
6.036/6.862: Introduction to 
Machine Learning

Lecture: starts Tuesdays 9:35am (Boston time zone) 
Course website: introml.odl.mit.edu 
Who’s talking? Prof. Tamara Broderick 
Questions? discourse.odl.mit.edu (“Lecture 2” category) 
Materials: Will all be available at course website
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Last Time
I. Machine learning setup 
II. Linear classifiers 
III. Learning algorithms

Today’s Plan
I. Perceptron algorithm 
II. Harder and easier 

linear classification 
III. Perceptron theorem
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Recall: Classifiers
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Recall: Classifiers
h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

• A linear classifier:
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Recall: Classifiers
h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

• A linear classifier:
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Recall: Classifiers

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

• A linear classifier:
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Recall: Classifiers

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x+ ✓0)
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• A linear classifier:

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Recall: Classifiers

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

• A linear classifier:
✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Recall: Classifiers

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

• A linear classifier:
✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x :
✓
> x+

✓0
=
0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Recall: Classifiers

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

• A linear classifier:
✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x :
✓
> x+

✓0
=
0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x :
✓
> x+

✓0
>
0

<latexit sha1_base64="L2kPGfAcaui5etXYmZVijuccqgk=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjAZeDBL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP7GQmPw=</latexit>



2

Recall: Classifiers

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

• A linear classifier:
✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x :
✓
> x+

✓0
=
0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x :
✓
> x+

✓0
>
0

<latexit sha1_base64="L2kPGfAcaui5etXYmZVijuccqgk=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjAZeDBL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP7GQmPw=</latexit>

x :
✓
> x+

✓0
<
0

<latexit sha1_base64="R5ZiXOd7NBcwz25+JRRjbjduZ1I=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARc8BL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP66EmPo=</latexit>
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Recall: Classifiers

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x :
✓
> x+

✓0
=
0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x :
✓
> x+

✓0
>
0

<latexit sha1_base64="L2kPGfAcaui5etXYmZVijuccqgk=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjAZeDBL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP7GQmPw=</latexit>

x :
✓
> x+

✓0
<
0

<latexit sha1_base64="R5ZiXOd7NBcwz25+JRRjbjduZ1I=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARc8BL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP66EmPo=</latexit>

• A linear classifier:
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Recall: Classifiers

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x :
✓
> x+

✓0
=
0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x :
✓
> x+

✓0
>
0

<latexit sha1_base64="L2kPGfAcaui5etXYmZVijuccqgk=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjAZeDBL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP7GQmPw=</latexit>

x :
✓
> x+

✓0
<
0

<latexit sha1_base64="R5ZiXOd7NBcwz25+JRRjbjduZ1I=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARc8BL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP66EmPo=</latexit>

• A linear classifier:



2

Recall: Classifiers

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x :
✓
> x+

✓0
=
0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x :
✓
> x+

✓0
>
0

<latexit sha1_base64="L2kPGfAcaui5etXYmZVijuccqgk=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjAZeDBL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP7GQmPw=</latexit>

x :
✓
> x+

✓0
<
0

<latexit sha1_base64="R5ZiXOd7NBcwz25+JRRjbjduZ1I=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARc8BL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP66EmPo=</latexit>

• A linear classifier:



2

Recall: Classifiers

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x :
✓
> x+

✓0
=
0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x :
✓
> x+

✓0
>
0

<latexit sha1_base64="L2kPGfAcaui5etXYmZVijuccqgk=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjAZeDBL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP7GQmPw=</latexit>

x :
✓
> x+

✓0
<
0

<latexit sha1_base64="R5ZiXOd7NBcwz25+JRRjbjduZ1I=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARc8BL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP66EmPo=</latexit>

• A linear classifier:



2

Recall: Classifiers

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x :
✓
> x+

✓0
=
0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x :
✓
> x+

✓0
>
0

<latexit sha1_base64="L2kPGfAcaui5etXYmZVijuccqgk=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjAZeDBL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP7GQmPw=</latexit>

x :
✓
> x+

✓0
<
0

<latexit sha1_base64="R5ZiXOd7NBcwz25+JRRjbjduZ1I=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARc8BL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP66EmPo=</latexit>

• A linear classifier:



2

Recall: Classifiers

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x :
✓
> x+

✓0
=
0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x :
✓
> x+

✓0
>
0

<latexit sha1_base64="L2kPGfAcaui5etXYmZVijuccqgk=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjAZeDBL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP7GQmPw=</latexit>

x :
✓
> x+

✓0
<
0

<latexit sha1_base64="R5ZiXOd7NBcwz25+JRRjbjduZ1I=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARc8BL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP66EmPo=</latexit>

• A linear classifier:

hyperplane
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Recall: Classifiers

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x :
✓
> x+

✓0
=
0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x :
✓
> x+

✓0
>
0

<latexit sha1_base64="L2kPGfAcaui5etXYmZVijuccqgk=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjAZeDBL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP7GQmPw=</latexit>

x :
✓
> x+

✓0
<
0

<latexit sha1_base64="R5ZiXOd7NBcwz25+JRRjbjduZ1I=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARc8BL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP66EmPo=</latexit>

• A linear classifier:

hyperplane
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linear classifiers

2

Recall: Classifiers

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x :
✓
> x+

✓0
=
0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x :
✓
> x+

✓0
>
0

<latexit sha1_base64="L2kPGfAcaui5etXYmZVijuccqgk=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjAZeDBL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP7GQmPw=</latexit>

x :
✓
> x+

✓0
<
0

<latexit sha1_base64="R5ZiXOd7NBcwz25+JRRjbjduZ1I=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARc8BL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP66EmPo=</latexit>

• A linear classifier:

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

hyperplane
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2

Recall: Classifiers

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x :
✓
> x+

✓0
=
0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x :
✓
> x+

✓0
>
0

<latexit sha1_base64="L2kPGfAcaui5etXYmZVijuccqgk=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjAZeDBL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP7GQmPw=</latexit>

x :
✓
> x+

✓0
<
0

<latexit sha1_base64="R5ZiXOd7NBcwz25+JRRjbjduZ1I=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARc8BL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP66EmPo=</latexit>

• A linear classifier:

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

• 0-1 Loss
L(g, a) =

⇢
0 if g = a
1 else

<latexit sha1_base64="cJSPUyx6dttJxW97TJokkxJUHKE="></latexit>

hyperplane



• Hypothesis class     of all 
linear classifiers

2

Recall: Classifiers

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x :
✓
> x+

✓0
=
0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x :
✓
> x+

✓0
>
0

<latexit sha1_base64="L2kPGfAcaui5etXYmZVijuccqgk=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjAZeDBL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP7GQmPw=</latexit>

x :
✓
> x+

✓0
<
0

<latexit sha1_base64="R5ZiXOd7NBcwz25+JRRjbjduZ1I=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARc8BL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP66EmPo=</latexit>

• A linear classifier:

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

• Training error
En(h) =

1

n

nX

i=1

L(h(x(i)), y(i))

<latexit sha1_base64="3zNoi/fy75VtUErOFgvHrzVzVq8="></latexit>

• 0-1 Loss
L(g, a) =

⇢
0 if g = a
1 else

<latexit sha1_base64="cJSPUyx6dttJxW97TJokkxJUHKE="></latexit>

hyperplane
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Recall: Classifiers

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x :
✓
> x+

✓0
=
0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x :
✓
> x+

✓0
>
0

<latexit sha1_base64="L2kPGfAcaui5etXYmZVijuccqgk=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjAZeDBL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP7GQmPw=</latexit>

x :
✓
> x+

✓0
<
0

<latexit sha1_base64="R5ZiXOd7NBcwz25+JRRjbjduZ1I=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARc8BL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP66EmPo=</latexit>

• A linear classifier:

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

• Training error
En(h) =

1

n

nX

i=1

L(h(x(i)), y(i))

<latexit sha1_base64="3zNoi/fy75VtUErOFgvHrzVzVq8="></latexit>

• 0-1 Loss
L(g, a) =

⇢
0 if g = a
1 else

<latexit sha1_base64="cJSPUyx6dttJxW97TJokkxJUHKE="></latexit>

• Example learning algorithm (given hypotheses      )h(j)

<latexit sha1_base64="31r0c5dOUiWMXsySq8oXOR4i9+g=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U3GzM4uM7NCWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YRK80jem3GM3ZAOJA84o8ZKzeFDWno8m/QKRbfszkCWiZeRImSo9QpfnX7EkhClYYJq3fbc2HRTqgxnAif5TqIxpmxEB9i2VNIQdTednTshp1bpkyBStqQhM/X3REpDrcehbztDaoZ60ZuK/3ntxASX3ZTLODEo2XxRkAhiIjL9nfS5QmbE2BLKFLe3EjakijJjE8rbELzFl5dJ47zsVcpXd5Vi9TqLIwfHcAIl8OACqnALNagDgxE8wyu8ObHz4rw7H/PWFSebOYI/cD5/ANj2j0U=</latexit>
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Recall: Classifiers

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x :
✓
> x+

✓0
=
0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x :
✓
> x+

✓0
>
0

<latexit sha1_base64="L2kPGfAcaui5etXYmZVijuccqgk=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjAZeDBL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP7GQmPw=</latexit>

x :
✓
> x+

✓0
<
0

<latexit sha1_base64="R5ZiXOd7NBcwz25+JRRjbjduZ1I=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARc8BL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP66EmPo=</latexit>

• A linear classifier:

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

• Training error
En(h) =

1

n

nX

i=1

L(h(x(i)), y(i))

<latexit sha1_base64="3zNoi/fy75VtUErOFgvHrzVzVq8="></latexit>

• 0-1 Loss
L(g, a) =

⇢
0 if g = a
1 else

<latexit sha1_base64="cJSPUyx6dttJxW97TJokkxJUHKE="></latexit>

• Example learning algorithm (given hypotheses      )
Ex_learning_alg(   ;  ) 
Set  
Return 

k

<latexit sha1_base64="ESqfkpoOzQTKxIV+zY20hF3GUbw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmuN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANZljPs=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

j⇤ = argminj2{1,...,k}En(h(j))

<latexit sha1_base64="uDyqnxwu54Ntrg6zX7ZLen/NAU0="></latexit>

h(j⇤)

<latexit sha1_base64="6XLMSHq7IrETni4CCNBGbzWszq4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdCai3oBePEcxDkk2YncwmY2Zml5lZISz5Ci8eFPHq53jzb5w8DppY0FBUddPdFcScaeO6305mZXVtfSO7mdva3tndy+8f1HWUKEJrJOKRagZYU84krRlmOG3GimIRcNoIhjcTv/FElWaRvDejmPoC9yULGcHGSg+DTlp87Jydjrv5gltyp0DLxJuTAsxR7ea/2r2IJIJKQzjWuuW5sfFTrAwjnI5z7UTTGJMh7tOWpRILqv10evAYnVilh8JI2ZIGTdXfEykWWo9EYDsFNgO96E3E/7xWYsJLP2UyTgyVZLYoTDgyEZp8j3pMUWL4yBJMFLO3IjLAChNjM8rZELzFl5dJ/bzklUtXd+VC5XoeRxaO4BiK4MEFVOAWqlADAgKe4RXeHOW8OO/Ox6w148xnDuEPnM8f9huP4Q==</latexit>

h(j)

<latexit sha1_base64="31r0c5dOUiWMXsySq8oXOR4i9+g=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U3GzM4uM7NCWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YRK80jem3GM3ZAOJA84o8ZKzeFDWno8m/QKRbfszkCWiZeRImSo9QpfnX7EkhClYYJq3fbc2HRTqgxnAif5TqIxpmxEB9i2VNIQdTednTshp1bpkyBStqQhM/X3REpDrcehbztDaoZ60ZuK/3ntxASX3ZTLODEo2XxRkAhiIjL9nfS5QmbE2BLKFLe3EjakijJjE8rbELzFl5dJ47zsVcpXd5Vi9TqLIwfHcAIl8OACqnALNagDgxE8wyu8ObHz4rw7H/PWFSebOYI/cD5/ANj2j0U=</latexit>

hyperplane



• Hypothesis class     of all 
linear classifiers

2

Recall: Classifiers

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x :
✓
> x+

✓0
=
0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x :
✓
> x+

✓0
>
0

<latexit sha1_base64="L2kPGfAcaui5etXYmZVijuccqgk=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjAZeDBL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP7GQmPw=</latexit>

x :
✓
> x+

✓0
<
0

<latexit sha1_base64="R5ZiXOd7NBcwz25+JRRjbjduZ1I=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARc8BL14jGAWyIxDT6eTNOlZ6K6RhCFnL/6KFw+KePULvPk3dpI5aOKDgsd7VVTV82PBFVjWt5FbWFxaXsmvFtbWNza3zO2duooSSVmNRiKSTZ8oJnjIasBBsGYsGQl8wRp+/3rsNx6YVDwK72AYMzcg3ZB3OCWgJc/cH1xgB3oMyH3qQBSP8AAfZ4pn4UtseWbRKlkT4HliZ6SIMlQ988tpRzQJWAhUEKVathWDmxIJnAo2KjiJYjGhfdJlLU1DEjDlppNXRvhQK23ciaSuEPBE/T2RkkCpYeDrzoBAT816Y/E/r5VA58xNeRgnwEI6XdRJBIYIj3PBbS4ZBTHUhFDJ9a2Y9ogkFHR6BR2CPfvyPKmflOxy6fy2XKxcZXHk0R46QEfIRqeogm5QFdUQRY/oGb2iN+PJeDHejY9pa87IZnbRHxifP66EmPo=</latexit>

• A linear classifier:

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

• Training error
En(h) =

1

n

nX

i=1

L(h(x(i)), y(i))

<latexit sha1_base64="3zNoi/fy75VtUErOFgvHrzVzVq8="></latexit>

• 0-1 Loss
L(g, a) =

⇢
0 if g = a
1 else

<latexit sha1_base64="cJSPUyx6dttJxW97TJokkxJUHKE="></latexit>

• Example learning algorithm (given hypotheses      )
Ex_learning_alg(   ;  ) 
Set  
Return 

k

<latexit sha1_base64="ESqfkpoOzQTKxIV+zY20hF3GUbw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmuN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANZljPs=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

j⇤ = argminj2{1,...,k}En(h(j))

<latexit sha1_base64="uDyqnxwu54Ntrg6zX7ZLen/NAU0="></latexit>

h(j⇤)

<latexit sha1_base64="6XLMSHq7IrETni4CCNBGbzWszq4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdCai3oBePEcxDkk2YncwmY2Zml5lZISz5Ci8eFPHq53jzb5w8DppY0FBUddPdFcScaeO6305mZXVtfSO7mdva3tndy+8f1HWUKEJrJOKRagZYU84krRlmOG3GimIRcNoIhjcTv/FElWaRvDejmPoC9yULGcHGSg+DTlp87Jydjrv5gltyp0DLxJuTAsxR7ea/2r2IJIJKQzjWuuW5sfFTrAwjnI5z7UTTGJMh7tOWpRILqv10evAYnVilh8JI2ZIGTdXfEykWWo9EYDsFNgO96E3E/7xWYsJLP2UyTgyVZLYoTDgyEZp8j3pMUWL4yBJMFLO3IjLAChNjM8rZELzFl5dJ/bzklUtXd+VC5XoeRxaO4BiK4MEFVOAWqlADAgKe4RXeHOW8OO/Ox6w148xnDuEPnM8f9huP4Q==</latexit>

h(j)

<latexit sha1_base64="31r0c5dOUiWMXsySq8oXOR4i9+g=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U3GzM4uM7NCWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YRK80jem3GM3ZAOJA84o8ZKzeFDWno8m/QKRbfszkCWiZeRImSo9QpfnX7EkhClYYJq3fbc2HRTqgxnAif5TqIxpmxEB9i2VNIQdTednTshp1bpkyBStqQhM/X3REpDrcehbztDaoZ60ZuK/3ntxASX3ZTLODEo2XxRkAhiIjL9nfS5QmbE2BLKFLe3EjakijJjE8rbELzFl5dJ47zsVcpXd5Vi9TqLIwfHcAIl8OACqnALNagDgxE8wyu8ObHz4rw7H/PWFSebOYI/cD5/ANj2j0U=</latexit>

[demo]

hyperplane
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Perceptron(   ;  )

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>



Perceptron(   ;  ) 
Initialize  
Initialize

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>



Perceptron(   ;  ) 
Initialize  
Initialize

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]
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3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>
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Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
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3

Perceptron Algorithm
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

[i.e. True if either:
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line
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for t = 1 to   
changed = False 
for i = 1 to n 
if

3
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]
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for i = 1 to n 
if

3
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
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if  
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3
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

What does an update do?



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

What does an update do?
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Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

What does an update do?
✓>updated

<latexit sha1_base64="JaDLBT/SKSrcK2UNRXJwRIn9SAA=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhV0R1C5oYxnBPCAbl9nZm2TI7IOZu2JYtrXxV2wsFLH1D+z8GyePQhMPXO7hnHuZucdPpNBo299WYWl5ZXWtuF7a2Nza3inv7jV1nCoODR7LWLV9pkGKCBooUEI7UcBCX0LLH16N/dY9KC3i6BZHCXRD1o9ET3CGRvLK1MUBILvLXIyT3DMNHlCFWZoEDCHIc69csav2BHSRODNSITPUvfKXG8Q8DSFCLpnWHcdOsJsxhYJLyEtuqiFhfMj60DE0YiHobja5JKdHRgloL1amIqQT9fdGxkKtR6FvJkOGAz3vjcX/vE6KvfNuJqIkRYj49KFeKinGdBwLDYQCjnJkCONKmL9SPmCKcTThlUwIzvzJi6R5UnVOqxc3p5Xa5SyOIjkgh+SYOOSM1Mg1qZMG4eSRPJNX8mY9WS/Wu/UxHS1Ys5198gfW5w+11puk</latexit>

✓0,updated

<latexit sha1_base64="+IhOoTE576PP59uhbfFHeIuyyCs=">AAACBHicbVDJSgNBEO2JW4xb1GMug0HwIGFGAuot6MVjBLNAZhh6emqSJj0L3TViGHLw4q948aCIVz/Cm39jZzlo4oOCx3tVVNXzU8EVWta3UVhZXVvfKG6WtrZ3dvfK+wdtlWSSQYslIpFdnyoQPIYWchTQTSXQyBfQ8YfXE79zD1LxJL7DUQpuRPsxDzmjqCWvXHFwAEi93Dp1EB5QRnmWBhQhGI+9ctWqWVOYy8SekyqZo+mVv5wgYVkEMTJBlerZVopuTiVyJmBccjIFKWVD2oeepjGNQLn59ImxeayVwAwTqStGc6r+nshppNQo8nVnRHGgFr2J+J/XyzC8cHMepxlCzGaLwkyYmJiTRMyAS2AoRppQJrm+1WQDKilDnVtJh2AvvrxM2mc1u167vK1XG1fzOIqkQo7ICbHJOWmQG9IkLcLII3kmr+TNeDJejHfjY9ZaMOYzh+QPjM8frPKYyQ==</latexit>
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Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

= y(i)(✓>x(i) + ✓0) + (kx(i)k2 + 1)

<latexit sha1_base64="XB67oNR4hhBVNmof5ecSb028k3w=">AAACKnicbZBNS0JBFIbn2pfZl9WyzZAESiD3ilAtAqtNS4P8AK/K3HHUwbkfzJwbydXf06a/0sZFIW37IY16g9IODLw87zmcOa8TCK7ANKdGYm19Y3MruZ3a2d3bP0gfHlWVH0rKKtQXvqw7RDHBPVYBDoLVA8mI6whWcwZ3M7/2xKTivvcIw4A1XdLzeJdTAhq10zfXeNiKsjw3xlkb+gxIywY/wM8xPMcL2jZzWmft0Y9hj1oFTaxcO50x8+a88KqwYpFBcZXb6Ynd8WnoMg+oIEo1LDOAZkQkcCrYOGWHigWEDkiPNbT0iMtUM5qfOsZnmnRw15f6eYDn9PdERFylhq6jO10CfbXszeB/XiOE7mUz4l4QAvPoYlE3FBh8PMsNd7hkFMRQC0Il13/FtE8koaDTTekQrOWTV0W1kLeK+auHYqZ0G8eRRCfoFGWRhS5QCd2jMqogil7QG3pHH8arMTGmxueiNWHEM8foTxlf3zNwo2s=</latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

= y(i)(✓>x(i) + ✓0) + (kx(i)k2 + 1)

<latexit sha1_base64="XB67oNR4hhBVNmof5ecSb028k3w=">AAACKnicbZBNS0JBFIbn2pfZl9WyzZAESiD3ilAtAqtNS4P8AK/K3HHUwbkfzJwbydXf06a/0sZFIW37IY16g9IODLw87zmcOa8TCK7ANKdGYm19Y3MruZ3a2d3bP0gfHlWVH0rKKtQXvqw7RDHBPVYBDoLVA8mI6whWcwZ3M7/2xKTivvcIw4A1XdLzeJdTAhq10zfXeNiKsjw3xlkb+gxIywY/wM8xPMcL2jZzWmft0Y9hj1oFTaxcO50x8+a88KqwYpFBcZXb6Ynd8WnoMg+oIEo1LDOAZkQkcCrYOGWHigWEDkiPNbT0iMtUM5qfOsZnmnRw15f6eYDn9PdERFylhq6jO10CfbXszeB/XiOE7mUz4l4QAvPoYlE3FBh8PMsNd7hkFMRQC0Il13/FtE8koaDTTekQrOWTV0W1kLeK+auHYqZ0G8eRRCfoFGWRhS5QCd2jMqogil7QG3pHH8arMTGmxueiNWHEM8foTxlf3zNwo2s=</latexit>

What does an update do?



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

= y(i)(✓>x(i) + ✓0) + (kx(i)k2 + 1)

<latexit sha1_base64="XB67oNR4hhBVNmof5ecSb028k3w=">AAACKnicbZBNS0JBFIbn2pfZl9WyzZAESiD3ilAtAqtNS4P8AK/K3HHUwbkfzJwbydXf06a/0sZFIW37IY16g9IODLw87zmcOa8TCK7ANKdGYm19Y3MruZ3a2d3bP0gfHlWVH0rKKtQXvqw7RDHBPVYBDoLVA8mI6whWcwZ3M7/2xKTivvcIw4A1XdLzeJdTAhq10zfXeNiKsjw3xlkb+gxIywY/wM8xPMcL2jZzWmft0Y9hj1oFTaxcO50x8+a88KqwYpFBcZXb6Ynd8WnoMg+oIEo1LDOAZkQkcCrYOGWHigWEDkiPNbT0iMtUM5qfOsZnmnRw15f6eYDn9PdERFylhq6jO10CfbXszeB/XiOE7mUz4l4QAvPoYlE3FBh8PMsNd7hkFMRQC0Il13/FtE8koaDTTekQrOWTV0W1kLeK+auHYqZ0G8eRRCfoFGWRhS5QCd2jMqogil7QG3pHH8arMTGmxueiNWHEM8foTxlf3zNwo2s=</latexit>

What does an update do?



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

= y(i)(✓>x(i) + ✓0) + (kx(i)k2 + 1)

<latexit sha1_base64="XB67oNR4hhBVNmof5ecSb028k3w=">AAACKnicbZBNS0JBFIbn2pfZl9WyzZAESiD3ilAtAqtNS4P8AK/K3HHUwbkfzJwbydXf06a/0sZFIW37IY16g9IODLw87zmcOa8TCK7ANKdGYm19Y3MruZ3a2d3bP0gfHlWVH0rKKtQXvqw7RDHBPVYBDoLVA8mI6whWcwZ3M7/2xKTivvcIw4A1XdLzeJdTAhq10zfXeNiKsjw3xlkb+gxIywY/wM8xPMcL2jZzWmft0Y9hj1oFTaxcO50x8+a88KqwYpFBcZXb6Ynd8WnoMg+oIEo1LDOAZkQkcCrYOGWHigWEDkiPNbT0iMtUM5qfOsZnmnRw15f6eYDn9PdERFylhq6jO10CfbXszeB/XiOE7mUz4l4QAvPoYlE3FBh8PMsNd7hkFMRQC0Il13/FtE8koaDTTekQrOWTV0W1kLeK+auHYqZ0G8eRRCfoFGWRhS5QCd2jMqogil7QG3pHH8arMTGmxueiNWHEM8foTxlf3zNwo2s=</latexit>

What does an update do?



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

= y(i)(✓>x(i) + ✓0) + (kx(i)k2 + 1)

<latexit sha1_base64="XB67oNR4hhBVNmof5ecSb028k3w=">AAACKnicbZBNS0JBFIbn2pfZl9WyzZAESiD3ilAtAqtNS4P8AK/K3HHUwbkfzJwbydXf06a/0sZFIW37IY16g9IODLw87zmcOa8TCK7ANKdGYm19Y3MruZ3a2d3bP0gfHlWVH0rKKtQXvqw7RDHBPVYBDoLVA8mI6whWcwZ3M7/2xKTivvcIw4A1XdLzeJdTAhq10zfXeNiKsjw3xlkb+gxIywY/wM8xPMcL2jZzWmft0Y9hj1oFTaxcO50x8+a88KqwYpFBcZXb6Ynd8WnoMg+oIEo1LDOAZkQkcCrYOGWHigWEDkiPNbT0iMtUM5qfOsZnmnRw15f6eYDn9PdERFylhq6jO10CfbXszeB/XiOE7mUz4l4QAvPoYlE3FBh8PMsNd7hkFMRQC0Il13/FtE8koaDTTekQrOWTV0W1kLeK+auHYqZ0G8eRRCfoFGWRhS5QCd2jMqogil7QG3pHH8arMTGmxueiNWHEM8foTxlf3zNwo2s=</latexit>

What does an update do?



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

= y(i)(✓>x(i) + ✓0) + (kx(i)k2 + 1)

<latexit sha1_base64="XB67oNR4hhBVNmof5ecSb028k3w=">AAACKnicbZBNS0JBFIbn2pfZl9WyzZAESiD3ilAtAqtNS4P8AK/K3HHUwbkfzJwbydXf06a/0sZFIW37IY16g9IODLw87zmcOa8TCK7ANKdGYm19Y3MruZ3a2d3bP0gfHlWVH0rKKtQXvqw7RDHBPVYBDoLVA8mI6whWcwZ3M7/2xKTivvcIw4A1XdLzeJdTAhq10zfXeNiKsjw3xlkb+gxIywY/wM8xPMcL2jZzWmft0Y9hj1oFTaxcO50x8+a88KqwYpFBcZXb6Ynd8WnoMg+oIEo1LDOAZkQkcCrYOGWHigWEDkiPNbT0iMtUM5qfOsZnmnRw15f6eYDn9PdERFylhq6jO10CfbXszeB/XiOE7mUz4l4QAvPoYlE3FBh8PMsNd7hkFMRQC0Il13/FtE8koaDTTekQrOWTV0W1kLeK+auHYqZ0G8eRRCfoFGWRhS5QCd2jMqogil7QG3pHH8arMTGmxueiNWHEM8foTxlf3zNwo2s=</latexit>

What does an update do?

[demo]
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• Definition: A training set       is linearly 

separable if there exist          such that, for 
every point index                       , we have

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)(✓>x(i) + ✓0) > 0

<latexit sha1_base64="mWyOFJAq9+b+CnUNhQk8u8zy6Ys=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWsQyIwV1I0U3LivYC7TTIZOmbWjmQnJGLEOfwo2v4saFIm7FnW9j2s5CW38I/HznHE7O70WCK7CsbyOztLyyupZdz21sbm3vmLt7dRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW84fWk3rhnUvEwuINRxByf9APe45SARq55MuokBV4c40IbBgxIpw1hhB9SeIxn1LVwEV9iyzXzVsmaCi8aOzV5lKrqml/tbkhjnwVABVGqZVsROAmRwKlg41w7ViwidEj6rKVtQHymnGR61hgfadLFvVDqFwCe0t8TCfGVGvme7vQJDNR8bQL/q7Vi6J07CQ+iGFhAZ4t6scAQ4klGuMsloyBG2hAquf4rpgMiCQWdZE6HYM+fvGjqpyW7XLq4LecrV2kcWXSADlEB2egMVdANqqIaougRPaNX9GY8GS/Gu/Exa80Y6cw++iPj8wcm9pzU</latexit>
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separable if there exist          such that, for 
every point index                       , we have

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)(✓>x(i) + ✓0) > 0

<latexit sha1_base64="mWyOFJAq9+b+CnUNhQk8u8zy6Ys=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWsQyIwV1I0U3LivYC7TTIZOmbWjmQnJGLEOfwo2v4saFIm7FnW9j2s5CW38I/HznHE7O70WCK7CsbyOztLyyupZdz21sbm3vmLt7dRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW84fWk3rhnUvEwuINRxByf9APe45SARq55MuokBV4c40IbBgxIpw1hhB9SeIxn1LVwEV9iyzXzVsmaCi8aOzV5lKrqml/tbkhjnwVABVGqZVsROAmRwKlg41w7ViwidEj6rKVtQHymnGR61hgfadLFvVDqFwCe0t8TCfGVGvme7vQJDNR8bQL/q7Vi6J07CQ+iGFhAZ4t6scAQ4klGuMsloyBG2hAquf4rpgMiCQWdZE6HYM+fvGjqpyW7XLq4LecrV2kcWXSADlEB2egMVdANqqIaougRPaNX9GY8GS/Gu/Exa80Y6cw++iPj8wcm9pzU</latexit>
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• Definition: A training set       is linearly 

separable if there exist          such that, for 
every point index                       , we have

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)(✓>x(i) + ✓0) > 0

<latexit sha1_base64="mWyOFJAq9+b+CnUNhQk8u8zy6Ys=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWsQyIwV1I0U3LivYC7TTIZOmbWjmQnJGLEOfwo2v4saFIm7FnW9j2s5CW38I/HznHE7O70WCK7CsbyOztLyyupZdz21sbm3vmLt7dRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW84fWk3rhnUvEwuINRxByf9APe45SARq55MuokBV4c40IbBgxIpw1hhB9SeIxn1LVwEV9iyzXzVsmaCi8aOzV5lKrqml/tbkhjnwVABVGqZVsROAmRwKlg41w7ViwidEj6rKVtQHymnGR61hgfadLFvVDqFwCe0t8TCfGVGvme7vQJDNR8bQL/q7Vi6J07CQ+iGFhAZ4t6scAQ4klGuMsloyBG2hAquf4rpgMiCQWdZE6HYM+fvGjqpyW7XLq4LecrV2kcWXSADlEB2egMVdANqqIaougRPaNX9GY8GS/Gu/Exa80Y6cw++iPj8wcm9pzU</latexit>
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• Definition: A training set       is linearly 

separable if there exist          such that, for 
every point index                       , we have

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)(✓>x(i) + ✓0) > 0

<latexit sha1_base64="mWyOFJAq9+b+CnUNhQk8u8zy6Ys=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWsQyIwV1I0U3LivYC7TTIZOmbWjmQnJGLEOfwo2v4saFIm7FnW9j2s5CW38I/HznHE7O70WCK7CsbyOztLyyupZdz21sbm3vmLt7dRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW84fWk3rhnUvEwuINRxByf9APe45SARq55MuokBV4c40IbBgxIpw1hhB9SeIxn1LVwEV9iyzXzVsmaCi8aOzV5lKrqml/tbkhjnwVABVGqZVsROAmRwKlg41w7ViwidEj6rKVtQHymnGR61hgfadLFvVDqFwCe0t8TCfGVGvme7vQJDNR8bQL/q7Vi6J07CQ+iGFhAZ4t6scAQ4klGuMsloyBG2hAquf4rpgMiCQWdZE6HYM+fvGjqpyW7XLq4LecrV2kcWXSADlEB2egMVdANqqIaougRPaNX9GY8GS/Gu/Exa80Y6cw++iPj8wcm9pzU</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–

+

––

–
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Let’s Talk About Classifier Quality
• Definition: A training set       is linearly 

separable if there exist          such that, for 
every point index                       , we have

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)(✓>x(i) + ✓0) > 0

<latexit sha1_base64="mWyOFJAq9+b+CnUNhQk8u8zy6Ys=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWsQyIwV1I0U3LivYC7TTIZOmbWjmQnJGLEOfwo2v4saFIm7FnW9j2s5CW38I/HznHE7O70WCK7CsbyOztLyyupZdz21sbm3vmLt7dRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW84fWk3rhnUvEwuINRxByf9APe45SARq55MuokBV4c40IbBgxIpw1hhB9SeIxn1LVwEV9iyzXzVsmaCi8aOzV5lKrqml/tbkhjnwVABVGqZVsROAmRwKlg41w7ViwidEj6rKVtQHymnGR61hgfadLFvVDqFwCe0t8TCfGVGvme7vQJDNR8bQL/q7Vi6J07CQ+iGFhAZ4t6scAQ4klGuMsloyBG2hAquf4rpgMiCQWdZE6HYM+fvGjqpyW7XLq4LecrV2kcWXSADlEB2egMVdANqqIaougRPaNX9GY8GS/Gu/Exa80Y6cw++iPj8wcm9pzU</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–

+

––

–
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Let’s Talk About Classifier Quality
• Definition: A training set       is linearly 

separable if there exist          such that, for 
every point index                       , we have

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)(✓>x(i) + ✓0) > 0

<latexit sha1_base64="mWyOFJAq9+b+CnUNhQk8u8zy6Ys=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWsQyIwV1I0U3LivYC7TTIZOmbWjmQnJGLEOfwo2v4saFIm7FnW9j2s5CW38I/HznHE7O70WCK7CsbyOztLyyupZdz21sbm3vmLt7dRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW84fWk3rhnUvEwuINRxByf9APe45SARq55MuokBV4c40IbBgxIpw1hhB9SeIxn1LVwEV9iyzXzVsmaCi8aOzV5lKrqml/tbkhjnwVABVGqZVsROAmRwKlg41w7ViwidEj6rKVtQHymnGR61hgfadLFvVDqFwCe0t8TCfGVGvme7vQJDNR8bQL/q7Vi6J07CQ+iGFhAZ4t6scAQ4klGuMsloyBG2hAquf4rpgMiCQWdZE6HYM+fvGjqpyW7XLq4LecrV2kcWXSADlEB2egMVdANqqIaougRPaNX9GY8GS/Gu/Exa80Y6cw++iPj8wcm9pzU</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–

+

––

–

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+
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–

–

–

+
+
–

–

–

+
+

–

+
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–

+
––

–

+

––

–



4

Let’s Talk About Classifier Quality
• Definition: A training set       is linearly 

separable if there exist          such that, for 
every point index                       , we have

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)(✓>x(i) + ✓0) > 0

<latexit sha1_base64="mWyOFJAq9+b+CnUNhQk8u8zy6Ys=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWsQyIwV1I0U3LivYC7TTIZOmbWjmQnJGLEOfwo2v4saFIm7FnW9j2s5CW38I/HznHE7O70WCK7CsbyOztLyyupZdz21sbm3vmLt7dRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW84fWk3rhnUvEwuINRxByf9APe45SARq55MuokBV4c40IbBgxIpw1hhB9SeIxn1LVwEV9iyzXzVsmaCi8aOzV5lKrqml/tbkhjnwVABVGqZVsROAmRwKlg41w7ViwidEj6rKVtQHymnGR61hgfadLFvVDqFwCe0t8TCfGVGvme7vQJDNR8bQL/q7Vi6J07CQ+iGFhAZ4t6scAQ4klGuMsloyBG2hAquf4rpgMiCQWdZE6HYM+fvGjqpyW7XLq4LecrV2kcWXSADlEB2egMVdANqqIaougRPaNX9GY8GS/Gu/Exa80Y6cw++iPj8wcm9pzU</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–

+

––

–

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+
–

–

–

+
+

–

+
–

–

+
––

–

+

––

–
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Let’s Talk About Classifier Quality
• Definition: A training set       is linearly 

separable if there exist          such that, for 
every point index                       , we have

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)(✓>x(i) + ✓0) > 0

<latexit sha1_base64="mWyOFJAq9+b+CnUNhQk8u8zy6Ys=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWsQyIwV1I0U3LivYC7TTIZOmbWjmQnJGLEOfwo2v4saFIm7FnW9j2s5CW38I/HznHE7O70WCK7CsbyOztLyyupZdz21sbm3vmLt7dRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW84fWk3rhnUvEwuINRxByf9APe45SARq55MuokBV4c40IbBgxIpw1hhB9SeIxn1LVwEV9iyzXzVsmaCi8aOzV5lKrqml/tbkhjnwVABVGqZVsROAmRwKlg41w7ViwidEj6rKVtQHymnGR61hgfadLFvVDqFwCe0t8TCfGVGvme7vQJDNR8bQL/q7Vi6J07CQ+iGFhAZ4t6scAQ4klGuMsloyBG2hAquf4rpgMiCQWdZE6HYM+fvGjqpyW7XLq4LecrV2kcWXSADlEB2egMVdANqqIaougRPaNX9GY8GS/Gu/Exa80Y6cw++iPj8wcm9pzU</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–

+

––

–

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+
–

–

–

+
+

–

+
–

–

+
––

–

+

––

–
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>
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Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>
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hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

{
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• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

{ {
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hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{
{{

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

{
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• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{
{

= projection of      on ✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

{

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

{
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{
{

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

{

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

{
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{
{

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

{ =
✓>x⇤

k✓k ��✓0
k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

{
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{
{

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

{ =
✓>x⇤

k✓k ��✓0
k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

{
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{
{

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

{ =
✓>x⇤

k✓k ��✓0
k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

{
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{
{

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

{ =
✓>x⇤

k✓k ��✓0
k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

{
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{
{

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

{ =
✓>x⇤

k✓k ��✓0
k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

y⇤
✓
✓>x⇤ + ✓0

k✓k

◆

<latexit sha1_base64="vA0ZcEOAluOUNeqdEBw6m+6DwLc="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

{
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

=
✓>x⇤

k✓k ��✓0
k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

y⇤
✓
✓>x⇤ + ✓0

k✓k

◆

<latexit sha1_base64="vA0ZcEOAluOUNeqdEBw6m+6DwLc="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

=
✓>x⇤

k✓k ��✓0
k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

y⇤
✓
✓>x⇤ + ✓0

k✓k

◆

<latexit sha1_base64="vA0ZcEOAluOUNeqdEBw6m+6DwLc="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
–– –

––

+
+

–

––

+
+

–

+

–
–

+

– –

–
+

–––

+
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

=
✓>x⇤

k✓k ��✓0
k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

y⇤
✓
✓>x⇤ + ✓0

k✓k

◆

<latexit sha1_base64="vA0ZcEOAluOUNeqdEBw6m+6DwLc="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+
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+
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+
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

=
✓>x⇤

k✓k ��✓0
k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

y⇤
✓
✓>x⇤ + ✓0

k✓k

◆

<latexit sha1_base64="vA0ZcEOAluOUNeqdEBw6m+6DwLc="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+
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+
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+
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

=
✓>x⇤

k✓k ��✓0
k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

y⇤
✓
✓>x⇤ + ✓0

k✓k

◆

<latexit sha1_base64="vA0ZcEOAluOUNeqdEBw6m+6DwLc="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+
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–– –
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+
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+
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+
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–

+
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+
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+



• Definition: The margin of the 
training set       with respect to 
the hyperplane defined by         is:5

Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

=
✓>x⇤

k✓k ��✓0
k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

y⇤
✓
✓>x⇤ + ✓0

k✓k

◆

<latexit sha1_base64="vA0ZcEOAluOUNeqdEBw6m+6DwLc="></latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
–– –

––

+
+

–

––

+
+

–

+

–
–

+

– –

–
+
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+



• Definition: The margin of the 
training set       with respect to 
the hyperplane defined by         is:5

Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

=
✓>x⇤

k✓k ��✓0
k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

y⇤
✓
✓>x⇤ + ✓0

k✓k

◆

<latexit sha1_base64="vA0ZcEOAluOUNeqdEBw6m+6DwLc="></latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

min
i2{1,...,n}

y(i)
✓
✓>x(i) + ✓0

k✓k

◆

<latexit sha1_base64="/oNT5xMicFhynsmVU5/StBh3CGo="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+
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+
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–

+
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+
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• Definition: The margin of the 
training set       with respect to 
the hyperplane defined by         is:5

Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

=
✓>x⇤

k✓k ��✓0
k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

y⇤
✓
✓>x⇤ + ✓0

k✓k

◆

<latexit sha1_base64="vA0ZcEOAluOUNeqdEBw6m+6DwLc="></latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

min
i2{1,...,n}

y(i)
✓
✓>x(i) + ✓0

k✓k

◆

<latexit sha1_base64="/oNT5xMicFhynsmVU5/StBh3CGo="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
–– –

––

+
+

–

––

+
+

–

+

–
–

+

– –

–
+

–––

+



• Definition: The margin of the 
training set       with respect to 
the hyperplane defined by         is:5

Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

=
✓>x⇤

k✓k ��✓0
k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

y⇤
✓
✓>x⇤ + ✓0

k✓k

◆

<latexit sha1_base64="vA0ZcEOAluOUNeqdEBw6m+6DwLc="></latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

min
i2{1,...,n}

y(i)
✓
✓>x(i) + ✓0

k✓k

◆

<latexit sha1_base64="/oNT5xMicFhynsmVU5/StBh3CGo="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
–– –

––

+
+

–

––

+
+

–

+

–
–

+

– –

–
+

–––

+
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
–– –

––

+
+

–

––

+
+

–

+

–
–

+

– –

–

+

–––

+



• Assumptions: 
A. Our hypothesis class = classifiers with separating 

hyperplanes that pass through the origin (i.e.           )
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✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
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+
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+

– –

–

+

–––

+
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6

Theorem: Perceptron Performance

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+
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+
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+
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+

– –

–

+

–––

+
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A. Our hypothesis class = classifiers with separating 

hyperplanes that pass through the origin (i.e.           )

6

Theorem: Perceptron Performance

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
–– –
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+
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+

–––

+
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A. Our hypothesis class = classifiers with separating 

hyperplanes that pass through the origin (i.e.           )

6
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✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+
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+
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+
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hyperplanes that pass through the origin (i.e.           ) 
B. There exist       and     such that            and, for 

every                       , we have 

6

Theorem: Perceptron Performance

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

✓⇤

<latexit sha1_base64="/ELiVE+0etgdMPznnILZi+jk7RQ=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoMgHsKuBNRb0IvHCOYBSQyzk95kyOzsOtMrhCU/4cWDIl79HW/+jZNkD5pY0FBUddPd5cdSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNIc6j2SkWz4zIIWCOgqU0Io1sNCX0PRHN1O/+QTaiEjd4ziGbsgGSgSCM7RSq4NDQPZw1iuW3LI7A10mXkZKJEOtV/zq9COehKCQS2ZM23Nj7KZMo+ASJoVOYiBmfMQG0LZUsRBMN53dO6EnVunTINK2FNKZ+nsiZaEx49C3nSHDoVn0puJ/XjvB4LKbChUnCIrPFwWJpBjR6fO0LzRwlGNLGNfC3kr5kGnG0UZUsCF4iy8vk8Z52auUr+4qpep1FkeeHJFjcko8ckGq5JbUSJ1wIskzeSVvzqPz4rw7H/PWnJPNHJI/cD5/AMUmj9A=</latexit>

�

<latexit sha1_base64="w6h9Bf4+M1acskkgMSQ1DM2KxtA=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXiMYB6QLKF3MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCAzlTNKmZZbTTqIpiIjTdjS+nfntJ6oNU/LBThIaChhKFjMC1kmt3hCEgH654lf9OfAqCXJSQTka/fJXb6BIKqi0hIMx3cBPbJiBtoxwOi31UkMTIGMY0q6jEgQ1YTa/dorPnDLAsdKupMVz9fdEBsKYiYhcpwA7MsveTPzP66Y2vgozJpPUUkkWi+KUY6vw7HU8YJoSyyeOANHM3YrJCDQQ6wIquRCC5ZdXSeuiGtSq1/e1Sv0mj6OITtApOkcBukR1dIcaqIkIekTP6BW9ecp78d69j0VrwctnjtEfeJ8/isuPIQ==</latexit>

� > 0

<latexit sha1_base64="mBOdDw0Y7XCvoNz5T0rS3JLoRW8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoF4k6MVjBPPAZAm9k0kyZGZ2mZkVQshfePGgiFf/xpt/4yTZgyYWNBRV3XR3RYngxvr+t5dbWV1b38hvFra2d3b3ivsHdROnmrIajUWsmxEaJrhiNcutYM1EM5SRYI1oeDv1G09MGx6rBztKWCixr3iPU7ROemz3UUok18TvFEt+2Z+BLJMgIyXIUO0Uv9rdmKaSKUsFGtMK/MSGY9SWU8EmhXZqWIJ0iH3WclShZCYczy6ekBOndEkv1q6UJTP198QYpTEjGblOiXZgFr2p+J/XSm3vMhxzlaSWKTpf1EsFsTGZvk+6XDNqxcgRpJq7WwkdoEZqXUgFF0Kw+PIyqZ+Vg/Py1f15qXKTxZGHIziGUwjgAipwB1WoAQUFz/AKb57xXrx372PemvOymUP4A+/zBzDdj/c=</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)
✓
✓⇤>x(i)

k✓k

◆
> �

<latexit sha1_base64="71lR0S8A2K5g8HaZrA1A5HzO8h8="></latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+
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+
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6
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✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

✓⇤

<latexit sha1_base64="/ELiVE+0etgdMPznnILZi+jk7RQ=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoMgHsKuBNRb0IvHCOYBSQyzk95kyOzsOtMrhCU/4cWDIl79HW/+jZNkD5pY0FBUddPd5cdSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNIc6j2SkWz4zIIWCOgqU0Io1sNCX0PRHN1O/+QTaiEjd4ziGbsgGSgSCM7RSq4NDQPZw1iuW3LI7A10mXkZKJEOtV/zq9COehKCQS2ZM23Nj7KZMo+ASJoVOYiBmfMQG0LZUsRBMN53dO6EnVunTINK2FNKZ+nsiZaEx49C3nSHDoVn0puJ/XjvB4LKbChUnCIrPFwWJpBjR6fO0LzRwlGNLGNfC3kr5kGnG0UZUsCF4iy8vk8Z52auUr+4qpep1FkeeHJFjcko8ckGq5JbUSJ1wIskzeSVvzqPz4rw7H/PWnJPNHJI/cD5/AMUmj9A=</latexit>

�

<latexit sha1_base64="w6h9Bf4+M1acskkgMSQ1DM2KxtA=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXiMYB6QLKF3MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCAzlTNKmZZbTTqIpiIjTdjS+nfntJ6oNU/LBThIaChhKFjMC1kmt3hCEgH654lf9OfAqCXJSQTka/fJXb6BIKqi0hIMx3cBPbJiBtoxwOi31UkMTIGMY0q6jEgQ1YTa/dorPnDLAsdKupMVz9fdEBsKYiYhcpwA7MsveTPzP66Y2vgozJpPUUkkWi+KUY6vw7HU8YJoSyyeOANHM3YrJCDQQ6wIquRCC5ZdXSeuiGtSq1/e1Sv0mj6OITtApOkcBukR1dIcaqIkIekTP6BW9ecp78d69j0VrwctnjtEfeJ8/isuPIQ==</latexit>

� > 0

<latexit sha1_base64="mBOdDw0Y7XCvoNz5T0rS3JLoRW8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoF4k6MVjBPPAZAm9k0kyZGZ2mZkVQshfePGgiFf/xpt/4yTZgyYWNBRV3XR3RYngxvr+t5dbWV1b38hvFra2d3b3ivsHdROnmrIajUWsmxEaJrhiNcutYM1EM5SRYI1oeDv1G09MGx6rBztKWCixr3iPU7ROemz3UUok18TvFEt+2Z+BLJMgIyXIUO0Uv9rdmKaSKUsFGtMK/MSGY9SWU8EmhXZqWIJ0iH3WclShZCYczy6ekBOndEkv1q6UJTP198QYpTEjGblOiXZgFr2p+J/XSm3vMhxzlaSWKTpf1EsFsTGZvk+6XDNqxcgRpJq7WwkdoEZqXUgFF0Kw+PIyqZ+Vg/Py1f15qXKTxZGHIziGUwjgAipwB1WoAQUFz/AKb57xXrx372PemvOymUP4A+/zBzDdj/c=</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)
✓
✓⇤>x(i)

k✓k

◆
> �

<latexit sha1_base64="71lR0S8A2K5g8HaZrA1A5HzO8h8="></latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
–– –

––

+
+

–

––

+
+

–

+

–
–

+

– –

–

+

–––

+



• Assumptions: 
A. Our hypothesis class = classifiers with separating 

hyperplanes that pass through the origin (i.e.           ) 
B. There exist       and     such that            and, for 

every                       , we have 
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Theorem: Perceptron Performance

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

✓⇤

<latexit sha1_base64="/ELiVE+0etgdMPznnILZi+jk7RQ=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoMgHsKuBNRb0IvHCOYBSQyzk95kyOzsOtMrhCU/4cWDIl79HW/+jZNkD5pY0FBUddPd5cdSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNIc6j2SkWz4zIIWCOgqU0Io1sNCX0PRHN1O/+QTaiEjd4ziGbsgGSgSCM7RSq4NDQPZw1iuW3LI7A10mXkZKJEOtV/zq9COehKCQS2ZM23Nj7KZMo+ASJoVOYiBmfMQG0LZUsRBMN53dO6EnVunTINK2FNKZ+nsiZaEx49C3nSHDoVn0puJ/XjvB4LKbChUnCIrPFwWJpBjR6fO0LzRwlGNLGNfC3kr5kGnG0UZUsCF4iy8vk8Z52auUr+4qpep1FkeeHJFjcko8ckGq5JbUSJ1wIskzeSVvzqPz4rw7H/PWnJPNHJI/cD5/AMUmj9A=</latexit>

�

<latexit sha1_base64="w6h9Bf4+M1acskkgMSQ1DM2KxtA=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXiMYB6QLKF3MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCAzlTNKmZZbTTqIpiIjTdjS+nfntJ6oNU/LBThIaChhKFjMC1kmt3hCEgH654lf9OfAqCXJSQTka/fJXb6BIKqi0hIMx3cBPbJiBtoxwOi31UkMTIGMY0q6jEgQ1YTa/dorPnDLAsdKupMVz9fdEBsKYiYhcpwA7MsveTPzP66Y2vgozJpPUUkkWi+KUY6vw7HU8YJoSyyeOANHM3YrJCDQQ6wIquRCC5ZdXSeuiGtSq1/e1Sv0mj6OITtApOkcBukR1dIcaqIkIekTP6BW9ecp78d69j0VrwctnjtEfeJ8/isuPIQ==</latexit>

� > 0

<latexit sha1_base64="mBOdDw0Y7XCvoNz5T0rS3JLoRW8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoF4k6MVjBPPAZAm9k0kyZGZ2mZkVQshfePGgiFf/xpt/4yTZgyYWNBRV3XR3RYngxvr+t5dbWV1b38hvFra2d3b3ivsHdROnmrIajUWsmxEaJrhiNcutYM1EM5SRYI1oeDv1G09MGx6rBztKWCixr3iPU7ROemz3UUok18TvFEt+2Z+BLJMgIyXIUO0Uv9rdmKaSKUsFGtMK/MSGY9SWU8EmhXZqWIJ0iH3WclShZCYczy6ekBOndEkv1q6UJTP198QYpTEjGblOiXZgFr2p+J/XSm3vMhxzlaSWKTpf1EsFsTGZvk+6XDNqxcgRpJq7WwkdoEZqXUgFF0Kw+PIyqZ+Vg/Py1f15qXKTxZGHIziGUwjgAipwB1WoAQUFz/AKb57xXrx372PemvOymUP4A+/zBzDdj/c=</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)
✓
✓⇤>x(i)

k✓k

◆
> �

<latexit sha1_base64="71lR0S8A2K5g8HaZrA1A5HzO8h8="></latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
–– –

––

+
+

–

––

+
+

–

+

–
–

+

– –

–

+

–––

+



• Assumptions: 
A. Our hypothesis class = classifiers with separating 

hyperplanes that pass through the origin (i.e.           ) 
B. There exist       and     such that            and, for 

every                       , we have  

C. There exists      such that, for every                      , 
we have 
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Theorem: Perceptron Performance

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

✓⇤

<latexit sha1_base64="/ELiVE+0etgdMPznnILZi+jk7RQ=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoMgHsKuBNRb0IvHCOYBSQyzk95kyOzsOtMrhCU/4cWDIl79HW/+jZNkD5pY0FBUddPd5cdSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNIc6j2SkWz4zIIWCOgqU0Io1sNCX0PRHN1O/+QTaiEjd4ziGbsgGSgSCM7RSq4NDQPZw1iuW3LI7A10mXkZKJEOtV/zq9COehKCQS2ZM23Nj7KZMo+ASJoVOYiBmfMQG0LZUsRBMN53dO6EnVunTINK2FNKZ+nsiZaEx49C3nSHDoVn0puJ/XjvB4LKbChUnCIrPFwWJpBjR6fO0LzRwlGNLGNfC3kr5kGnG0UZUsCF4iy8vk8Z52auUr+4qpep1FkeeHJFjcko8ckGq5JbUSJ1wIskzeSVvzqPz4rw7H/PWnJPNHJI/cD5/AMUmj9A=</latexit>

�

<latexit sha1_base64="w6h9Bf4+M1acskkgMSQ1DM2KxtA=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXiMYB6QLKF3MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCAzlTNKmZZbTTqIpiIjTdjS+nfntJ6oNU/LBThIaChhKFjMC1kmt3hCEgH654lf9OfAqCXJSQTka/fJXb6BIKqi0hIMx3cBPbJiBtoxwOi31UkMTIGMY0q6jEgQ1YTa/dorPnDLAsdKupMVz9fdEBsKYiYhcpwA7MsveTPzP66Y2vgozJpPUUkkWi+KUY6vw7HU8YJoSyyeOANHM3YrJCDQQ6wIquRCC5ZdXSeuiGtSq1/e1Sv0mj6OITtApOkcBukR1dIcaqIkIekTP6BW9ecp78d69j0VrwctnjtEfeJ8/isuPIQ==</latexit>

� > 0

<latexit sha1_base64="mBOdDw0Y7XCvoNz5T0rS3JLoRW8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoF4k6MVjBPPAZAm9k0kyZGZ2mZkVQshfePGgiFf/xpt/4yTZgyYWNBRV3XR3RYngxvr+t5dbWV1b38hvFra2d3b3ivsHdROnmrIajUWsmxEaJrhiNcutYM1EM5SRYI1oeDv1G09MGx6rBztKWCixr3iPU7ROemz3UUok18TvFEt+2Z+BLJMgIyXIUO0Uv9rdmKaSKUsFGtMK/MSGY9SWU8EmhXZqWIJ0iH3WclShZCYczy6ekBOndEkv1q6UJTP198QYpTEjGblOiXZgFr2p+J/XSm3vMhxzlaSWKTpf1EsFsTGZvk+6XDNqxcgRpJq7WwkdoEZqXUgFF0Kw+PIyqZ+Vg/Py1f15qXKTxZGHIziGUwjgAipwB1WoAQUFz/AKb57xXrx372PemvOymUP4A+/zBzDdj/c=</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)
✓
✓⇤>x(i)

k✓k

◆
> �

<latexit sha1_base64="71lR0S8A2K5g8HaZrA1A5HzO8h8="></latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

R

<latexit sha1_base64="FmS19wKVtyU2RMbzbeZl4lWZ93k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMxDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+n2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A7CBjOI=</latexit>

kx(i)k  R

<latexit sha1_base64="IihrK5gKG5TP7zPZRQNZk5r3gpI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1iEuimJFNRd0Y3LKvYCTSyT6Uk7dHJhZiKGWF/FjQtF3Pog7nwbp20W2vrDwMd/zuGc+b2YM6ks69tYWl5ZXVsvbBQ3t7Z3ds29/ZaMEkGhSSMeiY5HJHAWQlMxxaETCyCBx6HtjS4n9fY9CMmi8FalMbgBGYTMZ5QobfXMkvOIH+6yCjseY40OB3zTM8tW1ZoKL4KdQxnlavTML6cf0SSAUFFOpOzaVqzcjAjFKIdx0UkkxISOyAC6GkMSgHSz6fFjfKSdPvYjoV+o8NT9PZGRQMo08HRnQNRQztcm5n+1bqL8MzdjYZwoCOlskZ9wrCI8SQL3mQCqeKqBUMH0rZgOiSBU6byKOgR7/suL0Dqp2rXq+XWtXL/I4yigA3SIKshGp6iOrlADNRFFKXpGr+jNeDJejHfjY9a6ZOQzJfRHxucP69+TrA==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
–– –

––

+
+

–

––

+
+

–

+

–
–

+

– –

–

+

–––

+



• Assumptions: 
A. Our hypothesis class = classifiers with separating 

hyperplanes that pass through the origin (i.e.           ) 
B. There exist       and     such that            and, for 

every                       , we have  

C. There exists      such that, for every                      , 
we have 
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Theorem: Perceptron Performance

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

✓⇤

<latexit sha1_base64="/ELiVE+0etgdMPznnILZi+jk7RQ=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoMgHsKuBNRb0IvHCOYBSQyzk95kyOzsOtMrhCU/4cWDIl79HW/+jZNkD5pY0FBUddPd5cdSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNIc6j2SkWz4zIIWCOgqU0Io1sNCX0PRHN1O/+QTaiEjd4ziGbsgGSgSCM7RSq4NDQPZw1iuW3LI7A10mXkZKJEOtV/zq9COehKCQS2ZM23Nj7KZMo+ASJoVOYiBmfMQG0LZUsRBMN53dO6EnVunTINK2FNKZ+nsiZaEx49C3nSHDoVn0puJ/XjvB4LKbChUnCIrPFwWJpBjR6fO0LzRwlGNLGNfC3kr5kGnG0UZUsCF4iy8vk8Z52auUr+4qpep1FkeeHJFjcko8ckGq5JbUSJ1wIskzeSVvzqPz4rw7H/PWnJPNHJI/cD5/AMUmj9A=</latexit>

�

<latexit sha1_base64="w6h9Bf4+M1acskkgMSQ1DM2KxtA=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXiMYB6QLKF3MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCAzlTNKmZZbTTqIpiIjTdjS+nfntJ6oNU/LBThIaChhKFjMC1kmt3hCEgH654lf9OfAqCXJSQTka/fJXb6BIKqi0hIMx3cBPbJiBtoxwOi31UkMTIGMY0q6jEgQ1YTa/dorPnDLAsdKupMVz9fdEBsKYiYhcpwA7MsveTPzP66Y2vgozJpPUUkkWi+KUY6vw7HU8YJoSyyeOANHM3YrJCDQQ6wIquRCC5ZdXSeuiGtSq1/e1Sv0mj6OITtApOkcBukR1dIcaqIkIekTP6BW9ecp78d69j0VrwctnjtEfeJ8/isuPIQ==</latexit>

� > 0

<latexit sha1_base64="mBOdDw0Y7XCvoNz5T0rS3JLoRW8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoF4k6MVjBPPAZAm9k0kyZGZ2mZkVQshfePGgiFf/xpt/4yTZgyYWNBRV3XR3RYngxvr+t5dbWV1b38hvFra2d3b3ivsHdROnmrIajUWsmxEaJrhiNcutYM1EM5SRYI1oeDv1G09MGx6rBztKWCixr3iPU7ROemz3UUok18TvFEt+2Z+BLJMgIyXIUO0Uv9rdmKaSKUsFGtMK/MSGY9SWU8EmhXZqWIJ0iH3WclShZCYczy6ekBOndEkv1q6UJTP198QYpTEjGblOiXZgFr2p+J/XSm3vMhxzlaSWKTpf1EsFsTGZvk+6XDNqxcgRpJq7WwkdoEZqXUgFF0Kw+PIyqZ+Vg/Py1f15qXKTxZGHIziGUwjgAipwB1WoAQUFz/AKb57xXrx372PemvOymUP4A+/zBzDdj/c=</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)
✓
✓⇤>x(i)

k✓k

◆
> �

<latexit sha1_base64="71lR0S8A2K5g8HaZrA1A5HzO8h8="></latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

R

<latexit sha1_base64="FmS19wKVtyU2RMbzbeZl4lWZ93k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMxDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+n2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A7CBjOI=</latexit>

kx(i)k  R

<latexit sha1_base64="IihrK5gKG5TP7zPZRQNZk5r3gpI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1iEuimJFNRd0Y3LKvYCTSyT6Uk7dHJhZiKGWF/FjQtF3Pog7nwbp20W2vrDwMd/zuGc+b2YM6ks69tYWl5ZXVsvbBQ3t7Z3ds29/ZaMEkGhSSMeiY5HJHAWQlMxxaETCyCBx6HtjS4n9fY9CMmi8FalMbgBGYTMZ5QobfXMkvOIH+6yCjseY40OB3zTM8tW1ZoKL4KdQxnlavTML6cf0SSAUFFOpOzaVqzcjAjFKIdx0UkkxISOyAC6GkMSgHSz6fFjfKSdPvYjoV+o8NT9PZGRQMo08HRnQNRQztcm5n+1bqL8MzdjYZwoCOlskZ9wrCI8SQL3mQCqeKqBUMH0rZgOiSBU6byKOgR7/suL0Dqp2rXq+XWtXL/I4yigA3SIKshGp6iOrlADNRFFKXpGr+jNeDJejHfjY9a6ZOQzJfRHxucP69+TrA==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
–– –

––

+
+

–

––

+
+

–

+

–
–

+

– –

–

+

–––

+



• Assumptions: 
A. Our hypothesis class = classifiers with separating 

hyperplanes that pass through the origin (i.e.           ) 
B. There exist       and     such that            and, for 

every                       , we have  

C. There exists      such that, for every                      , 
we have 
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Theorem: Perceptron Performance

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

✓⇤

<latexit sha1_base64="/ELiVE+0etgdMPznnILZi+jk7RQ=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoMgHsKuBNRb0IvHCOYBSQyzk95kyOzsOtMrhCU/4cWDIl79HW/+jZNkD5pY0FBUddPd5cdSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNIc6j2SkWz4zIIWCOgqU0Io1sNCX0PRHN1O/+QTaiEjd4ziGbsgGSgSCM7RSq4NDQPZw1iuW3LI7A10mXkZKJEOtV/zq9COehKCQS2ZM23Nj7KZMo+ASJoVOYiBmfMQG0LZUsRBMN53dO6EnVunTINK2FNKZ+nsiZaEx49C3nSHDoVn0puJ/XjvB4LKbChUnCIrPFwWJpBjR6fO0LzRwlGNLGNfC3kr5kGnG0UZUsCF4iy8vk8Z52auUr+4qpep1FkeeHJFjcko8ckGq5JbUSJ1wIskzeSVvzqPz4rw7H/PWnJPNHJI/cD5/AMUmj9A=</latexit>

�

<latexit sha1_base64="w6h9Bf4+M1acskkgMSQ1DM2KxtA=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXiMYB6QLKF3MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCAzlTNKmZZbTTqIpiIjTdjS+nfntJ6oNU/LBThIaChhKFjMC1kmt3hCEgH654lf9OfAqCXJSQTka/fJXb6BIKqi0hIMx3cBPbJiBtoxwOi31UkMTIGMY0q6jEgQ1YTa/dorPnDLAsdKupMVz9fdEBsKYiYhcpwA7MsveTPzP66Y2vgozJpPUUkkWi+KUY6vw7HU8YJoSyyeOANHM3YrJCDQQ6wIquRCC5ZdXSeuiGtSq1/e1Sv0mj6OITtApOkcBukR1dIcaqIkIekTP6BW9ecp78d69j0VrwctnjtEfeJ8/isuPIQ==</latexit>

� > 0

<latexit sha1_base64="mBOdDw0Y7XCvoNz5T0rS3JLoRW8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoF4k6MVjBPPAZAm9k0kyZGZ2mZkVQshfePGgiFf/xpt/4yTZgyYWNBRV3XR3RYngxvr+t5dbWV1b38hvFra2d3b3ivsHdROnmrIajUWsmxEaJrhiNcutYM1EM5SRYI1oeDv1G09MGx6rBztKWCixr3iPU7ROemz3UUok18TvFEt+2Z+BLJMgIyXIUO0Uv9rdmKaSKUsFGtMK/MSGY9SWU8EmhXZqWIJ0iH3WclShZCYczy6ekBOndEkv1q6UJTP198QYpTEjGblOiXZgFr2p+J/XSm3vMhxzlaSWKTpf1EsFsTGZvk+6XDNqxcgRpJq7WwkdoEZqXUgFF0Kw+PIyqZ+Vg/Py1f15qXKTxZGHIziGUwjgAipwB1WoAQUFz/AKb57xXrx372PemvOymUP4A+/zBzDdj/c=</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)
✓
✓⇤>x(i)

k✓k

◆
> �

<latexit sha1_base64="71lR0S8A2K5g8HaZrA1A5HzO8h8="></latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

R

<latexit sha1_base64="FmS19wKVtyU2RMbzbeZl4lWZ93k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMxDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+n2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A7CBjOI=</latexit>

kx(i)k  R

<latexit sha1_base64="IihrK5gKG5TP7zPZRQNZk5r3gpI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1iEuimJFNRd0Y3LKvYCTSyT6Uk7dHJhZiKGWF/FjQtF3Pog7nwbp20W2vrDwMd/zuGc+b2YM6ks69tYWl5ZXVsvbBQ3t7Z3ds29/ZaMEkGhSSMeiY5HJHAWQlMxxaETCyCBx6HtjS4n9fY9CMmi8FalMbgBGYTMZ5QobfXMkvOIH+6yCjseY40OB3zTM8tW1ZoKL4KdQxnlavTML6cf0SSAUFFOpOzaVqzcjAjFKIdx0UkkxISOyAC6GkMSgHSz6fFjfKSdPvYjoV+o8NT9PZGRQMo08HRnQNRQztcm5n+1bqL8MzdjYZwoCOlskZ9wrCI8SQL3mQCqeKqBUMH0rZgOiSBU6byKOgR7/suL0Dqp2rXq+XWtXL/I4yigA3SIKshGp6iOrlADNRFFKXpGr+jNeDJejHfjY9a6ZOQzJfRHxucP69+TrA==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
–– –

––

+
+

–

––

+
+

–

+

–
–

+

– –

–

+

–––

+



• Assumptions: 
A. Our hypothesis class = classifiers with separating 

hyperplanes that pass through the origin (i.e.           ) 
B. There exist       and     such that            and, for 

every                       , we have  

C. There exists      such that, for every                      , 
we have 

• Conclusion: Then the 
perceptron algorithm will 
make at most             
updates to   . Once it goes 
through a pass of i without 
changes, the training error 
of its hypothesis will be 0.6

Theorem: Perceptron Performance

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

✓⇤

<latexit sha1_base64="/ELiVE+0etgdMPznnILZi+jk7RQ=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoMgHsKuBNRb0IvHCOYBSQyzk95kyOzsOtMrhCU/4cWDIl79HW/+jZNkD5pY0FBUddPd5cdSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNIc6j2SkWz4zIIWCOgqU0Io1sNCX0PRHN1O/+QTaiEjd4ziGbsgGSgSCM7RSq4NDQPZw1iuW3LI7A10mXkZKJEOtV/zq9COehKCQS2ZM23Nj7KZMo+ASJoVOYiBmfMQG0LZUsRBMN53dO6EnVunTINK2FNKZ+nsiZaEx49C3nSHDoVn0puJ/XjvB4LKbChUnCIrPFwWJpBjR6fO0LzRwlGNLGNfC3kr5kGnG0UZUsCF4iy8vk8Z52auUr+4qpep1FkeeHJFjcko8ckGq5JbUSJ1wIskzeSVvzqPz4rw7H/PWnJPNHJI/cD5/AMUmj9A=</latexit>

�

<latexit sha1_base64="w6h9Bf4+M1acskkgMSQ1DM2KxtA=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL0FvXiMYB6QLKF3MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCAzlTNKmZZbTTqIpiIjTdjS+nfntJ6oNU/LBThIaChhKFjMC1kmt3hCEgH654lf9OfAqCXJSQTka/fJXb6BIKqi0hIMx3cBPbJiBtoxwOi31UkMTIGMY0q6jEgQ1YTa/dorPnDLAsdKupMVz9fdEBsKYiYhcpwA7MsveTPzP66Y2vgozJpPUUkkWi+KUY6vw7HU8YJoSyyeOANHM3YrJCDQQ6wIquRCC5ZdXSeuiGtSq1/e1Sv0mj6OITtApOkcBukR1dIcaqIkIekTP6BW9ecp78d69j0VrwctnjtEfeJ8/isuPIQ==</latexit>

� > 0

<latexit sha1_base64="mBOdDw0Y7XCvoNz5T0rS3JLoRW8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoF4k6MVjBPPAZAm9k0kyZGZ2mZkVQshfePGgiFf/xpt/4yTZgyYWNBRV3XR3RYngxvr+t5dbWV1b38hvFra2d3b3ivsHdROnmrIajUWsmxEaJrhiNcutYM1EM5SRYI1oeDv1G09MGx6rBztKWCixr3iPU7ROemz3UUok18TvFEt+2Z+BLJMgIyXIUO0Uv9rdmKaSKUsFGtMK/MSGY9SWU8EmhXZqWIJ0iH3WclShZCYczy6ekBOndEkv1q6UJTP198QYpTEjGblOiXZgFr2p+J/XSm3vMhxzlaSWKTpf1EsFsTGZvk+6XDNqxcgRpJq7WwkdoEZqXUgFF0Kw+PIyqZ+Vg/Py1f15qXKTxZGHIziGUwjgAipwB1WoAQUFz/AKb57xXrx372PemvOymUP4A+/zBzDdj/c=</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)
✓
✓⇤>x(i)

k✓k

◆
> �

<latexit sha1_base64="71lR0S8A2K5g8HaZrA1A5HzO8h8="></latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

R

<latexit sha1_base64="FmS19wKVtyU2RMbzbeZl4lWZ93k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMxDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+n2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A7CBjOI=</latexit>

kx(i)k  R

<latexit sha1_base64="IihrK5gKG5TP7zPZRQNZk5r3gpI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1iEuimJFNRd0Y3LKvYCTSyT6Uk7dHJhZiKGWF/FjQtF3Pog7nwbp20W2vrDwMd/zuGc+b2YM6ks69tYWl5ZXVsvbBQ3t7Z3ds29/ZaMEkGhSSMeiY5HJHAWQlMxxaETCyCBx6HtjS4n9fY9CMmi8FalMbgBGYTMZ5QobfXMkvOIH+6yCjseY40OB3zTM8tW1ZoKL4KdQxnlavTML6cf0SSAUFFOpOzaVqzcjAjFKIdx0UkkxISOyAC6GkMSgHSz6fFjfKSdPvYjoV+o8NT9PZGRQMo08HRnQNRQztcm5n+1bqL8MzdjYZwoCOlskZ9wrCI8SQL3mQCqeKqBUMH0rZgOiSBU6byKOgR7/suL0Dqp2rXq+XWtXL/I4yigA3SIKshGp6iOrlADNRFFKXpGr+jNeDJejHfjY9a6ZOQzJfRHxucP69+TrA==</latexit>

(R/�)2

<latexit sha1_base64="lbXwLNJm/+gi/ah0QLui/RcC7cQ=">AAAB83icbVBNSwMxEM36WetX1aOXYBHqpe6WgnorevFYxX5Ady2zabYNTbJLkhVK6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2Mxt5bd3dvf2CweHTR2nitAGiXms2iFoypmkDcMMp+1EURAhp61weDP1W09UaRbLBzNKaCCgL1nECBgr+aX7c78PQsDZY6VbKLpldwa8TLyMFFGGerfw5fdikgoqDeGgdcdzExOMQRlGOJ3k/VTTBMgQ+rRjqQRBdTCe3TzBp1bp4ShWtqTBM/X3xBiE1iMR2k4BZqAXvan4n9dJTXQZjJlMUkMlmS+KUo5NjKcB4B5TlBg+sgSIYvZWTAaggBgbU96G4C2+vEyalbJXLV/dVYu16yyOHDpGJ6iEPHSBaugW1VEDEZSgZ/SK3pzUeXHenY9564qTzRyhP3A+fwCPkpC/</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
–– –

––

+
+

–

––

+
+

–

+

–
–

+

– –

–

+

–––

+
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Why classifiers through the origin?
• If we’re clever, we don’t lose any flexibility

• Classifier with offset
x 2 Rd, ✓ 2 Rd, ✓0 2 R

<latexit sha1_base64="O2kmmriGk0P+5neqoITIky9Thrc=">AAACMXicfVBNS8NAEN34WetX1aOXxSJ4kJJIQb0VvfRYxX5AE8Nmu22XbjZhdyKW0L/kxX8iXnpQxKt/wk3bg7big4HHezPMzAtiwTXY9thaWl5ZXVvPbeQ3t7Z3dgt7+w0dJYqyOo1EpFoB0UxwyerAQbBWrBgJA8GaweA685sPTGkeyTsYxswLSU/yLqcEjOQXqo/Y5RK7IYF+EKS3o/u0MzrFLvQZkH8s354z/ULRLtkT4EXizEgRzVDzCy9uJ6JJyCRQQbRuO3YMXkoUcCrYKO8mmsWEDkiPtQ2VJGTaSycfj/CxUTq4GylTEvBE/TmRklDrYRiYzuxCPe9l4l9eO4HuhZdyGSfAJJ0u6iYCQ4Sz+HCHK0ZBDA0hVHFzK6Z9oggFE3LehODMv7xIGmclp1y6vCkXK1ezOHLoEB2hE+Sgc1RBVVRDdUTRE3pFb+jderbG1of1OW1dsmYzB+gXrK9v69WqEw==</latexit>

x : ✓>x+ ✓0 = 0

<latexit sha1_base64="iQ4hrzsdr1kX268Ll9klY0xon7M=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0UQhJJIwQcIRTcuK9gHNDFMppN26OTBzI1YQrdu/BU3LhRx6x+482+ctllo64GBc8+5lzv3+IngCizr2ygsLC4trxRXS2vrG5tb5vZOU8WppKxBYxHLtk8UEzxiDeAgWDuRjIS+YC1/cDX2W/dMKh5HtzBMmBuSXsQDTgloyTPxAz7HDvQZkDsH4kTXR3ntWfgCW55ZtirWBHie2Dkpoxx1z/xyujFNQxYBFUSpjm0l4GZEAqeCjUpOqlhC6ID0WEfTiIRMudnkkhE+0EoXB7HULwI8UX9PZCRUahj6ujMk0Fez3lj8z+ukEJy6GY+SFFhEp4uCVGCI8TgW3OWSURBDTQiVXP8V0z6RhIIOr6RDsGdPnifN44pdrZzdVMu1yzyOItpD++gQ2egE1dA1qqMGougRPaNX9GY8GS/Gu/ExbS0Y+cwu+gPj8wcrwJgZ</latexit>
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Why classifiers through the origin?
• If we’re clever, we don’t lose any flexibility

• Classifier with offset
x 2 Rd, ✓ 2 Rd, ✓0 2 R

<latexit sha1_base64="O2kmmriGk0P+5neqoITIky9Thrc=">AAACMXicfVBNS8NAEN34WetX1aOXxSJ4kJJIQb0VvfRYxX5AE8Nmu22XbjZhdyKW0L/kxX8iXnpQxKt/wk3bg7big4HHezPMzAtiwTXY9thaWl5ZXVvPbeQ3t7Z3dgt7+w0dJYqyOo1EpFoB0UxwyerAQbBWrBgJA8GaweA685sPTGkeyTsYxswLSU/yLqcEjOQXqo/Y5RK7IYF+EKS3o/u0MzrFLvQZkH8s354z/ULRLtkT4EXizEgRzVDzCy9uJ6JJyCRQQbRuO3YMXkoUcCrYKO8mmsWEDkiPtQ2VJGTaSycfj/CxUTq4GylTEvBE/TmRklDrYRiYzuxCPe9l4l9eO4HuhZdyGSfAJJ0u6iYCQ4Sz+HCHK0ZBDA0hVHFzK6Z9oggFE3LehODMv7xIGmclp1y6vCkXK1ezOHLoEB2hE+Sgc1RBVVRDdUTRE3pFb+jderbG1of1OW1dsmYzB+gXrK9v69WqEw==</latexit>

x : ✓>x+ ✓0 = 0

<latexit sha1_base64="iQ4hrzsdr1kX268Ll9klY0xon7M=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0UQhJJIwQcIRTcuK9gHNDFMppN26OTBzI1YQrdu/BU3LhRx6x+482+ctllo64GBc8+5lzv3+IngCizr2ygsLC4trxRXS2vrG5tb5vZOU8WppKxBYxHLtk8UEzxiDeAgWDuRjIS+YC1/cDX2W/dMKh5HtzBMmBuSXsQDTgloyTPxAz7HDvQZkDsH4kTXR3ntWfgCW55ZtirWBHie2Dkpoxx1z/xyujFNQxYBFUSpjm0l4GZEAqeCjUpOqlhC6ID0WEfTiIRMudnkkhE+0EoXB7HULwI8UX9PZCRUahj6ujMk0Fez3lj8z+ukEJy6GY+SFFhEp4uCVGCI8TgW3OWSURBDTQiVXP8V0z6RhIIOr6RDsGdPnifN44pdrZzdVMu1yzyOItpD++gQ2egE1dA1qqMGougRPaNX9GY8GS/Gu/ExbS0Y+cwu+gPj8wcrwJgZ</latexit>

• Classifier without offset
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Why classifiers through the origin?
• If we’re clever, we don’t lose any flexibility

• Classifier with offset
x 2 Rd, ✓ 2 Rd, ✓0 2 R

<latexit sha1_base64="O2kmmriGk0P+5neqoITIky9Thrc=">AAACMXicfVBNS8NAEN34WetX1aOXxSJ4kJJIQb0VvfRYxX5AE8Nmu22XbjZhdyKW0L/kxX8iXnpQxKt/wk3bg7big4HHezPMzAtiwTXY9thaWl5ZXVvPbeQ3t7Z3dgt7+w0dJYqyOo1EpFoB0UxwyerAQbBWrBgJA8GaweA685sPTGkeyTsYxswLSU/yLqcEjOQXqo/Y5RK7IYF+EKS3o/u0MzrFLvQZkH8s354z/ULRLtkT4EXizEgRzVDzCy9uJ6JJyCRQQbRuO3YMXkoUcCrYKO8mmsWEDkiPtQ2VJGTaSycfj/CxUTq4GylTEvBE/TmRklDrYRiYzuxCPe9l4l9eO4HuhZdyGSfAJJ0u6iYCQ4Sz+HCHK0ZBDA0hVHFzK6Z9oggFE3LehODMv7xIGmclp1y6vCkXK1ezOHLoEB2hE+Sgc1RBVVRDdUTRE3pFb+jderbG1of1OW1dsmYzB+gXrK9v69WqEw==</latexit>

x : ✓>x+ ✓0 = 0
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<latexit sha1_base64="O2kmmriGk0P+5neqoITIky9Thrc=">AAACMXicfVBNS8NAEN34WetX1aOXxSJ4kJJIQb0VvfRYxX5AE8Nmu22XbjZhdyKW0L/kxX8iXnpQxKt/wk3bg7big4HHezPMzAtiwTXY9thaWl5ZXVvPbeQ3t7Z3dgt7+w0dJYqyOo1EpFoB0UxwyerAQbBWrBgJA8GaweA685sPTGkeyTsYxswLSU/yLqcEjOQXqo/Y5RK7IYF+EKS3o/u0MzrFLvQZkH8s354z/ULRLtkT4EXizEgRzVDzCy9uJ6JJyCRQQbRuO3YMXkoUcCrYKO8mmsWEDkiPtQ2VJGTaSycfj/CxUTq4GylTEvBE/TmRklDrYRiYzuxCPe9l4l9eO4HuhZdyGSfAJJ0u6iYCQ4Sz+HCHK0ZBDA0hVHFzK6Z9oggFE3LehODMv7xIGmclp1y6vCkXK1ezOHLoEB2hE+Sgc1RBVVRDdUTRE3pFb+jderbG1of1OW1dsmYzB+gXrK9v69WqEw==</latexit>

x : ✓>x+ ✓0 = 0

<latexit sha1_base64="iQ4hrzsdr1kX268Ll9klY0xon7M=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0UQhJJIwQcIRTcuK9gHNDFMppN26OTBzI1YQrdu/BU3LhRx6x+482+ctllo64GBc8+5lzv3+IngCizr2ygsLC4trxRXS2vrG5tb5vZOU8WppKxBYxHLtk8UEzxiDeAgWDuRjIS+YC1/cDX2W/dMKh5HtzBMmBuSXsQDTgloyTPxAz7HDvQZkDsH4kTXR3ntWfgCW55ZtirWBHie2Dkpoxx1z/xyujFNQxYBFUSpjm0l4GZEAqeCjUpOqlhC6ID0WEfTiIRMudnkkhE+0EoXB7HULwI8UX9PZCRUahj6ujMk0Fez3lj8z+ukEJy6GY+SFFhEp4uCVGCI8TgW3OWSURBDTQiVXP8V0z6RhIIOr6RDsGdPnifN44pdrZzdVMu1yzyOItpD++gQ2egE1dA1qqMGougRPaNX9GY8GS/Gu/ExbS0Y+cwu+gPj8wcrwJgZ</latexit>

• Classifier without offset

xnew 2 Rd+1, ✓new 2 Rd+1

<latexit sha1_base64="8soANuzh907L8S7WwoiRNyHtAoM=">AAACOnicjVA9SwNBFNzzM8avqKXNYhAEJdxJQO2CNpZRjAZyMextXszi3t6x+04TjvtdNv4KOwsbC0Vs/QFuYgo1Fg4sDDPz2PcmiKUw6LqPzsTk1PTMbG4uP7+wuLRcWFk9N1GiOdR4JCNdD5gBKRTUUKCEeqyBhYGEi+D6aOBf3IA2IlJn2I+hGbIrJTqCM7RSq3DSa6U+Qg91mCq4zTLqC0X9kGE3CNLT7DJtb3vZDvWxC8j+k20Vim7JHYKOE29EimSEaqvw4LcjnoSgkEtmTMNzY2ymTKPgErK8nxiIGb9mV9CwVLEQTDMdnp7RTau0aSfS9imkQ/X7RMpCY/phYJODPc1vbyD+5TUS7Ow3U6HiBEHxr486iaQY0UGPtC00cJR9SxjXwu5KeZdpxtG2nbcleL9PHifnuyWvXDo4KRcrh6M6cmSdbJAt4pE9UiHHpEpqhJM78kReyKtz7zw7b877V3TCGc2skR9wPj4BTY+vgw==</latexit>

xnew,1:d : ✓>newxnew = 0

<latexit sha1_base64="r/7lV9Bp5Sw0vScvi57E8LvlpbM=">AAACMXicbVBNSwMxFMz6WevXqkcvwSJ4kLIrBbUgiF56rGBVaGvJpq82mM0uyVu1LPuXvPhPxEsPinj1T5jWHmzrQGAy84bkTRBLYdDz+s7M7Nz8wmJuKb+8srq27m5sXpko0RxqPJKRvgmYASkU1FCghJtYAwsDCdfB/fnAv34AbUSkLrEXQzNkd0p0BGdopZZbeWqlDYQn1GGq4DHb98vtjJZpA7uAbNzLbu01ijM6kcnoCfVabsErekPQaeKPSIGMUG25r412xJMQFHLJjKn7XozNlGkUXEKWbyQGYsbv2R3ULVUsBNNMhxtndNcqbdqJtD0K6VD9m0hZaEwvDOxkyLBrJr2B+J9XT7Bz1EyFihMExX8f6iSSYkQH9dG20MBR9ixhXAv7V8q7TDOOtuS8LcGfXHmaXB0U/VLx+KJUOD0b1ZEj22SH7BGfHJJTUiFVUiOcPJM38k4+nBen73w6X7+jM84os0XG4Hz/ACAEq/s=</latexit>

<
>

<
>

xnew = [x1, x2, . . . , xd, 1]
>, ✓new = [✓1, ✓2, . . . , ✓d, ✓0]

>

<latexit sha1_base64="cAU5eM4BZjy6W/EF7OWuoouFPhk="></latexit>
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Why classifiers through the origin?
• If we’re clever, we don’t lose any flexibility

• Classifier with offset
x 2 Rd, ✓ 2 Rd, ✓0 2 R

<latexit sha1_base64="O2kmmriGk0P+5neqoITIky9Thrc=">AAACMXicfVBNS8NAEN34WetX1aOXxSJ4kJJIQb0VvfRYxX5AE8Nmu22XbjZhdyKW0L/kxX8iXnpQxKt/wk3bg7big4HHezPMzAtiwTXY9thaWl5ZXVvPbeQ3t7Z3dgt7+w0dJYqyOo1EpFoB0UxwyerAQbBWrBgJA8GaweA685sPTGkeyTsYxswLSU/yLqcEjOQXqo/Y5RK7IYF+EKS3o/u0MzrFLvQZkH8s354z/ULRLtkT4EXizEgRzVDzCy9uJ6JJyCRQQbRuO3YMXkoUcCrYKO8mmsWEDkiPtQ2VJGTaSycfj/CxUTq4GylTEvBE/TmRklDrYRiYzuxCPe9l4l9eO4HuhZdyGSfAJJ0u6iYCQ4Sz+HCHK0ZBDA0hVHFzK6Z9oggFE3LehODMv7xIGmclp1y6vCkXK1ezOHLoEB2hE+Sgc1RBVVRDdUTRE3pFb+jderbG1of1OW1dsmYzB+gXrK9v69WqEw==</latexit>

x : ✓>x+ ✓0 = 0

<latexit sha1_base64="iQ4hrzsdr1kX268Ll9klY0xon7M=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0UQhJJIwQcIRTcuK9gHNDFMppN26OTBzI1YQrdu/BU3LhRx6x+482+ctllo64GBc8+5lzv3+IngCizr2ygsLC4trxRXS2vrG5tb5vZOU8WppKxBYxHLtk8UEzxiDeAgWDuRjIS+YC1/cDX2W/dMKh5HtzBMmBuSXsQDTgloyTPxAz7HDvQZkDsH4kTXR3ntWfgCW55ZtirWBHie2Dkpoxx1z/xyujFNQxYBFUSpjm0l4GZEAqeCjUpOqlhC6ID0WEfTiIRMudnkkhE+0EoXB7HULwI8UX9PZCRUahj6ujMk0Fez3lj8z+ukEJy6GY+SFFhEp4uCVGCI8TgW3OWSURBDTQiVXP8V0z6RhIIOr6RDsGdPnifN44pdrZzdVMu1yzyOItpD++gQ2egE1dA1qqMGougRPaNX9GY8GS/Gu/ExbS0Y+cwu+gPj8wcrwJgZ</latexit>

• Classifier without offset

xnew 2 Rd+1, ✓new 2 Rd+1

<latexit sha1_base64="8soANuzh907L8S7WwoiRNyHtAoM=">AAACOnicjVA9SwNBFNzzM8avqKXNYhAEJdxJQO2CNpZRjAZyMextXszi3t6x+04TjvtdNv4KOwsbC0Vs/QFuYgo1Fg4sDDPz2PcmiKUw6LqPzsTk1PTMbG4uP7+wuLRcWFk9N1GiOdR4JCNdD5gBKRTUUKCEeqyBhYGEi+D6aOBf3IA2IlJn2I+hGbIrJTqCM7RSq3DSa6U+Qg91mCq4zTLqC0X9kGE3CNLT7DJtb3vZDvWxC8j+k20Vim7JHYKOE29EimSEaqvw4LcjnoSgkEtmTMNzY2ymTKPgErK8nxiIGb9mV9CwVLEQTDMdnp7RTau0aSfS9imkQ/X7RMpCY/phYJODPc1vbyD+5TUS7Ow3U6HiBEHxr486iaQY0UGPtC00cJR9SxjXwu5KeZdpxtG2nbcleL9PHifnuyWvXDo4KRcrh6M6cmSdbJAt4pE9UiHHpEpqhJM78kReyKtz7zw7b877V3TCGc2skR9wPj4BTY+vgw==</latexit>

xnew,1:d : ✓>newxnew = 0

<latexit sha1_base64="r/7lV9Bp5Sw0vScvi57E8LvlpbM=">AAACMXicbVBNSwMxFMz6WevXqkcvwSJ4kLIrBbUgiF56rGBVaGvJpq82mM0uyVu1LPuXvPhPxEsPinj1T5jWHmzrQGAy84bkTRBLYdDz+s7M7Nz8wmJuKb+8srq27m5sXpko0RxqPJKRvgmYASkU1FCghJtYAwsDCdfB/fnAv34AbUSkLrEXQzNkd0p0BGdopZZbeWqlDYQn1GGq4DHb98vtjJZpA7uAbNzLbu01ijM6kcnoCfVabsErekPQaeKPSIGMUG25r412xJMQFHLJjKn7XozNlGkUXEKWbyQGYsbv2R3ULVUsBNNMhxtndNcqbdqJtD0K6VD9m0hZaEwvDOxkyLBrJr2B+J9XT7Bz1EyFihMExX8f6iSSYkQH9dG20MBR9ixhXAv7V8q7TDOOtuS8LcGfXHmaXB0U/VLx+KJUOD0b1ZEj22SH7BGfHJJTUiFVUiOcPJM38k4+nBen73w6X7+jM84os0XG4Hz/ACAEq/s=</latexit>

<
>

<
>

• Can first convert to “expanded” feature space, then 
apply theorem

xnew = [x1, x2, . . . , xd, 1]
>, ✓new = [✓1, ✓2, . . . , ✓d, ✓0]

>

<latexit sha1_base64="cAU5eM4BZjy6W/EF7OWuoouFPhk="></latexit>
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Problem: data not linearly separable
• Typical real data sets aren’t linearly separable

[https://towardsdatascience.com/penguins-dataset-overview-iris-alternative-9453bb8c8d95, https://github.com/allisonhorst/palmerpenguins]
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Problem: data not linearly separable
• Typical real data sets aren’t linearly separable

[https://towardsdatascience.com/penguins-dataset-overview-iris-alternative-9453bb8c8d95, https://github.com/allisonhorst/palmerpenguins]

[demo]
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Problem: data not linearly separable
• Typical real data sets aren’t linearly separable

[https://towardsdatascience.com/penguins-dataset-overview-iris-alternative-9453bb8c8d95, https://github.com/allisonhorst/palmerpenguins]

• What can we do?

[demo]
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Problem: data not linearly separable
• Typical real data sets aren’t linearly separable

[https://towardsdatascience.com/penguins-dataset-overview-iris-alternative-9453bb8c8d95, https://github.com/allisonhorst/palmerpenguins]

• What can we do? See upcoming lectures!

[demo]
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Machine Learning Tasks



• Binary/two-class classification

Machine Learning Tasks

9



• Binary/two-class classification: 
Learn a mapping: 

Machine Learning Tasks

Rd ! {�1,+1}

<latexit sha1_base64="oLHxEcZfR/aSCqt4K9AA10Bh2rM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBUEsiBXVXdOOyin1AE8tkMqlDJ5MwMxFKyMaNv+LGhSJu/Qd3/o2TNgttPTBwOOde5p7jxYxKZVnfRmlufmFxqbxcWVldW98wN7faMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vGGl7nfeSBC0ojfqlFM3BANOA0oRkpLfXPXCZG697z0JrtL/Qw6KoJOemwfHdpO1jerVs0aA84SuyBVUKDZN78cP8JJSLjCDEnZs61YuSkSimJGsoqTSBIjPEQD0tOUo5BINx2nyOC+VnwYREI/ruBY/b2RolDKUejpyfxmOe3l4n9eL1HBmZtSHieKcDz5KEgY1FHzSqBPBcGKjTRBWFB9K8T3SCCsdHEVXYI9HXmWtE9qdr12fl2vNi6KOspgB+yBA2CDU9AAV6AJWgCDR/AMXsGb8WS8GO/Gx2S0ZBQ72+APjM8fIh2Xsg==</latexit>
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• Binary/two-class classification: 
Learn a mapping: 

Machine Learning Tasks

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ +–+ + +–+ – +–

Rd ! {�1,+1}

<latexit sha1_base64="oLHxEcZfR/aSCqt4K9AA10Bh2rM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBUEsiBXVXdOOyin1AE8tkMqlDJ5MwMxFKyMaNv+LGhSJu/Qd3/o2TNgttPTBwOOde5p7jxYxKZVnfRmlufmFxqbxcWVldW98wN7faMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vGGl7nfeSBC0ojfqlFM3BANOA0oRkpLfXPXCZG697z0JrtL/Qw6KoJOemwfHdpO1jerVs0aA84SuyBVUKDZN78cP8JJSLjCDEnZs61YuSkSimJGsoqTSBIjPEQD0tOUo5BINx2nyOC+VnwYREI/ruBY/b2RolDKUejpyfxmOe3l4n9eL1HBmZtSHieKcDz5KEgY1FHzSqBPBcGKjTRBWFB9K8T3SCCsdHEVXYI9HXmWtE9qdr12fl2vNi6KOspgB+yBA2CDU9AAV6AJWgCDR/AMXsGb8WS8GO/Gx2S0ZBQ72+APjM8fIh2Xsg==</latexit>
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• Binary/two-class classification: 
Learn a mapping:  
• Example: linear classification

Machine Learning Tasks

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ +–+ + +–+ – +–

Rd ! {�1,+1}

<latexit sha1_base64="oLHxEcZfR/aSCqt4K9AA10Bh2rM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBUEsiBXVXdOOyin1AE8tkMqlDJ5MwMxFKyMaNv+LGhSJu/Qd3/o2TNgttPTBwOOde5p7jxYxKZVnfRmlufmFxqbxcWVldW98wN7faMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vGGl7nfeSBC0ojfqlFM3BANOA0oRkpLfXPXCZG697z0JrtL/Qw6KoJOemwfHdpO1jerVs0aA84SuyBVUKDZN78cP8JJSLjCDEnZs61YuSkSimJGsoqTSBIjPEQD0tOUo5BINx2nyOC+VnwYREI/ruBY/b2RolDKUejpyfxmOe3l4n9eL1HBmZtSHieKcDz5KEgY1FHzSqBPBcGKjTRBWFB9K8T3SCCsdHEVXYI9HXmWtE9qdr12fl2vNi6KOspgB+yBA2CDU9AAV6AJWgCDR/AMXsGb8WS8GO/Gx2S0ZBQ72+APjM8fIh2Xsg==</latexit>
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• Binary/two-class classification: 
Learn a mapping:  
• Example: linear classification

Machine Learning Tasks

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ +–+ + +–+ – +–

• Multi-class 
classification: Rd ! {�1,+1}

<latexit sha1_base64="oLHxEcZfR/aSCqt4K9AA10Bh2rM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBUEsiBXVXdOOyin1AE8tkMqlDJ5MwMxFKyMaNv+LGhSJu/Qd3/o2TNgttPTBwOOde5p7jxYxKZVnfRmlufmFxqbxcWVldW98wN7faMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vGGl7nfeSBC0ojfqlFM3BANOA0oRkpLfXPXCZG697z0JrtL/Qw6KoJOemwfHdpO1jerVs0aA84SuyBVUKDZN78cP8JJSLjCDEnZs61YuSkSimJGsoqTSBIjPEQD0tOUo5BINx2nyOC+VnwYREI/ruBY/b2RolDKUejpyfxmOe3l4n9eL1HBmZtSHieKcDz5KEgY1FHzSqBPBcGKjTRBWFB9K8T3SCCsdHEVXYI9HXmWtE9qdr12fl2vNi6KOspgB+yBA2CDU9AAV6AJWgCDR/AMXsGb8WS8GO/Gx2S0ZBQ72+APjM8fIh2Xsg==</latexit>
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• Binary/two-class classification: 
Learn a mapping:  
• Example: linear classification

Machine Learning Tasks

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ +–+ + +–+ – +–

Rd ! {�1,+1}

<latexit sha1_base64="oLHxEcZfR/aSCqt4K9AA10Bh2rM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBUEsiBXVXdOOyin1AE8tkMqlDJ5MwMxFKyMaNv+LGhSJu/Qd3/o2TNgttPTBwOOde5p7jxYxKZVnfRmlufmFxqbxcWVldW98wN7faMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vGGl7nfeSBC0ojfqlFM3BANOA0oRkpLfXPXCZG697z0JrtL/Qw6KoJOemwfHdpO1jerVs0aA84SuyBVUKDZN78cP8JJSLjCDEnZs61YuSkSimJGsoqTSBIjPEQD0tOUo5BINx2nyOC+VnwYREI/ruBY/b2RolDKUejpyfxmOe3l4n9eL1HBmZtSHieKcDz5KEgY1FHzSqBPBcGKjTRBWFB9K8T3SCCsdHEVXYI9HXmWtE9qdr12fl2vNi6KOspgB+yBA2CDU9AAV6AJWgCDR/AMXsGb8WS8GO/Gx2S0ZBQ72+APjM8fIh2Xsg==</latexit>

• Multi-class 
classification:  
> 2 label values
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• Binary/two-class classification: 
Learn a mapping:  
• Example: linear classification

Machine Learning Tasks

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ +–+ + +–+ – +–
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ o–+ o o–+ – o–

Rd ! {�1,+1}

<latexit sha1_base64="oLHxEcZfR/aSCqt4K9AA10Bh2rM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBUEsiBXVXdOOyin1AE8tkMqlDJ5MwMxFKyMaNv+LGhSJu/Qd3/o2TNgttPTBwOOde5p7jxYxKZVnfRmlufmFxqbxcWVldW98wN7faMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vGGl7nfeSBC0ojfqlFM3BANOA0oRkpLfXPXCZG697z0JrtL/Qw6KoJOemwfHdpO1jerVs0aA84SuyBVUKDZN78cP8JJSLjCDEnZs61YuSkSimJGsoqTSBIjPEQD0tOUo5BINx2nyOC+VnwYREI/ruBY/b2RolDKUejpyfxmOe3l4n9eL1HBmZtSHieKcDz5KEgY1FHzSqBPBcGKjTRBWFB9K8T3SCCsdHEVXYI9HXmWtE9qdr12fl2vNi6KOspgB+yBA2CDU9AAV6AJWgCDR/AMXsGb8WS8GO/Gx2S0ZBQ72+APjM8fIh2Xsg==</latexit>

• Multi-class 
classification:  
> 2 label values

9



• Binary/two-class classification: 
Learn a mapping:  
• Example: linear classification

Machine Learning Tasks

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ +–+ + +–+ – +–
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ o–+ o o–+ – o–

Rd ! {�1,+1}

<latexit sha1_base64="oLHxEcZfR/aSCqt4K9AA10Bh2rM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBUEsiBXVXdOOyin1AE8tkMqlDJ5MwMxFKyMaNv+LGhSJu/Qd3/o2TNgttPTBwOOde5p7jxYxKZVnfRmlufmFxqbxcWVldW98wN7faMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vGGl7nfeSBC0ojfqlFM3BANOA0oRkpLfXPXCZG697z0JrtL/Qw6KoJOemwfHdpO1jerVs0aA84SuyBVUKDZN78cP8JJSLjCDEnZs61YuSkSimJGsoqTSBIjPEQD0tOUo5BINx2nyOC+VnwYREI/ruBY/b2RolDKUejpyfxmOe3l4n9eL1HBmZtSHieKcDz5KEgY1FHzSqBPBcGKjTRBWFB9K8T3SCCsdHEVXYI9HXmWtE9qdr12fl2vNi6KOspgB+yBA2CDU9AAV6AJWgCDR/AMXsGb8WS8GO/Gx2S0ZBQ72+APjM8fIh2Xsg==</latexit>

• Multi-class 
classification:  
> 2 label values
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• Binary/two-class classification: 
Learn a mapping:  
• Example: linear classification

Machine Learning Tasks

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ +–+ + +–+ – +–
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ o–+ o o–+ – o–

• Classification

Rd ! {�1,+1}

<latexit sha1_base64="oLHxEcZfR/aSCqt4K9AA10Bh2rM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBUEsiBXVXdOOyin1AE8tkMqlDJ5MwMxFKyMaNv+LGhSJu/Qd3/o2TNgttPTBwOOde5p7jxYxKZVnfRmlufmFxqbxcWVldW98wN7faMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vGGl7nfeSBC0ojfqlFM3BANOA0oRkpLfXPXCZG697z0JrtL/Qw6KoJOemwfHdpO1jerVs0aA84SuyBVUKDZN78cP8JJSLjCDEnZs61YuSkSimJGsoqTSBIjPEQD0tOUo5BINx2nyOC+VnwYREI/ruBY/b2RolDKUejpyfxmOe3l4n9eL1HBmZtSHieKcDz5KEgY1FHzSqBPBcGKjTRBWFB9K8T3SCCsdHEVXYI9HXmWtE9qdr12fl2vNi6KOspgB+yBA2CDU9AAV6AJWgCDR/AMXsGb8WS8GO/Gx2S0ZBQ72+APjM8fIh2Xsg==</latexit>

• Multi-class 
classification:  
> 2 label values
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• Binary/two-class classification: 
Learn a mapping:  
• Example: linear classification

Machine Learning Tasks

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ +–+ + +–+ – +–
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ o–+ o o–+ – o–

• Classification: 
Learn a mapping to 
a discrete set

Rd ! {�1,+1}

<latexit sha1_base64="oLHxEcZfR/aSCqt4K9AA10Bh2rM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBUEsiBXVXdOOyin1AE8tkMqlDJ5MwMxFKyMaNv+LGhSJu/Qd3/o2TNgttPTBwOOde5p7jxYxKZVnfRmlufmFxqbxcWVldW98wN7faMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vGGl7nfeSBC0ojfqlFM3BANOA0oRkpLfXPXCZG697z0JrtL/Qw6KoJOemwfHdpO1jerVs0aA84SuyBVUKDZN78cP8JJSLjCDEnZs61YuSkSimJGsoqTSBIjPEQD0tOUo5BINx2nyOC+VnwYREI/ruBY/b2RolDKUejpyfxmOe3l4n9eL1HBmZtSHieKcDz5KEgY1FHzSqBPBcGKjTRBWFB9K8T3SCCsdHEVXYI9HXmWtE9qdr12fl2vNi6KOspgB+yBA2CDU9AAV6AJWgCDR/AMXsGb8WS8GO/Gx2S0ZBQ72+APjM8fIh2Xsg==</latexit>

• Multi-class 
classification:  
> 2 label values

9



• Regression

• Binary/two-class classification: 
Learn a mapping:  
• Example: linear classification

Machine Learning Tasks

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ +–+ + +–+ – +–
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ o–+ o o–+ – o–

• Classification: 
Learn a mapping to 
a discrete set

Rd ! {�1,+1}

<latexit sha1_base64="oLHxEcZfR/aSCqt4K9AA10Bh2rM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBUEsiBXVXdOOyin1AE8tkMqlDJ5MwMxFKyMaNv+LGhSJu/Qd3/o2TNgttPTBwOOde5p7jxYxKZVnfRmlufmFxqbxcWVldW98wN7faMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vGGl7nfeSBC0ojfqlFM3BANOA0oRkpLfXPXCZG697z0JrtL/Qw6KoJOemwfHdpO1jerVs0aA84SuyBVUKDZN78cP8JJSLjCDEnZs61YuSkSimJGsoqTSBIjPEQD0tOUo5BINx2nyOC+VnwYREI/ruBY/b2RolDKUejpyfxmOe3l4n9eL1HBmZtSHieKcDz5KEgY1FHzSqBPBcGKjTRBWFB9K8T3SCCsdHEVXYI9HXmWtE9qdr12fl2vNi6KOspgB+yBA2CDU9AAV6AJWgCDR/AMXsGb8WS8GO/Gx2S0ZBQ72+APjM8fIh2Xsg==</latexit>

• Multi-class 
classification:  
> 2 label values
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• Regression: Learn a mapping 
to continuous values: 

• Binary/two-class classification: 
Learn a mapping:  
• Example: linear classification

Machine Learning Tasks

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ +–+ + +–+ – +–
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ o–+ o o–+ – o–

• Classification: 
Learn a mapping to 
a discrete set

Rd ! {�1,+1}

<latexit sha1_base64="oLHxEcZfR/aSCqt4K9AA10Bh2rM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBUEsiBXVXdOOyin1AE8tkMqlDJ5MwMxFKyMaNv+LGhSJu/Qd3/o2TNgttPTBwOOde5p7jxYxKZVnfRmlufmFxqbxcWVldW98wN7faMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vGGl7nfeSBC0ojfqlFM3BANOA0oRkpLfXPXCZG697z0JrtL/Qw6KoJOemwfHdpO1jerVs0aA84SuyBVUKDZN78cP8JJSLjCDEnZs61YuSkSimJGsoqTSBIjPEQD0tOUo5BINx2nyOC+VnwYREI/ruBY/b2RolDKUejpyfxmOe3l4n9eL1HBmZtSHieKcDz5KEgY1FHzSqBPBcGKjTRBWFB9K8T3SCCsdHEVXYI9HXmWtE9qdr12fl2vNi6KOspgB+yBA2CDU9AAV6AJWgCDR/AMXsGb8WS8GO/Gx2S0ZBQ72+APjM8fIh2Xsg==</latexit>

Rd ! Rk

<latexit sha1_base64="njjY+l1zLj5QWtzCt7weVudfz1w=">AAACCnicbVDLSsNAFL3xWesr6tLNaBFclUQK6q7oxmUV+4Amlslk0g6dPJiZCCVk7cZfceNCEbd+gTv/xknbRW09MHA4517mnuMlnEllWT/G0vLK6tp6aaO8ubW9s2vu7bdknApCmyTmseh4WFLOItpUTHHaSQTFocdp2xteF377kQrJ4uhejRLqhrgfsYARrLTUM4+cEKuB52V3+UPm58hRMZqVhnnPrFhVawy0SOwpqcAUjZ757fgxSUMaKcKxlF3bSpSbYaEY4TQvO6mkCSZD3KddTSMcUulm4yg5OtGKj4JY6BcpNFZnNzIcSjkKPT1ZXCnnvUL8z+umKrhwMxYlqaIRmXwUpBzpvEUvyGeCEsVHmmAimL4VkQEWmCjdXlmXYM9HXiSts6pdq17e1ir1q2kdJTiEYzgFG86hDjfQgCYQeIIXeIN349l4NT6Mz8nokjHdOYA/ML5+AQdCmyM=</latexit>

• Multi-class 
classification:  
> 2 label values

9



• Regression: Learn a mapping 
to continuous values: 

• Binary/two-class classification: 
Learn a mapping:  
• Example: linear classification

Machine Learning Tasks

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ +–+ + +–+ – +–
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ o–+ o o–+ – o–

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

• Classification: 
Learn a mapping to 
a discrete set

Rd ! {�1,+1}

<latexit sha1_base64="oLHxEcZfR/aSCqt4K9AA10Bh2rM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBUEsiBXVXdOOyin1AE8tkMqlDJ5MwMxFKyMaNv+LGhSJu/Qd3/o2TNgttPTBwOOde5p7jxYxKZVnfRmlufmFxqbxcWVldW98wN7faMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vGGl7nfeSBC0ojfqlFM3BANOA0oRkpLfXPXCZG697z0JrtL/Qw6KoJOemwfHdpO1jerVs0aA84SuyBVUKDZN78cP8JJSLjCDEnZs61YuSkSimJGsoqTSBIjPEQD0tOUo5BINx2nyOC+VnwYREI/ruBY/b2RolDKUejpyfxmOe3l4n9eL1HBmZtSHieKcDz5KEgY1FHzSqBPBcGKjTRBWFB9K8T3SCCsdHEVXYI9HXmWtE9qdr12fl2vNi6KOspgB+yBA2CDU9AAV6AJWgCDR/AMXsGb8WS8GO/Gx2S0ZBQ72+APjM8fIh2Xsg==</latexit>

Rd ! Rk

<latexit sha1_base64="njjY+l1zLj5QWtzCt7weVudfz1w=">AAACCnicbVDLSsNAFL3xWesr6tLNaBFclUQK6q7oxmUV+4Amlslk0g6dPJiZCCVk7cZfceNCEbd+gTv/xknbRW09MHA4517mnuMlnEllWT/G0vLK6tp6aaO8ubW9s2vu7bdknApCmyTmseh4WFLOItpUTHHaSQTFocdp2xteF377kQrJ4uhejRLqhrgfsYARrLTUM4+cEKuB52V3+UPm58hRMZqVhnnPrFhVawy0SOwpqcAUjZ757fgxSUMaKcKxlF3bSpSbYaEY4TQvO6mkCSZD3KddTSMcUulm4yg5OtGKj4JY6BcpNFZnNzIcSjkKPT1ZXCnnvUL8z+umKrhwMxYlqaIRmXwUpBzpvEUvyGeCEsVHmmAimL4VkQEWmCjdXlmXYM9HXiSts6pdq17e1ir1q2kdJTiEYzgFG86hDjfQgCYQeIIXeIN349l4NT6Mz8nokjHdOYA/ML5+AQdCmyM=</latexit>

• Multi-class 
classification:  
> 2 label values

9



• Regression: Learn a mapping 
to continuous values: 

• Binary/two-class classification: 
Learn a mapping:  
• Example: linear classification

Machine Learning Tasks

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ +–+ + +–+ – +–
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ o–+ o o–+ – o–

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

• Classification: 
Learn a mapping to 
a discrete set

Rd ! {�1,+1}

<latexit sha1_base64="oLHxEcZfR/aSCqt4K9AA10Bh2rM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBUEsiBXVXdOOyin1AE8tkMqlDJ5MwMxFKyMaNv+LGhSJu/Qd3/o2TNgttPTBwOOde5p7jxYxKZVnfRmlufmFxqbxcWVldW98wN7faMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vGGl7nfeSBC0ojfqlFM3BANOA0oRkpLfXPXCZG697z0JrtL/Qw6KoJOemwfHdpO1jerVs0aA84SuyBVUKDZN78cP8JJSLjCDEnZs61YuSkSimJGsoqTSBIjPEQD0tOUo5BINx2nyOC+VnwYREI/ruBY/b2RolDKUejpyfxmOe3l4n9eL1HBmZtSHieKcDz5KEgY1FHzSqBPBcGKjTRBWFB9K8T3SCCsdHEVXYI9HXmWtE9qdr12fl2vNi6KOspgB+yBA2CDU9AAV6AJWgCDR/AMXsGb8WS8GO/Gx2S0ZBQ72+APjM8fIh2Xsg==</latexit>

Rd ! Rk

<latexit sha1_base64="njjY+l1zLj5QWtzCt7weVudfz1w=">AAACCnicbVDLSsNAFL3xWesr6tLNaBFclUQK6q7oxmUV+4Amlslk0g6dPJiZCCVk7cZfceNCEbd+gTv/xknbRW09MHA4517mnuMlnEllWT/G0vLK6tp6aaO8ubW9s2vu7bdknApCmyTmseh4WFLOItpUTHHaSQTFocdp2xteF377kQrJ4uhejRLqhrgfsYARrLTUM4+cEKuB52V3+UPm58hRMZqVhnnPrFhVawy0SOwpqcAUjZ757fgxSUMaKcKxlF3bSpSbYaEY4TQvO6mkCSZD3KddTSMcUulm4yg5OtGKj4JY6BcpNFZnNzIcSjkKPT1ZXCnnvUL8z+umKrhwMxYlqaIRmXwUpBzpvEUvyGeCEsVHmmAimL4VkQEWmCjdXlmXYM9HXiSts6pdq17e1ir1q2kdJTiEYzgFG86hDjfQgCYQeIIXeIN349l4NT6Mz8nokjHdOYA/ML5+AQdCmyM=</latexit>

• Multi-class 
classification:  
> 2 label values
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• Regression: Learn a mapping 
to continuous values: 

• Binary/two-class classification: 
Learn a mapping:  
• Example: linear classification

Machine Learning Tasks

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ +–+ + +–+ – +–
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ o–+ o o–+ – o–

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

• Classification: 
Learn a mapping to 
a discrete set

• Supervised learning

Rd ! {�1,+1}

<latexit sha1_base64="oLHxEcZfR/aSCqt4K9AA10Bh2rM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBUEsiBXVXdOOyin1AE8tkMqlDJ5MwMxFKyMaNv+LGhSJu/Qd3/o2TNgttPTBwOOde5p7jxYxKZVnfRmlufmFxqbxcWVldW98wN7faMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vGGl7nfeSBC0ojfqlFM3BANOA0oRkpLfXPXCZG697z0JrtL/Qw6KoJOemwfHdpO1jerVs0aA84SuyBVUKDZN78cP8JJSLjCDEnZs61YuSkSimJGsoqTSBIjPEQD0tOUo5BINx2nyOC+VnwYREI/ruBY/b2RolDKUejpyfxmOe3l4n9eL1HBmZtSHieKcDz5KEgY1FHzSqBPBcGKjTRBWFB9K8T3SCCsdHEVXYI9HXmWtE9qdr12fl2vNi6KOspgB+yBA2CDU9AAV6AJWgCDR/AMXsGb8WS8GO/Gx2S0ZBQ72+APjM8fIh2Xsg==</latexit>

Rd ! Rk

<latexit sha1_base64="njjY+l1zLj5QWtzCt7weVudfz1w=">AAACCnicbVDLSsNAFL3xWesr6tLNaBFclUQK6q7oxmUV+4Amlslk0g6dPJiZCCVk7cZfceNCEbd+gTv/xknbRW09MHA4517mnuMlnEllWT/G0vLK6tp6aaO8ubW9s2vu7bdknApCmyTmseh4WFLOItpUTHHaSQTFocdp2xteF377kQrJ4uhejRLqhrgfsYARrLTUM4+cEKuB52V3+UPm58hRMZqVhnnPrFhVawy0SOwpqcAUjZ757fgxSUMaKcKxlF3bSpSbYaEY4TQvO6mkCSZD3KddTSMcUulm4yg5OtGKj4JY6BcpNFZnNzIcSjkKPT1ZXCnnvUL8z+umKrhwMxYlqaIRmXwUpBzpvEUvyGeCEsVHmmAimL4VkQEWmCjdXlmXYM9HXiSts6pdq17e1ir1q2kdJTiEYzgFG86hDjfQgCYQeIIXeIN349l4NT6Mz8nokjHdOYA/ML5+AQdCmyM=</latexit>

• Multi-class 
classification:  
> 2 label values
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• Regression: Learn a mapping 
to continuous values: 

• Binary/two-class classification: 
Learn a mapping:  
• Example: linear classification

Machine Learning Tasks

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ +–+ + +–+ – +–
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ o–+ o o–+ – o–

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

• Classification: 
Learn a mapping to 
a discrete set

• Supervised learning: Learn a 
mapping from features to 
labels

Rd ! {�1,+1}

<latexit sha1_base64="oLHxEcZfR/aSCqt4K9AA10Bh2rM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBUEsiBXVXdOOyin1AE8tkMqlDJ5MwMxFKyMaNv+LGhSJu/Qd3/o2TNgttPTBwOOde5p7jxYxKZVnfRmlufmFxqbxcWVldW98wN7faMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vGGl7nfeSBC0ojfqlFM3BANOA0oRkpLfXPXCZG697z0JrtL/Qw6KoJOemwfHdpO1jerVs0aA84SuyBVUKDZN78cP8JJSLjCDEnZs61YuSkSimJGsoqTSBIjPEQD0tOUo5BINx2nyOC+VnwYREI/ruBY/b2RolDKUejpyfxmOe3l4n9eL1HBmZtSHieKcDz5KEgY1FHzSqBPBcGKjTRBWFB9K8T3SCCsdHEVXYI9HXmWtE9qdr12fl2vNi6KOspgB+yBA2CDU9AAV6AJWgCDR/AMXsGb8WS8GO/Gx2S0ZBQ72+APjM8fIh2Xsg==</latexit>

Rd ! Rk

<latexit sha1_base64="njjY+l1zLj5QWtzCt7weVudfz1w=">AAACCnicbVDLSsNAFL3xWesr6tLNaBFclUQK6q7oxmUV+4Amlslk0g6dPJiZCCVk7cZfceNCEbd+gTv/xknbRW09MHA4517mnuMlnEllWT/G0vLK6tp6aaO8ubW9s2vu7bdknApCmyTmseh4WFLOItpUTHHaSQTFocdp2xteF377kQrJ4uhejRLqhrgfsYARrLTUM4+cEKuB52V3+UPm58hRMZqVhnnPrFhVawy0SOwpqcAUjZ757fgxSUMaKcKxlF3bSpSbYaEY4TQvO6mkCSZD3KddTSMcUulm4yg5OtGKj4JY6BcpNFZnNzIcSjkKPT1ZXCnnvUL8z+umKrhwMxYlqaIRmXwUpBzpvEUvyGeCEsVHmmAimL4VkQEWmCjdXlmXYM9HXiSts6pdq17e1ir1q2kdJTiEYzgFG86hDjfQgCYQeIIXeIN349l4NT6Mz8nokjHdOYA/ML5+AQdCmyM=</latexit>

• Multi-class 
classification:  
> 2 label values
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• Regression: Learn a mapping 
to continuous values: 

• Binary/two-class classification: 
Learn a mapping:  
• Example: linear classification

Machine Learning Tasks

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ +–+ + +–+ – +–
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ o–+ o o–+ – o–

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

• Classification: 
Learn a mapping to 
a discrete set

• Supervised learning: Learn a 
mapping from features to 
labels

• Unsupervised 
learning

Rd ! {�1,+1}

<latexit sha1_base64="oLHxEcZfR/aSCqt4K9AA10Bh2rM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBUEsiBXVXdOOyin1AE8tkMqlDJ5MwMxFKyMaNv+LGhSJu/Qd3/o2TNgttPTBwOOde5p7jxYxKZVnfRmlufmFxqbxcWVldW98wN7faMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vGGl7nfeSBC0ojfqlFM3BANOA0oRkpLfXPXCZG697z0JrtL/Qw6KoJOemwfHdpO1jerVs0aA84SuyBVUKDZN78cP8JJSLjCDEnZs61YuSkSimJGsoqTSBIjPEQD0tOUo5BINx2nyOC+VnwYREI/ruBY/b2RolDKUejpyfxmOe3l4n9eL1HBmZtSHieKcDz5KEgY1FHzSqBPBcGKjTRBWFB9K8T3SCCsdHEVXYI9HXmWtE9qdr12fl2vNi6KOspgB+yBA2CDU9AAV6AJWgCDR/AMXsGb8WS8GO/Gx2S0ZBQ72+APjM8fIh2Xsg==</latexit>

Rd ! Rk

<latexit sha1_base64="njjY+l1zLj5QWtzCt7weVudfz1w=">AAACCnicbVDLSsNAFL3xWesr6tLNaBFclUQK6q7oxmUV+4Amlslk0g6dPJiZCCVk7cZfceNCEbd+gTv/xknbRW09MHA4517mnuMlnEllWT/G0vLK6tp6aaO8ubW9s2vu7bdknApCmyTmseh4WFLOItpUTHHaSQTFocdp2xteF377kQrJ4uhejRLqhrgfsYARrLTUM4+cEKuB52V3+UPm58hRMZqVhnnPrFhVawy0SOwpqcAUjZ757fgxSUMaKcKxlF3bSpSbYaEY4TQvO6mkCSZD3KddTSMcUulm4yg5OtGKj4JY6BcpNFZnNzIcSjkKPT1ZXCnnvUL8z+umKrhwMxYlqaIRmXwUpBzpvEUvyGeCEsVHmmAimL4VkQEWmCjdXlmXYM9HXiSts6pdq17e1ir1q2kdJTiEYzgFG86hDjfQgCYQeIIXeIN349l4NT6Mz8nokjHdOYA/ML5+AQdCmyM=</latexit>

• Multi-class 
classification:  
> 2 label values
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• Regression: Learn a mapping 
to continuous values: 

• Binary/two-class classification: 
Learn a mapping:  
• Example: linear classification

Machine Learning Tasks

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ +–+ + +–+ – +–
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

–+ o–+ o o–+ – o–

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

• Classification: 
Learn a mapping to 
a discrete set

• Supervised learning: Learn a 
mapping from features to 
labels

• Unsupervised 
learning: No labels; 
find patterns

Rd ! {�1,+1}

<latexit sha1_base64="oLHxEcZfR/aSCqt4K9AA10Bh2rM=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBUEsiBXVXdOOyin1AE8tkMqlDJ5MwMxFKyMaNv+LGhSJu/Qd3/o2TNgttPTBwOOde5p7jxYxKZVnfRmlufmFxqbxcWVldW98wN7faMkoEJi0csUh0PSQJo5y0FFWMdGNBUOgx0vGGl7nfeSBC0ojfqlFM3BANOA0oRkpLfXPXCZG697z0JrtL/Qw6KoJOemwfHdpO1jerVs0aA84SuyBVUKDZN78cP8JJSLjCDEnZs61YuSkSimJGsoqTSBIjPEQD0tOUo5BINx2nyOC+VnwYREI/ruBY/b2RolDKUejpyfxmOe3l4n9eL1HBmZtSHieKcDz5KEgY1FHzSqBPBcGKjTRBWFB9K8T3SCCsdHEVXYI9HXmWtE9qdr12fl2vNi6KOspgB+yBA2CDU9AAV6AJWgCDR/AMXsGb8WS8GO/Gx2S0ZBQ72+APjM8fIh2Xsg==</latexit>

Rd ! Rk

<latexit sha1_base64="njjY+l1zLj5QWtzCt7weVudfz1w=">AAACCnicbVDLSsNAFL3xWesr6tLNaBFclUQK6q7oxmUV+4Amlslk0g6dPJiZCCVk7cZfceNCEbd+gTv/xknbRW09MHA4517mnuMlnEllWT/G0vLK6tp6aaO8ubW9s2vu7bdknApCmyTmseh4WFLOItpUTHHaSQTFocdp2xteF377kQrJ4uhejRLqhrgfsYARrLTUM4+cEKuB52V3+UPm58hRMZqVhnnPrFhVawy0SOwpqcAUjZ757fgxSUMaKcKxlF3bSpSbYaEY4TQvO6mkCSZD3KddTSMcUulm4yg5OtGKj4JY6BcpNFZnNzIcSjkKPT1ZXCnnvUL8z+umKrhwMxYlqaIRmXwUpBzpvEUvyGeCEsVHmmAimL4VkQEWmCjdXlmXYM9HXiSts6pdq17e1ir1q2kdJTiEYzgFG86hDjfQgCYQeIIXeIN349l4NT6Mz8nokjHdOYA/ML5+AQdCmyM=</latexit>

• Multi-class 
classification:  
> 2 label values

9


