwZ1+eJ9WT0kXJvzktlq+maeTIATkkx8QnZ6RMrkmFVAkjj+SZvJI358l5cd6dj0nrgjOd2SN/4Hz+AImOlqY=</latexit>

r̂u,m = ✓usersu · ✓movies
m
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Rating prediction is made by:

Latent factors

Loss formulation:

L(✓users, ✓movies) =
X

ru,m2Ratings

�
ru,m � ✓usersu · ✓movies

m

�2
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How do we estimate model parameters?

percentage tip = ✓⇤1 + ✓⇤2 ⇤ total bill

= ✓⇤
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User u’s star rating for movie m
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= ✓⇤1 + ✓⇤2 ⇥ I [hasBrad(m) AND female(u)] + ✓⇤3 ⇥ boxOfficeRevenue(m)
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⇥<latexit sha1_base64="w1rrj9njQF9LabSC7L8RFJchHak=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q0ggscKpi20oWy2m3btZhN2J0IJ/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7RV3t7Z3duvHBw2TZJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlEPOE55ENOBEpFgFK3U7KKIuelVqm7NnYEsE68gVSjQ6FW+uv2EZTFXyCQ1puO5KQY51SiY5JNyNzM8pWxEB7xjqaJ2SZDPrp2QU6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQV5EKlGXLF5ouiTBJMyPR10heaM5RjSyjTwt5K2JBqytAGVLYheIsvLxP/vHZd8+4vqvXbIo0SHMMJnIEHl1CHO2iADwwe4Rle4c1JnBfn3fmYt644xcwR/IHz+QMjbY8L</latexit><latexit sha1_base64="w1rrj9njQF9LabSC7L8RFJchHak=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q0ggscKpi20oWy2m3btZhN2J0IJ/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7RV3t7Z3duvHBw2TZJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlEPOE55ENOBEpFgFK3U7KKIuelVqm7NnYEsE68gVSjQ6FW+uv2EZTFXyCQ1puO5KQY51SiY5JNyNzM8pWxEB7xjqaJ2SZDPrp2QU6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQV5EKlGXLF5ouiTBJMyPR10heaM5RjSyjTwt5K2JBqytAGVLYheIsvLxP/vHZd8+4vqvXbIo0SHMMJnIEHl1CHO2iADwwe4Rle4c1JnBfn3fmYt644xcwR/IHz+QMjbY8L</latexit><latexit sha1_base64="w1rrj9njQF9LabSC7L8RFJchHak=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q0ggscKpi20oWy2m3btZhN2J0IJ/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7RV3t7Z3duvHBw2TZJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlEPOE55ENOBEpFgFK3U7KKIuelVqm7NnYEsE68gVSjQ6FW+uv2EZTFXyCQ1puO5KQY51SiY5JNyNzM8pWxEB7xjqaJ2SZDPrp2QU6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQV5EKlGXLF5ouiTBJMyPR10heaM5RjSyjTwt5K2JBqytAGVLYheIsvLxP/vHZd8+4vqvXbIo0SHMMJnIEHl1CHO2iADwwe4Rle4c1JnBfn3fmYt644xcwR/IHz+QMjbY8L</latexit><latexit sha1_base64="w1rrj9njQF9LabSC7L8RFJchHak=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q0ggscKpi20oWy2m3btZhN2J0IJ/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7RV3t7Z3duvHBw2TZJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlEPOE55ENOBEpFgFK3U7KKIuelVqm7NnYEsE68gVSjQ6FW+uv2EZTFXyCQ1puO5KQY51SiY5JNyNzM8pWxEB7xjqaJ2SZDPrp2QU6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQV5EKlGXLF5ouiTBJMyPR10heaM5RjSyjTwt5K2JBqytAGVLYheIsvLxP/vHZd8+4vqvXbIo0SHMMJnIEHl1CHO2iADwwe4Rle4c1JnBfn3fmYt644xcwR/IHz+QMjbY8L</latexit>

✓u
se
rs

<latexit sha1_base64="34XcL9V4wMr38mWrw8wqPccT4LQ=">AAAB+3icdVDLSgMxFM3UV62v0S7dBIvgapjR2ml3BRFcVrC20NaSSTNtaOZBckcchvorblyouPVH3Pk3pg9BRQ8EDuecm9wcLxZcgW1/GLml5ZXVtfx6YWNza3vH3N27VlEiKWvSSESy7RHFBA9ZEzgI1o4lI4EnWMsbn0391i2TikfhFaQx6wVkGHKfUwJa6pvFLowYkJsusDvIEqWjk75Zsq3aablas7EmlUrNdefEPbGxY9kzlNACjb753h1ENAlYCFQQpTqOHUMvIxI4FWxS6Op7Y0LHZMg6moYkYKqXzZaf4EOtDLAfSX1CwDP1+0RGAqXSwNPJgMBI/fam4l9eJwG/2st4GCfAQjp/yE8EhghPm8ADLhkFkWpCqOR6V0xHRBIKuoSCLuHrp/h/0jy2apZzWS7Vzxdt5NE+OkBHyEEuqqML1EBNRFGKHtATejbujUfjxXidR3PGYqaIfsB4+wTY1JXJ</latexit><latexit sha1_base64="34XcL9V4wMr38mWrw8wqPccT4LQ=">AAAB+3icdVDLSgMxFM3UV62v0S7dBIvgapjR2ml3BRFcVrC20NaSSTNtaOZBckcchvorblyouPVH3Pk3pg9BRQ8EDuecm9wcLxZcgW1/GLml5ZXVtfx6YWNza3vH3N27VlEiKWvSSESy7RHFBA9ZEzgI1o4lI4EnWMsbn0391i2TikfhFaQx6wVkGHKfUwJa6pvFLowYkJsusDvIEqWjk75Zsq3aablas7EmlUrNdefEPbGxY9kzlNACjb753h1ENAlYCFQQpTqOHUMvIxI4FWxS6Op7Y0LHZMg6moYkYKqXzZaf4EOtDLAfSX1CwDP1+0RGAqXSwNPJgMBI/fam4l9eJwG/2st4GCfAQjp/yE8EhghPm8ADLhkFkWpCqOR6V0xHRBIKuoSCLuHrp/h/0jy2apZzWS7Vzxdt5NE+OkBHyEEuqqML1EBNRFGKHtATejbujUfjxXidR3PGYqaIfsB4+wTY1JXJ</latexit><latexit sha1_base64="34XcL9V4wMr38mWrw8wqPccT4LQ=">AAAB+3icdVDLSgMxFM3UV62v0S7dBIvgapjR2ml3BRFcVrC20NaSSTNtaOZBckcchvorblyouPVH3Pk3pg9BRQ8EDuecm9wcLxZcgW1/GLml5ZXVtfx6YWNza3vH3N27VlEiKWvSSESy7RHFBA9ZEzgI1o4lI4EnWMsbn0391i2TikfhFaQx6wVkGHKfUwJa6pvFLowYkJsusDvIEqWjk75Zsq3aablas7EmlUrNdefEPbGxY9kzlNACjb753h1ENAlYCFQQpTqOHUMvIxI4FWxS6Op7Y0LHZMg6moYkYKqXzZaf4EOtDLAfSX1CwDP1+0RGAqXSwNPJgMBI/fam4l9eJwG/2st4GCfAQjp/yE8EhghPm8ADLhkFkWpCqOR6V0xHRBIKuoSCLuHrp/h/0jy2apZzWS7Vzxdt5NE+OkBHyEEuqqML1EBNRFGKHtATejbujUfjxXidR3PGYqaIfsB4+wTY1JXJ</latexit><latexit sha1_base64="34XcL9V4wMr38mWrw8wqPccT4LQ=">AAAB+3icdVDLSgMxFM3UV62v0S7dBIvgapjR2ml3BRFcVrC20NaSSTNtaOZBckcchvorblyouPVH3Pk3pg9BRQ8EDuecm9wcLxZcgW1/GLml5ZXVtfx6YWNza3vH3N27VlEiKWvSSESy7RHFBA9ZEzgI1o4lI4EnWMsbn0391i2TikfhFaQx6wVkGHKfUwJa6pvFLowYkJsusDvIEqWjk75Zsq3aablas7EmlUrNdefEPbGxY9kzlNACjb753h1ENAlYCFQQpTqOHUMvIxI4FWxS6Op7Y0LHZMg6moYkYKqXzZaf4EOtDLAfSX1CwDP1+0RGAqXSwNPJgMBI/fam4l9eJwG/2st4GCfAQjp/yE8EhghPm8ADLhkFkWpCqOR6V0xHRBIKuoSCLuHrp/h/0jy2apZzWS7Vzxdt5NE+OkBHyEEuqqML1EBNRFGKHtATejbujUfjxXidR3PGYqaIfsB4+wTY1JXJ</latexit>

✓movies
<latexit sha1_base64="51vza44mN3oX6F7IXu0peBfpRqQ=">AAAB/HicdVDJSgNBEO2JW4zbuNy8NAbBU5hozHILiOAxgjGBJIaeTiVp0rPQXROMQ/BXvHhQ8eqHePNv7CyCij4oeLxXRVU9N5RCo+N8WImFxaXlleRqam19Y3PL3t651kGkOFR5IANVd5kGKXyookAJ9VAB81wJNXdwNvFrQ1BaBP4VjkJoeazni67gDI3Utvea2AdkN02EW4y9YChAj9t22smUTnPFkkMNyedLhcKMFE4cms04U6TJHJW2/d7sBDzywEcumdaNrBNiK2YKBZcwTjUjDSHjA9aDhqE+80C34un1Y3polA7tBsqUj3Sqfp+Imaf1yHNNp8ewr397E/EvrxFht9iKhR9GCD6fLepGkmJAJ1HQjlDAUY4MYVwJcyvlfaYYRxNYyoTw9Sn9n1SPM6VM9jKXLp/P00iSfXJAjkiWFEiZXJAKqRJO7sgDeSLP1r31aL1Yr7PWhDWf2SU/YL19ApiGljQ=</latexit><latexit sha1_base64="51vza44mN3oX6F7IXu0peBfpRqQ=">AAAB/HicdVDJSgNBEO2JW4zbuNy8NAbBU5hozHILiOAxgjGBJIaeTiVp0rPQXROMQ/BXvHhQ8eqHePNv7CyCij4oeLxXRVU9N5RCo+N8WImFxaXlleRqam19Y3PL3t651kGkOFR5IANVd5kGKXyookAJ9VAB81wJNXdwNvFrQ1BaBP4VjkJoeazni67gDI3Utvea2AdkN02EW4y9YChAj9t22smUTnPFkkMNyedLhcKMFE4cms04U6TJHJW2/d7sBDzywEcumdaNrBNiK2YKBZcwTjUjDSHjA9aDhqE+80C34un1Y3polA7tBsqUj3Sqfp+Imaf1yHNNp8ewr397E/EvrxFht9iKhR9GCD6fLepGkmJAJ1HQjlDAUY4MYVwJcyvlfaYYRxNYyoTw9Sn9n1SPM6VM9jKXLp/P00iSfXJAjkiWFEiZXJAKqRJO7sgDeSLP1r31aL1Yr7PWhDWf2SU/YL19ApiGljQ=</latexit><latexit sha1_base64="51vza44mN3oX6F7IXu0peBfpRqQ=">AAAB/HicdVDJSgNBEO2JW4zbuNy8NAbBU5hozHILiOAxgjGBJIaeTiVp0rPQXROMQ/BXvHhQ8eqHePNv7CyCij4oeLxXRVU9N5RCo+N8WImFxaXlleRqam19Y3PL3t651kGkOFR5IANVd5kGKXyookAJ9VAB81wJNXdwNvFrQ1BaBP4VjkJoeazni67gDI3Utvea2AdkN02EW4y9YChAj9t22smUTnPFkkMNyedLhcKMFE4cms04U6TJHJW2/d7sBDzywEcumdaNrBNiK2YKBZcwTjUjDSHjA9aDhqE+80C34un1Y3polA7tBsqUj3Sqfp+Imaf1yHNNp8ewr397E/EvrxFht9iKhR9GCD6fLepGkmJAJ1HQjlDAUY4MYVwJcyvlfaYYRxNYyoTw9Sn9n1SPM6VM9jKXLp/P00iSfXJAjkiWFEiZXJAKqRJO7sgDeSLP1r31aL1Yr7PWhDWf2SU/YL19ApiGljQ=</latexit><latexit sha1_base64="51vza44mN3oX6F7IXu0peBfpRqQ=">AAAB/HicdVDJSgNBEO2JW4zbuNy8NAbBU5hozHILiOAxgjGBJIaeTiVp0rPQXROMQ/BXvHhQ8eqHePNv7CyCij4oeLxXRVU9N5RCo+N8WImFxaXlleRqam19Y3PL3t651kGkOFR5IANVd5kGKXyookAJ9VAB81wJNXdwNvFrQ1BaBP4VjkJoeazni67gDI3Utvea2AdkN02EW4y9YChAj9t22smUTnPFkkMNyedLhcKMFE4cms04U6TJHJW2/d7sBDzywEcumdaNrBNiK2YKBZcwTjUjDSHjA9aDhqE+80C34un1Y3polA7tBsqUj3Sqfp+Imaf1yHNNp8ewr397E/EvrxFht9iKhR9GCD6fLepGkmJAJ1HQjlDAUY4MYVwJcyvlfaYYRxNYyoTw9Sn9n1SPM6VM9jKXLp/P00iSfXJAjkiWFEiZXJAKqRJO7sgDeSLP1r31aL1Yr7PWhDWf2SU/YL19ApiGljQ=</latexit>✓usersu

<latexit sha1_base64="8//0vvHSR2YawS+k99fviX5Kino=">AAAB/XicbVBPS8MwHE39O+e/qnjyEhyCp9GKoN4GInicYN1grSXN0i0sTUvyqzjKwK/ixYOKV7+HN7+N2daDbj4IPN57v+SXF2WCa3Ccb2thcWl5ZbWyVl3f2Nzatnd273SaK8o8mopUtSOimeCSecBBsHamGEkiwVrR4HLstx6Y0jyVtzDMWJCQnuQxpwSMFNr7PvQZkHsf2CMUuTbRUZiHds2pOxPgeeKWpIZKNEP7y++mNE+YBCqI1h3XySAoiAJOBRtVfXNzRuiA9FjHUEkSpoNisv4IHxmli+NUmSMBT9TfEwVJtB4mkUkmBPp61huL/3mdHOLzoOAyy4FJOn0ozgWGFI+7wF2uGAUxNIRQxc2umPaJIhRMDVVTgjv75XnindQv6u7Naa1xVbZRQQfoEB0jF52hBrpGTeQhigr0jF7Rm/VkvVjv1sc0umCVM3voD6zPH9UulkM=</latexit><latexit sha1_base64="8//0vvHSR2YawS+k99fviX5Kino=">AAAB/XicbVBPS8MwHE39O+e/qnjyEhyCp9GKoN4GInicYN1grSXN0i0sTUvyqzjKwK/ixYOKV7+HN7+N2daDbj4IPN57v+SXF2WCa3Ccb2thcWl5ZbWyVl3f2Nzatnd273SaK8o8mopUtSOimeCSecBBsHamGEkiwVrR4HLstx6Y0jyVtzDMWJCQnuQxpwSMFNr7PvQZkHsf2CMUuTbRUZiHds2pOxPgeeKWpIZKNEP7y++mNE+YBCqI1h3XySAoiAJOBRtVfXNzRuiA9FjHUEkSpoNisv4IHxmli+NUmSMBT9TfEwVJtB4mkUkmBPp61huL/3mdHOLzoOAyy4FJOn0ozgWGFI+7wF2uGAUxNIRQxc2umPaJIhRMDVVTgjv75XnindQv6u7Naa1xVbZRQQfoEB0jF52hBrpGTeQhigr0jF7Rm/VkvVjv1sc0umCVM3voD6zPH9UulkM=</latexit><latexit sha1_base64="8//0vvHSR2YawS+k99fviX5Kino=">AAAB/XicbVBPS8MwHE39O+e/qnjyEhyCp9GKoN4GInicYN1grSXN0i0sTUvyqzjKwK/ixYOKV7+HN7+N2daDbj4IPN57v+SXF2WCa3Ccb2thcWl5ZbWyVl3f2Nzatnd273SaK8o8mopUtSOimeCSecBBsHamGEkiwVrR4HLstx6Y0jyVtzDMWJCQnuQxpwSMFNr7PvQZkHsf2CMUuTbRUZiHds2pOxPgeeKWpIZKNEP7y++mNE+YBCqI1h3XySAoiAJOBRtVfXNzRuiA9FjHUEkSpoNisv4IHxmli+NUmSMBT9TfEwVJtB4mkUkmBPp61huL/3mdHOLzoOAyy4FJOn0ozgWGFI+7wF2uGAUxNIRQxc2umPaJIhRMDVVTgjv75XnindQv6u7Naa1xVbZRQQfoEB0jF52hBrpGTeQhigr0jF7Rm/VkvVjv1sc0umCVM3voD6zPH9UulkM=</latexit><latexit sha1_base64="8//0vvHSR2YawS+k99fviX5Kino=">AAAB/XicbVBPS8MwHE39O+e/qnjyEhyCp9GKoN4GInicYN1grSXN0i0sTUvyqzjKwK/ixYOKV7+HN7+N2daDbj4IPN57v+SXF2WCa3Ccb2thcWl5ZbWyVl3f2Nzatnd273SaK8o8mopUtSOimeCSecBBsHamGEkiwVrR4HLstx6Y0jyVtzDMWJCQnuQxpwSMFNr7PvQZkHsf2CMUuTbRUZiHds2pOxPgeeKWpIZKNEP7y++mNE+YBCqI1h3XySAoiAJOBRtVfXNzRuiA9FjHUEkSpoNisv4IHxmli+NUmSMBT9TfEwVJtB4mkUkmBPp61huL/3mdHOLzoOAyy4FJOn0ozgWGFI+7wF2uGAUxNIRQxc2umPaJIhRMDVVTgjv75XnindQv6u7Naa1xVbZRQQfoEB0jF52hBrpGTeQhigr0jF7Rm/VkvVjv1sc0umCVM3voD6zPH9UulkM=</latexit>

✓movies
m

<latexit sha1_base64="2ZRuVKQQ+B2rkiZbs7zrKZg/7NU=">AAAB/nicbVDLSgNBEJz1GeMrKnjxshgET2FXBPUWEMFjBGMC2RhmJ73JkJnZZaY3GNYc/BUvHlS8+h3e/Bsnj4MmFjQUVd10d4WJ4AY979tZWFxaXlnNreXXNza3tgs7u3cmTjWDKotFrOshNSC4gipyFFBPNFAZCqiFvcuRX+uDNjxWtzhIoClpR/GIM4pWahX2A+wC0vsA4QEzGfc5mGFLtgpFr+SN4c4Tf0qKZIpKq/AVtGOWSlDIBDWm4XsJNjOqkTMBw3yQGkgo69EONCxVVIJpZuP7h+6RVdpuFGtbCt2x+nsio9KYgQxtp6TYNbPeSPzPa6QYnTczrpIUQbHJoigVLsbuKAy3zTUwFANLKNPc3uqyLtWUoY0sb0PwZ1+eJ9WT0kXJvzktlq+maeTIATkkx8QnZ6RMrkmFVAkjj+SZvJI358l5cd6dj0nrgjOd2SN/4Hz+AImOlqY=</latexit><latexit sha1_base64="2ZRuVKQQ+B2rkiZbs7zrKZg/7NU=">AAAB/nicbVDLSgNBEJz1GeMrKnjxshgET2FXBPUWEMFjBGMC2RhmJ73JkJnZZaY3GNYc/BUvHlS8+h3e/Bsnj4MmFjQUVd10d4WJ4AY979tZWFxaXlnNreXXNza3tgs7u3cmTjWDKotFrOshNSC4gipyFFBPNFAZCqiFvcuRX+uDNjxWtzhIoClpR/GIM4pWahX2A+wC0vsA4QEzGfc5mGFLtgpFr+SN4c4Tf0qKZIpKq/AVtGOWSlDIBDWm4XsJNjOqkTMBw3yQGkgo69EONCxVVIJpZuP7h+6RVdpuFGtbCt2x+nsio9KYgQxtp6TYNbPeSPzPa6QYnTczrpIUQbHJoigVLsbuKAy3zTUwFANLKNPc3uqyLtWUoY0sb0PwZ1+eJ9WT0kXJvzktlq+maeTIATkkx8QnZ6RMrkmFVAkjj+SZvJI358l5cd6dj0nrgjOd2SN/4Hz+AImOlqY=</latexit><latexit sha1_base64="2ZRuVKQQ+B2rkiZbs7zrKZg/7NU=">AAAB/nicbVDLSgNBEJz1GeMrKnjxshgET2FXBPUWEMFjBGMC2RhmJ73JkJnZZaY3GNYc/BUvHlS8+h3e/Bsnj4MmFjQUVd10d4WJ4AY979tZWFxaXlnNreXXNza3tgs7u3cmTjWDKotFrOshNSC4gipyFFBPNFAZCqiFvcuRX+uDNjxWtzhIoClpR/GIM4pWahX2A+wC0vsA4QEzGfc5mGFLtgpFr+SN4c4Tf0qKZIpKq/AVtGOWSlDIBDWm4XsJNjOqkTMBw3yQGkgo69EONCxVVIJpZuP7h+6RVdpuFGtbCt2x+nsio9KYgQxtp6TYNbPeSPzPa6QYnTczrpIUQbHJoigVLsbuKAy3zTUwFANLKNPc3uqyLtWUoY0sb0PwZ1+eJ9WT0kXJvzktlq+maeTIATkkx8QnZ6RMrkmFVAkjj+SZvJI358l5cd6dj0nrgjOd2SN/4Hz+AImOlqY=</latexit><latexit sha1_base64="2ZRuVKQQ+B2rkiZbs7zrKZg/7NU=">AAAB/nicbVDLSgNBEJz1GeMrKnjxshgET2FXBPUWEMFjBGMC2RhmJ73JkJnZZaY3GNYc/BUvHlS8+h3e/Bsnj4MmFjQUVd10d4WJ4AY979tZWFxaXlnNreXXNza3tgs7u3cmTjWDKotFrOshNSC4gipyFFBPNFAZCqiFvcuRX+uDNjxWtzhIoClpR/GIM4pWahX2A+wC0vsA4QEzGfc5mGFLtgpFr+SN4c4Tf0qKZIpKq/AVtGOWSlDIBDWm4XsJNjOqkTMBw3yQGkgo69EONCxVVIJpZuP7h+6RVdpuFGtbCt2x+nsio9KYgQxtp6TYNbPeSPzPa6QYnTczrpIUQbHJoigVLsbuKAy3zTUwFANLKNPc3uqyLtWUoY0sb0PwZ1+eJ9WT0kXJvzktlq+maeTIATkkx8QnZ6RMrkmFVAkjj+SZvJI358l5cd6dj0nrgjOd2SN/4Hz+AImOlqY=</latexit> 1. Define a model 
• Parametric models (so far …)

2. Define an objective (the loss function)
• Choice has impact on answer (tradeoff)

3. Optimize the objective
• Calculus
• Numerically (gradient descent)



Loss Functions
Ø Loss function: a function that characterizes the cost, error, or 

loss resulting from a choice of model and parameters.

L (✓, y) = (y � ✓)2 L (✓, y) = |y � ✓| L↵ (✓, y) =

(
1
2 (y � ✓)2 |y � ✓| < ↵

↵
�
|y � ✓|� ↵

2

�
otherwise

Squared Loss (L2) Absolute Loss (L2) Huber Loss
Smooth, 
Sensitive to Outliers

Non-smooth,
Robust

Smooth,
Robust



Calculus for Loss Minimization

Ø General Procedure:
Ø Verify that function is convex (we often will assume this…)
Ø Compute the derivative 
Ø Set derivative equal to zero and solve for the parameters

Ø Using this procedure we discovered the loss minimizers:

✓̂L2 =
1

n

nX

I=1

yi = mean(D) ✓̂L1 = median(D)



Example: Minimizing Average L2 Loss

LD(✓) =
1

n

nX

i=1

(yi � ✓)2

@

@✓
LD(✓) =

1

n

nX

i=1

@

@✓
(yi � ✓)2

Average Loss (L2)

Derivative of the Average Loss (L2)

= � 2

n

nX

i=1

(yi � ✓)

0 = � 2

n

nX

i=1

(yi � ✓)

0 =

 
nX

i=1

yi

!
� n✓

✓̂ =
1

n

nX

i=1

yi

1.

2.

3.

Set derivative = 0 and solve for θ…



Essential Calculus: The Chain Rule

Ø How do I compute the derivative of composed functions?

@

@✓
h(✓) =

@

@✓
f (g(✓))

=

✓
@

@u
f(u)

���
u=g(✓)

◆
@

@✓
g(✓)

Derivative of f
evaluated 

at g(θ)

Derivative 
of g(θ)

Know how to calculate derivatives 
of logs, exponents, and 
exponentials.



Exercise of Calculus
Ø Minimize:

Ø Take the derivative:

L(✓) = (1� log (1 + exp(✓)))2
<latexit sha1_base64="pszSOYzPjnjiX0k9Vyt1F7jE5Dg=">AAACHnicbVDLSgMxFM3UV62vqks3wSK0iGWmiI+FUBDBhYsKVgudWjLpnTY08yC5I5bSP3Hjr7hxoSK40r8xfQi+DgROzjmX5B4vlkKjbX9Yqanpmdm59HxmYXFpeSW7unapo0RxqPJIRqrmMQ1ShFBFgRJqsQIWeBKuvO7x0L+6AaVFFF5gL4ZGwNqh8AVnaKRmdu8s72IHkBXoEc07dIe6Mmq7Enw0t23qwm38lSi4SrQ7WLgu0WY2ZxftEehf4kxIjkxQaWbf3FbEkwBC5JJpXXfsGBt9plBwCYOMm2iIGe+yNtQNDVkAutEf7TegW0ZpUT9S5oRIR+r3iT4LtO4FnkkGDDv6tzcU//PqCfoHjb4I4wQh5OOH/ERSjOiwLNoSCjjKniGMK2H+SnmHKcbRVJoxJTi/V/5LqqXiYdE5382VTyZtpMkG2SR54pB9UianpEKqhJM78kCeyLN1bz1aL9brOJqyJjPr5Aes90+f3J9B</latexit><latexit sha1_base64="pszSOYzPjnjiX0k9Vyt1F7jE5Dg=">AAACHnicbVDLSgMxFM3UV62vqks3wSK0iGWmiI+FUBDBhYsKVgudWjLpnTY08yC5I5bSP3Hjr7hxoSK40r8xfQi+DgROzjmX5B4vlkKjbX9Yqanpmdm59HxmYXFpeSW7unapo0RxqPJIRqrmMQ1ShFBFgRJqsQIWeBKuvO7x0L+6AaVFFF5gL4ZGwNqh8AVnaKRmdu8s72IHkBXoEc07dIe6Mmq7Enw0t23qwm38lSi4SrQ7WLgu0WY2ZxftEehf4kxIjkxQaWbf3FbEkwBC5JJpXXfsGBt9plBwCYOMm2iIGe+yNtQNDVkAutEf7TegW0ZpUT9S5oRIR+r3iT4LtO4FnkkGDDv6tzcU//PqCfoHjb4I4wQh5OOH/ERSjOiwLNoSCjjKniGMK2H+SnmHKcbRVJoxJTi/V/5LqqXiYdE5382VTyZtpMkG2SR54pB9UianpEKqhJM78kCeyLN1bz1aL9brOJqyJjPr5Aes90+f3J9B</latexit><latexit sha1_base64="pszSOYzPjnjiX0k9Vyt1F7jE5Dg=">AAACHnicbVDLSgMxFM3UV62vqks3wSK0iGWmiI+FUBDBhYsKVgudWjLpnTY08yC5I5bSP3Hjr7hxoSK40r8xfQi+DgROzjmX5B4vlkKjbX9Yqanpmdm59HxmYXFpeSW7unapo0RxqPJIRqrmMQ1ShFBFgRJqsQIWeBKuvO7x0L+6AaVFFF5gL4ZGwNqh8AVnaKRmdu8s72IHkBXoEc07dIe6Mmq7Enw0t23qwm38lSi4SrQ7WLgu0WY2ZxftEehf4kxIjkxQaWbf3FbEkwBC5JJpXXfsGBt9plBwCYOMm2iIGe+yNtQNDVkAutEf7TegW0ZpUT9S5oRIR+r3iT4LtO4FnkkGDDv6tzcU//PqCfoHjb4I4wQh5OOH/ERSjOiwLNoSCjjKniGMK2H+SnmHKcbRVJoxJTi/V/5LqqXiYdE5382VTyZtpMkG2SR54pB9UianpEKqhJM78kCeyLN1bz1aL9brOJqyJjPr5Aes90+f3J9B</latexit><latexit sha1_base64="pszSOYzPjnjiX0k9Vyt1F7jE5Dg=">AAACHnicbVDLSgMxFM3UV62vqks3wSK0iGWmiI+FUBDBhYsKVgudWjLpnTY08yC5I5bSP3Hjr7hxoSK40r8xfQi+DgROzjmX5B4vlkKjbX9Yqanpmdm59HxmYXFpeSW7unapo0RxqPJIRqrmMQ1ShFBFgRJqsQIWeBKuvO7x0L+6AaVFFF5gL4ZGwNqh8AVnaKRmdu8s72IHkBXoEc07dIe6Mmq7Enw0t23qwm38lSi4SrQ7WLgu0WY2ZxftEehf4kxIjkxQaWbf3FbEkwBC5JJpXXfsGBt9plBwCYOMm2iIGe+yNtQNDVkAutEf7TegW0ZpUT9S5oRIR+r3iT4LtO4FnkkGDDv6tzcU//PqCfoHjb4I4wQh5OOH/ERSjOiwLNoSCjjKniGMK2H+SnmHKcbRVJoxJTi/V/5LqqXiYdE5382VTyZtpMkG2SR54pB9UianpEKqhJM78kCeyLN1bz1aL9brOJqyJjPr5Aes90+f3J9B</latexit>

@

@✓
L(✓)

<latexit sha1_base64="5x1Ym6I7lrXocPupgSGebWVIv2o=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARqouSiKDuCm5EXFQwttCEMplO2qGTCzMnQgl5Bze+ihsXKm5dufNtnLRFtPWHgY//nDMz5/cTwRVY1pdRWlhcWl4pr1bW1jc2t8ztnTsVp5Iyh8Yilm2fKCZ4xBzgIFg7kYyEvmAtf3hR1Fv3TCoeR7cwSpgXkn7EA04JaKtrHrmBJDRzEyKBE5H/kAsDBiTH17UJHeKuWbXq1lh4HuwpVNFUza756fZimoYsAiqIUh3bSsDLivupYHnFTRVLCB2SPutojEjIlJeNd8rxgXZ6OIilPhHgsft7IiOhUqPQ150hgYGarRXmf7VOCsGZl/EoSYFFdPJQkAoMMS4Cwj0uGQUx0kCo5PqvmA6IDgl0jBUdgj278jw4x/Xzun1zUm1cTdMooz20j2rIRqeogS5REzmIogf0hF7Qq/FoPBtvxvuktWRMZ3bRHxkf3/TpnmY=</latexit><latexit sha1_base64="5x1Ym6I7lrXocPupgSGebWVIv2o=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARqouSiKDuCm5EXFQwttCEMplO2qGTCzMnQgl5Bze+ihsXKm5dufNtnLRFtPWHgY//nDMz5/cTwRVY1pdRWlhcWl4pr1bW1jc2t8ztnTsVp5Iyh8Yilm2fKCZ4xBzgIFg7kYyEvmAtf3hR1Fv3TCoeR7cwSpgXkn7EA04JaKtrHrmBJDRzEyKBE5H/kAsDBiTH17UJHeKuWbXq1lh4HuwpVNFUza756fZimoYsAiqIUh3bSsDLivupYHnFTRVLCB2SPutojEjIlJeNd8rxgXZ6OIilPhHgsft7IiOhUqPQ150hgYGarRXmf7VOCsGZl/EoSYFFdPJQkAoMMS4Cwj0uGQUx0kCo5PqvmA6IDgl0jBUdgj278jw4x/Xzun1zUm1cTdMooz20j2rIRqeogS5REzmIogf0hF7Qq/FoPBtvxvuktWRMZ3bRHxkf3/TpnmY=</latexit><latexit sha1_base64="5x1Ym6I7lrXocPupgSGebWVIv2o=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARqouSiKDuCm5EXFQwttCEMplO2qGTCzMnQgl5Bze+ihsXKm5dufNtnLRFtPWHgY//nDMz5/cTwRVY1pdRWlhcWl4pr1bW1jc2t8ztnTsVp5Iyh8Yilm2fKCZ4xBzgIFg7kYyEvmAtf3hR1Fv3TCoeR7cwSpgXkn7EA04JaKtrHrmBJDRzEyKBE5H/kAsDBiTH17UJHeKuWbXq1lh4HuwpVNFUza756fZimoYsAiqIUh3bSsDLivupYHnFTRVLCB2SPutojEjIlJeNd8rxgXZ6OIilPhHgsft7IiOhUqPQ150hgYGarRXmf7VOCsGZl/EoSYFFdPJQkAoMMS4Cwj0uGQUx0kCo5PqvmA6IDgl0jBUdgj278jw4x/Xzun1zUm1cTdMooz20j2rIRqeogS5REzmIogf0hF7Qq/FoPBtvxvuktWRMZ3bRHxkf3/TpnmY=</latexit><latexit sha1_base64="5x1Ym6I7lrXocPupgSGebWVIv2o=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARqouSiKDuCm5EXFQwttCEMplO2qGTCzMnQgl5Bze+ihsXKm5dufNtnLRFtPWHgY//nDMz5/cTwRVY1pdRWlhcWl4pr1bW1jc2t8ztnTsVp5Iyh8Yilm2fKCZ4xBzgIFg7kYyEvmAtf3hR1Fv3TCoeR7cwSpgXkn7EA04JaKtrHrmBJDRzEyKBE5H/kAsDBiTH17UJHeKuWbXq1lh4HuwpVNFUza756fZimoYsAiqIUh3bSsDLivupYHnFTRVLCB2SPutojEjIlJeNd8rxgXZ6OIilPhHgsft7IiOhUqPQ150hgYGarRXmf7VOCsGZl/EoSYFFdPJQkAoMMS4Cwj0uGQUx0kCo5PqvmA6IDgl0jBUdgj278jw4x/Xzun1zUm1cTdMooz20j2rIRqeogS5REzmIogf0hF7Qq/FoPBtvxvuktWRMZ3bRHxkf3/TpnmY=</latexit>

=
@

@✓
(1� log (1 + exp(✓)))2

<latexit sha1_base64="TUh3KMzsiUqVlOz+xppTmRlVGaE="></latexit><latexit sha1_base64="TUh3KMzsiUqVlOz+xppTmRlVGaE="></latexit><latexit sha1_base64="TUh3KMzsiUqVlOz+xppTmRlVGaE="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="O4sDayV0gAm2mR13RNLVYT3EJb0=">AAACM3icbVDLSgMxFL3j2/qqbt0ERaiIZcaNuhAENy4VrApNLZn0ThvMPEjuiGXon7nxF9y5deNCxV8wfSi+DoScnHMvufeEmVaWfP/RGxufmJyanpktzc0vLC6Vl+fPbZobiTWZ6tRchsKiVgnWSJHGy8ygiEONF+H1Ud+/uEFjVZqcUTfDRizaiYqUFOSkZvn8gPHICFnwTBhSQve+GKcOkuhxjRFVArbNuE7bn68txvE2qwxrNrlR7Q59Xlc7rFle96v+AOwvCUZkHUY4aZYfeCuVeYwJSS2srQd+Ro2iP4nU2Cvx3GIm5LVoY93RRMRoG8Vg/x7bcEqLRalxJyE2UL93FCK2thuHrjIW1LG/vb74n1fPKdprFCrJcsJEDj+Kcs0oZf0wWUsZlKS7jghplJuVyY5wcZKLvORCCH6v/JfUdqr71eDUhxlYhTWoQAC7cAjHcAI1kHAHT/ACr9699+y9DdMa80axrcAPeO8fAtmtEw==</latexit><latexit sha1_base64="O4sDayV0gAm2mR13RNLVYT3EJb0=">AAACM3icbVDLSgMxFL3j2/qqbt0ERaiIZcaNuhAENy4VrApNLZn0ThvMPEjuiGXon7nxF9y5deNCxV8wfSi+DoScnHMvufeEmVaWfP/RGxufmJyanpktzc0vLC6Vl+fPbZobiTWZ6tRchsKiVgnWSJHGy8ygiEONF+H1Ud+/uEFjVZqcUTfDRizaiYqUFOSkZvn8gPHICFnwTBhSQve+GKcOkuhxjRFVArbNuE7bn68txvE2qwxrNrlR7Q59Xlc7rFle96v+AOwvCUZkHUY4aZYfeCuVeYwJSS2srQd+Ro2iP4nU2Cvx3GIm5LVoY93RRMRoG8Vg/x7bcEqLRalxJyE2UL93FCK2thuHrjIW1LG/vb74n1fPKdprFCrJcsJEDj+Kcs0oZf0wWUsZlKS7jghplJuVyY5wcZKLvORCCH6v/JfUdqr71eDUhxlYhTWoQAC7cAjHcAI1kHAHT/ACr9699+y9DdMa80axrcAPeO8fAtmtEw==</latexit><latexit sha1_base64="VGHj04XJVip6RxBnLi99omEHKdM="></latexit><latexit sha1_base64="TUh3KMzsiUqVlOz+xppTmRlVGaE="></latexit><latexit sha1_base64="TUh3KMzsiUqVlOz+xppTmRlVGaE="></latexit><latexit sha1_base64="TUh3KMzsiUqVlOz+xppTmRlVGaE="></latexit><latexit sha1_base64="TUh3KMzsiUqVlOz+xppTmRlVGaE="></latexit><latexit sha1_base64="TUh3KMzsiUqVlOz+xppTmRlVGaE="></latexit><latexit sha1_base64="TUh3KMzsiUqVlOz+xppTmRlVGaE="></latexit>

= 2 (1� log (1 + exp(✓)))
@

@✓
(1� log (1 + exp(✓)))

<latexit sha1_base64="I2PCqn/cgkGLAJiTUUAOvcCQ9Wk="></latexit><latexit sha1_base64="I2PCqn/cgkGLAJiTUUAOvcCQ9Wk="></latexit><latexit sha1_base64="I2PCqn/cgkGLAJiTUUAOvcCQ9Wk="></latexit><latexit sha1_base64="I2PCqn/cgkGLAJiTUUAOvcCQ9Wk="></latexit>

= 2 (1� log (1 + exp(✓))) (�1)
@

@✓
log (1 + exp(✓))

<latexit sha1_base64="WF4qIJHJ/MSh3orU1uVQLvdfueE="></latexit><latexit sha1_base64="WF4qIJHJ/MSh3orU1uVQLvdfueE="></latexit><latexit sha1_base64="WF4qIJHJ/MSh3orU1uVQLvdfueE="></latexit><latexit sha1_base64="WF4qIJHJ/MSh3orU1uVQLvdfueE="></latexit>

= 2 (1� log (1 + exp(✓)))
�1

1 + exp(✓)

@

@✓
(1 + exp(✓))

<latexit sha1_base64="4Tky6aa6HB3W7uhoG0Uz/nffjcw="></latexit><latexit sha1_base64="4Tky6aa6HB3W7uhoG0Uz/nffjcw="></latexit><latexit sha1_base64="4Tky6aa6HB3W7uhoG0Uz/nffjcw="></latexit><latexit sha1_base64="4Tky6aa6HB3W7uhoG0Uz/nffjcw="></latexit>

= 2 (1� log (1 + exp(✓)))
�1

1 + exp(✓)
exp(✓)

<latexit sha1_base64="Ryx8/bfuqnpxsqf4Xc8+kmYA+2I="></latexit><latexit sha1_base64="Ryx8/bfuqnpxsqf4Xc8+kmYA+2I="></latexit><latexit sha1_base64="Ryx8/bfuqnpxsqf4Xc8+kmYA+2I="></latexit><latexit sha1_base64="Ryx8/bfuqnpxsqf4Xc8+kmYA+2I="></latexit>



Ø Minimize:

Ø Take the derivative:
@

@✓
L(✓)

<latexit sha1_base64="5x1Ym6I7lrXocPupgSGebWVIv2o=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARqouSiKDuCm5EXFQwttCEMplO2qGTCzMnQgl5Bze+ihsXKm5dufNtnLRFtPWHgY//nDMz5/cTwRVY1pdRWlhcWl4pr1bW1jc2t8ztnTsVp5Iyh8Yilm2fKCZ4xBzgIFg7kYyEvmAtf3hR1Fv3TCoeR7cwSpgXkn7EA04JaKtrHrmBJDRzEyKBE5H/kAsDBiTH17UJHeKuWbXq1lh4HuwpVNFUza756fZimoYsAiqIUh3bSsDLivupYHnFTRVLCB2SPutojEjIlJeNd8rxgXZ6OIilPhHgsft7IiOhUqPQ150hgYGarRXmf7VOCsGZl/EoSYFFdPJQkAoMMS4Cwj0uGQUx0kCo5PqvmA6IDgl0jBUdgj278jw4x/Xzun1zUm1cTdMooz20j2rIRqeogS5REzmIogf0hF7Qq/FoPBtvxvuktWRMZ3bRHxkf3/TpnmY=</latexit><latexit sha1_base64="5x1Ym6I7lrXocPupgSGebWVIv2o=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARqouSiKDuCm5EXFQwttCEMplO2qGTCzMnQgl5Bze+ihsXKm5dufNtnLRFtPWHgY//nDMz5/cTwRVY1pdRWlhcWl4pr1bW1jc2t8ztnTsVp5Iyh8Yilm2fKCZ4xBzgIFg7kYyEvmAtf3hR1Fv3TCoeR7cwSpgXkn7EA04JaKtrHrmBJDRzEyKBE5H/kAsDBiTH17UJHeKuWbXq1lh4HuwpVNFUza756fZimoYsAiqIUh3bSsDLivupYHnFTRVLCB2SPutojEjIlJeNd8rxgXZ6OIilPhHgsft7IiOhUqPQ150hgYGarRXmf7VOCsGZl/EoSYFFdPJQkAoMMS4Cwj0uGQUx0kCo5PqvmA6IDgl0jBUdgj278jw4x/Xzun1zUm1cTdMooz20j2rIRqeogS5REzmIogf0hF7Qq/FoPBtvxvuktWRMZ3bRHxkf3/TpnmY=</latexit><latexit sha1_base64="5x1Ym6I7lrXocPupgSGebWVIv2o=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARqouSiKDuCm5EXFQwttCEMplO2qGTCzMnQgl5Bze+ihsXKm5dufNtnLRFtPWHgY//nDMz5/cTwRVY1pdRWlhcWl4pr1bW1jc2t8ztnTsVp5Iyh8Yilm2fKCZ4xBzgIFg7kYyEvmAtf3hR1Fv3TCoeR7cwSpgXkn7EA04JaKtrHrmBJDRzEyKBE5H/kAsDBiTH17UJHeKuWbXq1lh4HuwpVNFUza756fZimoYsAiqIUh3bSsDLivupYHnFTRVLCB2SPutojEjIlJeNd8rxgXZ6OIilPhHgsft7IiOhUqPQ150hgYGarRXmf7VOCsGZl/EoSYFFdPJQkAoMMS4Cwj0uGQUx0kCo5PqvmA6IDgl0jBUdgj278jw4x/Xzun1zUm1cTdMooz20j2rIRqeogS5REzmIogf0hF7Qq/FoPBtvxvuktWRMZ3bRHxkf3/TpnmY=</latexit><latexit sha1_base64="5x1Ym6I7lrXocPupgSGebWVIv2o=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARqouSiKDuCm5EXFQwttCEMplO2qGTCzMnQgl5Bze+ihsXKm5dufNtnLRFtPWHgY//nDMz5/cTwRVY1pdRWlhcWl4pr1bW1jc2t8ztnTsVp5Iyh8Yilm2fKCZ4xBzgIFg7kYyEvmAtf3hR1Fv3TCoeR7cwSpgXkn7EA04JaKtrHrmBJDRzEyKBE5H/kAsDBiTH17UJHeKuWbXq1lh4HuwpVNFUza756fZimoYsAiqIUh3bSsDLivupYHnFTRVLCB2SPutojEjIlJeNd8rxgXZ6OIilPhHgsft7IiOhUqPQ150hgYGarRXmf7VOCsGZl/EoSYFFdPJQkAoMMS4Cwj0uGQUx0kCo5PqvmA6IDgl0jBUdgj278jw4x/Xzun1zUm1cTdMooz20j2rIRqeogS5REzmIogf0hF7Qq/FoPBtvxvuktWRMZ3bRHxkf3/TpnmY=</latexit>

= 2 (1� log (1 + exp(✓)))
�1

1 + exp(✓)
exp(✓)

<latexit sha1_base64="Ryx8/bfuqnpxsqf4Xc8+kmYA+2I="></latexit><latexit sha1_base64="Ryx8/bfuqnpxsqf4Xc8+kmYA+2I="></latexit><latexit sha1_base64="Ryx8/bfuqnpxsqf4Xc8+kmYA+2I="></latexit><latexit sha1_base64="Ryx8/bfuqnpxsqf4Xc8+kmYA+2I="></latexit>

= �2 (1� log (1 + exp(✓)))
exp(✓)

1 + exp(✓)
<latexit sha1_base64="2k9gQyzwStRgd1ecR9pIh/8HHow="></latexit><latexit sha1_base64="2k9gQyzwStRgd1ecR9pIh/8HHow="></latexit><latexit sha1_base64="2k9gQyzwStRgd1ecR9pIh/8HHow="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="YHxP5LZClu4oSopM2YZZU3eTBhE=">AAACO3icbZBNSwMxEIZn/ay1avXqJShCRSy7vagHQfDisYJVoVtLNp1tg9kPklmxLP13Xrx68y948aDi1bS2oNUXQt68M0OSJ0iVNOS6z87M7Nz8wmJhqbhcWlldK6+XLk2SaYENkahEXwfcoJIxNkiSwutUI48ChVfB7emwfnWH2sgkvqB+iq2Id2MZSsHJRu3yzTHbr/kKQ6p4bJ/5KulOTnvMx/u04lMPie/6WnZ7NNkYY36ouch/tgzy6aFBu7ztVt2R2F/jjc02jFVvl5/8TiKyCGMSihvT9NyUWjnXJIXCQdHPDKZc3PIuNq2NeYSmlY84DNiOTTosTLRdMbFR+nMi55Ex/SiwnRGnnpmuDcP/as2MwsNWLuM0I4zF90VhphglbAiVdaRGQapvDRda2rcy0eOWD1n0RQvBm/7yX9OoVY+q3rkLBdiELaiABwdwAmdQhwYIeIAXeIN359F5dT6+ac04Y2wb8EvO5xcV5K3a</latexit><latexit sha1_base64="YHxP5LZClu4oSopM2YZZU3eTBhE=">AAACO3icbZBNSwMxEIZn/ay1avXqJShCRSy7vagHQfDisYJVoVtLNp1tg9kPklmxLP13Xrx68y948aDi1bS2oNUXQt68M0OSJ0iVNOS6z87M7Nz8wmJhqbhcWlldK6+XLk2SaYENkahEXwfcoJIxNkiSwutUI48ChVfB7emwfnWH2sgkvqB+iq2Id2MZSsHJRu3yzTHbr/kKQ6p4bJ/5KulOTnvMx/u04lMPie/6WnZ7NNkYY36ouch/tgzy6aFBu7ztVt2R2F/jjc02jFVvl5/8TiKyCGMSihvT9NyUWjnXJIXCQdHPDKZc3PIuNq2NeYSmlY84DNiOTTosTLRdMbFR+nMi55Ex/SiwnRGnnpmuDcP/as2MwsNWLuM0I4zF90VhphglbAiVdaRGQapvDRda2rcy0eOWD1n0RQvBm/7yX9OoVY+q3rkLBdiELaiABwdwAmdQhwYIeIAXeIN359F5dT6+ac04Y2wb8EvO5xcV5K3a</latexit><latexit sha1_base64="8FUySSDOFkfIZNhLnrKBXYrNhjA="></latexit><latexit sha1_base64="2k9gQyzwStRgd1ecR9pIh/8HHow="></latexit><latexit sha1_base64="2k9gQyzwStRgd1ecR9pIh/8HHow="></latexit><latexit sha1_base64="2k9gQyzwStRgd1ecR9pIh/8HHow="></latexit><latexit sha1_base64="2k9gQyzwStRgd1ecR9pIh/8HHow="></latexit><latexit sha1_base64="2k9gQyzwStRgd1ecR9pIh/8HHow="></latexit><latexit sha1_base64="2k9gQyzwStRgd1ecR9pIh/8HHow="></latexit>

Ø Set derivative equal to zero and solve for parameter

�2 (1� log (1 + exp(✓)))
exp(✓)

1 + exp(✓)
= 0

<latexit sha1_base64="v1/0lPoSj4hxWD6I32OB5IMFqAc="></latexit><latexit sha1_base64="v1/0lPoSj4hxWD6I32OB5IMFqAc="></latexit><latexit sha1_base64="v1/0lPoSj4hxWD6I32OB5IMFqAc="></latexit><latexit sha1_base64="v1/0lPoSj4hxWD6I32OB5IMFqAc="></latexit>

1� log (1 + exp(✓)) = 0
<latexit sha1_base64="psRvKIBzV+GWunk+ZydTl2jd7ac=">AAACEXicbVDLSgNBEJyNrxhfUY9eBoOQIIZdEdSDEPAiniK4JpANYXbSmwyZfTDTK4aQb/Dir3jxoOLVmzf/xsnjoIkFDUVVN91dfiKFRtv+tjILi0vLK9nV3Nr6xuZWfnvnTsep4uDyWMaq7jMNUkTgokAJ9UQBC30JNb93OfJr96C0iKNb7CfQDFknEoHgDI3UypccekQ9GXc8CQEWHXpIPXhIih52AVnJU6LTxRK9oHYrX7DL9hh0njhTUiBTVFv5L68d8zSECLlkWjccO8HmgCkUXMIw56UaEsZ7rAMNQyMWgm4Oxi8N6YFR2jSIlakI6Vj9PTFgodb90DedIcOunvVG4n9eI8XgrDkQUZIiRHyyKEglxZiO8qFtoYCj7BvCuBLmVsq7TDGOJsWcCcGZfXmeuMfl87Jzc1KoXE/TyJI9sk+KxCGnpEKuSJW4hJNH8kxeyZv1ZL1Y79bHpDVjTWd2yR9Ynz8vjprk</latexit><latexit sha1_base64="psRvKIBzV+GWunk+ZydTl2jd7ac=">AAACEXicbVDLSgNBEJyNrxhfUY9eBoOQIIZdEdSDEPAiniK4JpANYXbSmwyZfTDTK4aQb/Dir3jxoOLVmzf/xsnjoIkFDUVVN91dfiKFRtv+tjILi0vLK9nV3Nr6xuZWfnvnTsep4uDyWMaq7jMNUkTgokAJ9UQBC30JNb93OfJr96C0iKNb7CfQDFknEoHgDI3UypccekQ9GXc8CQEWHXpIPXhIih52AVnJU6LTxRK9oHYrX7DL9hh0njhTUiBTVFv5L68d8zSECLlkWjccO8HmgCkUXMIw56UaEsZ7rAMNQyMWgm4Oxi8N6YFR2jSIlakI6Vj9PTFgodb90DedIcOunvVG4n9eI8XgrDkQUZIiRHyyKEglxZiO8qFtoYCj7BvCuBLmVsq7TDGOJsWcCcGZfXmeuMfl87Jzc1KoXE/TyJI9sk+KxCGnpEKuSJW4hJNH8kxeyZv1ZL1Y79bHpDVjTWd2yR9Ynz8vjprk</latexit><latexit sha1_base64="psRvKIBzV+GWunk+ZydTl2jd7ac=">AAACEXicbVDLSgNBEJyNrxhfUY9eBoOQIIZdEdSDEPAiniK4JpANYXbSmwyZfTDTK4aQb/Dir3jxoOLVmzf/xsnjoIkFDUVVN91dfiKFRtv+tjILi0vLK9nV3Nr6xuZWfnvnTsep4uDyWMaq7jMNUkTgokAJ9UQBC30JNb93OfJr96C0iKNb7CfQDFknEoHgDI3UypccekQ9GXc8CQEWHXpIPXhIih52AVnJU6LTxRK9oHYrX7DL9hh0njhTUiBTVFv5L68d8zSECLlkWjccO8HmgCkUXMIw56UaEsZ7rAMNQyMWgm4Oxi8N6YFR2jSIlakI6Vj9PTFgodb90DedIcOunvVG4n9eI8XgrDkQUZIiRHyyKEglxZiO8qFtoYCj7BvCuBLmVsq7TDGOJsWcCcGZfXmeuMfl87Jzc1KoXE/TyJI9sk+KxCGnpEKuSJW4hJNH8kxeyZv1ZL1Y79bHpDVjTWd2yR9Ynz8vjprk</latexit><latexit sha1_base64="psRvKIBzV+GWunk+ZydTl2jd7ac=">AAACEXicbVDLSgNBEJyNrxhfUY9eBoOQIIZdEdSDEPAiniK4JpANYXbSmwyZfTDTK4aQb/Dir3jxoOLVmzf/xsnjoIkFDUVVN91dfiKFRtv+tjILi0vLK9nV3Nr6xuZWfnvnTsep4uDyWMaq7jMNUkTgokAJ9UQBC30JNb93OfJr96C0iKNb7CfQDFknEoHgDI3UypccekQ9GXc8CQEWHXpIPXhIih52AVnJU6LTxRK9oHYrX7DL9hh0njhTUiBTVFv5L68d8zSECLlkWjccO8HmgCkUXMIw56UaEsZ7rAMNQyMWgm4Oxi8N6YFR2jSIlakI6Vj9PTFgodb90DedIcOunvVG4n9eI8XgrDkQUZIiRHyyKEglxZiO8qFtoYCj7BvCuBLmVsq7TDGOJsWcCcGZfXmeuMfl87Jzc1KoXE/TyJI9sk+KxCGnpEKuSJW4hJNH8kxeyZv1ZL1Y79bHpDVjTWd2yR9Ynz8vjprk</latexit>

log (1 + exp(✓)) = 1

1 + exp(✓) = exp(1)

exp(✓) = exp(1)� 1

✓ = log (exp(1)� 1) ⇡ 0.541
<latexit sha1_base64="5j7YI71roF0fihRrjlWHWgITe8s="></latexit><latexit sha1_base64="5j7YI71roF0fihRrjlWHWgITe8s="></latexit><latexit sha1_base64="5j7YI71roF0fihRrjlWHWgITe8s="></latexit><latexit sha1_base64="5j7YI71roF0fihRrjlWHWgITe8s="></latexit>

Solving for
parameters



Minimizing the Loss

Ø Calculus techniques can be applied generally … 

Ø Guaranteed to minimize the loss when loss is convex in 
the parameters

Ø May not always have an analytic solution …



Gradient Descent



Intuition

Try the loss game (its free)!

Loss

✓1
<latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit>

✓2
<latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit>

✓3
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Goal: Minimize the loss by turning the knobs.
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✓3
<latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit>
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Loss

✓1
<latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit>

✓2
<latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit>

✓3
<latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit>
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Intuition

Try the loss game (its free)!

Loss

✓1
<latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit>

✓2
<latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit>

✓3
<latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit>

mailto:http://www.ds100.org/sp18/assets/lectures/lec14/loss_game.html


Intuition

Try the loss game (its free)!

Loss

What if we knew which way to turn the knob
and an idea of how far?

This is the Gradient!

✓1
<latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit>

✓2
<latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit>

✓3
<latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit>
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Intuition

Try the loss game (its free)!

Loss

✓1
<latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit>

✓2
<latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit>

✓3
<latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit>
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Try the loss game (its free)!

Loss

✓1
<latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit>

✓2
<latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit>

✓3
<latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit>
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<latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit>

✓3
<latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit>

mailto:http://www.ds100.org/sp18/assets/lectures/lec14/loss_game.html


Intuition

Try the loss game (its free)!

Loss

✓1
<latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit><latexit sha1_base64="0TfkSrliI57UQ1yRjCeQ827oiiA=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgadkNhiS3gAgeI7gaSJYwO+lNhsw+nOkVQshPePGg4tXv8ebfOElWUNGChqKqm+6uIJVCo+N8WIWV1bX1jeJmaWt7Z3evvH9wo5NMcfB4IhPVCZgGKWLwUKCETqqARYGE22B8Pvdv70FpkcTXOEnBj9gwFqHgDI3U6eEIkPXdfrni2E2nWmtU6ZLUajmpO9S1nQUqJEe7X37vDRKeRRAjl0zrruuk6E+ZQsElzEq9TEPK+JgNoWtozCLQ/nRx74yeGGVAw0SZipEu1O8TUxZpPYkC0xkxHOnf3lz8y+tmGDb8qYjTDCHmy0VhJikmdP48HQgFHOXEEMaVMLdSPmKKcTQRlUwIX5/S/4lXtZu2e3VWaV3kaRTJETkmp8QlddIil6RNPMKJJA/kiTxbd9aj9WK9LlsLVj5zSH7AevsEpo6P7g==</latexit>

✓2
<latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit><latexit sha1_base64="8l3UaLvyWqFVcZVqB0UqQar2D08=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iCpe2tIILHCkYLbSib7aZdutnE3YlQQv+EFw8qXv093vw3btsIKvpg4PHeDDPzwlRwDY7zYZVWVtfWN8qbla3tnd296v7BjU4yRZlPE5Gobkg0E1wyHzgI1k0VI3Eo2G04OZ/7t/dMaZ7Ia5imLIjJSPKIUwJG6vZhzIAMvEG15tgtx6s3Pbwk9XpBGg52bWeBGirQGVTf+8OEZjGTQAXRuuc6KQQ5UcCpYLNKP9MsJXRCRqxnqCQx00G+uHeGT4wyxFGiTEnAC/X7RE5iradxaDpjAmP925uLf3m9DKJmkHOZZsAkXS6KMoEhwfPn8ZArRkFMDSFUcXMrpmOiCAUTUcWE8PUp/p/4nt2y3auzWvuiSKOMjtAxOkUuaqA2ukQd5COKBHpAT+jZurMerRfrddlasoqZQ/QD1tsnqBGP7w==</latexit>

✓3
<latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit><latexit sha1_base64="/Vv4F1qwx1efpRm4ExnwQBec/zM=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqpe2tIILHCsYW2lA22027dLOJuxOhhP4JLx5UvPp7vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2DWx2nijKPxiJW3YBoJrhkHnAQrJsoRqJAsE4wuZj7nXumNI/lDUwT5kdkJHnIKQEjdfswZkAGZ4NyxbGbTrXWqOIlqdVyUnewazsLVFCO9qD83h/GNI2YBCqI1j3XScDPiAJOBZuV+qlmCaETMmI9QyWJmPazxb0zfGKUIQ5jZUoCXqjfJzISaT2NAtMZERjr395c/MvrpRA2/IzLJAUm6XJRmAoMMZ4/j4dcMQpiagihiptbMR0TRSiYiEomhK9P8f/Eq9pN270+r7Qu8zSK6Agdo1PkojpqoSvURh6iSKAH9ISerTvr0XqxXpetBSufOUQ/YL19AqmUj/A=</latexit>

This is the Gradient descent!

mailto:http://www.ds100.org/sp18/assets/lectures/lec14/loss_game.html


Quick Review: Gradients

Ø Gradient:

f : Rp ! R

g(✓) = r✓f(✓)

=


@

@✓1
f(✓)|✓, . . . ,

@

@✓3
f(✓)|✓

�

g : Rp ! Rp

Loss function For Example:

f(✓1, ✓2, ✓3) = a✓1 + b✓2 + c✓2✓
2
3

r✓f(✓1, ✓2, ✓3) =
⇥
a, b+ c✓23, 2c✓2✓3

⇤



Gradient Descent Intuition

✓

✓(0)

L(
θ)gradient = “slope”

Slope

Notice slope is negative
and steep!

Initial Guess

Gradient points in parameter 
direction of greatest increase

What if I want to decrease the loss?

Loss



Gradient Descent Intuition

Gradient = 0

✓

✓(0)

✓(1)

✓(2) ✓(3)

Simple, fast, and works well in high dimensions.

✓̂ = ✓(3)

-gradient

L(
θ)Loss

How far should we go?



The Gradient Descent Algorithm

Ø ρ(!) is the step size (learning rate) 
Ø typically 1/!

Ø Converges when gradient is ≈ 0 (or we run out of patience)

For ! from 0 to convergence:

✓(0)  initial vector (random, zeros …)

Evaluated 
at✓(⌧+1)  ✓(⌧) � ⇢(⌧)

✓
r✓L(✓)

����
✓=✓(⌧)

◆



Gradient Descent Solution Paths

Ø Orange line is path taken by gradient descent
Ø Contours are from loss on two parameter model

Overshooting“Good” Step Sizes



Code
Python + Numpy + Pandas + Seaborn
+ SQL + Regex +HTTP 



Coding on the Exam

Ø You will not be required to write large programs

Ø You will be required to write “one line” programs:
Ø long line … df.groupby(…)[…].count(…).sort_values()
Ø DataFrame transformations (merge, groupby, value_counts, 

pivot_table, loc, mean, min, max, count, slicing)
Ø Regular expressions
Ø String Manipulation

Ø Should be comfortable reading python code and explaining 
what is happening.

Ø We will provide code cheat sheet for complex functions 
Ø See practice exam questions …



Python Code for Plotting

Ø Basic elements of a plot in matplotlib
Ø plt.xlabel, plt.ylabel, …

Ø Be able to read basic plot code

Ø Review homeworks and lab on plotting



Numpy and Pandas
Ø Review basic slicing commands and Boolean indexing

Ø df.loc[row names, cols names] (index lookup)

Ø df.iloc[row locations, column locations] (integer lookup)

Ø Key functions: sum, mean, variance, arange



Pandas

Ø Review column selection and Boolean slicing on rows

Ø Review groupby, merge, and pivot_table:
Ø df.groupby([‘state’, ‘gender’])[[‘age’, ‘height’]].mean()
Ø dfA.merge(dfB, on=‘key’, how=‘outer’)
Ø df.pivot_table(index, columns, values, aggfunc, fill_value)

Ø Understand rough usage of basic plotting commands
Ø plot, bar, histogram …
Ø sns.distplot



Group By – manipulating granularity
Key Data

A 3

A 1

A 2

A 3

B 1

C 4

A 1

B 5

C 9

B 6

C 5

A 2

B 1

C 4

B 5

C 9

B 6

C 5

Split into
Groups

Aggregate
Function

Aggregate
Function

Aggregate
Function

A 6

B 12
C 18

A 6
B 12

C 18

Merge
Results



Pivot – A kind of Group By Operation
Key
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Joining data across tables

Ø Joins are a way to connect data across multiple tables

OrderNum ProdID Quantity
1 42 3

1 999 2

2 42 1

ProdID Cost
42 3.14

999 2.72

Purchases.csv Products.csv

⨝
Join

=
OrderNum ProdID Quantity Cost
1 42 3 3.14

1 999 2 2.72

2 42 1 3.14

Joined Table



SQL Coding
Ø You will not be required to write substantial amounts of SQL

Ø Previous exams had harder (to grade) SQL questions

Ø You will need to read “interesting” SQL queries
Ø WITH table_name AS (…) SELECT … 
Ø Interesting multiway joins

Ø You should be familiar with basic schema concepts
Ø Data types 
Ø Foreign key relationships 



Regular Expressions

Ø You will be given the regex guide on the practice 
midterm

Ø You should be able to construct regular expressions to 
match particular patterns

Ø You should be able to read regular expressions and 
determine what they match



Data Visualization



Visualizing Univariate Relationships

Ø Quantitative Data
Ø Histograms, Box Plots, Rug Plots, Smoothed Interpolations (KDE –

Kernel Density Estimators)
Ø Look for symmetry, skew, spread, modes, gaps, outliers…

Ø Nominal & Ordinal Data
Ø Bar plots (sorted by frequency or ordinal dimension)
Ø Look for skew, frequent and rare categories, or invalid 

categories
Ø Consider grouping categories and repeating analysis
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Histograms, Rug Plots, and KDE Interpolation
Describes distribution of data – relative prevalence of values

Ø Histogram
Ø relative frequency of values 
Ø Tradeoff of bin sizes

Ø Rug Plot
Ø Shows the actual data 

locations

Ø Smoothed density estimator
Ø Tradeoff of “bandwidth” 

parameter (more on this later) 



Techniques of Visualization
Ø Scale: ranges of values and how they are presented

Ø Units, starting points, zoom, …

Ø Conditioning: breakdown visualization across dimensions for 
comparison (e.g., separate lines for males and females)

Ø Perception
Ø Length: encode relative magnitude (best for comparison)
Ø Color: encode conditioning and additional dimensions and

Ø Transformations: to linearize relationships highlight important 
trends 
Ø Symmetrize distribution
Ø Linearize relationships (e.g., Tukey Mosteller Bulge)

Ø Things to avoid stacking, jiggling, chart junk, and over plotting



Bad Plot Terminology
Pie charts à Bar charts Eliminate Stacking and Jiggling

Over plotting

Chart
Junk

Area
Perception + Chart Junk
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Linearizing Relationships

Log(x)

Log(y)

Log(y)

Log(x)



Dealing with Big Data
Ø Big n (many rows)

Ø Aggregation & Smoothing – compute summaries over groups/regions
Ø Sliding windows, kernel density smoothing

Ø Set transparency or use contour plots to avoid over-plotting

Ø Big p (many columns)
Ø Create new hybrid columns that summarize multiple columns

Ø Example: total sources of revenue instead of revenue by product
Ø Use dimensionality reduction techniques to automatically derive 

columns that preserve the relationships between records (e.g., 
distances)
Ø PCA – not required to know PCA for the exam.



Kernel Density Estimator

Sum the 3 kernels at 
each point to get 
the density curve 

Gaussian Kernels

K↵(r) =
1p
2⇡↵2

exp

✓
� r2

2↵2

◆

f(x) =
1

n

nX

i=1

K↵(x� xi)



↵ = 0.01 ↵ = 0.05

↵ = 0.1 ↵ = 1.0



Sampling the Population



Data Collection and Sampling
Ø Census: the complete population of interest

Ø Important to identify the population of interest

Probability Samples:

Ø Simple Random Sample (SRS): a random subset where every subset has 
equal chance of being chosen

Ø Stratified Sample: population is partition into strata and a SRS is taken 
within each strata
Ø Samples from each strata don’t need to be the same size

Ø Cluster Sample: divide population into groups, take an SRS of groups, 
and elements from each group are selected
Ø Often take all elements (one-stage) may sample within groups (two-stage)



Non Probability Samples
Ø Administrative Sample: data collected to support an 

administrative purpose and not for research
Ø Bigger isn’t always better à bias still an issue at scale

Ø Voluntary Sample: self-selected participation
Ø Sensitive to self selection bias

Ø Convenience Sample: the data you have …
Ø often administrative



Data Cleaning and EDA



Exploratory Data Analysis

Ø Goals of EDA
Ø Validate the data collection and preparation
Ø Confirm understanding of the data
Ø Search for anomalies or where data is surprising

Ø Iterative Exploratory Process
Ø Analyze summary statistics and data distributions
Ø Transform and analyze relationships between variables
Ø Segment data across informative dimensions (granularity)
Ø Use visualizations to build a deeper understanding

John Tukey



Key Data Properties to Consider in EDA

Ø Structure -- the “shape” of a data file

Ø Granularity -- how fine/coarse is each datum

Ø Scope -- how (in)complete is the data

Ø Temporality -- how is the data situated in time

Ø Faithfulness -- how well does the data capture “reality”



Rectangular Structure
We prefer rectangular data for data analysis (why?)
Ø Regular structures are easy manipulate and analyze
Ø A big part of data cleaning is about 

transforming data to be more rectangular

Two main variants
1. Tables (a.k.a. data-frames  in R/Python and relations in SQL)

Ø Named columns with different types

Ø Manipulated using data transformation languages
Ø map, filter, group by, join, project, 

2. Matrices
Ø Numeric data of the same type

Ø Manipulated using linear algebra 

Re
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Fields/Attributes/
Features/Columns



Kinds of Data

Quantitative Data

Examples:
• Price
• Quantity
• Temperature
• Date
• …

Numbers with meaning ratios 
or intervals.

Categorical Data

Ordinal

Examples:
• Preferences
• Level of education
• …

Categories with orders but no 
consistent meaning if 

magnitudes or intervals

Nominal

Examples:
• Political Affiliation
• CalD number
• …

Categories with no 
specific ordering.

Note that categorical data can also 
be numbers and quantitative data 

may be stored as strings.



Web 
Technologies
XML/JSON/HTTP/REST



Request – Response Protocol

Swipe

Request
Client Server

HTTP/1.1 200 OK
Server: GitHub.com
Date: Mon, 12 Feb 2018 05:41:55 GMT
…H

ea
d

er

<!DOCTYPE html><html lang="en"> <head>  <meta charset="utf-8">    

<meta http-equiv="X-UA-Compatible" content="IE=edge">    

<title>DS100</title><meta name="author" content="UC Berkeley"> > …Bo
d

y

Response

GET /sp18/syllabus.html?a=1 HTTP/1.1

HOST: ds100.org

…H
ea

d
er



Request Types (Main Types)
Ø Know differences between put and get

Ø GET – get information 
Ø Parameters passed in URI (limited to ~2000 characters)

Ø /app/user_info.json?username=mejoeyg&version=now
Ø Request body is typically ignored 

Ø Should not have side-effects (e.g., update user info)
Ø Can be cached in on server, network, or in browser (bookmarks)

Ø POST – send information
Ø Parameters passed in URI and BODY
Ø May  and typically will have side-effects 
Ø Often used with web forms.



HTML/XML/JSON

Ø Most services will exchange data in HTML, XML, or JSON

Ø Nested data formats (review JSON notebook)
Ø Understand how JSON objects map to python objects (HWs)

Ø JSON List à Python List
Ø JSON Dictionary à Python Dictionary
Ø JSON Literal à Python Literal

Ø Review basic XML formatting requirements:
Ø Well nested tags, no spaces, case sensitive, 

Ø Be able to read XML and JSON and identify basic bugs



String Manipulation
and 
Regular Expressions



Regex Reference Sheet
^ match beginning of string (unless 
used for negation [^ … ])

$ match end of string character

? match preceding character or 
subexpression at most once

+ match preceding character or 
subexpression one or more times

* match preceding character or 
subexpression zero or more times

. matches any character except 
newline

[ ] match any single character inside
- match a range of characters [a-c]

( ) used to create sub-expressions

\b match boundary between words

\w match a ”word” character (letters, digits, 
underscore). \W is the complement

\s match a whitespace character including 
tabs and newlines. \S is the complement

\d match a digit. \D is the complement

You should know these.



Greedy Matching
Ø Greedy matching: * and + match as many characters as 

possible using the preceding subexpression in the regular 
expression before going to the next subexpression.

Ø Example
Ø <.*> matches  <body>text</body>

Ø ? The modifier suffix makes * and + non-greedy.
Ø <.*?> matches  <body>text</body>



SQL



Relational Database Management Systems

Ø Traditionally DBMS referred to relational databases

Ø Logically organize data in relations (tables)

Name Prod Price

Sue iPod $200.00

Joey Bike $333.99

Alice Car $999.00

Sales relation:

Tuple (row)
Attribute (column)

Describes relationship:
Name purchased 
Prod at Price.

How is data 
physically
stored?



Name Prod Price

Sue iPod $200.00

Joey Bike $333.99

Alice Car $999.00

Relational Data Abstraction

sid sname rating age

28 yuppy 9 35.0

31 lubber 8 55.5

44 guppy 5 35.0

58 rusty 10 35.0
bid bname color

101 Interlake blue
102 Interlake red

104 Marine red
103 Clipper green

Relations (Tables)

A
b

st
ra

ct
io

n

Database Management System
Optimized Data Structures

B+Trees

Page 1 Page 2

Page 3 Page 4

Page 5 Page 6

Optimized 
Storage

Page
Header
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Physical Data Independence:
Database management systems hide how data is 
stored from end user applications 

à System can optimize storage and computation
without changing applications.

Big Idea in Data Structures
Data Systems &
Computer Science

It wasn’t always like this …



SELECT name, gpa
FROM students 

WHERE dept = 'CS’
ORDER BY gpa

SQL is Declarative:

What I want

From what source

Under what conditions

How should it be presented

Say what you want, not how to get it.

SQL
Keywords



Relational Terminology

Ø Database: Set of Relations (i.e., one or more tables)

Ø Attribute (Column)

Ø Tuple (Record, Row)

Ø Relation (Table):
Ø Schema: the set of column names, their types, and any 

constraints
Ø Instance: data satisfying the schema 

Ø Schema of database is set of schemas of its relations



Keys to Connect Data
Ø Often data will reference other 

pieces of data

Ø Primary key: the column or set of 
columns in a table that determine 
the values of the remaining 
columns
Ø Primary keys are unique
Ø Examples: SSN, ProductIDs, …

Ø Foreign keys: the column or sets of 
columns that reference primary 
keys in other tables.

OrderNum ProdID Quantity
1 42 3
1 999 2
2 42 1

OrderNum CustID Date
1 171345 8/21/2017
2 281139 8/30/2017

ProdID Cost
42 3.14
999 2.72

Purchases.csv

Products.csv

Orders.csv

CustID Addr
171345 Harmon.. 
281139 Main ..

Customers.csv

Foreign Key

Primary Key



The Data Definition Language
CREATE TABLE Sailors (

sid INTEGER,   
sname CHAR(20), 
rating INTEGER, 
age REAL,
PRIMARY KEY (sid));

CREATE TABLE Boats (
bid INTEGER,     
bname CHAR (20), 
color CHAR(10), 
PRIMARY KEY (bid));

CREATE TABLE Reserves (
sid INTEGER,      
bid INTEGER, 
day DATE, 

PRIMARY KEY (sid, bid, day), 
FOREIGN KEY (sid) REFERENCES Sailors, 
FOREIGN KEY (bid) REFERENCES Boats);

sid sname rating age
1 Fred 7 22
2 Jim 2 39
3 Nancy 8 27

bid bname color
101 Nina red
102 Pinta blue
103 Santa Maria red

sid bid day
1 102 9/12
2 102 9/13

Columns have
names and types

Specify
Primary Key

column(s)

Specify
Foreign Key
relationships

Semicolon at end
of commands



Conceptual SQL 
Evaluation

SELECT        [DISTINCT]  target-list
FROM         relation-list
WHERE        qualification
GROUP BY  grouping-list
HAVING      group-qualification

Try Queries Here
http://sqlfiddle.com/#!17/67109/12

GROUP BY

One or more tables 
to use 
(cross product …)

Apply selections
(eliminate rows)

Project away columns
(just keep those used in 
SELECT, GBY, HAVING)

WHERE

FROM HAVING

Form groups 
& aggregate

SELECT

Eliminate 
groups

[DISTINCT] Eliminate 
duplicates

http://sqlfiddle.com/


Join Queries
SELECT [DISTINCT] <column expression list>
FROM <table1 [AS t1], ... , tableN [AS tn]>

[WHERE <predicate>]
[GROUP BY <column list>
[HAVING <predicate>] ]
[ORDER BY <column list>];

1. FROM : compute cross product of tables.
2. WHERE : Check conditions, discard tuples that fail.
3. SELECT : Specify desired fields in output.

Ø Note: likely a terribly inefficient strategy! 
Ø Query optimizer will find more efficient plans.



Return Sailors (S) and the dates of their 
Reservations (R)

S:
sid bid day

22 101 10/10/96

58 103 11/12/96

R:
sid sname rating age

22 dustin 7 45.0

31 lubber 8 55.5

58 rusty 10 35.0

SELECT S.sname, R.day
FROM Reserves AS R, Sailors AS S 
WHERE S.sid = R.sid

http://sqlfiddle.com/#!17/53815/1140/0

R1 ⋈ S1
sid bid day sid sname rating age

22 101 10/10/96 22 dustin 7 45.0

22 101 10/10/96 31 lubber 8 55.5

22 101 10/10/96 58 rusty 10 35.0

58 103 11/12/96 22 dustin 7 45.0

58 103 11/12/96 31 lubber 8 55.5

58 103 11/12/96 58 rusty 10 35.0

Symbol for join 
(Rel. Alg.)

http://sqlfiddle.com/


Kinds of Joins
Inner Joins Left Joins Right Joins Outer Join

Review the slides and syntax for each join type
SELECT r.sid, b.bid, b.bname
FROM Reserves3 r FULL JOIN Boats2 b 
ON r.bid = b.bid

sid bid day

22 101 1996-10-10

95 103 1996-11-12

38 42 2010-08-21

Reserves3
bid bname color

101 Interlake blue

102 Interlake red

103 Clipper green

104 Marine red

Boats2 sid bid bname

22 101 Interlake

95 103 Clipper

38 (null) (null)

(null) 104 Marine

(null) 102 Interlake

Result:



Putting it all together

SELECT c.name, AVG(g.grade) AS avg_g, COUNT(*) AS size
FROM grades AS g, classes AS c

WHERE g.class_id = c.class_id AND 
g.year = “2006”

GROUP BY g.class_id
HAVING COUNT(*) > 2
ORDER BY avg_g DESC

What does this compute?

GROUP BY

WHERE

FROM HAVING

SELECT

[DISTINCT]



Good Luck!


