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Neural Networking in the 20th Century

• Linear & Nonlinear: Composition of layers for computation

• Trainable: backpropagation



Computer Vision
        A multitude of interesting challenges



ImageNet & ILSVRC (2009)
1,000 image categories

1.2 million images for training

100k images for evaluation
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Natural Language Processing
        Manipulating Human Language with Computers

Are there many 
interesting 
problems in this 
space?



Sequence to Sequence Modeling
 E.g., Translation

Que sera, sera Whatever will be, will be

Donde hay humo, hay fuego Where there’s smoke, there’s fire

Nunca es tarde para aprender It’s never too late to learn

Como un cordero al matadero Like a lamb to the slaughter



9 158 113 8 170 231 251 235 131 220 242 73 128 198 216 86 188 227

149 215 139 9 145 10 38 160 59 83 242 230 93 206 193 110 2 76

193 156 58 15 103 241 92 231 47 134 34 68 15 38 87 156 30 101

233 195 239 23 56 140 122 174 72 169 30 175 53 166 131 182 78 97

192 163 254 24 225 151 213 20 61 250 62 95 222 113 135 218 217 189

181 93 195 39 21 118 12 139 219 10 6 10 62 46 195 186 80 159

101 98 172 54 24 203 56 135 225 110 91 201 150 83 127 107 32 92

73 6 35 59 197 191 154 210 227 10 213 240 75 90 104 24 99 167

95 89 146 103 147 52 101 247 118 231 11 64 53 201 89 138 117 201

92 239 19 112 109 150 53 114 24 235 135 68 255 222 216 109 224 94

211 243 121 147 66 71 118 140 210 139 116 21 16 129 59 95 26 238

193 133 247 156 130 88 217 197 13 203 53 246 109 43 145 119 193 80

177 155 120 161 81 152 36 54 3 182 35 109 9 89 21 210 169 27

185 190 16 178 179 95 12 192 94 166 86 106 124 95 151 124 115 9

179 40 176 182 185 147 80 57 161 47 93 41 14 183 196 20 183 230

231 142 227 183 52 173 190 79 147 6 76 82 209 108 165 26 216 60

135 33 9 250 79 139 144 15 207 22 39 4 81 227 79 146 193 43
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211 243 121 147 66 71 118 140 210 139 116 21 16 129 59 95 26 238
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Sequence to Sequence Modeling
 E.g., Translation

Que sera, sera Whatever will be, will be

Donde hay humo, hay fuego Where there’s smoke, there’s fire

Nunca es tarde para aprender It’s never too late to learn

Como un cordero al matadero Like a lamb to the slaughter
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Sequence to Sequence Modeling
 E.g., Translation
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Nunca es tarde para aprender It’s never too late to learn

Como un cordero al matadero Like a lamb to the slaughter

-0.508
 0.339
-0.690

0.180
-0.693
-0.907

-0.937
-0.322
 0.916

0.180
-0.693
-0.907

-0.178
-0.945
-0.829

0.921
0.412
0.376

-0.928
-0.751
 0.811

0.847
-0.445
-0.988

-0.952
 0.484
-0.867

-0.365
 0.498
 0.310

-0.698
 0.729
 0.362

0.189
-0.602
-0.882

-0.111
-0.711
 0.422

0.308
 0.647
 0.305

0.491
 0.480
 0.502

-0.698
 0.729
 0.362

0.446
-0.529
 0.714

0.446
-0.529
 0.714

0.000
 0.000
 0.000

0.000
 0.000
 0.000



Sequence to Sequence Modeling
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Sequence to Sequence Modeling
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The Evolution of Attention
 

Hidden states generated by RNNs

Alignment NN layers convert:

• encoder hidden states to keys
• decoder hidden states to queries
•  keys & queries to weights

weights used to average unmodified encoder hidden states
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The Evolution of Attention
 

Hidden states generated by RNNs

Alignment NN layers convert:

• encoder hidden states to keys
• decoder hidden states to queries
•  keys & queries to weights

weights used to average unmodified encoder hidden states

Linear NNs directly create keys, queries, and values

Matrix mult converts keys & queries to weights

weights used to average values
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Multi-Head Attention
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