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I. Motivation, Definitions

Linked Data, Open Data
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I. Motivation, Definitions

Challenges of Multiple Data Sources

- Multiple origins (different measurement precisions, different languages,...)

- Multiple formats (for querying — SQL, SPARQL,... and for query results — JSON, XML,...)
- Multiple access restrictions (and authorities to grant access are also distributed)

- Multiple data types (images, documents, numerical values, graphs/structures,...)

- Multiple data scales (different value ranges)

- Multiple analysis methods (R or Weka for numerical data, Lucene and LingPipe for text,...)
- Multiple visualization techniques (image viewers, text visualization, charts+plots,...)

How to do Visual Analytics in such a scenario?
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I. Motivation, Definitions

Heterogeneous Data in Biomedical Applications

population MR / CT / X-ray pathway data

patient data / clinical data tissue samples gene expression data

+ pharmaceutical data bases  + pypMed publications data base

+ disease data bases (ICD-10, DSM-IV....)  + gene and protein data bases (NCBI)
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I. Motivation, Definitions

Heterogeneous Data

Data drawn from multiple separate data sets/data bases.

Inhomogeneous Data

Data from a single data set/data base which is non-uniformly distributed, contains values
from different scales, or missing values.

11/7/2011 ©2011 UNIVERSITAT ROSTOCK | Institute of Computer Science



Universitat (@
Rostock %

7 Traditio et Innovatio

Alexander Lex, Hans-Jorg Schulz, Marc Streit, Christian Partl, and Dieter Schmalstieg:
VisBricks: Multiform Visualization of Large, Inhomogeneous Data, appeared at InfoVis'11
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II. Visual Analytics of Inhomogeneous Data
Premise
Different (homogeneous) subsets of an inhomogeneous data set

- exhibit different data characteristics

- which must be analyzed differently

- and shown differently

within the context of the whole data set.
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II. Visual Analytics of Inhomogeneous Data

Overall Approach: Divide & Conquer

SPLIT-UP TREAT PARTS BRING RESULTS
DATA INDIVIDUALLY BACK TOGETHER

SPLIT-UP TREAT PARTS BRING RESULTS
DATA INDIVIDUALLY BACK TOGETHER

BRING RESULTS
BACK TOGETHER

SPLIT-UP
DATA

TREAT PARTS »
INDIVIDUALLY

11/7/2011 ©2011 UNIVERSITAT ROSTOCK | Institute of Computer Science



FHEHN
Universitat @ il
Rostock ' _"‘ Traditio et Innovatio

II. Visual Analytics of Inhomogeneous Data

The Divide Step: Possible Inhomogeneities in Tabular Data

I T T

Columns First Name + Last Name Symptoms Cough + Fever
Semantics VS. VS.
Age + ZIP Code Headache + Dangling Ankle
2 Columns of Scale [10°...106] Undefined values
Characteristics VS. VS.
Columns of Scale [0..1] + [10°...109] Defined values
Correlated Columns Records from the same cluster
Statistics VS. VS.
Uncorrelated Columns Records from different clusters
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II. Visual Analytics of Inhomogeneous Data

The Divide Step: 2-Step-Subdivision of Inhomogeneous Data
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Raw Input Data Step 1: Divide Dimensions Step 2: Divide Records

Note: Division does not need to be disjoint — a dimension can appear in multiple groups.
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II. Visual Analytics of Inhomogeneous Data

Treat them differently:
VisBrick VisBrick
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II. Visual Analytics of Inhomogeneous Data

The Conquer Step: Layout

Multiform Visualization
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II. Visual Analytics of Inhomogeneous Data

The Conquer Step: Linking
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II. Visual Analytics of Inhomogeneous Data

The Result
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II. Visual Analytics of Inhomogeneous Data

Current Research & Future Work: Extension to graph-structured data

|| Dynamic Graph Explorer = | B ||
File Analysis Tools oy Help
M oo —a—=a—= e
O o—o0—0—F —o0—o0—o0—o0——o0——& B s
prane
: S U - - - S
: =
: e
| )
: =
: =
s
: 2
: E
: &
: [Time [15.0- 19.0)
: (Q/ S an an g |
5 branch7
: =
: ] -
: g S
: z =
: = g
1 S £
: £ =)
: g Time [15.0-19.0]
Ime -
| proo 118,00 5 &
Z Time [15.0-19.0]
T TS e s

Steffen Hadlak, Hans-Jorg Schulz, and Heidrun Schumann:
In Situ Exploration of Large Dynamic Networks, appeared at InfoVis'11
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II. Visual Analytics of Inhomogeneous Data

Current Research & Future Work: Extension to heterogeneous data?
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Source: Richard Cyganiak, Anja Jentzsch

11/7/2011 ©2011 UNIVERSITAT ROSTOCK | Institute of Computer Science



Universitat (&
Rostock i

Traditio et Innovatio

II. Visual Analytics of Inhomogeneous Data

Blatantly overreaching conjecture:
The Heterogeneity-Inhomogeneity-Duality (working title)

Data Federation/Warehousing/Fusion
(conquer)

| rcrococr S wouccoer

Data Clustering/Partitioning
(divide)
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Marc Streit, Hans-Jorg Schulz, Alexander Lex, Dieter Schmalstieg, and Heidrun Schumann:
Model-Driven Design for the Visual Analysis of Heterogeneous Data, to appear in IEEE TVCG
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III. Orientation and Navigation in Heterogeneous Data

Data Heterogeneity

- multiple data sources
- which are linked via IDs, etc.

11/7/2011 ©2011 UNIVERSITAT ROSTOCK | Institute of Computer Science
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Data Heterogeneity 7]
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- multiple data sources
- which are linked via IDs, etc. P
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Data Heterogeneity
- multiple data sources
- which are linked via IDs, etc.

— Visual Heterogeneity
— Analytical Heterogeneity

R Statistics @‘\ WEKA Stat,
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III. Orientation and Navigation in Heterogeneous Data
Orientation: smles

Lab Results
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[Viewtissue

Spell out the situation

[Inspectlab results

[View anamnesis

Collect standard tasks (5=

[ Record treatment decision
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Spell out the situation

Collect standard tasks

Strip away their
domain specificity...
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[Viewtissue Ilnspect ]
[Inspectlab results Ilnspect ]
[View anamnesis Ilnspect ]
[ Record treatment decision IRecord ]
[Determine patients IFiIter ]
P. Clustering
Browse patients Ilnspect ]
Select patients IFiIter ]
Discard patients IFiIter ]
Inspectimages Ilnspect ]
Compare images ISimiIarith. ]
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Search disease IQUBI’\!‘ ]
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Spell out the situation

Collect standard tasks
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III. Orientation and Navigation in Heterogeneous Data

Model the Work Flow

- Use the collected standard tasks
as building blocks for the work
flow model

- Model alternative paths by
branching out the work flow

- Use pre- and post-conditions to
define the objective of a task

Note: The work flow is independent
of the modeled setup!

N

[ 5. Cluster expression data

]

[ 6. Inspect expression data

[ 7. Explore related pathways

€

(1. Determine patients ]
[2. Browse patients ]
[E.Viewtissue ]
[4. Discard patients ]
J
] w
[Ea. Inspectimages ]
[Ea. Segmentturnor ]
) v
[?a. Compare images ]

[ 8. View gene information
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III. Orientation and Navigation in Heterogeneous Data

A few Words about the Cost of Modeling
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III. Orientation and Navigation in Heterogeneous Data

Current Research & Future Work:

—

| Anamnesis \

—~
—
/ o
Guid Itipl A
= Guldance across mu tlp e users — !
N
©
N
L] Ll L]
(2]
- Guidance across applications 2
(]
e
N
APOAL apolipoprotein A-l [Bos taurus] - Gene Result = Mozilla Firefox =kl Caleydo =Eix] T v O
Ele Edit View History Tools _Help Fle Data View Vindow Admin Help Diseases =
= dv’ % e 0 {} I"a‘ to:) nebi.nlm.nih, md=Retr ¥ . ﬁ' | Google < ‘ Tool Bar & =g @3.3 allel Coordinates 23 T U (ICD.]'O) D_
Z APOA1 apolipoprotein Al [Bost... | M 1 o Q&%mmmmmﬁ gﬁéﬁ&&ﬁ“ ! =
A ot ‘BBWV‘J“ ¥ R A A A vvv'vvvv%ﬁ:‘& 9
Homology z:;q Jo i j ‘| { I -
Homologs of tha[AFOA hsane The[APOAT gene Is conserved in human, chimpanzee, dog, mouse, chicken ol U o = | i | {52 ] w
| sTS [ [ T o7e12.4 28 554, 7 —
amzeofwxsn W25 [N 2 b RERZAL. 2.8 3 [“f2etos ! ?mA 5| (=) 8
5 4 =
Pafiways Contact Heip Desk Bl = 22 i 15 4 2 t ST‘ ssx s (=} ©
KEGG pathway: PPAR signaling pathway opaiebiaiiiiina J | parallal Coordinates | S iy X Q =
¥ Subscriptions D 5 b 4 | ‘A =
Gene Ontology Quidad by GOA e e — ®
se 8
| Parallel Coordinates | pag
Function >
apolipoprotein A-l receptor binding :.") 3) ,i,, EJ ‘ O
[ Bucket { n
e g || [B[EE
ez
enzyme binging
Pat|
high-density lipoprotein binding 7
high-density lipopeotein receptor bind IEA = |@ g §
identical protein binding IEA See more. 8 sucket k ‘
q linddd tennoondtos aotidti v icA ¥ - =
= R UEEE

11/7/2011 ©2011 UNIVERSITAT ROSTOCK | Institute of Computer Science



Rostock Sl

Traditio et Innovatio

~

III. Orientation and Navigation in Heterogeneous Data

Current Research & Future Work: Guidance across multiple displays

Source: Marc Streit, PhD Thesis (Graz, 2011)
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IV. Conclusion, Food for Thought

My vision for heterogeneous data: Google Maps for Information Landscapes
- to combine the meta view of the “data model” with multiform visualizations

Publi-
cations

Life
Science

4

Cross
Domain

graphic
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IV. Conclusion, Food for Thought

My vision for heterogeneous data: Google Maps for Information Landscapes
- to combine the meta view of the “data model” with multiform visualizations

Source: Richard Cyganiak, Anja Jentzsch

As of September 2010 @ @D @
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IV. Conclusion, Food for Thought

My vision for heterogeneous data: Google Maps for Information Landscapes
- to combine the meta view of the “data model” with multiform visualizations

@
, <

Source: Student Project by
Grigor Tshagharyan (2011)
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IV. Conclusion, Food for Thought

My vision for heterogeneous data: Google Maps for Information Landscapes
- to combine the meta view of the “data model” with multiform visualizations
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IV. Conclusion, Food for Thought

Publi-

My vision for heterogeneous data: Google Maps for Information Landscapes cations

- o combine the meta view of the “data model” with multiform visualizations
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