[image: Graphical user interface, text

Description automatically generated]
[image: Graphical user interface, text, application

Description automatically generated]
[image: Graphical user interface

Description automatically generated]
[image: Graphical user interface, diagram, application

Description automatically generated]
[image: Chart, treemap chart

Description automatically generated]
[image: Graphical user interface

Description automatically generated]
[image: Graphical user interface, text, application, email

Description automatically generated]
[image: Chart

Description automatically generated]
[image: Graphical user interface

Description automatically generated with medium confidence][image: Graphical user interface, text, application

Description automatically generated]
[image: Graphical user interface, website

Description automatically generated]
[image: Graphical user interface, text

Description automatically generated with medium confidence]

image7.png
Chapter 10 - Map Color and Other Channels

“This module covers the mapping of color and other non-spatial channels in visual encoding design choices, summarized in figure below.
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Figure 10.1 (above) Design choices for mapping color and other non-spatial channels.

Color can be best understood in terms of three separate channels: luminance, hue, and saturation.

‘The major design choice for colormap construction is whether the intent is to distinguish between categorical attributes or to encode ordered attributes.
Based on this, we have sequential ordered colormap, diverging ordered map, bivariate colormap.

Categorical vs ordered color
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Figure 10.01 and 10,02 [Seriously Colorful: Advanced Color Principles & Practices. Stone Tableau Customer Conference 2014]
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Decomposing color: luminance, saturation, and hue

Decompose color into three channels.

+ ordered can show magnitude
o luminance: how bright
o saturation: how colorful

+ categorical can show identity
o hue: what color
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Figure 10.5 The luminance and saturation channels are automatically interpreted as ordered by our perceptual system, but the hue channel is not.
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Figure 10.4( above) shows the roughly bell-shaped spectral sensitivity curve for daylight vision. We are much more sensitive to middle wavelengths of green
and yellow than to the outer wavelengths of red and blue.
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Color space

RGB system

-+ colors are specified as triples of red, green, and blue values
+ good for display hardware:
+ poor for encoding.

HSL/HSV.

+ HSL: Hue, Saturation, Lightness

+ HSV: Hue, Saturafion, greyscale Value (which
+ somewhat better for encoding

+ beware: only pseudo-perceptual! doesn't trly reflect how we perceive color.
+ Lightness (1) or Value (V) # Luminance (L*)

inearly related to Lightness)

Figure 10.2 (above) A common HSL/HSV colorpicker design, as in this example from Mac OS X, s to show a color wheel with fully saturated color around
the outside and white at the center of the circle, and a separate control for the darkness.

Luminance, Hue, Saturation

+ good for encoding
+ but not standard graphics tools color space:

S
Corners of the RGB

color cube

e, AEEEEE
e,

e | | | [5[
- EEEDOO

Figure 10.3 (above) Comparing HSL lightness,true luminance, and perceptually linear luminance L* for six colors. The conceptual HSL lightness Lis the same.
for al of these colors, showing the limitations of that color system. The true luminance values of these six colors, could be measured with an instrument.
‘The computed perceptually inear luminance L* of these colors is the best match with what we see.
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Colormaps

Categorical color: limited number of discriminable bins
Human perception built on relative comparisons

« greatif color contiguous
« surprisingly bad for absolute comparisons

Noncontiguous small regions of color

« fewer bins than you want
« rule of thumb: 6-12 bins, including background and highlights

Figure 10.8 (above) Ineffective categorical colormap use.
[Cinteny: flexible analysis and visualization of synteny and genome rearrangements in multiple organisms. Sinha and Meller. BMC Bioinformatics, 8:82, 2007.]
Ordered color: Rainbow is poor default

Problems

+ perceptually unordered
+ perceptually nonlinear

Benefits

« fine-grained structure visible and nameable
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Alternatives

« large-scale structure: fewer hues
+ fine structure: multiple hues with monotonically increasing luminance [eg viridis R/python]
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Figure 10.11 (above) Rainbow versus two hue continuous colormap. (a) emphasizes mid-scale structure. (b) emphasizes large-scale structure.

[A Rule-based Tool for Assisting Colormap Selection. Bergman,. Rogowitz, and.Treinish. Proc. IEEE Visualization (Vis), pp. 118-125, 1995.]
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Figure 10.12 (above) Rainbow versus multi-hue continuous hue color map. (a) Three major problems: perceptual nonlinearity, the expressivity mismatch of
using hue for ordering, and the accuracy mismatch of using hue for fine-grained detail. (b) Clear segmentation at the zero point, succeeds in showing high-
level, mid-level, and low-level structure.

[Why Should Engineers Be Worried About Color? Treinish and Rogowitz 1998. http:/www.research.ibm.com/people//lloydt/color/color HTM ]
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Map other non-space channels

Size

« length accurate, 2D area ok, 3D volume poor
angle

« nonlinear accuracy
« horizontal, vertical, exact diagonal

Shape
« complex combination of lower-level primitives
« many bins

Motion

« highly separable against static
« binary: great for highlighting
+ use with care to avoid irritation
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Chapter 9 - Arrange Networks and Trees

This module covers design choices for arranging network data in space. There are in general te following three families.

+ The node-link diagram family uses the connection channel, where marks represent links rather than nodes.
« Matrix views that directly show adjacency relationships.
« Tree structure can be shown with containment channel, where enclosing link marks show hierarchical relationships through nesting.

Arrange Networks and Trees
® Node-Link Diagrams
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Idiom: force-directed placement

One of the most widely used idioms for node-link network layout using connection marks is force-directed placement.

Force-directed algorithms typically do not directly use spatial position to encode attribute values. They are designed to minimize the number of distracting
artifacts such as edge crossings and node overlaps and the spacial location of the elements can be easily understood using the analogy of physical springs.

Atightly interconnected group of nodes with many links between them will often tend to form a visual clump, so spatial proximity does indicate grouping
through a perceptual cue. However some visual clumps may simply be artifacts.

Figure 9.4 (above) (a) Force-directed placement of small network of 75 nodes, with size coding for link attributes. (b) Larger network, with size coding for
node attributes. http:/mbostock.github.com/d3/ex/force.html &

Weakness: the layouts are often nondeterministic, meaning that they will look different each time that algorithm is run, rather than deterministic
approaches such as a scatterplot or a bar chart that yield an identical layout each time for a specific dataset.

Idiom Force-directed Placement

\What: Data Network

How: Encode Point marks for nodes, connection marks for links
Why: Tasks Explore topology, locate paths

Nodes: dozens/hundreds. Links: hundreds.

scal
e Inode/edge density L < 4N
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Idiom: sfdp (multi-level force-directed placement)

Data

« original: network
« derived: cluster hierarchy atop original network

Considerations

« better algorithm for same encoding technique
« same: fundamental use of space
« hierarchy used for algorithm speed/quality but not shown explicitly

Scalability

« nodes, edges: 1K-10K
« hairball problem eventually hits

@ ®

Figure 9.5 (above) (2) Cluster structure i visible for a large network of 7220 nodes and 13, 800 edges. (b) A huge graph of 26,028 nodes and 100, 290
edges is a "hairball' without much visible structure.
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Idiom: adjacency matrix view

Data: network

« transform into same data/encoding as heatmap
- derived data: table from network (network nodes as keys, link status between two nodes as values)

Visual Encoding
- Area marks in 2D matrix alignment
Scalability

« 1K nodes, 1M;

n edges

w

Figure 9.6 (above) (2) Node-link and matrix view of a small network. (b) Matrix view of larger network. (c) Node-link view of larger network.

The most crucial weakness of matrix views is the lack of support for investigating topological structure because they show links in a more indirect way than
the direct connections of node-link diagrams. This weakness is a trade-off for their strength ing clusters.

Figure 9.7 (above) Characteristics patterns in matrix views and node-link views: both can show cliques and clusters clearly.
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Idiom: treemaps

The idiom of treemaps is an alternative to node-link tree drawings, where the hierarchical relationships are shown with containment rather than
connection.

All of the children of a tree node are enclosed within the area allocated to that node, creating a nested layout.

Idiom Treemaps

'What: Data Tree

How: Encode Area marks and containment, with rectilinear layout
Why:Tasks Query attributes at leaf node

Scale Leaf nodes: one million. Links: one million.

o
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Figure: Treemap. http:/www.nytimes.com/packages/html/newsgraphics/2011/0119-budget/indexchtml =




image6.png
Idiom: GrouseFlocks

System GrouseFlocks
What: Data Network
What: Derived Cluster hierarchy atop original network
Connection marks for original network, containment marks for cluster
What: Encode .
hierarchy
o
(@) ) ©)

Figure 9.10 (above) GrouseFlocks uses containment to show graph hierarchy structure. (a) Original graph. (b) Cluster hierarchy build atop the graph, shown
with a node-ink layout. () Network encoded using connection, with hierarchy encoded using containment.




