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Task: Contextual carryover

• U: Find me a Mexican restaurant in Portland

• A: A few Mexican restaurants in Portland are A, B and C

• U: What movies are in theaters there

PLACETYPE CITY

PLACETYPE CITY

MEDIATYPE PLACETYPE ANAPHOR
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Problem definition

• A dialog session between a user and an agent can be represented as

• where

• t: ASR transcription of an utterance: represented as a sequence of tokens
• s: Slots detected
• Might be the results from an upstream candidate generation system

• I: Intent inferred from the NLU system

{(uw, aw), (uw�1, aw�1), · · · , (u1, a1), u0}
<latexit sha1_base64="x6i3WqOI3G9Jrl7INGDVJepOmyg="></latexit><latexit sha1_base64="x6i3WqOI3G9Jrl7INGDVJepOmyg="></latexit><latexit sha1_base64="x6i3WqOI3G9Jrl7INGDVJepOmyg="></latexit><latexit sha1_base64="x6i3WqOI3G9Jrl7INGDVJepOmyg="></latexit>

ui = (tui , sui , Iui )
<latexit sha1_base64="3muhyDTstJzKzd7UAOFtv4nTf1w="></latexit><latexit sha1_base64="3muhyDTstJzKzd7UAOFtv4nTf1w="></latexit><latexit sha1_base64="3muhyDTstJzKzd7UAOFtv4nTf1w="></latexit><latexit sha1_base64="3muhyDTstJzKzd7UAOFtv4nTf1w="></latexit>
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Previous work

… EOS EOS EOS EOS
PLACETYPE CITY PLACEOFINTEREST ANA.

2 2 1 0

User utterance System response Current utterance

GETTRAFFICINTENT

Slot valueSlot keyDist. Intent
User utterances
… EOS

System responses
… EOS

Current utterance

EOS

Sys. ctx. Curr. utt. User utt. 

0 1 To carryover or not to carryover?

(Naik et al., 2018)
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Motivation

• U: What’s the thermostat set to

• A: The thermostat is set to 76 degrees

• U: Turn it down to 72 degrees

APPLIANCE

SETTINGVALUE
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Motivation

• U: What’s adele ’s latest album?

• A: It is 25

• U: play it

ARTISTNAME

ALBUMNAME
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Motivation

• Modeling slot interdependence instead of isolated decisions

• Instead of doing independent decisions

• Predict slots to be carried over in one round

• where a subset is selected from the input
y = f (x); y ✓ x

<latexit sha1_base64="KCloD0x2es/xZOE/dQT8s9AQAds=">AAACNnicbVA9SwNBEN3z+9uohYXNYhBiE+5EMCCCYGOpYBIhCWFvM5cs2ds7d+c0x5FfY6u9f8XGTmz9CW7iFSbxwcDjvRlm5vmxFAZd992Zm19YXFpeWV1b39jc2i7s7NZMlGgOVR7JSN/7zIAUCqooUMJ9rIGFvoS6378a+fVH0EZE6g7TGFoh6yoRCM7QSu3CfkovaFAaHJ/TlDZN4htAeKCDdqHolt0x6CzxclIkOW7aO85ysxPxJASFXDJjGp4bYytjGgWXMFxrJgZixvusCw1LFQvBtLLxB0N6ZJUODSJtSyEdq38nMhYak4a+7QwZ9sy0NxL/8xoJBpVWJlScICj+uyhIJMWIjuKgHaGBo0wtYVwLeyvlPaYZRxvaxBYU9uDJN+xaKUFHsX1EwRMOxmfY6LzpoGZJ7aTsuWXv9rR4WclDXCEH5JCUiEfOyCW5JjekSjgZkmfyQl6dN+fD+XS+flvnnHxmj0zA+f4ByLSrJQ==</latexit><latexit sha1_base64="KCloD0x2es/xZOE/dQT8s9AQAds=">AAACNnicbVA9SwNBEN3z+9uohYXNYhBiE+5EMCCCYGOpYBIhCWFvM5cs2ds7d+c0x5FfY6u9f8XGTmz9CW7iFSbxwcDjvRlm5vmxFAZd992Zm19YXFpeWV1b39jc2i7s7NZMlGgOVR7JSN/7zIAUCqooUMJ9rIGFvoS6378a+fVH0EZE6g7TGFoh6yoRCM7QSu3CfkovaFAaHJ/TlDZN4htAeKCDdqHolt0x6CzxclIkOW7aO85ysxPxJASFXDJjGp4bYytjGgWXMFxrJgZixvusCw1LFQvBtLLxB0N6ZJUODSJtSyEdq38nMhYak4a+7QwZ9sy0NxL/8xoJBpVWJlScICj+uyhIJMWIjuKgHaGBo0wtYVwLeyvlPaYZRxvaxBYU9uDJN+xaKUFHsX1EwRMOxmfY6LzpoGZJ7aTsuWXv9rR4WclDXCEH5JCUiEfOyCW5JjekSjgZkmfyQl6dN+fD+XS+flvnnHxmj0zA+f4ByLSrJQ==</latexit><latexit sha1_base64="KCloD0x2es/xZOE/dQT8s9AQAds=">AAACNnicbVA9SwNBEN3z+9uohYXNYhBiE+5EMCCCYGOpYBIhCWFvM5cs2ds7d+c0x5FfY6u9f8XGTmz9CW7iFSbxwcDjvRlm5vmxFAZd992Zm19YXFpeWV1b39jc2i7s7NZMlGgOVR7JSN/7zIAUCqooUMJ9rIGFvoS6378a+fVH0EZE6g7TGFoh6yoRCM7QSu3CfkovaFAaHJ/TlDZN4htAeKCDdqHolt0x6CzxclIkOW7aO85ysxPxJASFXDJjGp4bYytjGgWXMFxrJgZixvusCw1LFQvBtLLxB0N6ZJUODSJtSyEdq38nMhYak4a+7QwZ9sy0NxL/8xoJBpVWJlScICj+uyhIJMWIjuKgHaGBo0wtYVwLeyvlPaYZRxvaxBYU9uDJN+xaKUFHsX1EwRMOxmfY6LzpoGZJ7aTsuWXv9rR4WclDXCEH5JCUiEfOyCW5JjekSjgZkmfyQl6dN+fD+XS+flvnnHxmj0zA+f4ByLSrJQ==</latexit><latexit sha1_base64="KCloD0x2es/xZOE/dQT8s9AQAds=">AAACNnicbVA9SwNBEN3z+9uohYXNYhBiE+5EMCCCYGOpYBIhCWFvM5cs2ds7d+c0x5FfY6u9f8XGTmz9CW7iFSbxwcDjvRlm5vmxFAZd992Zm19YXFpeWV1b39jc2i7s7NZMlGgOVR7JSN/7zIAUCqooUMJ9rIGFvoS6378a+fVH0EZE6g7TGFoh6yoRCM7QSu3CfkovaFAaHJ/TlDZN4htAeKCDdqHolt0x6CzxclIkOW7aO85ysxPxJASFXDJjGp4bYytjGgWXMFxrJgZixvusCw1LFQvBtLLxB0N6ZJUODSJtSyEdq38nMhYak4a+7QwZ9sy0NxL/8xoJBpVWJlScICj+uyhIJMWIjuKgHaGBo0wtYVwLeyvlPaYZRxvaxBYU9uDJN+xaKUFHsX1EwRMOxmfY6LzpoGZJ7aTsuWXv9rR4WclDXCEH5JCUiEfOyCW5JjekSjgZkmfyQl6dN+fD+XS+flvnnHxmj0zA+f4ByLSrJQ==</latexit>

f : SethSloti ! SethSloti
<latexit sha1_base64="GbFRL3CExwzHGepexc1l8ucAkAg="></latexit><latexit sha1_base64="GbFRL3CExwzHGepexc1l8ucAkAg="></latexit><latexit sha1_base64="GbFRL3CExwzHGepexc1l8ucAkAg="></latexit><latexit sha1_base64="GbFRL3CExwzHGepexc1l8ucAkAg="></latexit>

f : Slot ! {0, 1}
<latexit sha1_base64="df9FOZ+TwzF3GWzfj6R/LYXQWQY=">AAACO3icbVA9SwNBEN3zK/E7aqnFYhAsJNyJYLASbCwjGhVyIext5pIle7vH7pwajjT+Glvt/SHWdmJr7yamMNGBgcebGea9F6VSWPT9N29mdm5+oVBcXFpeWV1bL21sXludGQ51rqU2txGzIIWCOgqUcJsaYEkk4SbqnQ3nN3dgrNDqCvspNBPWUSIWnKGjWqWd+ISGCcMuYn4pNQ5C1DTM/QMahINWqexX/FHRvyAYgzIZV6214RXCtuZZAgq5ZNY2Aj/FZs4MCi5hsBRmFlLGe6wDDQcVS8A285GNAd1zTJvG2rhWSEfs74ucJdb2k8htDhXb6dmQ/G/WyDCuNnOh0gxB8Z9HcSapszrMhLaFAY6y7wDjRjitlHeZYRxdchNfUDjBkzbcWynB6NQZUXCPDyMZLrpgOqi/4PqwEviV4OKofFodh1gk22SX7JOAHJNTck5qpE44eSRP5Jm8eK/eu/fhff6sznjjmy0yUd7XNymgreI=</latexit><latexit sha1_base64="df9FOZ+TwzF3GWzfj6R/LYXQWQY=">AAACO3icbVA9SwNBEN3zK/E7aqnFYhAsJNyJYLASbCwjGhVyIext5pIle7vH7pwajjT+Glvt/SHWdmJr7yamMNGBgcebGea9F6VSWPT9N29mdm5+oVBcXFpeWV1bL21sXludGQ51rqU2txGzIIWCOgqUcJsaYEkk4SbqnQ3nN3dgrNDqCvspNBPWUSIWnKGjWqWd+ISGCcMuYn4pNQ5C1DTM/QMahINWqexX/FHRvyAYgzIZV6214RXCtuZZAgq5ZNY2Aj/FZs4MCi5hsBRmFlLGe6wDDQcVS8A285GNAd1zTJvG2rhWSEfs74ucJdb2k8htDhXb6dmQ/G/WyDCuNnOh0gxB8Z9HcSapszrMhLaFAY6y7wDjRjitlHeZYRxdchNfUDjBkzbcWynB6NQZUXCPDyMZLrpgOqi/4PqwEviV4OKofFodh1gk22SX7JOAHJNTck5qpE44eSRP5Jm8eK/eu/fhff6sznjjmy0yUd7XNymgreI=</latexit><latexit sha1_base64="df9FOZ+TwzF3GWzfj6R/LYXQWQY=">AAACO3icbVA9SwNBEN3zK/E7aqnFYhAsJNyJYLASbCwjGhVyIext5pIle7vH7pwajjT+Glvt/SHWdmJr7yamMNGBgcebGea9F6VSWPT9N29mdm5+oVBcXFpeWV1bL21sXludGQ51rqU2txGzIIWCOgqUcJsaYEkk4SbqnQ3nN3dgrNDqCvspNBPWUSIWnKGjWqWd+ISGCcMuYn4pNQ5C1DTM/QMahINWqexX/FHRvyAYgzIZV6214RXCtuZZAgq5ZNY2Aj/FZs4MCi5hsBRmFlLGe6wDDQcVS8A285GNAd1zTJvG2rhWSEfs74ucJdb2k8htDhXb6dmQ/G/WyDCuNnOh0gxB8Z9HcSapszrMhLaFAY6y7wDjRjitlHeZYRxdchNfUDjBkzbcWynB6NQZUXCPDyMZLrpgOqi/4PqwEviV4OKofFodh1gk22SX7JOAHJNTck5qpE44eSRP5Jm8eK/eu/fhff6sznjjmy0yUd7XNymgreI=</latexit><latexit sha1_base64="df9FOZ+TwzF3GWzfj6R/LYXQWQY=">AAACO3icbVA9SwNBEN3zK/E7aqnFYhAsJNyJYLASbCwjGhVyIext5pIle7vH7pwajjT+Glvt/SHWdmJr7yamMNGBgcebGea9F6VSWPT9N29mdm5+oVBcXFpeWV1bL21sXludGQ51rqU2txGzIIWCOgqUcJsaYEkk4SbqnQ3nN3dgrNDqCvspNBPWUSIWnKGjWqWd+ISGCcMuYn4pNQ5C1DTM/QMahINWqexX/FHRvyAYgzIZV6214RXCtuZZAgq5ZNY2Aj/FZs4MCi5hsBRmFlLGe6wDDQcVS8A285GNAd1zTJvG2rhWSEfs74ucJdb2k8htDhXb6dmQ/G/WyDCuNnOh0gxB8Z9HcSapszrMhLaFAY6y7wDjRjitlHeZYRxdchNfUDjBkzbcWynB6NQZUXCPDyMZLrpgOqi/4PqwEviV4OKofFodh1gk22SX7JOAHJNTck5qpE44eSRP5Jm8eK/eu/fhff6sznjjmy0yUd7XNymgreI=</latexit>
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Pointer networks

• Vinyals et al. (2015)
• Modified Seq2Seq that generates a subset of the original sequence
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Pointer networks for subset selection

xEOS x1 x2 x3 x4 x5

eEOS e1 e2 e3 e4 e5

BiLSTM Encoder

d0 d1 d2 …

q1

e3
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Pointer networks for contextual carryover

• Select a subset of candidate slots detected in the dialog

• Input: candidate slot set 
• Output: selected slots to carryover 

• With additional external information:
• Current utterance
• Past history
• Intent

X = {s1, · · · , sn}
<latexit sha1_base64="bm+gHx9Oog7OZJI1OpMsU2ShRi0="></latexit><latexit sha1_base64="1lTzh2FBDv9SMBYz6mq+0+x/dxQ="></latexit><latexit sha1_base64="1lTzh2FBDv9SMBYz6mq+0+x/dxQ="></latexit><latexit sha1_base64="N7khOcifROBrTOGQvjp7L8lCq0o=">AAACOHicbVA9SwNBEN3zM34nWonNYhAsJNzZmEYQbCwjmA/IhWNvM9HFvd1jd04NR/DX2GrvP7GzE1t/gZuPwiQ+GHi8N8PMvDiVwqLvf3gLi0vLK6uFtfWNza3tnWJpt2F1ZjjUuZbatGJmQQoFdRQooZUaYEksoRnfXw795gMYK7S6wX4KnYTdKtETnKGTouJ+i57TMLdRcEJD3tVoT6iNFA0HUbHsV/wR6DwJJqRMJqhFJW817GqeJaCQS2ZtO/BT7OTMoOASButhZiFl/J7dQttRxRKwnXz0w4AeOaVLe9q4UkhH6t+JnCXW9pPYdSYM7+ysNxT/89oZ9qqdXKg0Q1B8vKiXSYqaDgOhXWGAo+w7wrgR7lbK75hhHF1sU1tQuIOn33BrpQSjU/eIgkd8Gp3hogtmg5onjdNK4FeC66B8UZ2EWCAH5JAck4CckQtyRWqkTjh5Ji/klbx5796n9+V9j1sXvMnMHpmC9/ML/3qrtg==</latexit>

Y ✓ X
<latexit sha1_base64="ElNkikukIprKoshBEPpjKHKJLCY=">AAACKnicbVA9TwJBEJ3zW/ADtLTZSEysyJ2NliQ2lpiIYuBC9pYBNuztHbtzKiH8Dlvt/TV2xtZfYeXyUQg6ySQvb2by3rwoVdKS7394K6tr6xubW9u5/M7u3n6heHBrk8wIrIlEJaYecYtKaqyRJIX11CCPI4V3Uf9yMr97QGNlom9omGIY866WHSk4OSq8Z02bRRYJB6zeKpT8sj8t9hcEc1Cq5AvfFQCotoreZrOdiCxGTUJxaxuBn1I44oakUDjONTOLKRd93sWGg5rHaMPR1PWYnTimzTqJca2JTdnfFyMeWzuMI7cZc+rZ5dmE/G/WyKhzEY6kTjNCLWZCnUwxStgkAtaWBgWpoQNcGOm8MtHjhgtyQS2okHSGF99wskqhSVL3iMZHepracNEFy0H9Bbdn5cAvB9dBqXIBs9qCIziGUwjgHCpwBVWogYABPMMLvHpv3rv34X3OVle8+c0hLJT39QNeJali</latexit><latexit sha1_base64="MiOLaDk2YrOi4Qsn2acxQnxEUpc=">AAACKnicbVA9TwJBEN31E8EPwNJmIzGxInc2UpLYWGoiHwYuZm8ZcOPe7rk7pxLC77DV3l9jR2z9DyZWLmAh6iSTvLyZyXvz4lRJh0EwoUvLK6tr67mNfGFza3unWCo3ncmsgIYwyth2zB0oqaGBEhW0Uws8iRW04puT6bx1B9ZJoy9wmEKU8IGWfSk4eiq6ZF2XxQ4Qbln7qlgJqsGs2F8QfoNKvVD8bH+U986uSnS92zMiS0CjUNy5ThikGI24RSkUjPPdzEHKxQ0fQMdDzRNw0WjmeswOPNNjfWN9a2Qz9ufFiCfODZPYbyYcr93v2ZT8b9bJsF+LRlKnGYIWc6F+phgaNo2A9aQFgWroARdWeq9MXHPLBfqgFlRQesOLb3hZpcCa1D+i4R4fZjZ8dOHvoP6C5lE1DKrheVip18i8cmSP7JNDEpJjUien5Iw0iCC35JE8kWf6Ql/phL7NV5fo980uWSj6/gVIH6qe</latexit><latexit sha1_base64="MiOLaDk2YrOi4Qsn2acxQnxEUpc=">AAACKnicbVA9TwJBEN31E8EPwNJmIzGxInc2UpLYWGoiHwYuZm8ZcOPe7rk7pxLC77DV3l9jR2z9DyZWLmAh6iSTvLyZyXvz4lRJh0EwoUvLK6tr67mNfGFza3unWCo3ncmsgIYwyth2zB0oqaGBEhW0Uws8iRW04puT6bx1B9ZJoy9wmEKU8IGWfSk4eiq6ZF2XxQ4Qbln7qlgJqsGs2F8QfoNKvVD8bH+U986uSnS92zMiS0CjUNy5ThikGI24RSkUjPPdzEHKxQ0fQMdDzRNw0WjmeswOPNNjfWN9a2Qz9ufFiCfODZPYbyYcr93v2ZT8b9bJsF+LRlKnGYIWc6F+phgaNo2A9aQFgWroARdWeq9MXHPLBfqgFlRQesOLb3hZpcCa1D+i4R4fZjZ8dOHvoP6C5lE1DKrheVip18i8cmSP7JNDEpJjUien5Iw0iCC35JE8kWf6Ql/phL7NV5fo980uWSj6/gVIH6qe</latexit><latexit sha1_base64="4rlZaRkxSjHIVVMetU5Qnazw5KE=">AAACKnicbVA9TwJBEN3DDxC/QEubjcTEitzZSEliY4mJfBi4kL1lgA17e8funEoIv8NWe3+NHbH1h7gcFAJOMsnLm5m8Ny+IpTDounMns7O7t5/NHeQPj45PTgvFs4aJEs2hziMZ6VbADEihoI4CJbRiDSwMJDSD0d1i3nwGbUSkHnESgx+ygRJ9wRlayn+iHZMEBhDGtNUtlNyymxbdBt4KlMiqat2ik+30Ip6EoJBLZkzbc2P0p0yj4BJm+U5iIGZ8xAbQtlCxEIw/TV3P6JVlerQfadsKacr+vZiy0JhJGNjNkOHQbM4W5H+zdoL9ij8VKk4QFF8K9RNJMaKLCGhPaOAoJxYwroX1SvmQacbRBrWmgsIaXn/DykoJOortIwpe8DW1YaPzNoPaBo2bsueWvQevVK2sQsyRC3JJrolHbkmV3JMaqRNOxuSNvJMP59P5cubO93I146xuzslaOT+/5henzQ==</latexit>
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Enforcing order on candidate slots

• Pointer networks are adapted from Seq2Seq
• Input and output are all ORDERED

• We can enforce a temporal order on the slots

• Order inputs reversely and outputs in normal order (LIFO property)
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Pointer networks for contextual carryover

xEOS x1 x2 x3 x4 x5

eEOS e1 e2 e3 e4 e5

BiLSTM Encoder

d0 d1 d2 …

d1

e3

c I
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Contextualized slot embeddings

• Slot value encoding: averaged from the words after a contextualized encoder

… EOS EOS EOS EOS

PLACETYPE CITY PLACEOFINTEREST ANA.
2 2 1 0

Contextualized history encoder
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Context vector in queries

• Could be either the current utterance

• Or the whole history

… EOS EOS EOS EOS

User utterance System response Current utterance

EOS

Current utterance

c

c
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Full pointer network model for contextual carryover

… EOS EOS EOS EOS

PLACETYPE CITY PLACEOFINTEREST ANA.
2 2 1 0

Contextualized history encoder
GETTRAFFIC

INTENT

I

xEOS x1 x2 x3 x4 x5

eEOS e1 e2 e3 e4 e5

BiLSTM slot sequence encoder

d0 d1 d2 …

d1

e3

ctx I

c
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Self-attention model

• An order is enforced on the slots
• What if we completely forgo order?
• Remove autoregressive encoders/decoders
• Parallel – may leads to faster performance

• Self-attention (Vaswani et al., 2017)
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Self-attention module

x0 x1 x2 x3 x4 x5

y0 y1 y2 y3 y4 y5
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Self-attention network for contextual carryover

… EOS EOS EOS EOS

PLACETYPE CITY PLACEOFINTEREST ANA.
2 2 1 0

Contextualized history encoder
GETTRAFFIC

INTENT

I

x1 x2 x3 x4 x5

c

y1 y2 y3 y4 y5
Self-attention module

Slot attn. Slot emb. IntentCtx. emb.

0 1
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Datasets

• Alexa Internal
• 156k dialogues from various domains
• Music, Q&A, Video, Weather, Local Businesses, Home Automation

• DSTC2
• Top ASR hypothesis as the user utterance
• All slots from SLU with score > 0.1 as candidate slots
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Results on Alexa Internal Dataset
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Results on DSTC2
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Summary

• Jointly models contextual slots
• Subset decoding:
• Via pointer networks
• Via transformers

• Leads to improved long distance slot carryover


