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Many visualization tasks requires a suitable vocabulary
that describes the semantic structure of visualization, i.e., representations, 
and how the visualization shall be manipulated, i.e., manipulations.
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Computational Representation

Authoring Deconstruction NavigationAnimation



Existing Computational Representations 
for Data Visualization
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ProgramVector GraphicsBitmap
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Kernel

Method: ConvolutionFormat: Bitmap

Bitmap representation + modern CNN architectures
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Motivation

SVG: Semantic information such as element type & grouping unreliable

Figure credit to Chen C, Liu Z. The state of the art in creating visualization corpora for automated chart analysis. In Computer Graphics Forum 2023 Jun (Vol. 42, No. 3, pp. 449-470).  
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Declarative languages hide the 
details of the semantic structure

Program
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Declarative languages hide the 
details of the semantic structure

Scene assembly languages lack 
high-level semantic abstractions

Program



Motivation
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Declarative languages hide the 
details of the semantic structure

Scene assembly languages lack 
high-level semantic abstractions

Program: difficult to generalize to diverse libraries and languages 
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Researchers have been proposing new computation representations…

But they are mostly task-orientated, limiting the generalizability…

ChartReuse
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Researchers have been proposing new computation representations…

While they are mostly task-orientated, limiting the generalizability…

ChartReuse

A unified and expressive model of data visualization scenes for a variety of

applications has been missing…

We propose a new computational representation named Manipulable Semantic 

Components (MSC) to support scene understanding and augmentation.
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Overview

Manipulable Semantic Components (MSC) is a computational representation of data 

visualization scenes, to support applications in scene understanding and augmentation.

• MSC is the result of a continuous effort since Fall 2020, led by Professor Zhicheng Liu.

• Taking a graphics-centric approach and focusing on how graphical objects can be 

created, modified and joined with data to generate visualizations

• MSC contains (1) a unified object model describing the visualization scene structure in 

terms of semantic components and (2) an operation set for modifying the scene 

components.

Manipulable Semantic Components
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Stacked bar chart

An Example Illustration
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Overview

Scene Structure
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Marks

Scene Structure: Semantic Components

Mark
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Groups

Scene Structure: Semantic Components

Mark

Group
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Layouts

Scene Structure: Semantic Components

Mark

Group

Layout

Stack

Grid
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Encodings

Scene Structure: Semantic Components

Mark

Group

Layout

Encoding
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Constraints

Scene Structure: Semantic Components

Mark

Group

Layout

Encoding

Constraint
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Create elements

(a) create a rectangle mark;

(b) divide the rectangle by response, 

resulting in a collection of four rectangles 

stacked horizontally, each representing a 

response type ;

(c) repeat the collection by age, resulting 

in four collections in a 4×1 grid layout, 

each collection representing an age 

group;

(d) encode the rectangles’ width by 

response and fill color by pct;

(e) align the light blue rectangles to the 

right to

Scene Manipulation: Operations
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Repeat elements with data

(a) create a rectangle mark;

(b) repeat the rectangle by age;

(c) repeat the collection by age, resulting 

in four collections in a 4×1 grid layout, 

each collection representing an age 

group;

(d) encode the rectangles’ width by 

response and fill color by pct;

(e) align the light blue rectangles to the 

right to better show the divergence of 

opinions;

(f) repeat an initial text item by pct to 

create the labels, and affix the position of 

the texts to the center of the rectangles.

Scene Manipulation: Operations
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Divide elements with data

(a) create a rectangle mark;

(b) repeat the rectangle by age;

(c) divide the bars by response;

(d) encode the rectangles’ width by 

response and fill color by pct;

(e) align the light blue rectangles to the 

right to better show the divergence of 

opinions;

(f) repeat an initial text item by pct to 

create the labels, and affix the position of 

the texts to the center of the rectangles.

Scene Manipulation: Operations
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Encode visual channels with data

(a) create a rectangle mark;

(b) repeat the rectangle by age;

(c) divide the bars by response;

(d) encode the rectangles’ width by 

response and fill color by pct;

(e) align the light blue rectangles to the 

right to better show the divergence of 

opinions;

(f) repeat an initial text item by pct to 

create the labels, and affix the position of 

the texts to the center of the rectangles.

Scene Manipulation: Operations
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Align elements according to data

(a) create a rectangle mark;

(b) repeat the rectangle by age;

(c) divide the bars by response;

(d) encode the rectangles’ width by 

response and fill color by pct;

(e) align the light blue rectangles to the 

right to show the divergence;

(f) repeat an initial text item by pct to 

create the labels, and affix the position of 

the texts to the center of the rectangles.

Scene Manipulation: Operations
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Generate and Affix texts with bars

(a) create a rectangle mark;

(b) repeat the rectangle by age;

(c) divide the bars by response;

(d) encode the rectangles’ width by 

response and fill color by pct;

(e) align the light blue rectangles to the 

right to show the divergence;

(f) repeat an initial text item by pct and 

affix them to the center of corresponding 

rectangles.

Scene Manipulation: Operations
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Components Operations

Visual Elements

mark, glyph, collection, reference element

Data Scope

Algorithmic Layouts

grid, stack, packing, ...

Encodings & Scales

Relational Constraints
alignment, affixation, ...

View Configuration

Generative

Modificative

apply/remove encoding

customize scale

set channel values

apply/remove layout

update layout parameter

apply/remove constraint

configure view

repeat divide

densify classify

repopulate stratify

MSC: Components and Operations
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Components Operations

Visual Elements

mark, glyph, collection, reference element

Data Scope

Algorithmic Layouts

grid, stack, packing, ...
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alignment, affixation, ...

View Configuration
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Modificative

apply/remove encoding

customize scale

set channel values

apply/remove layout

update layout parameter
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configure view

repeat divide

densify classify

repopulate stratify

MSC: Components and Operations
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Repopulate & Apply Encoding

More on the Operations

Repopulate: Country -> Month

Apply Encoding: Width -> Death
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Stratify & Apply Encoding

More on the Operations
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Tutorials, documentation and examples available at:

https://mascot-vis.github.io/

Mascot.js

Implementation

https://mascot-vis.github.io/
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Interactive visualization authoring

A new version of the Data Illustrator: https://data-illustrateur.github.io/

Applications 1

https://data-illustrateur.github.io/
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A new version of the Data Illustrator: https://data-illustrateur.github.io/

Interactive visualization authoring

Applications 1

5519 lines of code with MSC v.s. 22632 lines of code with JS

https://data-illustrateur.github.io/
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Interactive chart repurposing

Applications 2

D3 Deconstructor ChartReuse

Basic chart types in D3 Glyph-based bar charts in PPT

Deconstructing SVG charts 

for tool-agnostic reuse
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Interactive chart repurposing

Applications 2

Chen C, Lee B, Wang Y, Chang Y, Liu Z. Mystique: Deconstructing SVG Charts for Layout Reuse. IEEE Transactions on Visualization and Computer Graphics. 2023 Oct 26.
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Interactive chart repurposing

Applications 2

Chen C, Lee B, Wang Y, Chang Y, Liu Z. Mystique: Deconstructing SVG Charts for Layout Reuse. IEEE Transactions on Visualization and Computer Graphics. 2023 Oct 26.



In this use case, we explore how MSC supports augmentation tasks like 

animating static visualizations.

• We use CAST as the animation tool, which requires the input format called 

data-enrich SVG (dSVG) 
<circle fill="rgb(255, 0, 0)" r="9.09090909090909" cx="568.7959794747297"

cy="131.36111970442914" opacity="0.8" id="circle120" class="mark Shape1"

Data_datum="{&quot;_TYPE&quot;:&quot;Circle&quot;,&quot;_MARKID&quot;:&quot;Shape1&quot;,&quot;xPosition&quot;:&q

uot;x1&quot;,&quot;yPosition&quot;:&quot;y3&quot;,&quot;category&quot;:&quot;c4&quot;}"/>

• We achieved a unified script to turn SVGs with the MSC representations 

into the dSVG format
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animating static visualizations

Applications 3
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animating static visualizations

Applications 3
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Manipulable Semantic Components (MSC)

• MSC is a computational data visualization 

scene representation. 

• It contains (1) a unified object model and 

(2) an operation set. 

• We show its applications in 

interactive visualization authoring, 

chart deconstruction and reuse , and

animating static visualizations.

Summary

Project Page: https://mascot-vis.github.io/

Contact: cchen24@umd.edu

https://mystique-vis.github.io/
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