Problem-Driven Interactive
Visualization for Imperfect Models

Outline

* methodology of problem-driven visualization research

two case studies of visualizing imperfect models
—NLP for temporal data

Visualization (vis) defined & motivated

Computer-based visualization systems provide visual representations of datasets
designed to help people carry out tasks more effectively.

Visualization is suitable when there is a need to augment human capabilities
rather than replace people with computational decision-making methods.

* human in the loop needs details about data

Unpacking data visually: From rollup to drilldown

Computer-based visualization systems provide visual representations of datasets

designed to help people carry out tasks more effectively.

* summaries lose information, people can see a lot in the details
— confirm expected and find unexpected patterns
— assess validity of statistical model

— sensitivity analysis for parameters
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* idiom
—how is it shown?
« visual encoding idiom: how to draw
* interaction idiom: how to manipulate
* algorithm
— efficient computation s

Why is validation difficult?

« different ways to get it wrong at each level

[A Nested Model of Visualization Design and Validation. Munzner. IEEE
TVCG 15(6):921-928, 2009 (Proc. InfoVis 2009). ]
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« different ways to get it wrong at each level
A Domain situation

You misunderstood their needs

Q Data/task abstraction
You're showing them the wrong thing

@ Visual encoding/interaction idiom
The way you show it doesn’t work

Algorithm
Your code is too slow
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Validation solution: use methods from appropriate fields at each level

Algorithm
Measure system time/memory
Analyze computational complexity

computer
science

[A Nested Model of Visualization Design and Validation. Munzner. |IEEETVCG 15(6):921-928,2009 (Proc. InfoVis 2009).]
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Visualization: Angles of attack

Validation solution: use methods from appropriate fields at each level
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Validation solution: use methods from appropriate fields at each level
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Problem-driven visualization: Design studies

Problem driven visualization: Design studies

“A design study is a project in which visualization researchers
analyze a specific real-world problem faced by domain experts...

2

Problem driven visualization: Design studies

design a visualization system that supports solving this problem...”

Problem driven visualization: Design studies

validate the design, and reflect about lessons learned in order to
refine visualization design guidelines.”

[Design Study Methodology: Reflections from the Trenches and the Stacks.
SedImair, Meyer & Munzner. [EEETVCG 18(12):2431-2440, 2012 (Proc. InfoVis 2012). ]

crisp,

Michael SedImair

Lessons learned from the trenches: 20+ between us

Methodology for problem-driven work

Design study methodology: definitions
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Design studies & user-centered design

* user-centered design: well-known HCI methodology
—iterative refinement & deployment

—evaluation through case studies & field studies
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what's specific to visualization?

—discovering task and data abstractions

—designing visual encoding & interaction idioms that map to abstractions
domain

abstraction

idiom
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(a) Input Graph G

many real-world graph-related applications
—node classification @

* examples: fraud detection, disease classification

—link prediction 1

* examples: product recommendation, protein interactions o 3 6

.
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(b) Node Embedding

[Cai et al. TKDE'18]

«——— node 0: Alice

movie
recommendation

«————— node 12: Lord of the Rings

a vector for each node

movie — user graph




Graph neural network (GNN)

graph neural . .
network (GNN) high dim latent space ML applications

input graph ———) node embedding —)

node features are aggregated / passed through topological neighborhood

downstream
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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!?

66

Evaluate GNN: Previous approaches

graph neural
network (GNN)

input graph ——

. . downstream
high dim latent space ML applications

node embedding ——

dimensional reduction
(simple inspection)

graph metrics

Li et al. EmbeddingVis. VAST'18.

input graph & node embedding
under-used!

predictions
(node labels, links)

quant metrics

e.g. accuracy, hit rate

influential nodes
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Ying et al. GNNExplainer.

node classification
(predictions > input graph)

Jin et al. GNNVis. Arxiv'20.
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. . downstream
high dim latent space ML applications

. prediction
node embedding |  mess—"——) | ¢ abels, links)

nearby positions

graph neural network (GNN)

&9 explore
correspondences

input graph

shared topo neighbors
similar node features

Evaluate GNN: (¥) CorGIE idea

Evaluate GNN: () CorGIE idea

Evaluate GNN: () CorGIE idea

Data and tasks

high dim latent space downstrgam high dim latent space "UW“S"?E”,‘ high dim latent space dUW“S"?a”,‘ T°p°|°gy space Latent Space Feature space
graph neural network (GNN) ML applications - s graph neural network (GNN) ML applications graph neural network (GNN) ML applications dictons
input graph node embedding |  m———) (nodpe Iabels, links) input graph node embedding |  me————) input graph node embedding |  m————) (nodpe Iabels, links)
shared topo neighbors nearby positions shared topo neighbors nearby positions shared topo neighbors nearby positions
similar node features similar node features similar node features
correspondences correspondences correspondences
: : : * data spaces
Examples of correspondences: Examples of correspondences: Examples of correspondences:
Check [similar topology? Similar node features?] 4= = = = Pick [a cluster] Check [similar topology? Similar node features?] <= = = = Pick [a cluster] Check [similar topology? Similar node features?] <= = = = Pick [a cluster]
Check [different topology? Different node features?] <= == = = Pjck [two far-away clusters] Check [different topology? Different node features?] <= == = = Ppjck [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 tasks Contribution: K-hop layout Problem-driven work: many domains
A
.., BT * show topo neighbors of user-specified node sets DM g
Topology space Latent space Feature space : e s . ) " .
- - - - —mimic how info is aggregated in GNN S - problem- technique-
. PRI : " " <« © < :::i . .
boxes from left to right: specified nodes, hop-1, hop-2, ... A - . e driven work driven work
—within box, cluster nodes by their topo connections 5 f
.
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N Video: https://osf.io/j56hu/
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Problem-driven: Genomics

Jenn Gardy Robert Kincaid
(Agilen

Aaron Barsky (Microbio)

Cerebral
https://youtu.be/76HhG1FQnal
Hanspeter Pfister

(Harvard) XN e

£

MizBee

MulteeSum, Pathline

Problem-driven: Genomics, fisheries
Cydney Nielsen e
(BC Cancer)

&

Joel Ferstay

Transcript

Protein

Variant View
https://youtu.be/AHDnv_gMXx

Torsten Moeller
(SFU)

ol bl
Vismon https://youtu.be/hOkHoS4VYmk

Problem-driven: Tech industry

O Tk Popuistion___"Camers” Tk Pation__Wtcs” Tk Ppubion

Diane Tang
(Google)

Heidi Lam

SessionViewer: web log analysis
https://youtu.be/T4MaTZd56G4

Stephen North

Peter McLachlan  (AT&T Research) s =

|

LiveRAC: systems time-series
https://youtu.be/ld0c3HOVSkw

Problem-driven: Building energy mgmt, journalism

Kevin Tate
(Pulse/EnerNOC)

Matt Brehmer

Energy Manager

Jonathan Stray =

Matt Breh: Stephen Ingram - -
att Brehmer > {ida gu-‘ (Assoc Press)
2 ] o
-
SN -
Overview
hitps:/lvimeo.com/71483614




Problem-driven: Data science

Kimberly Dextras-Romagnino Michael Oppermann

Segmentifier Ocupado

(Mobify) (Sensible Building Science)

e-commerce clickstreams wifi proxy for real-time building occupancy

build tools for human-in-the-loop
visual data analysis

visual

5 = @ ©

s rm AT el T e

T e | A

Problem-driven visualization for imperfect models

v

* problem-driven methodology
—translate domain problems into abstractions
* before visual encoding idioms & algorithms

—avoid collaboration pitfalls

domain

abstraction

* understand roles, ensure aligned incentives

’ T
* interactive visualization supporting human-in-the-loop ‘\D A__?

judgements about models
—two cases: different data types

(o Y saamiert sosir Spmolomentf sosor >

More information

« this talk
http://www.cs.ubc.ca/~tmm/talks.html#huawei22

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

« theoretical foundations: book
(+ tutorial/course lecture slides)
http://www.cs.ubc.ca/~tmm/vadbook

Visualization
Analysis& Design

3 @tamaramunzner

UBC UBC

NS Detascce
it

‘ |_ DESIGNING
l for PEOPLE

5}1% CAIDA

— ' ) _ [oromtem-arvan worke ][ oo vori_]
* overview: other problem-driven projects Pl Visualization Analysis and Design.
H AK Peters Visualization Series.
https://youtu.be/TobYDFelSOg https://youtu.be/KcwjVK8eUdw CRC Press, 2014,
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