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Example 1/4:

NL-driven Vega-Lite Editor



<Video – in iMovie>



Example 2/4:

“Ambiguity Widgets” of DataTone 

(Gao et al., UIST’15)



<Video – in iMovie>



Example 3/4:

Augmenting visualization tools with 
natural language interactions



<Video – in iMovie>



Example 4/4:

NL-based VIS specification in Jupyter 
Notebooks



<Video – in iMovie>
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“Show the correlation between budget and rating for Action 
and Adventure movies that grossed over 100M.”

IMDB 

Movies

+
Utterance



{

    “attributeMap”: {…},

    “taskMap”: {…},

    “visList”: […]

}

+
Utterance

1

Query

Parsing

Attribute

Inference

Task

Inference

Visualization 

Recommendation

2 3 4

Show the correlation between budget and rating for Action and Adventure movies that grossed over 100M.

VB DT NN IN NN CC NN IN NNP CC NNP NNS WDT VBD IN CD

(Show), (correlation), (budget), …, (Show correlation), (correlation budget), …, (Action 
and Adventure), (Adventure movies gross), …, (Show correlation budget and rating 
Action and Adventure movies gross over 100000000)

nmod: between conj: and

nmod: for

conj: and nmod: 
over

nmod: between

POS Tags + Dependency Parse Tree

Tokens and N-grams

nsubj
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Show the correlation between 
budget and rating for Action 
and Adventure movies that 
grossed over 100M.

{

  “Production Budget”:{

 “queryPhrase”: “budget”,

 “isAmbiguous”: false,

 “inferenceType” : “Explicit”,

 “encode” : true

  } ,

  “Content Rating”:{

 “queryPhrase”: “rating”,

 “isAmbiguous”: true,

 “ambiguity”: [“IMDB Rating”,

  “Rotten Tomatoes Rating”] ,

 “inferenceType” : “Explicit”,

 “encode” : true

  },

  “IMDB Rating”:{

 “queryPhrase”: “rating”,

 “isAmbiguous”: true,

 “ambiguity”: [“Content Rating”, 

  “Rotten Tomatoes Rating”] ,

 “inferenceType” : “Explicit”,

 “encode” : true

  },

“Rotten Tomatoes Rating”:{

 “queryPhrase”: “rating”,

 “isAmbiguous”: true,

 “ambiguity”: [“Content Rating”, 

    “IMDB Rating”] ,

“inferenceType” : “Explicit”,

“encode” : true

  },

  “Worldwide Gross”:{

 “queryPhrase”: “grossed”,

 “isAmbiguous”: false,

 “inferenceType” : “Explicit” ,

 “encode” : false

  },

  “Genre”:{

 “queryPhrase”: “Action and  

    Adventure”

 “isAmbiguous”: false,,

 “inferenceType” : “Implicit”,

 “encode” : false

  }

}
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Show the correlation between 
budget and rating for Action 
and Adventure movies that 
grossed over 100M.

{

  “Production Budget”:{

 “queryPhrase”: “budget”,

 “isAmbiguous”: false,

 “inferenceType” : “Explicit”,

 “encode” : true

  } ,

  “Content Rating”:{

 “queryPhrase”: “rating”,

 “isAmbiguous”: true,

 “ambiguity”: [“IMDB Rating”,
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 “isAmbiguous”: true,
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 “isAmbiguous”: true,

 “ambiguity”: [“Content Rating”, 

    “IMDB Rating”] ,
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“encode” : true
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  “Worldwide Gross”:{
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 “isAmbiguous”: false,

 “inferenceType” : “Explicit” ,

 “encode” : false
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  “Genre”:{

 “queryPhrase”: “Action and  

    Adventure”,

 “isAmbiguous”: false,

 “inferenceType” : “Implicit”,

 “encode” : false

  }
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 “isAmbiguous”: false,
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 “encode” : true
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  “Content Rating”:{
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 “isAmbiguous”: true,

 “ambiguity”: [“IMDB Rating”,
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{

  “Production Budget”:{

 “queryPhrase”: “budget”,

 “isAmbiguous”: false,

 “inferenceType” : “Explicit”,

 “encode” : true

  } ,

  “Content Rating”:{

 “queryPhrase”: “rating”,

 “isAmbiguous”: true,

 “ambiguity”: [“IMDB Rating”,

  “Rotten Tomatoes Rating”] ,

 “inferenceType” : “Explicit”,

 “encode” : true

  },

  “IMDB Rating”:{

 “queryPhrase”: “rating”,

 “isAmbiguous”: true,

 “ambiguity”: [“Content Rating”, 

  “Rotten Tomatoes Rating”] ,

 “inferenceType” : “Explicit”,

 “encode” : true
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 “queryPhrase”: “rating”,
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 “ambiguity”: [“Content Rating”, 

    “IMDB Rating”] ,
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“encode” : true

  },

  “Worldwide Gross”:{

 “queryPhrase”: “grossed”,

 “isAmbiguous”: false,

 “inferenceType” : “Explicit” ,
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  “Genre”:{

 “queryPhrase”: “Action and  

    Adventure”,

 “isAmbiguous”: false,

 “inferenceType” : “Implicit”,

 “encode” : false

  }

}

Show the correlation between 
budget and rating for Action 
and Adventure movies that 
grossed over 100M.
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Show the correlation between 
budget and rating for Action 
and Adventure movies that 
grossed over 100M.

{

  “Correlation”: [

 {

  “attributes”: [“Production Budget”,

   “IMDB Rating”] ,

  “inferenceType”: “Explicit”,

},

{

  “attributes”: [“Production Budget”, 

   “Content Rating”] ,

  “inferenceType”: “Explicit”,

},

{

  “attributes”: [“Production Budget”,

 “Rotten Tomatoes Rating”] ,

  “inferenceType”: “Explicit”,

}

  ],

  “Filter”:[ 

 {

  “attributes”: [“Major Genre”],

  “operator”: “IN”,

  “values”: [“Action”, “Adventure”],

  “inferenceType”: “Explicit”,

},

{

  “attributes”: [“Worldwide Gross”],

  “operator”: “GT”,

  “values”: [100000000] ,

  “inferenceType”: “Explicit”,

}

  ]

}
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budget and rating for Action 
and Adventure movies that 
grossed over 100M.

(Vega-Lite Specs)
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{

  “Production Budget”:{

 “queryPhrase”: “budget”,

 “inferenceType” : “Explicit”

  } ,

  “Content Rating”:{

 “queryPhrase”: “rating”,

 “isAmbiguous”: true,

 “ambiguity”: [“IMDB Rating”,

  “Rotten Tomatoes Rating”] ,

 “inferenceType” : “Explicit”

  },

  “IMDB Rating”:{

 “queryPhrase”: “rating”,

 “isAmbiguous”: true,

 “ambiguity”: [“Content Rating”, 

  “Rotten Tomatoes Rating”] ,

 “inferenceType” : “Explicit”

  },

“Rotten Tomatoes Rating”:{

 “queryPhrase”: “rating”,

 “isAmbiguous”: true,

 “ambiguity”: [“Content Rating”, 

    “IMDB Rating”] ,

“inferenceType” : “Explicit”

  },

  “Worldwide Gross”:{

 “queryPhrase”: “grossed”,

 “inferenceType” : “Explicit” ,

 “encode” : false

  },

  “Genre”:{

 “queryPhrase”: “Action and  

    Adventure”,

 “inferenceType” : “Implicit”,

 “encode” : false

  }

}

{

  “Correlation”: [

 {

  “attributes”: [“Production Budget”,

   “IMDB Rating”] ,

  “inferenceType”: “Explicit”,

},

{

  “attributes”: [“Production Budget”, 

   “Content Rating”] ,

  “inferenceType”: “Explicit”,

},

{

  “attributes”: [“Production Budget”,

 “Rotten Tomatoes Rating”] ,

  “inferenceType”: “Explicit”,

}

  ],

  “Filter”:[ 

 {

  “attributes”: [“Major Genre”],

  “operator”: “IN”,

  “values”: [“Action”, “Adventure”],

  “inferenceType”: “Explicit”,

},

{

  “attributes”: [“Worldwide Gross”],

  “operator”: “GT”,

  “values”: [100000000] ,

  “inferenceType”: “Explicit”,

}

  ]

}

(Vega-Lite Specs)



TouchPlot + MMPlotNL4DV



NL4DV“Show a scatter plot of age 

and salary for players 

under the age of 30”

Euro Soccer Players

"taskMap": {

 "filter": [{
 "operator": "LT", 
 "values": [30.0], 
 "attributes": ["Age"]
}],
"correlation": [{
  "attributes": ["Age", "Salary"]]
}

},

"visList": [{
 "attributes": ["Age", "Salary"],
 "visType": "scatterplot"
}]

Name Salary Country Position Goals Age …

C. Ronaldo 110MPortugal Forward 56 31 …

Manuel Neuer 45MGermany Goalkeeper 0 30 …

Sergio Ramos 40MSpain Defender 10 30 …

… …… … … …



NL4DV“Show a scatter plot of age 

and salary for players 

under the age of 30”

Euro Soccer Players

"taskMap": {

 "filter": [{
 "operator": "LT", 
 "values": [30.0], 
 "attributes": ["Age"]
}],
"correlation": [{
  "attributes": ["Age", "Salary"]]
}

},

"visList": [{
 "attributes": ["Age", "Salary"],
 "visType": "scatterplot"
}]



NL4DV“Show a scatter plot of age 

and salary for players 

under the age of 30”

Euro Soccer Players

"taskMap": {

 "filter": [{
 "operator": "LT", 
 "values": [30.0], 
 "attributes": ["Age"]
}],
"correlation": [{
  "attributes": ["Age", "Salary"]]
}

},

"visList": [{
 "attributes": ["Age", "Salary"],
 "visType": "scatterplot"
}]



NL4DV



NL4DV“Show me medals 

for hockey and 

skating.”

Olympic Medals

"attributeMap": {
 "Bronze Medal": {
  "queryPhrase": ["medals"],   
  "isAmbiguous": True,
  "ambiguity": ["Gold Medal",  
    "Silver Medal", 
    "Total Medal"]}, 
 "Gold Medal": {
  "queryPhrase": ["medals"],   
  "isAmbiguous": True,
  "ambiguity": [”Bronze Medal",  
    "Silver Medal", 
    "Total Medal"]}
 },
 "Silver Medal": {
  "queryPhrase": ["medals"],
  "isAmbiguous": True,
  "ambiguity" : […]
 },  
 "Total Medal": {
  "queryPhrase": ["medals"],   
  "isAmbiguous": True,
  "ambiguity" : […]
 },
  "Sport": {…}}

Name Sport
Total 

Medal
Bronze 
Medal

Silver 
Medal

Gold 
Medal

Stefan Speed Skating 3 1 2 0

Zhao Hongbo Figure Skating 1 0 0 1

Teemu Ilmari Ice Hockey 1 1 0 0

Juan Hockey 3 0 3 0

… … … … …



NL4DV“Show me medals 

for hockey and 

skating.”

Olympic Medals

"attributeMap": {
 "Bronze Medal": {
  "queryPhrase": ["medals"],   
  "isAmbiguous": True,
  "ambiguity": ["Gold Medal",  
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    "Total Medal"]}, 
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  "ambiguity": [”Bronze Medal",  
    "Silver Medal", 
    "Total Medal"]}
 },
 "Silver Medal": {
  "queryPhrase": ["medals"],
  "isAmbiguous": True,
  "ambiguity" : […]
 },  
 "Total Medal": {
  "queryPhrase": ["medals"],   
  "isAmbiguous": True,
  "ambiguity" : […]
 },
  "Sport": {…}}

Name Sport
Total 

Medal
Bronze 
Medal

Silver 
Medal

Gold 
Medal

Stefan Speed Skating 3 1 2 0

Zhao Hongbo Figure Skating 1 0 0 1

Teemu Ilmari Ice Hockey 1 1 0 0

Juan Hockey 3 0 3 0

… … … … …



NL4DV

Olympic Medals

"attributeMap": {
 "Bronze Medal": {
  "queryPhrase": ["medals"],   
  "isAmbiguous": True,
  "ambiguity": ["Gold Medal",  
    "Silver Medal", 
    "Total Medal"]}, 
 "Gold Medal": {
  "queryPhrase": ["medals"],   
  "isAmbiguous": True,
  "ambiguity": [”Bronze Medal",  
    "Silver Medal", 
    "Total Medal"]}
 },
 "Silver Medal": {
  "queryPhrase": ["medals"],
  "isAmbiguous": True,
  "ambiguity" : […]
 },  
 "Total Medal": {
  "queryPhrase": ["medals"],   
  "isAmbiguous": True,
  "ambiguity" : […]
 },
  "Sport": {…}}

“Show me medals 

for hockey and 

skating.”



NL4DV

Olympic Medals

"attributeMap": {
 "Bronze Medal": {
  "queryPhrase": ["medals"],   
  "isAmbiguous": True,
  "ambiguity": ["Gold Medal",  
    "Silver Medal", 
    "Total Medal"]}, 
 "Gold Medal": {
  "queryPhrase": ["medals"],   
  "isAmbiguous": True,
  "ambiguity": [”Bronze Medal",  
    "Silver Medal", 
    "Total Medal"]}
 },
 "Silver Medal": {
  "queryPhrase": ["medals"],
  "isAmbiguous": True,
  "ambiguity" : […]
 },  
 "Total Medal": {
  "queryPhrase": ["medals"],   
  "isAmbiguous": True,
  "ambiguity" : […]
 },
  "Sport": {…}}

“Show me medals 

for hockey and 

skating.”
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NL-driven Vega-Lite Editor
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Augmenting visualization tools with NL interactions

Example 2/4:

“Ambiguity Widgets” of DataTone
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1. Inferring Attribute Types
• Semantic data type detection models

• {“Nov 19”, “20-12-01”}  + “OrderDate” => Date type

2. Inferring/Detecting Tasks
• Semantic Parsers and Deep Learning Models

• “what is the relationship between …” may not always imply a 
correlation task.

3. Improve semantic understanding
• Knowledge-bases

• ”which is the most expensive car?”  => “Retail Price”

Going Forward

Improving Query Interpretation



Going Forward

Supporting Follow-up Queries



“Show a scatterplot of gross 
and budget highlighting only 

Action and Adventure movies.”

“Show a scatterplot of gross 
and budget”.

“Now just show Action and 
Adventure movies.”

Going Forward

Supporting Follow-up Queries



Going Forward

Supporting Follow-up Queries

“Show a scatterplot of gross 
and budget highlighting only 

Action and Adventure movies.”

“Show a scatterplot of gross 
and budget”.

“Now just show Action and 
Adventure movies.”

Challenges
1. Determine if a query is indeed a 

follow-up.
2. Have context of the system state.

Experimenting
NL4DV.analyze_query(“…”, dialog=True)



<Video – in iMovie>



Arpit Narechania Arjun Srinivasan John Stasko

For documentation and examples, check out

nl4dv.github.io/nl4dv

@arpitnarechania @10_arjun @johnstasko
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