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Transfer Learning I
• Learning with little data

• Transferring knowledge about the mapping

• Finetuning

• Domain adaptation

• Transferring knowledge about the outputs

• Knowledge distillation

• Foundation models

• Prompting
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[Slide credit: Andrew Ng]
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This is a “dax”. 

Which of the below symbols are 
also daxes?

Few-shot Learning

[Lake, Salakhutdinov, Tenenbaum, 2015]

© AAAS. All rights reserved. This content is excluded from our Creative Commons 
license. For more information, see https://ocw.mit.edu/help/faq-fair-use/
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[Lake, Salakhutdinov, Tenenbaum, 2015]

Which of these is an example of the 
same concept as the item in the box?

Few-shot Learning

© AAAS. All rights reserved. This content is excluded from our Creative Commons 
license. For more information, see https://ocw.mit.edu/help/faq-fair-use/
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“Deep learning”

Representations

Models

Skills

Human learning

How can we give deep nets prior knowledge?
© source unknown. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-
use/
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How can we give deep nets prior knowledge?

Then transfer knowledge from the pretrained nets to solve 
novel tasks.

Just “pretrain” them on prior tasks!

One view: the point of deep learning is to enable problem 
solving with little data
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Transfer Learning

1. Knowledge about the mapping

2. Knowledge about the outputs

3. Knowledge about the inputs

z

zOutputs

Inputs
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Transfer Learning

1. Knowledge about the mapping

2. Knowledge about the outputs

3. Knowledge about the inputs

z

zOutputs

Inputs
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Testing
<latexit sha1_base64="xu7yi64Jzp9qaGC2BEKYLlLVM18="></latexit><latexit sha1_base64="xu7yi64Jzp9qaGC2BEKYLlLVM18="></latexit><latexit sha1_base64="xu7yi64Jzp9qaGC2BEKYLlLVM18="></latexit><latexit sha1_base64="xu7yi64Jzp9qaGC2BEKYLlLVM18="></latexit>

Preference predictionGenre recognition

Pretraining
<latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit>

A lot of data

Preference prediction

A little data

Adapting
<latexit sha1_base64="JySYyG3MbKaIVDrvBMx0n+QXIBY=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4Kkkveqx68VjBfkAbymazaZduNnF3IpTQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuYFqRQGXffbWVvf2NzaLu2Ud/f2Dw4rR8dtk2Sa8RZLZKK7ATVcCsVbKFDybqo5jQPJO8H4duZ3nrg2IlEPOEm5H9OhEpFgFK3UvQ5pikINB5WqW3PnIKvEK0gVCjQHla9+mLAs5gqZpMb0PDdFP6caBZN8Wu5nhqeUjemQ9yxVNObGz+f3Tsm5VUISJdqWQjJXf0/kNDZmEge2M6Y4MsveTPzP62UYXfm5UGmGXLHFoiiTBBMye56EQnOGcmIJZVrYWwkbUU0Z2ojKNgRv+eVV0q7XPLfm3derjZsijhKcwhlcgAeX0IA7aEILGEh4hld4cx6dF+fd+Vi0rjnFzAn8gfP5AwV5j/A=</latexit><latexit sha1_base64="wVVtBqrbxBfj/V0YzN1PAg9/2po=">AAACFHicjVC7TsMwFL3hWcqrwMhiUSExVUkXGAssjCDRh9RGleM4rVXHiewbpCrqTzCw8CssCLEysPE3uG0GaBk4kqWjc87V9T1BKoVB1/1yVlbX1jc2S1vl7Z3dvf3KwWHLJJlmvMkSmehOQA2XQvEmCpS8k2pO40DydjC6nvrtB66NSNQ9jlPux3SgRCQYRSt1LkOaolCDfqXq1twZyDLxClKFAv+L9yufvTBhWcwVMkmN6Xpuin5ONQom+aTcywxPKRvRAe9aqmjMjZ/PjpqQU6uEJEq0fQrJTP05kdPYmHEc2GRMcWgWvan4l9fNMLrwc6HSDLli80VRJgkmZNoQCYXmDOXYEsq0sH8lbEg1ZWh7LNvTvcVDl0mrXvPcmndXrzauis5KcAwncAYenEMDbuAWmsBAwiM8w6vz5Lw4b877PLriFDNH8AvOxzfQqZdp</latexit><latexit sha1_base64="wVVtBqrbxBfj/V0YzN1PAg9/2po=">AAACFHicjVC7TsMwFL3hWcqrwMhiUSExVUkXGAssjCDRh9RGleM4rVXHiewbpCrqTzCw8CssCLEysPE3uG0GaBk4kqWjc87V9T1BKoVB1/1yVlbX1jc2S1vl7Z3dvf3KwWHLJJlmvMkSmehOQA2XQvEmCpS8k2pO40DydjC6nvrtB66NSNQ9jlPux3SgRCQYRSt1LkOaolCDfqXq1twZyDLxClKFAv+L9yufvTBhWcwVMkmN6Xpuin5ONQom+aTcywxPKRvRAe9aqmjMjZ/PjpqQU6uEJEq0fQrJTP05kdPYmHEc2GRMcWgWvan4l9fNMLrwc6HSDLli80VRJgkmZNoQCYXmDOXYEsq0sH8lbEg1ZWh7LNvTvcVDl0mrXvPcmndXrzauis5KcAwncAYenEMDbuAWmsBAwiM8w6vz5Lw4b877PLriFDNH8AvOxzfQqZdp</latexit><latexit sha1_base64="wVVtBqrbxBfj/V0YzN1PAg9/2po=">AAACFHicjVC7TsMwFL3hWcqrwMhiUSExVUkXGAssjCDRh9RGleM4rVXHiewbpCrqTzCw8CssCLEysPE3uG0GaBk4kqWjc87V9T1BKoVB1/1yVlbX1jc2S1vl7Z3dvf3KwWHLJJlmvMkSmehOQA2XQvEmCpS8k2pO40DydjC6nvrtB66NSNQ9jlPux3SgRCQYRSt1LkOaolCDfqXq1twZyDLxClKFAv+L9yufvTBhWcwVMkmN6Xpuin5ONQom+aTcywxPKRvRAe9aqmjMjZ/PjpqQU6uEJEq0fQrJTP05kdPYmHEc2GRMcWgWvan4l9fNMLrwc6HSDLli80VRJgkmZNoQCYXmDOXYEsq0sH8lbEg1ZWh7LNvTvcVDl0mrXvPcmndXrzauis5KcAwncAYenEMDbuAWmsBAwiM8w6vz5Lw4b877PLriFDNH8AvOxzfQqZdp</latexit>

cf
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

classical

hip hop

rock

metal

alternative

rap

c

Like

Neural

Dislike
f 0

<latexit sha1_base64="ysT2jZsYdHHOd6zKvJy5rUTwvcg=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWASw+ykNxkyM7vMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5upn7zCbXhsbq34wS7kg4Ujzij1kkP0WPWSTSXOOmVyn7Fn4EskyAnZchR65W+Ov2YpRKVZYIa0w78xHYzqi1nAifFTmowoWxEB9h2VFGJppvNLp6QU6f0SRRrV8qSmfp7IqPSmLEMXaekdmgWvan4n9dObXTVzbhKUouKzRdFqSA2JtP3SZ9rZFaMHaFMc3crYUOqKbMupKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0YKHiGV3jzjPfivXsf89YVL585gj/wPn8A79+REw==</latexit><latexit sha1_base64="p11jeD7YyqvDUrrW9MzJ6vonMx8=">AAACFnicjVC7SgNBFL0bXzG+opY2i0GwCrsiaBm0sVQwD0zWMDu5mwyZmV1mZoWw5C8sbPwVGxFbsfNvnCRbaGLhgYHDOedy554w4Uwbz/tyCkvLK6trxfXSxubW9k55d6+h41RRrNOYx6oVEo2cSawbZji2EoVEhByb4fBy4jcfUGkWy1szSjAQpC9ZxCgxVrqL7rNOopjAcbdc8areFO4i8XNSgRz/i3fLn51eTFOB0lBOtG77XmKCjCjDKMdxqZNqTAgdkj62LZVEoA6y6Vlj98gqPTeKlX3SuFP150RGhNYjEdqkIGag572J+JfXTk10HmRMJqlBSWeLopS7JnYnHbk9ppAaPrKEUMXsX106IIpQY5ss2dP9+UMXSeOk6ntV/+a0UrvIOyvCARzCMfhwBjW4gmuoAwUJj/AMr86T8+K8Oe+zaMHJZ/bhF5yPb+JJmIw=</latexit><latexit sha1_base64="p11jeD7YyqvDUrrW9MzJ6vonMx8=">AAACFnicjVC7SgNBFL0bXzG+opY2i0GwCrsiaBm0sVQwD0zWMDu5mwyZmV1mZoWw5C8sbPwVGxFbsfNvnCRbaGLhgYHDOedy554w4Uwbz/tyCkvLK6trxfXSxubW9k55d6+h41RRrNOYx6oVEo2cSawbZji2EoVEhByb4fBy4jcfUGkWy1szSjAQpC9ZxCgxVrqL7rNOopjAcbdc8areFO4i8XNSgRz/i3fLn51eTFOB0lBOtG77XmKCjCjDKMdxqZNqTAgdkj62LZVEoA6y6Vlj98gqPTeKlX3SuFP150RGhNYjEdqkIGag572J+JfXTk10HmRMJqlBSWeLopS7JnYnHbk9ppAaPrKEUMXsX106IIpQY5ss2dP9+UMXSeOk6ntV/+a0UrvIOyvCARzCMfhwBjW4gmuoAwUJj/AMr86T8+K8Oe+zaMHJZ/bhF5yPb+JJmIw=</latexit><latexit sha1_base64="p11jeD7YyqvDUrrW9MzJ6vonMx8=">AAACFnicjVC7SgNBFL0bXzG+opY2i0GwCrsiaBm0sVQwD0zWMDu5mwyZmV1mZoWw5C8sbPwVGxFbsfNvnCRbaGLhgYHDOedy554w4Uwbz/tyCkvLK6trxfXSxubW9k55d6+h41RRrNOYx6oVEo2cSawbZji2EoVEhByb4fBy4jcfUGkWy1szSjAQpC9ZxCgxVrqL7rNOopjAcbdc8areFO4i8XNSgRz/i3fLn51eTFOB0lBOtG77XmKCjCjDKMdxqZNqTAgdkj62LZVEoA6y6Vlj98gqPTeKlX3SuFP150RGhNYjEdqkIGag572J+JfXTk10HmRMJqlBSWeLopS7JnYnHbk9ppAaPrKEUMXsX106IIpQY5ss2dP9+UMXSeOk6ntV/+a0UrvIOyvCARzCMfhwBjW4gmuoAwUJj/AMr86T8+K8Oe+zaMHJZ/bhF5yPb+JJmIw=</latexit>

c

Like

Neural

Dislike
f 0

<latexit sha1_base64="ysT2jZsYdHHOd6zKvJy5rUTwvcg=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWASw+ykNxkyM7vMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5upn7zCbXhsbq34wS7kg4Ujzij1kkP0WPWSTSXOOmVyn7Fn4EskyAnZchR65W+Ov2YpRKVZYIa0w78xHYzqi1nAifFTmowoWxEB9h2VFGJppvNLp6QU6f0SRRrV8qSmfp7IqPSmLEMXaekdmgWvan4n9dObXTVzbhKUouKzRdFqSA2JtP3SZ9rZFaMHaFMc3crYUOqKbMupKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0YKHiGV3jzjPfivXsf89YVL585gj/wPn8A79+REw==</latexit><latexit sha1_base64="p11jeD7YyqvDUrrW9MzJ6vonMx8=">AAACFnicjVC7SgNBFL0bXzG+opY2i0GwCrsiaBm0sVQwD0zWMDu5mwyZmV1mZoWw5C8sbPwVGxFbsfNvnCRbaGLhgYHDOedy554w4Uwbz/tyCkvLK6trxfXSxubW9k55d6+h41RRrNOYx6oVEo2cSawbZji2EoVEhByb4fBy4jcfUGkWy1szSjAQpC9ZxCgxVrqL7rNOopjAcbdc8areFO4i8XNSgRz/i3fLn51eTFOB0lBOtG77XmKCjCjDKMdxqZNqTAgdkj62LZVEoA6y6Vlj98gqPTeKlX3SuFP150RGhNYjEdqkIGag572J+JfXTk10HmRMJqlBSWeLopS7JnYnHbk9ppAaPrKEUMXsX106IIpQY5ss2dP9+UMXSeOk6ntV/+a0UrvIOyvCARzCMfhwBjW4gmuoAwUJj/AMr86T8+K8Oe+zaMHJZ/bhF5yPb+JJmIw=</latexit><latexit sha1_base64="p11jeD7YyqvDUrrW9MzJ6vonMx8=">AAACFnicjVC7SgNBFL0bXzG+opY2i0GwCrsiaBm0sVQwD0zWMDu5mwyZmV1mZoWw5C8sbPwVGxFbsfNvnCRbaGLhgYHDOedy554w4Uwbz/tyCkvLK6trxfXSxubW9k55d6+h41RRrNOYx6oVEo2cSawbZji2EoVEhByb4fBy4jcfUGkWy1szSjAQpC9ZxCgxVrqL7rNOopjAcbdc8areFO4i8XNSgRz/i3fLn51eTFOB0lBOtG77XmKCjCjDKMdxqZNqTAgdkj62LZVEoA6y6Vlj98gqPTeKlX3SuFP150RGhNYjEdqkIGag572J+JfXTk10HmRMJqlBSWeLopS7JnYnHbk9ppAaPrKEUMXsX106IIpQY5ss2dP9+UMXSeOk6ntV/+a0UrvIOyvCARzCMfhwBjW4gmuoAwUJj/AMr86T8+K8Oe+zaMHJZ/bhF5yPb+JJmIw=</latexit><latexit sha1_base64="p11jeD7YyqvDUrrW9MzJ6vonMx8=">AAACFnicjVC7SgNBFL0bXzG+opY2i0GwCrsiaBm0sVQwD0zWMDu5mwyZmV1mZoWw5C8sbPwVGxFbsfNvnCRbaGLhgYHDOedy554w4Uwbz/tyCkvLK6trxfXSxubW9k55d6+h41RRrNOYx6oVEo2cSawbZji2EoVEhByb4fBy4jcfUGkWy1szSjAQpC9ZxCgxVrqL7rNOopjAcbdc8areFO4i8XNSgRz/i3fLn51eTFOB0lBOtG77XmKCjCjDKMdxqZNqTAgdkj62LZVEoA6y6Vlj98gqPTeKlX3SuFP150RGhNYjEdqkIGag572J+JfXTk10HmRMJqlBSWeLopS7JnYnHbk9ppAaPrKEUMXsX106IIpQY5ss2dP9+UMXSeOk6ntV/+a0UrvIOyvCARzCMfhwBjW4gmuoAwUJj/AMr86T8+K8Oe+zaMHJZ/bhF5yPb+JJmIw=</latexit>
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Finetuning

• Pretrain a network on task A, resulting in parameters W and b

• Initialize a second network with some or all of W and b

• Train the second network on task B, resulting in parameters W’ and b’

The “learned representation” is the encoder (its weights 
and biases) so that’s what we transfer
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Contrastive pre-training

dolphin
cat
grizzly bear
angel fish
chameleon

iguana
elephant

tiger

Self-supervised contrastive learning

Pretraining
<latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit>

New recognition task

Testing
<latexit sha1_base64="xu7yi64Jzp9qaGC2BEKYLlLVM18="></latexit><latexit sha1_base64="xu7yi64Jzp9qaGC2BEKYLlLVM18="></latexit><latexit sha1_base64="xu7yi64Jzp9qaGC2BEKYLlLVM18="></latexit><latexit sha1_base64="xu7yi64Jzp9qaGC2BEKYLlLVM18="></latexit>

Tigers © source unknown. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see https://ocw.mit.edu/help/
faq-fair-use/
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Contrastive pre-training

dolphin
cat
grizzly bear
angel fish
chameleon

iguana
elephant

tiger

Self-supervised contrastive learning

Pretraining
<latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit>

New recognition task

Finetuning
<latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit>

Tigers © source unknown. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see https://ocw.mit.edu/help/
faq-fair-use/
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Pretraining
<latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit>

X
<latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit>

Y
<latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit>

wheat
<latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit>

corn
<latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit>

What if the input/output dimensions don’t match?

Finetuning
<latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit>

X 0
<latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit>

Y 0
<latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit>

wheat
<latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit>

corn
<latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit>

soybeans
<latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit>

Images © source unknown. All rights reserved. This content is 
excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/
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Finetuning
<latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit>

Pretraining
<latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit>

X
<latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit>

Y
<latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit>

wheat
<latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit>

corn
<latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit>

X 0
<latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit>

Y 0
<latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit>

wheat
<latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit>

corn
<latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit>

soybeans
<latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit>

What if the input/output dimensions don’t match?

Y 0 6= Y
<latexit sha1_base64="mA9rCcKEwzVlViJM0wy4GBP52Zw="></latexit><latexit sha1_base64="tb3zWfZErVmQs2nuyhhklyfEuC0="></latexit><latexit sha1_base64="tb3zWfZErVmQs2nuyhhklyfEuC0="></latexit><latexit sha1_base64="tb3zWfZErVmQs2nuyhhklyfEuC0="></latexit>

X 0 6= X
<latexit sha1_base64="nHSTQYPpPQP+jjE59WHS6TukM4Y="></latexit><latexit sha1_base64="WfkEs0m3WRYKeoSq8SIV/ZlxyNg="></latexit><latexit sha1_base64="WfkEs0m3WRYKeoSq8SIV/ZlxyNg="></latexit><latexit sha1_base64="WfkEs0m3WRYKeoSq8SIV/ZlxyNg="></latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit>

Images © source unknown. All rights reserved. This content is 
excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/
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Finetuning
<latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit>

Pretraining
<latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit>

X
<latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit>

Y
<latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit>

f2
<latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit>

wheat
<latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit>

corn
<latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit>

X 0
<latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit>

Y 0
<latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit>

wheat
<latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit>

corn
<latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit>

soybeans
<latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit>

What if the input/output dimensions don’t match?

f2
<latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit>

f3
<latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit><latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit><latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit><latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit>

f1
<latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit>

Z1
<latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit>

Z2
<latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit>

f3
<latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit><latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit><latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit><latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit>

f1
<latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit>

Z1
<latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit>

Z2
<latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit>

f 0
1

<latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit><latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit><latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit><latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit>

f 0
3

<latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit><latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit><latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit><latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit>

Z2
<latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit>

Z1
<latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit>

Images © source unknown. All rights reserved. This content is 
excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/
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Finetuning
<latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit>

Pretraining
<latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit>

X
<latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit>

Y
<latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit>

f2
<latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit>

wheat
<latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit>

corn
<latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit>

X 0
<latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit>

Y 0
<latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit>

wheat
<latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit>

corn
<latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit>

soybeans
<latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit>

What if the input/output dimensions don’t match?

f3
<latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit><latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit><latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit><latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit>

f1
<latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit>

Z1
<latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit>

Z2
<latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit>

f3
<latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit><latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit><latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit><latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit>

f1
<latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit>

Z1
<latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit>

Z2
<latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit>

f 0
1

<latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit><latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit><latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit><latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit>

f 0
3

<latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit><latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit><latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit><latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit>

Z2
<latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit>

Z1
<latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit>

f 0
2

<latexit sha1_base64="5NE63crqBeQNmBqWXH+ni6eSHKU=">AAAB83icbVBNSwMxEM36WetX1aOXYBE8ld0i6LHoxWMF+wHdtWTT2TY0yYYkK5Slf8OLB0W8+me8+W9M2z1o64OBx3szzMyLFWfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJs00hRZNeaq7MTHAmYSWZZZDV2kgIubQice3M7/zBNqwVD7YiYJIkKFkCaPEOilMHvNQaSZg2q/3K1W/5s+BV0lQkCoq0OxXvsJBSjMB0lJOjOkFvrJRTrRllMO0HGYGFKFjMoSeo5IIMFE+v3mKz50ywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUuprILIVh+eZW067XArwX3l9XGTRFHCZ2iM3SBAnSFGugONVELUaTQM3pFb17mvXjv3seidc0rZk7QH3ifPx54kbg=</latexit><latexit sha1_base64="5NE63crqBeQNmBqWXH+ni6eSHKU=">AAAB83icbVBNSwMxEM36WetX1aOXYBE8ld0i6LHoxWMF+wHdtWTT2TY0yYYkK5Slf8OLB0W8+me8+W9M2z1o64OBx3szzMyLFWfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJs00hRZNeaq7MTHAmYSWZZZDV2kgIubQice3M7/zBNqwVD7YiYJIkKFkCaPEOilMHvNQaSZg2q/3K1W/5s+BV0lQkCoq0OxXvsJBSjMB0lJOjOkFvrJRTrRllMO0HGYGFKFjMoSeo5IIMFE+v3mKz50ywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUuprILIVh+eZW067XArwX3l9XGTRFHCZ2iM3SBAnSFGugONVELUaTQM3pFb17mvXjv3seidc0rZk7QH3ifPx54kbg=</latexit><latexit sha1_base64="5NE63crqBeQNmBqWXH+ni6eSHKU=">AAAB83icbVBNSwMxEM36WetX1aOXYBE8ld0i6LHoxWMF+wHdtWTT2TY0yYYkK5Slf8OLB0W8+me8+W9M2z1o64OBx3szzMyLFWfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJs00hRZNeaq7MTHAmYSWZZZDV2kgIubQice3M7/zBNqwVD7YiYJIkKFkCaPEOilMHvNQaSZg2q/3K1W/5s+BV0lQkCoq0OxXvsJBSjMB0lJOjOkFvrJRTrRllMO0HGYGFKFjMoSeo5IIMFE+v3mKz50ywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUuprILIVh+eZW067XArwX3l9XGTRFHCZ2iM3SBAnSFGugONVELUaTQM3pFb17mvXjv3seidc0rZk7QH3ifPx54kbg=</latexit><latexit sha1_base64="5NE63crqBeQNmBqWXH+ni6eSHKU=">AAAB83icbVBNSwMxEM36WetX1aOXYBE8ld0i6LHoxWMF+wHdtWTT2TY0yYYkK5Slf8OLB0W8+me8+W9M2z1o64OBx3szzMyLFWfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJs00hRZNeaq7MTHAmYSWZZZDV2kgIubQice3M7/zBNqwVD7YiYJIkKFkCaPEOilMHvNQaSZg2q/3K1W/5s+BV0lQkCoq0OxXvsJBSjMB0lJOjOkFvrJRTrRllMO0HGYGFKFjMoSeo5IIMFE+v3mKz50ywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUuprILIVh+eZW067XArwX3l9XGTRFHCZ2iM3SBAnSFGugONVELUaTQM3pFb17mvXjv3seidc0rZk7QH3ifPx54kbg=</latexit>

Images © source unknown. All rights reserved. This content is 
excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/
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How to avoid forgetting the general representation?

Avoiding overfitting on a small amount of data for a new task while still 
enabling specialization can be a balancing act. A few methods: 

• Freeze most of the network, train only the final layers

• Use a small learning rate

• Early stopping

• Continue to train on the original data as well

All assume that you have a good, representative validation set for your 
task (not always possible when you may see distribution shift) 

18



https://link.springer.com/article/10.1007/s10489-022-03709-8

Images © He, et al. All rights reserved. This content is 
excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/
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Domain Adversarial Neural Networks (DANN)

https://arxiv.org/abs/1505.07818

© Ganin, et al. All rights reserved. This content is 
excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/
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UDA  
model

21

Labeled source

*Unlabeled* target

Unsupervised Domain Adaptation (UDA)
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Align and Distill (ALDI)

aldi-daod.github.io
Courtesy of Kay, et al. Used under CC BY.
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Courtesy of Kay, et al. Used under CC BY.
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Transfer Learning

1. Knowledge about the mapping

2. Knowledge about the outputs

3. Knowledge about the inputs

z

zOutputs

Inputs
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Recall: training a classifier with cross-entropy

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit>

ŷ
<latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="LuSD8UcleRm6rVdTpRhQGNmIFf4=">AAACHnicjVBNS8NAFHypX7V+RT16WSyCp5KIoMeiF48KthWaUDbbTbt0swm7m0II+ScevPhXvIgInvTfuGlz0NaDAwvDzHu8nQkSzpR2nC+rtrK6tr5R32xsbe/s7tn7B10Vp5LQDol5LB8CrChngnY005w+JJLiKOC0F0yuS783pVKxWNzrLKF+hEeChYxgbaSBbXtjrHMvwnochHlWFAO76bScGdAycSvShAr/Gx/YH94wJmlEhSYcK9V3nUT7OZaaEU6LhpcqmmAywSPaN1TgiCo/n8Ur0IlRhiiMpXlCo5n6cyPHkVJZFJjJModa9ErxL6+f6vDSz5lIUk0FmR8KU450jMqu0JBJSjTPDMFEMvNXRMZYYqJNow0T3V0Muky6Zy3Xabl35832VdVZHY7gGE7BhQtoww3cQgcITOERnuHVerJerDfrfT5as6qdQ/gF6/Mbr7WblA==</latexit><latexit sha1_base64="LuSD8UcleRm6rVdTpRhQGNmIFf4=">AAACHnicjVBNS8NAFHypX7V+RT16WSyCp5KIoMeiF48KthWaUDbbTbt0swm7m0II+ScevPhXvIgInvTfuGlz0NaDAwvDzHu8nQkSzpR2nC+rtrK6tr5R32xsbe/s7tn7B10Vp5LQDol5LB8CrChngnY005w+JJLiKOC0F0yuS783pVKxWNzrLKF+hEeChYxgbaSBbXtjrHMvwnochHlWFAO76bScGdAycSvShAr/Gx/YH94wJmlEhSYcK9V3nUT7OZaaEU6LhpcqmmAywSPaN1TgiCo/n8Ur0IlRhiiMpXlCo5n6cyPHkVJZFJjJModa9ErxL6+f6vDSz5lIUk0FmR8KU450jMqu0JBJSjTPDMFEMvNXRMZYYqJNow0T3V0Muky6Zy3Xabl35832VdVZHY7gGE7BhQtoww3cQgcITOERnuHVerJerDfrfT5as6qdQ/gF6/Mbr7WblA==</latexit><latexit sha1_base64="LuSD8UcleRm6rVdTpRhQGNmIFf4=">AAACHnicjVBNS8NAFHypX7V+RT16WSyCp5KIoMeiF48KthWaUDbbTbt0swm7m0II+ScevPhXvIgInvTfuGlz0NaDAwvDzHu8nQkSzpR2nC+rtrK6tr5R32xsbe/s7tn7B10Vp5LQDol5LB8CrChngnY005w+JJLiKOC0F0yuS783pVKxWNzrLKF+hEeChYxgbaSBbXtjrHMvwnochHlWFAO76bScGdAycSvShAr/Gx/YH94wJmlEhSYcK9V3nUT7OZaaEU6LhpcqmmAywSPaN1TgiCo/n8Ur0IlRhiiMpXlCo5n6cyPHkVJZFJjJModa9ErxL6+f6vDSz5lIUk0FmR8KU450jMqu0JBJSjTPDMFEMvNXRMZYYqJNow0T3V0Muky6Zy3Xabl35832VdVZHY7gGE7BhQtoww3cQgcITOERnuHVerJerDfrfT5as6qdQ/gF6/Mbr7WblA==</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit>
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ŷ
<latexit sha1_base64="ftwPUu2OdHZ7uJn5C9mXMZzDgfA=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl047KCfUATymQ6aYdOJmHmphBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DMnSATX4DjfVm1jc2t7p77b2Ns/ODyyj096Ok4VZV0ai1gNAqKZ4JJ1gYNgg0QxEgWC9YPZfen350xpHssnyBLmR2QiecgpASONbNubEsi9iMA0CPOsKEZ202k5C+B14lakiSp0RvaXN45pGjEJVBCth66TgJ8TBZwKVjS8VLOE0BmZsKGhkkRM+/kieYEvjDLGYazMk4AX6u+NnERaZ1FgJsuIetUrxf+8YQrhrZ9zmaTAJF0eClOBIcZlDXjMFaMgMkMIVdxkxXRKFKFgymqYEtzVL6+T3lXLdVru43WzfVfVUUdn6BxdIhfdoDZ6QB3URRTN0TN6RW9Wbr1Y79bHcrRmVTun6A+szx9Xi5Qb</latexit><latexit sha1_base64="LuSD8UcleRm6rVdTpRhQGNmIFf4=">AAACHnicjVBNS8NAFHypX7V+RT16WSyCp5KIoMeiF48KthWaUDbbTbt0swm7m0II+ScevPhXvIgInvTfuGlz0NaDAwvDzHu8nQkSzpR2nC+rtrK6tr5R32xsbe/s7tn7B10Vp5LQDol5LB8CrChngnY005w+JJLiKOC0F0yuS783pVKxWNzrLKF+hEeChYxgbaSBbXtjrHMvwnochHlWFAO76bScGdAycSvShAr/Gx/YH94wJmlEhSYcK9V3nUT7OZaaEU6LhpcqmmAywSPaN1TgiCo/n8Ur0IlRhiiMpXlCo5n6cyPHkVJZFJjJModa9ErxL6+f6vDSz5lIUk0FmR8KU450jMqu0JBJSjTPDMFEMvNXRMZYYqJNow0T3V0Muky6Zy3Xabl35832VdVZHY7gGE7BhQtoww3cQgcITOERnuHVerJerDfrfT5as6qdQ/gF6/Mbr7WblA==</latexit><latexit sha1_base64="LuSD8UcleRm6rVdTpRhQGNmIFf4=">AAACHnicjVBNS8NAFHypX7V+RT16WSyCp5KIoMeiF48KthWaUDbbTbt0swm7m0II+ScevPhXvIgInvTfuGlz0NaDAwvDzHu8nQkSzpR2nC+rtrK6tr5R32xsbe/s7tn7B10Vp5LQDol5LB8CrChngnY005w+JJLiKOC0F0yuS783pVKxWNzrLKF+hEeChYxgbaSBbXtjrHMvwnochHlWFAO76bScGdAycSvShAr/Gx/YH94wJmlEhSYcK9V3nUT7OZaaEU6LhpcqmmAywSPaN1TgiCo/n8Ur0IlRhiiMpXlCo5n6cyPHkVJZFJjJModa9ErxL6+f6vDSz5lIUk0FmR8KU450jMqu0JBJSjTPDMFEMvNXRMZYYqJNow0T3V0Muky6Zy3Xabl35832VdVZHY7gGE7BhQtoww3cQgcITOERnuHVerJerDfrfT5as6qdQ/gF6/Mbr7WblA==</latexit><latexit sha1_base64="LuSD8UcleRm6rVdTpRhQGNmIFf4=">AAACHnicjVBNS8NAFHypX7V+RT16WSyCp5KIoMeiF48KthWaUDbbTbt0swm7m0II+ScevPhXvIgInvTfuGlz0NaDAwvDzHu8nQkSzpR2nC+rtrK6tr5R32xsbe/s7tn7B10Vp5LQDol5LB8CrChngnY005w+JJLiKOC0F0yuS783pVKxWNzrLKF+hEeChYxgbaSBbXtjrHMvwnochHlWFAO76bScGdAycSvShAr/Gx/YH94wJmlEhSYcK9V3nUT7OZaaEU6LhpcqmmAywSPaN1TgiCo/n8Ur0IlRhiiMpXlCo5n6cyPHkVJZFJjJModa9ErxL6+f6vDSz5lIUk0FmR8KU450jMqu0JBJSjTPDMFEMvNXRMZYYqJNow0T3V0Muky6Zy3Xabl35832VdVZHY7gGE7BhQtoww3cQgcITOERnuHVerJerDfrfT5as6qdQ/gF6/Mbr7WblA==</latexit>

y
<latexit sha1_base64="w2SeowxjSmKQZ+WPP4dmP+ztLQA=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wf+vpEd</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit>

…
0

1.0

el
ep

ha
nt

m
on

ke
y

ca
t

gi
ra

ffe
e

do
g

tig
er

du
ck

se
al

y
<latexit sha1_base64="w2SeowxjSmKQZ+WPP4dmP+ztLQA=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wf+vpEd</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit>

L(ŷ,y) = �
X

i

yi log ŷi

<latexit sha1_base64="gu+0XCix4u/jPyjB9ao/N0h/ulA=">AAACOHicbVDLSsNAFJ3UV62vqEs3g0WooCURQTdC0Y0LwQr2AU0Ik+mkHTp5MDMRQshnufEz3IkbF4q49QuctAFr64GBc8+9h7n3uBGjQhrGi1ZaWFxaXimvVtbWNza39O2dtghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem4o6u833kgXNAwuJdJRGwfDQLqUYykkhz99qZmDZFMLR/JoeulSZYdwd/iEF7AY0vEvkOn1Lxg4QDOOpXu6FWjbowB54lZkCoo0HT0Z6sf4tgngcQMCdEzjUjaKeKSYkayihULEiE8QgPSUzRAPhF2Oj48gwdK6UMv5OoFEo7VaUeKfCES31WT+ZZitpeL//V6sfTO7ZQGUSxJgCcfeTGDMoR5irBPOcGSJYogzKnaFeIh4ghLlXVFhWDOnjxP2id106ibd6fVxmURRxnsgX1QAyY4Aw1wDZqgBTB4BK/gHXxoT9qb9ql9TUZLWuHZBX+gff8Awc6tmQ==</latexit><latexit sha1_base64="gFpRDVnnwYM3bJLbpT0HMJFAEnc=">AAACXXicjVFNS8MwGE6r0zmnVj148BIcwgQdrQh6EYZePAgquA9YS0mzdAtLP0hSoZT+LP+IN/HgxR9iuhWcmwdfCDzv80HyvvFiRoU0zXdNX1mtrK1XN2qb9a3tHWN3ryuihGPSwRGLeN9DgjAako6kkpF+zAkKPEZ63uS20HsvhAsahc8yjYkToFFIfYqRVJRrPNw37TGSmR0gOfb8LM3zU/jTnMBreGaLJHDpHFs0LBrBxaTiXaNhtsxpwWVglaAByvqf3TXe7GGEk4CEEjMkxMAyY+lkiEuKGclrdiJIjPAEjchAwRAFRDjZdDs5PFbMEPoRVyeUcMrOJzIUCJEGnnIWo4hFrSD/0gaJ9K+cjIZxIkmIZxf5CYMygsWq4ZBygiVLFUCYU/VWiMeIIyzVh9TU6NbioMuge96yzJb1dNFo35Q7q4JDcASawAKXoA3uwCPoAAxewQf40mrap17R6/r2zKprZWYf/Cr94BvlALAX</latexit><latexit sha1_base64="gFpRDVnnwYM3bJLbpT0HMJFAEnc=">AAACXXicjVFNS8MwGE6r0zmnVj148BIcwgQdrQh6EYZePAgquA9YS0mzdAtLP0hSoZT+LP+IN/HgxR9iuhWcmwdfCDzv80HyvvFiRoU0zXdNX1mtrK1XN2qb9a3tHWN3ryuihGPSwRGLeN9DgjAako6kkpF+zAkKPEZ63uS20HsvhAsahc8yjYkToFFIfYqRVJRrPNw37TGSmR0gOfb8LM3zU/jTnMBreGaLJHDpHFs0LBrBxaTiXaNhtsxpwWVglaAByvqf3TXe7GGEk4CEEjMkxMAyY+lkiEuKGclrdiJIjPAEjchAwRAFRDjZdDs5PFbMEPoRVyeUcMrOJzIUCJEGnnIWo4hFrSD/0gaJ9K+cjIZxIkmIZxf5CYMygsWq4ZBygiVLFUCYU/VWiMeIIyzVh9TU6NbioMuge96yzJb1dNFo35Q7q4JDcASawAKXoA3uwCPoAAxewQf40mrap17R6/r2zKprZWYf/Cr94BvlALAX</latexit><latexit sha1_base64="gFpRDVnnwYM3bJLbpT0HMJFAEnc=">AAACXXicjVFNS8MwGE6r0zmnVj148BIcwgQdrQh6EYZePAgquA9YS0mzdAtLP0hSoZT+LP+IN/HgxR9iuhWcmwdfCDzv80HyvvFiRoU0zXdNX1mtrK1XN2qb9a3tHWN3ryuihGPSwRGLeN9DgjAako6kkpF+zAkKPEZ63uS20HsvhAsahc8yjYkToFFIfYqRVJRrPNw37TGSmR0gOfb8LM3zU/jTnMBreGaLJHDpHFs0LBrBxaTiXaNhtsxpwWVglaAByvqf3TXe7GGEk4CEEjMkxMAyY+lkiEuKGclrdiJIjPAEjchAwRAFRDjZdDs5PFbMEPoRVyeUcMrOJzIUCJEGnnIWo4hFrSD/0gaJ9K+cjIZxIkmIZxf5CYMygsWq4ZBygiVLFUCYU/VWiMeIIyzVh9TU6NbioMuge96yzJb1dNFo35Q7q4JDcASawAKXoA3uwCPoAAxewQf40mrap17R6/r2zKprZWYf/Cr94BvlALAX</latexit>

“Teacher” “Student”
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Knowledge Distillation

cfT
<latexit sha1_base64="oU1KE6il3e36Lubh+tRif1X0p4Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK/YI2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4dua3n7g2IlYNnCTcj+hQiVAwilZ6CB8b/XLFrbpzkFXi5aQCOer98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6rlV7/6yUrvJ4yjCCZzCOXhwBTW4gzo0gcEQnuEV3hzpvDjvzseiteDkM8fwB87nDyPLjbA=</latexit><latexit sha1_base64="oU1KE6il3e36Lubh+tRif1X0p4Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK/YI2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4dua3n7g2IlYNnCTcj+hQiVAwilZ6CB8b/XLFrbpzkFXi5aQCOer98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6rlV7/6yUrvJ4yjCCZzCOXhwBTW4gzo0gcEQnuEV3hzpvDjvzseiteDkM8fwB87nDyPLjbA=</latexit><latexit sha1_base64="oU1KE6il3e36Lubh+tRif1X0p4Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK/YI2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4dua3n7g2IlYNnCTcj+hQiVAwilZ6CB8b/XLFrbpzkFXi5aQCOer98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6rlV7/6yUrvJ4yjCCZzCOXhwBTW4gzo0gcEQnuEV3hzpvDjvzseiteDkM8fwB87nDyPLjbA=</latexit><latexit sha1_base64="oU1KE6il3e36Lubh+tRif1X0p4Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK/YI2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4dua3n7g2IlYNnCTcj+hQiVAwilZ6CB8b/XLFrbpzkFXi5aQCOer98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6rlV7/6yUrvJ4yjCCZzCOXhwBTW4gzo0gcEQnuEV3hzpvDjvzseiteDkM8fwB87nDyPLjbA=</latexit>

Teacher

fS
<latexit sha1_base64="K7fT48m4n6WkKPewHq0D7IeoBLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dK7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUCB8b/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teveXldpNHkcRTuAUzsGDK6jBHdShCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAiR42v</latexit><latexit sha1_base64="K7fT48m4n6WkKPewHq0D7IeoBLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dK7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUCB8b/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teveXldpNHkcRTuAUzsGDK6jBHdShCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAiR42v</latexit><latexit sha1_base64="K7fT48m4n6WkKPewHq0D7IeoBLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dK7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUCB8b/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teveXldpNHkcRTuAUzsGDK6jBHdShCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAiR42v</latexit><latexit sha1_base64="K7fT48m4n6WkKPewHq0D7IeoBLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dK7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUCB8b/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teveXldpNHkcRTuAUzsGDK6jBHdShCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAiR42v</latexit>

Student

yS
<latexit sha1_base64="UJewZQb6yR4NA8oxVd0CNw+ShKI=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxoH9DEMplO2qGTSZiHEEJ/w40LRdz6M+78GydtFtp6YOBwzr3cMydMOVPadb+dldW19Y3NylZ1e2d3b792cNhRiZGEtknCE9kLsaKcCdrWTHPaSyXFcchpN5zcFH73iUrFEvGgs5QGMR4JFjGCtZV8P8Z6HEZ5Nn28H9TqbsOdAS0TryR1KNEa1L78YUJMTIUmHCvV99xUBzmWmhFOp1XfKJpiMsEj2rdU4JiqIJ9lnqJTqwxRlEj7hEYz9fdGjmOlsji0k0VGtegV4n9e3+joKsiZSI2mgswPRYYjnaCiADRkkhLNM0swkcxmRWSMJSba1lS1JXiLX14mnfOG5za8u4t687qsowLHcAJn4MElNOEWWtAGAik8wyu8OcZ5cd6dj/noilPuHMEfOJ8/XeqR4g==</latexit><latexit sha1_base64="UJewZQb6yR4NA8oxVd0CNw+ShKI=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxoH9DEMplO2qGTSZiHEEJ/w40LRdz6M+78GydtFtp6YOBwzr3cMydMOVPadb+dldW19Y3NylZ1e2d3b792cNhRiZGEtknCE9kLsaKcCdrWTHPaSyXFcchpN5zcFH73iUrFEvGgs5QGMR4JFjGCtZV8P8Z6HEZ5Nn28H9TqbsOdAS0TryR1KNEa1L78YUJMTIUmHCvV99xUBzmWmhFOp1XfKJpiMsEj2rdU4JiqIJ9lnqJTqwxRlEj7hEYz9fdGjmOlsji0k0VGtegV4n9e3+joKsiZSI2mgswPRYYjnaCiADRkkhLNM0swkcxmRWSMJSba1lS1JXiLX14mnfOG5za8u4t687qsowLHcAJn4MElNOEWWtAGAik8wyu8OcZ5cd6dj/noilPuHMEfOJ8/XeqR4g==</latexit><latexit sha1_base64="UJewZQb6yR4NA8oxVd0CNw+ShKI=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxoH9DEMplO2qGTSZiHEEJ/w40LRdz6M+78GydtFtp6YOBwzr3cMydMOVPadb+dldW19Y3NylZ1e2d3b792cNhRiZGEtknCE9kLsaKcCdrWTHPaSyXFcchpN5zcFH73iUrFEvGgs5QGMR4JFjGCtZV8P8Z6HEZ5Nn28H9TqbsOdAS0TryR1KNEa1L78YUJMTIUmHCvV99xUBzmWmhFOp1XfKJpiMsEj2rdU4JiqIJ9lnqJTqwxRlEj7hEYz9fdGjmOlsji0k0VGtegV4n9e3+joKsiZSI2mgswPRYYjnaCiADRkkhLNM0swkcxmRWSMJSba1lS1JXiLX14mnfOG5za8u4t687qsowLHcAJn4MElNOEWWtAGAik8wyu8OcZ5cd6dj/noilPuHMEfOJ8/XeqR4g==</latexit><latexit sha1_base64="UJewZQb6yR4NA8oxVd0CNw+ShKI=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxoH9DEMplO2qGTSZiHEEJ/w40LRdz6M+78GydtFtp6YOBwzr3cMydMOVPadb+dldW19Y3NylZ1e2d3b792cNhRiZGEtknCE9kLsaKcCdrWTHPaSyXFcchpN5zcFH73iUrFEvGgs5QGMR4JFjGCtZV8P8Z6HEZ5Nn28H9TqbsOdAS0TryR1KNEa1L78YUJMTIUmHCvV99xUBzmWmhFOp1XfKJpiMsEj2rdU4JiqIJ9lnqJTqwxRlEj7hEYz9fdGjmOlsji0k0VGtegV4n9e3+joKsiZSI2mgswPRYYjnaCiADRkkhLNM0swkcxmRWSMJSba1lS1JXiLX14mnfOG5za8u4t687qsowLHcAJn4MElNOEWWtAGAik8wyu8OcZ5cd6dj/noilPuHMEfOJ8/XeqR4g==</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit>

yT
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[Hinton, Vinyals, Dean, 2015]
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• The “label” you get for 
each input is more 
informative than just the 
ground truth class 

• The “label” (soft target) 
says not just “this is a dog” 
but “this is a dog that looks 
a bit like a cat and very 
different from a bear” (so 
maybe it’s a small dog).

Knowledge Distillation [Hinton, Vinyals, Dean, 2015]

System & training set Train Frame Accuracy Test Frame Accuracy
Baseline (100% of training set) 63.4% 58.9%
Baseline (3% of training set) 67.3% 44.5%
Soft Targets (3% of training set) 65.4% 57.0%

Table 5: Soft targets allow a new model to generalize well from only 3% of the training set. The soft
targets are obtained by training on the full training set.

6.1 Using soft targets to prevent specialists from overfitting

The specialists that we used in our experiments on the JFT dataset collapsed all of their non-specialist
classes into a single dustbin class. If we allow specialists to have a full softmax over all classes,
there may be a much better way to prevent them overfitting than using early stopping. A specialist
is trained on data that is highly enriched in its special classes. This means that the effective size of
its training set is much smaller and it has a strong tendency to overfit on its special classes. This
problem cannot be solved by making the specialist a lot smaller because then we lose the very helpful
transfer effects we get from modeling all of the non-specialist classes.

Our experiment using 3% of the speech data strongly suggests that if a specialist is initialized with
the weights of the generalist, we can make it retain nearly all of its knowledge about the non-special
classes by training it with soft targets for the non-special classes in addition to training it with hard
targets. The soft targets can be provided by the generalist. We are currently exploring this approach.

7 Relationship to Mixtures of Experts

The use of specialists that are trained on subsets of the data has some resemblance to mixtures of
experts [6] which use a gating network to compute the probability of assigning each example to each
expert. At the same time as the experts are learning to deal with the examples assigned to them, the
gating network is learning to choose which experts to assign each example to based on the relative
discriminative performance of the experts for that example. Using the discriminative performance
of the experts to determine the learned assignments is much better than simply clustering the input
vectors and assigning an expert to each cluster, but it makes the training hard to parallelize: First,
the weighted training set for each expert keeps changing in a way that depends on all the other
experts and second, the gating network needs to compare the performance of different experts on
the same example to know how to revise its assignment probabilities. These difficulties have meant
that mixtures of experts are rarely used in the regime where they might be most beneficial: tasks
with huge datasets that contain distinctly different subsets.

It is much easier to parallelize the training of multiple specialists. We first train a generalist model
and then use the confusion matrix to define the subsets that the specialists are trained on. Once these
subsets have been defined the specialists can be trained entirely independently. At test time we can
use the predictions from the generalist model to decide which specialists are relevant and only these
specialists need to be run.

8 Discussion

We have shown that distilling works very well for transferring knowledge from an ensemble or
from a large highly regularized model into a smaller, distilled model. On MNIST distillation works
remarkablywell evenwhen the transfer set that is used to train the distilled model lacks any examples
of one or more of the classes. For a deep acoustic model that is version of the one used by Android
voice search, we have shown that nearly all of the improvement that is achieved by training an
ensemble of deep neural nets can be distilled into a single neural net of the same size which is far
easier to deploy.

For really big neural networks, it can be infeasible even to train a full ensemble, but we have shown
that the performance of a single really big net that has been trained for a very long time can be signif-
icantly improved by learning a large number of specialist nets, each of which learns to discriminate
between the classes in a highly confusable cluster. We have not yet shown that we can distill the
knowledge in the specialists back into the single large net.
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<latexit sha1_base64="1L1HOMcqJGImzlDAw+V62KqnlTU=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyURQY9FLx4r2FZpQtlsN+3SzSbsboQSCl78K148KOLVP+HNf+MmzUFbHyy8fW+GmXlBwpnSjvNtVZaWV1bXquu1jc2t7R17d6+j4lQS2iYxj+VdgBXlTNC2ZprTu0RSHAWcdoPxVe53H6hULBa3epJQP8JDwUJGsDZS3z7wIqxHQZhNpshjAhVfgnl2P+3bdafhFECLxC1JHUq0+vaXN4hJGlGhCcdK9Vwn0X6GpWaE02nNSxVNMBnjIe0ZKnBElZ8VN0zRsVEGKIyleUKjQv3dkeFIqUkUmMp8RTXv5eJ/Xi/V4YWfMZGkmgoyGxSmHOkY5YGgAZOUaD4xBBPJzK6IjLDERJvYaiYEd/7kRdI5bbhOw705qzcvyziqcAhHcAIunEMTrqEFbSDwCM/wCm/Wk/VivVsfs9KKVfbswx9Ynz9Ej5fo</latexit><latexit sha1_base64="tJJX9aaW4WNP7p8eWRFA4edwGpc=">AAACKHicjVBPS8MwHP11/pvzX9WbXoJD8DRaEfQ49OJRwW3KWkaapVtYmpYkFUop+Gk8ePGriCCyq5/EbOtBNw8+CLy89/uRvBcknCntOGOrsrS8srpWXa9tbG5t79i7e20Vp5LQFol5LO8DrChngrY005zeJ5LiKOC0E4yuJn7nkUrFYnGns4T6ER4IFjKCtZF69oEXYT0MwjwrkMcEml4J5vlD0bPrTsOZAi0StyR1KPG/8Z797vVjkkZUaMKxUl3XSbSfY6kZ4bSoeamiCSYjPKBdQwWOqPLzadACHRulj8JYmiM0mqo/N3IcKZVFgZmc5FDz3kT8y+umOrzwcyaSVFNBZg+FKUc6RpPWUJ9JSjTPDMFEMvNXRIZYYqJNtzUT3Z0Pukjapw3Xabi3Z/XmZdlZFQ7hCE7AhXNowjXcQAsIPMEzvMKH9WK9WZ/WeDZascqdffgF6+sbHGefYQ==</latexit><latexit sha1_base64="tJJX9aaW4WNP7p8eWRFA4edwGpc=">AAACKHicjVBPS8MwHP11/pvzX9WbXoJD8DRaEfQ49OJRwW3KWkaapVtYmpYkFUop+Gk8ePGriCCyq5/EbOtBNw8+CLy89/uRvBcknCntOGOrsrS8srpWXa9tbG5t79i7e20Vp5LQFol5LO8DrChngrY005zeJ5LiKOC0E4yuJn7nkUrFYnGns4T6ER4IFjKCtZF69oEXYT0MwjwrkMcEml4J5vlD0bPrTsOZAi0StyR1KPG/8Z797vVjkkZUaMKxUl3XSbSfY6kZ4bSoeamiCSYjPKBdQwWOqPLzadACHRulj8JYmiM0mqo/N3IcKZVFgZmc5FDz3kT8y+umOrzwcyaSVFNBZg+FKUc6RpPWUJ9JSjTPDMFEMvNXRIZYYqJNtzUT3Z0Pukjapw3Xabi3Z/XmZdlZFQ7hCE7AhXNowjXcQAsIPMEzvMKH9WK9WZ/WeDZascqdffgF6+sbHGefYQ==</latexit><latexit sha1_base64="tJJX9aaW4WNP7p8eWRFA4edwGpc=">AAACKHicjVBPS8MwHP11/pvzX9WbXoJD8DRaEfQ49OJRwW3KWkaapVtYmpYkFUop+Gk8ePGriCCyq5/EbOtBNw8+CLy89/uRvBcknCntOGOrsrS8srpWXa9tbG5t79i7e20Vp5LQFol5LO8DrChngrY005zeJ5LiKOC0E4yuJn7nkUrFYnGns4T6ER4IFjKCtZF69oEXYT0MwjwrkMcEml4J5vlD0bPrTsOZAi0StyR1KPG/8Z797vVjkkZUaMKxUl3XSbSfY6kZ4bSoeamiCSYjPKBdQwWOqPLzadACHRulj8JYmiM0mqo/N3IcKZVFgZmc5FDz3kT8y+umOrzwcyaSVFNBZg+FKUc6RpPWUJ9JSjTPDMFEMvNXRIZYYqJNtzUT3Z0Pukjapw3Xabi3Z/XmZdlZFQ7hCE7AhXNowjXcQAsIPMEzvMKH9WK9WZ/WeDZascqdffgF6+sbHGefYQ==</latexit>

Useful if you have labeled data for 
one domain but not the other.

© Couprie, et al. All rights reserved. This content is 
excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/
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fS
<latexit sha1_base64="K7fT48m4n6WkKPewHq0D7IeoBLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dK7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUCB8b/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teveXldpNHkcRTuAUzsGDK6jBHdShCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAiR42v</latexit><latexit sha1_base64="K7fT48m4n6WkKPewHq0D7IeoBLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dK7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUCB8b/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teveXldpNHkcRTuAUzsGDK6jBHdShCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAiR42v</latexit><latexit sha1_base64="K7fT48m4n6WkKPewHq0D7IeoBLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dK7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUCB8b/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teveXldpNHkcRTuAUzsGDK6jBHdShCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAiR42v</latexit><latexit sha1_base64="K7fT48m4n6WkKPewHq0D7IeoBLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dK7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUCB8b/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teveXldpNHkcRTuAUzsGDK6jBHdShCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAiR42v</latexit>

Teachers Student

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

fT1
<latexit sha1_base64="ElBGVWRz+tjdO0MGgclMlt5bg4k=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+gVtLJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK3UCR+z5sCbDcoVt+ouQNaJl5MK5GgMyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+e9kKDRnKKeWUKaFvZWwMdWUoU2oZEPwVl9eJ+2rqudWvYfrSv02j6MIZ3AOl+BBDepwDw1oAYMJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifPxCrj2A=</latexit><latexit sha1_base64="ElBGVWRz+tjdO0MGgclMlt5bg4k=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+gVtLJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK3UCR+z5sCbDcoVt+ouQNaJl5MK5GgMyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+e9kKDRnKKeWUKaFvZWwMdWUoU2oZEPwVl9eJ+2rqudWvYfrSv02j6MIZ3AOl+BBDepwDw1oAYMJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifPxCrj2A=</latexit><latexit sha1_base64="ElBGVWRz+tjdO0MGgclMlt5bg4k=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+gVtLJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK3UCR+z5sCbDcoVt+ouQNaJl5MK5GgMyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+e9kKDRnKKeWUKaFvZWwMdWUoU2oZEPwVl9eJ+2rqudWvYfrSv02j6MIZ3AOl+BBDepwDw1oAYMJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifPxCrj2A=</latexit><latexit sha1_base64="ElBGVWRz+tjdO0MGgclMlt5bg4k=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+gVtLJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK3UCR+z5sCbDcoVt+ouQNaJl5MK5GgMyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+e9kKDRnKKeWUKaFvZWwMdWUoU2oZEPwVl9eJ+2rqudWvYfrSv02j6MIZ3AOl+BBDepwDw1oAYMJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifPxCrj2A=</latexit>

fT2
<latexit sha1_base64="RcQhePEjJmWnzBMHYo1W3GpyFAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V+gVtLJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK3UCR+z5qA2G5QrbtVdgKwTLycVyNEYlL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4d0YurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm89/JUGjOUE4toUwLeythY6opQ5tQyYbgrb68Ttq1qudWvYerSv02j6MIZ3AOl+DBNdThHhrQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwASMI9h</latexit><latexit sha1_base64="RcQhePEjJmWnzBMHYo1W3GpyFAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V+gVtLJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK3UCR+z5qA2G5QrbtVdgKwTLycVyNEYlL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4d0YurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm89/JUGjOUE4toUwLeythY6opQ5tQyYbgrb68Ttq1qudWvYerSv02j6MIZ3AOl+DBNdThHhrQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwASMI9h</latexit><latexit sha1_base64="RcQhePEjJmWnzBMHYo1W3GpyFAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V+gVtLJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK3UCR+z5qA2G5QrbtVdgKwTLycVyNEYlL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4d0YurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm89/JUGjOUE4toUwLeythY6opQ5tQyYbgrb68Ttq1qudWvYerSv02j6MIZ3AOl+DBNdThHhrQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwASMI9h</latexit><latexit sha1_base64="RcQhePEjJmWnzBMHYo1W3GpyFAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V+gVtLJvtpl262YTdiVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK3UCR+z5qA2G5QrbtVdgKwTLycVyNEYlL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4d0YurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm89/JUGjOUE4toUwLeythY6opQ5tQyYbgrb68Ttq1qudWvYerSv02j6MIZ3AOl+DBNdThHhrQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwASMI9h</latexit>

fT3
<latexit sha1_base64="W6Grt1M74LrjsK3ynoDPhQIXRT4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK/YI2ls120y7dbMLuRCihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4bua3n7g2IlYNnCTcj+hQiVAwilZqh49Zo3857ZcrbtWdg6wSLycVyFHvl796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8SloXVc+teg9XldptHkcRTuAUzsGDa6jBPdShCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gATtY9i</latexit><latexit sha1_base64="W6Grt1M74LrjsK3ynoDPhQIXRT4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK/YI2ls120y7dbMLuRCihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4bua3n7g2IlYNnCTcj+hQiVAwilZqh49Zo3857ZcrbtWdg6wSLycVyFHvl796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8SloXVc+teg9XldptHkcRTuAUzsGDa6jBPdShCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gATtY9i</latexit><latexit sha1_base64="W6Grt1M74LrjsK3ynoDPhQIXRT4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK/YI2ls120y7dbMLuRCihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4bua3n7g2IlYNnCTcj+hQiVAwilZqh49Zo3857ZcrbtWdg6wSLycVyFHvl796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8SloXVc+teg9XldptHkcRTuAUzsGDa6jBPdShCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gATtY9i</latexit><latexit sha1_base64="W6Grt1M74LrjsK3ynoDPhQIXRT4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK/YI2ls120y7dbMLuRCihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4bua3n7g2IlYNnCTcj+hQiVAwilZqh49Zo3857ZcrbtWdg6wSLycVyFHvl796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8SloXVc+teg9XldptHkcRTuAUzsGDa6jBPdShCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gATtY9i</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

Distilling an ensemble

• Ensembling model outputs creates
more accurate estimates.

• Why? Each model is imperfect in
different random ways. Errors cancel
out, truth is shared.

• Distill ensemble into a single model for
fast inference.
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cfT
<latexit sha1_base64="oU1KE6il3e36Lubh+tRif1X0p4Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK/YI2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4dua3n7g2IlYNnCTcj+hQiVAwilZ6CB8b/XLFrbpzkFXi5aQCOer98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6rlV7/6yUrvJ4yjCCZzCOXhwBTW4gzo0gcEQnuEV3hzpvDjvzseiteDkM8fwB87nDyPLjbA=</latexit><latexit sha1_base64="oU1KE6il3e36Lubh+tRif1X0p4Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK/YI2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4dua3n7g2IlYNnCTcj+hQiVAwilZ6CB8b/XLFrbpzkFXi5aQCOer98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6rlV7/6yUrvJ4yjCCZzCOXhwBTW4gzo0gcEQnuEV3hzpvDjvzseiteDkM8fwB87nDyPLjbA=</latexit><latexit sha1_base64="oU1KE6il3e36Lubh+tRif1X0p4Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK/YI2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4dua3n7g2IlYNnCTcj+hQiVAwilZ6CB8b/XLFrbpzkFXi5aQCOer98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6rlV7/6yUrvJ4yjCCZzCOXhwBTW4gzo0gcEQnuEV3hzpvDjvzseiteDkM8fwB87nDyPLjbA=</latexit><latexit sha1_base64="oU1KE6il3e36Lubh+tRif1X0p4Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK/YI2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4dua3n7g2IlYNnCTcj+hQiVAwilZ6CB8b/XLFrbpzkFXi5aQCOer98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6rlV7/6yUrvJ4yjCCZzCOXhwBTW4gzo0gcEQnuEV3hzpvDjvzseiteDkM8fwB87nDyPLjbA=</latexit>

fS
<latexit sha1_base64="K7fT48m4n6WkKPewHq0D7IeoBLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dK7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUCB8b/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teveXldpNHkcRTuAUzsGDK6jBHdShCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAiR42v</latexit><latexit sha1_base64="K7fT48m4n6WkKPewHq0D7IeoBLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dK7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUCB8b/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teveXldpNHkcRTuAUzsGDK6jBHdShCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAiR42v</latexit><latexit sha1_base64="K7fT48m4n6WkKPewHq0D7IeoBLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dK7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUCB8b/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teveXldpNHkcRTuAUzsGDK6jBHdShCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAiR42v</latexit><latexit sha1_base64="K7fT48m4n6WkKPewHq0D7IeoBLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dK7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUCB8b/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teveXldpNHkcRTuAUzsGDK6jBHdShCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAiR42v</latexit>

fT (xi)
<latexit sha1_base64="kbqDuhZ8pIoxSpay2wNLxGgULWs=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48R8oJkDbOT2WTI7Ow60yuGkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xmdvKb+/s7u0XDg4bJk4143UWy1i3Amq4FIrXUaDkrURzGgWSN4PhzdRvPnJtRKxqOEq4H9G+EqFgFK3UCu9rpaeuOOsWim7ZnYEsEy8jRchQ7Ra+Or2YpRFXyCQ1pu25CfpjqlEwySf5Tmp4QtmQ9nnbUkUjbvzx7N4JObVKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwyv/LFQSYpcsfmiMJUEYzJ9nvSE5gzlyBLKtLC3EjagmjK0EeVtCN7iy8ukcV723LJ3d1GsXGdx5OAYTqAEHlxCBW6hCnVgIOEZXuHNeXBenHfnY9664mQzR/AHzucPRP+Pcw==</latexit><latexit sha1_base64="kbqDuhZ8pIoxSpay2wNLxGgULWs=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48R8oJkDbOT2WTI7Ow60yuGkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xmdvKb+/s7u0XDg4bJk4143UWy1i3Amq4FIrXUaDkrURzGgWSN4PhzdRvPnJtRKxqOEq4H9G+EqFgFK3UCu9rpaeuOOsWim7ZnYEsEy8jRchQ7Ra+Or2YpRFXyCQ1pu25CfpjqlEwySf5Tmp4QtmQ9nnbUkUjbvzx7N4JObVKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwyv/LFQSYpcsfmiMJUEYzJ9nvSE5gzlyBLKtLC3EjagmjK0EeVtCN7iy8ukcV723LJ3d1GsXGdx5OAYTqAEHlxCBW6hCnVgIOEZXuHNeXBenHfnY9664mQzR/AHzucPRP+Pcw==</latexit><latexit sha1_base64="kbqDuhZ8pIoxSpay2wNLxGgULWs=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48R8oJkDbOT2WTI7Ow60yuGkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xmdvKb+/s7u0XDg4bJk4143UWy1i3Amq4FIrXUaDkrURzGgWSN4PhzdRvPnJtRKxqOEq4H9G+EqFgFK3UCu9rpaeuOOsWim7ZnYEsEy8jRchQ7Ra+Or2YpRFXyCQ1pu25CfpjqlEwySf5Tmp4QtmQ9nnbUkUjbvzx7N4JObVKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwyv/LFQSYpcsfmiMJUEYzJ9nvSE5gzlyBLKtLC3EjagmjK0EeVtCN7iy8ukcV723LJ3d1GsXGdx5OAYTqAEHlxCBW6hCnVgIOEZXuHNeXBenHfnY9664mQzR/AHzucPRP+Pcw==</latexit><latexit sha1_base64="kbqDuhZ8pIoxSpay2wNLxGgULWs=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48R8oJkDbOT2WTI7Ow60yuGkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xmdvKb+/s7u0XDg4bJk4143UWy1i3Amq4FIrXUaDkrURzGgWSN4PhzdRvPnJtRKxqOEq4H9G+EqFgFK3UCu9rpaeuOOsWim7ZnYEsEy8jRchQ7Ra+Or2YpRFXyCQ1pu25CfpjqlEwySf5Tmp4QtmQ9nnbUkUjbvzx7N4JObVKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwyv/LFQSYpcsfmiMJUEYzJ9nvSE5gzlyBLKtLC3EjagmjK0EeVtCN7iy8ukcV723LJ3d1GsXGdx5OAYTqAEHlxCBW6hCnVgIOEZXuHNeXBenHfnY9664mQzR/AHzucPRP+Pcw==</latexit>

fS(xi)
<latexit sha1_base64="bceBCTMqEP/3/J7TVYmV7AyhMxM=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzQOSGGYnvcmQ2dl1ZlYMS37CiwdFvPo73vwbJ8keNLGgoajqprvLjwXXxnW/naXlldW19dxGfnNre2e3sLdf11GiGNZYJCLV9KlGwSXWDDcCm7FCGvoCG/7wauI3HlFpHsk7M4qxE9K+5AFn1FipGdzflp66/KRbKLpldwqySLyMFCFDtVv4avciloQoDRNU65bnxqaTUmU4EzjOtxONMWVD2seWpZKGqDvp9N4xObZKjwSRsiUNmaq/J1Iaaj0KfdsZUjPQ895E/M9rJSa46KRcxolByWaLgkQQE5HJ86THFTIjRpZQpri9lbABVZQZG1HehuDNv7xI6qdlzy17N2fFymUWRw4O4QhK4ME5VOAaqlADBgKe4RXenAfnxXl3PmatS042cwB/4Hz+AEN2j3I=</latexit><latexit sha1_base64="bceBCTMqEP/3/J7TVYmV7AyhMxM=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzQOSGGYnvcmQ2dl1ZlYMS37CiwdFvPo73vwbJ8keNLGgoajqprvLjwXXxnW/naXlldW19dxGfnNre2e3sLdf11GiGNZYJCLV9KlGwSXWDDcCm7FCGvoCG/7wauI3HlFpHsk7M4qxE9K+5AFn1FipGdzflp66/KRbKLpldwqySLyMFCFDtVv4avciloQoDRNU65bnxqaTUmU4EzjOtxONMWVD2seWpZKGqDvp9N4xObZKjwSRsiUNmaq/J1Iaaj0KfdsZUjPQ895E/M9rJSa46KRcxolByWaLgkQQE5HJ86THFTIjRpZQpri9lbABVZQZG1HehuDNv7xI6qdlzy17N2fFymUWRw4O4QhK4ME5VOAaqlADBgKe4RXenAfnxXl3PmatS042cwB/4Hz+AEN2j3I=</latexit><latexit sha1_base64="bceBCTMqEP/3/J7TVYmV7AyhMxM=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzQOSGGYnvcmQ2dl1ZlYMS37CiwdFvPo73vwbJ8keNLGgoajqprvLjwXXxnW/naXlldW19dxGfnNre2e3sLdf11GiGNZYJCLV9KlGwSXWDDcCm7FCGvoCG/7wauI3HlFpHsk7M4qxE9K+5AFn1FipGdzflp66/KRbKLpldwqySLyMFCFDtVv4avciloQoDRNU65bnxqaTUmU4EzjOtxONMWVD2seWpZKGqDvp9N4xObZKjwSRsiUNmaq/J1Iaaj0KfdsZUjPQ895E/M9rJSa46KRcxolByWaLgkQQE5HJ86THFTIjRpZQpri9lbABVZQZG1HehuDNv7xI6qdlzy17N2fFymUWRw4O4QhK4ME5VOAaqlADBgKe4RXenAfnxXl3PmatS042cwB/4Hz+AEN2j3I=</latexit><latexit sha1_base64="bceBCTMqEP/3/J7TVYmV7AyhMxM=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzQOSGGYnvcmQ2dl1ZlYMS37CiwdFvPo73vwbJ8keNLGgoajqprvLjwXXxnW/naXlldW19dxGfnNre2e3sLdf11GiGNZYJCLV9KlGwSXWDDcCm7FCGvoCG/7wauI3HlFpHsk7M4qxE9K+5AFn1FipGdzflp66/KRbKLpldwqySLyMFCFDtVv4avciloQoDRNU65bnxqaTUmU4EzjOtxONMWVD2seWpZKGqDvp9N4xObZKjwSRsiUNmaq/J1Iaaj0KfdsZUjPQ895E/M9rJSa46KRcxolByWaLgkQQE5HJ86THFTIjRpZQpri9lbABVZQZG1HehuDNv7xI6qdlzy17N2fFymUWRw4O4QhK4ME5VOAaqlADBgKe4RXenAfnxXl3PmatS042cwB/4Hz+AEN2j3I=</latexit>

fS(xj)
<latexit sha1_base64="g3YIsq1cHGnidDMhLgA/ULzLMBg=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquCHosevFY0X5Au5Zsmm1jk+yaZMWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777eSWlldW1/LrhY3Nre2d4u5eQ0eJIrROIh6pVoA15UzSumGG01asKBYBp81geDnxm49UaRbJWzOKqS9wX7KQEWys1ArvbspP3fvjbrHkVtwp0CLxMlKCDLVu8avTi0giqDSEY63bnhsbP8XKMMLpuNBJNI0xGeI+bVsqsaDaT6f3jtGRVXoojJQtadBU/T2RYqH1SAS2U2Az0PPeRPzPaycmPPdTJuPEUElmi8KEIxOhyfOoxxQlho8swUQxeysiA6wwMTaigg3Bm395kTROKp5b8a5PS9WLLI48HMAhlMGDM6jCFdSgDgQ4PMMrvDkPzovz7nzMWnNONrMPf+B8/gBE+49z</latexit><latexit sha1_base64="g3YIsq1cHGnidDMhLgA/ULzLMBg=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquCHosevFY0X5Au5Zsmm1jk+yaZMWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777eSWlldW1/LrhY3Nre2d4u5eQ0eJIrROIh6pVoA15UzSumGG01asKBYBp81geDnxm49UaRbJWzOKqS9wX7KQEWys1ArvbspP3fvjbrHkVtwp0CLxMlKCDLVu8avTi0giqDSEY63bnhsbP8XKMMLpuNBJNI0xGeI+bVsqsaDaT6f3jtGRVXoojJQtadBU/T2RYqH1SAS2U2Az0PPeRPzPaycmPPdTJuPEUElmi8KEIxOhyfOoxxQlho8swUQxeysiA6wwMTaigg3Bm395kTROKp5b8a5PS9WLLI48HMAhlMGDM6jCFdSgDgQ4PMMrvDkPzovz7nzMWnNONrMPf+B8/gBE+49z</latexit><latexit sha1_base64="g3YIsq1cHGnidDMhLgA/ULzLMBg=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquCHosevFY0X5Au5Zsmm1jk+yaZMWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777eSWlldW1/LrhY3Nre2d4u5eQ0eJIrROIh6pVoA15UzSumGG01asKBYBp81geDnxm49UaRbJWzOKqS9wX7KQEWys1ArvbspP3fvjbrHkVtwp0CLxMlKCDLVu8avTi0giqDSEY63bnhsbP8XKMMLpuNBJNI0xGeI+bVsqsaDaT6f3jtGRVXoojJQtadBU/T2RYqH1SAS2U2Az0PPeRPzPaycmPPdTJuPEUElmi8KEIxOhyfOoxxQlho8swUQxeysiA6wwMTaigg3Bm395kTROKp5b8a5PS9WLLI48HMAhlMGDM6jCFdSgDgQ4PMMrvDkPzovz7nzMWnNONrMPf+B8/gBE+49z</latexit><latexit sha1_base64="g3YIsq1cHGnidDMhLgA/ULzLMBg=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquCHosevFY0X5Au5Zsmm1jk+yaZMWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777eSWlldW1/LrhY3Nre2d4u5eQ0eJIrROIh6pVoA15UzSumGG01asKBYBp81geDnxm49UaRbJWzOKqS9wX7KQEWys1ArvbspP3fvjbrHkVtwp0CLxMlKCDLVu8avTi0giqDSEY63bnhsbP8XKMMLpuNBJNI0xGeI+bVsqsaDaT6f3jtGRVXoojJQtadBU/T2RYqH1SAS2U2Az0PPeRPzPaycmPPdTJuPEUElmi8KEIxOhyfOoxxQlho8swUQxeysiA6wwMTaigg3Bm395kTROKp5b8a5PS9WLLI48HMAhlMGDM6jCFdSgDgQ4PMMrvDkPzovz7nzMWnNONrMPf+B8/gBE+49z</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

Teacher Student

Contrastive Representation Distillation [Tian, Krishnan, Isola, 2020]

• Contrastive learning supervises
embeddings to be invariant to some
viewing transformation.

• The “viewing transformation” can be
“teacher’s view” (big net) vs “students
view” (small net).

• Then the student will output
embeddings that are the same as the
teacher’s.
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cfT
<latexit sha1_base64="oU1KE6il3e36Lubh+tRif1X0p4Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK/YI2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4dua3n7g2IlYNnCTcj+hQiVAwilZ6CB8b/XLFrbpzkFXi5aQCOer98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6rlV7/6yUrvJ4yjCCZzCOXhwBTW4gzo0gcEQnuEV3hzpvDjvzseiteDkM8fwB87nDyPLjbA=</latexit><latexit sha1_base64="oU1KE6il3e36Lubh+tRif1X0p4Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK/YI2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4dua3n7g2IlYNnCTcj+hQiVAwilZ6CB8b/XLFrbpzkFXi5aQCOer98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6rlV7/6yUrvJ4yjCCZzCOXhwBTW4gzo0gcEQnuEV3hzpvDjvzseiteDkM8fwB87nDyPLjbA=</latexit><latexit sha1_base64="oU1KE6il3e36Lubh+tRif1X0p4Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK/YI2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4dua3n7g2IlYNnCTcj+hQiVAwilZ6CB8b/XLFrbpzkFXi5aQCOer98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6rlV7/6yUrvJ4yjCCZzCOXhwBTW4gzo0gcEQnuEV3hzpvDjvzseiteDkM8fwB87nDyPLjbA=</latexit><latexit sha1_base64="oU1KE6il3e36Lubh+tRif1X0p4Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK/YI2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4dua3n7g2IlYNnCTcj+hQiVAwilZ6CB8b/XLFrbpzkFXi5aQCOer98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6rlV7/6yUrvJ4yjCCZzCOXhwBTW4gzo0gcEQnuEV3hzpvDjvzseiteDkM8fwB87nDyPLjbA=</latexit>

fS
<latexit sha1_base64="K7fT48m4n6WkKPewHq0D7IeoBLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dK7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUCB8b/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teveXldpNHkcRTuAUzsGDK6jBHdShCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAiR42v</latexit><latexit sha1_base64="K7fT48m4n6WkKPewHq0D7IeoBLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dK7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUCB8b/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teveXldpNHkcRTuAUzsGDK6jBHdShCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAiR42v</latexit><latexit sha1_base64="K7fT48m4n6WkKPewHq0D7IeoBLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dK7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUCB8b/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teveXldpNHkcRTuAUzsGDK6jBHdShCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAiR42v</latexit><latexit sha1_base64="K7fT48m4n6WkKPewHq0D7IeoBLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dK7Qe0sWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUCB8b/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teveXldpNHkcRTuAUzsGDK6jBHdShCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAiR42v</latexit>

fT (xi)
<latexit sha1_base64="kbqDuhZ8pIoxSpay2wNLxGgULWs=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48R8oJkDbOT2WTI7Ow60yuGkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xmdvKb+/s7u0XDg4bJk4143UWy1i3Amq4FIrXUaDkrURzGgWSN4PhzdRvPnJtRKxqOEq4H9G+EqFgFK3UCu9rpaeuOOsWim7ZnYEsEy8jRchQ7Ra+Or2YpRFXyCQ1pu25CfpjqlEwySf5Tmp4QtmQ9nnbUkUjbvzx7N4JObVKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwyv/LFQSYpcsfmiMJUEYzJ9nvSE5gzlyBLKtLC3EjagmjK0EeVtCN7iy8ukcV723LJ3d1GsXGdx5OAYTqAEHlxCBW6hCnVgIOEZXuHNeXBenHfnY9664mQzR/AHzucPRP+Pcw==</latexit><latexit sha1_base64="kbqDuhZ8pIoxSpay2wNLxGgULWs=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48R8oJkDbOT2WTI7Ow60yuGkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xmdvKb+/s7u0XDg4bJk4143UWy1i3Amq4FIrXUaDkrURzGgWSN4PhzdRvPnJtRKxqOEq4H9G+EqFgFK3UCu9rpaeuOOsWim7ZnYEsEy8jRchQ7Ra+Or2YpRFXyCQ1pu25CfpjqlEwySf5Tmp4QtmQ9nnbUkUjbvzx7N4JObVKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwyv/LFQSYpcsfmiMJUEYzJ9nvSE5gzlyBLKtLC3EjagmjK0EeVtCN7iy8ukcV723LJ3d1GsXGdx5OAYTqAEHlxCBW6hCnVgIOEZXuHNeXBenHfnY9664mQzR/AHzucPRP+Pcw==</latexit><latexit sha1_base64="kbqDuhZ8pIoxSpay2wNLxGgULWs=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48R8oJkDbOT2WTI7Ow60yuGkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xmdvKb+/s7u0XDg4bJk4143UWy1i3Amq4FIrXUaDkrURzGgWSN4PhzdRvPnJtRKxqOEq4H9G+EqFgFK3UCu9rpaeuOOsWim7ZnYEsEy8jRchQ7Ra+Or2YpRFXyCQ1pu25CfpjqlEwySf5Tmp4QtmQ9nnbUkUjbvzx7N4JObVKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwyv/LFQSYpcsfmiMJUEYzJ9nvSE5gzlyBLKtLC3EjagmjK0EeVtCN7iy8ukcV723LJ3d1GsXGdx5OAYTqAEHlxCBW6hCnVgIOEZXuHNeXBenHfnY9664mQzR/AHzucPRP+Pcw==</latexit><latexit sha1_base64="kbqDuhZ8pIoxSpay2wNLxGgULWs=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48R8oJkDbOT2WTI7Ow60yuGkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xmdvKb+/s7u0XDg4bJk4143UWy1i3Amq4FIrXUaDkrURzGgWSN4PhzdRvPnJtRKxqOEq4H9G+EqFgFK3UCu9rpaeuOOsWim7ZnYEsEy8jRchQ7Ra+Or2YpRFXyCQ1pu25CfpjqlEwySf5Tmp4QtmQ9nnbUkUjbvzx7N4JObVKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwyv/LFQSYpcsfmiMJUEYzJ9nvSE5gzlyBLKtLC3EjagmjK0EeVtCN7iy8ukcV723LJ3d1GsXGdx5OAYTqAEHlxCBW6hCnVgIOEZXuHNeXBenHfnY9664mQzR/AHzucPRP+Pcw==</latexit>

fS(xi)
<latexit sha1_base64="bceBCTMqEP/3/J7TVYmV7AyhMxM=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzQOSGGYnvcmQ2dl1ZlYMS37CiwdFvPo73vwbJ8keNLGgoajqprvLjwXXxnW/naXlldW19dxGfnNre2e3sLdf11GiGNZYJCLV9KlGwSXWDDcCm7FCGvoCG/7wauI3HlFpHsk7M4qxE9K+5AFn1FipGdzflp66/KRbKLpldwqySLyMFCFDtVv4avciloQoDRNU65bnxqaTUmU4EzjOtxONMWVD2seWpZKGqDvp9N4xObZKjwSRsiUNmaq/J1Iaaj0KfdsZUjPQ895E/M9rJSa46KRcxolByWaLgkQQE5HJ86THFTIjRpZQpri9lbABVZQZG1HehuDNv7xI6qdlzy17N2fFymUWRw4O4QhK4ME5VOAaqlADBgKe4RXenAfnxXl3PmatS042cwB/4Hz+AEN2j3I=</latexit><latexit sha1_base64="bceBCTMqEP/3/J7TVYmV7AyhMxM=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzQOSGGYnvcmQ2dl1ZlYMS37CiwdFvPo73vwbJ8keNLGgoajqprvLjwXXxnW/naXlldW19dxGfnNre2e3sLdf11GiGNZYJCLV9KlGwSXWDDcCm7FCGvoCG/7wauI3HlFpHsk7M4qxE9K+5AFn1FipGdzflp66/KRbKLpldwqySLyMFCFDtVv4avciloQoDRNU65bnxqaTUmU4EzjOtxONMWVD2seWpZKGqDvp9N4xObZKjwSRsiUNmaq/J1Iaaj0KfdsZUjPQ895E/M9rJSa46KRcxolByWaLgkQQE5HJ86THFTIjRpZQpri9lbABVZQZG1HehuDNv7xI6qdlzy17N2fFymUWRw4O4QhK4ME5VOAaqlADBgKe4RXenAfnxXl3PmatS042cwB/4Hz+AEN2j3I=</latexit><latexit sha1_base64="bceBCTMqEP/3/J7TVYmV7AyhMxM=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzQOSGGYnvcmQ2dl1ZlYMS37CiwdFvPo73vwbJ8keNLGgoajqprvLjwXXxnW/naXlldW19dxGfnNre2e3sLdf11GiGNZYJCLV9KlGwSXWDDcCm7FCGvoCG/7wauI3HlFpHsk7M4qxE9K+5AFn1FipGdzflp66/KRbKLpldwqySLyMFCFDtVv4avciloQoDRNU65bnxqaTUmU4EzjOtxONMWVD2seWpZKGqDvp9N4xObZKjwSRsiUNmaq/J1Iaaj0KfdsZUjPQ895E/M9rJSa46KRcxolByWaLgkQQE5HJ86THFTIjRpZQpri9lbABVZQZG1HehuDNv7xI6qdlzy17N2fFymUWRw4O4QhK4ME5VOAaqlADBgKe4RXenAfnxXl3PmatS042cwB/4Hz+AEN2j3I=</latexit><latexit sha1_base64="bceBCTMqEP/3/J7TVYmV7AyhMxM=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzQOSGGYnvcmQ2dl1ZlYMS37CiwdFvPo73vwbJ8keNLGgoajqprvLjwXXxnW/naXlldW19dxGfnNre2e3sLdf11GiGNZYJCLV9KlGwSXWDDcCm7FCGvoCG/7wauI3HlFpHsk7M4qxE9K+5AFn1FipGdzflp66/KRbKLpldwqySLyMFCFDtVv4avciloQoDRNU65bnxqaTUmU4EzjOtxONMWVD2seWpZKGqDvp9N4xObZKjwSRsiUNmaq/J1Iaaj0KfdsZUjPQ895E/M9rJSa46KRcxolByWaLgkQQE5HJ86THFTIjRpZQpri9lbABVZQZG1HehuDNv7xI6qdlzy17N2fFymUWRw4O4QhK4ME5VOAaqlADBgKe4RXenAfnxXl3PmatS042cwB/4Hz+AEN2j3I=</latexit>

fS(xj)
<latexit sha1_base64="g3YIsq1cHGnidDMhLgA/ULzLMBg=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquCHosevFY0X5Au5Zsmm1jk+yaZMWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777eSWlldW1/LrhY3Nre2d4u5eQ0eJIrROIh6pVoA15UzSumGG01asKBYBp81geDnxm49UaRbJWzOKqS9wX7KQEWys1ArvbspP3fvjbrHkVtwp0CLxMlKCDLVu8avTi0giqDSEY63bnhsbP8XKMMLpuNBJNI0xGeI+bVsqsaDaT6f3jtGRVXoojJQtadBU/T2RYqH1SAS2U2Az0PPeRPzPaycmPPdTJuPEUElmi8KEIxOhyfOoxxQlho8swUQxeysiA6wwMTaigg3Bm395kTROKp5b8a5PS9WLLI48HMAhlMGDM6jCFdSgDgQ4PMMrvDkPzovz7nzMWnNONrMPf+B8/gBE+49z</latexit><latexit sha1_base64="g3YIsq1cHGnidDMhLgA/ULzLMBg=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquCHosevFY0X5Au5Zsmm1jk+yaZMWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777eSWlldW1/LrhY3Nre2d4u5eQ0eJIrROIh6pVoA15UzSumGG01asKBYBp81geDnxm49UaRbJWzOKqS9wX7KQEWys1ArvbspP3fvjbrHkVtwp0CLxMlKCDLVu8avTi0giqDSEY63bnhsbP8XKMMLpuNBJNI0xGeI+bVsqsaDaT6f3jtGRVXoojJQtadBU/T2RYqH1SAS2U2Az0PPeRPzPaycmPPdTJuPEUElmi8KEIxOhyfOoxxQlho8swUQxeysiA6wwMTaigg3Bm395kTROKp5b8a5PS9WLLI48HMAhlMGDM6jCFdSgDgQ4PMMrvDkPzovz7nzMWnNONrMPf+B8/gBE+49z</latexit><latexit sha1_base64="g3YIsq1cHGnidDMhLgA/ULzLMBg=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquCHosevFY0X5Au5Zsmm1jk+yaZMWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777eSWlldW1/LrhY3Nre2d4u5eQ0eJIrROIh6pVoA15UzSumGG01asKBYBp81geDnxm49UaRbJWzOKqS9wX7KQEWys1ArvbspP3fvjbrHkVtwp0CLxMlKCDLVu8avTi0giqDSEY63bnhsbP8XKMMLpuNBJNI0xGeI+bVsqsaDaT6f3jtGRVXoojJQtadBU/T2RYqH1SAS2U2Az0PPeRPzPaycmPPdTJuPEUElmi8KEIxOhyfOoxxQlho8swUQxeysiA6wwMTaigg3Bm395kTROKp5b8a5PS9WLLI48HMAhlMGDM6jCFdSgDgQ4PMMrvDkPzovz7nzMWnNONrMPf+B8/gBE+49z</latexit><latexit sha1_base64="g3YIsq1cHGnidDMhLgA/ULzLMBg=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquCHosevFY0X5Au5Zsmm1jk+yaZMWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5QcyZNq777eSWlldW1/LrhY3Nre2d4u5eQ0eJIrROIh6pVoA15UzSumGG01asKBYBp81geDnxm49UaRbJWzOKqS9wX7KQEWys1ArvbspP3fvjbrHkVtwp0CLxMlKCDLVu8avTi0giqDSEY63bnhsbP8XKMMLpuNBJNI0xGeI+bVsqsaDaT6f3jtGRVXoojJQtadBU/T2RYqH1SAS2U2Az0PPeRPzPaycmPPdTJuPEUElmi8KEIxOhyfOoxxQlho8swUQxeysiA6wwMTaigg3Bm395kTROKp5b8a5PS9WLLI48HMAhlMGDM6jCFdSgDgQ4PMMrvDkPzovz7nzMWnNONrMPf+B8/gBE+49z</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>
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Contrastive Representation Distillation [Tian, Krishnan, Isola, 2020]
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Figure 1: The correlation coefficients between class logits output by the teacher network is one mathematical
interpretation of “dark knowledge" [13] that must be transferred to a student network. A student network that
captures these correlations tends to perform better at the task. We visualize here the difference of normalized
cross-correlation matrices of the student and teacher at the logits, for different student networks on a Cifar100
knowledge distillation task: (a) A student trained from random initialization; (b) A student distilled by attention
transfer [28] (c) A student distilled by KL divergence [13]; (d) A student distilled by our contrastive objective.
Our objective greatly improves the structured knowledge (correlations) in the output units.

In particular we use the contrastive objective introduced in [22]. One interpretation of this objective is37

that it maximizes a lower-bound to the mutual information between the teacher’s representation and38

the student’s. We find that this objective results in better performance on several knowledge transfer39

tasks. We conjecture that this is because the contrastive objective better transfers all the information in40

the teacher’s representation, rather than only transferring knowledge about conditionally independent41

output class probabilities. Somewhat surprisingly, the contrastive objective even improves results42

on the originally proposed task of distilling knowledge about class probabilities, for example,43

compressing a large CIFAR100 network into a smaller one that performs almost as well. This44

may be because the “dark knowledge" in the estimated class probabilities is itself structured, where45

the correlations between different class probabilities contains useful information that regularizes the46

learning problem.47

2 Related work48

The seminal work of [5] and [13] introduced the idea of knowledge distillation between large,49

cumbersome models into smaller, faster models without losing too much generalization power.50

The general motivation was that at training time, the availability of computation allows “slop" in51

model size, with the potential benefit of faster learning. But computation and memory constraints at52

inference time necessitate the use of smaller models. [5] achieve this by matching output logits; [13]53
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in this approach, which is a significant limitation. This technique achieves state of the art results62

for distillation (as measured by the generalization of the student network). FitNets [23] also deal63

with intermediate representations by using regressions to guide the feature activations of the student64

network. Since [28] do a weighted form of this regression, they tend to perform better. Other papers65

[27, 17] have also tried to enforce various criteria based on representations.66

The contrastive objective we use in this paper has been introduced in [22], where it was called67

InfoNCE. This is inspired by the Noise Contrastive Estimation (NCE) loss of [11]. [22] use contrastive68

learning in the context of self-supervised learning of representations. They show that their objective69

maximizes a lower bound on mutual information. A very related approach is used in [14]. InfoNCE70

and NCE are closely related but distinct from adversarial learning [8]. In [9], it is shown that the71

NCE objective of [11] can lead to maximum likelihood learning, but not the adversarial objective.72

3 Method73

Contrastive learning has been successfully used for representation learning in different contexts74

[22, 14, 24]. The key underlying idea is very general: learn a representation which is close in some75

metric space for “positive" pairs and push apart the representation between “negative" pairs. The76

choice of these positive and negative pairs greatly influences the success of the objective. This77
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transfer [28] (c) A student distilled by KL divergence [13]; (d) A student distilled by our contrastive objective.
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Compression vs. Distillation

Optimal Brain Compression: A Framework for Accurate Post-Training Quantization and Pruning, Frantar et al., 2023

The ExactOBS Algorithm. In the following, we introduce our efficient instantiation of the OBS
framework, for the layer-wise compression problem, which we call ExactOBS, in step-by-step fashion.
We start by rewriting the matrix squared error in (2) as the sum of the squared errors for each row in
the weight matrix. As we are always dealing with a fixed layer `, we drop the subscript ` to simplify
notation. The objective is then equivalent to

Pdrow
i=1 ||Wi,:X� cWi,:X||22.

This way of writing the error makes it clear that removing a single weight [W]ij only affects the
error of the corresponding output row Yi,: = Wi,:X. Hence, there is no Hessian interaction between
different rows and so it suffices to work only with the individual dcol ⇥ dcol Hessians corresponding
to each of the drow rows. Further, as the dense layer output Y = WX is fixed, the objective for each
row has standard least squares form and its Hessian is given by H = 2XX

>.

Although this observation already reduces computational complexity, two key challenges remain: (a)
applying OBS to each row still costs O(dcol · d3col) time, which is too slow for large layers, and (b)
we need fast access to the Hessian inverses of all drow rows, since we want to prune the minimum
score weight of the whole matrix rather than just per row in each step. In particular, (b) requires
O(drow · d2col) GPU memory, which is likely to be infeasible.

Step 1: Handling a Single Row. We first describe how to efficiently prune weights from a single
row with dcol parameters. For simplicity, we denote such a row by w with corresponding Hessian
H. The full algorithm for this procedure is given in Algorithm 1; in the following, we provide a
detailed description. The key idea is to avoid having to do the full ⇥(N · d2col) calculation and ⇥(d3col)
inversion of H in each step. The former is easy, as the weights themselves do not enter the calculation
of H = 2XX

>, and the Hessian for the weights with pruning mask M denoted by HM is thus
simply comprised of the corresponding rows and columns in the fully dense version H. Hence, we
only have to compute H (which is actually the same for all rows) once, from which we can then
extract the rows and columns corresponding to M as needed.

Critically, this trick is not applicable to the inverse, as (HM )�1 6= (H�1)M . However, using the
fact that the removal of one parameter p simply drops the corresponding row and column from H,
we can actually update the inverse to remove parameter p directly using a single step of Gaussian
elimination, with cost ⇥(d2col). The following result, whose proof is in the Appendix, formalizes this.
Lemma 1 (Row & Column Removal). Given an invertible dcol ⇥ dcol matrix H and its inverse H

�1
,

we want to efficiently compute the inverse of H with row and column p removed, which we denote by

H�p. This can be accomplished through the following formula:

H
�1
�p =

⇣
H

�1 � 1

[H�1]pp
H

�1
:,pH

�1
p,:

⌘

�p
, (4)

which corresponds to performing Gaussian elimination of row and column p in H
�1

followed by

dropping them completely. This has ⇥(d2
col
) time complexity.

The resulting pseudocode is shown in Algorithm 1, where we avoid constantly resizing H
�1 (and

correspondingly changing indices) by utilizing the fact that row and column p have no effect on
any future calculations after they have been eliminated by Lemma 1 as they are 0 (and the non-zero
diagonal element is never accessed again). One can check that this algorithm applies OBS to a single
row of W with a per-step cost of ⇥(d2col), and thus ⇥(k · d2col) overall time for pruning k weights.

Algorithm 1 Prune k  dcol weights from row
w with inverse Hessian H

�1 = (2XX
>)�1

according to OBS in O(k · d2col) time.

M = {1, . . . , dcol}
for i = 1, . . . , k do
p argminp2M

1
[H�1]pp

· w2
p

w w �H
�1
:,p

1
[H�1]pp

· wp

H
�1  H

�1 � 1
[H�1]pp

H
�1
:,pH

�1
p,:

M  M � {p}
end for
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Figure 1: Efficient global OBS using the row-
wise results.

5

• Both give us smaller models with similar accuracy to large ones

• Distillation uses SGD to train a smaller model to match characteristics of a larger one

• Compression uses pruning or quantization to reduce the computational cost of a large
model

Courtesy of Frantar, et al. Used under CC BY.
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We almost never need a truly generalist model in practice. Specialization 
can enable much higher rates of compression with the same accuracy. 

Vision Models Can Be Efficiently Specialized via Few-Shot Task-Aware Compression, Kuznedelev et al., 2023 

Courtesy of Kuznedelev, et al. Used under CC BY.
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Foundation models

[Blind Orion Searching for the Rising Sun by Nicolas Poussin, 1658]

“If I have seen further 
it is by standing on the 
shoulders of Giants”  
— Newton

https://arxiv.org/pdf/2108.07258.pdf[Bommasani et al. 2021]

Image is in the public domain.40
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Estimating the Carbon Footprint of BLOOM, a 176B Parameter Language Model, Luccioni et al., 2023

Estimating the Carbon Footprint of BLOOM

to disposal), we focus on the steps for which we do have sufficient information, which range from manufacturing the
equipment used for training the model to model deployment (see Fig 1). In fact, recent work by Kaack et al. has
proposed a more specific framework for categorizing ML’s effects on greenhouse gas (GHG) emissions, consisting of 3
categories: (A) computing-related impacts, (B) immediate impacts of deploying ML and (C) system-level impacts on
other domains [15]. While this framework has not yet been widely adopted in our field, we believe it is particularly
useful given the specificity of the ML life cycle. In the current study, we focus on category (A) and briefly discuss
deployment and system-level impacts in Section 5.3.

Figure 1: While the LCA approach encompasses all the stages of the product life cycle (from raw material extraction to
disposal), we focus on those in green, which range from equipment manufacturing to model deployment.

Given that the LCA approach aims to account for all possible sources of GHG emissions (e.g. methane, carbon dioxide,
nitrous oxide, etc.), it is necessary to convert these different gases to a single unit of measure in order to add them up.
The standardized measure that is often used for this is carbon dioxide equivalents (CO2eq), which are calculated based
on comparing the global-warming potential (GWP) of different greenhouse gases to that of carbon dioxide (CO2). For
instance, methane has a 100-year GWP 25 times that of CO2– this means that it is equal to 25 CO2eq. In the sections
below, we be using this unit of measure to estimate BLOOM’s carbon emissions.

4 Results: Carbon Emissions of the BLOOM Model

Our study aims to bring together the different elements contributing to the overall carbon footprint of training BLOOM
and to compare the relative contribution of each one towards BLOOM’s total emissions. While we will predominantly
focus on model training, we will also take into account the emissions produced by manufacturing the computing
equipment used for running the training, the energy-based operational emissions, as well as the carbon footprint of
model deployment and inference. All of the code and data used for our analyses are available in our Github repository.

4.1 Embodied Emissions

The embodied emissions are those emissions associated with the materials and processes involved in producing a given
product, such as the computing equipment needed to train and deploy ML models. While the production of these
emissions is exclusively limited to the manufacturing process, this total amount is usually spread over the time during
which equipment is used by dividing the total embodied emissions by the time of use. The BLOOM model was trained
on HPE Apollo 6500 Gen10 Plus servers containing Nvidia A100 GPUs. The closest comparable computing equipment
that provides LCA information is HPE’s ProLiant DL345 Gen10 Plus server, which is similar to the Apollo 6500 and
has a production footprint of approximately 2500 kg of CO2eq [13]. This does not include the embodied emissions
of the GPUs which are used in the server, whose embodied emissions must be calculated separately. While Nvidia
does not currently disclose the carbon footprint of its GPUs, recent estimates put the lower bound of this amount at
approximately 150 kg of CO2eq [9], which is the number we will use for our embodied emissions estimates.

Assuming a replacement rate of 6 years and 85% average usage (which are the figures provided to us by IDRIS), the
figures above translate to an embodied carbon footprint of approximately 0.056 kg of CO2eq for each hour of server
time and 0.003 kg of CO2eq for each hour of GPU time. Given that BLOOM training lasted a total of 1.08 million
hours using, on average, 384 GPUs across 48 computing nodes, we can estimate that the embodied emissions associated
to BLOOM training represent approximately 7.57 tonnes for the servers and 3.64 tonnes for the GPUs, adding a total of
11.2 tonnes of CO2eq to its carbon footprint. This does not include the embodied emissions of the rest of the computing
infrastructure (e.g. the network switches, cooling equipment and other devices that power the network), which are
difficult to quantify given that we do not have the necessary information regarding their distribution and usage.

4.2 Dynamic Power Consumption

As described in Section 2, most of the existing research on the carbon footprint estimation of ML models has focused
on estimating the CO2 emissions produced by generating the electricity necessary for powering model training – this is
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5.1 Comparisons with other LLMs

A few recent LLM papers reported the carbon footprint of model training, including notable models such as OPT-
175B [37], GPT-3 [28] and Gopher [29]. However, since the accounting methodologies for reporting carbon emissions
are not standardized, it is hard to precisely compare the carbon footprint of BLOOM to that of these models. In this
section, we will try to disentangle the different factors for each model: (1) the energy consumption of model training,
(2) the CO2eq emissions produced by dynamic consumption during training, and (3) the CO2eqemissions produced via
dynamic consumption while taking into account datacenter PUE (i.e. overhead) as well. We present these numbers in
Table 4, in which numbers in italics indicate numbers that have been inferred based on the information provided in the
papers accompanying these models, without being stated explicitly in articles and documentation.

Model

name

Number of

parameters

Datacenter

PUE

Carbon intensity

of grid used

Power

consumption

CO2eq

emissions

CO2eq

emissions ⇥ PUE

GPT-3 175B 1.1 429 gCO2eq/kWh 1,287 MWh 502 tonnes 552 tonnes
Gopher 280B 1.08 330 gCO2eq/kWh 1,066 MWh 352 tonnes 380 tonnes

OPT 175B 1.09 2 231gCO2eq/kWh 324 MWh 70 tonnes 76.3 tonnes 3

BLOOM 176B 1.2 57 gCO2eq/kWh 433 MWh 25 tonnes 30 tonnes

Table 4: Comparison of carbon emissions between BLOOM and similar LLMs. Numbers in italics have been inferred
based on data provided in the papers describing the models.

We can see that BLOOM training resulted in less than half of the emissions of the closest comparable model, OPT
(which emitted 70 tonnes compared to BLOOM’s 25 tonnes), and 20 times less than GPT-3 (502 tonnes). This can be
explained in large part by the carbon intensity of the energy source used for training, given that the carbon intensity of
the electric grid powering Jean Zay is 57 gCO2eq/kWh, compared to 231 gCO2eq/kWh for OPT, 429 gCO2eq/kWh
for GPT-3 and 330 gCO2eq/kWh for Gopher. Comparing the raw energy consumption of the models is interesting as
well because we can see that BLOOM actually consumed slightly more energy than OPT – 433 MWh compared to
OPT’s 324 MWh, despite their proximity in size and training set up. Of course, there are also other factors that should
be considered when comparing the energy consumption of models, such as the type of hardware used, the number of
tokens seen by the model, the model architecture, etc., so an exact comparison is difficult, and it is useful to consider all
of the characteristics described above when comparing models.

Finally, as we mentioned in Section 4.3, the carbon footprint accounting approach proposed by Patterson et al. [28]
includes datacenter PUE, which is not always taken into account by other models. In order to allow a fair comparison,
we attempt to disaggregate model carbon emissions with and without taking PUE into account in Table 4. Since the
PUEs of datacenters used for training ML models are relatively efficient and very similar (ranging from 1.08-1.2),
their contribution to the overall carbon footprint of model training is relatively small. However, as we have shown in
Section 4, these numbers represent a small part of the actual carbon emissions and environmental impacts of training ML
models, given that the reflect neither the embodied emissions nor the emissions due to model inference and deployment.
In the next section, we attempt to go one step further by estimating the carbon footprint of intermediate experimentation
and evaluation processes run within the scope of the BigScience workshop and how they compare to that of training the
final BLOOM model.

5.2 Carbon Footprint of the BigScience Workshop

The training of the 176B parameter BLOOM model represents only part of the experiments that were run on the Jean
Jay computing cluster as part of the BigScience workshop. In fact, if we consider the totality of experiments run by
members of the BigScience project, they add up to a total of 3.46 million GPU hours (2.2 million hours of which used
V100 GPUs and 1.24 million hours used A100 GPUs), which represents an electrical consumption of 1,163,032 kWh
of electricity and approximately 66.29 tonnes of CO2eq emitted via dynamic power consumption. We break down this
total into its different components, including the final BLOOM training, in Table 5, below.

It is interesting to note that experimenting with intermediate models (such as the 104B, 13B and 1B models) add up
to a total of 35.8 tonnes of CO2eq, which is more than the training of the final model. This is slightly higher than the
estimate made by the authors of the OPT paper, who stated that the total carbon footprint of their model is roughly
2 times higher due to experimentation, baselines and ablations [37]. However, training these models allowed us to
converge on the architecture and hyperparameters of the final BLOOM model, and many of these intermediate models
were also shared with the community (e.g. BLOOM 1B and BLOOM 3B). Other processes that contributed to the
overall carbon emissions of the workshop included model evaluation, which emitted 2.46 tonnes of CO2eq, as well as
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to disposal), we focus on the steps for which we do have sufficient information, which range from manufacturing the
equipment used for training the model to model deployment (see Fig 1). In fact, recent work by Kaack et al. has
proposed a more specific framework for categorizing ML’s effects on greenhouse gas (GHG) emissions, consisting of 3
categories: (A) computing-related impacts, (B) immediate impacts of deploying ML and (C) system-level impacts on
other domains [15]. While this framework has not yet been widely adopted in our field, we believe it is particularly
useful given the specificity of the ML life cycle. In the current study, we focus on category (A) and briefly discuss
deployment and system-level impacts in Section 5.3.

Figure 1: While the LCA approach encompasses all the stages of the product life cycle (from raw material extraction to
disposal), we focus on those in green, which range from equipment manufacturing to model deployment.

Given that the LCA approach aims to account for all possible sources of GHG emissions (e.g. methane, carbon dioxide,
nitrous oxide, etc.), it is necessary to convert these different gases to a single unit of measure in order to add them up.
The standardized measure that is often used for this is carbon dioxide equivalents (CO2eq), which are calculated based
on comparing the global-warming potential (GWP) of different greenhouse gases to that of carbon dioxide (CO2). For
instance, methane has a 100-year GWP 25 times that of CO2– this means that it is equal to 25 CO2eq. In the sections
below, we be using this unit of measure to estimate BLOOM’s carbon emissions.

4 Results: Carbon Emissions of the BLOOM Model

Our study aims to bring together the different elements contributing to the overall carbon footprint of training BLOOM
and to compare the relative contribution of each one towards BLOOM’s total emissions. While we will predominantly
focus on model training, we will also take into account the emissions produced by manufacturing the computing
equipment used for running the training, the energy-based operational emissions, as well as the carbon footprint of
model deployment and inference. All of the code and data used for our analyses are available in our Github repository.

4.1 Embodied Emissions

The embodied emissions are those emissions associated with the materials and processes involved in producing a given
product, such as the computing equipment needed to train and deploy ML models. While the production of these
emissions is exclusively limited to the manufacturing process, this total amount is usually spread over the time during
which equipment is used by dividing the total embodied emissions by the time of use. The BLOOM model was trained
on HPE Apollo 6500 Gen10 Plus servers containing Nvidia A100 GPUs. The closest comparable computing equipment
that provides LCA information is HPE’s ProLiant DL345 Gen10 Plus server, which is similar to the Apollo 6500 and
has a production footprint of approximately 2500 kg of CO2eq [13]. This does not include the embodied emissions
of the GPUs which are used in the server, whose embodied emissions must be calculated separately. While Nvidia
does not currently disclose the carbon footprint of its GPUs, recent estimates put the lower bound of this amount at
approximately 150 kg of CO2eq [9], which is the number we will use for our embodied emissions estimates.

Assuming a replacement rate of 6 years and 85% average usage (which are the figures provided to us by IDRIS), the
figures above translate to an embodied carbon footprint of approximately 0.056 kg of CO2eq for each hour of server
time and 0.003 kg of CO2eq for each hour of GPU time. Given that BLOOM training lasted a total of 1.08 million
hours using, on average, 384 GPUs across 48 computing nodes, we can estimate that the embodied emissions associated
to BLOOM training represent approximately 7.57 tonnes for the servers and 3.64 tonnes for the GPUs, adding a total of
11.2 tonnes of CO2eq to its carbon footprint. This does not include the embodied emissions of the rest of the computing
infrastructure (e.g. the network switches, cooling equipment and other devices that power the network), which are
difficult to quantify given that we do not have the necessary information regarding their distribution and usage.

4.2 Dynamic Power Consumption

As described in Section 2, most of the existing research on the carbon footprint estimation of ML models has focused
on estimating the CO2 emissions produced by generating the electricity necessary for powering model training – this is
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5.1 Comparisons with other LLMs

A few recent LLM papers reported the carbon footprint of model training, including notable models such as OPT-
175B [37], GPT-3 [28] and Gopher [29]. However, since the accounting methodologies for reporting carbon emissions
are not standardized, it is hard to precisely compare the carbon footprint of BLOOM to that of these models. In this
section, we will try to disentangle the different factors for each model: (1) the energy consumption of model training,
(2) the CO2eq emissions produced by dynamic consumption during training, and (3) the CO2eqemissions produced via
dynamic consumption while taking into account datacenter PUE (i.e. overhead) as well. We present these numbers in
Table 4, in which numbers in italics indicate numbers that have been inferred based on the information provided in the
papers accompanying these models, without being stated explicitly in articles and documentation.

Model

name

Number of

parameters

Datacenter

PUE

Carbon intensity

of grid used

Power

consumption

CO2eq

emissions

CO2eq

emissions ⇥ PUE

GPT-3 175B 1.1 429 gCO2eq/kWh 1,287 MWh 502 tonnes 552 tonnes
Gopher 280B 1.08 330 gCO2eq/kWh 1,066 MWh 352 tonnes 380 tonnes

OPT 175B 1.09 2 231gCO2eq/kWh 324 MWh 70 tonnes 76.3 tonnes 3

BLOOM 176B 1.2 57 gCO2eq/kWh 433 MWh 25 tonnes 30 tonnes

Table 4: Comparison of carbon emissions between BLOOM and similar LLMs. Numbers in italics have been inferred
based on data provided in the papers describing the models.

We can see that BLOOM training resulted in less than half of the emissions of the closest comparable model, OPT
(which emitted 70 tonnes compared to BLOOM’s 25 tonnes), and 20 times less than GPT-3 (502 tonnes). This can be
explained in large part by the carbon intensity of the energy source used for training, given that the carbon intensity of
the electric grid powering Jean Zay is 57 gCO2eq/kWh, compared to 231 gCO2eq/kWh for OPT, 429 gCO2eq/kWh
for GPT-3 and 330 gCO2eq/kWh for Gopher. Comparing the raw energy consumption of the models is interesting as
well because we can see that BLOOM actually consumed slightly more energy than OPT – 433 MWh compared to
OPT’s 324 MWh, despite their proximity in size and training set up. Of course, there are also other factors that should
be considered when comparing the energy consumption of models, such as the type of hardware used, the number of
tokens seen by the model, the model architecture, etc., so an exact comparison is difficult, and it is useful to consider all
of the characteristics described above when comparing models.

Finally, as we mentioned in Section 4.3, the carbon footprint accounting approach proposed by Patterson et al. [28]
includes datacenter PUE, which is not always taken into account by other models. In order to allow a fair comparison,
we attempt to disaggregate model carbon emissions with and without taking PUE into account in Table 4. Since the
PUEs of datacenters used for training ML models are relatively efficient and very similar (ranging from 1.08-1.2),
their contribution to the overall carbon footprint of model training is relatively small. However, as we have shown in
Section 4, these numbers represent a small part of the actual carbon emissions and environmental impacts of training ML
models, given that the reflect neither the embodied emissions nor the emissions due to model inference and deployment.
In the next section, we attempt to go one step further by estimating the carbon footprint of intermediate experimentation
and evaluation processes run within the scope of the BigScience workshop and how they compare to that of training the
final BLOOM model.

5.2 Carbon Footprint of the BigScience Workshop

The training of the 176B parameter BLOOM model represents only part of the experiments that were run on the Jean
Jay computing cluster as part of the BigScience workshop. In fact, if we consider the totality of experiments run by
members of the BigScience project, they add up to a total of 3.46 million GPU hours (2.2 million hours of which used
V100 GPUs and 1.24 million hours used A100 GPUs), which represents an electrical consumption of 1,163,032 kWh
of electricity and approximately 66.29 tonnes of CO2eq emitted via dynamic power consumption. We break down this
total into its different components, including the final BLOOM training, in Table 5, below.

It is interesting to note that experimenting with intermediate models (such as the 104B, 13B and 1B models) add up
to a total of 35.8 tonnes of CO2eq, which is more than the training of the final model. This is slightly higher than the
estimate made by the authors of the OPT paper, who stated that the total carbon footprint of their model is roughly
2 times higher due to experimentation, baselines and ablations [37]. However, training these models allowed us to
converge on the architecture and hyperparameters of the final BLOOM model, and many of these intermediate models
were also shared with the community (e.g. BLOOM 1B and BLOOM 3B). Other processes that contributed to the
overall carbon emissions of the workshop included model evaluation, which emitted 2.46 tonnes of CO2eq, as well as
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to disposal), we focus on the steps for which we do have sufficient information, which range from manufacturing the
equipment used for training the model to model deployment (see Fig 1). In fact, recent work by Kaack et al. has
proposed a more specific framework for categorizing ML’s effects on greenhouse gas (GHG) emissions, consisting of 3
categories: (A) computing-related impacts, (B) immediate impacts of deploying ML and (C) system-level impacts on
other domains [15]. While this framework has not yet been widely adopted in our field, we believe it is particularly
useful given the specificity of the ML life cycle. In the current study, we focus on category (A) and briefly discuss
deployment and system-level impacts in Section 5.3.

Figure 1: While the LCA approach encompasses all the stages of the product life cycle (from raw material extraction to
disposal), we focus on those in green, which range from equipment manufacturing to model deployment.

Given that the LCA approach aims to account for all possible sources of GHG emissions (e.g. methane, carbon dioxide,
nitrous oxide, etc.), it is necessary to convert these different gases to a single unit of measure in order to add them up.
The standardized measure that is often used for this is carbon dioxide equivalents (CO2eq), which are calculated based
on comparing the global-warming potential (GWP) of different greenhouse gases to that of carbon dioxide (CO2). For
instance, methane has a 100-year GWP 25 times that of CO2– this means that it is equal to 25 CO2eq. In the sections
below, we be using this unit of measure to estimate BLOOM’s carbon emissions.

4 Results: Carbon Emissions of the BLOOM Model

Our study aims to bring together the different elements contributing to the overall carbon footprint of training BLOOM
and to compare the relative contribution of each one towards BLOOM’s total emissions. While we will predominantly
focus on model training, we will also take into account the emissions produced by manufacturing the computing
equipment used for running the training, the energy-based operational emissions, as well as the carbon footprint of
model deployment and inference. All of the code and data used for our analyses are available in our Github repository.

4.1 Embodied Emissions

The embodied emissions are those emissions associated with the materials and processes involved in producing a given
product, such as the computing equipment needed to train and deploy ML models. While the production of these
emissions is exclusively limited to the manufacturing process, this total amount is usually spread over the time during
which equipment is used by dividing the total embodied emissions by the time of use. The BLOOM model was trained
on HPE Apollo 6500 Gen10 Plus servers containing Nvidia A100 GPUs. The closest comparable computing equipment
that provides LCA information is HPE’s ProLiant DL345 Gen10 Plus server, which is similar to the Apollo 6500 and
has a production footprint of approximately 2500 kg of CO2eq [13]. This does not include the embodied emissions
of the GPUs which are used in the server, whose embodied emissions must be calculated separately. While Nvidia
does not currently disclose the carbon footprint of its GPUs, recent estimates put the lower bound of this amount at
approximately 150 kg of CO2eq [9], which is the number we will use for our embodied emissions estimates.

Assuming a replacement rate of 6 years and 85% average usage (which are the figures provided to us by IDRIS), the
figures above translate to an embodied carbon footprint of approximately 0.056 kg of CO2eq for each hour of server
time and 0.003 kg of CO2eq for each hour of GPU time. Given that BLOOM training lasted a total of 1.08 million
hours using, on average, 384 GPUs across 48 computing nodes, we can estimate that the embodied emissions associated
to BLOOM training represent approximately 7.57 tonnes for the servers and 3.64 tonnes for the GPUs, adding a total of
11.2 tonnes of CO2eq to its carbon footprint. This does not include the embodied emissions of the rest of the computing
infrastructure (e.g. the network switches, cooling equipment and other devices that power the network), which are
difficult to quantify given that we do not have the necessary information regarding their distribution and usage.

4.2 Dynamic Power Consumption

As described in Section 2, most of the existing research on the carbon footprint estimation of ML models has focused
on estimating the CO2 emissions produced by generating the electricity necessary for powering model training – this is
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5.1 Comparisons with other LLMs

A few recent LLM papers reported the carbon footprint of model training, including notable models such as OPT-
175B [37], GPT-3 [28] and Gopher [29]. However, since the accounting methodologies for reporting carbon emissions
are not standardized, it is hard to precisely compare the carbon footprint of BLOOM to that of these models. In this
section, we will try to disentangle the different factors for each model: (1) the energy consumption of model training,
(2) the CO2eq emissions produced by dynamic consumption during training, and (3) the CO2eqemissions produced via
dynamic consumption while taking into account datacenter PUE (i.e. overhead) as well. We present these numbers in
Table 4, in which numbers in italics indicate numbers that have been inferred based on the information provided in the
papers accompanying these models, without being stated explicitly in articles and documentation.

Model

name

Number of

parameters

Datacenter

PUE

Carbon intensity

of grid used

Power

consumption

CO2eq

emissions

CO2eq

emissions ⇥ PUE

GPT-3 175B 1.1 429 gCO2eq/kWh 1,287 MWh 502 tonnes 552 tonnes
Gopher 280B 1.08 330 gCO2eq/kWh 1,066 MWh 352 tonnes 380 tonnes

OPT 175B 1.09 2 231gCO2eq/kWh 324 MWh 70 tonnes 76.3 tonnes 3

BLOOM 176B 1.2 57 gCO2eq/kWh 433 MWh 25 tonnes 30 tonnes

Table 4: Comparison of carbon emissions between BLOOM and similar LLMs. Numbers in italics have been inferred
based on data provided in the papers describing the models.

We can see that BLOOM training resulted in less than half of the emissions of the closest comparable model, OPT
(which emitted 70 tonnes compared to BLOOM’s 25 tonnes), and 20 times less than GPT-3 (502 tonnes). This can be
explained in large part by the carbon intensity of the energy source used for training, given that the carbon intensity of
the electric grid powering Jean Zay is 57 gCO2eq/kWh, compared to 231 gCO2eq/kWh for OPT, 429 gCO2eq/kWh
for GPT-3 and 330 gCO2eq/kWh for Gopher. Comparing the raw energy consumption of the models is interesting as
well because we can see that BLOOM actually consumed slightly more energy than OPT – 433 MWh compared to
OPT’s 324 MWh, despite their proximity in size and training set up. Of course, there are also other factors that should
be considered when comparing the energy consumption of models, such as the type of hardware used, the number of
tokens seen by the model, the model architecture, etc., so an exact comparison is difficult, and it is useful to consider all
of the characteristics described above when comparing models.

Finally, as we mentioned in Section 4.3, the carbon footprint accounting approach proposed by Patterson et al. [28]
includes datacenter PUE, which is not always taken into account by other models. In order to allow a fair comparison,
we attempt to disaggregate model carbon emissions with and without taking PUE into account in Table 4. Since the
PUEs of datacenters used for training ML models are relatively efficient and very similar (ranging from 1.08-1.2),
their contribution to the overall carbon footprint of model training is relatively small. However, as we have shown in
Section 4, these numbers represent a small part of the actual carbon emissions and environmental impacts of training ML
models, given that the reflect neither the embodied emissions nor the emissions due to model inference and deployment.
In the next section, we attempt to go one step further by estimating the carbon footprint of intermediate experimentation
and evaluation processes run within the scope of the BigScience workshop and how they compare to that of training the
final BLOOM model.

5.2 Carbon Footprint of the BigScience Workshop

The training of the 176B parameter BLOOM model represents only part of the experiments that were run on the Jean
Jay computing cluster as part of the BigScience workshop. In fact, if we consider the totality of experiments run by
members of the BigScience project, they add up to a total of 3.46 million GPU hours (2.2 million hours of which used
V100 GPUs and 1.24 million hours used A100 GPUs), which represents an electrical consumption of 1,163,032 kWh
of electricity and approximately 66.29 tonnes of CO2eq emitted via dynamic power consumption. We break down this
total into its different components, including the final BLOOM training, in Table 5, below.

It is interesting to note that experimenting with intermediate models (such as the 104B, 13B and 1B models) add up
to a total of 35.8 tonnes of CO2eq, which is more than the training of the final model. This is slightly higher than the
estimate made by the authors of the OPT paper, who stated that the total carbon footprint of their model is roughly
2 times higher due to experimentation, baselines and ablations [37]. However, training these models allowed us to
converge on the architecture and hyperparameters of the final BLOOM model, and many of these intermediate models
were also shared with the community (e.g. BLOOM 1B and BLOOM 3B). Other processes that contributed to the
overall carbon emissions of the workshop included model evaluation, which emitted 2.46 tonnes of CO2eq, as well as
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What does it take to train one of these models?

• Dalle-2: 650m training examples (semi-curated image-text pairs)

• GPT-3: ~$4.6m to train once (https://lambdalabs.com/blog/demystifying-gpt-3/)

• PaLM: 67 authors

And these numbers are increasing.

But these numbers are small if we think of the result as foundational 
infrastructure; compare to the cost of building the interstate highway 
system, or the cost of developing the Mac OS X operating system. 
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Figure 3: BIG-bench evaluation of PaLM. (left) Evaluation of PaLM, GPT-3, Gopher, and Chinchilla.
Previous models have only evaluated on a subset of tasks, so this graph shows aggregate results on the 58
tasks which all three models have evaluated on. (right) Evaluation of PaLM on a larger set of 150 BIG-bench
tasks. For each task, the results of its preferred metric are used. The results are normalized by setting the
maximum score to 100 and the random chance score to 0 for multiple-choice tasks, so that they are negative
valued if the model performs worse than random chance. The normalized results are averaged over all tasks.

Figure 4: Distribution of score di↵erence in “normalized preferred metric” between PaLM 540B 5-shot and
the prior SOTA across a common subset of 58 BIG-bench text tasks. Positive numbers (blue) indicate that
PaLM 540B achieves higher than the prior SOTA, while negative numbers (orange) indicate that the prior
SOTA is higher than that of PaLM 540B. Prior SOTA includes GPT-3 175B 1-shot (Brown et al., 2020),
Gopher 5-shot (Rae et al., 2021a) and Chinchilla 5-shot (Ho↵mann et al., 2022). Names of individual tasks
are not shown here for visual clarity.

As you sow, so you shall reap.

Answer: (c) As you sow, so you shall reap.

• logical sequence – The goal is to order a set of “things” (months, actions, numbers, letters, etc.) into
their logical ordering. Example:
Input: Which of the following lists is correctly ordered chronologically? (a) drink water, feel thirsty, seal water

bottle, open water bottle (b) feel thirsty, open water bottle, drink water, seal water bottle (c) seal water bottle,

15

Not working at all

Working as 
well as an 
average 
human
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New paradigm: “Deep Learning” with No Data

“Just ask”

(of course, this isn’t really machine learning anymore)

https://evjang.com/2021/10/23/generalization.html
47



GPT-3 [Brown et al., 2020] https://arxiv.org/pdf/2005.14165.pdf

1. Learner:
Generative 
Pretraining

“Colorless green 
ideas sleep ____”

Language 
model “furiously”

(Predict next characters)
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GPT-3 [Brown et al., 2020] https://arxiv.org/pdf/2005.14165.pdf

1. Adaptor:
Prompt 

engineering

[Review] + “The 
sentiment in this 
review is ____”

Language 
model “positive”

(Predict next characters)
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New capabilities by just asking
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New capabilities by just asking
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Few-shot learning ability

1 Introduction

Recent years have featured a trend towards pre-trained language representations in NLP systems, applied in increasingly
flexible and task-agnostic ways for downstream transfer. First, single-layer representations were learned using word
vectors [MCCD13, PSM14] and fed to task-specific architectures, then RNNs with multiple layers of representations
and contextual state were used to form stronger representations [DL15, MBXS17, PNZtY18] (though still applied to
task-specific architectures), and more recently pre-trained recurrent or transformer language models [VSP+17] have
been directly fine-tuned, entirely removing the need for task-specific architectures [RNSS18, DCLT18, HR18].

This last paradigm has led to substantial progress on many challenging NLP tasks such as reading comprehension,
question answering, textual entailment, and many others, and has continued to advance based on new architectures
and algorithms [RSR+19, LOG+19, YDY+19, LCG+19]. However, a major limitation to this approach is that while
the architecture is task-agnostic, there is still a need for task-specific datasets and task-specific fine-tuning: to achieve
strong performance on a desired task typically requires fine-tuning on a dataset of thousands to hundreds of thousands
of examples specific to that task. Removing this limitation would be desirable, for several reasons.

First, from a practical perspective, the need for a large dataset of labeled examples for every new task limits the
applicability of language models. There exists a very wide range of possible useful language tasks, encompassing
anything from correcting grammar, to generating examples of an abstract concept, to critiquing a short story. For many
of these tasks it is difficult to collect a large supervised training dataset, especially when the process must be repeated
for every new task.

Second, the potential to exploit spurious correlations in training data fundamentally grows with the expressiveness
of the model and the narrowness of the training distribution. This can create problems for the pre-training plus
fine-tuning paradigm, where models are designed to be large to absorb information during pre-training, but are then
fine-tuned on very narrow task distributions. For instance [HLW+20] observe that larger models do not necessarily
generalize better out-of-distribution. There is evidence that suggests that the generalization achieved under this paradigm
can be poor because the model is overly specific to the training distribution and does not generalize well outside it
[YdC+19, MPL19]. Thus, the performance of fine-tuned models on specific benchmarks, even when it is nominally at
human-level, may exaggerate actual performance on the underlying task [GSL+18, NK19].

Third, humans do not require large supervised datasets to learn most language tasks – a brief directive in natural
language (e.g. “please tell me if this sentence describes something happy or something sad”) or at most a tiny number
of demonstrations (e.g. “here are two examples of people acting brave; please give a third example of bravery”) is often

Figure 1.1: Language model meta-learning. During unsupervised pre-training, a language model develops a broad
set of skills and pattern recognition abilities. It then uses these abilities at inference time to rapidly adapt to or recognize
the desired task. We use the term “in-context learning” to describe the inner loop of this process, which occurs within
the forward-pass upon each sequence. The sequences in this diagram are not intended to be representative of the data a
model would see during pre-training, but are intended to show that there are sometimes repeated sub-tasks embedded
within a single sequence.
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Few-shot learning ability: extrapolation

Icons © source unknown. All rights reserved. This 
content is excluded from our Creative Commons license. 
For more information, see
 https://ocw.mit.edu/help/faq-fair-use/
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GPT-3 [Brown et al., 2020] https://arxiv.org/pdf/2005.14165.pdf
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Prompting
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Hand-crafting good prompts is tricky…

Slide credit: Hyojin Bahng
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● Optimizes a small continuous task-specific vector while having language
model parameters frozen

Prefix-tuning: Optimizing continuous prompts for generation. ACL 2021. 
The Power of Scale for Parameter-Efficient Prompt Tuning. EMNLP 2021.

Soft Prompts (Prompt Tuning)

Slide credit: Hyojin Bahng

Left © Li and Liang. Right © IEEE. All rights reserved. This content is excluded from our Creative Commons 
license. For more information, see https://ocw.mit.edu/help/faq-fair-use/ . 
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Chain-of-thought prompting [Wei, Wang, Schuurmans et al. 2022] 
Courtesy of Wei, et al. Used under CC BY.
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Chain-of-thought prompting [Wei, Wang, Schuurmans et al. 2022] 
Courtesy of Wei, et al. Used under CC BY.
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[https://openai.com/blog/clip/]

[Radford et al., 2021] https://arxiv.org/pdf/2103.00020.pdf

Learning Transferable Visual Models From Natural Language Supervision 2
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Figure 1. Summary of our approach. While standard image models jointly train an image feature extractor and a linear classifier to predict
some label, CLIP jointly trains an image encoder and a text encoder to predict the correct pairings of a batch of (image, text) training
examples. At test time the learned text encoder synthesizes a zero-shot linear classifier by embedding the names or descriptions of the
target dataset’s classes.

classification datasets by scoring target classes based on
their dictionary of learned visual n-grams and predicting the
one with the highest score. Adopting more recent architec-
tures and pre-training approaches, VirTex (Desai & Johnson,
2020), ICMLM (Bulent Sariyildiz et al., 2020), and Con-
VIRT (Zhang et al., 2020) have recently demonstrated the
potential of transformer-based language modeling, masked
language modeling, and contrastive objectives to learn im-
age representations from text.

While exciting as proofs of concept, using natural language
supervision for image representation learning is still rare.
This is likely because demonstrated performance on com-
mon benchmarks is much lower than alternative approaches.
For example, Li et al. (2017) reach only 11.5% accuracy
on ImageNet in a zero-shot setting. This is well below the
88.4% accuracy of the current state of the art (Xie et al.,
2020). It is even below the 50% accuracy of classic com-
puter vision approaches (Deng et al., 2012). Instead, more
narrowly scoped but well-targeted uses of weak supervision
have improved performance. Mahajan et al. (2018) showed
that predicting ImageNet-related hashtags on Instagram im-
ages is an effective pre-training task. When fine-tuned to
ImageNet these pre-trained models increased accuracy by
over 5% and improved the overall state of the art at the time.
Kolesnikov et al. (2019) and Dosovitskiy et al. (2020) have
also demonstrated large gains on a broader set of transfer
benchmarks by pre-training models to predict the classes of
the noisily labeled JFT-300M dataset.

This line of work represents the current pragmatic middle
ground between learning from a limited amount of super-
vised “gold-labels” and learning from practically unlimited
amounts of raw text. However, it is not without compro-

mises. Both works carefully design, and in the process limit,
their supervision to 1000 and 18291 classes respectively.
Natural language is able to express, and therefore supervise,
a much wider set of visual concepts through its general-
ity. Both approaches also use static softmax classifiers to
perform prediction and lack a mechanism for dynamic out-
puts. This severely curtails their flexibility and limits their
“zero-shot” capabilities.

A crucial difference between these weakly supervised mod-
els and recent explorations of learning image representations
directly from natural language is scale. While Mahajan et al.
(2018) and Kolesnikov et al. (2019) trained their models for
accelerator years on millions to billions of images, VirTex,
ICMLM, and ConVIRT trained for accelerator days on one
to two hundred thousand images. In this work, we close
this gap and study the behaviors of image classifiers trained
with natural language supervision at large scale. Enabled
by the large amounts of publicly available data of this form
on the internet, we create a new dataset of 400 million (im-
age, text) pairs and demonstrate that a simplified version of
ConVIRT trained from scratch, which we call CLIP, for Con-
trastive Language-Image Pre-training, is an efficient method
of learning from natural language supervision. We study
the scalability of CLIP by training a series of eight models
spanning almost 2 orders of magnitude of compute and ob-
serve that transfer performance is a smoothly predictable
function of compute (Hestness et al., 2017; Kaplan et al.,
2020). We find that CLIP, similar to the GPT family, learns
to perform a wide set of tasks during pre-training including
OCR, geo-localization, action recognition, and many others.
We measure this by benchmarking the zero-shot transfer
performance of CLIP on over 30 existing datasets and find
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Figure 1. Summary of our approach. While standard image models jointly train an image feature extractor and a linear classifier to predict
some label, CLIP jointly trains an image encoder and a text encoder to predict the correct pairings of a batch of (image, text) training
examples. At test time the learned text encoder synthesizes a zero-shot linear classifier by embedding the names or descriptions of the
target dataset’s classes.

classification datasets by scoring target classes based on
their dictionary of learned visual n-grams and predicting the
one with the highest score. Adopting more recent architec-
tures and pre-training approaches, VirTex (Desai & Johnson,
2020), ICMLM (Bulent Sariyildiz et al., 2020), and Con-
VIRT (Zhang et al., 2020) have recently demonstrated the
potential of transformer-based language modeling, masked
language modeling, and contrastive objectives to learn im-
age representations from text.

While exciting as proofs of concept, using natural language
supervision for image representation learning is still rare.
This is likely because demonstrated performance on com-
mon benchmarks is much lower than alternative approaches.
For example, Li et al. (2017) reach only 11.5% accuracy
on ImageNet in a zero-shot setting. This is well below the
88.4% accuracy of the current state of the art (Xie et al.,
2020). It is even below the 50% accuracy of classic com-
puter vision approaches (Deng et al., 2012). Instead, more
narrowly scoped but well-targeted uses of weak supervision
have improved performance. Mahajan et al. (2018) showed
that predicting ImageNet-related hashtags on Instagram im-
ages is an effective pre-training task. When fine-tuned to
ImageNet these pre-trained models increased accuracy by
over 5% and improved the overall state of the art at the time.
Kolesnikov et al. (2019) and Dosovitskiy et al. (2020) have
also demonstrated large gains on a broader set of transfer
benchmarks by pre-training models to predict the classes of
the noisily labeled JFT-300M dataset.

This line of work represents the current pragmatic middle
ground between learning from a limited amount of super-
vised “gold-labels” and learning from practically unlimited
amounts of raw text. However, it is not without compro-

mises. Both works carefully design, and in the process limit,
their supervision to 1000 and 18291 classes respectively.
Natural language is able to express, and therefore supervise,
a much wider set of visual concepts through its general-
ity. Both approaches also use static softmax classifiers to
perform prediction and lack a mechanism for dynamic out-
puts. This severely curtails their flexibility and limits their
“zero-shot” capabilities.

A crucial difference between these weakly supervised mod-
els and recent explorations of learning image representations
directly from natural language is scale. While Mahajan et al.
(2018) and Kolesnikov et al. (2019) trained their models for
accelerator years on millions to billions of images, VirTex,
ICMLM, and ConVIRT trained for accelerator days on one
to two hundred thousand images. In this work, we close
this gap and study the behaviors of image classifiers trained
with natural language supervision at large scale. Enabled
by the large amounts of publicly available data of this form
on the internet, we create a new dataset of 400 million (im-
age, text) pairs and demonstrate that a simplified version of
ConVIRT trained from scratch, which we call CLIP, for Con-
trastive Language-Image Pre-training, is an efficient method
of learning from natural language supervision. We study
the scalability of CLIP by training a series of eight models
spanning almost 2 orders of magnitude of compute and ob-
serve that transfer performance is a smoothly predictable
function of compute (Hestness et al., 2017; Kaplan et al.,
2020). We find that CLIP, similar to the GPT family, learns
to perform a wide set of tasks during pre-training including
OCR, geo-localization, action recognition, and many others.
We measure this by benchmarking the zero-shot transfer
performance of CLIP on over 30 existing datasets and find
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New capabilities by just asking

“A sketch of a banana”
e1

<latexit sha1_base64="lYE4z03Y7EMd5kkOh7HTRFWoh4U=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDKcTbwBvWG23TnIKvEK0kDSrQH9S9/mLAsRmmYoFr3PTc1QU6V4UzgrOZnGlPKJnSEfUsljVEH+TzzjJxZZUiiRNknDZmrvzdyGms9jUM7WWTUy14h/uf1MxNdBzmXaWZQssWhKBPEJKQogAy5QmbE1BLKFLdZCRtTRZmxNdVsCd7yl1dJ96LpuU3v/rLRuinrqMIJnMI5eHAFLbiDNnSAQQrP8ApvTua8OO/Ox2K04pQ7x/AHzucPDVuRrQ==</latexit><latexit sha1_base64="xsXK7lGXjMtXW2BBPWGE5vsLQ7s=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGY47Xv9as2tu3OQVeIVpAYF/jfer878QczSCKVhgmrd9dzE9DKqDGcCpxU/1ZhQNqZD7FoqaYS6l82DTcmZVQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C4rNrq3HHSVtC7qnlv3Hi5rjZuiszKcwCmcgwdX0IA7uIcmMEjgGV7h3Xlx3pwP53MxWnKKnWP4BWf2DRNtmSY=</latexit><latexit sha1_base64="xsXK7lGXjMtXW2BBPWGE5vsLQ7s=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGY47Xv9as2tu3OQVeIVpAYF/jfer878QczSCKVhgmrd9dzE9DKqDGcCpxU/1ZhQNqZD7FoqaYS6l82DTcmZVQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C4rNrq3HHSVtC7qnlv3Hi5rjZuiszKcwCmcgwdX0IA7uIcmMEjgGV7h3Xlx3pwP53MxWnKKnWP4BWf2DRNtmSY=</latexit><latexit sha1_base64="xsXK7lGXjMtXW2BBPWGE5vsLQ7s=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGY47Xv9as2tu3OQVeIVpAYF/jfer878QczSCKVhgmrd9dzE9DKqDGcCpxU/1ZhQNqZD7FoqaYS6l82DTcmZVQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C4rNrq3HHSVtC7qnlv3Hi5rjZuiszKcwCmcgwdX0IA7uIcmMEjgGV7h3Xlx3pwP53MxWnKKnWP4BWf2DRNtmSY=</latexit>

“A photo of a banana”
e2

<latexit sha1_base64="Tg2IblW3A5cGR/EL2kChnHLfo/8=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPpTTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Lve7T6g0j+WjmSU4iOhY8pAzaqzk+xE1kyDMcD5sDKs1t+4uQNaJV5AaFGgNq1/+KGZphNIwQbXue25iBhlVhjOB84qfakwom9Ix9i2VNEI9yBaZ5+TCKiMSxso+achC/b2R0UjrWRTYyTyjXvVy8T+vn5rwZpBxmaQGJVseClNBTEzyAsiIK2RGzCyhTHGblbAJVZQZW1PFluCtfnmddBp1z617D1e15m1RRxnO4BwuwYNraMI9tKANDBJ4hld4c1LnxXl3PpajJafYOYU/cD5/AA7fka4=</latexit><latexit sha1_base64="fjwGhzW7A7ycKbpIP/f8/QJlEJQ=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE7uJkNmZ5eZWSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSwbVx3S9nbX1jc2u7tFPe3ds/OKwcHbd0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML7N/fYTKs1j+WgmCfYiOpQ85IwaK/l+RM0oCDOc9uv9StWtuXOQVeIVpAoF/jfer8z8QczSCKVhgmrd9dzE9DKqDGcCp2U/1ZhQNqZD7FoqaYS6l82DTcm5VQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C7LNrq3HHSVtOo1z615D5fVxk3RWQlO4QwuwIMraMAd3EMTGCTwDK/w7rw4b86H87kYXXOKnRP4BWf2DRUWmSc=</latexit><latexit sha1_base64="fjwGhzW7A7ycKbpIP/f8/QJlEJQ=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE7uJkNmZ5eZWSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSwbVx3S9nbX1jc2u7tFPe3ds/OKwcHbd0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML7N/fYTKs1j+WgmCfYiOpQ85IwaK/l+RM0oCDOc9uv9StWtuXOQVeIVpAoF/jfer8z8QczSCKVhgmrd9dzE9DKqDGcCp2U/1ZhQNqZD7FoqaYS6l82DTcm5VQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C7LNrq3HHSVtOo1z615D5fVxk3RWQlO4QwuwIMraMAd3EMTGCTwDK/w7rw4b86H87kYXXOKnRP4BWf2DRUWmSc=</latexit><latexit sha1_base64="fjwGhzW7A7ycKbpIP/f8/QJlEJQ=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE7uJkNmZ5eZWSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSwbVx3S9nbX1jc2u7tFPe3ds/OKwcHbd0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML7N/fYTKs1j+WgmCfYiOpQ85IwaK/l+RM0oCDOc9uv9StWtuXOQVeIVpAoF/jfer8z8QczSCKVhgmrd9dzE9DKqDGcCp2U/1ZhQNqZD7FoqaYS6l82DTcm5VQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C7LNrq3HHSVtOo1z615D5fVxk3RWQlO4QwuwIMraMAd3EMTGCTwDK/w7rw4b86H87kYXXOKnRP4BWf2DRUWmSc=</latexit>

e3
<latexit sha1_base64="T0xafC3gI5PMvzG8a4QNBgEsbwg=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6LLoxmUF+4AmlMn0ph06mYSZiVBCf8ONC0Xc+jPu/BunbRbaemDgcM693DMnTAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXB8N/M7T6g0T+SjmaQYxHQoecQZNVby/ZiaURjlOO1f9qs1t+7OQVaJV5AaFGj2q1/+IGFZjNIwQbXueW5qgpwqw5nAacXPNKaUjekQe5ZKGqMO8nnmKTmzyoBEibJPGjJXf2/kNNZ6Eod2cpZRL3sz8T+vl5noJsi5TDODki0ORZkgJiGzAsiAK2RGTCyhTHGblbARVZQZW1PFluAtf3mVtC/qnlv3Hq5qjduijjKcwCmcgwfX0IB7aEILGKTwDK/w5mTOi/PufCxGS06xcwx/4Hz+ABBjka8=</latexit><latexit sha1_base64="X5Q4XM8r++Y85MtXqU07mdxBHC0=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KooMeiF48KthaaUjbbl3bpZhN2N0IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIBNfGdb+c0srq2vpGebOytb2zu1fdP2jpOFUMmywWsWoHVKPgEpuGG4HtRCGNAoGPwegm9x+fUGkeywczTrAb0YHkIWfUWMn3I2qGQZjhpHfeq9bcujsDWSZeQWpQ4H/jverU78csjVAaJqjWHc9NTDejynAmcFLxU40JZSM6wI6lkkaou9ks2IScWKVPwljZJw2ZqT83MhppPY4CO5kH0YteLv7ldVITXnUzLpPUoGTzQ2EqiIlJ3hLpc4XMiLEllClu/0rYkCrKjO2yYqN7i0GXSeus7rl17/6i1rguOivDERzDKXhwCQ24hTtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm3xa/mSg=</latexit><latexit sha1_base64="X5Q4XM8r++Y85MtXqU07mdxBHC0=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KooMeiF48KthaaUjbbl3bpZhN2N0IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIBNfGdb+c0srq2vpGebOytb2zu1fdP2jpOFUMmywWsWoHVKPgEpuGG4HtRCGNAoGPwegm9x+fUGkeywczTrAb0YHkIWfUWMn3I2qGQZjhpHfeq9bcujsDWSZeQWpQ4H/jverU78csjVAaJqjWHc9NTDejynAmcFLxU40JZSM6wI6lkkaou9ks2IScWKVPwljZJw2ZqT83MhppPY4CO5kH0YteLv7ldVITXnUzLpPUoGTzQ2EqiIlJ3hLpc4XMiLEllClu/0rYkCrKjO2yYqN7i0GXSeus7rl17/6i1rguOivDERzDKXhwCQ24hTtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm3xa/mSg=</latexit><latexit sha1_base64="X5Q4XM8r++Y85MtXqU07mdxBHC0=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KooMeiF48KthaaUjbbl3bpZhN2N0IJ/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIBNfGdb+c0srq2vpGebOytb2zu1fdP2jpOFUMmywWsWoHVKPgEpuGG4HtRCGNAoGPwegm9x+fUGkeywczTrAb0YHkIWfUWMn3I2qGQZjhpHfeq9bcujsDWSZeQWpQ4H/jverU78csjVAaJqjWHc9NTDejynAmcFLxU40JZSM6wI6lkkaou9ks2IScWKVPwljZJw2ZqT83MhppPY4CO5kH0YteLv7ldVITXnUzLpPUoGTzQ2EqiIlJ3hLpc4XMiLEllClu/0rYkCrKjO2yYqN7i0GXSeus7rl17/6i1rguOivDERzDKXhwCQ24hTtoAoMEnuEV3p0X5835cD7noyWn2DmEX3Cm3xa/mSg=</latexit>

e1 · e3
<latexit sha1_base64="7eeoOlcLKj7u3UdRP22cnNgSlRE=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUlU0GXRjcsK9gFNCJPJpB06mQkzE6GELt34K25cKOLWT3Dn3zhps6itBy4czrmXe+8JU0aVdpwfq7Kyura+Ud2sbW3v7O7Z+wcdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0W/jdRyIVFfxBj1PiJ2jAaUwx0kYK7GMvQXoYxjmZBC70cCQ0nJMuArvuNJwp4DJxS1IHJVqB/e1FAmcJ4RozpFTfdVLt50hqihmZ1LxMkRThERqQvqEcJUT5+fSRCTw1SgRjIU1xDafq/ESOEqXGSWg6ixvVoleI/3n9TMfXfk55mmnC8WxRnDGoBSxSgRGVBGs2NgRhSc2tEA+RRFib7GomBHfx5WXSOW+4TsO9v6w3b8o4quAInIAz4IIr0AR3oAXaAIMn8ALewLv1bL1aH9bnrLVilTOH4A+sr19+1pmf</latexit><latexit sha1_base64="BVkQlabtaCnQVK7w5eOwtjou6dY=">AAACLXicjVDLSsNAFJ3UV62vqEsXDhbBVUlU0GXRjUsF+4AmhMlk0g6dzISZiVBCl36NCzd+ieBCEbf+hpM2i9q68MDA4Zx7uXNOmDKqtOO8W5Wl5ZXVtep6bWNza3vH3t1rK5FJTFpYMCG7IVKEUU5ammpGuqkkKAkZ6YTD68LvPBCpqOD3epQSP0F9TmOKkTZSYB96CdKDMM7JOHChhyOh4Yx0Fth1p+FMABeJW5I6KPG/8cB+9SKBs4RwjRlSquc6qfZzJDXFjIxrXqZIivAQ9UnPUI4Sovx8knYMj40SwVhI87iGE3V2I0eJUqMkNJNFEDXvFeJfXi/T8aWfU55mmnA8PRRnDGoBi+pgRCXBmo0MQVhS81eIB0girE3BNRPdnQ+6SNqnDddpuHfn9eZV2VkVHIAjcAJccAGa4AbcghbA4BE8gRfwYT1bb9an9TUdrVjlzj74Bev7B4+goRg=</latexit><latexit sha1_base64="BVkQlabtaCnQVK7w5eOwtjou6dY=">AAACLXicjVDLSsNAFJ3UV62vqEsXDhbBVUlU0GXRjUsF+4AmhMlk0g6dzISZiVBCl36NCzd+ieBCEbf+hpM2i9q68MDA4Zx7uXNOmDKqtOO8W5Wl5ZXVtep6bWNza3vH3t1rK5FJTFpYMCG7IVKEUU5ammpGuqkkKAkZ6YTD68LvPBCpqOD3epQSP0F9TmOKkTZSYB96CdKDMM7JOHChhyOh4Yx0Fth1p+FMABeJW5I6KPG/8cB+9SKBs4RwjRlSquc6qfZzJDXFjIxrXqZIivAQ9UnPUI4Sovx8knYMj40SwVhI87iGE3V2I0eJUqMkNJNFEDXvFeJfXi/T8aWfU55mmnA8PRRnDGoBi+pgRCXBmo0MQVhS81eIB0girE3BNRPdnQ+6SNqnDddpuHfn9eZV2VkVHIAjcAJccAGa4AbcghbA4BE8gRfwYT1bb9an9TUdrVjlzj74Bev7B4+goRg=</latexit><latexit sha1_base64="BVkQlabtaCnQVK7w5eOwtjou6dY=">AAACLXicjVDLSsNAFJ3UV62vqEsXDhbBVUlU0GXRjUsF+4AmhMlk0g6dzISZiVBCl36NCzd+ieBCEbf+hpM2i9q68MDA4Zx7uXNOmDKqtOO8W5Wl5ZXVtep6bWNza3vH3t1rK5FJTFpYMCG7IVKEUU5ammpGuqkkKAkZ6YTD68LvPBCpqOD3epQSP0F9TmOKkTZSYB96CdKDMM7JOHChhyOh4Yx0Fth1p+FMABeJW5I6KPG/8cB+9SKBs4RwjRlSquc6qfZzJDXFjIxrXqZIivAQ9UnPUI4Sovx8knYMj40SwVhI87iGE3V2I0eJUqMkNJNFEDXvFeJfXi/T8aWfU55mmnA8PRRnDGoBi+pgRCXBmo0MQVhS81eIB0girE3BNRPdnQ+6SNqnDddpuHfn9eZV2VkVHIAjcAJccAGa4AbcghbA4BE8gRfwYT1bb9an9TUdrVjlzj74Bev7B4+goRg=</latexit>

e2 · e3
<latexit sha1_base64="Oy31ymXkdDJGX7N+5NXvAt5rBEc=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KkkVdFl047KCfUATwmQyaYdOZsLMRCihSzf+ihsXirj1E9z5N07aLGrrgQuHc+7l3nvClFGlHefHWlldW9/YrGxVt3d29/btg8OOEpnEpI0FE7IXIkUY5aStqWakl0qCkpCRbji6LfzuI5GKCv6gxynxEzTgNKYYaSMF9omXID0M45xMggb0cCQ0nJMuArvm1J0p4DJxS1IDJVqB/e1FAmcJ4RozpFTfdVLt50hqihmZVL1MkRThERqQvqEcJUT5+fSRCTwzSgRjIU1xDafq/ESOEqXGSWg6ixvVoleI/3n9TMfXfk55mmnC8WxRnDGoBSxSgRGVBGs2NgRhSc2tEA+RRFib7KomBHfx5WXSadRdp+7eX9aaN2UcFXAMTsE5cMEVaII70AJtgMETeAFv4N16tl6tD+tz1rpilTNH4A+sr1+AbZmg</latexit><latexit sha1_base64="fxcHaFOEaD361EqwrZTH2LV7TDI=">AAACLXicjVBPS8MwHE3nvzn/VT16MDgET6Odgh6HXjwquE1YS0nTdAtLk5Kkwig7+mk8ePGTCB4U8erXMN16mJsHHwQe7/1+/PJemDKqtOO8W5Wl5ZXVtep6bWNza3vH3t3rKJFJTNpYMCHvQ6QIo5y0NdWM3KeSoCRkpBsOrwq/+0CkooLf6VFK/AT1OY0pRtpIgX3oJUgPwjgn46AJPRwJDWek08CuOw1nArhI3JLUQYn/jQf2qxcJnCWEa8yQUj3XSbWfI6kpZmRc8zJFUoSHqE96hnKUEOXnk7RjeGyUCMZCmsc1nKizGzlKlBoloZksgqh5rxD/8nqZji/8nPI004Tj6aE4Y1ALWFQHIyoJ1mxkCMKSmr9CPEASYW0Krpno7nzQRdJpNlyn4d6e1VuXZWdVcACOwAlwwTlogWtwA9oAg0fwBF7Ah/VsvVmf1td0tGKVO/vgF6zvH5FcoRk=</latexit><latexit sha1_base64="fxcHaFOEaD361EqwrZTH2LV7TDI=">AAACLXicjVBPS8MwHE3nvzn/VT16MDgET6Odgh6HXjwquE1YS0nTdAtLk5Kkwig7+mk8ePGTCB4U8erXMN16mJsHHwQe7/1+/PJemDKqtOO8W5Wl5ZXVtep6bWNza3vH3t3rKJFJTNpYMCHvQ6QIo5y0NdWM3KeSoCRkpBsOrwq/+0CkooLf6VFK/AT1OY0pRtpIgX3oJUgPwjgn46AJPRwJDWek08CuOw1nArhI3JLUQYn/jQf2qxcJnCWEa8yQUj3XSbWfI6kpZmRc8zJFUoSHqE96hnKUEOXnk7RjeGyUCMZCmsc1nKizGzlKlBoloZksgqh5rxD/8nqZji/8nPI004Tj6aE4Y1ALWFQHIyoJ1mxkCMKSmr9CPEASYW0Krpno7nzQRdJpNlyn4d6e1VuXZWdVcACOwAlwwTlogWtwA9oAg0fwBF7Ah/VsvVmf1td0tGKVO/vgF6zvH5FcoRk=</latexit><latexit sha1_base64="fxcHaFOEaD361EqwrZTH2LV7TDI=">AAACLXicjVBPS8MwHE3nvzn/VT16MDgET6Odgh6HXjwquE1YS0nTdAtLk5Kkwig7+mk8ePGTCB4U8erXMN16mJsHHwQe7/1+/PJemDKqtOO8W5Wl5ZXVtep6bWNza3vH3t3rKJFJTNpYMCHvQ6QIo5y0NdWM3KeSoCRkpBsOrwq/+0CkooLf6VFK/AT1OY0pRtpIgX3oJUgPwjgn46AJPRwJDWek08CuOw1nArhI3JLUQYn/jQf2qxcJnCWEa8yQUj3XSbWfI6kpZmRc8zJFUoSHqE96hnKUEOXnk7RjeGyUCMZCmsc1nKizGzlKlBoloZksgqh5rxD/8nqZji/8nPI004Tj6aE4Y1ALWFQHIyoJ1mxkCMKSmr9CPEASYW0Krpno7nzQRdJpNlyn4d6e1VuXZWdVcACOwAlwwTlogWtwA9oAg0fwBF7Ah/VsvVmf1td0tGKVO/vgF6zvH5FcoRk=</latexit>

© Radford, et al. All rights reserved. This content is excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/ . 
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Prompting in other modalities
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New capabilities by “visual prompting”

[Bahng, Jahanian, Sankaranarayanan, Isola 2022] 

Courtesy of Bahng, et al. Used under CC BY.
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New capabilities by “visual prompting”

[Bahng, Jahanian, Sankaranarayanan, Isola 2022] Courtesy of Bahng, et al. Used under CC BY.
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New capabilities by “visual prompting”

[Bahng, Jahanian, Sankaranarayanan, Isola 2022] 

Adding a single pink pixel gives 
+3% acc boost

Courtesy of Bahng, et al. Used under CC BY.
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Adaptation can occur on inputs, mapping, or outputs

[Bahng, Jahanian, Sankaranarayanan, Isola 2022] Courtesy of Bahng, et al. Used under CC BY.
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Visual Prompt Tuning (Input Encodings)

Visual Prompt Tuning.

Slide credit: Hyojin Bahng

© Jia, et al. All rights reserved. This content is excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/ . 
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Visual Prompting via Image Inpainting

Visual Prompting via Image Inpainting.

Slide credit: Hyojin Bahng

Courtesy of Bar et al. Used under CC BY.
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Good Resources

● https://github.com/thunlp/PromptPapers
● https://thegradient.pub/prompting/

Slide credit: Hyojin Bahng
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Combining Foundation Models
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Tons of data

Learn foundation models

Learner

CLIP GPT

AlexNet SimCLR

BERT

DALL-E

VQGANStyleGANBigGAN

SimCLR

WaveNet

Use/adapt foundations 
to solve new problems

Little or no data

Adaptor

VQGAN CLIP

Text-to-image
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"What is the answer to the 
ultimate question of life, the 
universe, and everything?” To maximize 

this

e1
<latexit sha1_base64="lYE4z03Y7EMd5kkOh7HTRFWoh4U=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDKcTbwBvWG23TnIKvEK0kDSrQH9S9/mLAsRmmYoFr3PTc1QU6V4UzgrOZnGlPKJnSEfUsljVEH+TzzjJxZZUiiRNknDZmrvzdyGms9jUM7WWTUy14h/uf1MxNdBzmXaWZQssWhKBPEJKQogAy5QmbE1BLKFLdZCRtTRZmxNdVsCd7yl1dJ96LpuU3v/rLRuinrqMIJnMI5eHAFLbiDNnSAQQrP8ApvTua8OO/Ox2K04pQ7x/AHzucPDVuRrQ==</latexit><latexit sha1_base64="xsXK7lGXjMtXW2BBPWGE5vsLQ7s=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGY47Xv9as2tu3OQVeIVpAYF/jfer878QczSCKVhgmrd9dzE9DKqDGcCpxU/1ZhQNqZD7FoqaYS6l82DTcmZVQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C4rNrq3HHSVtC7qnlv3Hi5rjZuiszKcwCmcgwdX0IA7uIcmMEjgGV7h3Xlx3pwP53MxWnKKnWP4BWf2DRNtmSY=</latexit><latexit sha1_base64="xsXK7lGXjMtXW2BBPWGE5vsLQ7s=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGY47Xv9as2tu3OQVeIVpAYF/jfer878QczSCKVhgmrd9dzE9DKqDGcCpxU/1ZhQNqZD7FoqaYS6l82DTcmZVQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C4rNrq3HHSVtC7qnlv3Hi5rjZuiszKcwCmcgwdX0IA7uIcmMEjgGV7h3Xlx3pwP53MxWnKKnWP4BWf2DRNtmSY=</latexit><latexit sha1_base64="xsXK7lGXjMtXW2BBPWGE5vsLQ7s=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGY47Xv9as2tu3OQVeIVpAYF/jfer878QczSCKVhgmrd9dzE9DKqDGcCpxU/1ZhQNqZD7FoqaYS6l82DTcmZVQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C4rNrq3HHSVtC7qnlv3Hi5rjZuiszKcwCmcgwdX0IA7uIcmMEjgGV7h3Xlx3pwP53MxWnKKnWP4BWf2DRNtmSY=</latexit>

e2
<latexit sha1_base64="Tg2IblW3A5cGR/EL2kChnHLfo/8=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPpTTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Lve7T6g0j+WjmSU4iOhY8pAzaqzk+xE1kyDMcD5sDKs1t+4uQNaJV5AaFGgNq1/+KGZphNIwQbXue25iBhlVhjOB84qfakwom9Ix9i2VNEI9yBaZ5+TCKiMSxso+achC/b2R0UjrWRTYyTyjXvVy8T+vn5rwZpBxmaQGJVseClNBTEzyAsiIK2RGzCyhTHGblbAJVZQZW1PFluCtfnmddBp1z617D1e15m1RRxnO4BwuwYNraMI9tKANDBJ4hld4c1LnxXl3PpajJafYOYU/cD5/AA7fka4=</latexit><latexit sha1_base64="fjwGhzW7A7ycKbpIP/f8/QJlEJQ=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE7uJkNmZ5eZWSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSwbVx3S9nbX1jc2u7tFPe3ds/OKwcHbd0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML7N/fYTKs1j+WgmCfYiOpQ85IwaK/l+RM0oCDOc9uv9StWtuXOQVeIVpAoF/jfer8z8QczSCKVhgmrd9dzE9DKqDGcCp2U/1ZhQNqZD7FoqaYS6l82DTcm5VQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C7LNrq3HHSVtOo1z615D5fVxk3RWQlO4QwuwIMraMAd3EMTGCTwDK/w7rw4b86H87kYXXOKnRP4BWf2DRUWmSc=</latexit><latexit sha1_base64="fjwGhzW7A7ycKbpIP/f8/QJlEJQ=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE7uJkNmZ5eZWSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSwbVx3S9nbX1jc2u7tFPe3ds/OKwcHbd0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML7N/fYTKs1j+WgmCfYiOpQ85IwaK/l+RM0oCDOc9uv9StWtuXOQVeIVpAoF/jfer8z8QczSCKVhgmrd9dzE9DKqDGcCp2U/1ZhQNqZD7FoqaYS6l82DTcm5VQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C7LNrq3HHSVtOo1z615D5fVxk3RWQlO4QwuwIMraMAd3EMTGCTwDK/w7rw4b86H87kYXXOKnRP4BWf2DRUWmSc=</latexit><latexit sha1_base64="fjwGhzW7A7ycKbpIP/f8/QJlEJQ=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE7uJkNmZ5eZWSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSwbVx3S9nbX1jc2u7tFPe3ds/OKwcHbd0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML7N/fYTKs1j+WgmCfYiOpQ85IwaK/l+RM0oCDOc9uv9StWtuXOQVeIVpAoF/jfer8z8QczSCKVhgmrd9dzE9DKqDGcCp2U/1ZhQNqZD7FoqaYS6l82DTcm5VQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C7LNrq3HHSVtOo1z615D5fVxk3RWQlO4QwuwIMraMAd3EMTGCTwDK/w7rw4b86H87kYXXOKnRP4BWf2DRUWmSc=</latexit>

e1 · e2
<latexit sha1_base64="0qYadHJJURThHIPcVQXVgaK1IxI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmKoMuiG5cV7AOaECaTSTt0MhNmJkIJXbrxV9y4UMStn+DOv3HSZlFbD1w4nHMv994Tpowq7Tg/VmVtfWNzq7pd29nd2z+wD4+6SmQSkw4WTMh+iBRhlJOOppqRfioJSkJGeuH4tvB7j0QqKviDnqTET9CQ05hipI0U2KdegvQojHMyDVzo4UhouCA1A7vuNJwZ4CpxS1IHJdqB/e1FAmcJ4RozpNTAdVLt50hqihmZ1rxMkRThMRqSgaEcJUT5+eyRKTw3SgRjIU1xDWfq4kSOEqUmSWg6ixvVsleI/3mDTMfXfk55mmnC8XxRnDGoBSxSgRGVBGs2MQRhSc2tEI+QRFib7GomBHf55VXSbTZcp+HeX9ZbN2UcVXACzsAFcMEVaIE70AYdgMETeAFv4N16tl6tD+tz3lqxyplj8AfW1y99Upme</latexit><latexit sha1_base64="AGDLTMGCOpg2xgn9QGQ5m2NMG1A=">AAACLXicjVDLSsNAFJ3UV62vqEsXDhbBVUmKoMuiG5cK9gFNCJPJpB06mQkzE6GELv0aF278EsGFIm79DSdtFrV14YGBwzn3cuecMGVUacd5tyorq2vrG9XN2tb2zu6evX/QUSKTmLSxYEL2QqQIo5y0NdWM9FJJUBIy0g1H14XffSBSUcHv9TglfoIGnMYUI22kwD72EqSHYZyTSeBCD0dCwzmpGdh1p+FMAZeJW5I6KPG/8cB+9SKBs4RwjRlSqu86qfZzJDXFjExqXqZIivAIDUjfUI4Sovx8mnYCT40SwVhI87iGU3V+I0eJUuMkNJNFELXoFeJfXj/T8aWfU55mmnA8OxRnDGoBi+pgRCXBmo0NQVhS81eIh0girE3BNRPdXQy6TDrNhus03Lvzeuuq7KwKjsAJOAMuuAAtcANuQRtg8AiewAv4sJ6tN+vT+pqNVqxy5xD8gvX9A433oRc=</latexit><latexit sha1_base64="AGDLTMGCOpg2xgn9QGQ5m2NMG1A=">AAACLXicjVDLSsNAFJ3UV62vqEsXDhbBVUmKoMuiG5cK9gFNCJPJpB06mQkzE6GELv0aF278EsGFIm79DSdtFrV14YGBwzn3cuecMGVUacd5tyorq2vrG9XN2tb2zu6evX/QUSKTmLSxYEL2QqQIo5y0NdWM9FJJUBIy0g1H14XffSBSUcHv9TglfoIGnMYUI22kwD72EqSHYZyTSeBCD0dCwzmpGdh1p+FMAZeJW5I6KPG/8cB+9SKBs4RwjRlSqu86qfZzJDXFjExqXqZIivAIDUjfUI4Sovx8mnYCT40SwVhI87iGU3V+I0eJUuMkNJNFELXoFeJfXj/T8aWfU55mmnA8OxRnDGoBi+pgRCXBmo0NQVhS81eIh0girE3BNRPdXQy6TDrNhus03Lvzeuuq7KwKjsAJOAMuuAAtcANuQRtg8AiewAv4sJ6tN+vT+pqNVqxy5xD8gvX9A433oRc=</latexit><latexit sha1_base64="AGDLTMGCOpg2xgn9QGQ5m2NMG1A=">AAACLXicjVDLSsNAFJ3UV62vqEsXDhbBVUmKoMuiG5cK9gFNCJPJpB06mQkzE6GELv0aF278EsGFIm79DSdtFrV14YGBwzn3cuecMGVUacd5tyorq2vrG9XN2tb2zu6evX/QUSKTmLSxYEL2QqQIo5y0NdWM9FJJUBIy0g1H14XffSBSUcHv9TglfoIGnMYUI22kwD72EqSHYZyTSeBCD0dCwzmpGdh1p+FMAZeJW5I6KPG/8cB+9SKBs4RwjRlSqu86qfZzJDXFjExqXqZIivAIDUjfUI4Sovx8mnYCT40SwVhI87iGU3V+I0eJUuMkNJNFELXoFeJfXj/T8aWfU55mmnA8OxRnDGoBi+pgRCXBmo0NQVhS81eIh0girE3BNRPdXQy6TDrNhus03Lvzeuuq7KwKjsAJOAMuuAAtcANuQRtg8AiewAv4sJ6tN+vT+pqNVqxy5xD8gvX9A433oRc=</latexit>

INPUT:

OUTPUT:

Image 
Generatorz

<latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit>

Optimize this

Code: https://colab.research.google.com/drive/1_4PQqzM_0KKytCzWtn-ZPi4cCa5bwK2F?usp=sharing

New capabilities by plugging pretrained models together: CLIP+GAN
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DALL-E 2

[Ramesh et al. 2022] 
Courtesy of Ramesh et al. Used under CC BY.
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Transfer Learning I
• Learning with little data

• Transferring knowledge about the mapping

• Finetuning

• Domain adaptation

• Transferring knowledge about the outputs

• Knowledge distillation

• Foundation models
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