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Intent Classification

• Classical classification problems operate on a single user input
• But natural language input can be underspecified and ambiguous



Intent Classification

Travel out of country.

What data limits apply when roaming internationally?

How do I sign up for Sprint Global Roaming?

How do I purchase a High Speed Data Roaming Pass?

. . .

Classifier Delete and individual message on your Samsumg. 

Task: FAQ suggestion

• Classical classification problems operate on a single user input
• But natural language input can be underspecified and ambiguous



Goal: interact with the user to collect missing information

Intent Classification

• Classical classification problems operate on a single user input
• But natural language input can be underspecified and ambiguous



Challenges

• Interaction data is hard to get, often expensive

• Full-fledged dialogue modeling is data hungry and immature



Challenges

• Interaction data is hard to get, often expensive
    Can we bootstrap without user interaction data?

• Full-fledged dialogue modeling is data hungry and immature
    Can we design a lightweight model, that is constrained, but effective?



• Natural language intent classification

• We add binary or multi-choice clarification 
questions with predefined answer set

• At each turn, ask the most informative question, 
or return the best prediction

Do you have an online account? {Yes, No}

What is your phone operating system?   
{OS, Android, Windows}

Do you want to upgrade your service? {Yes, No}
. . .

Templated Questions and Answer Set

Interactive Classification



Interactive Classification

What data limits apply when roaming internationally?

How do I sign up for Sprint Global Roaming?

How do I purchase a High Speed Data Roaming?

. . .

Intent Labels

Troubleshooting issues related to apps on iPhone. 

Delete an individual message on your Samsung.
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Initial query

What data limits apply when roaming internationally?

How do I sign up for Sprint Global Roaming?

How do I purchase a High Speed Data Roaming?

. . .

Intent Labels

Troubleshooting issues related to apps on iPhone. 

Delete an individual message on your Samsung.

Travel out of country.

Interactive Classification
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Initial query Travel out of country.

Do you need to activate 
global roaming service? q1
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Question What data limits apply when roaming internationally?

How do I sign up for Sprint Global Roaming?

How do I purchase a High Speed Data Roaming?

. . .

Intent Labels

Troubleshooting issues related to apps on iPhone. 

Delete an individual message on your Samsung.

Interactive Classification
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Initial query

What data limits apply when roaming internationally?

How do I sign up for Sprint Global Roaming?

How do I purchase a High Speed Data Roaming? 

. . .

Intent Labels

Troubleshooting issues related to apps on iPhone. 

Delete an individual message on your Samsung.

Travel out of country.

Do you need to activate 
global roaming service?

Yes.
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Question

r1
<latexit sha1_base64="2lylcLnJDX3HfczhIpERwOqC2AI=">AAACOnicfVHLSgMxFM3UVx1frS7djBZBXJQZEXRZ0IUgYkX7gLaWO+ltG5rJDElGLEPBH3CrP+OPuHUnbv0A08dCW/FCuIdzz03uPfEjzpR23TcrNTe/sLiUXrZXVtfWNzLZzbIKY0mxREMeyqoPCjkTWNJMc6xGEiHwOVb83umwXrlHqVgobnU/wkYAHcHajII21I2885qZnJt3R+HMAm8CcmQSxWbW2qm3QhoHKDTloFTNcyPdSEBqRjkO7HqsMALagw7WDBQQoGoko1kHzp5hWk47lOYI7YzYnx0JBEr1A98oA9BdNV0bkn/VarFunzQSJqJYo6Djh9oxd3ToDBd3Wkwi1bxvAFDJzKwO7YIEqo09tl0/Q7OMxEtz8VWEEnQoD5I6yE4AD4Nkkv+TMTGWmWwbU71pC2dB+TDvuXnv+ihXuHgc25sm22SX7BOPHJMCOSdFUiKUdMgTeSYv1qv1bn1Yn2Npypp8yRb5FdbXN78trc0=</latexit><latexit sha1_base64="2lylcLnJDX3HfczhIpERwOqC2AI=">AAACOnicfVHLSgMxFM3UVx1frS7djBZBXJQZEXRZ0IUgYkX7gLaWO+ltG5rJDElGLEPBH3CrP+OPuHUnbv0A08dCW/FCuIdzz03uPfEjzpR23TcrNTe/sLiUXrZXVtfWNzLZzbIKY0mxREMeyqoPCjkTWNJMc6xGEiHwOVb83umwXrlHqVgobnU/wkYAHcHajII21I2885qZnJt3R+HMAm8CcmQSxWbW2qm3QhoHKDTloFTNcyPdSEBqRjkO7HqsMALagw7WDBQQoGoko1kHzp5hWk47lOYI7YzYnx0JBEr1A98oA9BdNV0bkn/VarFunzQSJqJYo6Djh9oxd3ToDBd3Wkwi1bxvAFDJzKwO7YIEqo09tl0/Q7OMxEtz8VWEEnQoD5I6yE4AD4Nkkv+TMTGWmWwbU71pC2dB+TDvuXnv+ihXuHgc25sm22SX7BOPHJMCOSdFUiKUdMgTeSYv1qv1bn1Yn2Npypp8yRb5FdbXN78trc0=</latexit><latexit sha1_base64="2lylcLnJDX3HfczhIpERwOqC2AI=">AAACOnicfVHLSgMxFM3UVx1frS7djBZBXJQZEXRZ0IUgYkX7gLaWO+ltG5rJDElGLEPBH3CrP+OPuHUnbv0A08dCW/FCuIdzz03uPfEjzpR23TcrNTe/sLiUXrZXVtfWNzLZzbIKY0mxREMeyqoPCjkTWNJMc6xGEiHwOVb83umwXrlHqVgobnU/wkYAHcHajII21I2885qZnJt3R+HMAm8CcmQSxWbW2qm3QhoHKDTloFTNcyPdSEBqRjkO7HqsMALagw7WDBQQoGoko1kHzp5hWk47lOYI7YzYnx0JBEr1A98oA9BdNV0bkn/VarFunzQSJqJYo6Djh9oxd3ToDBd3Wkwi1bxvAFDJzKwO7YIEqo09tl0/Q7OMxEtz8VWEEnQoD5I6yE4AD4Nkkv+TMTGWmWwbU71pC2dB+TDvuXnv+ihXuHgc25sm22SX7BOPHJMCOSdFUiKUdMgTeSYv1qv1bn1Yn2Npypp8yRb5FdbXN78trc0=</latexit><latexit sha1_base64="2lylcLnJDX3HfczhIpERwOqC2AI=">AAACOnicfVHLSgMxFM3UVx1frS7djBZBXJQZEXRZ0IUgYkX7gLaWO+ltG5rJDElGLEPBH3CrP+OPuHUnbv0A08dCW/FCuIdzz03uPfEjzpR23TcrNTe/sLiUXrZXVtfWNzLZzbIKY0mxREMeyqoPCjkTWNJMc6xGEiHwOVb83umwXrlHqVgobnU/wkYAHcHajII21I2885qZnJt3R+HMAm8CcmQSxWbW2qm3QhoHKDTloFTNcyPdSEBqRjkO7HqsMALagw7WDBQQoGoko1kHzp5hWk47lOYI7YzYnx0JBEr1A98oA9BdNV0bkn/VarFunzQSJqJYo6Djh9oxd3ToDBd3Wkwi1bxvAFDJzKwO7YIEqo09tl0/Q7OMxEtz8VWEEnQoD5I6yE4AD4Nkkv+TMTGWmWwbU71pC2dB+TDvuXnv+ihXuHgc25sm22SX7BOPHJMCOSdFUiKUdMgTeSYv1qv1bn1Yn2Npypp8yRb5FdbXN78trc0=</latexit>

Response

Interactive Classification



x
<latexit sha1_base64="WhSG+a54dc4m2zS8HrYdBFMhgIo=">AAACOHicfVFLSwMxEM7WV11frR69rBZBPJRdEfRY0IMgYgv2AW0ps+m0Dc1mlyQrLUvBu1f9M/4Tb97Eq7/A9HHQVhwI8/HNN8nMFz/iTGnXfbNSS8srq2vpdXtjc2t7J5PdragwlhTLNOShrPmgkDOBZc00x1okEQKfY9XvX47r1QeUioXiXg8jbAbQFazDKGhDlQatTM7Nu5NwFoE3Azkyi2Irax002iGNAxSaclCq7rmRbiYgNaMcR3YjVhgB7UMX6wYKCFA1k8mkI+fIMG2nE0pzhHYm7M+OBAKlhoFvlAHonpqvjcm/avVYdy6aCRNRrFHQ6UOdmDs6dMZrO20mkWo+NACoZGZWh/ZAAtXGHNtuXKFZRuKtufguQgk6lCdJA2Q3gMEomeX/ZExMZSbbxlRv3sJFUDnNe27eK53lCjePU3vTZJ8ckmPikXNSINekSMqEEiRP5Jm8WK/Wu/VhfU6lKWv2JXvkV1hf33j+rTA=</latexit><latexit sha1_base64="WhSG+a54dc4m2zS8HrYdBFMhgIo=">AAACOHicfVFLSwMxEM7WV11frR69rBZBPJRdEfRY0IMgYgv2AW0ps+m0Dc1mlyQrLUvBu1f9M/4Tb97Eq7/A9HHQVhwI8/HNN8nMFz/iTGnXfbNSS8srq2vpdXtjc2t7J5PdragwlhTLNOShrPmgkDOBZc00x1okEQKfY9XvX47r1QeUioXiXg8jbAbQFazDKGhDlQatTM7Nu5NwFoE3Azkyi2Irax002iGNAxSaclCq7rmRbiYgNaMcR3YjVhgB7UMX6wYKCFA1k8mkI+fIMG2nE0pzhHYm7M+OBAKlhoFvlAHonpqvjcm/avVYdy6aCRNRrFHQ6UOdmDs6dMZrO20mkWo+NACoZGZWh/ZAAtXGHNtuXKFZRuKtufguQgk6lCdJA2Q3gMEomeX/ZExMZSbbxlRv3sJFUDnNe27eK53lCjePU3vTZJ8ckmPikXNSINekSMqEEiRP5Jm8WK/Wu/VhfU6lKWv2JXvkV1hf33j+rTA=</latexit><latexit sha1_base64="WhSG+a54dc4m2zS8HrYdBFMhgIo=">AAACOHicfVFLSwMxEM7WV11frR69rBZBPJRdEfRY0IMgYgv2AW0ps+m0Dc1mlyQrLUvBu1f9M/4Tb97Eq7/A9HHQVhwI8/HNN8nMFz/iTGnXfbNSS8srq2vpdXtjc2t7J5PdragwlhTLNOShrPmgkDOBZc00x1okEQKfY9XvX47r1QeUioXiXg8jbAbQFazDKGhDlQatTM7Nu5NwFoE3Azkyi2Irax002iGNAxSaclCq7rmRbiYgNaMcR3YjVhgB7UMX6wYKCFA1k8mkI+fIMG2nE0pzhHYm7M+OBAKlhoFvlAHonpqvjcm/avVYdy6aCRNRrFHQ6UOdmDs6dMZrO20mkWo+NACoZGZWh/ZAAtXGHNtuXKFZRuKtufguQgk6lCdJA2Q3gMEomeX/ZExMZSbbxlRv3sJFUDnNe27eK53lCjePU3vTZJ8ckmPikXNSINekSMqEEiRP5Jm8WK/Wu/VhfU6lKWv2JXvkV1hf33j+rTA=</latexit><latexit sha1_base64="WhSG+a54dc4m2zS8HrYdBFMhgIo=">AAACOHicfVFLSwMxEM7WV11frR69rBZBPJRdEfRY0IMgYgv2AW0ps+m0Dc1mlyQrLUvBu1f9M/4Tb97Eq7/A9HHQVhwI8/HNN8nMFz/iTGnXfbNSS8srq2vpdXtjc2t7J5PdragwlhTLNOShrPmgkDOBZc00x1okEQKfY9XvX47r1QeUioXiXg8jbAbQFazDKGhDlQatTM7Nu5NwFoE3Azkyi2Irax002iGNAxSaclCq7rmRbiYgNaMcR3YjVhgB7UMX6wYKCFA1k8mkI+fIMG2nE0pzhHYm7M+OBAKlhoFvlAHonpqvjcm/avVYdy6aCRNRrFHQ6UOdmDs6dMZrO20mkWo+NACoZGZWh/ZAAtXGHNtuXKFZRuKtufguQgk6lCdJA2Q3gMEomeX/ZExMZSbbxlRv3sJFUDnNe27eK53lCjePU3vTZJ8ckmPikXNSINekSMqEEiRP5Jm8WK/Wu/VhfU6lKWv2JXvkV1hf33j+rTA=</latexit>

Initial query

What data limits apply when roaming internationally?

How do I sign up for Sprint Global Roaming?

How do I purchase a High Speed Data Roaming 

. . .

Intent Labels

Troubleshooting issues related to apps on iPhone. 

Delete an individual message on your Samsung.

Travel out of country.

Do you need to activate 
global roaming service?

Yes.

q1
<latexit sha1_base64="Y0FFAxJE+uTpq3QdD5IrgqMH1NU=">AAACOnicfVHLSgMxFM34rOOr1aWb0SKIizIjgi4LuhBErGgf0NZyJ71tQzOZMcmIZSj4A271Z/wRt+7ErR9g+lhoK14I93Duucm9J37EmdKu+2bNzM7NLyymluzlldW19XRmo6TCWFIs0pCHsuKDQs4EFjXTHCuRRAh8jmW/ezKol+9RKhaKG92LsB5AW7AWo6ANdX136zXSWTfnDsOZBt4YZMk4Co2MtV1rhjQOUGjKQamq50a6noDUjHLs27VYYQS0C22sGiggQFVPhrP2nV3DNJ1WKM0R2hmyPzsSCJTqBb5RBqA7arI2IP+qVWPdOq4nTESxRkFHD7Vi7ujQGSzuNJlEqnnPAKCSmVkd2gEJVBt7bLt2imYZiRfm4ssIJehQ7ic1kO0AHvrJOP8nY2IkM9k2pnqTFk6D0kHOc3Pe1WE2f/44sjdFtsgO2SMeOSJ5ckYKpEgoaZMn8kxerFfr3fqwPkfSGWv8JZvkV1hf371Xrcw=</latexit><latexit sha1_base64="Y0FFAxJE+uTpq3QdD5IrgqMH1NU=">AAACOnicfVHLSgMxFM34rOOr1aWb0SKIizIjgi4LuhBErGgf0NZyJ71tQzOZMcmIZSj4A271Z/wRt+7ErR9g+lhoK14I93Duucm9J37EmdKu+2bNzM7NLyymluzlldW19XRmo6TCWFIs0pCHsuKDQs4EFjXTHCuRRAh8jmW/ezKol+9RKhaKG92LsB5AW7AWo6ANdX136zXSWTfnDsOZBt4YZMk4Co2MtV1rhjQOUGjKQamq50a6noDUjHLs27VYYQS0C22sGiggQFVPhrP2nV3DNJ1WKM0R2hmyPzsSCJTqBb5RBqA7arI2IP+qVWPdOq4nTESxRkFHD7Vi7ujQGSzuNJlEqnnPAKCSmVkd2gEJVBt7bLt2imYZiRfm4ssIJehQ7ic1kO0AHvrJOP8nY2IkM9k2pnqTFk6D0kHOc3Pe1WE2f/44sjdFtsgO2SMeOSJ5ckYKpEgoaZMn8kxerFfr3fqwPkfSGWv8JZvkV1hf371Xrcw=</latexit><latexit sha1_base64="Y0FFAxJE+uTpq3QdD5IrgqMH1NU=">AAACOnicfVHLSgMxFM34rOOr1aWb0SKIizIjgi4LuhBErGgf0NZyJ71tQzOZMcmIZSj4A271Z/wRt+7ErR9g+lhoK14I93Duucm9J37EmdKu+2bNzM7NLyymluzlldW19XRmo6TCWFIs0pCHsuKDQs4EFjXTHCuRRAh8jmW/ezKol+9RKhaKG92LsB5AW7AWo6ANdX136zXSWTfnDsOZBt4YZMk4Co2MtV1rhjQOUGjKQamq50a6noDUjHLs27VYYQS0C22sGiggQFVPhrP2nV3DNJ1WKM0R2hmyPzsSCJTqBb5RBqA7arI2IP+qVWPdOq4nTESxRkFHD7Vi7ujQGSzuNJlEqnnPAKCSmVkd2gEJVBt7bLt2imYZiRfm4ssIJehQ7ic1kO0AHvrJOP8nY2IkM9k2pnqTFk6D0kHOc3Pe1WE2f/44sjdFtsgO2SMeOSJ5ckYKpEgoaZMn8kxerFfr3fqwPkfSGWv8JZvkV1hf371Xrcw=</latexit><latexit sha1_base64="Y0FFAxJE+uTpq3QdD5IrgqMH1NU=">AAACOnicfVHLSgMxFM34rOOr1aWb0SKIizIjgi4LuhBErGgf0NZyJ71tQzOZMcmIZSj4A271Z/wRt+7ErR9g+lhoK14I93Duucm9J37EmdKu+2bNzM7NLyymluzlldW19XRmo6TCWFIs0pCHsuKDQs4EFjXTHCuRRAh8jmW/ezKol+9RKhaKG92LsB5AW7AWo6ANdX136zXSWTfnDsOZBt4YZMk4Co2MtV1rhjQOUGjKQamq50a6noDUjHLs27VYYQS0C22sGiggQFVPhrP2nV3DNJ1WKM0R2hmyPzsSCJTqBb5RBqA7arI2IP+qVWPdOq4nTESxRkFHD7Vi7ujQGSzuNJlEqnnPAKCSmVkd2gEJVBt7bLt2imYZiRfm4ssIJehQ7ic1kO0AHvrJOP8nY2IkM9k2pnqTFk6D0kHOc3Pe1WE2f/44sjdFtsgO2SMeOSJ5ckYKpEgoaZMn8kxerFfr3fqwPkfSGWv8JZvkV1hf371Xrcw=</latexit>

Question

r1
<latexit sha1_base64="2lylcLnJDX3HfczhIpERwOqC2AI=">AAACOnicfVHLSgMxFM3UVx1frS7djBZBXJQZEXRZ0IUgYkX7gLaWO+ltG5rJDElGLEPBH3CrP+OPuHUnbv0A08dCW/FCuIdzz03uPfEjzpR23TcrNTe/sLiUXrZXVtfWNzLZzbIKY0mxREMeyqoPCjkTWNJMc6xGEiHwOVb83umwXrlHqVgobnU/wkYAHcHajII21I2885qZnJt3R+HMAm8CcmQSxWbW2qm3QhoHKDTloFTNcyPdSEBqRjkO7HqsMALagw7WDBQQoGoko1kHzp5hWk47lOYI7YzYnx0JBEr1A98oA9BdNV0bkn/VarFunzQSJqJYo6Djh9oxd3ToDBd3Wkwi1bxvAFDJzKwO7YIEqo09tl0/Q7OMxEtz8VWEEnQoD5I6yE4AD4Nkkv+TMTGWmWwbU71pC2dB+TDvuXnv+ihXuHgc25sm22SX7BOPHJMCOSdFUiKUdMgTeSYv1qv1bn1Yn2Npypp8yRb5FdbXN78trc0=</latexit><latexit sha1_base64="2lylcLnJDX3HfczhIpERwOqC2AI=">AAACOnicfVHLSgMxFM3UVx1frS7djBZBXJQZEXRZ0IUgYkX7gLaWO+ltG5rJDElGLEPBH3CrP+OPuHUnbv0A08dCW/FCuIdzz03uPfEjzpR23TcrNTe/sLiUXrZXVtfWNzLZzbIKY0mxREMeyqoPCjkTWNJMc6xGEiHwOVb83umwXrlHqVgobnU/wkYAHcHajII21I2885qZnJt3R+HMAm8CcmQSxWbW2qm3QhoHKDTloFTNcyPdSEBqRjkO7HqsMALagw7WDBQQoGoko1kHzp5hWk47lOYI7YzYnx0JBEr1A98oA9BdNV0bkn/VarFunzQSJqJYo6Djh9oxd3ToDBd3Wkwi1bxvAFDJzKwO7YIEqo09tl0/Q7OMxEtz8VWEEnQoD5I6yE4AD4Nkkv+TMTGWmWwbU71pC2dB+TDvuXnv+ihXuHgc25sm22SX7BOPHJMCOSdFUiKUdMgTeSYv1qv1bn1Yn2Npypp8yRb5FdbXN78trc0=</latexit><latexit sha1_base64="2lylcLnJDX3HfczhIpERwOqC2AI=">AAACOnicfVHLSgMxFM3UVx1frS7djBZBXJQZEXRZ0IUgYkX7gLaWO+ltG5rJDElGLEPBH3CrP+OPuHUnbv0A08dCW/FCuIdzz03uPfEjzpR23TcrNTe/sLiUXrZXVtfWNzLZzbIKY0mxREMeyqoPCjkTWNJMc6xGEiHwOVb83umwXrlHqVgobnU/wkYAHcHajII21I2885qZnJt3R+HMAm8CcmQSxWbW2qm3QhoHKDTloFTNcyPdSEBqRjkO7HqsMALagw7WDBQQoGoko1kHzp5hWk47lOYI7YzYnx0JBEr1A98oA9BdNV0bkn/VarFunzQSJqJYo6Djh9oxd3ToDBd3Wkwi1bxvAFDJzKwO7YIEqo09tl0/Q7OMxEtz8VWEEnQoD5I6yE4AD4Nkkv+TMTGWmWwbU71pC2dB+TDvuXnv+ihXuHgc25sm22SX7BOPHJMCOSdFUiKUdMgTeSYv1qv1bn1Yn2Npypp8yRb5FdbXN78trc0=</latexit><latexit sha1_base64="2lylcLnJDX3HfczhIpERwOqC2AI=">AAACOnicfVHLSgMxFM3UVx1frS7djBZBXJQZEXRZ0IUgYkX7gLaWO+ltG5rJDElGLEPBH3CrP+OPuHUnbv0A08dCW/FCuIdzz03uPfEjzpR23TcrNTe/sLiUXrZXVtfWNzLZzbIKY0mxREMeyqoPCjkTWNJMc6xGEiHwOVb83umwXrlHqVgobnU/wkYAHcHajII21I2885qZnJt3R+HMAm8CcmQSxWbW2qm3QhoHKDTloFTNcyPdSEBqRjkO7HqsMALagw7WDBQQoGoko1kHzp5hWk47lOYI7YzYnx0JBEr1A98oA9BdNV0bkn/VarFunzQSJqJYo6Djh9oxd3ToDBd3Wkwi1bxvAFDJzKwO7YIEqo09tl0/Q7OMxEtz8VWEEnQoD5I6yE4AD4Nkkv+TMTGWmWwbU71pC2dB+TDvuXnv+ihXuHgc25sm22SX7BOPHJMCOSdFUiKUdMgTeSYv1qv1bn1Yn2Npypp8yRb5FdbXN78trc0=</latexit>

Response

Do you want high 
speed data roaming?

No.

q2
<latexit sha1_base64="KGnO2jswtU64tP4AMHMPXKZQeaE=">AAACOnicfVFNS8NAEN34bfyqevQSLYJ4KEkR9CjoQRBR0WqhiWWyndalm03c3YglFPwDXvXP+Ee8ehOv/gC3TQ/aigPLPN682Z15GyacKe26b9bY+MTk1PTMrD03v7C4VFheuVJxKilWaMxjWQ1BIWcCK5ppjtVEIkQhx+uwfdCrX9+jVCwWl7qTYBBBS7Amo6ANdXF3U64Xim7J7YczCrwBKJJBnNWXrXW/EdM0QqEpB6VqnpvoIAOpGeXYtf1UYQK0DS2sGSggQhVk/Vm7zqZhGk4zluYI7fTZnx0ZREp1otAoI9C3arjWI/+q1VLd3AsyJpJUo6D5Q82UOzp2eos7DSaRat4xAKhkZlaH3oIEqo09tu0follG4om5+DRBCTqW25kPshXBQzcb5P9kTOQyk21jqjds4Si4Kpc8t+Sd7xT3jx9ze2fIGtkgW8Qju2SfHJEzUiGUtMgTeSYv1qv1bn1Yn7l0zBp8ySr5FdbXN78rrc0=</latexit><latexit sha1_base64="KGnO2jswtU64tP4AMHMPXKZQeaE=">AAACOnicfVFNS8NAEN34bfyqevQSLYJ4KEkR9CjoQRBR0WqhiWWyndalm03c3YglFPwDXvXP+Ee8ehOv/gC3TQ/aigPLPN682Z15GyacKe26b9bY+MTk1PTMrD03v7C4VFheuVJxKilWaMxjWQ1BIWcCK5ppjtVEIkQhx+uwfdCrX9+jVCwWl7qTYBBBS7Amo6ANdXF3U64Xim7J7YczCrwBKJJBnNWXrXW/EdM0QqEpB6VqnpvoIAOpGeXYtf1UYQK0DS2sGSggQhVk/Vm7zqZhGk4zluYI7fTZnx0ZREp1otAoI9C3arjWI/+q1VLd3AsyJpJUo6D5Q82UOzp2eos7DSaRat4xAKhkZlaH3oIEqo09tu0follG4om5+DRBCTqW25kPshXBQzcb5P9kTOQyk21jqjds4Si4Kpc8t+Sd7xT3jx9ze2fIGtkgW8Qju2SfHJEzUiGUtMgTeSYv1qv1bn1Yn7l0zBp8ySr5FdbXN78rrc0=</latexit><latexit sha1_base64="KGnO2jswtU64tP4AMHMPXKZQeaE=">AAACOnicfVFNS8NAEN34bfyqevQSLYJ4KEkR9CjoQRBR0WqhiWWyndalm03c3YglFPwDXvXP+Ee8ehOv/gC3TQ/aigPLPN682Z15GyacKe26b9bY+MTk1PTMrD03v7C4VFheuVJxKilWaMxjWQ1BIWcCK5ppjtVEIkQhx+uwfdCrX9+jVCwWl7qTYBBBS7Amo6ANdXF3U64Xim7J7YczCrwBKJJBnNWXrXW/EdM0QqEpB6VqnpvoIAOpGeXYtf1UYQK0DS2sGSggQhVk/Vm7zqZhGk4zluYI7fTZnx0ZREp1otAoI9C3arjWI/+q1VLd3AsyJpJUo6D5Q82UOzp2eos7DSaRat4xAKhkZlaH3oIEqo09tu0follG4om5+DRBCTqW25kPshXBQzcb5P9kTOQyk21jqjds4Si4Kpc8t+Sd7xT3jx9ze2fIGtkgW8Qju2SfHJEzUiGUtMgTeSYv1qv1bn1Yn7l0zBp8ySr5FdbXN78rrc0=</latexit><latexit sha1_base64="KGnO2jswtU64tP4AMHMPXKZQeaE=">AAACOnicfVFNS8NAEN34bfyqevQSLYJ4KEkR9CjoQRBR0WqhiWWyndalm03c3YglFPwDXvXP+Ee8ehOv/gC3TQ/aigPLPN682Z15GyacKe26b9bY+MTk1PTMrD03v7C4VFheuVJxKilWaMxjWQ1BIWcCK5ppjtVEIkQhx+uwfdCrX9+jVCwWl7qTYBBBS7Amo6ANdXF3U64Xim7J7YczCrwBKJJBnNWXrXW/EdM0QqEpB6VqnpvoIAOpGeXYtf1UYQK0DS2sGSggQhVk/Vm7zqZhGk4zluYI7fTZnx0ZREp1otAoI9C3arjWI/+q1VLd3AsyJpJUo6D5Q82UOzp2eos7DSaRat4xAKhkZlaH3oIEqo09tu0follG4om5+DRBCTqW25kPshXBQzcb5P9kTOQyk21jqjds4Si4Kpc8t+Sd7xT3jx9ze2fIGtkgW8Qju2SfHJEzUiGUtMgTeSYv1qv1bn1Yn7l0zBp8ySr5FdbXN78rrc0=</latexit>

Question

r2
<latexit sha1_base64="nkijqmSJvCSw80QnbuYylkCUaS4=">AAACOnicfVHLSgMxFM34rOOr1aWb0SKIizJTBF0WdCGIWNE+oK3lTnrbhmYyQ5IRy1DwB9zqz/gjbt2JWz/A9LHQVrwQ7uHcc5N7T/yIM6Vd982am19YXFpOrdira+sbm+nMVlmFsaRYoiEPZdUHhZwJLGmmOVYjiRD4HCt+73RYr9yjVCwUt7ofYSOAjmBtRkEb6kbe5ZvprJtzR+HMAm8CsmQSxWbG2q23QhoHKDTloFTNcyPdSEBqRjkO7HqsMALagw7WDBQQoGoko1kHzr5hWk47lOYI7YzYnx0JBEr1A98oA9BdNV0bkn/VarFunzQSJqJYo6Djh9oxd3ToDBd3Wkwi1bxvAFDJzKwO7YIEqo09tl0/Q7OMxEtz8VWEEnQoD5M6yE4AD4Nkkv+TMTGWmWwbU71pC2dBOZ/z3Jx3fZQtXDyO7U2RHbJHDohHjkmBnJMiKRFKOuSJPJMX69V6tz6sz7F0zpp8yTb5FdbXN8EBrc4=</latexit><latexit sha1_base64="nkijqmSJvCSw80QnbuYylkCUaS4=">AAACOnicfVHLSgMxFM34rOOr1aWb0SKIizJTBF0WdCGIWNE+oK3lTnrbhmYyQ5IRy1DwB9zqz/gjbt2JWz/A9LHQVrwQ7uHcc5N7T/yIM6Vd982am19YXFpOrdira+sbm+nMVlmFsaRYoiEPZdUHhZwJLGmmOVYjiRD4HCt+73RYr9yjVCwUt7ofYSOAjmBtRkEb6kbe5ZvprJtzR+HMAm8CsmQSxWbG2q23QhoHKDTloFTNcyPdSEBqRjkO7HqsMALagw7WDBQQoGoko1kHzr5hWk47lOYI7YzYnx0JBEr1A98oA9BdNV0bkn/VarFunzQSJqJYo6Djh9oxd3ToDBd3Wkwi1bxvAFDJzKwO7YIEqo09tl0/Q7OMxEtz8VWEEnQoD5M6yE4AD4Nkkv+TMTGWmWwbU71pC2dBOZ/z3Jx3fZQtXDyO7U2RHbJHDohHjkmBnJMiKRFKOuSJPJMX69V6tz6sz7F0zpp8yTb5FdbXN8EBrc4=</latexit><latexit sha1_base64="nkijqmSJvCSw80QnbuYylkCUaS4=">AAACOnicfVHLSgMxFM34rOOr1aWb0SKIizJTBF0WdCGIWNE+oK3lTnrbhmYyQ5IRy1DwB9zqz/gjbt2JWz/A9LHQVrwQ7uHcc5N7T/yIM6Vd982am19YXFpOrdira+sbm+nMVlmFsaRYoiEPZdUHhZwJLGmmOVYjiRD4HCt+73RYr9yjVCwUt7ofYSOAjmBtRkEb6kbe5ZvprJtzR+HMAm8CsmQSxWbG2q23QhoHKDTloFTNcyPdSEBqRjkO7HqsMALagw7WDBQQoGoko1kHzr5hWk47lOYI7YzYnx0JBEr1A98oA9BdNV0bkn/VarFunzQSJqJYo6Djh9oxd3ToDBd3Wkwi1bxvAFDJzKwO7YIEqo09tl0/Q7OMxEtz8VWEEnQoD5M6yE4AD4Nkkv+TMTGWmWwbU71pC2dBOZ/z3Jx3fZQtXDyO7U2RHbJHDohHjkmBnJMiKRFKOuSJPJMX69V6tz6sz7F0zpp8yTb5FdbXN8EBrc4=</latexit><latexit sha1_base64="nkijqmSJvCSw80QnbuYylkCUaS4=">AAACOnicfVHLSgMxFM34rOOr1aWb0SKIizJTBF0WdCGIWNE+oK3lTnrbhmYyQ5IRy1DwB9zqz/gjbt2JWz/A9LHQVrwQ7uHcc5N7T/yIM6Vd982am19YXFpOrdira+sbm+nMVlmFsaRYoiEPZdUHhZwJLGmmOVYjiRD4HCt+73RYr9yjVCwUt7ofYSOAjmBtRkEb6kbe5ZvprJtzR+HMAm8CsmQSxWbG2q23QhoHKDTloFTNcyPdSEBqRjkO7HqsMALagw7WDBQQoGoko1kHzr5hWk47lOYI7YzYnx0JBEr1A98oA9BdNV0bkn/VarFunzQSJqJYo6Djh9oxd3ToDBd3Wkwi1bxvAFDJzKwO7YIEqo09tl0/Q7OMxEtz8VWEEnQoD5M6yE4AD4Nkkv+TMTGWmWwbU71pC2dBOZ/z3Jx3fZQtXDyO7U2RHbJHDohHjkmBnJMiKRFKOuSJPJMX69V6tz6sz7F0zpp8yTb5FdbXN8EBrc4=</latexit>

Response

Interactive Classification



x
<latexit sha1_base64="WhSG+a54dc4m2zS8HrYdBFMhgIo=">AAACOHicfVFLSwMxEM7WV11frR69rBZBPJRdEfRY0IMgYgv2AW0ps+m0Dc1mlyQrLUvBu1f9M/4Tb97Eq7/A9HHQVhwI8/HNN8nMFz/iTGnXfbNSS8srq2vpdXtjc2t7J5PdragwlhTLNOShrPmgkDOBZc00x1okEQKfY9XvX47r1QeUioXiXg8jbAbQFazDKGhDlQatTM7Nu5NwFoE3Azkyi2Irax002iGNAxSaclCq7rmRbiYgNaMcR3YjVhgB7UMX6wYKCFA1k8mkI+fIMG2nE0pzhHYm7M+OBAKlhoFvlAHonpqvjcm/avVYdy6aCRNRrFHQ6UOdmDs6dMZrO20mkWo+NACoZGZWh/ZAAtXGHNtuXKFZRuKtufguQgk6lCdJA2Q3gMEomeX/ZExMZSbbxlRv3sJFUDnNe27eK53lCjePU3vTZJ8ckmPikXNSINekSMqEEiRP5Jm8WK/Wu/VhfU6lKWv2JXvkV1hf33j+rTA=</latexit><latexit sha1_base64="WhSG+a54dc4m2zS8HrYdBFMhgIo=">AAACOHicfVFLSwMxEM7WV11frR69rBZBPJRdEfRY0IMgYgv2AW0ps+m0Dc1mlyQrLUvBu1f9M/4Tb97Eq7/A9HHQVhwI8/HNN8nMFz/iTGnXfbNSS8srq2vpdXtjc2t7J5PdragwlhTLNOShrPmgkDOBZc00x1okEQKfY9XvX47r1QeUioXiXg8jbAbQFazDKGhDlQatTM7Nu5NwFoE3Azkyi2Irax002iGNAxSaclCq7rmRbiYgNaMcR3YjVhgB7UMX6wYKCFA1k8mkI+fIMG2nE0pzhHYm7M+OBAKlhoFvlAHonpqvjcm/avVYdy6aCRNRrFHQ6UOdmDs6dMZrO20mkWo+NACoZGZWh/ZAAtXGHNtuXKFZRuKtufguQgk6lCdJA2Q3gMEomeX/ZExMZSbbxlRv3sJFUDnNe27eK53lCjePU3vTZJ8ckmPikXNSINekSMqEEiRP5Jm8WK/Wu/VhfU6lKWv2JXvkV1hf33j+rTA=</latexit><latexit sha1_base64="WhSG+a54dc4m2zS8HrYdBFMhgIo=">AAACOHicfVFLSwMxEM7WV11frR69rBZBPJRdEfRY0IMgYgv2AW0ps+m0Dc1mlyQrLUvBu1f9M/4Tb97Eq7/A9HHQVhwI8/HNN8nMFz/iTGnXfbNSS8srq2vpdXtjc2t7J5PdragwlhTLNOShrPmgkDOBZc00x1okEQKfY9XvX47r1QeUioXiXg8jbAbQFazDKGhDlQatTM7Nu5NwFoE3Azkyi2Irax002iGNAxSaclCq7rmRbiYgNaMcR3YjVhgB7UMX6wYKCFA1k8mkI+fIMG2nE0pzhHYm7M+OBAKlhoFvlAHonpqvjcm/avVYdy6aCRNRrFHQ6UOdmDs6dMZrO20mkWo+NACoZGZWh/ZAAtXGHNtuXKFZRuKtufguQgk6lCdJA2Q3gMEomeX/ZExMZSbbxlRv3sJFUDnNe27eK53lCjePU3vTZJ8ckmPikXNSINekSMqEEiRP5Jm8WK/Wu/VhfU6lKWv2JXvkV1hf33j+rTA=</latexit><latexit sha1_base64="WhSG+a54dc4m2zS8HrYdBFMhgIo=">AAACOHicfVFLSwMxEM7WV11frR69rBZBPJRdEfRY0IMgYgv2AW0ps+m0Dc1mlyQrLUvBu1f9M/4Tb97Eq7/A9HHQVhwI8/HNN8nMFz/iTGnXfbNSS8srq2vpdXtjc2t7J5PdragwlhTLNOShrPmgkDOBZc00x1okEQKfY9XvX47r1QeUioXiXg8jbAbQFazDKGhDlQatTM7Nu5NwFoE3Azkyi2Irax002iGNAxSaclCq7rmRbiYgNaMcR3YjVhgB7UMX6wYKCFA1k8mkI+fIMG2nE0pzhHYm7M+OBAKlhoFvlAHonpqvjcm/avVYdy6aCRNRrFHQ6UOdmDs6dMZrO20mkWo+NACoZGZWh/ZAAtXGHNtuXKFZRuKtufguQgk6lCdJA2Q3gMEomeX/ZExMZSbbxlRv3sJFUDnNe27eK53lCjePU3vTZJ8ckmPikXNSINekSMqEEiRP5Jm8WK/Wu/VhfU6lKWv2JXvkV1hf33j+rTA=</latexit>

Initial query

Do you need to activate 
global roaming service?

Yes.

Do you want high 
speed data roaming?

No.

Got it! The article below 
might be helpful: 

         How do I sign up for 
Sprint Global Roaming?

Travel out of country.

q1
<latexit sha1_base64="Y0FFAxJE+uTpq3QdD5IrgqMH1NU=">AAACOnicfVHLSgMxFM34rOOr1aWb0SKIizIjgi4LuhBErGgf0NZyJ71tQzOZMcmIZSj4A271Z/wRt+7ErR9g+lhoK14I93Duucm9J37EmdKu+2bNzM7NLyymluzlldW19XRmo6TCWFIs0pCHsuKDQs4EFjXTHCuRRAh8jmW/ezKol+9RKhaKG92LsB5AW7AWo6ANdX136zXSWTfnDsOZBt4YZMk4Co2MtV1rhjQOUGjKQamq50a6noDUjHLs27VYYQS0C22sGiggQFVPhrP2nV3DNJ1WKM0R2hmyPzsSCJTqBb5RBqA7arI2IP+qVWPdOq4nTESxRkFHD7Vi7ujQGSzuNJlEqnnPAKCSmVkd2gEJVBt7bLt2imYZiRfm4ssIJehQ7ic1kO0AHvrJOP8nY2IkM9k2pnqTFk6D0kHOc3Pe1WE2f/44sjdFtsgO2SMeOSJ5ckYKpEgoaZMn8kxerFfr3fqwPkfSGWv8JZvkV1hf371Xrcw=</latexit><latexit sha1_base64="Y0FFAxJE+uTpq3QdD5IrgqMH1NU=">AAACOnicfVHLSgMxFM34rOOr1aWb0SKIizIjgi4LuhBErGgf0NZyJ71tQzOZMcmIZSj4A271Z/wRt+7ErR9g+lhoK14I93Duucm9J37EmdKu+2bNzM7NLyymluzlldW19XRmo6TCWFIs0pCHsuKDQs4EFjXTHCuRRAh8jmW/ezKol+9RKhaKG92LsB5AW7AWo6ANdX136zXSWTfnDsOZBt4YZMk4Co2MtV1rhjQOUGjKQamq50a6noDUjHLs27VYYQS0C22sGiggQFVPhrP2nV3DNJ1WKM0R2hmyPzsSCJTqBb5RBqA7arI2IP+qVWPdOq4nTESxRkFHD7Vi7ujQGSzuNJlEqnnPAKCSmVkd2gEJVBt7bLt2imYZiRfm4ssIJehQ7ic1kO0AHvrJOP8nY2IkM9k2pnqTFk6D0kHOc3Pe1WE2f/44sjdFtsgO2SMeOSJ5ckYKpEgoaZMn8kxerFfr3fqwPkfSGWv8JZvkV1hf371Xrcw=</latexit><latexit sha1_base64="Y0FFAxJE+uTpq3QdD5IrgqMH1NU=">AAACOnicfVHLSgMxFM34rOOr1aWb0SKIizIjgi4LuhBErGgf0NZyJ71tQzOZMcmIZSj4A271Z/wRt+7ErR9g+lhoK14I93Duucm9J37EmdKu+2bNzM7NLyymluzlldW19XRmo6TCWFIs0pCHsuKDQs4EFjXTHCuRRAh8jmW/ezKol+9RKhaKG92LsB5AW7AWo6ANdX136zXSWTfnDsOZBt4YZMk4Co2MtV1rhjQOUGjKQamq50a6noDUjHLs27VYYQS0C22sGiggQFVPhrP2nV3DNJ1WKM0R2hmyPzsSCJTqBb5RBqA7arI2IP+qVWPdOq4nTESxRkFHD7Vi7ujQGSzuNJlEqnnPAKCSmVkd2gEJVBt7bLt2imYZiRfm4ssIJehQ7ic1kO0AHvrJOP8nY2IkM9k2pnqTFk6D0kHOc3Pe1WE2f/44sjdFtsgO2SMeOSJ5ckYKpEgoaZMn8kxerFfr3fqwPkfSGWv8JZvkV1hf371Xrcw=</latexit><latexit sha1_base64="Y0FFAxJE+uTpq3QdD5IrgqMH1NU=">AAACOnicfVHLSgMxFM34rOOr1aWb0SKIizIjgi4LuhBErGgf0NZyJ71tQzOZMcmIZSj4A271Z/wRt+7ErR9g+lhoK14I93Duucm9J37EmdKu+2bNzM7NLyymluzlldW19XRmo6TCWFIs0pCHsuKDQs4EFjXTHCuRRAh8jmW/ezKol+9RKhaKG92LsB5AW7AWo6ANdX136zXSWTfnDsOZBt4YZMk4Co2MtV1rhjQOUGjKQamq50a6noDUjHLs27VYYQS0C22sGiggQFVPhrP2nV3DNJ1WKM0R2hmyPzsSCJTqBb5RBqA7arI2IP+qVWPdOq4nTESxRkFHD7Vi7ujQGSzuNJlEqnnPAKCSmVkd2gEJVBt7bLt2imYZiRfm4ssIJehQ7ic1kO0AHvrJOP8nY2IkM9k2pnqTFk6D0kHOc3Pe1WE2f/44sjdFtsgO2SMeOSJ5ckYKpEgoaZMn8kxerFfr3fqwPkfSGWv8JZvkV1hf371Xrcw=</latexit>

q2
<latexit sha1_base64="KGnO2jswtU64tP4AMHMPXKZQeaE=">AAACOnicfVFNS8NAEN34bfyqevQSLYJ4KEkR9CjoQRBR0WqhiWWyndalm03c3YglFPwDXvXP+Ee8ehOv/gC3TQ/aigPLPN682Z15GyacKe26b9bY+MTk1PTMrD03v7C4VFheuVJxKilWaMxjWQ1BIWcCK5ppjtVEIkQhx+uwfdCrX9+jVCwWl7qTYBBBS7Amo6ANdXF3U64Xim7J7YczCrwBKJJBnNWXrXW/EdM0QqEpB6VqnpvoIAOpGeXYtf1UYQK0DS2sGSggQhVk/Vm7zqZhGk4zluYI7fTZnx0ZREp1otAoI9C3arjWI/+q1VLd3AsyJpJUo6D5Q82UOzp2eos7DSaRat4xAKhkZlaH3oIEqo09tu0follG4om5+DRBCTqW25kPshXBQzcb5P9kTOQyk21jqjds4Si4Kpc8t+Sd7xT3jx9ze2fIGtkgW8Qju2SfHJEzUiGUtMgTeSYv1qv1bn1Yn7l0zBp8ySr5FdbXN78rrc0=</latexit><latexit sha1_base64="KGnO2jswtU64tP4AMHMPXKZQeaE=">AAACOnicfVFNS8NAEN34bfyqevQSLYJ4KEkR9CjoQRBR0WqhiWWyndalm03c3YglFPwDXvXP+Ee8ehOv/gC3TQ/aigPLPN682Z15GyacKe26b9bY+MTk1PTMrD03v7C4VFheuVJxKilWaMxjWQ1BIWcCK5ppjtVEIkQhx+uwfdCrX9+jVCwWl7qTYBBBS7Amo6ANdXF3U64Xim7J7YczCrwBKJJBnNWXrXW/EdM0QqEpB6VqnpvoIAOpGeXYtf1UYQK0DS2sGSggQhVk/Vm7zqZhGk4zluYI7fTZnx0ZREp1otAoI9C3arjWI/+q1VLd3AsyJpJUo6D5Q82UOzp2eos7DSaRat4xAKhkZlaH3oIEqo09tu0follG4om5+DRBCTqW25kPshXBQzcb5P9kTOQyk21jqjds4Si4Kpc8t+Sd7xT3jx9ze2fIGtkgW8Qju2SfHJEzUiGUtMgTeSYv1qv1bn1Yn7l0zBp8ySr5FdbXN78rrc0=</latexit><latexit sha1_base64="KGnO2jswtU64tP4AMHMPXKZQeaE=">AAACOnicfVFNS8NAEN34bfyqevQSLYJ4KEkR9CjoQRBR0WqhiWWyndalm03c3YglFPwDXvXP+Ee8ehOv/gC3TQ/aigPLPN682Z15GyacKe26b9bY+MTk1PTMrD03v7C4VFheuVJxKilWaMxjWQ1BIWcCK5ppjtVEIkQhx+uwfdCrX9+jVCwWl7qTYBBBS7Amo6ANdXF3U64Xim7J7YczCrwBKJJBnNWXrXW/EdM0QqEpB6VqnpvoIAOpGeXYtf1UYQK0DS2sGSggQhVk/Vm7zqZhGk4zluYI7fTZnx0ZREp1otAoI9C3arjWI/+q1VLd3AsyJpJUo6D5Q82UOzp2eos7DSaRat4xAKhkZlaH3oIEqo09tu0follG4om5+DRBCTqW25kPshXBQzcb5P9kTOQyk21jqjds4Si4Kpc8t+Sd7xT3jx9ze2fIGtkgW8Qju2SfHJEzUiGUtMgTeSYv1qv1bn1Yn7l0zBp8ySr5FdbXN78rrc0=</latexit><latexit sha1_base64="KGnO2jswtU64tP4AMHMPXKZQeaE=">AAACOnicfVFNS8NAEN34bfyqevQSLYJ4KEkR9CjoQRBR0WqhiWWyndalm03c3YglFPwDXvXP+Ee8ehOv/gC3TQ/aigPLPN682Z15GyacKe26b9bY+MTk1PTMrD03v7C4VFheuVJxKilWaMxjWQ1BIWcCK5ppjtVEIkQhx+uwfdCrX9+jVCwWl7qTYBBBS7Amo6ANdXF3U64Xim7J7YczCrwBKJJBnNWXrXW/EdM0QqEpB6VqnpvoIAOpGeXYtf1UYQK0DS2sGSggQhVk/Vm7zqZhGk4zluYI7fTZnx0ZREp1otAoI9C3arjWI/+q1VLd3AsyJpJUo6D5Q82UOzp2eos7DSaRat4xAKhkZlaH3oIEqo09tu0follG4om5+DRBCTqW25kPshXBQzcb5P9kTOQyk21jqjds4Si4Kpc8t+Sd7xT3jx9ze2fIGtkgW8Qju2SfHJEzUiGUtMgTeSYv1qv1bn1Yn7l0zBp8ySr5FdbXN78rrc0=</latexit>

y
<latexit sha1_base64="cSR3Il+uM2mjYWFEE9clKcjnKjU=">AAACOHicfVFLSwMxEM76rOur1aOX1SKIh7Irgh4LehBEbME+oC1lNp1tQ7PZJcmKZSl496p/xn/izZt49ReYPg7aigNhPr75Jpn54secKe26b9bC4tLyympmzV7f2NzazuZ2qipKJMUKjXgk6z4o5ExgRTPNsR5LhNDnWPP7F6N67R6lYpG404MYWyF0BQsYBW2o8qCdzbsFdxzOPPCmIE+mUWrnrP1mJ6JJiEJTDko1PDfWrRSkZpTj0G4mCmOgfehiw0ABIapWOp506BwapuMEkTRHaGfM/uxIIVRqEPpGGYLuqdnaiPyr1kh0cN5KmYgTjYJOHgoS7ujIGa3tdJhEqvnAAKCSmVkd2gMJVBtzbLt5iWYZiTfm4tsYJehIHqdNkN0QHobpNP8nY2IiM9k2pnqzFs6D6knBcwte+TRfvH6c2Jshe+SAHBGPnJEiuSIlUiGUIHkiz+TFerXerQ/rcyJdsKZfskt+hfX1DXrSrTE=</latexit><latexit sha1_base64="cSR3Il+uM2mjYWFEE9clKcjnKjU=">AAACOHicfVFLSwMxEM76rOur1aOX1SKIh7Irgh4LehBEbME+oC1lNp1tQ7PZJcmKZSl496p/xn/izZt49ReYPg7aigNhPr75Jpn54secKe26b9bC4tLyympmzV7f2NzazuZ2qipKJMUKjXgk6z4o5ExgRTPNsR5LhNDnWPP7F6N67R6lYpG404MYWyF0BQsYBW2o8qCdzbsFdxzOPPCmIE+mUWrnrP1mJ6JJiEJTDko1PDfWrRSkZpTj0G4mCmOgfehiw0ABIapWOp506BwapuMEkTRHaGfM/uxIIVRqEPpGGYLuqdnaiPyr1kh0cN5KmYgTjYJOHgoS7ujIGa3tdJhEqvnAAKCSmVkd2gMJVBtzbLt5iWYZiTfm4tsYJehIHqdNkN0QHobpNP8nY2IiM9k2pnqzFs6D6knBcwte+TRfvH6c2Jshe+SAHBGPnJEiuSIlUiGUIHkiz+TFerXerQ/rcyJdsKZfskt+hfX1DXrSrTE=</latexit><latexit sha1_base64="cSR3Il+uM2mjYWFEE9clKcjnKjU=">AAACOHicfVFLSwMxEM76rOur1aOX1SKIh7Irgh4LehBEbME+oC1lNp1tQ7PZJcmKZSl496p/xn/izZt49ReYPg7aigNhPr75Jpn54secKe26b9bC4tLyympmzV7f2NzazuZ2qipKJMUKjXgk6z4o5ExgRTPNsR5LhNDnWPP7F6N67R6lYpG404MYWyF0BQsYBW2o8qCdzbsFdxzOPPCmIE+mUWrnrP1mJ6JJiEJTDko1PDfWrRSkZpTj0G4mCmOgfehiw0ABIapWOp506BwapuMEkTRHaGfM/uxIIVRqEPpGGYLuqdnaiPyr1kh0cN5KmYgTjYJOHgoS7ujIGa3tdJhEqvnAAKCSmVkd2gMJVBtzbLt5iWYZiTfm4tsYJehIHqdNkN0QHobpNP8nY2IiM9k2pnqzFs6D6knBcwte+TRfvH6c2Jshe+SAHBGPnJEiuSIlUiGUIHkiz+TFerXerQ/rcyJdsKZfskt+hfX1DXrSrTE=</latexit><latexit sha1_base64="cSR3Il+uM2mjYWFEE9clKcjnKjU=">AAACOHicfVFLSwMxEM76rOur1aOX1SKIh7Irgh4LehBEbME+oC1lNp1tQ7PZJcmKZSl496p/xn/izZt49ReYPg7aigNhPr75Jpn54secKe26b9bC4tLyympmzV7f2NzazuZ2qipKJMUKjXgk6z4o5ExgRTPNsR5LhNDnWPP7F6N67R6lYpG404MYWyF0BQsYBW2o8qCdzbsFdxzOPPCmIE+mUWrnrP1mJ6JJiEJTDko1PDfWrRSkZpTj0G4mCmOgfehiw0ABIapWOp506BwapuMEkTRHaGfM/uxIIVRqEPpGGYLuqdnaiPyr1kh0cN5KmYgTjYJOHgoS7ujIGa3tdJhEqvnAAKCSmVkd2gMJVBtzbLt5iWYZiTfm4tsYJehIHqdNkN0QHobpNP8nY2IiM9k2pnqzFs6D6knBcwte+TRfvH6c2Jshe+SAHBGPnJEiuSIlUiGUIHkiz+TFerXerQ/rcyJdsKZfskt+hfX1DXrSrTE=</latexit>

Question

Question

Predicted Label

r1
<latexit sha1_base64="2lylcLnJDX3HfczhIpERwOqC2AI=">AAACOnicfVHLSgMxFM3UVx1frS7djBZBXJQZEXRZ0IUgYkX7gLaWO+ltG5rJDElGLEPBH3CrP+OPuHUnbv0A08dCW/FCuIdzz03uPfEjzpR23TcrNTe/sLiUXrZXVtfWNzLZzbIKY0mxREMeyqoPCjkTWNJMc6xGEiHwOVb83umwXrlHqVgobnU/wkYAHcHajII21I2885qZnJt3R+HMAm8CcmQSxWbW2qm3QhoHKDTloFTNcyPdSEBqRjkO7HqsMALagw7WDBQQoGoko1kHzp5hWk47lOYI7YzYnx0JBEr1A98oA9BdNV0bkn/VarFunzQSJqJYo6Djh9oxd3ToDBd3Wkwi1bxvAFDJzKwO7YIEqo09tl0/Q7OMxEtz8VWEEnQoD5I6yE4AD4Nkkv+TMTGWmWwbU71pC2dB+TDvuXnv+ihXuHgc25sm22SX7BOPHJMCOSdFUiKUdMgTeSYv1qv1bn1Yn2Npypp8yRb5FdbXN78trc0=</latexit><latexit sha1_base64="2lylcLnJDX3HfczhIpERwOqC2AI=">AAACOnicfVHLSgMxFM3UVx1frS7djBZBXJQZEXRZ0IUgYkX7gLaWO+ltG5rJDElGLEPBH3CrP+OPuHUnbv0A08dCW/FCuIdzz03uPfEjzpR23TcrNTe/sLiUXrZXVtfWNzLZzbIKY0mxREMeyqoPCjkTWNJMc6xGEiHwOVb83umwXrlHqVgobnU/wkYAHcHajII21I2885qZnJt3R+HMAm8CcmQSxWbW2qm3QhoHKDTloFTNcyPdSEBqRjkO7HqsMALagw7WDBQQoGoko1kHzp5hWk47lOYI7YzYnx0JBEr1A98oA9BdNV0bkn/VarFunzQSJqJYo6Djh9oxd3ToDBd3Wkwi1bxvAFDJzKwO7YIEqo09tl0/Q7OMxEtz8VWEEnQoD5I6yE4AD4Nkkv+TMTGWmWwbU71pC2dB+TDvuXnv+ihXuHgc25sm22SX7BOPHJMCOSdFUiKUdMgTeSYv1qv1bn1Yn2Npypp8yRb5FdbXN78trc0=</latexit><latexit sha1_base64="2lylcLnJDX3HfczhIpERwOqC2AI=">AAACOnicfVHLSgMxFM3UVx1frS7djBZBXJQZEXRZ0IUgYkX7gLaWO+ltG5rJDElGLEPBH3CrP+OPuHUnbv0A08dCW/FCuIdzz03uPfEjzpR23TcrNTe/sLiUXrZXVtfWNzLZzbIKY0mxREMeyqoPCjkTWNJMc6xGEiHwOVb83umwXrlHqVgobnU/wkYAHcHajII21I2885qZnJt3R+HMAm8CcmQSxWbW2qm3QhoHKDTloFTNcyPdSEBqRjkO7HqsMALagw7WDBQQoGoko1kHzp5hWk47lOYI7YzYnx0JBEr1A98oA9BdNV0bkn/VarFunzQSJqJYo6Djh9oxd3ToDBd3Wkwi1bxvAFDJzKwO7YIEqo09tl0/Q7OMxEtz8VWEEnQoD5I6yE4AD4Nkkv+TMTGWmWwbU71pC2dB+TDvuXnv+ihXuHgc25sm22SX7BOPHJMCOSdFUiKUdMgTeSYv1qv1bn1Yn2Npypp8yRb5FdbXN78trc0=</latexit><latexit sha1_base64="2lylcLnJDX3HfczhIpERwOqC2AI=">AAACOnicfVHLSgMxFM3UVx1frS7djBZBXJQZEXRZ0IUgYkX7gLaWO+ltG5rJDElGLEPBH3CrP+OPuHUnbv0A08dCW/FCuIdzz03uPfEjzpR23TcrNTe/sLiUXrZXVtfWNzLZzbIKY0mxREMeyqoPCjkTWNJMc6xGEiHwOVb83umwXrlHqVgobnU/wkYAHcHajII21I2885qZnJt3R+HMAm8CcmQSxWbW2qm3QhoHKDTloFTNcyPdSEBqRjkO7HqsMALagw7WDBQQoGoko1kHzp5hWk47lOYI7YzYnx0JBEr1A98oA9BdNV0bkn/VarFunzQSJqJYo6Djh9oxd3ToDBd3Wkwi1bxvAFDJzKwO7YIEqo09tl0/Q7OMxEtz8VWEEnQoD5I6yE4AD4Nkkv+TMTGWmWwbU71pC2dB+TDvuXnv+ihXuHgc25sm22SX7BOPHJMCOSdFUiKUdMgTeSYv1qv1bn1Yn2Npypp8yRb5FdbXN78trc0=</latexit>

r2
<latexit sha1_base64="nkijqmSJvCSw80QnbuYylkCUaS4=">AAACOnicfVHLSgMxFM34rOOr1aWb0SKIizJTBF0WdCGIWNE+oK3lTnrbhmYyQ5IRy1DwB9zqz/gjbt2JWz/A9LHQVrwQ7uHcc5N7T/yIM6Vd982am19YXFpOrdira+sbm+nMVlmFsaRYoiEPZdUHhZwJLGmmOVYjiRD4HCt+73RYr9yjVCwUt7ofYSOAjmBtRkEb6kbe5ZvprJtzR+HMAm8CsmQSxWbG2q23QhoHKDTloFTNcyPdSEBqRjkO7HqsMALagw7WDBQQoGoko1kHzr5hWk47lOYI7YzYnx0JBEr1A98oA9BdNV0bkn/VarFunzQSJqJYo6Djh9oxd3ToDBd3Wkwi1bxvAFDJzKwO7YIEqo09tl0/Q7OMxEtz8VWEEnQoD5M6yE4AD4Nkkv+TMTGWmWwbU71pC2dBOZ/z3Jx3fZQtXDyO7U2RHbJHDohHjkmBnJMiKRFKOuSJPJMX69V6tz6sz7F0zpp8yTb5FdbXN8EBrc4=</latexit><latexit sha1_base64="nkijqmSJvCSw80QnbuYylkCUaS4=">AAACOnicfVHLSgMxFM34rOOr1aWb0SKIizJTBF0WdCGIWNE+oK3lTnrbhmYyQ5IRy1DwB9zqz/gjbt2JWz/A9LHQVrwQ7uHcc5N7T/yIM6Vd982am19YXFpOrdira+sbm+nMVlmFsaRYoiEPZdUHhZwJLGmmOVYjiRD4HCt+73RYr9yjVCwUt7ofYSOAjmBtRkEb6kbe5ZvprJtzR+HMAm8CsmQSxWbG2q23QhoHKDTloFTNcyPdSEBqRjkO7HqsMALagw7WDBQQoGoko1kHzr5hWk47lOYI7YzYnx0JBEr1A98oA9BdNV0bkn/VarFunzQSJqJYo6Djh9oxd3ToDBd3Wkwi1bxvAFDJzKwO7YIEqo09tl0/Q7OMxEtz8VWEEnQoD5M6yE4AD4Nkkv+TMTGWmWwbU71pC2dBOZ/z3Jx3fZQtXDyO7U2RHbJHDohHjkmBnJMiKRFKOuSJPJMX69V6tz6sz7F0zpp8yTb5FdbXN8EBrc4=</latexit><latexit sha1_base64="nkijqmSJvCSw80QnbuYylkCUaS4=">AAACOnicfVHLSgMxFM34rOOr1aWb0SKIizJTBF0WdCGIWNE+oK3lTnrbhmYyQ5IRy1DwB9zqz/gjbt2JWz/A9LHQVrwQ7uHcc5N7T/yIM6Vd982am19YXFpOrdira+sbm+nMVlmFsaRYoiEPZdUHhZwJLGmmOVYjiRD4HCt+73RYr9yjVCwUt7ofYSOAjmBtRkEb6kbe5ZvprJtzR+HMAm8CsmQSxWbG2q23QhoHKDTloFTNcyPdSEBqRjkO7HqsMALagw7WDBQQoGoko1kHzr5hWk47lOYI7YzYnx0JBEr1A98oA9BdNV0bkn/VarFunzQSJqJYo6Djh9oxd3ToDBd3Wkwi1bxvAFDJzKwO7YIEqo09tl0/Q7OMxEtz8VWEEnQoD5M6yE4AD4Nkkv+TMTGWmWwbU71pC2dBOZ/z3Jx3fZQtXDyO7U2RHbJHDohHjkmBnJMiKRFKOuSJPJMX69V6tz6sz7F0zpp8yTb5FdbXN8EBrc4=</latexit><latexit sha1_base64="nkijqmSJvCSw80QnbuYylkCUaS4=">AAACOnicfVHLSgMxFM34rOOr1aWb0SKIizJTBF0WdCGIWNE+oK3lTnrbhmYyQ5IRy1DwB9zqz/gjbt2JWz/A9LHQVrwQ7uHcc5N7T/yIM6Vd982am19YXFpOrdira+sbm+nMVlmFsaRYoiEPZdUHhZwJLGmmOVYjiRD4HCt+73RYr9yjVCwUt7ofYSOAjmBtRkEb6kbe5ZvprJtzR+HMAm8CsmQSxWbG2q23QhoHKDTloFTNcyPdSEBqRjkO7HqsMALagw7WDBQQoGoko1kHzr5hWk47lOYI7YzYnx0JBEr1A98oA9BdNV0bkn/VarFunzQSJqJYo6Djh9oxd3ToDBd3Wkwi1bxvAFDJzKwO7YIEqo09tl0/Q7OMxEtz8VWEEnQoD5M6yE4AD4Nkkv+TMTGWmWwbU71pC2dBOZ/z3Jx3fZQtXDyO7U2RHbJHDohHjkmBnJMiKRFKOuSJPJMX69V6tz6sz7F0zpp8yTb5FdbXN8EBrc4=</latexit>

Response

Response

What data limits apply when roaming internationally?

How do I sign up for Sprint Global Roaming?

How do I purchase a High Speed Data Roaming 

. . .

Intent Labels

Troubleshooting issues related to apps on iPhone. 

Delete an individual message on your Samsung.

Interactive Classification



Label Probability

1. User’s response depends only on the question asked and the underlying label
2. The model deterministically picks a clarification question given the interaction history 

Label Probability
Interaction at time Intent label

Simplifying assumptions



Label Probability

Bayesian decomposition

User response distributionInitial label distribution

1. User’s response depends only on the question asked and the underlying label
2. The model deterministically picks a clarification question given the interaction history 

Label Probability
Interaction at time Intent label

Simplifying assumptions



Question Selection

Select questions to maximize the interaction efficiency by 
maximizing the information gain

Can easily compute the information gain with

and

User response distributionInitial label distribution

Intuitively: selecting the question that provides the most 
information about the intent label by observing its answer

Selection criterion

Information gain computation



• Model the distribution using text similarity

• Shared text embedding space

• Allowing to bootstrap for unseen questions, 
responses, and targets 

concatenation of answer and question

Treating each variable as text, not a categorical value

Model the Distributions                          and

RNN text encoder text piece



• Model the distribution using text similarity

• Shared text embedding space

• Allowing to bootstrap for unseen questions, 
responses, and targets 

concatenation of answer and question

Treating each variable as text, not a categorical value

 and

RNN text encoder text piece

Model the Distributions                         



Policy Controller

Action space: 

Ask an informative question
Stop interaction and return best label

Training:

Against user simulator, can extend to 
human-in-the loop setting

Policy controller controls when and how to stop the interaction



Model Components

1. Label Probability

and 

3. Model the Distribution

4. Policy Controller

Policy network            , trained against a simulator to learn how to stop

Maximize information gain

2. Question Selection

 Model  using text similarity 



Data Collection

• We crowdsourced data to bootstrap the learning process

• Two non-interactive tasks: initial query collection and question-
answer pair collection

• We use the data to 
✓ Train text embedding model 
✓ Create a user simulator for training and evaluation 
✓ Train a policy controller 



Domains
FAQ Suggestion Bird Identification



Experiments

• Tasks: FAQ suggestion & Bird Identification

• Human evaluation: accuracy and user ratings

• Simulator evaluation: accuracy and cost analysis

• Two settings on FAQ:  unseen labels + associated questions

unseen labels (zero-shot)



Baselines

• No interaction: 

• No initial query interaction:

• Ours (fixed turn):

Directly return the best predicted intent label

Interactions are not conditioned on the initial user query

Stop asking questions after a fixed number of turns
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Human Evaluation

• Improved accuracy > 90%

• Can generalize to unseen classes and utilize unseen questions 
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Human Evaluation

• Improved accuracy > 90%

• Can generalize to unseen classes and utilize unseen questions 

• Text embedding improves accuracy

• Policy network effectively balances performance and effort



Naturalness
<latexit sha1_base64="bkWuGBQdkuy27MxXm7MrTV30nsE="></latexit><latexit sha1_base64="bkWuGBQdkuy27MxXm7MrTV30nsE="></latexit><latexit sha1_base64="bkWuGBQdkuy27MxXm7MrTV30nsE="></latexit><latexit sha1_base64="bkWuGBQdkuy27MxXm7MrTV30nsE="></latexit>

Rationality
<latexit sha1_base64="FB5LEdO/umPpNVVtJ6aoSx57AYE="></latexit><latexit sha1_base64="FB5LEdO/umPpNVVtJ6aoSx57AYE="></latexit><latexit sha1_base64="FB5LEdO/umPpNVVtJ6aoSx57AYE="></latexit><latexit sha1_base64="FB5LEdO/umPpNVVtJ6aoSx57AYE="></latexit>

Our Approach
<latexit sha1_base64="Uq47Qd6wwkhybOWugrai1+GkJQI="></latexit><latexit sha1_base64="Uq47Qd6wwkhybOWugrai1+GkJQI="></latexit><latexit sha1_base64="Uq47Qd6wwkhybOWugrai1+GkJQI="></latexit><latexit sha1_base64="Uq47Qd6wwkhybOWugrai1+GkJQI="></latexit>

Fixed turn
<latexit sha1_base64="P82KOR7nKMPHpu3/OQHgy1vAL6c="></latexit><latexit sha1_base64="P82KOR7nKMPHpu3/OQHgy1vAL6c="></latexit><latexit sha1_base64="P82KOR7nKMPHpu3/OQHgy1vAL6c="></latexit><latexit sha1_base64="P82KOR7nKMPHpu3/OQHgy1vAL6c="></latexit>

No Init. Query
<latexit sha1_base64="e2c+oB2T8rt0JcrqbWdmqiT4UPU="></latexit><latexit sha1_base64="e2c+oB2T8rt0JcrqbWdmqiT4UPU="></latexit><latexit sha1_base64="e2c+oB2T8rt0JcrqbWdmqiT4UPU="></latexit><latexit sha1_base64="e2c+oB2T8rt0JcrqbWdmqiT4UPU="></latexit>

Naturalness
<latexit sha1_base64="bkWuGBQdkuy27MxXm7MrTV30nsE="></latexit><latexit sha1_base64="bkWuGBQdkuy27MxXm7MrTV30nsE="></latexit><latexit sha1_base64="bkWuGBQdkuy27MxXm7MrTV30nsE="></latexit><latexit sha1_base64="bkWuGBQdkuy27MxXm7MrTV30nsE="></latexit>

Rationality
<latexit sha1_base64="FB5LEdO/umPpNVVtJ6aoSx57AYE="></latexit><latexit sha1_base64="FB5LEdO/umPpNVVtJ6aoSx57AYE="></latexit><latexit sha1_base64="FB5LEdO/umPpNVVtJ6aoSx57AYE="></latexit><latexit sha1_base64="FB5LEdO/umPpNVVtJ6aoSx57AYE="></latexit>

Naturalness
<latexit sha1_base64="bkWuGBQdkuy27MxXm7MrTV30nsE="></latexit><latexit sha1_base64="bkWuGBQdkuy27MxXm7MrTV30nsE="></latexit><latexit sha1_base64="bkWuGBQdkuy27MxXm7MrTV30nsE="></latexit><latexit sha1_base64="bkWuGBQdkuy27MxXm7MrTV30nsE="></latexit>

Rationality
<latexit sha1_base64="FB5LEdO/umPpNVVtJ6aoSx57AYE="></latexit><latexit sha1_base64="FB5LEdO/umPpNVVtJ6aoSx57AYE="></latexit><latexit sha1_base64="FB5LEdO/umPpNVVtJ6aoSx57AYE="></latexit><latexit sha1_base64="FB5LEdO/umPpNVVtJ6aoSx57AYE="></latexit>

FAQ (zero-shot)FAQ Bird1 2 3 4 5

0%
<latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit><latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit><latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit><latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit>

0%
<latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit><latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit><latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit><latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit>

0%
<latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit><latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit><latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit><latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit>

0%
<latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit><latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit><latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit><latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit>

0%
<latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit><latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit><latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit><latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit>

0%
<latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit><latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit><latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit><latexit sha1_base64="mHJTCUiJf/C7tVUDCLtw2LjEVMo="></latexit>

User ratings of the interactions

Human Evaluation

Our model receives higher ratings on Naturalness and Rationality



Conclusion

✓ Interacting with the user to collect missing information
     By modeling user goal, user response, information gain, and termination policy

✓ Cheap: easy to bootstrap
     Non-interactive data collection, learning with simulator, zero-shot prediction

✓ Effective: adding interaction provides substantial improvement
     Demonstrated from human and simulator evaluation

Thank you! https://github.com/asappresearch/interactive-classification

https://github.com/asappresearch/interactive-classification

