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Multidimensional Visual Analysis (MVA)

* Visual representations to explore and analyze multidimensional
datasets.

* Multidimensional datasets represented as a table or spreadsheet.
* Columns: dimensions {variables}
* Rows: records {data points, instances}



Iris Dataset

5 dimensions

* 150 records belonging to three classes: Setosa, Versicolour, or Virginica
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Football Dataset

* 9 dimensions
* 540 records
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Jamie Vardy Leicester City

Danny Ings Southampton 38
Pierre-Emerick Aubameyang Arsenal 36
Raheem Shaquille Sterling Manchester City 33
Mohamed Salah Ghaly Liverpool 34
Sadio Mané Liverpool 35
Harry Kane Tottenham Hotspur 29
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Samariya, Durgesh [2020]. Premier League Player Stats Data. 27 Jul 2020. https://kaggle.com/datasets/themlphdstudent/premier-league-player-stats-data
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https://kaggle.com/datasets/themlphdstudent/premier-league-player-stats-data

Scatterplots

* Display relationship between two or three numerical dimensions.

Can help identify potential trends, patterns, or outliers in the data.

Use dot or marker to represent each record.

Dots form diagonal line sloping upwards = Indication of a positive correlation.

Dots form diagonal line sloping downwards = Indication of a negative correlation.

® Iris-versicolor ® Iris-versicolor

Sepal width
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Scatterplot Matrices

* Explore pairwise relationships between
multiple dimensions.

* Grid of scatterplots, with each plot
displaying relationship between two
dimensions.

* Overview of multiple relationships at a
glance.

* Cluttered and unmanageable at larger
number of dimensions (15).
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Star Coordinates

* Maps multidimensional data onto a 2D space using a radial layout.

* Plot consists of radial axes (representing dimensions) from the center.

* Each record is mapped by using weighted average of its dimension values.

e Circular marker (anchor) can be moved inside or outside of the circle to adjust the weights.

* Records can be inside/outside the circle.
e Cluttered and unmanageable at larger number of dimensions (20).
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RadViz
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Maps multidimensional data onto a 2D space using a radial layout.
Plot consists of radial axes (representing dimensions) from the center.
Each record is mapped by using weighted average of its dimension values.

Anchor can only be moved on the circle perimeter to adjust the weights.

Cluttered and unmanageable at larger number of dimensions (20).
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Dust and Magnet (DNM)

Maps multidimensional data onto a 2D space.

Records represented as particles attracted to magnets.

* Moving magnets adjusts dimension influence.

Cluttered and unmanageable at larger number of dimensions (20).
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RadViz, Star Coordinates, and DNM Showcase

RadViz Star Coordinates Dust Magnet
Overview Details
Load File: [ Choose e | iis.cov sepal.length sepal.width petal.length petal.width variety
Menu
Export RadViz | | Export Star Coordinates || Export Dust & Magnet ‘
Dimension Name Type Active
sepal.length Number
sepal.width Number
petal.length Number
petal.width Number
variety Text
RadViz Star Coordinates Dust & Magnet
sepal.width Attract Dust | | Center Dust | | Spread Dust
Re
.'. sepalwidth
-‘5?1 O sepal length * e,
B ’-?'-’.g .
= _:e'.?“ - petal.length
. petal.length O . (O sepal length
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& e Lwidth tal.width
. ¢ e sepal.wi petal.wi
L . -1 {
L] 1 [ ]
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petal width petalwidth .
sepal.length

https://youtu.be/kJQTwWBmMXvYA

Software used: Neuhold, Lukas, Ridvan Aydin, and Georg Regitnig [2020]. The Radial Projection Explorer. 29 Jun 2020.
https://courses.isds.tugraz.at/ivis/projects/ss2020/ivis-ss2020-g4-project-radial-projectionexplorer.pdf
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https://youtu.be/kJQTwBmXvYA
https://courses.isds.tugraz.at/ivis/projects/ss2020/ivis-ss2020-g4-project-radial-projectionexplorer.pdf

Similarity Maps

* Projections of high-dimensional datasets to 2D or 3D.
e Can accommodate any number of dimensions.

* Two types of projections:

* Linear: Output is a linear combination of the input dimensions.
* Non-linear: Output dimensions are calculated with non-linear operations.



Similarity Maps: Projection Techniques

* Principal Component Analysis (PCA): Linear projection, first two
principal components are used as output dimensions.

* Multi-Dimensional Scaling (MDS): Non-linear projection, projects into
lower-dimensional space while preserving pairwise distances

 t-Distributed Stochastic Neighbor Embedding (t-SNE): Non-linear
projection, uses a probabilistic model to preserve the local structure of
the data.

* Uniform Manifold Approximation and Projection (UMAP): Non-linear
projection, uses ideas from topological data analysis to preserve global
and local structure of the data.



Similarity Maps: Comparison
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Parallel Coordinates

e Each dimension represented by
vertical line (axis).

* Each record represented by horizontal
poly-line across multiple axes.

* Each point in poly-line represents the
corresponding dimension value.

* Cluttered and unmanageable at larger
number of dimensions (20).
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dim 1 dim 2 dim 3 dim N

Inselberg, Alfred and Bernard Dimsdale [1990]. Parallel Coordinates: A Tool for Visualizing MultiDimensional Geometry. Proc. 1st IEEE Conference on Visualization (Vis 1990) (San Francisco, California, USA).
23 Oct 1990, pages 361-378. d0i:10.1109/VISUAL.1990.146402. https://ifs.tuwien.ac.at/~mlanzenberger/teaching/ps/ws07/stuff/00146402.pdf



https://ifs.tuwien.ac.at/~mlanzenberger/teaching/ps/ws07/stuff/00146402.pdf

Brushing and Linking

* Brushing: Process of selecting records or regions in one visualization and highlighting those
records in other visualizations.

 Linking: Process of synchronizing the views of multiple visualizations, such that a change made to

ocus: World | North America| South America | Europe | Africa| Asia | Oceania

(cobors ers |aa) [ W[ Peasechooso |- I [~ macro

Bogota 5 cities selected (6%), 73 cities active (100%)

https://youtu.be/hM4SZcBCnhg

Macrofocus [2016]. InfoScope. 29 Apr 2016, https://web.archive.org/web/20160429015130/http://www.macrofocus.com/public/products/infoscope/ 15/30



https://youtu.be/hM4SZcBCnhg
https://web.archive.org/web/20160429015130/http:/www.macrofocus.com/public/products/infoscope/

Grouping and Labeling

e Grouping: Process of identifying and separating similar records.

 Manual Grouping: Organizing and providing relevant information about records manually,
typically done by a human (can be time-consuming and labor-intensive).

e Automated Clustering: Mathematical methods used to group records with similar
descriptions into the same cluster.

* Labeling: Process of providing relevant information about the
records.



MVA Tools

 Tools for visual analysis of multidimensional datasets:
« XMDV (1994 — 2021)
e Parallax (1999)
* Ggobi (1999 — 2012)
* InfoScope (2007)
e XDAT (2010 - 2020)
e High-D (2013 — 2022)
e TabuVis (2013 —2022)
* Improvise (2014 — 2020)
 MyBrush (2016 —2017)
* mVis (2020 — 2021)



XMDV (1994 - 2021

W iris - view 0 o X
W# File View Brushes Tools Window Help -8 x|
& A zoomx:[1®  zoom¥:[10  zoom Directon: [x+v ] O] ® X

View Tree X W w _‘_J

= |4 cars.oke
= <3} Flat Data Mode Pipeline
WM view 0
- {0} Hierarchical Data Mode Pipeline
= [ iris.oke
= {3k Flat Data Mode Pipeline
W view 0

% Hierarchical Data Mode Pipeline // :

7

R RIREA N IENCE 3

Delete addven |

View:
-- Type: Parallel coordinates
-- Pipeline settings
-- Type : Flat data mode
-- Input : iris.okc
-- The number of views: 1
-- Sorted : Yes (increasing, by dimension 'sepal_le
-- The number of highlighted records : 46

sepal width=3.663

Ward, M. 0. [1994]. Xmdvtool: Integrating Multiple Methods for Visualizing Multivariate Data. Proceedings Visualization ‘94 (Washington, DC, USA). IEEE Computer Society Press, 1994.
https://davis.wpi.edu/~xmdv/
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https://davis.wpi.edu/~xmdv/

Parallax (1999

|

File  Amows  Query Yars  Types wlew Scales Window aMNalysis  Classifiers  sEtup  Help
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VIS o e | = | 21 ) NN LLLpLL
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Delete selected polygon
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G
>

’D _ Total size: 384 Level:

,é 1 Prent: 0% Combination: And 0

i ‘% | | Display:One  Type:None

Avidan, Tova and Shlomo Avidan [1999]. ParallAX — A Data Mining Tool Based on Parallel Coordinates. Computational Statistics 14.1 (Mar 1999)



Ggobi (1999 — 2012

@ Goob - O
File Display Wiew Interaction Tools Help
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L X || Y| TeAM
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Mo fixed axes |
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Change direction
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Premier League Player Stats.csv: 540 x 9 (D:\FRI\Magisterij\2. letnik\Gr...

File

File

Options

File  Options

PLAYER

PLAYER

PLAYER

PLAYER

PLAYER

B Premier League Player Stats.csw: Scatterplat (current)

File Edges

Options

Cook, Dianne, Deborah F. Swayne, and Andreas Buja [2007]. Interactive and Dynamic Graphics for Data Analysis with R and GGobi. Springer, 05 Sep 2007. http://ggobi.org/
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http://ggobi.org/

XDAT (2010 — 2020

X xdat Untitled . a
File Data Chart Options Help
#  PLAYRR TEAM Gs MIN G AssT SHOTS B ZDScatierChart = H :
1 Jamie Vardy Leicester City 35.0 34.0 3034.0 23.0 5.0 71.0 43.0 Options ~
2 Danny Ings Southampton 38.0 32.0 2812.0 22.0 2.0 66.0 38.0
3 |Pierre-Emerick Au... Arsenal 36.0 35.0 3138.0 22.0 3.0 70.0 42.0
4 |Raheem Shaquille...| Manchester City 33.0 30.0 2660.0 20.0 1.0 8.0 38.0 38.000
5 |Mohamed Salah G... Liverpool 34.0 33.0 2884.0 19.0 10.0 95.0 59.0
6 Sadio ManA© Liverpool 35.0 31.0 2753.0 18.0 7.0 66.0 36.0
7 Harry Kane Tottenham Hotspur 29.0 29.0 2589.0 18.0 2.0 62.0 37.0
8 |RaA9d Alonso Jm... | Wolverhampton 38.0 37.0 3244.0 17.0 6.0 89.0 44.0
9 | Marcus Rashford |Manchester United 31.0 310 2653.0 17.0 7.0 77.0 44.0
10 | Anthony Martial | Manchester United 32.0 31.0 2638.0 17.0 6.0 59.0 40.0 w)
11 |Sergio Leonel Ag... | Manchester City 24.0 18.0 1456.0 16.0 3.0 54.0 28.0 (D
12 [Tammy Bakumo-A... Chelsea 34.0 25.0 2221.0 15.0 3.0 74.0 40.0
13 |Gabriel Fernando ...| Manchester City 34.0 21.0 2027.0 14.0 7.0 81.0 48.0 -
14 Chris Wood Burnley 32.0 29.0 2444.0 14.0 1.0 57.0 31.0 lllell.
15 | KevinDe Bruyne | Manchester City 35.0 32.0 2798.0 13.0 20.0 70.0 31.0 0.000 &
16 |Dominic Calvert-L... Everton 36.0 30.0 2629.0 13.0 1.0 70.0 38.0 0.000
17 |Richarlison de An... Everton 36.0 36.0 3081.0 13.0 3.0 66.0 32.0
|18 Teemu Pukki Norwich Gity 36.0 33.0 2892.0 11.0 3.0 56.0 35.0
19 Riyad Mahrez Manchester City 30 210 1940 0 110 an 510 £V
20 | Heung-Min Son |Tottenham Hotspur 3 ¥ Parallel Coordinates Chart 1 - O X
21 Michail Antonio West Ham United 2
2 Neal Maupay  |Brighton and Hov 3 Parameters Clustering Options
23 |Alexandre Lacaze... Arsenal 3 »
24 | Mason Greenwood | Manchester United 3 PLAYER GP MIN
25 | Troy Deeney Watford 2 Active Design Color [l
26 Roberto Frmino B...| __ Liverpool 3 TEAM GS
27 | Jordan Ayew Crystal Palace 3 Transparency
28 | Christian Pulisic Chelsea 2 “igiaead el
29 |Willian Borges Da ... Chelsea 3
30 Callum Wilson Bournemouth 3
31 | JackGrealsh Aston Villa 3 - Add Cluster
32 Ayoze PA@rez Leicester City 3
33 Olivier Giroud Chelsea 1
34 Jay Rodriguez Burnley 3
35 dele Alli Tottenham Hotspur 2
36 |Bruno Miguel Bor... | Manchester United 1 =
37 | SA@bastien Haller | West Ham United 3
38 Harry Wilson Bournemouth 3
39 |Diogo JosA® Tei... | Wolverhampton ... 3 =
40 Mason Mount Chelsea 3
41 Todd Cantwell Norwich City E
42 David Silva Manchester City 2
43 |Bernardo Mota V... | Manchester City 3
B Ashley Barnes Burnley 1
45 Oliver McBurnie Sheffield United 3
46 Joshua King Bournemouth 2
| 47 Mahmoud Ahmed ... Aston Vila J< >

XDAT [2020]. XDAT. 26 Aug 2020. https://xdat.org/
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https://xdat.org/

High-D (2013 — 2022

II- High-D - Premier League Player Stats.csv
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Macrofocus [2022]. High-D. 05 Dec 2022. https://www.high-d.com/
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https://youtu.be/2eKJOOX0-3o
https://www.high-d.com/

TabuVis (2013 — 2022

@ TabuVis - File: Premier League Player Stats.csv - A
File Other Visualisations Draw Property Color Property Control Analysis Help

&) Start Plot Visualisati -~ O X — g X-Axis: Gp
L Start Plot Visualisation |4/ Parrallel-Coordinates Visualisation - O X o
Option .
Option &
3 I | | |
Player i Sog  Cluster 0 9 18 27
e — : q o
Y-Axis: Gs
<]
Clugter_ &
[ | | |
0 9 18 27
Set Width for Items
g
a
1 I 1 | I
1 80 159 238 317
Control: Player
I Show Items | Hide Items
Pla
i Control: Team
= o o—o— — - I Show Items | Hide Items
k- o o o o o ° Control: Min
G o o Q Q Q [+] Q
5 < [+ [+ S
Mi N o o o o o ° 6 2|0 4ID GIO BID
§ @ © N N © Control: G
Asst - Option — : ¢ o o O s & 9 0 o o ¢ ©
Shots - Option — - o o o o o &
S00 — option - - - o © o o o o o o o o o 6 "j 1'0 1'5 2'0
h o o o o o o
s == e ¢ e e e o e Control: Asst
Legend - Type of Attributes e coe e © e N
+ Categorical (Discrete and Dimension) © °@ °e “ °@ “ & l | |
Text (String): Dark Blue Color ¢ © @ @ 0 5 10 15
Boolean: Blue Color eoe e e e 00 “ °e
+ Quantitative (Continuous) ° o e @ “ ° Control: Shots
Integer Type: Red Color = e e o o o0 ° o
o

Nguyen, Quang Vinh, Yu Qian, Maolin Huang, and JiaWan Zhang [2013]. TabuVis: A Tool for Visual Analytics Multidimensional Datasets. Science China Information Sciences 56.5 (24 May 2013) 23/30
https://researchgate.net/publication/257686743 TabuVis A tool_for_visual analytics_multidimensional_datasets



https://researchgate.net/publication/257686743_TabuVis_A_tool_for_visual_analytics_multidimensional_datasets

Improvise (2014 — 2020

* xrgb.viz
File Edit Base Mecta Grab Misc Help

ssauybug

uoneinies
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G0

RGB Cross Sections Colors
Name RGB ‘ Red |Greer|| Blue ‘ Hue |Saturaﬁnn|Brightne..“;
snow $rrrara” 255®@ 250@ 250 @ o o0 M o200l 1.o00ld -
lghost white procerrQ 245 ® 242 @ 255@ 0.ce7® o027l 1.000U [
Ghostihite #receef O 246 240@ 255@ .7 027U 10004
o white smoke $#£525e5 0 245@ 245 @ 245 @ o oo poooold 0.ser U
z WhiteSmoke #£55565 0 245 @ 24:@ 245 @ o o0 @ oo oLl
® gainsboro tdededc Q' 220® 220@ 220® o.000® 000l o.zesld
floral white #r£faf0 QO 255@ 250@ 240® o111 popssl 1.000U
FloralWhite #rr£af0Q 255® 250@ 250 ® o111 g.oseld 1.o00Ud
lold lace $rarsee Q) 253@ 245@ 330® o100l plosil) o.sszld
OldLace $£dr5ee O 253 @ 245@ 230® o 108l g1l o.ge2ld
linen #rafiee O 250® 240@ 230® o.083 popsold 0.es0ld
lantique white $#facba7© 250 ® 23:@ 215® pooesE 10l 0lge0
AnticqueWhite $razba7Q 250®@ 235@ 215®@ oo g0l 0.ge0
papaya whip $rfefas O 255@ 239@ 213@ o 103 g o1esUl 1.000U
PapayaWhip $rrefds O 255@ 230@ 213@® o103 po1esU 10000
o blanched almond #ffebcdl) 255@ 3235@ 205® p.1008 op.196L 1.000U
T BlanchedAlmond $rfebed QO 255@ 235 @ 205 @ p o100l pl1seld 1.000Ud
S bisque #£feace O 255@ 220@ 15:® o.0s0 po2a1ld 10004
peach puff #££dap9 O 255 @ 215@ 155@ o o7sM 2750 1.000Ud
PeachPuff $#£fdabs QO 255 @ 21:@ 125 @ o o7 275U 1.000Ud
navajo white $ffdead O 255@ 220@ 173@ o 100 p.z22L) 1.000U]
NavajoWhite #r£dead Q' 255 222@ 17:@ o100l o322l 10000
moccasin #££24p5 0 255@ 225@ 151 @ o 106l 20U 1.000Ud
cornsilk $reredc O 255@ 240 @ 220® o133l oLzl 1l000Ud
Red Blue ivory #£2£££00 255 @ 255 @ 240 @ 0,167 .09 1.000U 5
RGB Cube

Weaver, Chris [2014]. Improvise. 21 Sep 2014.

https://cs.ou.edu/~weaver/improvise/
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https://cs.ou.edu/~weaver/improvise/

d C A & philippkoytek.github.io,

MyBrush (2016 — 2017
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Icons made by Freepik from www.flaticon.com are licensed by CC 3.0 BY

Koytek, Philipp, Charles Perin, Jo Vermeulen, Elisabeth André, and Sheelagh Carpendale [2017]. MyBrush: Brushing and Linking with Personal Agency. IEEE Transactions on Visualization and Computer
Graphics 24.1 (29 Aug 2017). https://ieeexplore.ieee.org/document/8017621
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mVis (2020 — 2021

& mVis — X
File Chart Preference Help
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Chegini, Mohammad, Jirgen Bernard, Philip Berger, Alexei Sourin, Keith Andrews, and Tobias Schreck [2019]. Interactive Labelling of a Multivariate Dataset for Supervised Machine Learning using
Linked Visualisations, Clustering, and Active Learning. Visual Informatics 3.1 (Mar 2019). https://github.com/chegini91/mVis
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https://github.com/chegini91/mVis

MVA Tools

Initial Release: 1994 Mar 1999 1999 May 2010  Sep 2013 May 2013 2014 Jun 2016 Jul 2020
Last Update: Sep 2021 °? Jun Aug 2020 Dec 2022 Feb 2022 Oct 2020 Sep 2017 Jan 2021
2012

License: Free, Commercial Free, Free Commercial Free Free, open- Free, open- Free,
open- open- source source open-
source source source

Systems: Win, Win, Win, Win, Win, Win, Win, Web Win,
MacOS, MacOS, MacQOS, MacQOS, MacOS, MacOS, MacOS, Browser MacQOS,
Linux Linux Linux Linux Linux Linux Linux Linux

Language: Qt ? C Java ? Java Java JavaScript Java

Installation: Local Local Local Local Local Local Local Online Local
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MVA Tools: Features
_WWW

Custom Datasets:
Brushing:

Linking:

N N S L
R S NN

Manual Grouping:

«
RGNS

Automated Clustering: v
Table View:

Scatterplot: v v v v
Scatterplot Matrix: v v
Parallel Coordinates: v v v v

Parallel Coordinates Matrix:

&
RO VRS G G G S
«

Similarity Map:

Time Series: v
Distributions: v v
Table Plot:

Tree Map: v

N N KX S LKL
<

S NN

Carto Plot:
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Concluding Remarks

* Most common MVA approaches: scatterplot, scatterplot matrix,
parallel coordinates, and similarity map.

* Brushing and linking important.
* Best commercial tool: High-D.
* Best free tool: mVis.

* Future work: Multidimensional Visual Analyser web application
(Masters thesis)
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