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Discussion Time!

See link to discussion guide on schedule

You have 15 minutes!

3Mike Hughes - Tufts COMP 135 - Fall 2020



Responsible ML: Takeaways
• Human-centered approach

• Involve diverse stakeholders at every step

• Cyclical approach
• Plan to Test, Release, Revise, Repeat

• Know your data: make a Datasheet
• What is it capable of?
• Limitations?

• Know your model: make a Model Card
• What is it capable of?
• Limitations? (e.g. most ML can’t make causal claims)

4Mike Hughes - Tufts COMP 135 - Fall 2020



Review for Unit 5 Quiz
• SVMs for binary classification

• Concepts: Support Vector, Hard Margin, Soft Margin
• Hinge Loss
• Compare/contrast with logistic regression

• Kernels
• Definition of a kernel function
• Examples: linear, squared-exponential, periodic
• Primal vs dual view of prediction and training
• Practical use: regression (like HW5), classification (with SVM)

• PCA
• Encoding / decoding operations
• Training objective

• Minimize reconstruction error
• Hyperparameter: How to select K?
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• Fairness (at most 1 question)
• How to tell if classifier is “fair”?
• What metrics are appropriate?

• Accuracy vs FPR vs TPR vs ….



Two views of kernel prediction

2. Then choose a view below (both not always possible)

Primal (weights view, explicit feature vectors)

Dual (kernel view, only inner prod of features)
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k(xi, xj) = �(xi)
T�(xj)

ŷ(xi,↵, {xn}Nn=1) =
NX

n=1

↵nk(xn, xi)

ŷ(xi, ✓) = ✓T�(xi) =
GX

g=1

✓g · �(xi)g

1. Pick a kernel or feature transform (one implies other)

✓ 2 RG
<latexit sha1_base64="dBSH1OB4M0JX90c13A8GX0cvwEM=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSVEGPRQ96rGI/oIlls922SzebsDsRSsjFv+LFgyJe/Rne/Ddu2xy09cHA470ZZuYFseAaHOfbKiwtr6yuFddLG5tb2zv27l5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6mvitR6Y0j+Q9jGPmh2QgeZ9TAkbq2gceDBkQ7HGJvZDAMAjSu+zhumuXnYozBV4kbk7KKEe9a395vYgmIZNABdG64zox+ClRwKlgWclLNIsJHZEB6xgqSci0n04fyPCxUXq4HylTEvBU/T2RklDrcRiYzsmNet6biP95nQT6F37KZZwAk3S2qJ8IDBGepIF7XDEKYmwIoYqbWzEdEkUomMxKJgR3/uVF0qxW3NNK9fasXLvM4yiiQ3SETpCLzlEN3aA6aiCKMvSMXtGb9WS9WO/Wx6y1YOUz++gPrM8fRpSWMw==</latexit>

↵ 2 RN
<latexit sha1_base64="5zbhFkUPs3y6CRhsJelSeTRRjV0=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSVEGPRS+epIr9gCaWyXbbLt1swu5GKCEX/4oXD4p49Wd489+4bXPQ1gcDj/dmmJkXxJwp7TjfVmFpeWV1rbhe2tjc2t6xd/eaKkokoQ0S8Ui2A1CUM0EbmmlO27GkEAactoLR1cRvPVKpWCTu9TimfggDwfqMgDZS1z7wgMdDwB4T2AtBD4Mgvcsebrp22ak4U+BF4uakjHLUu/aX14tIElKhCQelOq4Taz8FqRnhNCt5iaIxkBEMaMdQASFVfjp9IMPHRunhfiRNCY2n6u+JFEKlxmFgOic3qnlvIv7ndRLdv/BTJuJEU0Fmi/oJxzrCkzRwj0lKNB8bAkQycysmQ5BAtMmsZEJw519eJM1qxT2tVG/PyrXLPI4iOkRH6AS56BzV0DWqowYiKEPP6BW9WU/Wi/VufcxaC1Y+s4/+wPr8ATeqlio=</latexit>

�(xn) 2 RG
<latexit sha1_base64="7w0knWNsxQlHQjCZFJQoLzQ5cYc=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkpSBV0WXeiyin1AE8NkOmmHTiZhZiKWUHDjr7hxoYhbf8Kdf+OkzUJbD1w4nHMv997jx4xKZVnfRmFhcWl5pbhaWlvf2Nwyt3daMkoEJk0csUh0fCQJo5w0FVWMdGJBUOgz0vaHF5nfvidC0ojfqlFM3BD1OQ0oRkpLnrnnxANaefD4EXQoh06I1MD305vx3aVnlq2qNQGcJ3ZOyiBHwzO/nF6Ek5BwhRmSsmtbsXJTJBTFjIxLTiJJjPAQ9UlXU45CIt108sMYHmqlB4NI6OIKTtTfEykKpRyFvu7MbpSzXib+53UTFZy5KeVxogjH00VBwqCKYBYI7FFBsGIjTRAWVN8K8QAJhJWOraRDsGdfnietWtU+rtauT8r18zyOItgHB6ACbHAK6uAKNEATYPAInsEreDOejBfj3fiYthaMfGYX/IHx+QPvGpcS</latexit>



Why is kernel trick good idea?

Before (primal view)
Training problem seeks optimized vector of size G
Prediction cost:

scales linearly with G (num. high-dim features)
requires G multiply ops plus G-1 adds

After (dual view)
Training problem seeks optimized vector of size N
Prediction cost:

scales linearly with N (num. train examples)
requires N evaluations of kernel plus N multiply/add

So we get some saving in runtime/storage with dual view if:
G is bigger than N
AND we can evaluate k fast (faster than a size G inner product)
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Good with: squared exponential kernel
Not so good with: linear kernel with raw features



View: PCA as Matrix Factorization
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⇡≈
WT

<latexit sha1_base64="/0EKeFOh3BxLTKvNIGXg/QMrZ20=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4j5gXJGmYnvcmQ2dllZlYIIZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfmtJ1Sax7Juxgn6ER1IHnJGjZUeWo/1XrHklt05yCrxMlKCDLVe8avbj1kaoTRMUK07npsYf0KV4UzgtNBNNSaUjegAO5ZKGqH2J/NTp+TMKn0SxsqWNGSu/p6Y0EjrcRTYzoiaoV72ZuJ/Xic14bU/4TJJDUq2WBSmgpiYzP4mfa6QGTG2hDLF7a2EDamizNh0CjYEb/nlVdKslL2LcuX+slS9yeLIwwmcwjl4cAVVuIMaNIDBAJ7hFd4c4bw4787HojXnZDPH8AfO5w8OP42l</latexit>

Z
<latexit sha1_base64="FO5NRjT0DapzdaQZYFw0PtqJG0U=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALoPjOI=</latexit>

View: Encoding and Decoding

x̂i = Wzi +m
<latexit sha1_base64="46QcHBJKKEcuj9/eJEC2G4ul9bs=">AAACInicbVDLSsNAFJ34rPUVdelmsAiCUJIqqAuh6MZlBfuANoTJdNIOnUnCzESsId/ixl9x40JRV4If46SNRVsPDJx7zr3MvceLGJXKsj6NufmFxaXlwkpxdW19Y9Pc2m7IMBaY1HHIQtHykCSMBqSuqGKkFQmCuMdI0xtcZn7zlghJw+BGDSPicNQLqE8xUlpyzbNOH6mkw5Hqe35yl6Yuhefwp26mE3qfOYeTkqeuWbLK1ghwltg5KYEcNdd873RDHHMSKMyQlG3bipSTIKEoZiQtdmJJIoQHqEfamgaIE+kkoxNTuK+VLvRDoV+g4Ej9PZEgLuWQe7oz21BOe5n4n9eOlX/qJDSIYkUCPP7IjxlUIczygl0qCFZsqAnCgupdIe4jgbDSqRZ1CPb0ybOkUSnbR+XK9XGpepHHUQC7YA8cABucgCq4AjVQBxg8gCfwAl6NR+PZeDM+xq1zRj6zA/7A+PoGheWk4A==</latexit>

zn = WT (xn �m)
<latexit sha1_base64="AnK3oLSf5ZYtTUl9JcKuHYRENy0=">AAAB/HicbZDLSgMxFIYzXmu9jXbpJliEurDMVEE3QtGNywq9QTsOmTTThiaZIcmIY6mv4saFIm59EHe+jWk7C239IfDxn3M4J38QM6q043xbS8srq2vruY385tb2zq69t99UUSIxaeCIRbIdIEUYFaShqWakHUuCeMBIKxheT+qteyIVjURdpzHxOOoLGlKMtLF8u/DoC3gJW3d1WHoweAL5sW8XnbIzFVwEN4MiyFTz7a9uL8IJJ0JjhpTquE6svRGSmmJGxvluokiM8BD1ScegQJwobzQ9fgyPjNODYSTNExpO3d8TI8SVSnlgOjnSAzVfm5j/1TqJDi+8ERVxoonAs0Vhwq CO4CQJ2KOSYM1SAwhLam6FeIAkwtrklTchuPNfXoRmpeyeliu3Z8XqVRZHDhyAQ1ACLjgHVXADaqABMEjBM3gFb9aT9WK9Wx+z1iUrmymAP7I+fwCYZpLK</latexit>

⇡
encode
“transform”

decode
“reconstruct”

xn
<latexit sha1_base64="2OdGja3qMfiDRv55VfkfpL6vXD8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120i7dbMLuRiyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdP/Vkr1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbqhJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTtCF4iy8vk2a14p1XqncX5dp1HkcBjuEEzsCDS6jBLdShAQwG8Ayv8OYI58V5dz7mrStOPnMEf+B8/gBpco3h</latexit>

x̂n
<latexit sha1_base64="zNc7bDHzOV8PLkB763pxPeDztAU=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/ZA2lM120y7dbMLuRCyhv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKzucZxwP6IDJULBKFrpoTukmD1NeqpXKrsVdwayTLyclCFHvVf66vZjlkZcIZPUmI7nJuhnVKNgkk+K3dTwhLIRHfCOpYpG3PjZ7OAJObVKn4SxtqWQzNTfExmNjBlHge2MKA7NojcV//M6KYZXfiZUkiJXbL4oTCXBmEy/J32hOUM5toQyLeythA2ppgxtRkUbgrf48jJpViveeaV6d1GuXedxFOAYTuAMPLiEGtxCHRrAIIJneIU3RzsvzrvzMW9dcfKZI/gD5/MHOK+Qrg==</latexit>

zn = WT (xn �m)
<latexit sha1_base64="AnK3oLSf5ZYtTUl9JcKuHYRENy0=">AAAB/HicbZDLSgMxFIYzXmu9jXbpJliEurDMVEE3QtGNywq9QTsOmTTThiaZIcmIY6mv4saFIm59EHe+jWk7C239IfDxn3M4J38QM6q043xbS8srq2vruY385tb2zq69t99UUSIxaeCIRbIdIEUYFaShqWakHUuCeMBIKxheT+qteyIVjURdpzHxOOoLGlKMtLF8u/DoC3gJW3d1WHoweAL5sW8XnbIzFVwEN4MiyFTz7a9uL8IJJ0JjhpTquE6svRGSmmJGxvluokiM8BD1ScegQJwobzQ9fgyPjNODYSTNExpO3d8TI8SVSnlgOjnSAzVfm5j/1TqJDi+8ERVxoonAs0VhwqCO4CQJ2KOSYM1SAwhLam6FeIAkwtrklTchuPNfXoRmpeyeliu3Z8XqVRZHDhyAQ1ACLjgHVXADaqABMEjBM3gFb9aT9WK9Wx+z1iUrmymAP7I+fwCYZpLK</latexit>

X̃
<latexit sha1_base64="/tHxhmiMeFWT8uxeMed+Yv4B7Z8=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ie0oWw203bpbhJ2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFBE0UaCETqKBqUBCOxjfzvz2E2gj4ugBJwn4ig0jMRCcoZUeeyhkCFln2i9X3Ko7B10lXk4qJEejX/7qhTFPFUTIJTOm67kJ+hnTKLiEaamXGkgYH7MhdC2NmALjZ/ODp/TMKiEdxNpWhHSu/p7ImDJmogLbqRiOzLI3E//zuikOrv1MREmKEPHFokEqKcZ09j0NhQaOcmIJ41rYWykfMc042oxKNgRv+eVV0qpVvYtq7f6yUr/J4yiSE3JKzolHrkid3JEGaRJOFHkmr+TN0c6L8+58LFoLTj5zTP7A+fwBFAuQlg==</latexit>

Centered data:Raw data: X̃
<latexit sha1_base64="/tHxhmiMeFWT8uxeMed+Yv4B7Z8=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ie0oWw203bpbhJ2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFBE0UaCETqKBqUBCOxjfzvz2E2gj4ugBJwn4ig0jMRCcoZUeeyhkCFln2i9X3Ko7B10lXk4qJEejX/7qhTFPFUTIJTOm67kJ+hnTKLiEaamXGkgYH7MhdC2NmALjZ/ODp/TMKiEdxNpWhHSu/p7ImDJmogLbqRiOzLI3E//zuikOrv1MREmKEPHFokEqKcZ09j0NhQaOcmIJ41rYWykfMc042oxKNgRv+eVV0qpVvYtq7f6yUr/J4yiSE3JKzolHrkid3JEGaRJOFHkmr+TN0c6L8+58LFoLTj5zTP7A+fwBFAuQlg==</latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

W =

2

4
| | |

w1 w2 . . . wK

| | |

3

5

<latexit sha1_base64="tPE1Wzn+xEBbswS0K+Urtg2bJmU="></latexit>

Reconstructed data:X̂
<latexit sha1_base64="rlVVGhGnUn6odAulQ6t66LNCctE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnf6YYtadDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+e9kKDRnKKeWUKaFvZWwMdWUoU2oZEPwVl9eJ+1a1buq1h7qlcZtHkcRzuAcLsGDa2jAPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gCA6o+t</latexit>



Breakout: Practice Quiz Unit 5
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