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Defining visualization (vis)

* vis: application area of computer graphics

* biology: application area of vis

Computer-based visualization systems provide visual representations of datasets

designed to help people carry out tasks more effectively.

¥ rather than replace people with computational decision-making methods.

Why have a human in the loop?

Computer-based
designed to hel®

sualization systems provide visual representations o
eoplearry out tasks more effectively.

isualization is suitable when there is a need to augment human capabilities 3

* many analysis problems ill-specified, not clear what questions to ask in advance
—don’t need vis when fully automatic solution exists and is trusted

Department of Computer Science Anscombe’s Quartet o e
University of British Columbia ) T =iy (G2l SERk e de 1
* MizBee ¥: B x mean 9 T e T
- i ) X
guest lecture, UBC CPSC 314 =i X variance i . . . 2
24 October 2014, Vancouver BC y mean 8 “; o ‘: l
* wrapup y variance 4 o] et : {
http:// cs.ubc.ca/~tmm/talks.html#biovis-cs314 xly correlation |1 ‘ — ! ——
2 . .
Why use an external representation? Why analyze? Outline e

designed to help people carry out tasks more

* external representation: replace cognition with perception
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* abstractions
—translate from specifics of domain to vocabulary of vis

* data abstraction: what to show
—might not draw what you're given: transform data into form useful for task

« task abstraction: why they’re looking at it

idioms

—visual encoding idiom: how to draw
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Cerebral video What: Data abstraction Why:Task abstraction How: Idiom design decisions
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How:Arrange space

* automatic layout similar to hand-drawn diagrams
—vertical compartment according to subcellular location attribute

hitp://www.nature.cominri/focus/tirinri1397.html

How: Idiom design decisions Facet
* facet: partition data into multiple views ® Juxtapose
—juxtapose views side by side R T
* same encoding, different data: small multiples
* nodes in each view colored by expression levels for ® Partition
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How: Juxtapose vs. animate
Manipulate
® Change

+ comparison difficult across many
frames with with many changes
everywhere

* rule of thumb: eyes beat memory
— principle: external cognition vs.
internal memory
* easy to compare by moving eyes
between side-by-side views
* harder to compare memory of what you
saw to visible view
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Cerebral contributions

multiple juxtaposed views support interactive comparison between gene
expression level experimental data and network context
* automatic network layout algorithm in spirit of hand drawn diagrams

— localization and functional group attributes affect spatial position

* open source
—Cytoscape plugin
—InnateDB database integration

http://www.pathogenomics.ca/cerebral/
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What and why: Data and task abstraction

* data: trees ) Dataset Types

—phylogenetic tree reconstruction
* siblings unordered, interior nodes inferred A?{l\

> Trees

Targets

(3 Network Data

« Cerebral o * task: compare topological structure > Topology
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How: Idiom design decisions How: Idiom design decisions Reduce TreeJuxtaposer contributions Outline
. . . Facet Manipulate . . . Filt, f : :
* juxtapose linked views » embed focus+context in single view © Filter * first interactive tree comparison system
® Juxtapose ® Select ) . .
—derive structural difference data to support comparison task * introduction

—show two tree layouts side by side

—linked navigation

—structural differences
—corresponding subtree (click select)
—best corresponding node (hover select)

encode with color: linked highlighting

Facet

3 Juxtapose and Coordinate Views

= Share Encoding: Same/Different

> Linked Highlighting

—reduce with complex combination of filtering and
aggregation
* distort geometry
—metaphor: stretch and squish navigation

® Aggregate

—shape: rectilinear
—foci: multiple

Embed
(m

—impact: global

* subquadratic algorithm: best corresponding node
—juxtapose views with cross-dataset linked highlighting
embed focus+context information in single view with stretch and squish
navigation
—sublinear algorithm: guaranteed visibility of structure marks even when squished
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MizBee:A Multiscale Synceny Browser.
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Why:Tasks abstraction

* relationship types: proximity, size, orientation, similarity
* data scales: genome, chromosome, block, feature
* topics: algorithm in/out, block reliability, high-level science

relationship scale

chromosome
block

feature

size
orientation
similarity

‘Which chromosomes share conserved blocks?

does it share blocks with?

For one how many other

What is the density of coverage and where are the gaps on: chromosomes? blocks?

x

Where are the blocks: on chromosomes? around a specific location on a chromosome?

X | X | % | x | genome

‘What are the sizes and locations of other genomic features near a block?

x | % | % | x | x |proximity / location

How large are the blocks?

Do neighboring blocks go to the same: chromosomes? relative location on a chromosome? x

Are the orientations matched or inverted for: block pairs? feature pairs?

Do the orientations match for pairs of: neighboring blocks? features within a block?

X X X | X |X|X X X X
x

Are similarity scores alike: with respect to neighboring blocks? within a block?

Are the paired features within a block contiguous?

How large is a feature relative to other genes within a block?

What are the sizes, locations, and names of features within a block?

X X | X X X | X
x

What are the differences between individual nucleotides of feature pairs?

How: Idiom design choices

encode match relationships between
chromosome segments with both
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3 Identity Channels: Categorical Attributes
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How:Arrange space

* design space of arrangements

R L LR L LT TV R i T

O 1 O
| 1 A O | LR
i = .
T CRCRC TR T Hllllﬁ‘\]\ulnl

UL,
lauve [Darling04]

YO 1Y O 0 ol

contiguous discrete
linear circular
‘\\\\\\ LI 'I/'/' [
o [ 2 T
K s 3 i e S
= % 5 ¥
2 5012 o D P
— =
| = B DDDD xl
g { - T.
LW I~ = )
L’ N
S, WY ¢ £ 3
e _%.ll L # g §
MizBee

How: Idiom design choices

Facet

® Juxtapose

* juxtapose linked views
—multiform overview-detail
* three views: genome, chromosome, block

« different visual encoding in each
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How: Idiom design choices

How: Idiom design choices

How: Idiom design choices

MizBee contributions

Manipulate
* axis orientation * filter * outer ring: summarize relationships with color ® Select * first synteny browser with side-by-side linked views
—radial: genome Arrange Reduce —select one chromosome from set of source —across the range of scales
—rectilinear: chromosome, block ® Axis Orientation 17, ~—n  Filter chromosomes —encoding all four conservation relationship types
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Outline Connections Beyond Graphics Design Studies: Other Domains - Techniques: Dimensionality Reduction

¢ introduction

* Cerebral

* TreeJuxtaposer

* MizBee

* wrapup

many other application domains

—biology only one of many

machine learning

computational geometry
* HCI
cognitive psychology

* RelEx: automative networks

* Vismon: fisheries simulation/mgmt

* LiveRAC: large-scale system monitoring

* SessionViewer: web logs

“Tamara Munzner, UBC CS, http://www.cs.ubc.ca/group/infovis i

* Glimmer: GPU accelerated MDS

* DimStiller: visual dimensional analysis and
reduction toolkit

* Glint: costly distance functions

Tamara Munzner, UBC CS, http://www.cs.ubc.ca/grouplinfovis
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Techniques: Networks

* Topolayout
— multi-level network layout

Graph Mierarchy 1

Grouse
— multi-level network browsing

GrouseFlocks

— browsing space of all possible
compound network hierarchies

o

TugGraph
— untangling complex multi-level
networks interactively

Tamara Munzner, UBC CS, http://www.cs.ubc.ca/grouplinfovis

Evaluation: Dimensionality Reduction

* guidance on scatterplot/DR choices

* taxonomy of cluster separation factors

* 2D points vs 3D landscapes

Tamara Munzner, UBC CS, http://www.cs.ubc.ca/grouplinfovis

Evaluation: Focus+Context

* overviews: separate vs. integrated views

* navigation: stretch and squish vs. pan/
zoom navigation

* impact of distortion on visual search,
visual memory

Tamara Munzner, UBC CS, http://www.cs.ubc.ca/grouplinfovis

Theory/Models

* multi-level typology of abstract
visualization tasks

* design study methodology

TASK CLARITY

* nested model for vis design and
validation

INFORMATION LOCATION

g prctinms

—revisited: blocks and guidelines

* papers process and pitfalls

Tamara Munzner, UBC CS, http://www.cs.ubc.ca/grouplinfovis
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More Information

« this talk
http://www.cs.ubc.ca/~tmm/talks.html#biovis-cs3 [ 4

* papers, videos, software, talks, courses
http://www.cs.ubc.ca/~tmm

* book (to appear Nov 2014)
http://www.cs.ubc.ca/~tmm/vadbook
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