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Data Visualization Tools

Imperative

● Specify How something should be done.
● Must manually specify plotting steps.
● Specification & execution intertwined.

Declarative

● Specify What should be done
● Details determine automatically
● Separate specification from execution.

Declarative visualization lets you think about data and 
relationships, rather than incidental details

Vega
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Altair



Data Visualization Tools
● Matplotlib-based, e.g. Pandas, Seaborn

○ Matplotlib API is imperative and often overly verbose.
○ Keep matplotlib as a versatile, well-test backend, and provide a new 

domain-specific API.

● JavaScript-based, e.g. Bokeh and Plotly
○ Build a new API that produces a plot serialization (often JSON) that 

can be displayed in the browser (often in Jupyter notebooks).
○ Predefined charts and interactions with limited configuration options.

● D3.js-based, e.g. Vega, Vega-lite, Altair
○ Specify how the chart looks and feels and interaction with the chart.
○ Based on the grammar of of graphics and declarative visualization.

● Visualization for large data, e.g. OpenGL, DataShader, Holoviews
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Data Visualization Tools

4Nicolas P. Rougier. Python visualization landscape (Adaptation of Jake VanderPlas' graphic). https://pyviz.org/overviews/ 

https://pyviz.org/overviews/


The D3 - Vega Stack
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Eitan Lees, Understanding The Altair Stack, 2020.
Éric Marty, The D3 / Vega “stack”, 2016.

We will learn in 
this tutorial

https://eitanlees.github.io/altair-stack/
https://blog.ericmarty.com/the-d3-/-vega-stack


6Slide from Wesley Willett, University of Calgary



Data Visualization Pipeline

7Card, Mackinlay. Readings in Information Visualization: Using Vision to Think. Morgan Kaufmann, 1999.

Altair



Elements of Data Visualization
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Elements of Data Visualization 
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Interaction
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How to create a chart in Altair
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How to Create a Chart
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MarkDataset



How to Create a Chart
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Bar chart

Line chart

Area chart

Scatterplot



How to Create a Chart
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Circle plot

Choropleth map

Histogram

Heatmap



MarkDataset

How to Create a Chart
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Encodings
Specify data types
- Quantitative (Q)
- Ordinal (O)
- Nominal (N)
- Temporal (T)



How to Create a Chart
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shape

x-axis

y-axis
color

size

Mark Property Channels:

Position Channels:
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Interactions & Selections in Altair
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Interactions and Selections in Altair

● Pan and zoom

● Selection

● Brushing

● Binding with other views
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How to Make Charts Interactive
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1. Create brush selection

2. Add selection to the chart

3. Add the data filter based on 
the selection


