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Introduction

Virtual Patients: A dialogue system

One virtual patient: Mr. Wilkins
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Introduction

An example dialogue session

The student asks:

What brings yuo in today?

System predicts the label as “what brings you in today” and responds:

I was hoping you could help me with my back pain, it really hurts! ...

The student asks:

Could you tell me more about the pain?

System predicts the label as “describe the pain” and responds:

It’s a dull ache right in the middle of my lower back.

...
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Introduction

An example dialogue session - cont.

The student asks:

What medications did you take?

System predicts the label as “what pills did you take” and responds:

I took some ibuprofen for a few days.

The student asks:

Have you had any surgery recently?

System predicts the label as “have you exercised recently” and responds:

No, my back hurt and I couldn’t really exercise.

...
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Introduction

Virtual patient dataset

94 dialogues with 4330 turns

hand-corrected question labels

359 unique labels

Number of instances for a label.
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Introduction

Examples of frequent and rare labels

Example frequent label: what brings you in today

can you tell me a little about your issue
what brings you in today
so can you tell me what brings you in today
what brings you into the office today
what is it you want to talk about today
...

Example rare label: do you feel safe.

that sounds like a fun job. do you feel safe at home and work
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Introduction

Previous work: an ensemble of CNNs

ystacking

Stacking

ychar ensemble

Majority voting

ychar 1

CharCNN 1

ychar 5

CharCNN 5

yword ensemble

Majority voting

yword 1

WordCNN 1

yword 5

WordCNN 5

. . .

. . .

. . .

. . .
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Introduction

Stacked CNN significantly better than other machine
learning models

Simple Ensemble
ChatScript 79.8 n/a
Baseline 77.2 n/a
CharCNN 76.16 78.20
WordCNN 76.92 77.67
Stacked n/a 79.02*

Mean 10-fold Accuracy by System Type. Numbers reported are on the test set.
The improvement between the stacked model and any other model is significant.
Ensembling character CNNs provides significant performance boost, but not word
CNNs.
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Addressing the long tail

Frequency quintile analysis: data is good for CNNs

System Accuracy by Label Frequency, in Quintiles. Note the high performance in
the least frequent labels for ChatScript, the hand-crafted pattern matching
system. With more data, the CNNs perform better.
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Addressing the long tail

Addressing the long tail

We approach the problem of rare labels from two different angles:

1 Make the model good at dealing with such items:
Few-shot learning

2 Make them no longer rare:
Data augmentation
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Addressing the long tail Memory augmentation

Few-shot learning

Unlike most machine learning algorithms, humans are perfectly capable of
learning with few examples. (Lake et al, 2009)
In order to give neural networks the ability to remember specific examples,
one approach is to give them memory to remember specific past events.
Let’s see how the memory module works.
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Addressing the long tail Memory augmentation

How the memory operates

What brings you in today?

CNN Encoder

K<latexit sha1_base64="eCNlsEQGFQTvLjT4cLwjFEBaEM4=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuiy4EdxUsA9sQ5lMJ+3QySTM3Agl9C/cuFDErX/jzr9x0mahrQcGDufcy5x7gkQKg6777aytb2xubZd2yrt7+weHlaPjtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcpP7nSeujYjVA04T7kd0pEQoGEUrPfYjiuMgzO5mg0rVrblzkFXiFaQKBZqDyld/GLM04gqZpMb0PDdBP6MaBZN8Vu6nhieUTeiI9yxVNOLGz+aJZ+TcKkMSxto+hWSu/t7IaGTMNArsZJ7QLHu5+J/XSzG89jOhkhS5YouPwlQSjEl+PhkKzRnKqSWUaWGzEjammjK0JZVtCd7yyaukXa95bs27v6w26kUdJTiFM7gAD66gAbfQhBYwUPAMr/DmGOfFeXc+FqNrTrFzAn/gfP4AtAiQ3w==</latexit><latexit sha1_base64="eCNlsEQGFQTvLjT4cLwjFEBaEM4=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuiy4EdxUsA9sQ5lMJ+3QySTM3Agl9C/cuFDErX/jzr9x0mahrQcGDufcy5x7gkQKg6777aytb2xubZd2yrt7+weHlaPjtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcpP7nSeujYjVA04T7kd0pEQoGEUrPfYjiuMgzO5mg0rVrblzkFXiFaQKBZqDyld/GLM04gqZpMb0PDdBP6MaBZN8Vu6nhieUTeiI9yxVNOLGz+aJZ+TcKkMSxto+hWSu/t7IaGTMNArsZJ7QLHu5+J/XSzG89jOhkhS5YouPwlQSjEl+PhkKzRnKqSWUaWGzEjammjK0JZVtCd7yyaukXa95bs27v6w26kUdJTiFM7gAD66gAbfQhBYwUPAMr/DmGOfFeXc+FqNrTrFzAn/gfP4AtAiQ3w==</latexit><latexit sha1_base64="eCNlsEQGFQTvLjT4cLwjFEBaEM4=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuiy4EdxUsA9sQ5lMJ+3QySTM3Agl9C/cuFDErX/jzr9x0mahrQcGDufcy5x7gkQKg6777aytb2xubZd2yrt7+weHlaPjtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcpP7nSeujYjVA04T7kd0pEQoGEUrPfYjiuMgzO5mg0rVrblzkFXiFaQKBZqDyld/GLM04gqZpMb0PDdBP6MaBZN8Vu6nhieUTeiI9yxVNOLGz+aJZ+TcKkMSxto+hWSu/t7IaGTMNArsZJ7QLHu5+J/XSzG89jOhkhS5YouPwlQSjEl+PhkKzRnKqSWUaWGzEjammjK0JZVtCd7yyaukXa95bs27v6w26kUdJTiFM7gAD66gAbfQhBYwUPAMr/DmGOfFeXc+FqNrTrFzAn/gfP4AtAiQ3w==</latexit><latexit sha1_base64="eCNlsEQGFQTvLjT4cLwjFEBaEM4=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuiy4EdxUsA9sQ5lMJ+3QySTM3Agl9C/cuFDErX/jzr9x0mahrQcGDufcy5x7gkQKg6777aytb2xubZd2yrt7+weHlaPjtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcpP7nSeujYjVA04T7kd0pEQoGEUrPfYjiuMgzO5mg0rVrblzkFXiFaQKBZqDyld/GLM04gqZpMb0PDdBP6MaBZN8Vu6nhieUTeiI9yxVNOLGz+aJZ+TcKkMSxto+hWSu/t7IaGTMNArsZJ7QLHu5+J/XSzG89jOhkhS5YouPwlQSjEl+PhkKzRnKqSWUaWGzEjammjK0JZVtCd7yyaukXa95bs27v6w26kUdJTiFM7gAD66gAbfQhBYwUPAMr/DmGOfFeXc+FqNrTrFzAn/gfP4AtAiQ3w==</latexit> V<latexit sha1_base64="jiWtYZDGd4VOVV1uvb1NqY2Xj38=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIw68yH1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTXjjZ1wmqUHJlh+FqSAmJvn5ZMQVMiNmllCmuM1K2IQqyowtqWJL8FZPXiedRt1z6979Va3ZKOoowxmcwyV4cA1NuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QPEv5Dq</latexit><latexit sha1_base64="jiWtYZDGd4VOVV1uvb1NqY2Xj38=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIw68yH1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTXjjZ1wmqUHJlh+FqSAmJvn5ZMQVMiNmllCmuM1K2IQqyowtqWJL8FZPXiedRt1z6979Va3ZKOoowxmcwyV4cA1NuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QPEv5Dq</latexit><latexit sha1_base64="jiWtYZDGd4VOVV1uvb1NqY2Xj38=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIw68yH1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTXjjZ1wmqUHJlh+FqSAmJvn5ZMQVMiNmllCmuM1K2IQqyowtqWJL8FZPXiedRt1z6979Va3ZKOoowxmcwyV4cA1NuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QPEv5Dq</latexit><latexit sha1_base64="jiWtYZDGd4VOVV1uvb1NqY2Xj38=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIw68yH1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTXjjZ1wmqUHJlh+FqSAmJvn5ZMQVMiNmllCmuM1K2IQqyowtqWJL8FZPXiedRt1z6979Va3ZKOoowxmcwyV4cA1NuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QPEv5Dq</latexit> A<latexit sha1_base64="d37Ra24AHkxXl7NV7niRiNBixHw=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuqy4cVnBPrANZTKdtEMnkzBzI5TQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53nrg2IlYPOE24H9GREqFgFK302I8ojoMwu5kNKlW35s5BVolXkCoUaA4qX/1hzNKIK2SSGtPz3AT9jGoUTPJZuZ8anlA2oSPes1TRiBs/myeekXOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLYleMsnr5J2vea5Ne/+stqoF3WU4BTO4AI8uIIG3EETWsBAwTO8wptjnBfn3flYjK45xc4J/IHz+QOk1pDV</latexit><latexit sha1_base64="d37Ra24AHkxXl7NV7niRiNBixHw=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuqy4cVnBPrANZTKdtEMnkzBzI5TQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53nrg2IlYPOE24H9GREqFgFK302I8ojoMwu5kNKlW35s5BVolXkCoUaA4qX/1hzNKIK2SSGtPz3AT9jGoUTPJZuZ8anlA2oSPes1TRiBs/myeekXOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLYleMsnr5J2vea5Ne/+stqoF3WU4BTO4AI8uIIG3EETWsBAwTO8wptjnBfn3flYjK45xc4J/IHz+QOk1pDV</latexit><latexit sha1_base64="d37Ra24AHkxXl7NV7niRiNBixHw=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuqy4cVnBPrANZTKdtEMnkzBzI5TQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53nrg2IlYPOE24H9GREqFgFK302I8ojoMwu5kNKlW35s5BVolXkCoUaA4qX/1hzNKIK2SSGtPz3AT9jGoUTPJZuZ8anlA2oSPes1TRiBs/myeekXOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLYleMsnr5J2vea5Ne/+stqoF3WU4BTO4AI8uIIG3EETWsBAwTO8wptjnBfn3flYjK45xc4J/IHz+QOk1pDV</latexit><latexit sha1_base64="d37Ra24AHkxXl7NV7niRiNBixHw=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuqy4cVnBPrANZTKdtEMnkzBzI5TQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53nrg2IlYPOE24H9GREqFgFK302I8ojoMwu5kNKlW35s5BVolXkCoUaA4qX/1hzNKIK2SSGtPz3AT9jGoUTPJZuZ8anlA2oSPes1TRiBs/myeekXOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLYleMsnr5J2vea5Ne/+stqoF3WU4BTO4AI8uIIG3EETWsBAwTO8wptjnBfn3flYjK45xc4J/IHz+QOk1pDV</latexit>

e
<latexit sha1_base64="zXIavvwRLTFeDyQPCKuS66vBzls=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIww/mwWnPr7gJknXgFqUGB1rD6NRjFLI1QGiao1n3PTYyfUWU4EzivDFKNCWVTOsa+pZJGqP1skXhOLqwyImGs7JOGLNTfGxmNtJ5FgZ3ME+pVLxf/8/qpCW/8jMskNSjZ8qMwFcTEJD+fjLhCZsTMEsoUt1kJm1BFmbElVWwJ3urJ66TTqHtu3bu/qjUbRR1lOINzuAQPrqEJd9CCNjCQ8Ayv8OZo58V5dz6WoyWn2DmFP3A+fwDbipD5</latexit><latexit sha1_base64="zXIavvwRLTFeDyQPCKuS66vBzls=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIww/mwWnPr7gJknXgFqUGB1rD6NRjFLI1QGiao1n3PTYyfUWU4EzivDFKNCWVTOsa+pZJGqP1skXhOLqwyImGs7JOGLNTfGxmNtJ5FgZ3ME+pVLxf/8/qpCW/8jMskNSjZ8qMwFcTEJD+fjLhCZsTMEsoUt1kJm1BFmbElVWwJ3urJ66TTqHtu3bu/qjUbRR1lOINzuAQPrqEJd9CCNjCQ8Ayv8OZo58V5dz6WoyWn2DmFP3A+fwDbipD5</latexit><latexit sha1_base64="zXIavvwRLTFeDyQPCKuS66vBzls=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIww/mwWnPr7gJknXgFqUGB1rD6NRjFLI1QGiao1n3PTYyfUWU4EzivDFKNCWVTOsa+pZJGqP1skXhOLqwyImGs7JOGLNTfGxmNtJ5FgZ3ME+pVLxf/8/qpCW/8jMskNSjZ8qMwFcTEJD+fjLhCZsTMEsoUt1kJm1BFmbElVWwJ3urJ66TTqHtu3bu/qjUbRR1lOINzuAQPrqEJd9CCNjCQ8Ayv8OZo58V5dz6WoyWn2DmFP3A+fwDbipD5</latexit><latexit sha1_base64="zXIavvwRLTFeDyQPCKuS66vBzls=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIww/mwWnPr7gJknXgFqUGB1rD6NRjFLI1QGiao1n3PTYyfUWU4EzivDFKNCWVTOsa+pZJGqP1skXhOLqwyImGs7JOGLNTfGxmNtJ5FgZ3ME+pVLxf/8/qpCW/8jMskNSjZ8qMwFcTEJD+fjLhCZsTMEsoUt1kJm1BFmbElVWwJ3urJ66TTqHtu3bu/qjUbRR1lOINzuAQPrqEJd9CCNjCQ8Ayv8OZo58V5dz6WoyWn2DmFP3A+fwDbipD5</latexit>

representation of 
a sentence the memory bank labels age

s = Ke<latexit sha1_base64="zaGj+AdDIWuqHrp59zOqslej2w4=">AAACC3icbVDLSsNAFL2pr1pfUZduhhbBVUmKoBuh4EZwU8E+oC1lMp20QyeTMDMRSsjejb/ixoUibv0Bd/6NkzaKth4YOHPOvdx7jxdxprTjfFqFldW19Y3iZmlre2d3z94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbm1xmfvuOSsVCcaunEe0HeCSYzwjWRhrY5V6A9djzE5WiC/T9uU5/KE0HdsWpOjOgZeLmpAI5GgP7ozcMSRxQoQnHSnVdJ9L9BEvNCKdpqRcrGmEywSPaNVTggKp+MrslRcdGGSI/lOYJjWbq744EB0pNA89UZhuqRS8T//O6sfbP+wkTUaypIPNBfsyRDlEWDBoySYnmU0MwkczsisgYS0y0ia9kQnAXT14mrVrVdaruzWmlXsvjKMIRlOEEXDiDOlxBA5pA4B4e4RlerAfryXq13ualBSvvOYQ/sN6/ABBCmwE=</latexit><latexit sha1_base64="zaGj+AdDIWuqHrp59zOqslej2w4=">AAACC3icbVDLSsNAFL2pr1pfUZduhhbBVUmKoBuh4EZwU8E+oC1lMp20QyeTMDMRSsjejb/ixoUibv0Bd/6NkzaKth4YOHPOvdx7jxdxprTjfFqFldW19Y3iZmlre2d3z94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbm1xmfvuOSsVCcaunEe0HeCSYzwjWRhrY5V6A9djzE5WiC/T9uU5/KE0HdsWpOjOgZeLmpAI5GgP7ozcMSRxQoQnHSnVdJ9L9BEvNCKdpqRcrGmEywSPaNVTggKp+MrslRcdGGSI/lOYJjWbq744EB0pNA89UZhuqRS8T//O6sfbP+wkTUaypIPNBfsyRDlEWDBoySYnmU0MwkczsisgYS0y0ia9kQnAXT14mrVrVdaruzWmlXsvjKMIRlOEEXDiDOlxBA5pA4B4e4RlerAfryXq13ualBSvvOYQ/sN6/ABBCmwE=</latexit><latexit sha1_base64="zaGj+AdDIWuqHrp59zOqslej2w4=">AAACC3icbVDLSsNAFL2pr1pfUZduhhbBVUmKoBuh4EZwU8E+oC1lMp20QyeTMDMRSsjejb/ixoUibv0Bd/6NkzaKth4YOHPOvdx7jxdxprTjfFqFldW19Y3iZmlre2d3z94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbm1xmfvuOSsVCcaunEe0HeCSYzwjWRhrY5V6A9djzE5WiC/T9uU5/KE0HdsWpOjOgZeLmpAI5GgP7ozcMSRxQoQnHSnVdJ9L9BEvNCKdpqRcrGmEywSPaNVTggKp+MrslRcdGGSI/lOYJjWbq744EB0pNA89UZhuqRS8T//O6sfbP+wkTUaypIPNBfsyRDlEWDBoySYnmU0MwkczsisgYS0y0ia9kQnAXT14mrVrVdaruzWmlXsvjKMIRlOEEXDiDOlxBA5pA4B4e4RlerAfryXq13ualBSvvOYQ/sN6/ABBCmwE=</latexit><latexit sha1_base64="zaGj+AdDIWuqHrp59zOqslej2w4=">AAACC3icbVDLSsNAFL2pr1pfUZduhhbBVUmKoBuh4EZwU8E+oC1lMp20QyeTMDMRSsjejb/ixoUibv0Bd/6NkzaKth4YOHPOvdx7jxdxprTjfFqFldW19Y3iZmlre2d3z94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbm1xmfvuOSsVCcaunEe0HeCSYzwjWRhrY5V6A9djzE5WiC/T9uU5/KE0HdsWpOjOgZeLmpAI5GgP7ozcMSRxQoQnHSnVdJ9L9BEvNCKdpqRcrGmEywSPaNVTggKp+MrslRcdGGSI/lOYJjWbq744EB0pNA89UZhuqRS8T//O6sfbP+wkTUaypIPNBfsyRDlEWDBoySYnmU0MwkczsisgYS0y0ia9kQnAXT14mrVrVdaruzWmlXsvjKMIRlOEEXDiDOlxBA5pA4B4e4RlerAfryXq13ualBSvvOYQ/sN6/ABBCmwE=</latexit>

s[0]
<latexit sha1_base64="gBIKGi1NLCXOvVEBstuepJjAhrQ=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7rj+o1ty6uwBZJ15BalCgNah+9YcxSyOukElqTM9zE/QzqlEwyeeVfmp4QtmEjnjPUkUjbvxsEXpOLqwyJGGs7VNIFurvjYxGxsyiwE7mIc2ql4v/eb0Uwxs/EypJkSu2PBSmkmBM8gbIUGjOUM4soUwLm5WwMdWUoe2pYkvwVr+8TjqNuufWvfurWrNR1FGGMziHS/DgGppwBy1oA4MneIZXeHOmzovz7nwsR0tOsXMKf+B8/gDNB5IN</latexit><latexit sha1_base64="gBIKGi1NLCXOvVEBstuepJjAhrQ=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7rj+o1ty6uwBZJ15BalCgNah+9YcxSyOukElqTM9zE/QzqlEwyeeVfmp4QtmEjnjPUkUjbvxsEXpOLqwyJGGs7VNIFurvjYxGxsyiwE7mIc2ql4v/eb0Uwxs/EypJkSu2PBSmkmBM8gbIUGjOUM4soUwLm5WwMdWUoe2pYkvwVr+8TjqNuufWvfurWrNR1FGGMziHS/DgGppwBy1oA4MneIZXeHOmzovz7nwsR0tOsXMKf+B8/gDNB5IN</latexit><latexit sha1_base64="gBIKGi1NLCXOvVEBstuepJjAhrQ=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7rj+o1ty6uwBZJ15BalCgNah+9YcxSyOukElqTM9zE/QzqlEwyeeVfmp4QtmEjnjPUkUjbvxsEXpOLqwyJGGs7VNIFurvjYxGxsyiwE7mIc2ql4v/eb0Uwxs/EypJkSu2PBSmkmBM8gbIUGjOUM4soUwLm5WwMdWUoe2pYkvwVr+8TjqNuufWvfurWrNR1FGGMziHS/DgGppwBy1oA4MneIZXeHOmzovz7nwsR0tOsXMKf+B8/gDNB5IN</latexit><latexit sha1_base64="gBIKGi1NLCXOvVEBstuepJjAhrQ=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7rj+o1ty6uwBZJ15BalCgNah+9YcxSyOukElqTM9zE/QzqlEwyeeVfmp4QtmEjnjPUkUjbvxsEXpOLqwyJGGs7VNIFurvjYxGxsyiwE7mIc2ql4v/eb0Uwxs/EypJkSu2PBSmkmBM8gbIUGjOUM4soUwLm5WwMdWUoe2pYkvwVr+8TjqNuufWvfurWrNR1FGGMziHS/DgGppwBy1oA4MneIZXeHOmzovz7nwsR0tOsXMKf+B8/gDNB5IN</latexit>

s[n]
<latexit sha1_base64="qpl1i9vm2mRgedhTwkRuxhTiy0U=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7yh9Ua27dXYCsE68gNSjQGlS/+sOYpRFXyCQ1pue5CfoZ1SiY5PNKPzU8oWxCR7xnqaIRN362CD0nF1YZkjDW9ikkC/X3RkYjY2ZRYCfzkGbVy8X/vF6K4Y2fCZWkyBVbHgpTSTAmeQNkKDRnKGeWUKaFzUrYmGrK0PZUsSV4q19eJ51G3XPr3v1Vrdko6ijDGZzDJXhwDU24gxa0gcETPMMrvDlT58V5dz6WoyWn2DmFP3A+fwArTJJL</latexit><latexit sha1_base64="qpl1i9vm2mRgedhTwkRuxhTiy0U=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7yh9Ua27dXYCsE68gNSjQGlS/+sOYpRFXyCQ1pue5CfoZ1SiY5PNKPzU8oWxCR7xnqaIRN362CD0nF1YZkjDW9ikkC/X3RkYjY2ZRYCfzkGbVy8X/vF6K4Y2fCZWkyBVbHgpTSTAmeQNkKDRnKGeWUKaFzUrYmGrK0PZUsSV4q19eJ51G3XPr3v1Vrdko6ijDGZzDJXhwDU24gxa0gcETPMMrvDlT58V5dz6WoyWn2DmFP3A+fwArTJJL</latexit><latexit sha1_base64="qpl1i9vm2mRgedhTwkRuxhTiy0U=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7yh9Ua27dXYCsE68gNSjQGlS/+sOYpRFXyCQ1pue5CfoZ1SiY5PNKPzU8oWxCR7xnqaIRN362CD0nF1YZkjDW9ikkC/X3RkYjY2ZRYCfzkGbVy8X/vF6K4Y2fCZWkyBVbHgpTSTAmeQNkKDRnKGeWUKaFzUrYmGrK0PZUsSV4q19eJ51G3XPr3v1Vrdko6ijDGZzDJXhwDU24gxa0gcETPMMrvDlT58V5dz6WoyWn2DmFP3A+fwArTJJL</latexit><latexit sha1_base64="qpl1i9vm2mRgedhTwkRuxhTiy0U=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7yh9Ua27dXYCsE68gNSjQGlS/+sOYpRFXyCQ1pue5CfoZ1SiY5PNKPzU8oWxCR7xnqaIRN362CD0nF1YZkjDW9ikkC/X3RkYjY2ZRYCfzkGbVy8X/vF6K4Y2fCZWkyBVbHgpTSTAmeQNkKDRnKGeWUKaFzUrYmGrK0PZUsSV4q19eJ51G3XPr3v1Vrdko6ijDGZzDJXhwDU24gxa0gcETPMMrvDlT58V5dz6WoyWn2DmFP3A+fwArTJJL</latexit>

The memory module

update rules:
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Addressing the long tail Memory augmentation

How the memory operates

What brings you in today?

CNN Encoder

K<latexit sha1_base64="eCNlsEQGFQTvLjT4cLwjFEBaEM4=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuiy4EdxUsA9sQ5lMJ+3QySTM3Agl9C/cuFDErX/jzr9x0mahrQcGDufcy5x7gkQKg6777aytb2xubZd2yrt7+weHlaPjtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcpP7nSeujYjVA04T7kd0pEQoGEUrPfYjiuMgzO5mg0rVrblzkFXiFaQKBZqDyld/GLM04gqZpMb0PDdBP6MaBZN8Vu6nhieUTeiI9yxVNOLGz+aJZ+TcKkMSxto+hWSu/t7IaGTMNArsZJ7QLHu5+J/XSzG89jOhkhS5YouPwlQSjEl+PhkKzRnKqSWUaWGzEjammjK0JZVtCd7yyaukXa95bs27v6w26kUdJTiFM7gAD66gAbfQhBYwUPAMr/DmGOfFeXc+FqNrTrFzAn/gfP4AtAiQ3w==</latexit><latexit sha1_base64="eCNlsEQGFQTvLjT4cLwjFEBaEM4=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuiy4EdxUsA9sQ5lMJ+3QySTM3Agl9C/cuFDErX/jzr9x0mahrQcGDufcy5x7gkQKg6777aytb2xubZd2yrt7+weHlaPjtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcpP7nSeujYjVA04T7kd0pEQoGEUrPfYjiuMgzO5mg0rVrblzkFXiFaQKBZqDyld/GLM04gqZpMb0PDdBP6MaBZN8Vu6nhieUTeiI9yxVNOLGz+aJZ+TcKkMSxto+hWSu/t7IaGTMNArsZJ7QLHu5+J/XSzG89jOhkhS5YouPwlQSjEl+PhkKzRnKqSWUaWGzEjammjK0JZVtCd7yyaukXa95bs27v6w26kUdJTiFM7gAD66gAbfQhBYwUPAMr/DmGOfFeXc+FqNrTrFzAn/gfP4AtAiQ3w==</latexit><latexit sha1_base64="eCNlsEQGFQTvLjT4cLwjFEBaEM4=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuiy4EdxUsA9sQ5lMJ+3QySTM3Agl9C/cuFDErX/jzr9x0mahrQcGDufcy5x7gkQKg6777aytb2xubZd2yrt7+weHlaPjtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcpP7nSeujYjVA04T7kd0pEQoGEUrPfYjiuMgzO5mg0rVrblzkFXiFaQKBZqDyld/GLM04gqZpMb0PDdBP6MaBZN8Vu6nhieUTeiI9yxVNOLGz+aJZ+TcKkMSxto+hWSu/t7IaGTMNArsZJ7QLHu5+J/XSzG89jOhkhS5YouPwlQSjEl+PhkKzRnKqSWUaWGzEjammjK0JZVtCd7yyaukXa95bs27v6w26kUdJTiFM7gAD66gAbfQhBYwUPAMr/DmGOfFeXc+FqNrTrFzAn/gfP4AtAiQ3w==</latexit><latexit sha1_base64="eCNlsEQGFQTvLjT4cLwjFEBaEM4=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuiy4EdxUsA9sQ5lMJ+3QySTM3Agl9C/cuFDErX/jzr9x0mahrQcGDufcy5x7gkQKg6777aytb2xubZd2yrt7+weHlaPjtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcpP7nSeujYjVA04T7kd0pEQoGEUrPfYjiuMgzO5mg0rVrblzkFXiFaQKBZqDyld/GLM04gqZpMb0PDdBP6MaBZN8Vu6nhieUTeiI9yxVNOLGz+aJZ+TcKkMSxto+hWSu/t7IaGTMNArsZJ7QLHu5+J/XSzG89jOhkhS5YouPwlQSjEl+PhkKzRnKqSWUaWGzEjammjK0JZVtCd7yyaukXa95bs27v6w26kUdJTiFM7gAD66gAbfQhBYwUPAMr/DmGOfFeXc+FqNrTrFzAn/gfP4AtAiQ3w==</latexit> V<latexit sha1_base64="jiWtYZDGd4VOVV1uvb1NqY2Xj38=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIw68yH1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTXjjZ1wmqUHJlh+FqSAmJvn5ZMQVMiNmllCmuM1K2IQqyowtqWJL8FZPXiedRt1z6979Va3ZKOoowxmcwyV4cA1NuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QPEv5Dq</latexit><latexit sha1_base64="jiWtYZDGd4VOVV1uvb1NqY2Xj38=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIw68yH1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTXjjZ1wmqUHJlh+FqSAmJvn5ZMQVMiNmllCmuM1K2IQqyowtqWJL8FZPXiedRt1z6979Va3ZKOoowxmcwyV4cA1NuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QPEv5Dq</latexit><latexit sha1_base64="jiWtYZDGd4VOVV1uvb1NqY2Xj38=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIw68yH1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTXjjZ1wmqUHJlh+FqSAmJvn5ZMQVMiNmllCmuM1K2IQqyowtqWJL8FZPXiedRt1z6979Va3ZKOoowxmcwyV4cA1NuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QPEv5Dq</latexit><latexit sha1_base64="jiWtYZDGd4VOVV1uvb1NqY2Xj38=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIw68yH1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTXjjZ1wmqUHJlh+FqSAmJvn5ZMQVMiNmllCmuM1K2IQqyowtqWJL8FZPXiedRt1z6979Va3ZKOoowxmcwyV4cA1NuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QPEv5Dq</latexit> A<latexit sha1_base64="d37Ra24AHkxXl7NV7niRiNBixHw=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuqy4cVnBPrANZTKdtEMnkzBzI5TQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53nrg2IlYPOE24H9GREqFgFK302I8ojoMwu5kNKlW35s5BVolXkCoUaA4qX/1hzNKIK2SSGtPz3AT9jGoUTPJZuZ8anlA2oSPes1TRiBs/myeekXOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLYleMsnr5J2vea5Ne/+stqoF3WU4BTO4AI8uIIG3EETWsBAwTO8wptjnBfn3flYjK45xc4J/IHz+QOk1pDV</latexit><latexit sha1_base64="d37Ra24AHkxXl7NV7niRiNBixHw=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuqy4cVnBPrANZTKdtEMnkzBzI5TQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53nrg2IlYPOE24H9GREqFgFK302I8ojoMwu5kNKlW35s5BVolXkCoUaA4qX/1hzNKIK2SSGtPz3AT9jGoUTPJZuZ8anlA2oSPes1TRiBs/myeekXOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLYleMsnr5J2vea5Ne/+stqoF3WU4BTO4AI8uIIG3EETWsBAwTO8wptjnBfn3flYjK45xc4J/IHz+QOk1pDV</latexit><latexit sha1_base64="d37Ra24AHkxXl7NV7niRiNBixHw=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuqy4cVnBPrANZTKdtEMnkzBzI5TQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53nrg2IlYPOE24H9GREqFgFK302I8ojoMwu5kNKlW35s5BVolXkCoUaA4qX/1hzNKIK2SSGtPz3AT9jGoUTPJZuZ8anlA2oSPes1TRiBs/myeekXOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLYleMsnr5J2vea5Ne/+stqoF3WU4BTO4AI8uIIG3EETWsBAwTO8wptjnBfn3flYjK45xc4J/IHz+QOk1pDV</latexit><latexit sha1_base64="d37Ra24AHkxXl7NV7niRiNBixHw=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuqy4cVnBPrANZTKdtEMnkzBzI5TQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53nrg2IlYPOE24H9GREqFgFK302I8ojoMwu5kNKlW35s5BVolXkCoUaA4qX/1hzNKIK2SSGtPz3AT9jGoUTPJZuZ8anlA2oSPes1TRiBs/myeekXOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLYleMsnr5J2vea5Ne/+stqoF3WU4BTO4AI8uIIG3EETWsBAwTO8wptjnBfn3flYjK45xc4J/IHz+QOk1pDV</latexit>

e
<latexit sha1_base64="zXIavvwRLTFeDyQPCKuS66vBzls=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIww/mwWnPr7gJknXgFqUGB1rD6NRjFLI1QGiao1n3PTYyfUWU4EzivDFKNCWVTOsa+pZJGqP1skXhOLqwyImGs7JOGLNTfGxmNtJ5FgZ3ME+pVLxf/8/qpCW/8jMskNSjZ8qMwFcTEJD+fjLhCZsTMEsoUt1kJm1BFmbElVWwJ3urJ66TTqHtu3bu/qjUbRR1lOINzuAQPrqEJd9CCNjCQ8Ayv8OZo58V5dz6WoyWn2DmFP3A+fwDbipD5</latexit><latexit sha1_base64="zXIavvwRLTFeDyQPCKuS66vBzls=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIww/mwWnPr7gJknXgFqUGB1rD6NRjFLI1QGiao1n3PTYyfUWU4EzivDFKNCWVTOsa+pZJGqP1skXhOLqwyImGs7JOGLNTfGxmNtJ5FgZ3ME+pVLxf/8/qpCW/8jMskNSjZ8qMwFcTEJD+fjLhCZsTMEsoUt1kJm1BFmbElVWwJ3urJ66TTqHtu3bu/qjUbRR1lOINzuAQPrqEJd9CCNjCQ8Ayv8OZo58V5dz6WoyWn2DmFP3A+fwDbipD5</latexit><latexit sha1_base64="zXIavvwRLTFeDyQPCKuS66vBzls=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIww/mwWnPr7gJknXgFqUGB1rD6NRjFLI1QGiao1n3PTYyfUWU4EzivDFKNCWVTOsa+pZJGqP1skXhOLqwyImGs7JOGLNTfGxmNtJ5FgZ3ME+pVLxf/8/qpCW/8jMskNSjZ8qMwFcTEJD+fjLhCZsTMEsoUt1kJm1BFmbElVWwJ3urJ66TTqHtu3bu/qjUbRR1lOINzuAQPrqEJd9CCNjCQ8Ayv8OZo58V5dz6WoyWn2DmFP3A+fwDbipD5</latexit><latexit sha1_base64="zXIavvwRLTFeDyQPCKuS66vBzls=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIww/mwWnPr7gJknXgFqUGB1rD6NRjFLI1QGiao1n3PTYyfUWU4EzivDFKNCWVTOsa+pZJGqP1skXhOLqwyImGs7JOGLNTfGxmNtJ5FgZ3ME+pVLxf/8/qpCW/8jMskNSjZ8qMwFcTEJD+fjLhCZsTMEsoUt1kJm1BFmbElVWwJ3urJ66TTqHtu3bu/qjUbRR1lOINzuAQPrqEJd9CCNjCQ8Ayv8OZo58V5dz6WoyWn2DmFP3A+fwDbipD5</latexit>

representation of 
a sentence the memory bank labels age

s = Ke<latexit sha1_base64="zaGj+AdDIWuqHrp59zOqslej2w4=">AAACC3icbVDLSsNAFL2pr1pfUZduhhbBVUmKoBuh4EZwU8E+oC1lMp20QyeTMDMRSsjejb/ixoUibv0Bd/6NkzaKth4YOHPOvdx7jxdxprTjfFqFldW19Y3iZmlre2d3z94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbm1xmfvuOSsVCcaunEe0HeCSYzwjWRhrY5V6A9djzE5WiC/T9uU5/KE0HdsWpOjOgZeLmpAI5GgP7ozcMSRxQoQnHSnVdJ9L9BEvNCKdpqRcrGmEywSPaNVTggKp+MrslRcdGGSI/lOYJjWbq744EB0pNA89UZhuqRS8T//O6sfbP+wkTUaypIPNBfsyRDlEWDBoySYnmU0MwkczsisgYS0y0ia9kQnAXT14mrVrVdaruzWmlXsvjKMIRlOEEXDiDOlxBA5pA4B4e4RlerAfryXq13ualBSvvOYQ/sN6/ABBCmwE=</latexit><latexit sha1_base64="zaGj+AdDIWuqHrp59zOqslej2w4=">AAACC3icbVDLSsNAFL2pr1pfUZduhhbBVUmKoBuh4EZwU8E+oC1lMp20QyeTMDMRSsjejb/ixoUibv0Bd/6NkzaKth4YOHPOvdx7jxdxprTjfFqFldW19Y3iZmlre2d3z94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbm1xmfvuOSsVCcaunEe0HeCSYzwjWRhrY5V6A9djzE5WiC/T9uU5/KE0HdsWpOjOgZeLmpAI5GgP7ozcMSRxQoQnHSnVdJ9L9BEvNCKdpqRcrGmEywSPaNVTggKp+MrslRcdGGSI/lOYJjWbq744EB0pNA89UZhuqRS8T//O6sfbP+wkTUaypIPNBfsyRDlEWDBoySYnmU0MwkczsisgYS0y0ia9kQnAXT14mrVrVdaruzWmlXsvjKMIRlOEEXDiDOlxBA5pA4B4e4RlerAfryXq13ualBSvvOYQ/sN6/ABBCmwE=</latexit><latexit sha1_base64="zaGj+AdDIWuqHrp59zOqslej2w4=">AAACC3icbVDLSsNAFL2pr1pfUZduhhbBVUmKoBuh4EZwU8E+oC1lMp20QyeTMDMRSsjejb/ixoUibv0Bd/6NkzaKth4YOHPOvdx7jxdxprTjfFqFldW19Y3iZmlre2d3z94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbm1xmfvuOSsVCcaunEe0HeCSYzwjWRhrY5V6A9djzE5WiC/T9uU5/KE0HdsWpOjOgZeLmpAI5GgP7ozcMSRxQoQnHSnVdJ9L9BEvNCKdpqRcrGmEywSPaNVTggKp+MrslRcdGGSI/lOYJjWbq744EB0pNA89UZhuqRS8T//O6sfbP+wkTUaypIPNBfsyRDlEWDBoySYnmU0MwkczsisgYS0y0ia9kQnAXT14mrVrVdaruzWmlXsvjKMIRlOEEXDiDOlxBA5pA4B4e4RlerAfryXq13ualBSvvOYQ/sN6/ABBCmwE=</latexit><latexit sha1_base64="zaGj+AdDIWuqHrp59zOqslej2w4=">AAACC3icbVDLSsNAFL2pr1pfUZduhhbBVUmKoBuh4EZwU8E+oC1lMp20QyeTMDMRSsjejb/ixoUibv0Bd/6NkzaKth4YOHPOvdx7jxdxprTjfFqFldW19Y3iZmlre2d3z94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbm1xmfvuOSsVCcaunEe0HeCSYzwjWRhrY5V6A9djzE5WiC/T9uU5/KE0HdsWpOjOgZeLmpAI5GgP7ozcMSRxQoQnHSnVdJ9L9BEvNCKdpqRcrGmEywSPaNVTggKp+MrslRcdGGSI/lOYJjWbq744EB0pNA89UZhuqRS8T//O6sfbP+wkTUaypIPNBfsyRDlEWDBoySYnmU0MwkczsisgYS0y0ia9kQnAXT14mrVrVdaruzWmlXsvjKMIRlOEEXDiDOlxBA5pA4B4e4RlerAfryXq13ualBSvvOYQ/sN6/ABBCmwE=</latexit>

s[0]
<latexit sha1_base64="gBIKGi1NLCXOvVEBstuepJjAhrQ=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7rj+o1ty6uwBZJ15BalCgNah+9YcxSyOukElqTM9zE/QzqlEwyeeVfmp4QtmEjnjPUkUjbvxsEXpOLqwyJGGs7VNIFurvjYxGxsyiwE7mIc2ql4v/eb0Uwxs/EypJkSu2PBSmkmBM8gbIUGjOUM4soUwLm5WwMdWUoe2pYkvwVr+8TjqNuufWvfurWrNR1FGGMziHS/DgGppwBy1oA4MneIZXeHOmzovz7nwsR0tOsXMKf+B8/gDNB5IN</latexit><latexit sha1_base64="gBIKGi1NLCXOvVEBstuepJjAhrQ=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7rj+o1ty6uwBZJ15BalCgNah+9YcxSyOukElqTM9zE/QzqlEwyeeVfmp4QtmEjnjPUkUjbvxsEXpOLqwyJGGs7VNIFurvjYxGxsyiwE7mIc2ql4v/eb0Uwxs/EypJkSu2PBSmkmBM8gbIUGjOUM4soUwLm5WwMdWUoe2pYkvwVr+8TjqNuufWvfurWrNR1FGGMziHS/DgGppwBy1oA4MneIZXeHOmzovz7nwsR0tOsXMKf+B8/gDNB5IN</latexit><latexit sha1_base64="gBIKGi1NLCXOvVEBstuepJjAhrQ=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7rj+o1ty6uwBZJ15BalCgNah+9YcxSyOukElqTM9zE/QzqlEwyeeVfmp4QtmEjnjPUkUjbvxsEXpOLqwyJGGs7VNIFurvjYxGxsyiwE7mIc2ql4v/eb0Uwxs/EypJkSu2PBSmkmBM8gbIUGjOUM4soUwLm5WwMdWUoe2pYkvwVr+8TjqNuufWvfurWrNR1FGGMziHS/DgGppwBy1oA4MneIZXeHOmzovz7nwsR0tOsXMKf+B8/gDNB5IN</latexit><latexit sha1_base64="gBIKGi1NLCXOvVEBstuepJjAhrQ=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7rj+o1ty6uwBZJ15BalCgNah+9YcxSyOukElqTM9zE/QzqlEwyeeVfmp4QtmEjnjPUkUjbvxsEXpOLqwyJGGs7VNIFurvjYxGxsyiwE7mIc2ql4v/eb0Uwxs/EypJkSu2PBSmkmBM8gbIUGjOUM4soUwLm5WwMdWUoe2pYkvwVr+8TjqNuufWvfurWrNR1FGGMziHS/DgGppwBy1oA4MneIZXeHOmzovz7nwsR0tOsXMKf+B8/gDNB5IN</latexit>

s[n]
<latexit sha1_base64="qpl1i9vm2mRgedhTwkRuxhTiy0U=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7yh9Ua27dXYCsE68gNSjQGlS/+sOYpRFXyCQ1pue5CfoZ1SiY5PNKPzU8oWxCR7xnqaIRN362CD0nF1YZkjDW9ikkC/X3RkYjY2ZRYCfzkGbVy8X/vF6K4Y2fCZWkyBVbHgpTSTAmeQNkKDRnKGeWUKaFzUrYmGrK0PZUsSV4q19eJ51G3XPr3v1Vrdko6ijDGZzDJXhwDU24gxa0gcETPMMrvDlT58V5dz6WoyWn2DmFP3A+fwArTJJL</latexit><latexit sha1_base64="qpl1i9vm2mRgedhTwkRuxhTiy0U=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7yh9Ua27dXYCsE68gNSjQGlS/+sOYpRFXyCQ1pue5CfoZ1SiY5PNKPzU8oWxCR7xnqaIRN362CD0nF1YZkjDW9ikkC/X3RkYjY2ZRYCfzkGbVy8X/vF6K4Y2fCZWkyBVbHgpTSTAmeQNkKDRnKGeWUKaFzUrYmGrK0PZUsSV4q19eJ51G3XPr3v1Vrdko6ijDGZzDJXhwDU24gxa0gcETPMMrvDlT58V5dz6WoyWn2DmFP3A+fwArTJJL</latexit><latexit sha1_base64="qpl1i9vm2mRgedhTwkRuxhTiy0U=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7yh9Ua27dXYCsE68gNSjQGlS/+sOYpRFXyCQ1pue5CfoZ1SiY5PNKPzU8oWxCR7xnqaIRN362CD0nF1YZkjDW9ikkC/X3RkYjY2ZRYCfzkGbVy8X/vF6K4Y2fCZWkyBVbHgpTSTAmeQNkKDRnKGeWUKaFzUrYmGrK0PZUsSV4q19eJ51G3XPr3v1Vrdko6ijDGZzDJXhwDU24gxa0gcETPMMrvDlT58V5dz6WoyWn2DmFP3A+fwArTJJL</latexit><latexit sha1_base64="qpl1i9vm2mRgedhTwkRuxhTiy0U=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7yh9Ua27dXYCsE68gNSjQGlS/+sOYpRFXyCQ1pue5CfoZ1SiY5PNKPzU8oWxCR7xnqaIRN362CD0nF1YZkjDW9ikkC/X3RkYjY2ZRYCfzkGbVy8X/vF6K4Y2fCZWkyBVbHgpTSTAmeQNkKDRnKGeWUKaFzUrYmGrK0PZUsSV4q19eJ51G3XPr3v1Vrdko6ijDGZzDJXhwDU24gxa0gcETPMMrvDlT58V5dz6WoyWn2DmFP3A+fwArTJJL</latexit>

The memory module

update rules:

7
<latexit sha1_base64="EXC6By8cF6j5jHuXej2e99a71/s=">AAACBHicbVDLSsNAFL2pr1pfVZduBovgqiSFUpcFNy4r2Ae2oUwmk3boZBJmJkIJ2foFbvUL3Ilb/8MP8D+ctFnY1gMDh3Pu5Z45XsyZ0rb9bZW2tnd298r7lYPDo+OT6ulZT0WJJLRLIh7JgYcV5UzQrmaa00EsKQ49Tvve7Db3+09UKhaJBz2PqRviiWABI1gb6XHkMzFJm82sMq7W7Lq9ANokTkFqUKAzrv6M/IgkIRWacKzU0LFj7aZYakY4zSqjRNEYkxme0KGhAodUuekicYaujOKjIJLmCY0W6t+NFIdKzUPPTIZYT9W6l4v/ecNEBzduykScaCrI8lCQcKQjlH8f+UxSovncEEwkM1kRmWKJiTYlrVyJWR4tM7046y1skl6j7th1575RazeKhspwAZdwDQ60oA130IEuEBDwAq/wZj1b79aH9bkcLVnFzjmswPr6BYW9mKU=</latexit><latexit sha1_base64="EXC6By8cF6j5jHuXej2e99a71/s=">AAACBHicbVDLSsNAFL2pr1pfVZduBovgqiSFUpcFNy4r2Ae2oUwmk3boZBJmJkIJ2foFbvUL3Ilb/8MP8D+ctFnY1gMDh3Pu5Z45XsyZ0rb9bZW2tnd298r7lYPDo+OT6ulZT0WJJLRLIh7JgYcV5UzQrmaa00EsKQ49Tvve7Db3+09UKhaJBz2PqRviiWABI1gb6XHkMzFJm82sMq7W7Lq9ANokTkFqUKAzrv6M/IgkIRWacKzU0LFj7aZYakY4zSqjRNEYkxme0KGhAodUuekicYaujOKjIJLmCY0W6t+NFIdKzUPPTIZYT9W6l4v/ecNEBzduykScaCrI8lCQcKQjlH8f+UxSovncEEwkM1kRmWKJiTYlrVyJWR4tM7046y1skl6j7th1575RazeKhspwAZdwDQ60oA130IEuEBDwAq/wZj1b79aH9bkcLVnFzjmswPr6BYW9mKU=</latexit><latexit sha1_base64="EXC6By8cF6j5jHuXej2e99a71/s=">AAACBHicbVDLSsNAFL2pr1pfVZduBovgqiSFUpcFNy4r2Ae2oUwmk3boZBJmJkIJ2foFbvUL3Ilb/8MP8D+ctFnY1gMDh3Pu5Z45XsyZ0rb9bZW2tnd298r7lYPDo+OT6ulZT0WJJLRLIh7JgYcV5UzQrmaa00EsKQ49Tvve7Db3+09UKhaJBz2PqRviiWABI1gb6XHkMzFJm82sMq7W7Lq9ANokTkFqUKAzrv6M/IgkIRWacKzU0LFj7aZYakY4zSqjRNEYkxme0KGhAodUuekicYaujOKjIJLmCY0W6t+NFIdKzUPPTIZYT9W6l4v/ecNEBzduykScaCrI8lCQcKQjlH8f+UxSovncEEwkM1kRmWKJiTYlrVyJWR4tM7046y1skl6j7th1575RazeKhspwAZdwDQ60oA130IEuEBDwAq/wZj1b79aH9bkcLVnFzjmswPr6BYW9mKU=</latexit><latexit sha1_base64="EXC6By8cF6j5jHuXej2e99a71/s=">AAACBHicbVDLSsNAFL2pr1pfVZduBovgqiSFUpcFNy4r2Ae2oUwmk3boZBJmJkIJ2foFbvUL3Ilb/8MP8D+ctFnY1gMDh3Pu5Z45XsyZ0rb9bZW2tnd298r7lYPDo+OT6ulZT0WJJLRLIh7JgYcV5UzQrmaa00EsKQ49Tvve7Db3+09UKhaJBz2PqRviiWABI1gb6XHkMzFJm82sMq7W7Lq9ANokTkFqUKAzrv6M/IgkIRWacKzU0LFj7aZYakY4zSqjRNEYkxme0KGhAodUuekicYaujOKjIJLmCY0W6t+NFIdKzUPPTIZYT9W6l4v/ecNEBzduykScaCrI8lCQcKQjlH8f+UxSovncEEwkM1kRmWKJiTYlrVyJWR4tM7046y1skl6j7th1575RazeKhspwAZdwDQ60oA130IEuEBDwAq/wZj1b79aH9bkcLVnFzjmswPr6BYW9mKU=</latexit>

3
<latexit sha1_base64="S84BrdilhvqGmT0POFONPdziqBk=">AAACBHicbVDLSsNAFL2pr1pfUZduBovgqiQF0WXBjcsK9oFtKJPJpB06mYSZiVBCtn6BW/0Cd+LW//AD/A8nbRa29cDA4Zx7uWeOn3CmtON8W5WNza3tnepubW//4PDIPj7pqjiVhHZIzGPZ97GinAna0Uxz2k8kxZHPac+f3hZ+74lKxWLxoGcJ9SI8FixkBGsjPQ4DJsbZlZvXRnbdaThzoHXilqQOJdoj+2cYxCSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwVOKLKy+aJc3RhlACFsTRPaDRX/25kOFJqFvlmMsJ6ola9QvzPG6Q6vPEyJpJUU0EWh8KUIx2j4vsoYJISzWeGYCKZyYrIBEtMtClp6UrCimi56cVdbWGddJsN12m49816q1k2VIUzOIdLcOEaWnAHbegAAQEv8Apv1rP1bn1Yn4vRilXunMISrK9ff1mYoQ==</latexit><latexit sha1_base64="S84BrdilhvqGmT0POFONPdziqBk=">AAACBHicbVDLSsNAFL2pr1pfUZduBovgqiQF0WXBjcsK9oFtKJPJpB06mYSZiVBCtn6BW/0Cd+LW//AD/A8nbRa29cDA4Zx7uWeOn3CmtON8W5WNza3tnepubW//4PDIPj7pqjiVhHZIzGPZ97GinAna0Uxz2k8kxZHPac+f3hZ+74lKxWLxoGcJ9SI8FixkBGsjPQ4DJsbZlZvXRnbdaThzoHXilqQOJdoj+2cYxCSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwVOKLKy+aJc3RhlACFsTRPaDRX/25kOFJqFvlmMsJ6ola9QvzPG6Q6vPEyJpJUU0EWh8KUIx2j4vsoYJISzWeGYCKZyYrIBEtMtClp6UrCimi56cVdbWGddJsN12m49816q1k2VIUzOIdLcOEaWnAHbegAAQEv8Apv1rP1bn1Yn4vRilXunMISrK9ff1mYoQ==</latexit><latexit sha1_base64="S84BrdilhvqGmT0POFONPdziqBk=">AAACBHicbVDLSsNAFL2pr1pfUZduBovgqiQF0WXBjcsK9oFtKJPJpB06mYSZiVBCtn6BW/0Cd+LW//AD/A8nbRa29cDA4Zx7uWeOn3CmtON8W5WNza3tnepubW//4PDIPj7pqjiVhHZIzGPZ97GinAna0Uxz2k8kxZHPac+f3hZ+74lKxWLxoGcJ9SI8FixkBGsjPQ4DJsbZlZvXRnbdaThzoHXilqQOJdoj+2cYxCSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwVOKLKy+aJc3RhlACFsTRPaDRX/25kOFJqFvlmMsJ6ola9QvzPG6Q6vPEyJpJUU0EWh8KUIx2j4vsoYJISzWeGYCKZyYrIBEtMtClp6UrCimi56cVdbWGddJsN12m49816q1k2VIUzOIdLcOEaWnAHbegAAQEv8Apv1rP1bn1Yn4vRilXunMISrK9ff1mYoQ==</latexit><latexit sha1_base64="S84BrdilhvqGmT0POFONPdziqBk=">AAACBHicbVDLSsNAFL2pr1pfUZduBovgqiQF0WXBjcsK9oFtKJPJpB06mYSZiVBCtn6BW/0Cd+LW//AD/A8nbRa29cDA4Zx7uWeOn3CmtON8W5WNza3tnepubW//4PDIPj7pqjiVhHZIzGPZ97GinAna0Uxz2k8kxZHPac+f3hZ+74lKxWLxoGcJ9SI8FixkBGsjPQ4DJsbZlZvXRnbdaThzoHXilqQOJdoj+2cYxCSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwVOKLKy+aJc3RhlACFsTRPaDRX/25kOFJqFvlmMsJ6ola9QvzPG6Q6vPEyJpJUU0EWh8KUIx2j4vsoYJISzWeGYCKZyYrIBEtMtClp6UrCimi56cVdbWGddJsN12m49816q1k2VIUzOIdLcOEaWnAHbegAAQEv8Apv1rP1bn1Yn4vRilXunMISrK9ff1mYoQ==</latexit>

loss = [s[0]� s[n] + ↵]+

K[0] e + K[0]

ke + K[0]k
A A + 1

A[0] 0
<latexit sha1_base64="8W39LIWZnfTxwxWmEqmlAn/1Htw="></latexit><latexit sha1_base64="8W39LIWZnfTxwxWmEqmlAn/1Htw="></latexit><latexit sha1_base64="8W39LIWZnfTxwxWmEqmlAn/1Htw="></latexit><latexit sha1_base64="8W39LIWZnfTxwxWmEqmlAn/1Htw="></latexit>

Jin et al (Ohio State) Paraphrasing and Mem models June 5 @ 13th BEA 14 / 35



Addressing the long tail Memory augmentation

How the memory operates

What brings you in today?

CNN Encoder

K<latexit sha1_base64="eCNlsEQGFQTvLjT4cLwjFEBaEM4=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuiy4EdxUsA9sQ5lMJ+3QySTM3Agl9C/cuFDErX/jzr9x0mahrQcGDufcy5x7gkQKg6777aytb2xubZd2yrt7+weHlaPjtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcpP7nSeujYjVA04T7kd0pEQoGEUrPfYjiuMgzO5mg0rVrblzkFXiFaQKBZqDyld/GLM04gqZpMb0PDdBP6MaBZN8Vu6nhieUTeiI9yxVNOLGz+aJZ+TcKkMSxto+hWSu/t7IaGTMNArsZJ7QLHu5+J/XSzG89jOhkhS5YouPwlQSjEl+PhkKzRnKqSWUaWGzEjammjK0JZVtCd7yyaukXa95bs27v6w26kUdJTiFM7gAD66gAbfQhBYwUPAMr/DmGOfFeXc+FqNrTrFzAn/gfP4AtAiQ3w==</latexit><latexit sha1_base64="eCNlsEQGFQTvLjT4cLwjFEBaEM4=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuiy4EdxUsA9sQ5lMJ+3QySTM3Agl9C/cuFDErX/jzr9x0mahrQcGDufcy5x7gkQKg6777aytb2xubZd2yrt7+weHlaPjtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcpP7nSeujYjVA04T7kd0pEQoGEUrPfYjiuMgzO5mg0rVrblzkFXiFaQKBZqDyld/GLM04gqZpMb0PDdBP6MaBZN8Vu6nhieUTeiI9yxVNOLGz+aJZ+TcKkMSxto+hWSu/t7IaGTMNArsZJ7QLHu5+J/XSzG89jOhkhS5YouPwlQSjEl+PhkKzRnKqSWUaWGzEjammjK0JZVtCd7yyaukXa95bs27v6w26kUdJTiFM7gAD66gAbfQhBYwUPAMr/DmGOfFeXc+FqNrTrFzAn/gfP4AtAiQ3w==</latexit><latexit sha1_base64="eCNlsEQGFQTvLjT4cLwjFEBaEM4=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuiy4EdxUsA9sQ5lMJ+3QySTM3Agl9C/cuFDErX/jzr9x0mahrQcGDufcy5x7gkQKg6777aytb2xubZd2yrt7+weHlaPjtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcpP7nSeujYjVA04T7kd0pEQoGEUrPfYjiuMgzO5mg0rVrblzkFXiFaQKBZqDyld/GLM04gqZpMb0PDdBP6MaBZN8Vu6nhieUTeiI9yxVNOLGz+aJZ+TcKkMSxto+hWSu/t7IaGTMNArsZJ7QLHu5+J/XSzG89jOhkhS5YouPwlQSjEl+PhkKzRnKqSWUaWGzEjammjK0JZVtCd7yyaukXa95bs27v6w26kUdJTiFM7gAD66gAbfQhBYwUPAMr/DmGOfFeXc+FqNrTrFzAn/gfP4AtAiQ3w==</latexit><latexit sha1_base64="eCNlsEQGFQTvLjT4cLwjFEBaEM4=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuiy4EdxUsA9sQ5lMJ+3QySTM3Agl9C/cuFDErX/jzr9x0mahrQcGDufcy5x7gkQKg6777aytb2xubZd2yrt7+weHlaPjtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcpP7nSeujYjVA04T7kd0pEQoGEUrPfYjiuMgzO5mg0rVrblzkFXiFaQKBZqDyld/GLM04gqZpMb0PDdBP6MaBZN8Vu6nhieUTeiI9yxVNOLGz+aJZ+TcKkMSxto+hWSu/t7IaGTMNArsZJ7QLHu5+J/XSzG89jOhkhS5YouPwlQSjEl+PhkKzRnKqSWUaWGzEjammjK0JZVtCd7yyaukXa95bs27v6w26kUdJTiFM7gAD66gAbfQhBYwUPAMr/DmGOfFeXc+FqNrTrFzAn/gfP4AtAiQ3w==</latexit> V<latexit sha1_base64="jiWtYZDGd4VOVV1uvb1NqY2Xj38=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIw68yH1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTXjjZ1wmqUHJlh+FqSAmJvn5ZMQVMiNmllCmuM1K2IQqyowtqWJL8FZPXiedRt1z6979Va3ZKOoowxmcwyV4cA1NuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QPEv5Dq</latexit><latexit sha1_base64="jiWtYZDGd4VOVV1uvb1NqY2Xj38=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIw68yH1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTXjjZ1wmqUHJlh+FqSAmJvn5ZMQVMiNmllCmuM1K2IQqyowtqWJL8FZPXiedRt1z6979Va3ZKOoowxmcwyV4cA1NuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QPEv5Dq</latexit><latexit sha1_base64="jiWtYZDGd4VOVV1uvb1NqY2Xj38=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIw68yH1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTXjjZ1wmqUHJlh+FqSAmJvn5ZMQVMiNmllCmuM1K2IQqyowtqWJL8FZPXiedRt1z6979Va3ZKOoowxmcwyV4cA1NuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QPEv5Dq</latexit><latexit sha1_base64="jiWtYZDGd4VOVV1uvb1NqY2Xj38=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIw68yH1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTXjjZ1wmqUHJlh+FqSAmJvn5ZMQVMiNmllCmuM1K2IQqyowtqWJL8FZPXiedRt1z6979Va3ZKOoowxmcwyV4cA1NuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QPEv5Dq</latexit> A<latexit sha1_base64="d37Ra24AHkxXl7NV7niRiNBixHw=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuqy4cVnBPrANZTKdtEMnkzBzI5TQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53nrg2IlYPOE24H9GREqFgFK302I8ojoMwu5kNKlW35s5BVolXkCoUaA4qX/1hzNKIK2SSGtPz3AT9jGoUTPJZuZ8anlA2oSPes1TRiBs/myeekXOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLYleMsnr5J2vea5Ne/+stqoF3WU4BTO4AI8uIIG3EETWsBAwTO8wptjnBfn3flYjK45xc4J/IHz+QOk1pDV</latexit><latexit sha1_base64="d37Ra24AHkxXl7NV7niRiNBixHw=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuqy4cVnBPrANZTKdtEMnkzBzI5TQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53nrg2IlYPOE24H9GREqFgFK302I8ojoMwu5kNKlW35s5BVolXkCoUaA4qX/1hzNKIK2SSGtPz3AT9jGoUTPJZuZ8anlA2oSPes1TRiBs/myeekXOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLYleMsnr5J2vea5Ne/+stqoF3WU4BTO4AI8uIIG3EETWsBAwTO8wptjnBfn3flYjK45xc4J/IHz+QOk1pDV</latexit><latexit sha1_base64="d37Ra24AHkxXl7NV7niRiNBixHw=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuqy4cVnBPrANZTKdtEMnkzBzI5TQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53nrg2IlYPOE24H9GREqFgFK302I8ojoMwu5kNKlW35s5BVolXkCoUaA4qX/1hzNKIK2SSGtPz3AT9jGoUTPJZuZ8anlA2oSPes1TRiBs/myeekXOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLYleMsnr5J2vea5Ne/+stqoF3WU4BTO4AI8uIIG3EETWsBAwTO8wptjnBfn3flYjK45xc4J/IHz+QOk1pDV</latexit><latexit sha1_base64="d37Ra24AHkxXl7NV7niRiNBixHw=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclaQIuqy4cVnBPrANZTKdtEMnkzBzI5TQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53nrg2IlYPOE24H9GREqFgFK302I8ojoMwu5kNKlW35s5BVolXkCoUaA4qX/1hzNKIK2SSGtPz3AT9jGoUTPJZuZ8anlA2oSPes1TRiBs/myeekXOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLYleMsnr5J2vea5Ne/+stqoF3WU4BTO4AI8uIIG3EETWsBAwTO8wptjnBfn3flYjK45xc4J/IHz+QOk1pDV</latexit>

e
<latexit sha1_base64="zXIavvwRLTFeDyQPCKuS66vBzls=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIww/mwWnPr7gJknXgFqUGB1rD6NRjFLI1QGiao1n3PTYyfUWU4EzivDFKNCWVTOsa+pZJGqP1skXhOLqwyImGs7JOGLNTfGxmNtJ5FgZ3ME+pVLxf/8/qpCW/8jMskNSjZ8qMwFcTEJD+fjLhCZsTMEsoUt1kJm1BFmbElVWwJ3urJ66TTqHtu3bu/qjUbRR1lOINzuAQPrqEJd9CCNjCQ8Ayv8OZo58V5dz6WoyWn2DmFP3A+fwDbipD5</latexit><latexit sha1_base64="zXIavvwRLTFeDyQPCKuS66vBzls=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIww/mwWnPr7gJknXgFqUGB1rD6NRjFLI1QGiao1n3PTYyfUWU4EzivDFKNCWVTOsa+pZJGqP1skXhOLqwyImGs7JOGLNTfGxmNtJ5FgZ3ME+pVLxf/8/qpCW/8jMskNSjZ8qMwFcTEJD+fjLhCZsTMEsoUt1kJm1BFmbElVWwJ3urJ66TTqHtu3bu/qjUbRR1lOINzuAQPrqEJd9CCNjCQ8Ayv8OZo58V5dz6WoyWn2DmFP3A+fwDbipD5</latexit><latexit sha1_base64="zXIavvwRLTFeDyQPCKuS66vBzls=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIww/mwWnPr7gJknXgFqUGB1rD6NRjFLI1QGiao1n3PTYyfUWU4EzivDFKNCWVTOsa+pZJGqP1skXhOLqwyImGs7JOGLNTfGxmNtJ5FgZ3ME+pVLxf/8/qpCW/8jMskNSjZ8qMwFcTEJD+fjLhCZsTMEsoUt1kJm1BFmbElVWwJ3urJ66TTqHtu3bu/qjUbRR1lOINzuAQPrqEJd9CCNjCQ8Ayv8OZo58V5dz6WoyWn2DmFP3A+fwDbipD5</latexit><latexit sha1_base64="zXIavvwRLTFeDyQPCKuS66vBzls=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRF0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIww/mwWnPr7gJknXgFqUGB1rD6NRjFLI1QGiao1n3PTYyfUWU4EzivDFKNCWVTOsa+pZJGqP1skXhOLqwyImGs7JOGLNTfGxmNtJ5FgZ3ME+pVLxf/8/qpCW/8jMskNSjZ8qMwFcTEJD+fjLhCZsTMEsoUt1kJm1BFmbElVWwJ3urJ66TTqHtu3bu/qjUbRR1lOINzuAQPrqEJd9CCNjCQ8Ayv8OZo58V5dz6WoyWn2DmFP3A+fwDbipD5</latexit>

representation of 
a sentence the memory bank labels age

s = Ke<latexit sha1_base64="zaGj+AdDIWuqHrp59zOqslej2w4=">AAACC3icbVDLSsNAFL2pr1pfUZduhhbBVUmKoBuh4EZwU8E+oC1lMp20QyeTMDMRSsjejb/ixoUibv0Bd/6NkzaKth4YOHPOvdx7jxdxprTjfFqFldW19Y3iZmlre2d3z94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbm1xmfvuOSsVCcaunEe0HeCSYzwjWRhrY5V6A9djzE5WiC/T9uU5/KE0HdsWpOjOgZeLmpAI5GgP7ozcMSRxQoQnHSnVdJ9L9BEvNCKdpqRcrGmEywSPaNVTggKp+MrslRcdGGSI/lOYJjWbq744EB0pNA89UZhuqRS8T//O6sfbP+wkTUaypIPNBfsyRDlEWDBoySYnmU0MwkczsisgYS0y0ia9kQnAXT14mrVrVdaruzWmlXsvjKMIRlOEEXDiDOlxBA5pA4B4e4RlerAfryXq13ualBSvvOYQ/sN6/ABBCmwE=</latexit><latexit sha1_base64="zaGj+AdDIWuqHrp59zOqslej2w4=">AAACC3icbVDLSsNAFL2pr1pfUZduhhbBVUmKoBuh4EZwU8E+oC1lMp20QyeTMDMRSsjejb/ixoUibv0Bd/6NkzaKth4YOHPOvdx7jxdxprTjfFqFldW19Y3iZmlre2d3z94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbm1xmfvuOSsVCcaunEe0HeCSYzwjWRhrY5V6A9djzE5WiC/T9uU5/KE0HdsWpOjOgZeLmpAI5GgP7ozcMSRxQoQnHSnVdJ9L9BEvNCKdpqRcrGmEywSPaNVTggKp+MrslRcdGGSI/lOYJjWbq744EB0pNA89UZhuqRS8T//O6sfbP+wkTUaypIPNBfsyRDlEWDBoySYnmU0MwkczsisgYS0y0ia9kQnAXT14mrVrVdaruzWmlXsvjKMIRlOEEXDiDOlxBA5pA4B4e4RlerAfryXq13ualBSvvOYQ/sN6/ABBCmwE=</latexit><latexit sha1_base64="zaGj+AdDIWuqHrp59zOqslej2w4=">AAACC3icbVDLSsNAFL2pr1pfUZduhhbBVUmKoBuh4EZwU8E+oC1lMp20QyeTMDMRSsjejb/ixoUibv0Bd/6NkzaKth4YOHPOvdx7jxdxprTjfFqFldW19Y3iZmlre2d3z94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbm1xmfvuOSsVCcaunEe0HeCSYzwjWRhrY5V6A9djzE5WiC/T9uU5/KE0HdsWpOjOgZeLmpAI5GgP7ozcMSRxQoQnHSnVdJ9L9BEvNCKdpqRcrGmEywSPaNVTggKp+MrslRcdGGSI/lOYJjWbq744EB0pNA89UZhuqRS8T//O6sfbP+wkTUaypIPNBfsyRDlEWDBoySYnmU0MwkczsisgYS0y0ia9kQnAXT14mrVrVdaruzWmlXsvjKMIRlOEEXDiDOlxBA5pA4B4e4RlerAfryXq13ualBSvvOYQ/sN6/ABBCmwE=</latexit><latexit sha1_base64="zaGj+AdDIWuqHrp59zOqslej2w4=">AAACC3icbVDLSsNAFL2pr1pfUZduhhbBVUmKoBuh4EZwU8E+oC1lMp20QyeTMDMRSsjejb/ixoUibv0Bd/6NkzaKth4YOHPOvdx7jxdxprTjfFqFldW19Y3iZmlre2d3z94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbm1xmfvuOSsVCcaunEe0HeCSYzwjWRhrY5V6A9djzE5WiC/T9uU5/KE0HdsWpOjOgZeLmpAI5GgP7ozcMSRxQoQnHSnVdJ9L9BEvNCKdpqRcrGmEywSPaNVTggKp+MrslRcdGGSI/lOYJjWbq744EB0pNA89UZhuqRS8T//O6sfbP+wkTUaypIPNBfsyRDlEWDBoySYnmU0MwkczsisgYS0y0ia9kQnAXT14mrVrVdaruzWmlXsvjKMIRlOEEXDiDOlxBA5pA4B4e4RlerAfryXq13ualBSvvOYQ/sN6/ABBCmwE=</latexit>

s[0]
<latexit sha1_base64="gBIKGi1NLCXOvVEBstuepJjAhrQ=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7rj+o1ty6uwBZJ15BalCgNah+9YcxSyOukElqTM9zE/QzqlEwyeeVfmp4QtmEjnjPUkUjbvxsEXpOLqwyJGGs7VNIFurvjYxGxsyiwE7mIc2ql4v/eb0Uwxs/EypJkSu2PBSmkmBM8gbIUGjOUM4soUwLm5WwMdWUoe2pYkvwVr+8TjqNuufWvfurWrNR1FGGMziHS/DgGppwBy1oA4MneIZXeHOmzovz7nwsR0tOsXMKf+B8/gDNB5IN</latexit><latexit sha1_base64="gBIKGi1NLCXOvVEBstuepJjAhrQ=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7rj+o1ty6uwBZJ15BalCgNah+9YcxSyOukElqTM9zE/QzqlEwyeeVfmp4QtmEjnjPUkUjbvxsEXpOLqwyJGGs7VNIFurvjYxGxsyiwE7mIc2ql4v/eb0Uwxs/EypJkSu2PBSmkmBM8gbIUGjOUM4soUwLm5WwMdWUoe2pYkvwVr+8TjqNuufWvfurWrNR1FGGMziHS/DgGppwBy1oA4MneIZXeHOmzovz7nwsR0tOsXMKf+B8/gDNB5IN</latexit><latexit sha1_base64="gBIKGi1NLCXOvVEBstuepJjAhrQ=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7rj+o1ty6uwBZJ15BalCgNah+9YcxSyOukElqTM9zE/QzqlEwyeeVfmp4QtmEjnjPUkUjbvxsEXpOLqwyJGGs7VNIFurvjYxGxsyiwE7mIc2ql4v/eb0Uwxs/EypJkSu2PBSmkmBM8gbIUGjOUM4soUwLm5WwMdWUoe2pYkvwVr+8TjqNuufWvfurWrNR1FGGMziHS/DgGppwBy1oA4MneIZXeHOmzovz7nwsR0tOsXMKf+B8/gDNB5IN</latexit><latexit sha1_base64="gBIKGi1NLCXOvVEBstuepJjAhrQ=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7rj+o1ty6uwBZJ15BalCgNah+9YcxSyOukElqTM9zE/QzqlEwyeeVfmp4QtmEjnjPUkUjbvxsEXpOLqwyJGGs7VNIFurvjYxGxsyiwE7mIc2ql4v/eb0Uwxs/EypJkSu2PBSmkmBM8gbIUGjOUM4soUwLm5WwMdWUoe2pYkvwVr+8TjqNuufWvfurWrNR1FGGMziHS/DgGppwBy1oA4MneIZXeHOmzovz7nwsR0tOsXMKf+B8/gDNB5IN</latexit>

s[n]
<latexit sha1_base64="qpl1i9vm2mRgedhTwkRuxhTiy0U=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7yh9Ua27dXYCsE68gNSjQGlS/+sOYpRFXyCQ1pue5CfoZ1SiY5PNKPzU8oWxCR7xnqaIRN362CD0nF1YZkjDW9ikkC/X3RkYjY2ZRYCfzkGbVy8X/vF6K4Y2fCZWkyBVbHgpTSTAmeQNkKDRnKGeWUKaFzUrYmGrK0PZUsSV4q19eJ51G3XPr3v1Vrdko6ijDGZzDJXhwDU24gxa0gcETPMMrvDlT58V5dz6WoyWn2DmFP3A+fwArTJJL</latexit><latexit sha1_base64="qpl1i9vm2mRgedhTwkRuxhTiy0U=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7yh9Ua27dXYCsE68gNSjQGlS/+sOYpRFXyCQ1pue5CfoZ1SiY5PNKPzU8oWxCR7xnqaIRN362CD0nF1YZkjDW9ikkC/X3RkYjY2ZRYCfzkGbVy8X/vF6K4Y2fCZWkyBVbHgpTSTAmeQNkKDRnKGeWUKaFzUrYmGrK0PZUsSV4q19eJ51G3XPr3v1Vrdko6ijDGZzDJXhwDU24gxa0gcETPMMrvDlT58V5dz6WoyWn2DmFP3A+fwArTJJL</latexit><latexit sha1_base64="qpl1i9vm2mRgedhTwkRuxhTiy0U=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7yh9Ua27dXYCsE68gNSjQGlS/+sOYpRFXyCQ1pue5CfoZ1SiY5PNKPzU8oWxCR7xnqaIRN362CD0nF1YZkjDW9ikkC/X3RkYjY2ZRYCfzkGbVy8X/vF6K4Y2fCZWkyBVbHgpTSTAmeQNkKDRnKGeWUKaFzUrYmGrK0PZUsSV4q19eJ51G3XPr3v1Vrdko6ijDGZzDJXhwDU24gxa0gcETPMMrvDlT58V5dz6WoyWn2DmFP3A+fwArTJJL</latexit><latexit sha1_base64="qpl1i9vm2mRgedhTwkRuxhTiy0U=">AAAB9HicbVBNS8NAFHypX7V+VT16WSyCp5IUQY8FLx4r2FZoQ9lsN+3SzSbuvhRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMb6MaCGS6F4GwVK/phoTqNA8m4wuc397pRrI2L1gLOE+xEdKREKRtFKfj+iOA7CzMx7yh9Ua27dXYCsE68gNSjQGlS/+sOYpRFXyCQ1pue5CfoZ1SiY5PNKPzU8oWxCR7xnqaIRN362CD0nF1YZkjDW9ikkC/X3RkYjY2ZRYCfzkGbVy8X/vF6K4Y2fCZWkyBVbHgpTSTAmeQNkKDRnKGeWUKaFzUrYmGrK0PZUsSV4q19eJ51G3XPr3v1Vrdko6ijDGZzDJXhwDU24gxa0gcETPMMrvDlT58V5dz6WoyWn2DmFP3A+fwArTJJL</latexit>

The memory module

update rules:

7
<latexit sha1_base64="EXC6By8cF6j5jHuXej2e99a71/s=">AAACBHicbVDLSsNAFL2pr1pfVZduBovgqiSFUpcFNy4r2Ae2oUwmk3boZBJmJkIJ2foFbvUL3Ilb/8MP8D+ctFnY1gMDh3Pu5Z45XsyZ0rb9bZW2tnd298r7lYPDo+OT6ulZT0WJJLRLIh7JgYcV5UzQrmaa00EsKQ49Tvve7Db3+09UKhaJBz2PqRviiWABI1gb6XHkMzFJm82sMq7W7Lq9ANokTkFqUKAzrv6M/IgkIRWacKzU0LFj7aZYakY4zSqjRNEYkxme0KGhAodUuekicYaujOKjIJLmCY0W6t+NFIdKzUPPTIZYT9W6l4v/ecNEBzduykScaCrI8lCQcKQjlH8f+UxSovncEEwkM1kRmWKJiTYlrVyJWR4tM7046y1skl6j7th1575RazeKhspwAZdwDQ60oA130IEuEBDwAq/wZj1b79aH9bkcLVnFzjmswPr6BYW9mKU=</latexit><latexit sha1_base64="EXC6By8cF6j5jHuXej2e99a71/s=">AAACBHicbVDLSsNAFL2pr1pfVZduBovgqiSFUpcFNy4r2Ae2oUwmk3boZBJmJkIJ2foFbvUL3Ilb/8MP8D+ctFnY1gMDh3Pu5Z45XsyZ0rb9bZW2tnd298r7lYPDo+OT6ulZT0WJJLRLIh7JgYcV5UzQrmaa00EsKQ49Tvve7Db3+09UKhaJBz2PqRviiWABI1gb6XHkMzFJm82sMq7W7Lq9ANokTkFqUKAzrv6M/IgkIRWacKzU0LFj7aZYakY4zSqjRNEYkxme0KGhAodUuekicYaujOKjIJLmCY0W6t+NFIdKzUPPTIZYT9W6l4v/ecNEBzduykScaCrI8lCQcKQjlH8f+UxSovncEEwkM1kRmWKJiTYlrVyJWR4tM7046y1skl6j7th1575RazeKhspwAZdwDQ60oA130IEuEBDwAq/wZj1b79aH9bkcLVnFzjmswPr6BYW9mKU=</latexit><latexit sha1_base64="EXC6By8cF6j5jHuXej2e99a71/s=">AAACBHicbVDLSsNAFL2pr1pfVZduBovgqiSFUpcFNy4r2Ae2oUwmk3boZBJmJkIJ2foFbvUL3Ilb/8MP8D+ctFnY1gMDh3Pu5Z45XsyZ0rb9bZW2tnd298r7lYPDo+OT6ulZT0WJJLRLIh7JgYcV5UzQrmaa00EsKQ49Tvve7Db3+09UKhaJBz2PqRviiWABI1gb6XHkMzFJm82sMq7W7Lq9ANokTkFqUKAzrv6M/IgkIRWacKzU0LFj7aZYakY4zSqjRNEYkxme0KGhAodUuekicYaujOKjIJLmCY0W6t+NFIdKzUPPTIZYT9W6l4v/ecNEBzduykScaCrI8lCQcKQjlH8f+UxSovncEEwkM1kRmWKJiTYlrVyJWR4tM7046y1skl6j7th1575RazeKhspwAZdwDQ60oA130IEuEBDwAq/wZj1b79aH9bkcLVnFzjmswPr6BYW9mKU=</latexit><latexit sha1_base64="EXC6By8cF6j5jHuXej2e99a71/s=">AAACBHicbVDLSsNAFL2pr1pfVZduBovgqiSFUpcFNy4r2Ae2oUwmk3boZBJmJkIJ2foFbvUL3Ilb/8MP8D+ctFnY1gMDh3Pu5Z45XsyZ0rb9bZW2tnd298r7lYPDo+OT6ulZT0WJJLRLIh7JgYcV5UzQrmaa00EsKQ49Tvve7Db3+09UKhaJBz2PqRviiWABI1gb6XHkMzFJm82sMq7W7Lq9ANokTkFqUKAzrv6M/IgkIRWacKzU0LFj7aZYakY4zSqjRNEYkxme0KGhAodUuekicYaujOKjIJLmCY0W6t+NFIdKzUPPTIZYT9W6l4v/ecNEBzduykScaCrI8lCQcKQjlH8f+UxSovncEEwkM1kRmWKJiTYlrVyJWR4tM7046y1skl6j7th1575RazeKhspwAZdwDQ60oA130IEuEBDwAq/wZj1b79aH9bkcLVnFzjmswPr6BYW9mKU=</latexit>

3
<latexit sha1_base64="S84BrdilhvqGmT0POFONPdziqBk=">AAACBHicbVDLSsNAFL2pr1pfUZduBovgqiQF0WXBjcsK9oFtKJPJpB06mYSZiVBCtn6BW/0Cd+LW//AD/A8nbRa29cDA4Zx7uWeOn3CmtON8W5WNza3tnepubW//4PDIPj7pqjiVhHZIzGPZ97GinAna0Uxz2k8kxZHPac+f3hZ+74lKxWLxoGcJ9SI8FixkBGsjPQ4DJsbZlZvXRnbdaThzoHXilqQOJdoj+2cYxCSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwVOKLKy+aJc3RhlACFsTRPaDRX/25kOFJqFvlmMsJ6ola9QvzPG6Q6vPEyJpJUU0EWh8KUIx2j4vsoYJISzWeGYCKZyYrIBEtMtClp6UrCimi56cVdbWGddJsN12m49816q1k2VIUzOIdLcOEaWnAHbegAAQEv8Apv1rP1bn1Yn4vRilXunMISrK9ff1mYoQ==</latexit><latexit sha1_base64="S84BrdilhvqGmT0POFONPdziqBk=">AAACBHicbVDLSsNAFL2pr1pfUZduBovgqiQF0WXBjcsK9oFtKJPJpB06mYSZiVBCtn6BW/0Cd+LW//AD/A8nbRa29cDA4Zx7uWeOn3CmtON8W5WNza3tnepubW//4PDIPj7pqjiVhHZIzGPZ97GinAna0Uxz2k8kxZHPac+f3hZ+74lKxWLxoGcJ9SI8FixkBGsjPQ4DJsbZlZvXRnbdaThzoHXilqQOJdoj+2cYxCSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwVOKLKy+aJc3RhlACFsTRPaDRX/25kOFJqFvlmMsJ6ola9QvzPG6Q6vPEyJpJUU0EWh8KUIx2j4vsoYJISzWeGYCKZyYrIBEtMtClp6UrCimi56cVdbWGddJsN12m49816q1k2VIUzOIdLcOEaWnAHbegAAQEv8Apv1rP1bn1Yn4vRilXunMISrK9ff1mYoQ==</latexit><latexit sha1_base64="S84BrdilhvqGmT0POFONPdziqBk=">AAACBHicbVDLSsNAFL2pr1pfUZduBovgqiQF0WXBjcsK9oFtKJPJpB06mYSZiVBCtn6BW/0Cd+LW//AD/A8nbRa29cDA4Zx7uWeOn3CmtON8W5WNza3tnepubW//4PDIPj7pqjiVhHZIzGPZ97GinAna0Uxz2k8kxZHPac+f3hZ+74lKxWLxoGcJ9SI8FixkBGsjPQ4DJsbZlZvXRnbdaThzoHXilqQOJdoj+2cYxCSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwVOKLKy+aJc3RhlACFsTRPaDRX/25kOFJqFvlmMsJ6ola9QvzPG6Q6vPEyJpJUU0EWh8KUIx2j4vsoYJISzWeGYCKZyYrIBEtMtClp6UrCimi56cVdbWGddJsN12m49816q1k2VIUzOIdLcOEaWnAHbegAAQEv8Apv1rP1bn1Yn4vRilXunMISrK9ff1mYoQ==</latexit><latexit sha1_base64="S84BrdilhvqGmT0POFONPdziqBk=">AAACBHicbVDLSsNAFL2pr1pfUZduBovgqiQF0WXBjcsK9oFtKJPJpB06mYSZiVBCtn6BW/0Cd+LW//AD/A8nbRa29cDA4Zx7uWeOn3CmtON8W5WNza3tnepubW//4PDIPj7pqjiVhHZIzGPZ97GinAna0Uxz2k8kxZHPac+f3hZ+74lKxWLxoGcJ9SI8FixkBGsjPQ4DJsbZlZvXRnbdaThzoHXilqQOJdoj+2cYxCSNqNCEY6UGrpNoL8NSM8JpXhumiiaYTPGYDgwVOKLKy+aJc3RhlACFsTRPaDRX/25kOFJqFvlmMsJ6ola9QvzPG6Q6vPEyJpJUU0EWh8KUIx2j4vsoYJISzWeGYCKZyYrIBEtMtClp6UrCimi56cVdbWGddJsN12m49816q1k2VIUzOIdLcOEaWnAHbegAAQEv8Apv1rP1bn1Yn4vRilXunMISrK9ff1mYoQ==</latexit>

loss = [s[0]� s[n] + ↵]+

K[n0] e

V[n0] v

A A + 1

A[n0] 0
<latexit sha1_base64="eyt0O0q99/aYR0ybn5+i4if+etg="></latexit><latexit sha1_base64="eyt0O0q99/aYR0ybn5+i4if+etg="></latexit><latexit sha1_base64="eyt0O0q99/aYR0ybn5+i4if+etg="></latexit><latexit sha1_base64="eyt0O0q99/aYR0ybn5+i4if+etg="></latexit>
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Addressing the long tail Memory augmentation

Episodic training

sample an episode

init shot

training shots

training data

the memory module
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Addressing the long tail Memory augmentation

Episodic training

sample an episode

init shot

training shots

training data

the memory module

Encoder
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Addressing the long tail Memory augmentation

Episodic training

sample an episode

init shot

training shots

training data

the memory module

Encoder

loss
<latexit sha1_base64="j6Df4Z87ozWpfuvHBPfU5flRXS4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZcFNy4r2FZoh5JJM21oHmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7smJEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOnHCBvKmaRtyyynj4mmWEScdqPJbe53p1QbpuSDnSU0FHgkWcwItk4K+wLbsRYZV8bMB9WaX/cXQOskKEgNCrQG1a/+UJFUUGkJx8b0Aj+xYYa1ZYTTeaWfGppgMsEj2nNUYkFNmC1Cz9GFU4YoVto9adFC/b2RYWHMTERuMg9pVr1c/M/rpTa+CTMmk9RSSZaH4pQjq1DeABoyTYnlM0cw0cxlRWSMNSbW9VRxJQSrX14nnUY98OvB/VWt2SjqKMMZnMMlBHANTbiDFrSBwBM8wyu8eVPvxXv3PpajJa/YOYU/8D5/AItRkoo=</latexit><latexit sha1_base64="j6Df4Z87ozWpfuvHBPfU5flRXS4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZcFNy4r2FZoh5JJM21oHmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7smJEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOnHCBvKmaRtyyynj4mmWEScdqPJbe53p1QbpuSDnSU0FHgkWcwItk4K+wLbsRYZV8bMB9WaX/cXQOskKEgNCrQG1a/+UJFUUGkJx8b0Aj+xYYa1ZYTTeaWfGppgMsEj2nNUYkFNmC1Cz9GFU4YoVto9adFC/b2RYWHMTERuMg9pVr1c/M/rpTa+CTMmk9RSSZaH4pQjq1DeABoyTYnlM0cw0cxlRWSMNSbW9VRxJQSrX14nnUY98OvB/VWt2SjqKMMZnMMlBHANTbiDFrSBwBM8wyu8eVPvxXv3PpajJa/YOYU/8D5/AItRkoo=</latexit><latexit sha1_base64="j6Df4Z87ozWpfuvHBPfU5flRXS4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZcFNy4r2FZoh5JJM21oHmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7smJEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOnHCBvKmaRtyyynj4mmWEScdqPJbe53p1QbpuSDnSU0FHgkWcwItk4K+wLbsRYZV8bMB9WaX/cXQOskKEgNCrQG1a/+UJFUUGkJx8b0Aj+xYYa1ZYTTeaWfGppgMsEj2nNUYkFNmC1Cz9GFU4YoVto9adFC/b2RYWHMTERuMg9pVr1c/M/rpTa+CTMmk9RSSZaH4pQjq1DeABoyTYnlM0cw0cxlRWSMNSbW9VRxJQSrX14nnUY98OvB/VWt2SjqKMMZnMMlBHANTbiDFrSBwBM8wyu8eVPvxXv3PpajJa/YOYU/8D5/AItRkoo=</latexit><latexit sha1_base64="j6Df4Z87ozWpfuvHBPfU5flRXS4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZcFNy4r2FZoh5JJM21oHmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7smJEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOnHCBvKmaRtyyynj4mmWEScdqPJbe53p1QbpuSDnSU0FHgkWcwItk4K+wLbsRYZV8bMB9WaX/cXQOskKEgNCrQG1a/+UJFUUGkJx8b0Aj+xYYa1ZYTTeaWfGppgMsEj2nNUYkFNmC1Cz9GFU4YoVto9adFC/b2RYWHMTERuMg9pVr1c/M/rpTa+CTMmk9RSSZaH4pQjq1DeABoyTYnlM0cw0cxlRWSMNSbW9VRxJQSrX14nnUY98OvB/VWt2SjqKMMZnMMlBHANTbiDFrSBwBM8wyu8eVPvxXv3PpajJa/YOYU/8D5/AItRkoo=</latexit>
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Addressing the long tail Memory augmentation

Memory module

The memory module (Kaiser et al., 2017) is like an external database
which has a storage for question representations, question labels and age
of entries. The neural network (encoder) can read and write it to keep it
updated. This helps the neural network to remember the rare instances.
Training the memory module also requires balancing the training data,
which also helps give the rare labels better representations.
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Addressing the long tail Memory augmentation

Episodic evaluation

sample a support set support shots

training data

test data

the memory module
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Addressing the long tail Memory augmentation

MA-CNN on rare labels

System Full Acc Rare Acc

StackedCNN 79.02 46.54
MA-CNN 75.22 51.78***

Test results for the stacked CNN ensemble (Jin et al., 2017) and the
memory-augmented CNN classifier (MA-CNN) without any generated
paraphrases. The difference of performance on the rare items is highly significant
(p = 9.5 × 10−5, McNemar’s test).
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Addressing the long tail Data augmentation

Paraphrase generation

We augment the rare labels by generating new training instances with
different paraphrasing methods.

1 Lexical substitution
1 Sources: WordNet, Word2Vec, PPDB
2 Ranked by likelihood ratio between the original and the generated

2 Neural machine translation
1 10 × 10 back translation (Mallinson et al., 2017)
2 Scores combined to produce a ranking
3 Used German as the pivot language
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Addressing the long tail Data augmentation

Filtering the generated phrases

There are still too many paraphrases for human filtering, and too noisy.

Ideally all paraphrases are filtered automatically, but we need to know if
they are any good at all.
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Addressing the long tail Data augmentation

Filtering the generated phrases

1 Pseudo-oracle (automatic)
1 Captures surface similarity
2 Keeps a generated paraphrase when its n-gram recall is higher than

that of the original when compared to a test item
3 Could still be noisy

2 Manual
1 Captures semantic similarity
2 Keeps a generated paraphrase only if it has novel n-grams compared to

training items

They validate the quality of generated paraphrases.
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Experiments

Generated paraphrases in training data

System Full Acc Rare Acc

StackedCNN 79.02 46.54
MA-CNN 75.22 51.78

StackedCNN w/ GPs 78.45 53.04
MA-CNN w/ GPs 75.33 56.14***

Test results for the stacked CNN ensemble and the memory-augmented CNN
classifier (MA-CNN) with the manually filtered paraphrases. The gain brought by
the adding the automatically generated paraphrases into training data for
MA-CNN is highly significant (p = 1.6 × 10−4, McNemar’s test).
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Experiments

Ablation of filtering methods

System Rare Acc

MA-CNN 51.78
+Pseudo-oracle 54.87
+Pseudo-oracle+Manual 56.14

Test results for the memory-augmented CNN classifier (MA-CNN) with different
filtering techniques.
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Experiments

Quality of generated paraphrases

Paraphrases Rare Acc

No paraphrases 51.78
+Lexical substitution 53.16
+Neural Machine Translation 55.22
+Both 56.14

Test results for the memory-augmented CNN classifier (MA-CNN) with different
subsets of the manual filtered paraphrases generated using different paraphrase
methods.
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Experiments

Combining the stacked CNN and the MA-CNN

System Full Acc Rare Acc

StackedCNN 79.02 46.54
MA-CNN 75.33 56.14
Combiner 79.86*** 50.98

Test results for the combiner as well as the two combined subsystems: the stacked
CNN ensemble trained with gold and the memory-augmented CNN classifier
trained with gold and generated paraphrases. The gain compared to stacked CNN
on full accuracy is highly significant (p = 1.9 × 10−9, McNemar’s test).
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Conclusion

Conclusion

Lexical substitution is good and neural back-translation is better.

Memory-augmented CNN classifier is better on low frequency labels
with a smaller model.

MA-CNN and StackCNN can work together to be better.
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Conclusion

Future work

Automatic filtering

Advanced paraphrasing

deep generative paraphrasing
syntactic paraphrasing
using aligned paraphrases to induce paraphrase templates
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Conclusion
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