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Today:Week 14

* UBC InfoVis group research |: problem-driven
* break

* UBC InfoVis group research 2:Vis & ML intersections
* next steps



Applying visualization to real-world problems

* today: research highlights from my own group

* nested model: going down, starting from top

—map from domain to abstraction level daobr:i I:Ction
* crucial & difficult, iterative process diom
algorithm
—select appropriate idioms

* Oor create new ones if necessary

* many case studies ﬂ
—different domains .

—different methods




Four case studies of problem-driven work

* in-car networks a

* facilities management |

&K

* biology (x2) @-

Car by AIGA from the Noun Project Business by Colourcreatype from the Noun Project Biology by tezar tantular from the Noun Project




Four case studies of problem-driven work
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* facilities management
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Car by AIGA from the Noun Project Business by Colourcreatype from the Noun Project Biology by tezar tantular from the Noun Project
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Visualization for Actively Changing Overlay Network Specifications

joint work with:
Michael Sedlmair, Annika Frank, Andreas Butz

http://www.cs.ubc.ca/labs/imager/tr/2012/relex/

RelEx:Visualization for Actively Changing Overlay Network Specifications.
SedImair, Frank, Butz, Munzner. IEEETVCG 18(12):2729-2738, 2012 (Proc. InfoVis 201 2).


http://www.cs.ubc.ca/labs/imager/tr/2012/Glint/
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Abstractions



DATA
In-car Electronics




Data Abstraction: 3 Networks

* physical network
— 100 nodes: Electronic Control Units
— 10-15 hyperedges: bus systems
—hardware engineers

* logical network
—same nodes
— 10,000 multigraph edges: signals
— 1,000 weighted edges: signal counts

—software engineers

* overlay network

—maps logical onto physical
— 30,000 edges: signal paths
—target engineers
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Task Abstraction: Mapping

* specify overlay network that maps logical onto physical
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Task Abstraction: Optimizing

* traffic optimization

/ bandwidth ... delay/real
\ path length ... load bala

Many constramts A
time ...

nce ..
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Task Abstraction: Changing

* external change requests

4|EC_U ECU [— j ECU [=
O- O-— > 5
ECU —{ ECU ECU 2 2 ECU ECU * = ECU
Ir~. I Je
c c
w n ||=
ECU ECU ECU —| ECU ECU E — ECU

sighdl pdth

t

Change

(trivial requests might lead to
complex changes)




Idioms
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Filter I6schen

__| Topologie

Vis Guideline [Ghoniem 2005]
Matrix for dense network data
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Vis Guideline [Ghoniem 2005]
Node-link for path following tasks

SIGNAL PATH
— NETWORK
| — ': =Y F
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Signal Path View:| = || ¢ &
Selected Signal =
, L= filtered by signal




INTERACTION IDIOM:
Cross-Network Relations
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https://youtu.be/89lsQXc6Ao4
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Abstraction Innovation



Previous Work

Focus on social network analysis

* radically different task and data abstractions
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Task Abstraction

Social Network Analysis Domain
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Task Abstraction

Social Network Analysis Domain

e find clusters

* find high-degree nodes

25



Task Abstraction

Social Network Analysis Domain

* find clusters
* find high-degree nodes

* find bridge nodes
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Task Abstraction

Social Network Analysis Domain

e find clusters

* find high-degree nodes

* find bridge nodes

* understand temporal dynamics

— passively notice changes

27



Data Abstraction

Social Network Analysis Domain

* single graph

28



Data Abstraction

Social Network Analysis
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* scalability challenge: nodes



Abstraction Differences

Social Network Analysis vs Overlay Network Optimization

* data

—three related networks

* data

—single network

* physical, logical, overlay

—node scalability — path scalability
* sparse edges * dense edges, few nodes
* task * task
—find clusters, high-degree nodes, bridge nodes —traffic optimization

— passive changes —active changes 9=,
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Q&A



Four case studies of problem-driven work

* in-car networks a

* facilities management

* biology

Car by AIGA from the Noun Project Business by Colourcreatype from the Noun Project Biology by tezar tantular from the Noun Project
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Ocupado

Michael
Oppermann

Visualizing Location-Based Counts Over Time Across Buildings

http://www.cs.ubc.ca/labs/imager/tr/2020/ocupado/

Ocupado:Visualizing Location-Based Counts Over Time Across Buildings.

Oppermann and Munzner. Computer Graphics Forum (Proc. EuroVis 2020) 39(3):127-138 2020.
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http://www.cs.ubc.ca/labs/imager/tr/2020/ocupado/

Location-Based Counts




Previous measurement required
physical counting or installation
of additional hardware.
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Previous measurement required
physical counting or installation
of additional hardware.

Previous visualization attempts
were limited in space and time.
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WiFi Connections: Location-Based Counts
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WiFi Connections: Location-Based Counts
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WiFi Connections: Location-Based Counts
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Location-Based Counts

v

Regular intervals (e.g., every 5 minutes)

v

Spatial hierarchy (Zone = Floor = Building =& Campus)

v

No trajectories or device identifiers are recorded

v

Intrinsic privacy advantages
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Data

=
%...0

Automated
HVAC control
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Data
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Data

Decision
making
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WiFi connections as a proxy for occupancy
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WiFi connections as a proxy for occupancy
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Interviews with potential stakeholders
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Focus Domains

v

Space planning

v

Building management

Custodial services

v

v

Classroom management

v

Data quality control
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Focus Domains

\4

Space planning

\4

Building management

Custodial services

\4

\4

Classroom management

\4

Data quality control

==

Semi-structured discussions
and live demos
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Tasks

\/ Confirm assumptions or previous observations.
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Tasks

\/ Confirm assumptions or previous observations.

/ Monitor the current/recent utilization rate.
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Tasks

\/ Confirm assumptions or previous observations.
/ Monitor the current/recent utilization rate.

\/ Communicate space usage and justify decisions.
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Tasks

\/ Confirm assumptions or previous observations.
/ Monitor the current/recent utilization rate.
\/ Communicate space usage and justify decisions.

\/ Validate the data (quality control).
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Spatial and Temporal Data Granularities

58



Visualization Prototypes

Sandbox

Data sketches,
static data export

59



Visualization Prototypes

- original plan: different interface for each
stakeholder

Sandb . i
andbox - realization: task & data abstractions match

Data sketches, multiple stakeholders

static data export

- if slice by space & time granularity

60



Spatial and Temporal Data Granularities

Building

Regions of interest




Spatial and Temporal Data Granularities

Building

O

Weekdays last 12 hours

Regions of interest

Mondays

Periods of interest

Summer term
Fr 8-10am Weekends
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Visualization Prototypes

Sandbox Campus Explorer
Data sketches, Live-data stream,
static data export cross-building analysis

Building Recent

Building Long-term

Region Compare
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Reusable Visualization Components
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Layout

Reusable Visualization Components

Visual Encoding

Facet

Comparisons

Sparklin

e

_u

Juxtaposition

Repeating patterns, trends, outliers
(contiguous)
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Layout

Reusable Visualization Components

Visual Encoding

Facet

Comparisons

Sparkline

ki

Juxtaposition

Repeating patterns, trends, outliers
(contiguous)

Box-plot-bars

Juxtaposition

Repeating patterns, trends, outliers

(non-contiguous)
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Reusable Visualization Components

Layout Visual Encoding

Sparkline

A

Box-plot-bars

Confidence band
line chart

A

Facet

Juxtaposition

Juxtaposition

Aggregation

Comparisons

Repeating patterns, trends, outliers
(contiguous)

Repeating patterns, trends, outliers

(non-contiguous)

Typical utilization profiles
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Reusable Visualization Components

Layout Visual Encoding

Sparkline

UL

Box-plot-bars

Confidence band
line chart

Facet

Juxtaposition

Juxtaposition

Aggregation

Superposition

Comparisons

Repeating patterns, trends, outliers
(contiguous)

Repeating patterns, trends, outliers

(non-contiguous)

Typical utilization profiles

Within-session patterns, outliers
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Temporal

Reusable Visualization Components

Layout Visual Encoding

Sparkline

UL

Box-plot-bars

Confidence band
line chart

Facet

Juxtaposition

Juxtaposition

Aggregation

Superposition

Comparisons

Repeating patterns, trends, outliers
(contiguous)

Repeating patterns, trends, outliers

(non-contiguous)

Typical utilization profiles

Within-session patterns, outliers
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Temporal

Spatial

Layout

Reusable Visualization Components

Visual Encoding

Sparkline

UL

Box-plot-bars

—‘
—1
-‘

Confidence band
line chart

Spatial heatmap

1 2
- Hl N

Facet

Juxtaposition

Juxtaposition

Aggregation

Superposition

Superposition

Containment
(nested)

Comparisons

Repeating patterns, trends, outliers
(contiguous)

Repeating patterns, trends, outliers

(non-contiguous)

Typical utilization profiles

Within-session patterns, outliers

Within local spatial neighborhood

Across distributed regions

70



OCUPADO
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Ocupado: Visualizing Location-Based Counts
Over Time Across Buildings

Michael Oppermann

Tamara Munzner

Project partner:

THE UNIVERSITY " DESIGNING 8L/ SENSIBLE
OF BRITISH COLUMBIA ‘j for PEOPLE BuiLoinG

ScCIENCE

https://youtu.be/KcwjVK8eUdw?t=83 ,



https://www.youtube.com/watch?v=KcwjVK8eUdw
https://youtu.be/KcwjVK8eUdw?t=83
https://youtu.be/KcwjVK8eUdw?t=83

Ocupado Contributions

Analysis and abstraction of data and tasks for studying space utilization

Ocupado, a set of visual decision support tools

Generalizable design choices for visualizing non-trajectory
spatiotemporal data relating to large-scale indoor environments
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Spinoff toolkit paper: TimeElide

https://youtu.be/a/v|xTRWbm

TimeElide Sparkboxes

Select data General settings Chart-specific settings

bike_rides.csv Other data source

- : Date =
Title for variable of interest: Speed (km/hour)

N % & 1| J 5 i M I \‘4 I
Select slicing method .i_ f Il JI\F)‘\!\ | &\ I‘ \\ \ {I h . W }\ , \l l | I TL\M.

e R U NI A
Automatically detect slices m ‘ ' G T | ,\f\ /J\‘ “ '] | \I'\ l(l ﬂ I\’L A f{ M L’ J \ l W | I 'I’ I
o 20 | WA | ] 1“ W ‘ AN II/IJ \ 'Iﬁ
Number of total slices: 20 [ h |
Median within-slice distance 5minutesk Il h P [ l \ 'l ' I ﬁ JI " ‘ ‘

Median between-slice distance 4 days 15+ ” ’ I. I .| r I I I‘ ’
| ' |
Threshold: 8 hours Reset 104 \ II ‘ ' J | '
See details l| / I‘
5- ||
| I
Select visualization type "I |‘ i
ILer""‘I,j’ T ‘T,"'ﬁthw .‘TW"T\ d sa  Tue Tue Wed Th Sat, Aug 8 Tu We Fri, Sep 4 Fi Fr Fr Tu
'l . ‘ \T [ 1 L I [ R B I I I I
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T
A Min-max range Hover over slices for more details,

\
| Scroll to zoom in and out,
! \ Upper and lower quartiles
. Median
e e e Raw data
J
~ / I

UBC InfoVis | €) Open Source
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https://www.youtube.com/watch?v=a7vJxTRWbmI
https://youtu.be/a7vJxTRWbmI

Q&A



Four case studies of problem-driven work

* in-car networks a

RN

* facilities management |B|

* biology

-2

iy Pcasam e s ~5
G e A 2 0 B
T E T A Fo 2% Xz
e/
I: i
N,. 7%
[ 'S
‘o I
[ ] R 9
Ne
0 .
& ¢
h) .
v
A '.'-' & oy .-» _ \. A
- . “ . - >

Car by AIGA from the Noun Project Business by Colourcreatype from the ‘Nun'Projeéi ‘ olbgy by tezar tantular from the Noun Project
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[R] Reference Tree [TC] Tree Collection

pare @make consensus | Creset selected trees (22) | sub-col

tion
8. e Distibution by Reference Partition [ [¢=Y=W D) (-yigl0) 01t [0]4] -

ree collection  Partition Distribution

subtrees

for Visual Comparison Between Many Phylogenetic Trees

http://www.cs.ubc.ca/labs/imager/tr/2019/adview

Aggregated Dendrograms for Visual Comparison Between Many Phylogenetic Trees.

Liu, Zhan, Munzner. IEEE Trans.Visualization and Computer Graphics (TVCG) 26(9):2732-2747, 2019.

Shing Hei

Zhan Ll
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http://www.cs.ubc.ca/labs/imager/tr/2019/adview

Phylogenetic tree

Evolutionary relationships of organisms

Human |A T AGA _
Chimpanzee [A TEEGABA Genetic information
Macaque AC aABA

Computational workflow

I'_I|:|_||

N4

Phylogenetic tree




Many phylogenetic trees

Human
Chimpanzee
Macaque

ATEGGARA
ATEEGARBA Genetic information
ACEGEGABA

Computational workflow

N4

Phylogenetic tree

AAAREREAR

L

L

Understand relationships between genes
and species trees
Explore trees generated with different

methods and data

£

||_||l||
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Scalability of Existing Tree Comparison Systems

#Trees: how many trees to compare
A

>

Level of detail (LoD):
how much details are visible
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calability of Existing Tree Comparison Systems

Pa

#Trees: how many trees to compare

Ir'S

A

Few in full

Simplified
structure

I.lnemd th

Add |u v| lefs @— Reset
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Fungi| <t
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Coccoid gree Pseudomicrott
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Ditylum bright

TreeJuxtaposer.
Munzner, Guimbretiere, Zhang, Zhou.
SIGGRAPH 2003

>

Full Level of detail (LoD):
topology how much details are visible
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Scalability of Existing Tree Comparison Systems

(a)
#Trees: how many trees to compare
A

Many as

Thousands points

Hundreds

(b)

Tree space.

Dozens Hillis, Health, John.
Systematic Biology 2005.

Pairs Few in full

>
Single Simplified Full Level of detail (LoD):

point structure topology how much details are visible




Scalability of Existing Tree Comparison Systems

Data View Other Help
| () &) scores: Eleme.. [ [] 05 References: S8_tr

#Trees: how many trees to compare
A gwes BOO| [
Thousands quy as Jﬂﬁtﬁﬁp °‘-':'=-' e
points yli =
Hundreds .-::.'...f:°
Dozens Dozens at multi-scale | o | |
nteractive visual comparison of multiple trees.
Bremm, Landesberger, HeB, Schreck, Weil, Hamacher.
Pairs Few in full VAST 2011.
>
Single Simplified Full Level of detail (LoD):
point structure topology how much details are visible
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Comparing many phylogenetic trees

#Trees: how many trees to compare

A
Many as i
Thousands poin’?ls ndreds /
thousands at
Hundreds
Dozens Dozens at multi-scale
Pairs Few in full

Single Simplified Full
point structure topology

>

Level of detail (LoD):
how much details are visible
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Contributions include idiom & algorithm levels

e Data and task abstractions for comparison of phylogenetic trees
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Contributions include idiom & algorithm levels

e Data and task abstractions for comparison of phylogenetic trees

e A new visual encoding: Aggregated Dendrogram

Compact tree representation that focuses on selected subtrees
Adapts to available screen space
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Contributions include idiom & algorithm levels

e Data and task abstractions for comparison of phylogenetic trees

e A new visual encoding: Aggregated Dendrogram
o Compact tree representation that focuses on selected subtrees ‘H—
B_9

o Adapts to available screen space
o Covers multiple levels of details for tree comparison ‘[
l<

e A multi-view interactive tool: ADView
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Data & Tasks

e Tree data
e Two crucial tasks

88



Tree data

Reference tree VS. Tree collection

H;H:E[Eu M Jr

e L e e e B B
ffjf Jﬁjjﬁﬁjdﬂj f Jfﬁf -

: ‘ gﬂp‘ﬂ% FIoe ur?fgj U‘ﬁﬁﬂ“




Two crucial tasks

Topological relationships between
subtrees / leaf nodes
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Two crucial tasks

Topological relationships between
subtrees / leaf nodes

Separated  Nested

2O

SRl
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Two crucial tasks

Topological relationships between Leaf node memberships compared to

subtrees / leaf nodes reference tree
e Topological distance

Separated  Nested

—®OrCeO© e
O] ¢ s
- YLD "L,

Reference



Two crucial tasks

Topological relationships between Leaf node memberships compared to
subtrees / leaf nodes reference tree
e Topological distance

Separated  Nested Exact match
— —s
(O ’ —S3 | [—S3
S 1D e

Reference Treel



Two crucial tasks

Topological relationships between Leaf node memberships compared to
subtrees / leaf nodes reference tree
e Topological distance

Exact match Partial match

Separated  Nested S1 — 91 ——S1
_© ——S2  [L—s2 [ —s2

S3 S3 S3
Ol s ai

Reference Treel Tree2



Aggregated Dendrogram (AD)

e Intuition
e Visual design



Intuition

Use glyphs to compress a tree according to user selections

AL Mot -
c’éodrus libaré ~ -~
Pinus tacda ~

Prumnopitys andina ~

V4 Sciadopitys verticilaza
Taxus baccata N\
Juriperus scopulorum \
/ Cunninghamia lanceolata
Amberclla trichapada \
/ Nughar advena

, e Ladsura heteraclita \
Acarus americanus
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Visual design: focus + context
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Visual design: focus + context

e [ocCus
o Selected subtrees

Hide inner structures

and leaf nodes

| B | -.
' 2" Partial match of leaf set
-

(Leaf

Kk
Exact match of leaf set tas )
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Visual design: focus + context

e [ocCus
o Selected subtrees

Proportion of matching leaves

"

(Leaf task)

# leaf nodes
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Visual design: focus + context

e Focus
o Selected subtrees
o Topological relationships between them

(Topology task)
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Visual design: focus + context

e Focus
o Selected subtrees
o Topological relationships between them

Elided topology

(Topology task)
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Visual design: focus + context

e (Context
o Neighboring subtrees
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Visual design: focus + context

e (Context
o Neighboring subtrees
o Upstream topology and root

103



Visual design: focus + context

e (Context
o Neighboring subtrees
o Upstream topology and root
o Missing leaf nodes
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Visual design: algorithm adapts to space

e Show more info when space permitted

o Labels
o #leaf nodes
o Neighboring blocks

40x40 px 80x80 px 160x160 px

q o
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®eference Tree ~

Dist. support
mf ?350)

10 E ﬂ
o 05 s el
00 02 04 05 08 1.0

deactivate range selection

Dist. %exact match (GSFD %

10

11 bma u.l.ll

00 02 04 06 08 10
activate range selection

astral.FAA.trim50genes.final.tre (103 taxa)

| Encode | Ignore ' branch length.

Uscrema sp
Monomastix cpisthostigma

Pyrrmimanas parkeae
Neghrosekris m'mms
Mesosigma viri
Chioral u:-rcn!vrms
Spiroteenia minuta
Entransia fimbriata
Ketsormidiuem subiile

ADView Interface: Multi-level structure across views

Tree Collection
@ pairwise compare @ make consensus o reset selected trees (22) v sub-collection~  more v

Tree Distribution by Reference Partition

Tree collection  Partition Distribution
A B————
All Trees B _
o c
D

This cluster (#trees=12) disagrees with branch B in the reference tree.
Segment (group of trees): shared same taxa membership with ret. (®) selected (M) hovered (OJ)

Aggregated Dendrograms (AD)

manual size: [ width-64 B max #context levels: 2 =( === show labels: @ show colors:
¥ Clusters o differentiate inexact match: | differentiate sister-group relationships: @ (caveat: trees in a cluster agree only on relations among named blocks (A, B, C, ...), but not necessarily on context blocks)

JF:7 — [
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¥ Individuals (sort by the RF distance v 10 the reference tree). Show tree names:|

@Al Trees @

il

ﬁ 1

]

sl wsill

T
T

Block: [Jcontext [Jexact matched (taxa membership) :..-:inexact matched ! *missing taxa
Tree:  ®pairwise target [T (bounding box) hovered [ selected
Branch: - with hidden taxa

Tree Lxst O -

R R

[ FAAIR msogonoscnara,au?os,unpann

[T) FAA.untrimmed.unpartiticned.final tre
[TI[FNA.trim: nes50sites.unparttione

[T]FNA2AA 604genes.trimExtensively.all
FNA2AA 504genes. timExtensively.allf
("1 FNA2AA 604genes.timExtensively.nol
[7] FNA2AA.604genes. trimExtensively.not
[T FNA2AA 604genes. trimExtensively.nol

[T)[FNA2AA Inm50genes.allPos.unpartto

("1 FNA2AA.Inm50genes.no3rd.unpartitiol

emlegbipgge<svera o
Tree Similarity -

Distance: |E subtree

s

. -

L Y ? L] .
N YR
' L]

a

LN}
L@
L]

®+ » B sub-collection mark
@ref. @hovered  @selected

Corresponding Br. Attr. =

For tree collection  All Trees v
For reference tree branch D+
Dist. support

| i

L S e S e
00 02 04 06 08 10
activate range selection
Dist. similarity

10

1
T
00 02 04 06 08 10

activate range selection

Iveas In chosen collection
trees with exact match
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Multi-level structure across views

®eference Tree ~

. Branch

Individual tree
subtree
branch and leaf




Interface walkthrough: tree collection main views

Tree Collection

ree Distribution by Reference Partition

ree collection  Partition Distribution

F Tree collection

Subset of trees

max #context levels: 2 =( === show labels: @ show colors:
Clusters o differentiate inexact match: () differentiate sister-group relationships: @ (caveat: trees in a cluster agree gssarily on context blocks)

Tree collection
Subset of trees

ck: [Jcontext [Jexactmatched (taxa membership) :..:inexact matched ! :missing taxa
®pairwise target [ (bounding box) hovered [ selected
ranch: - with hidden taxa

Tree List @) -

R R

[T FAA |nm5090noscnara allPos.unpartit

[T FAA.untrimmed.unpartitioned.final.tre

[TI[FNA.trim: nes50sites.unparttione

[T]FNA2AA 604genes.trimExtensively.all
FNA2AA 504genes. timExtensively.allf
("1 FNA2AA 604genes.timExtensively.nol
[7] FNA2AA.604genes. trimExtensively.not
[T FNA2AA 604genes. trimExtensively.nol
[T)[FNA2AA Inm50genes.allPos.unpartto
("1 FNA2AA.Inm50genes.no3rd.unpartitiol

R0 e

Tree Similarity -

Distance: |E subtree

®+ » B sub-collection mark
@ref. @hovered  @selected

Corresponding Br. Attr. =

For tree collection  All Trees v
For reference tree branch D+
Dist. support

| i

L S e S e
00 02 04 06 08 10
activate range selection
Dist. similarity

10
1
L S s s

00 02 04 06 08 10

activate range selection

Iveas In chosen collection
trees with exact match
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Interface walkthrough: tree collection aux. views

50genesChara.allPos.unpartit
[T) FAA.untrimmed.unpartiticned.final tre

50 50 25XDb

Individual tree |

("1 FNA2AA 604genes.timExtensively.nol
[T FNA2AA 604genes.trimExtensively.not
(] FNA2AA 604genes.timExtensively.nol

[[FNA2AA im50genes allPos.unpartitie

[T FNA2AA trim50genes.no3rd.unpartitiol

es33taxa.no3rd.unt

Tree collection

®+ » B sub-collection mark

Corresponding Br. Attr.

For tree collection  All Trees v
For reference tree branch D+
Dist. support

10
1 | |

L L S s
00 02 04 06 08 10

b ra n C h activate range selection

Dist. similarity

10

1
T
00 02 04 06 08 10

activate range selection

Ilreas In chosen collection
trees with exact match




Validation with many biologists

e Work closely with a biology PhD student (second author)

e Demos, interviews and discussions
10 biologists at different times throughout project
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alidation with many biologists

e Work closely with a biology PhD student (second author)

e Demos, interviews and discussions
o 10 biologists at different times throughout project

e User study sessions

o 5 biologists
o Using their own datasets

Dist. support - Blastocystis_ST4
(@ (b) pp (a) Blastocystis_ST3 )z

Blastocystis_ST3

10 Blastocystis_ST3

Blastocystis_ST3
1 I lll Blastocystis_sp_GEPA2
Blastocystis_ST2

£ Blastocystis_ST2
.0 02 04 06 08 1.0 Blastocystis_ST2

1 Blastocystis_ST12
Blastocystis_ST14
Blastocystis_ST13

Blastocystis_ST9
Blastocystis_ST6
Blastocystis_ST7
Blastocystis_ST7
Blastocystis_ST7

Blastocystis_ST7
Blastocystls S17

= Rlactaructic

,
@ I EE EE E-v
QQ

N
Previous RN X & [71B:zygn
hypotheses: w w V B c: Char

Zygn-sister Char-sister Col-sister
(Tlmme et al 2012) (Karol et al 2001) (Finet et al 2010)

Cluster ADs

EE R R

astral.FAA.trim50genes.final.tre (103 taxa) vs. Consensus tree (103 taxa)

(b)neode\ Ignore | branch length. [T T M - . ort consensus tree

Uronema sp
Nonomas

i s .Z: LP+Char

och:
margasitacew

Corresponding Br. Attr. -

For tree collection = All Trees ~
For reference tree branch Z «

Dist. support




Validation with many biologists T
y DIOIO8 N

Zygn-sister Char-sister Col-sister
(Timme etal 2012)  (Karol et al 2001) (Finet et al 2010)

e Work closely with a biology PhD student (second author) /’>&\

e Demos, interviews and discussions
© 10 biologists at different times throughout project e ———

e User study sessions

o 5 biologists

o Using their own datasets
e Biologists confirmed

o Validity of data and task abstractions
o Utility of ADView

Corresponding Br. Attr. -

For tree collection = All Trees ~
For reference tree branch  Z «
Dist. support

°| o
ao\g2 of 08 €5 10

L Blastocystis_ST4
Blastocystis_ST3
Blastocystis_ST3
Blastocystis_ST3

(b) Dist. support (a) \\
Blastocystis_ST3
Blastocystis_sp_GEPA2

. j |
1
I lll Blastocystis_ST2
£ Blastocystis_ST2
0 02 04 06 08 10 Blastocystis_ST2

1 Blastocystis_ST12
Blastocystis_ST14
Blastocystls ST13

Blastocystis_ST9
Blastocystis_ST6
Blastocystis_ST7
Blastocystis_ST7
Blastocystis_ST7

Blastocystis_ST7
Blastocystis_ST7

= Rlactaructic QT7
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Q&A



Break: 3:40-3:50



Four case studies of problem-driven work

* in-car networks a

RN

* facilities management |B|

* biology
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Car by AIGA from the Noun Project Business by Colourcreatype from the ‘Nun'Projeéi ‘ olbgy by tezar tantular from the Noun Project 15



Vanants

Transcript

0@ <

DD

YYHBVvVY

Ll

Protein

Variant View

Visualizing Sequence Variants in their Gene Context

joint work with:
Joel Ferstay, Cydney Nielsen

http://www.cs.ubc.ca/labs/imager/tr/2012/VariantView/

Variant View: Visualizing Sequence Variants in their Gene Context.
Ferstay, Nielsen, Munzner. IEEETVCG 19(12): 2546-2555, 2013 (Proc. InfoVis 201 3).
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http://www.cs.ubc.ca/labs/imager/tr/2012/Glint/
http://www.cs.ubc.ca/labs/imager/tr/2013/VariantView/

Sequence Variant Definition

* Sequence variants

—Difference between reference and
given genome

\
w\ ™

Reference Genome DNA: ATATGATCAACACTT

Sample | Genome DNA: ATAT@CTT Harmful?
Sample 2 Genome DNA: ATATGCA@ Harmless?
\




Cancer Research

* collaboration with analysts at BC Genome Sciences Center
—studying genetic basis of leukemia
* driving task

—discover new candidate genes with harmful variants

* two big questions

—what to show
e data abstraction

* challenge: enormous range of scales in the data

—how to show it

* visual encoding idiom
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Abstractions



Data: Filtering to relevant biological levels and scales

Genome
3 billion bp
Exons 100 bp
GGene
10,000 bp \ ¢ /
Transcript
Translation¢
Proteln

Protein Regions
50 aa 120



Filter out whole genome; keep genes

Genome SIS S S S

Exons

(Gene

N

Transcript

Iil A/u

Translation¢

Protein [

Protein Regions
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Filter out non-exon regions

Genome SIS S S S

Exons

Gene [=_ >Z > T T >

N v

Transcript | |
Translation¢
Protein CL_1T_T_ T T 1

Protein Regions



Data abstraction: highly filtered scope

Genome EZ— Sz ST TS S

Gene [T 7 T T 7 T T >

Transcript| |
Translation¢

Protein CL_1T_ T T 1

Protein Regions
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Dominant paradigm: genome browsers

[
 strengths: flexible and 2o .
. 168 26 Mb 166 26 Mb 188 27 Mb 166 28 Mb 168 28 Mb 168 28 Mb 18829 Mb 198 20 Mb
Chromosome bands, 3.1 ]

I [
36 way GERP dleme_. M 1§ n Il EEIEE R 1N THEN | P I n "
Corstrained elements for 33 eutherian mammals EPO_LOW _CO EF‘éﬁF

—horizontal tracks: user data catn,

Genes (Merged Ens...

—shared coordinate system: °:F \ariant e e
genome coordinates (bp)

Ll
P>F3B1-003
nonsense medided decay

Py

<SF3B1-002
retained intron

* problems

A o —
1 M CCDS set EXO n pde?n c&ling
—tiny features of interest spread
out across large extent W——

* must zoom far in to inspect B ok A e s A A MR e
known feature, then zoom out and | ... =5 ™ e
pan to locate next s OEme e

* high cognitive load for interaction | =™ =i B P s

There are currently 457 tracks turned off.
Ensembl Homo sapiens version 71.37 (GRCh37) Chromosome 2 198 256 898 - 198299 815

* must already know where to look

representative example: Ensembl
Chen et al, BMC Bioinforrmatics 201 0.
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Features of interest small even in variant-specific view

®

s b0

| st Screen E i‘" M‘

Exon regions small

[ty

R 15 Color coding
sl E difficult to see
EVELL:
EN I
LU B HTTHI (8

Protein regions overlap
‘ on same track

L :g
= | et | AT Ensembl Variant Image
Chen et al, BMC Bioinforrmatics 201 0.




Idioms



Variant View

Gene Search: Submit

Alternative Transcripts:

Variants - -

OO OO OO0

Relar GD AAEEBE
VY SV QGD

Transcript

Protein

Variant Data

W Coowd
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Variant View

Gene Search: Submit

Alternative Transcripts: g

Variants

=] (-]

aa OO0
D AAEEE

SV QGO

Transcript

0

Information-dense single gene view

Protein

Variant Data




Variant View

Information-dense single gene view
Gene Search: Submit

Alternative Transcripts: gene-anon (trans-ar

Variants

oo
GD

vy

Transcript

0

Protein

Variant Data

- NNo need for“p‘én"and ZOOMm




Variant View

Sorting metrics guide gene navigation

Alternative Transcripts: g

Variants 6 - °
a0 DOOO0 add
Refarence A A ¢ GD A A EEE SSS
varant AA VY SV QGD
Transcript

[ 1 l ' | | | ' [ 1

Protein

Variant Data




Variant View

Sorting metrics guide gene navigation

Alternative Transcripts: gene-anon (trans-ar

Variants " ® .
A watinn T OO DOm0 aom
GD A A (EEE SSS
VY SV QGbD

Transcript

| Al ' | ] 1 | | [ |

Protein

\/n

Control what shows up here




Variant View

Gene Search: Submit

=} [~]
(LR
A A (EXENE

Alternative Transcripts: gene-anon (trans-anon @
Variants I3 (NM 004119

Mutat ' Type ANKRDAE8 (NM 11R4315

VR AA TAL ' '

SV QGD

Transcript

Protein

Variant Data

\Peripheral suppbrting data




Design information-dense visual encoding

* show all attributes necessary for
variant analysis

—match salience with importance for
analysis task

—H w e
> O
— O

* variant not just a thin line!

 emphasize with high salience e ————\[griaNt

— collocated variants fan out at top

—grey variant vertical stroke
intersects horizontal colored

protein regions
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Design information-dense visual encoding

—H w e
> o
— O

Reference AA /
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Design information-dense visual encoding

—H w e
> o
— O

Reference AA %

Variant AA
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Design information-dense visual encoding

- »n O

Reference AA %

Variant AA

AA Chemical Class Colours:
Charged [}

Uncharged

Hydrophobic
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Design information-dense visual encoding

Variant Type
4+ [Wstorp

o
00 _
/ SS'S V| Indel
Reference AA / TAL =| Deletion
. +| Insertion
Variant AA %] Splice
AA Chemical Class Colours: >>| Frameshift
Charged [ [B| Nonsynonym
Special é—_— Variant
Uncharged
Hydrophobic




Design information-dense visual encoding

Known Database e— variant Type
8 0o | Stop
O Known Harmless ||
S'S'S V| Indel
@ Known Cancer .
/ AL =| Deletion
Reference AA / +| Insertion
Variant AA *| Splice
>>| Frameshift
AA Chemical Class Colours: Nonsynonym
Special
Uncharged
Hydrophobic




Design information-dense visual encoding

Variant Type
& [Wstop

Known Database c—

T n
O Known Harmless AV V! Indel
@ Known Cancer .
/ AL =| Deletion
Reference AA / +| Insertion
Variant AA *| Splice
>>| Frameshift
AA Chemical Class Colours: Nonsynonym
Special Transcript/Region Colours:
Uncharged Transcript
: AA Chain
Hydrophobic All Other Regions
Non-Intersected Regions




Previous work targeted at variant analysis: MuSiC

T
A
(0 @)
(0 @)
0
@)
&
o x L39O
5 R 3865
9 N Y rw
O O . J\> J»Q L
DNMT3A Scale|(AA)
| | | | | |
0 100 200 300 400 500 600 700 950

MuSiC
[Dees et al, Genome Research 2012]



Side-by-side comparison: MuSiC vs Variant View

I
2
! ! o
Protein regions can overlap o
g X 459 2 :
d 5 cel &
DNMT3A $ ? ? Scale|(AA
0 100 200 300 400 500 600 700 950
Variants o o o 000088888888 888
. o o E O o o 0 00 00 I 0 N e
Reg|on5 get Separate lanes L ® * ® ® s* ® (RRRRRRERAARARRRRRR
Q K ® w © Q CcoCCEHHBERERARHEEB
Transcript
trans-anon I [ 1 [ 1 | || [ 1 11 | [ | [ 11 [
Protein
A.A. Chain | , -
Domains | l
Regions ‘
Zinc-Fingers
Active Sites
Bindings
Mod. Residue




Side-by-side comparison

: MuSiC vs VariantView

I
&
s Many collocated
O [ |
o ¥ y 39 ¢ 3 variants
< ~ o~ S
Y9 W SR
F e g e
DNMT3A Scale(AA
0 100 200 300 400 500 600 700 950
Variants 0 o o 0000888888888 883
utation Tvbe o i) E Do V] DONENMENDNNNNNDN N
Heferance AAS L ® * ® @ s* ® AEAAREERAARREERR _dl'ge bloom of
Vaam A.A.8 Q ® O w © Q o COAPRAERPRAERER ~ -t | -t .
- epea cd elements.
Transcript :
P _ more salient
trans-anon | [ T T1 [ 1 ] [ T 11 I [ 1 I I [ [ 1]
Protein
A.A. Chain I o
Domains ‘ I
Regions I
Zinc-Fingers
Active Sites
Bindings
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Results



Verify known leukemia gene: Highly scored by sorting metric

Variants

0

Mutation Type -
Reference A.A.s @
Variant A.A.s Y
F

Y

=)
N oo
e
=
=K.
= e
]

< =

OODDDD |
Y YHVEECO)D

r< @Wo
=]
< » @O

Transcript
wansanon [T T T T T T T T T T T T — T T 1T T T T T 1T T T]

Protein

A.A. Chain | _ l
Signals
Domains ! l

Hegions . “

Topo. Domains I L . l

Transmem.

Active Sites

NP Binding

Bindings

Mod. Residue

Carbohyd.

Disuf. | 44




Visual inspection reveals collocation of variants

Variants

(o)

Mutation Type -
Reference A.A.s @
Variant AAAs Y
F

Y

=
N oo
e
=
=K.
= e
]

< =

ODODDDD |
Y YBVEEOD

~r < @o
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< » @O

Transcript
ansanon [T T T T T T T T T T T T — T T 1T T T T T 1 T T NI

Protein

A.A. Chain
Signals )
Domains 1| l
Hegions ‘
Topo. Domains l L : l
Transmem.
Active Sites
NP Binding
Bindings
Mod. Residue
Carbohyd.
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Several functional protein regions affected

Variants

O

Mutation Type -
Reference A.A.s @
Variant A.A.s Y
F

Y

=
=)
=)
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=K.
= i}
]
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Y YBVEEOD
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Transcript
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Protein
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Signals
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Highly scored by metric: not previously known, good candidate

Variants

Mutation Type
Reference A.A.s

v
Variant A.A.s OF ® YYHVV YV
S

O

I

+ O
o)

B e

(w)
o Weo
o W e
o We
C)

8

Transcript

trans-anon

Protein

A.A. Chain
Signals
Domains [

Regions
Topo. Domains [
Transmem.

Active Sites

NP Binding

Metal Bind.

Bindings

Mod. Residue

Carbohyd.

Disuf.
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Protein chemical class change evident

Variants o 88888 o
Mutation Type ——8-0-0-0-0-0—

Reference A.A.s \ D(D(DYD/D)(D)
Variant A.A.s O E ® Y Y@V VIRV,
‘S

1 O
'+0

Transcript

trans-anon | | T

Protein

A.A. Chain
Signals
Domains [
Regions
Topo. Domains l:
Transmem.

Active Sites

NP Binding

Metal Bind.

Bindings

Mod. Residue

Carbohyd.

Disuf.
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In contrast, low scoring gene

Variants

Mutation Type
Reference A.A.s
Variant A.A.s

Transcript

trans-anon |I|

Protein

D

Py
(M=

(o)

AA. Chain |

Comp. Biases
Transmem.
Zinc-Fingers
Mod. Residue
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No collocation of variants

Variants

Mutation Type
Reference A.A.s
Variant A.A.s

- 4=
zZ =

oa=
)
)

Transcript

tans-anon [T TTTTT I T TATICTT OOV IO TO0T OO T IO T T T T T T YT IO IO TT T T T I TV TOT T T AT

Protein

A.A. Chain |
Comp. Biases
Transmem.
Zinc-Fingers

Mod. Residue
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Mostly unaffected protein regions

Variants

Mutation Type
Reference A.A.s
Variant A.A.s

== ;| E
Z e

0O @=
o
)

Transcript

tans-anon [T TTTTT I T TATICTT OOV IO TO0T OO T IO T T T T T T YT IO IO TT T T T I TV TOT T T AT

Protein
A.A. Chain . ! !t 1 | | |

Comp. Biases
Transmem.
Zinc-Fingers
Mod. Residue
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Additional tasks

* task 2: compare patients
—clinical setting application
—compare patient data to known harmful variants

— challenge
* similarity is loosely understood rather than fully characterized

* visual inspection for what constitutes a match
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Adapted Variant View with minimal changes

Select Patient: patient1 :
Patient Genes: genearon :

Submit
Submit

Alternative Transcripts: gene-anon (rans-anon) gene-anon (1rans-anon)

Variants
Mutation Type
Reference AAs
Varianmt AAs

>

S8

v S
o ra
X -
0O«

<
<
u

Transcript

17N Q3N
Jans-anor

NN |

Protein

A A Chain |

Regions
Comp. Biases
Zinc-Fingers
Mod. Residue

Variant Details

Variant ID Chr, Coord Ref Base Var Base Effect Leve Effect Type Gene Name Trans. Name

Prot. Coord,

Comparison Modes

() Show Patient Data Only
@ Show Patient + Neighborhood
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Navigate through patient data with list

Select Patient: Patient1l : | Submit
Patient Genes: genearon : | Submit

Alternative Transcripts: gene-anon (rans-anon)  gene-anon (irans-anon)

Variants
Mutation Type ad o
Reference A A5 LL K SS
Variant AAs PP N

> -
0.

Transcript
trans-anon 1NN NN RN | l

Protein

A A Chain [ ]
Regions

Comp. Biases

Zinc-Fingers

Mod. Residue

Variant Details Comparison Modes

Variant ID Chr, Coord Ref Base Var Base Effect Leve! Effect Type Gene Name Trans. Name Prot. Coord, () Show Patient Data Only
e 100208 0 MODERATE  NON_SYNONY oene-anon wans-anon 315P @ Show Patient + Neighborhood

3 UL £ a NN _ S TINDIN pene-ark ans-ank S1ISIS
1051 RS A MODIFIES ITR 1 PRIV ) : ( braf q
Ve 102 2 o aou -3 UTH_3_FRIN 8N e-ank ans-ank . | 54



Patient data emphasized with arrows

Select Patient: Patient1l : | Submit
Patient Genes: genearon : | Submit

Alternative Transcripts: gene-anon (rans-anon)  gene-anon (irans-anon)

Variants

Mutation Type
Reference AAs
Variant AAs

> -
O-

S S

Transcript
trans-anon 1NN NN RN | l

Protein

A A Chain [ ]
Regions

Comp. Biases

Zinc-Fingers

Mod. Residue

Variant Details Comparison Modes

Variant ID Chr. Coord Ref Base Var Base Effect Leve: Effect Type Gene Name Trans. Name Prot. Coord, () Show Patient Data Only
e 100208 0 MODERATE  NON_SYNONY oene-anon wans-anon 315P @ Show Patient + Neighborhood

- e - 4 LA™ A SN » j o - & - - - | - - " o - J
31025163 G MODIFIER UTR_3_PRIM Qene-arn rans-arn - 155



Patient has same harmful L to P mutation

Select Patient: Patient1 :  Submit
Patient Genes: genearon : | Submit

Alternative Transcripts: gene-anon (rrans-ancn)

gene-anon (rans-anon)

Variants
Mutasion Type am 1 a
Reference AA.s LL SS A G
Variant A As PP v s
Transcript
Irans-anon 1IN EE NN 1
Protein
A A Chain I
Regions
Comp. Biases
Zinc-Fingers
Mod. Residuea
Variant Details
Variant ID Chr, Coord, Ref Base Var Base Effect Leve! Effect Type Gene Name Trans. Name
pid-anon 31022955 | C MODERATE NON_SYNONY gene-anon trans-anon
| non I N y) ne«-anon n 1NON
} { 31023028 ) T NON SYNC 1&-Aaf -an
} 1 31024274 v LO NONYM 1&-anon -an
) on 3! 4. ne-anon AanonN
' non | 5 f SN ne-anon nS-anon
} f 31024704 ) NC SYNC 1&-anon -anon
} 31025163 3 MODIFIE UTR 3 | -anon -ann

Prot, Coord,

Comparison Modes

() Show Patient Data Only
@ Show Patient + Neighborhood
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Nonmatching variants

Select Patient:
Patient Genes:

Patient 1 = Submit

gene-aron & Submit

Alternative Transcripts: gene-anon (rrans-ance)

Variants

Mutation Type
Reference A A5
Variant A As

gene-anon (rans-anon)

=
(= |

L
LL K
&P N

73
73
< >

v o

Transcript ‘ '
trang-anon O TITT T 111 |

Protein

AA. Chain |

Regions L ! ! l

Comp. Biases | _| L] |
Zinc-Fingers

Mod. Residue [I

Variant Details
Variant ID Chr, Coord, Ref Base Var Base Effect Leve! Effect Type Gene Name Trans. Name
pid-anon 1022955 r C MODERATE NON_SYNONY gene-anon trans-anon
pid-anon 102295 | C NON SYNONY gene-anon trans-anon
pid-anor 31023028 G T NON_SYNONY gene-anon trans-anon
pid-anon 31024274 T C LOW SYNONYMOUS gene-anon trans-anon
pid-anon 31024274 | C SYNONYMOUS gene-anon trans-anon
pid-anon 31024450 : I NON _SYNONY gene-anon trans-anon
pid-anor 31024704 G NON_SYNONY gene-anon trans-anon
pid-anor 31025163 A G MODIFIER UTR_3_PRIM pene-anon trans-anon

Prot. Coord,

BI15F
BI15F

’,
"

836N

1984

[ 30y

Comparison Modes

() Show Patient Data Only
.Show Patient + Neighborhood
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Additional tasks

* task 3: debug pipeline
—data cleansing before analysis

—analysts originally thought pipeline fully debugged

* no perceived need for vis support
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Tool revealed errors in the data

Variants

Mutation Type
Reference AA.S
Variant AL As

Transcript

-/ ./ ./ ./ ./ - -/ - - ./ ./ ./ ./ (& -/ - - ./ - ./ - - - - ./ ./ ./ -/ ./ -/ -/ - -/ ./ ./ ./ ./ |\ -/ - ./ ./

trans-anon

Protein

A.A. Chan
HRegions
Comp. Biases
Mod. Residue

The tool exposed artifacts in the data that slid past at least two rounds of
quality metric filtering ... this type of problem would not have been
caught by our previous, automated methods.

- Analyst 3

159



Reflections: vis design guidelines

* transferrable to other domains

—specialize first, generalize later
* good for domains where with complex, multi-scale data

* difficult to judge a priori which design elements will generalize

—high-level considerations
* identifying scales of interest
* what to visually encode directly vs what to support through interaction

* when (and how) to eliminate navigation
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Conclusions

* visual variant impact assessment

—designed, implemented, and deployed tool for

* originally designed for Discover Genes task

—adapted to two others with minimal changes

* features
—navigation-free main overview at gene level

—reveal genes of interest through sorting by new derived metrics

* major considerations
—what to show
* filtering data scope

—how to show it

* carefully selected visual encodings

88888 o
DEOEN W

(DIDIDDD)(D)
YYHVV YV
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Q&A



Mixed-initiative: Human in the loop with ML

* visualizing imperfect models
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Two case studies of visualizing imperfect models

* NLP for temporal data

* ML for graph data ?
P

time by Wayne Middleton from the Noun Project machine learning by Eli Magaziner from the Noun Project |64



Two case studies of visualizing imperfect models

* NLP for temporal data

* ML for graph data

time by Wayne Middleton from the Noun Project machine learning by Eli Magaziner from the Noun Project 165
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tructured creation process
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SY SEYMOUR M. HERSY, eample, rendit. 3 began writing code for a new website
@ e e 1/1/2004 1/31/2 new website lin January 2004
¥ Tt use and S
operations, do On February 4, 2004, Zuckerberg
{:.:::;’:“;?" uoog launched "Thefacebook", originally
n the era of Saddam Hussein, Abu Ghraib, twenty miles west of Baghdad, | Lbya, malaymr | 2/4/2004 efacebook.com located at thefacebook.com
was one of the world’s most notorious prisons, with torture, weekly | Turkey, Ukraing, Six days after the site launched,
exccutions, and vile living conditions: As many as fifty thousand men and Entity Tags: Central three Harvard seniors (Cameron
Wonen — 1o accurate count is possible —were jammed into Abu Ghraib at one d  Timeline Tags: Com )
time. in twelve-by-twelve-foot cells that were litle more than human ==+ [ Sty T g Winklevoss, Tyler Winklevoss, and
pits. 06 RESEARE Divya Narendra) accused
News  EVENTS { Ro«:b,. 4,2000: NAT 5 Zuckerberg of intentionally USS. Invades Iraq
- 5) VED DONATE ~ [ R i misleading them into believing he o
QUR WORK GET INVOL preaaal would help them build a social http://www.capitalberg.co |
\ AM“ES‘Y | ard Connection  network called m/wp-content/uploads/201 ‘
| ||(|ER|IA“\‘“M- oo o Brohtn Prom o 2/10/2004 sations HarvardConnection.com 5/05/Harvard-wider.jpg ~ Capital Berg (
| “w:(_' They later filed a lawsuit against http://4.bp.blogspot.com/-
I cscnvct L | s Zuckerberg, subsequently settlingin  KMBs4_03yys/\VVS335 Y =
| REPORTS wey Harvard Connection  2008[17] for 1.2 million shares (worth FsI/AAAAAAAATBs/bI5xo \
| sciEnce FOR WA | " 1/1/2008 12/31/2008  settle $300 million at Facebook's IPO) cfQ3TA/s1600/5.jpeg Easymese 18
R,y 2 = SIGN o e Membership was initially restricted to (
| o 2 oY United SY Theg, . students of Harvard College; within
\ xﬁ“""'mm :,":: R Svinguny 7 the first month, more than half the
| %o  beging u".;;‘,..,,,\ HeTeebook at L " ] e oo - o0 o . - o o ® e ow - ee .
\ om0 = iy 2/4/2004 3/4/2004 Harvard only registered on the service 2002 20
\ s T NOW jn:',‘l.f,:",“ In March 2004, Facebook expanded :
| oo R 014: 30 Years of AC ‘W Crtme 8 thefacebool ds to the universities of Columbia,
| Torture In 2 he s ““‘;ﬁ&"::im Decerng 3/1/2004 3/31/2004 to other universitites ~ Stanford, and Yale.[20]
\ Broken Promise Tncommunlé 77, FEE S
\ Introdue

Detainee. In mid-2004, entrepreneur Sean
2% | et
ion By Salil ShettY — g

Parker (an informal advisor to

GS

Timelined
timeline.knightlab.com

4 ClAag

] evid Mty thyy
eneed trogpme | deStroyeg oy

: et f Gugpgy * OUaPes g

[T A0tang e, ade in 20,

4 Y2006 Bay detaip.. 02 thay
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Timeline authoring model

* time required for each task

Manual
Drawing

Structured
Creation

Timeline
Curator

Browse

slow

slow

fast

Extract

oV

slow

oV

slow

o

automated

Format

oV

slow

o

automated

Show

oV

slow

o

automated

fast

Update

slow

fast

fast
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The general case for curation

* build for human in the loop as =

| —

continuing need

—automatic processing to accelerate
not replace

111

—assume computational Recogtion

—_— DCT 2014/10/31
—_— yesterday 2014/10/30
_— last week 2014/10/25 _—
—_— 2010 2010
—_— annually ??
Normalization

expression | date context

yesterday |[2014/10/30
last week [2014/10/25
2010 2010

annually |??

Data set generation

results good but not perfect

e for the indefinite future!

| I I I | ]
. 2010 2011 2012 2013 2014 2015
—visual feedback to accelerate
25.10.2014 An interesting day And this is what happened that dal X| |+
25 October 2014
An interesting day
And this is what happened that day...
V
1 1 T I O -
2010 2011 2012 2013 2014 2015
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The importance of being brisk

e cool use case: eureka moment

—success: enable what was impossible before

—vis tools for new insights & discoveries T S —
* workhorse use case: workflow speedup .
, . L e —
—success: vis tools accelerate your prior workflow I L .- o
® ) y : 2 © e o
* sometimes enables the previously infeasible i o e
e TLC use cases T

The definite breakthrough of Anne

—started with speedup use case, for presentation | s i

. . A
D4 1980-1990 P90 & YO - artists of the Linnet Band and Marquis de Sade she | Add Media w

. . . . ’ ome
°* make this docC Inhto a timeline now! e i s . L

—two other use cases nudge towards exploration
* comparison between multiple timelines

* speculative browsing 72




TimeLineCurator: Speculative Browsing

D rowsind

https://vimeo.com/jofu/tlc 173



https://vimeo.com/jofu/tlc

Topology space Latent space Feature space
Specify Correspond Specify Correspond Specify
Targets: neighbors; connections clustering; relative positions feature distribution

Visualizing Graph
Neural Networks
with CorGIE:

Corresponding a Graph to Its Embedding

http://www.cs.ubc.ca/group/infovis/pubs/2021/corgie/

Visualizing Graph Neural Networks with CorGIE: Corresponding a Graph to Its Embedding.
Liu,Wang, Bernard, Munzner. IEEETVCG 28(6):2500-2516 2002.

Zipeng Liu
UBC/Beihang

Yang Wang
Uber/Facebook

Jurgen Bernard
UBC/Zurich

Tamara Munzner &g

UBC
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Two case studies of visualizing imperfect models

* NLP for temporal data

* ML for graph data

time by Wayne Middleton from the Noun Project machine learning by Eli Magaziner from the Noun Project 175



Graph neural network (GNN)

7\
* machine learning (ML) models for graphs 308 2
—like CNN for images 0'2/
. 4~ o, 1.9
— like Transformer for text \/ s Dl
LINL06 g

o Input Graph G
* many real-world graph-related applications (@) Input Graph G

—node classification @

* examples: fraud detection, disease classification

—link prediction 1

* examples: product recommendation, protein interactions 01 3 6

00 1.5 3.0
(b) Node Embedding
[Cai et al. TKDE'18]
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Graph neural network (GNN)

iInput graph

movie — user graph

graph neural
network (GNN)

[

high dim latent space

node embedding

downstream
ML applications

e

predictions
(node labels, links)

A

Node 0 -1.98 074 -051 119 -120 097 -166 090 006 -1.89 -133 -077 037 160 -013 1.47| <«
Node 1 -0.21 011 -0.08 017 -0.16 0.14 -0.21 015 -0.03 -020 -0.18 -0.15 0.09 0.5 -0.01 0.16
Node 2 -023 012 -009 020 -0.17 0.6 -023 047 -004 -022 -021 -017 010 0.16 -0.02 0.18
Node 3 -027 015 -0.11 023 -020 019 -027 021 -005 -026 -025 -021 013 0.8 -002 0.21
Node 4 -0.30 017 -012 027 -023 023 -0.31 024 -007 -029 -029 -025 0.15 020 -0.03 0.23
Node 5 -019 009 -006 014 -013 011 -047 011 -001 -0.18 -015 -0.11 0.06 0.15 -0.01 0.15
Node 6 -028 0.16 -0.11 026 -022 022 -030 023 -007 -028 -0.28 -024 014 019 -003 0.22
Node 7 -030 017 -012 027 -023 022 -031 024 -0.07 -029 -028 -025 015 020 -0.03 0.23
Node 8 -023 012 -008 0.18 -0.16 0.14 -0.21 015 -0.02 -022 -0.19 -0.15 0.09 0.7 -0.01 0.18
Node 9 -0.31 018 -0.12 o028 -024 024 -033 025 -0.08 -030 -030 -026 0.16 020 -0.03 0.24
Node 10 -033 019 -013 030 -026 025 -035 027 -008 -032 -032 -0.28 017 022 -003 0.26
Node 11 -0.21 011 -007 017 -016 014 -020 015 -003 -020 -0.18 -0.14 0.09 0.16 -0.01 0.17
Node 12 -020 o0.10 -007 0.6 -0.15 013 -0.19 0.4 -003 -0.19 -0.17 -0.13 008 0.15 -0.01 0.16
Node 13 -026 014 -010 023 -020 019 -026 020 -0.05 -025 -024 -020 0.12 0.18 -0.02 0.20
Node 14 -019 o008 -006 013 -013 011 -047 011 -001 -0.18 -0.15 -0.10 006 0.14 -0.01 0.15
Node 15 -0.16 006 -004 009 -0.10 007 -013 007 001 -014 -011 -006 0.03 013 -0.00 0.12

a vector for each node

node 0: Alice

A
movie
recommendation

\ 4
node 12: Lord of the Rings
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Graph neural network (GNN)

graph neural high dim latent space downstream
network (GNN) J P ML applications

iInput graph node embedding

predictions
(node labels, links)

node features are aggregated / passed through topological neighborhood

@
B) < ~-_ g

B K
/ \ -8
A C 4" - (B

Remake from https://snap-stanford.github.io/cs224w-notes/machine-learning-with-networks/graph-neural-networks
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Evaluate GNN

Two big-picture questions
* “Are we there yet?”: should we train / tune more!

* “Are we lost?”’: does it behave as we expect!?
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Evaluate GNN: Previous approaches

iInput graph

graph neural
network (GNN)

graph metrics

Li et al. EmbeddingVis. VAST'18.

high dim latent space

node embedding

dimensional reduction
(simple inspection)

iInput graph & node embedding
under-used!

downstream
ML applications

)

predictions
(node labels, links)

quant metrics

e.g. accuracy, hit rate

influential nodes RSN

a2

“Sailing” 74—

Ying et al. GNNExplainer.

~ /S a @

node classification
(predictions - input graph)

Jin et al. GNNVis. Arxiv’'20.
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Evaluate GNN: () CorGIE idea

iInput graph

shared topo neighbors
similar node features

A A o
AA R A A A
adal ABAD AR AA AR
N S
S N 75 AaA
2
RN/ e
AA AL & A
AA A A 240
A A A 2 RN
vee $a B A o 4
res AAAA SUALA (1A A 51 Ay
N
E i Ak A par
b S AT AR A A

As Py N A 2
AN MR R s A X Nl Y T T
A A AL AN &N TN
A A% ‘A oL A A AL N 7% oy
W tAAfA‘A‘iA Adtrs g VGt
A A A
i Oitu A ALE L UR AL 50 4 BLL i L,
7y
Ak 2 SRR & T R L .
v AT Vi SN pLES
i ; CPIRI Y v o i et BRSNS AL AA a
7 Y ey % La
RS- R e,
L s 7 AT SRR A A
A A K = AAAAA..AAAAA
ol A‘Ag:‘e ki
e s r 244
Aaxy Vs e e et N 3 S
AaaA & piig iR T Y EV S -
3 K A SR e Wk g A
e ' B & AR Tl e ak
A A AL AT A

K Al
a
A A A “AAA‘ VWS
454 Y o
vy A
y adat
5 2 at

graph neural network (GNN)

@9 cXxplore
correspondences

high dim latent space

node embedding

nearby positions

downstream
ML applications

)

predictions
(node labels, links)
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Evaluate GNN: () CorGIE idea

iInput graph

shared topo neighbors
similar node features

graph neural network (GNN)

@9 cXxplore
correspondences

Examples of correspondences:

Check [similar topology? Similar node features?] = = =

high dim latent space

node embedding

nearby positions

Pick [a cluster]

downstream
ML applications

)

predictions
(node labels, links)
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Evaluate GNN: () CorGIE idea

high dim latent space downstream

graph neural network (GNN) ML applications oredictions
input graph node embedding (node labels, links)
shared topo neighbors ﬁ explore nearby positions
similar node features correspondences

Examples of correspondences:
Check [similar topology? Similar node features?] <= = == == Pick [a cluster]

Check [different topology? Different node features?] <= == = = Pjck [two far-away clusters]
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Evaluate GNN: () CorGIE idea

high dim latent space downstream

graph neural network (GNN) ML applications "

_ . predictions

input graph node embedding (node labels, links)
shared topo neighbors ﬁ explore nearby positions
similar node features correspondences

Examples of correspondences:

Check [similar topology? Similar node features?] 4= = == == Pick [a cluster]
Check [different topology? Different node features?] <= == = = Pjck [two far-away clusters]
Pick [two nodes sharing many topo neighbors] - == == ==p Check [how close the nodes are compared to others?]
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Data and task abstraction

* data spaces

185



Data and task abstraction

Topology space

* data spaces
* tasks
—specify
— correspond

e task iteration

g

Latent space

Feature space

—levels in grouping structure of nodes
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Contribution: Multi-view interactive interface

Latent space
L CorGIE: C

(a) Latent Space — (b) Latent Neighbor Blocks

Views to connect spaces
s Embe

| S

"
|

=]

| (1) K-hop Topology

A
‘AA

hop-2 (#=880)

- e e’ ww” e’ O T T

| | = l -
n [ | [ |
#neighbors within | 1~ |hops: 0 " 339

Show graph edges: ® None ) bundled C straight hop-1 (#=34)

|
|
]
]
%
%
|

(d) Séftings

- A

Topo vs. li (e) DlStaHCG COIIlpaI'ISOIl

'all (#=590k
|
|
|

0
H 200

39Kk

brushable targets: m
hops for hover:
hops for highlight: m
» Search nodes by

topo
latent

1
5

10k
250k

latent
=u
5

0 0 :

=
1.4k S ! 390 0 S !
4.5KJ_I 1.3KJ!

between foc-0 and foc-1 (#=1.2k)

Focus clear
I foc-0: @ nodes
I foc-1: g8 nodes

within foc-1 (#=250)

odes: 989, #edges: 3400,

Feature space

Dataset: bipartite-user-movie-medium-3 (V=1088, E=5000

0
6k 8k 10k 12k 14k

o

AA

#nodes: 1088, #edges: 5000, Layout algorithm: D3 force-directed

Video: https://osf.io/j56hu/
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Contribution: K-hop layout

- A
* show topo neighbors of user-specified node sets [ O<H--. g
—mimic how info is aggregated in GNN -
| 2 ﬁ:" B
* boxes from left to right: specified nodes, hop-1, hop-2, ... A < TR
—within box, cluster nodes by their topo connections S i .
- -
foc-0 (#=52) A
N Tp-Z(#=880) :ﬁ‘
» D% S .
. hop-1 (#=34) A X hop-1 (#=140) hop-2 (#=549)
o A —-— = 2 \ o
:A . " 2 ..0 . g« - { ‘o _n - .
Jaa ° ® ® o - P | oo S
A o... = . A L » ?1;.0"*’ .i. ...‘ - > »
'y 4 %‘-}"{E‘.‘ t-'o-.:f. % '

¢ [ o4
. e 373 4
- L - - foc-1 (#=95) £
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Next Steps



Learning through Redesign En Masse: IMIakeover IMlondays

* easy entry point (Tableau focus)

, e i . D THE FINAL FOUR 1985-2016
-\ o How Moy Brves has aach Loars made e Fiasl Faw Mo traqeestly Sues aaiN Leed appmar W The Fins e
\\“ - wy L] L -
: -— — - mmmmmmn
=— T . - - mmm 42
. pu— — — =
- = — = -
1 30% — —_ —_— —
-_— f total jobs are at risk = — .
—-— — - - What saats have made % 1o 1he Fingl Fane botwaen 1088 and 2016° o
N PO1s ave
—-_ @ 4 . oee
EEEE—— @
Week 13 - The Secret of o
success | 1. 11 1=
Week 14 - Millions of UK Mar 31,2017 1 ceeees
. . . . LR @ -
workers at risk of being
replaced by robots Week 13 took a look at a Russian
Apr 7, 2017 survey about the secret of success. Dot Week 12 - March Madness
plot, bump charts, bar charts, radar Mar 24, 2017
During week 14 we looked at job charts. This week had it all! Plus seven
automation and the potential impact of lessons to take on board. We looked at March Madness data for
robots and Al on the UK employment week 12, highlighting the phenomenon
market. that is US college basketball. Quite a

few vizzes showed the passion that

http://www.makeovermonday.co.uk
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Learning through Redesign En Masse: Tidy Tuesdays

* easy entry point (R focus)

T|dyTuesday

A weekly data project in R from the
R4DS online learning community

variables observations values

A weekly social data projectin R

A weekly data project aimed at the R ecosystem. As this project was borne out of the

R4DS Online Learning Community andthe R for Data Science textbook, an
emphasis was placed on understanding how to summarize and arrange data to make
meaningful charts with ggplot2 , tidyr, dplyr ,and othertoolsinthe tidyverse
ecosystem. However, any code-based methodology is welcome - just please remember to
share the code used to generate the results.

https://github.com/rfordatascience/tidytuesday
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Visual Design Process In Depth: Dear Data

* inspiring celebration of data humanism

e - Giorgia Lupi and

Stefanie Posavec

e p o | L )f ;)n'- o

ot ol p Jfe.. W% » o

7 e TR
A g -] ) ;4.‘ o

gllli’l'\’kﬂ\‘\a\‘\ié

HHOEIIT
§F’EEEER|!I‘EE E&

http://www.dear-data.com/by-week/

https://giorgialupi.com/dear-data https://www.stefanieposavec.com/dear-data
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Visual Design Process In Depth: Data Sketches

* detailed process notes, from sketching through coding

Shirley Wu & Nadieh Bremer

-

rs S(rm‘ . > :
A : B l Qo (l
Fire
G l Searching for patterns in Fantasy titles and musical
lyrics
‘Blw'm'. ~ » ‘~-D~a rk
¢} g State

N LA asre
" L pind (o7 « ."mul:y .71«'1.'.\~

http://www.datasketch.es/

7~ e27 ¢8 rmlsrm2/7ma

Relationship Death
’rl A 12

i

218

new book out
from Bremer:

CHART

Designing Creative
Data Visualizations
from Charts to Art
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https://www.routledge.com/CHART-Designing-Creative-Data-Visualizations-from-Charts-to-Art/Bremer/p/book/9781032797755?srsltid=AfmBOopeWhwCCj-AU2Mr2Ap8XhpIwX-QoolfVI9V5JM0xBf6-FIEV6Aq

Pathways for more participation: organizations

* join Vancouver Visualization meetup (4K+ members)

— https://www.meetup.com/Vancouver-Data-Visualization/

* join Data Visualization Society

— https://www.datavisualizationsociety.org

—four years old, 23K+ members around the world

—jobs board: full-time, part-time and contract positions worldwide
https://jobs.datavisualizationsociety.org/

—many other resources, super-active Slack incl local groups, challenges, ...

—articles: Nightingale

—conferences: QOutlier

—awards: Information Is Beautiful
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https://www.datavisualizationsociety.org/iib-awards

Visualization jobs

* spectrum
—visualization as main/core focus

—visualization as occasional task

—visualization skills add strength to your portfolio even if no immediate duties

* local companies
— Tableau Vancouver is largest company focused on visualization

—many smaller ones have visualization / data science needs
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Upcoming

* see you next week for final presentations

* enjoy visualization, for those who keep going down this path!

—now or later...
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