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visualization
The purpose of computing is insight, not numbers.

- Richard Wesley Hamming
- Card, Mackinlay, Shneiderman



Banana M. acuminata
Date  P.dactylifera
Cress  Arabidopsis thaliana
Rice  Oryzasativa
Sorghum Sorghum bicolor
Brome Brachypodium distachyon







el ... makes data accessible

DEACH | combines strengths of
Visualization

...enables
... communicates




Why Visualize?

To inform humans: Communication

How did the unemployment and labor force develop over the last years?

When questions are not well defined:
Exploration

Which combination of gene mutations is a good cancer marker?

Which drug can help patient X?
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Can We Trust Statistics?

Variance x: 11vy:4.122
Correlation x - y: 0.816
Linear regression: y = 3.00 + 0.500x
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Anscombe’s Quartett

Mean x: 9y: 7.50
Variance x: 11vy:4.122
Correlation x - y: 0.816

Linear regression: y = 3.00 + 0.500x




Interacting with Data

Selected &
\Derlved Data

Interactlon

The Future of Data Analy5|s
is (also) Interactive

Data

Informative,
Incomplete,

J




Visualization =

Human Data Interaction
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[EuroVis 16] Pathfinder:

Visual Analysis of Paths in Graphs
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Intelligence Data: How are two suspects connected?
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Intelligence Data: How are two suspects connected?



Biological Network: How do two genes interact?



Coauthor Network: How is HP Pfister connected to Ben
Shneiderman?



¢, Pathfinder Lo}

san — n s ’ -engeh - Path Statistics
B BT 0 ] o ] o | o | &4 J 214

Path List & & E Path Topology

i Aveagec Ii Awages I

fealra*rra i ra=r- i rea
IO T
1 o= A A S A
A IR
’ > . = : P e
. * > ‘ po 1 P
‘ 4} [ o ne s RN RN el
| o | jAa=tAv] fasslasf -
3 = AN BN EEETINEETIN ::’“
v L4
¢ a
i
» - > - .—
; ’ ® * ’ -4
| ovact i PR [elevd g
n f raacs pasd =R fraans raand hou= paanS paan ]
|- — —————— e
3 1 =cced
- L » » » - &
. 5 N
i | Am S o
I ey LS u LR NN [y )
R roeeron n E] esxoueroers - —
Lrzarcarantarat
L~ 1}
frrroen
| 4 N e N Tt I NS ——
Ll
preioa R
- =
| =
L -
. ; 74
" - o
B
. ES ~ ETERYETS :
| #oas] L !
| jrc i U | rara i | 0o 1 OO - '
| [=cvceczcid | crczecid ST [ertmticcmaoie | | . '
5 00e "
. . . = ' P
* - . = *l
- - - e - g e ]
| n [7AA L -
3 P v wr v AR —y
el
et
wy
f S F Ltk =
- - - ~
r————— w -
» * * ® - | amescaaTescx .| o
= (& <dat A [} "
[ o s oo ==X ] -
1 003 T2OT00TA QOOT20 T2WET22 OGTRWOT :
o
e
¢ 5 L cevad .'
"
. - o '
» . =z '
T o4 U szran 2 Lzt '
i E ESEE ==
L ) Voo 14 = esranives ran | [rameves] frvsravorsraiced

Visual Analysis of Paths
Multivariate Graphs




Challenge 1: Graph Size

How can we deal with graphs too large
to sensibly render at once?

Approach: (Path) Queries




Challenge 2: Multivariate Attributes

How can we deal with graphs that contain rich attribute data?
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EnRoute

http:

Approach: Attribute Visualization for Paths
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The Approach



Pathfinder Approach

Query for paths




Pathfinder Approach
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Update rankingrio adaatikeigbrtant paths

Pathfinder Approach
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Analysis Questions

Two genes are co-expressed. What is their underlying
connection?

What are alternative routes connecting A to B?
How is gene A connected to Pathway B?
Is the connection from A to B the same in many pathways?
Is the route connecting A and B active?




Pathfinder Views




: Length 0 1 2 3 -
Start Hanspeter Pfis| End |Ben Shneidern n Advanced Query
Paths 0 ] o ] 3 ] 105

1.

» CHI

» TVCG
chi_publications
cited
degree
tvcg_publication

i

» CHI

» TVCG
chi_publications
cited
degree
tvcg_publication

8

» CHI

» TVCG
chi_publications
cited
degree
tvcg_publication

4.

» CHI

» TVCG
chi_publications
cited
degree
tvcg_publication

4.

» CHI

» TVCG
chi_publications
cited
degree
tvcg_publication

4.

» CHI

» TVCG
chi_publications
cited
degree
tvcg_publication

4.

» CHI

» TVCG
chi_publications
cited
degree
tvcg_publication

L 12

iew ™

Hanspeter Pﬁstel)—CFreP at
L ]

Hanspeter Pfiste |——{Jean-Daniel Feke}——{ Catherine Plaisan}——Ben Shneidermar) -
o

| ]

= |

—

—

o °
| | = 1  — =
— 1 ) | 1 |
— — — E— — —
— ] | 1 |
Hanspeter Priste | —— (S IBEIOIEGE | J=fiey Heer }——{ Ed Huai-hsin

L3 > > -

o E

1

PRathoStatistics Vie

Jean-Daniel Feke

{ Frank van Han)

Desney S. Tan

Jeffrey Heer

m. ¢. schraefel

Tim Berners-Lee

(" Robert Jacobs

Isaac S. Kohane

Peter Szolovits

Daniel J. Weitzne

Stuart K. Card

Catherine Plaisan]

Wendy E. Macka

( Jennifer Golbeck

| Ed Huai-hsin Chi

Krist Wongsupha:

[ Seth widoff

Path Statistics

Paths 108/108
Edges 196/196
Nodes 95/95 O

« Author (95/95)

Ben Shneidermas
Hanspeter Pfister
Jean-Daniel Feke
Cathenne Plaisar

Krzysztof Z. {\gjo: & 1N

Desney S. T
Krzysztof Gajos
Paul Andre
Adam Perer
Jacob O. Wobbro
Frank van Ham
Wendy E. Macka)
Jeffrey Nichols
Juho Kim

Brad A. Myers
Santa Yardi

Ed Huai-hsin Chi
Nam Wook Kim
Torsten Moller

m. ¢. schraefel
Enn Treacy Solov
Alan Boming

Sets 137/843

«CHI (107/667)

Interacting with e
A Crowdsourced .
Excentnc Labelin
Predictability and
LifeFlow: visualzi
LifeFlow: visualzi
Algning temporal
The challenges o
LifeLines: Visual
ManyNets: an int
Query Previews ir
‘| hear the patterr
Organzation ove
Scheduling on-of
Integrating statist
Touchstone: exp)
Cobi: communitys
From slacktivism t
Demonstrational i
Improving the pe:
Frenzy: collabors’
The many faces ¢

I"\H\I f\ﬂﬂﬂlﬂ ~as

«TVCG (30/176)

Preface.
Promoting Insight
Evaluation of File
Temporal Summa
Temporal Event £
Visualzing Chang
A Task Taxonomy
Evaluation of Arte
Balancing Systen
‘Search, Show C«
Empincal Studies
Video Snapshots
MzzBee: A Multisc
MulteeSum: A To
Overview Use in !
Melange: Space
A Principled Way
What Makes a Vi
FacetMap: A Sca
SoccerStones: A
ConTour: Data-Dr
Entourage: Visua

11T md- Vrmiimbend

—A
o
o0

108




Path Query and Search



Query and Search

Specify start and end

Start/end can be node lists
Start/end can be defined

through set membership
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Query and Search

Specify start and end

K-shortest path search

Continue until all path of
length of k-th path are found
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Path Topology View:
Getting an Overview




Start Hanspeter Pfis| End Ben Shneidern

Path List

1.

» CHI

» TVCG
chi_publications
cited
degree
tvcg_publication

1.

» CHI

» TVCG
chi_publications
cited
degree
tvcg_publication

1.

» CHI

» TVCG
chi_publications
cited
degree
tvcg_publication

4.

» CHI

» TVCG
chi_publications
cited
degree
tvcg_publication

4.

» CHI

» TVCG
chi_publications
cited
degree
tvcg_publication

4.

» CHI

» TVCG
chi_publications
cited
degree
tvcg_publication

4.

» CHI

» TVCG
chi_publications
cited
degree
tvcg_publication

B overces cuen

[Hanspeter PﬁsteH Frank van HamH Adam Perer )—(Ben Shnendetmarj

Length

o o El
l ] [ ] C ] [
I— | [ C ] [
[ . | ] | ] e
] — ] = ] — ]

o L 2 L 2 o
o k=
| 1 = 1 T — T —
== l i l r | T —
S - — 1 T E——
(—— [ ] C ] — ]
| Hanspeter Pfiste Jean-Daniel Feke—— Catherine Plaisan}——| Ben Shneidermar |
o D ————)
o . & =
| n — ] — | T —
— 1 T O 1 T —
T T —— T — 1
—— . — | — 1
(Hanspeter Pfiste Jean-Daniel Fekel—— Catherine Plaisan}——{ Jennifer Golbeck——Ben Shneidermar] -
o L 2 ° K
[ 3 * o
| : — ] C ] — l T —
= 1 S O | | 1 T —
T T —— T — — 1 ——
— I — | | l
[Hanspe;er Pfiste JmD;ld Feke)—(wmw E Macka')—(Ed Huai-hsin Ch)—(Ben Sm'etdermar
L 2 k:] o
o
n n — l S — — l S —
= | N | ] | ] [
T — T — T m T — —
—— . | | | l

= l
| ]
. ]
[ ]

 Hanspeter Pfiste|——Krzysztof Z. Gajc}——{ _ Jeffrey Heer }——{ StuartK. Card |——Ben Shneidermar] -
© - L . B

(-

[
—
[

2

»

Path Topology

Active Page  All

Path Topology View

Jean-Daniel Feke

{ Frank van Ham}

—

Adam Perer

m. ¢. schraefel

Tim Berners-Lee

Desney S. Tan}

Robert Jacobs

—

Isaac S. Kohane

Peter Szolovits

Daniel J. Weitzne

Stuart K. Card

\

Catherine Plaisan]

Wendy E. Macka

{ Jennifer Golbeck

| Ed Huai-hsin Ch

Krist Wongsupha

| Seth Widoff

Ben Shneidermar

Path Statistics

\ Paths 108/108
Edges 196/196
Nodes 95/95 O

« Author (95/95)

Ben Shnexderma:
Hanspeter Pfister
Jean-Danel Feke
Cathenne Plaisar
Krzysztof Z. Gajpo
Desney S. Tan
Krzysztof Gajos
Paul Andre
Adam Perer
Jacob O. Wobbro
Frank van Ham
Wendy E. Macka
Jeffrey Nichols
Juho Kim

Brad A. Myers
Santa Yardi

Ed Huai-hsin Chi
Nam Wook Kim
Torsten Moller

m. ¢. schraefel
Enn Treacy Solov
Alan Boming

Sets 137/843

«CHI (107/667)

Interacting with e
A Crowdsourced .
Excentnc Labelin:
Predictability and
LifeFlow: visualzi
LifeFlow: visualzi
Algning temporal
The challenges o
LifeLines: Visual
ManyNets: an ints
Query Previews ir
‘| hear the patterr
Organzation ove
Scheduling on-of
Integrating statist
Touchstone: expl
Cobi: communitys
From slacktivism t
Demonstrational i
Improving the pei
Frenzy: collabora’
The many faces ¢

‘Al\'\\l ﬂ’\’\ﬂl’\ ~s

«TVCG (30/176)

Preface.
Promoting Insight
Evaluation of File
Temporal Summa
Temporal Event
Visualzing Chang
A Task Taxonomy
Evaluation of Arte
Balancing Systen
Search, Show C«
Empincal Studies
Video Snapshots
MizzBee: A Multisc
MulteeSum: A To
Overview Use in |
Melange: Space
A Principled Way
What Makes a Vi
FacetMap: A Sca
SoccerStones: A
ConTour: Data-Dr
Entourage: Visua

I T md VN riimbiend

108
———— 1
—————— 1
—————— 1
——

—
—
—
|

|

O

I

0

[

I

I

I

|

|

|

|

l

I

l

|

- 108




Path List View:
Investigating Paths in Detail
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Path Ranking:
Identifying Relevant Paths
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Case Study:
Biological Network
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Visualizing Alternative Splicing
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Reads

Reads from mRNA-seq data tell us about expression of exons

Junction reads tell us about which (parts of) exons are spliced out



Junction Information




Explore differences between samples
and groups of samples

Goals

Quality control

Discover novel isoforms




The Competition: Sashimi Plots
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Junction View - Group Comparison




Junction View - Group Comparison




Junction View - Group Comparison
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http://caleydo.org
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Caleydo can load tabular data and groupings/clusterings. You can explore relationships Graz Austria

L,/

between multiple groupings, between different datasets and see how your data maps onto 1iir Johannes Kepler University Linz

pathways. Caleydo has been successfully used to analyze mRNA, miRNA, methylation, copy Linz, Austria
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Use the best visual channel for the key
data

Use color sparingly, primarily for
highlighting

Deal with big data through:

definable queries

The Theme

dynamic, interactive ranking
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UpSet
Visualizing Intersecting Sets

[InfoVis’'14]
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[Neale et al., BMC Genome Biology, 2014]
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1. Efficient visual encoding

VS.

Set Vis Goals

2. Creating complex
slices of a dataset

3. Visualize attributes




Attribute Details

[Movie Lens Dataset]

Visualizing Intersections Visualizing Properties Element List & Queries
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Plotting Attributes
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Sorting



Which is the biggest intersection?
Sort By: Cardinality
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Are many items shared between

two sets?
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How are the elements of ‘B’ distributed?
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First, aggregate by
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Degree N S I B ¢
- — - :.: - - - D f) :.: :.: t
® S S 3 K B3 3 3 I/tv = 2.562 (5078/1982
Then, aggregate by c c o oo oo OST L . \ )
¢ & & Q¢ 2L o 2 2 ti/tv = 0.784 (2592/3307)
Don't Aggregate = = =T AS U \
Sort by (5_%/ O’o,( 0 5000 15000, 308D 47526 g A . g A ..
|..‘:De ree S .// o T et o _ _ a v - . - . )
> Ca?dinality ”’4-5\42-53’23\ 8, Cardinality Deviation Avg Depth Alt Allele Deptt 2 C = Z C
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Aggregates ~ Degree O (in no set) 19340 5
A C G T A C G T
I Ref Allele Ref Allele
I

Collapse All 19340
Expand All -
~ Degree 1 (1 set intersect.) 11099

Row Height ‘

+ Transition/Transversion Ratio = (' ') f O
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Data

Min Degree: ‘ 2107
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R-Version: UpSetR

1033

Developed at HMS
Some design adaptions

Intersection Size
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The Banana Chart Redesigned

&7 Oryza sativa Arabidopsis thaliana
40,612/27,049 27,169 / 21,950
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caleydo.org/tools/upset
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[InfoVis ‘13] LineuP:
Best Paper Award

Visualizing Multivariate Rankings

World University Ranking World University Ranking
17.99% 32.94% 19.63%  19.63% 4. 4. 40.00% 10.00% 20.00% 20.00¢
Rank School Name Country rAcade Employer repu Faculty/ Citation | | Separator Rank E Academic reputation Empl Faculty/stud Citations
1. Massachusetts Insti United States A A 1.
2. Harvard University United States 2
3. University of Camb United Kingdom 3.
4. Imperial College L United Kingdom 4.
5. University of Oxfor United Kingdom 5.
6. UCL (University Col United Kingdom 6.
7. Stanford University United States 7.
8. Yale University United States 8.
9. Princeton Universit United States 9.
10. University of Chica United States 10.
11. ETH Zurich (Swiss F Switzerland 11.
12. Columbia Universit United States 12
13. University of Penns United States 13.
14. Cornell University United States 14.
15. University of Edinb United Kingdom 15.
16. Ecole Polytechniqu Switzerland 16.
17. King's College Lond United Kingdom 93.7 (0.94) 17.
18. University of Toron Canada 18.
19. McGill University Canada 19. 94.6 (0.95) 89.9 (0.9) e SRS )
20. National University Singapore 20.



Rankings
are
Popular

Things tc
Attractions trave

177 of 177 shown

Fox Theatre

A - 1 2 Hauys
As featured in 2 days

Atlanta Botanical Garde

As featured in Atlants off the beaten path

Step into 38 world of magic and serenity at the Atl







Support Multiple
Attributes




Combiner functions: £f(A,B,C)

(Weighted) sum |
Score=w,A+w,B+w_C -~ Serial

Maximum
Score = max(A, B, C) — Parallel

Product
Nesting

Complex
Combiners



Serial Combi Ner (as Stacked Bar)

w_A + w, B + w_C

_
Rank Universty | A | B | C

MIT, USA I
Harvard, USA B

2

3. Princeton, USA iy R
4. Cambridge, UK B I

5. Oxford, UK D |




Serial Combi Ner (as Stacked Bar)

w_A + w, B + w_C

_
--I-

MIT, USA




Serial Combi Ner (as Stacked Bar)

w_A +W|B+ w_C
_ﬂ-

MIT, USA




128 visible of 906 (14.13%)

Ran y School Name \ Country Faculty/student ratio Employer reputation Citations per faculty
Filter: Filter: l I d l
Selane® SRR X ..lll In.B _llllllll ___-l|l-

1., American University United States _ _ l
2. [}Arizona State University United States . _ _
3. Aston University United Kingdom - _ -
4. Birkbeck College, University of L United Kingdom [T} =
5. Boston College United States - — -
6. Boston University United States B e
7. Brandeis University United States - - —
8. Brown University United States |
g. Brunel University United Kingdom - - _
10. California Institute of Technology ~ United States I
11. Cardiff University United Kingdom - [ [
12. Case Western Reserve University United States | [
13, City University London United Kingdom e =
14. College of William & Mary United States - _ -
15. Colorado State University United States - _ _
16. Columbia University United States [
17. Cornell University UnitedStates T
18. Cranfield University United Kingdom
19. Dartmouth College United States I

20. Drexel University United States = — =

21. Duke University UnitedStates L D

22. Durham University United Kingdom IS

zandisd




Flexible Mapping of
Attributes to Scores




Transformed

Input




100

\—




100



o Lii

93 visible of 399 (23.31%) o NG IS
4 SUM (Engineering & Technology, Arts & Humanities, Life Sciences & Medicine) \

- .
33.33% 33.33% 33.33%
n School Name Country @ngineering & Technology Arts & Humanities Life Sciences & Medicine =
Filter: Filter:
<None> 2 out of 43 .l._ ‘.Il_
1. University of Oxford United Kingdom [ y
2. University of Cambridge United Kingdom [ | ———
. Heciied Lnivetay United States P N
4. Stanford University United States [ i
5. Massachusetts Institute of Technology (MIT United States [ e i A
6. University of California, Berkeley (UCB)  United States [ | ———
7. University of California, Los Angeles (UCL United States [ j e e—
8. Yale University United States [ R
9. UCL (University College London) United Kingdom s |
10. Columbia University United States [ e
11. Princeton University United States _ —
12. University of Edinburgh United Kingdom [ I
13. University of Michigan United States [ ——————=
14. Cornell University United States — _
15. University of Pennsylvania United States _ ' —
16. The University of Manchester United Kingdom [ | —
17. Imperial College London United Kingdom [ e ®
18. University of Chicago UnitedStates | y___ 1



Compare Rankings



1.
2.
3.
4.
S.

Bump Charts

MIT, USA — s
Harvard, USA

Princeton, USA
Cambridge, tIK |
Oxford, UK — 0. =0

Score



Bump Charts

Oxford, UK



Rank

- b wh e e e ek o -
ol B R

© SRR N et O R G ARy -

453 visible of 453 (100.00%)

School Name
Filter:

<None>

Massachusetts Institute of Te
California Institute of Technol
Harvard University

University of Cambridge

UCL (University College Lond
University of Oxford
Princeton University

Imperial College London
University of Chicago
Stanford University

. Columbia University

Duke University

University of Pennsylvania
Johns Hopkins University
Yale University

University of Michigan

Ecole normale supérieure, Pa
Northwestern University

World University Ranking \

.._‘lllll-l-_-

46.55% 32.72% 20.72%
IMAX (Academic re Faculty/stud Citatio =

..|.I|I||l'|‘ lI“IllllI |||||




Applications



General Purpose Web Tool

Applications

Integrated by Microsoft into PowerBI

Part of Genomics Data
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Table Sorter

Pubished by Mxrosofl (experinenial)

| W This visual is Cuarrently in Deta testing and 15 underngomng active g S hand i bt ff; | }1 3
S development. Table Sorter lets you create stacked table columes to e —
: i '

expiore how differen! combimations and weightings of numencal column
= ! values result in different rank orderings of table records. Columa headings
' show the distribution of column values and Support rapgsd re-sorting of

table rows (which may also be filtered by Iinked vwsuals). Table Sorter is = > ) , = . = .
Buidt an LineUp (hitp //caleydo githud io/ ook inewn/) -&_ Srrartification LineUp & | %= Other LineUp| - Pathway LineUp

liceose  Bricacy Sagement ' Bl Methylation Metrics

Download Visual Bl microRNA Rank Stratification Sim.to mRNA  #Element #Groups Distrib
CImRNA 10. 4 Hierarchical Cluster 529
mMRNA-seq 11. 3 Hierarchical Cluster 529
RPPA 12. I 8 CNMF Clustering 112
Bl Clinical 13. I 6 CNMF Clustering 112
Version 896 — Dute added A21/2016 Copy Number 14, = 7 CNMF Clustering 0.707 (0.71)| 491

. " . Mutations

N OO 00 WA




http://lineup.caleydo.org







[Partl, BioVis ‘12]

[Partl, BMC Bioinf. ‘“13] Pathways

[Lex, InfoVis ‘13]
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Cannot account for variation found in
real-world data

Branches can be
mutation,

changed gene expression,
modulation due to drug treatment,

Experi-

due to

mental
Data and
Pathways

[Partl, BioVis ‘12] etc‘




Many Node Attributes

Pathway A

How to visualize experimental data on pathways?



Good Old Color Coding

-34 4.2 5.1 4.2
2.8 18 13 1.1
3.1 -2.2 24 2.2
-3 -28 1.6 1.0
0.5 03 -11 13
0.3 03 18 -03

[Lindroos2002]

' 4 S-Succinyl- \
; Athwi mlfpoamide |
S O4— 181 41—O—
Dyl rolipoamude Lipoamude



Challenge: Supporting Multiple Tasks

A4
gl

Two central tasks: A

Explore topology of pathway

Explore the attributes of the nodes
(experimental data) [ E

Need to support both!




Concept

Pathway View enRoute View
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File Data Window View

n Entourage = \

Helo
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| e A
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AGE/RAGE pathway
AhR pathway

Alanine and aspanate
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Allografl rejection
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Toggle summary Summary of all All dimensions
button dimensions shown separately

N

Context
(non-genetic)
datasets

Dimensions
sorted

Multi-mapping
of gene family

Collapsed
Incoming node

Expanded —=
outgoing

nodes Groups of same dataset Different Datsets




Case Study: CCLE Data

e

Selected Path

Pathway
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<None> 1 I -~ K E
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PLCy I b I o HEAS r ERBB2 ¥
mall B o > G | 7 h“.—‘w—r ERBB2
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[EuroVis ‘12]

[Nature Methods ‘14]

Heterogeneous Data

Cancer Subtypes
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Cancer is not homogeneous

different histology
different molecular alterations

Subtypes have serious implications

different treatment for subtypes
prognosis varies between subtypes

Cancer
Subtypes




Comparing & Evaluating
Patient Groupings (Stratifications)
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Comparing Stratifications

Bl
Cluster A1l

Cluster A2

Tabular Categorical,
e.g., mMRNA e.g., mutation status



Comparing Stratifications

Bl
Cluster A1l

Cluster A2

Tabular Categorical,

8., mMRNA 8., mutation stat
e.g., m €.5., mutation status [Parallel Sets, Kosara]
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Other Data - Same Stratification

Cluster A1l

Cluster A2

Tabular Categorical, Dependent Data,
e.g., nRNA e.g., mutation status e.g. clinical data
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Query column Result column

Inte ratln Nereserroera Tl
"RNA - 4 CNMF Clu =
I_ 1 J_"_' l_l el o ) I - _"~_!_'-?_ I '.';'t_‘l_‘_l -

1 1A o = e == =

N . - o oMY - e .

b & oy S = '.‘:-' - -

S e g Al U - ' 4 "". —

. . - . : .. _- - ....'.; :

e oS - . ] '....;,. —

) . - - e, el —

. 2. —_ - < M: —

o @ ® b — =gt et e 1| =

- Co -l SR . v e, -

AT ] — —

P Y i - —

A ek - -

. By - - - o J 5 £ -Iz - : —

[ .'.29' 3’ '\'ﬁ"‘!:\: r'?-“ 3“'4 = - - -

! Sl 4\_‘}\.'°- I A AN £ 2K - -

L R e T v e b - =

\'0;'.35 '1' g‘ '9‘;&' .b'._\'(l 'ﬁ ):ﬁ.f - : :

A & 4 = =

Y Lomt, -

D s I~ — -

w B = =

9 > 7, - 3 =

a 7 = : =

- S padll [R5 W o ooy LY o e = -

S R < Pt - Eﬁ?‘-:v“u{’ et i R Sapies. | =

j ; A ol | 5 RS LSRN S o, o A i B

-~ = ” - N TR PPN e <4 - ey -

. “r' oy - - e - ;,i-.‘_-_)' v aian ‘;. . :md.'&"“i relhl =

N g = ey S B W e

- = e e S el e R;:ﬁ- 2l =

o e —————————

7 < - -

Sy — = -

> :ﬂ’: v ~ ‘<- - : :

. SRR, 4 =14 =

. - o -y : -

oL . - x X .. X -

- - - - - - | e e e e e e e e e e o B

e - ™ S - =

\-\"_ / et - -

-45_:.""- — 5 —

v ’ — -

- . b ¢ T P IREE TSR e o ) -

R = |5 EEERY G A e sl g, Sal | T

e - “ —— S B —— o AT S v"-.'&;i».-:"iﬂ Ao m-#h‘&l": e |

ooy -- e R v | -

- o o - SR R BT | S

’ ‘..-' . - :

< "N — -

- .-'_. . \.\ : :

d ' ¥ — -

- - - -

x - -

o =" - 7 -

A s =F [ D T ve -

— "";_y‘ R s '{,: o i -

- -+ i -~ ";_ _—‘I oA At o, :

- | e e, L -

TR RN RN RRRRRRRRRRRRRIRIRIRIINIIIIINIT

% Stratification LineUp & :z Other LineUp :j Pathway LineUp

Algorithm Output Wvethyation okl

ElmicroRNA Rank Stratification Sim. to MRNA  #Element #Groups Distrib «

Visua I ization CImRNA 10. I 4 Hierarchical Cluster 529

4
LImRNA-seq 11. B 3 Hierarchical Cluster 529 3
8
o

LIRPPA 12. [ 8 CNMF Clustering Tt
Bl Clinical ™/ 13. I 6 CNMF Clustering 112
(JCopy Number " |7 14. M 7CNMF Clustering  [olomiobmly =~ 491 = 7 | |
IMutations

-

Ranked Stratifications



More Information:
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