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King Salman bin Abdulaziz
bin Abdulrahman Al Saud

E

Salman bin Abdulaziz bin Abdulrahiman Al Saud became
King of Saudi Arabia in January 2015, assuming the
throne after the death of his brother King Abdullah. He
previously served as defense minister and deputy prime
minister and was the governor of Riyadh, the country’s
capital, from 1955 to 1960 and again from 1963 to 2011.
He was named as heir to the throne in 2012.
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Network without keystone taxa or module
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Keystone taxa as drivers of microbiome
structure and functioning, Banerjee et al. 2018
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Dysbiosis in oral microbiome
Porphyromonas gingivalis

Considerable alteration in gut
microbiome structure
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Improved plant evenness
and productivity
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Linked to soil organic matter
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Tim Dwyer, Yehuda Koren, and Kim Marriott.

"IPSep-ColLa: An incremental procedure for separation constraint layout of graphs."
IEEE Transactions on Visualization and Computer Graphics 12.5 (2006): 821-828.
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Stress majorization
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Constrained stress majorization

» Instead of solving unconstrained quadratic forms we
solve subject to separation constraints

» i.e. Quadratic Programming

>

stress(X)




Gradient projection
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subj. to: x € X




Gradient projection
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Gradient projection
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Vi =g = Qz*+b
9'g
9'Qg
project(z* — ag)

a:'k — T

o =

K|

=¥
I




Gradient projection
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Fast node overlap removal
T Dwyer, K Marriott, P) Stuckey
International Symposiumon Graph Drawing, 153-164, 2005
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(d) Heuristic crossing-weight=2000 (e) Heuristic crossing-weight=1000 (f) Heuristic crossing-weight=1



Improved Optimal and Approximate Power Graph Compression for Clearer

Visualisation of Dense Graphs
T Dwyer, C Mears, K Morgan, T Niven, K Marriott, M Wallace Pacific Visualization

Symposium (PacificVis), 2014 IEEE, 105-112
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Vahan Yoghourdjian, Tim Dwyer, Karsten Klein, Kim Marriott, and Michael Wybrow
Graph Thumbnails: Identifying and Comparing Multiple Graphs at a Glance
IEEE Transactions on Visualization and Computer Graphics, 2018
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Vahan Yoghourdjian, Tim Dwyer, Karsten Klein, Kim Marriott, and Michael Wybrow
Graph Thumbnails: Identifying and Comparing Multiple Graphs at a Glance
IEEE Transactions on Visualization and Computer Graphics, 2018
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sapiens, M. musculus, R. norvegicus,

S. cerevisiae), each row shows data for one organism (from top to bottom in the listed order). The two leftmost columns show the full DIP dataset for
the years 2008 and 2017, respectively. The remaining columns show the high-confidence core dataset (the most reliable subset of the interactions)
for the years 20082017 (Note that at the time of retrieval the full and the core data set for mouse and rat were the same for the years 2008 and 2017,

while the sizes given on the DIP web page differed).

Fig. 14. Evolution of DIP database structure for seven organisms (C. elegans, D. melanogaster, E. coli, H.



Cognitive Scalability of Network Visualisation
Vahan Yoghourdjian, Yalong Yang, Lee Lawrence, Michael Wybrow, Tim Dwyer, Kim Marriott
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Part 2: Immersive Analytics
Interactive data analysis using the surfaces and spaces around us
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Immersive Analytics Goals:
to remove barriers between people, their dataand the tools they use for analysis
to supportdata understanding and decision making everywhere and by everyone
to makeembodied tools that are intuitive, engaging,
and makethe best possible use of all sensorychannels.

B

Immersive Analytics is the use of engaging, embodied analysis tools
to support data understanding and decision making.
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Immersive Analytics Timeline




Immersive Analytics Book

Marriott, Dwyer, Schreiber, Thomas, Klein, Steurzlinger, Itoh, Riche Eds.

What is Immersive Analytics?

Time to ReconsidertheValueof 3D for Information Visualisation
Multisensory Immersive Analytics

Interaction for Immersive Analytics .

Immersive Human-Centered Computat|onaIAnaIyt|cs
Immersive Visual Data Stories

Situated Analytics

Collaborative Immersive Analytics

Just 5 Questions: toward a design framework fordsimersive Analytics
10 Immersive Analytics Applicationsin Life and Health Sciences

11. Exploring Immersive Analytics For Built Environments

SO MO0 N SITREN IR

Published 2018



Immersive Analytics Research at Monash




Immersive CoIIaboratlve Analy5|s of Network < Connectivity: |

'Cﬂ/E Wle or\ﬁ

Cordeil, Dwyer, Klein, Laha, Marriott, Thomas

|EEE Transactions on Visualization and Computer Graphics 2016



Collaboration: Positions and movements

HMDs records

vertical head
movements




Collaboration: Positions and movements

CAVE2 records

vertical head
movements




ImAxes: Immersive axes as embodied affordances for interactive multivariate data visualisation.
Cordeil, M., Cunningham, A., Dwyer, T., Thomas, B. H., & Marriott, K.
In Proc. ACM Symp. on User Interface Software and Technology (pp. 71-83). ACM UIST 2017




Multidimensional data
ACIDITY

FIXED ACIDITY

DENSITY
SULFUR
DIOXIDE

ALCOHOL

ACIDITY
SULPHATES

QUALITY

RESIDUAL
SUGARS



A B C D E F G H J K L M
1 |fixed acidity  |volatile acidity citric acid residual sugar chlorides free sulfur dioxide total sulfur dioxide density pH sulphates alcohol quality  Type
2 7 0.27 0.36 20.7 0.045 45 170 1.001 3 0.45 8.8 6 White
3 6.3 0.3 0.34 1.6 0.049 14 132 0.994 33 0.49 9.5 6 White
4 8.1 0.28 0.4 6.9 0.05 30 97 0.9951 3.26 0.44 10.1 6 White
5 7.2 0.23 0.32 8.5 0.058 47 186 0.9956 3.19 0.4 9.9 6 White
6 7.2 0.23 0.32 8.5 0.058 47 186 0.9956 3.19 0.4 9.9 6 White
7 8.1 0.28 0.4 6.9 0.05 30 97 0.9951 3.26 0.44 10.1 6 White
8 6.2 0.32 0.16 7 0.045 30 136 0.9949 3.18 0.47 9.6 6 White
9 7 0.27 0.36 20.7 0.045 45 170 1.001 3 0.45 8.8 6 White
10 6.3 0.3 0.34 1.6 0.049 14 132 0.994 3.3 0.49 9.5 6 White
11 8.1 0.22 0.43 1.5 0.044 28 129 0.9938 3.22 0.45 11 6 White
12 8.1 0.27 0.41 1.45 0.033 11 63 0.9908 2.99 0.56 12 5 White
13 8.6 0.23 0.4 4.2 0.035 17 109 0.9947 3.14 0.53 9.7 5 White
14 7.9 0.18 0.37 1.2 0.04 16 75 0.992 3.18 0.63 10.8 5 White
15 6.6 0.16 0.4 1.5 0.044 48 143 0.9912 3.54 0.52 12.4 7 White
16 8.3 0.42 0.62 19.25 0.04 41 172 1.0002 2.98 0.67 9.7 5 White
17 6.6 0.17 0.38 1.5 0.032 28 112 0.9914 3.25 0.55 11.4 7 White
18 6.3 0.48 0.04 1.1 0.046 30 99 0.9928 3.24 0.36 9.6 6 White
19 6.2 0.66 0.48 1.2 0.029 29 75 0.9892 3.33 0.39 12.8 8 White
20 7.4 0.34 0.42 1.1 0.033 17 171 0.9917 3.12 0.53 11.3 6 White
21 6.5 0.31 0.14 7.5 0.044 34 133 0.9955 3.22 0.5 9.5 5 White
22 6.2 0.66 0.48 1.2 0.029 29 75 0.9892 3.33 0.39 12.8 8 White
23 6.4 0.31 0.38 2.9 0.038 19 102 0.9912 3.17 0.35 11 7 White
24 6.8 0.26 0.42 1.7 0.049 41 122 0.993 3.47 0.48 10.5 8 White
25 7.6 0.67 0.14 1.5 0.074 25 168 0.9937 3.05 0.51 9.3 5 White
26 6.6 0.27 0.41 1.3 0.052 16 142 0.9951 3.42 0.47 10 6 White
27 7 0.25 0.32 9 0.046 56 245 0.9955 3.25 0.5 10.4 6 White
28 6.9 0.24 0.35 1 0.052 35 146 0.993 3.45 0.44 10 6 White
29 7 0.28 0.39 8.7 0.051 32 141 0.9961 3.38 0.53 10.5 6 White
30 7.4 0.27 0.48 1.1 0.047 17 132 0.9914 3.19 0.49 11.6 6 White
31 7.2 0.32 0.36 2 0.033 37 114 0.9906 3.1 0.71 12.3 7 White
32 8.5 0.24 0.39 10.4 0.044 20 142 0.9974 3.2 0.53 10 6 White
33 8.3 0.14 0.34 1.1 0.042 7 47 0.9934 3.47 0.4 10.2 6 White
34 7.4 0.25 0.36 2.05 0.05 31 100 0.992 3.19 0.44 10.8 6 White
35 6.2 0.12 0.34 1.5 0.045 43 117 0.9939 3.42 0.51 9 6 White
36 5.8 0.27 0.2 14.95 0.044 22 179 0.9962 3.37 0.37 10.2 5 White
37 7.3 0.28 0.43 1.7 0.08 21 123 0.9905 3.19 0.42 12.8 5 White
38 6.5 0.39 0.23 5.4 0.051 25 149 0.9934 3.24 0.35 10 5 White
39 7 0.33 0.32 1.2 0.053 38 138 0.9906 3.13 0.28 11.2 6 White
40 7.3 0.24 0.39 17.95 0.057 45 149 0.9999 3.21 0.36 8.6 5 White
L 7.3 0.24 0.39 17.95 0.057 45 149 0.9999 3.21 0.36 8.6 5 White
42 6.7 0.23 0.39 2.5 0.172 63 158 0.9937 3.11 0.36 9.4 6 White
43 6.7 0.24 0.39 2.9 0.173 63 157 0.9937 3.1 0.34 9.4 6 White
44 7 0.31 0.26 7.4 0.069 28 160 0.9954 3.13 0.46 9.8 6 White
45 6.6 0.24 0.27 1.4 0.057 33 152 0.9934 3.22 0.56 9.5 6 White
46 6.7 0.23 0.26 1.4 0.06 33 154 0.9934 3.24 0.56 9.5 6 White
47 7.4 0.18 0.31 1.4 0.058 38 167 0.9931 3.16 0.53 10 7 White
48 6.2 0.45 0.26 4.4 0.063 63 206 0.994 3.27 0.52 9.8 4 White
49 6.2 0.46 0.25 4.4 0.066 62 207 0.9939 3.25 0.52 9.8 5 White
50 7 0.31 0.26 7.4 0.069 28 160 0.9954 3.13 0.46 9.8 6 White
51 6.9 0.19 0.35 5 0.067 32 150 0.995 3.36 0.48 9.8 5 White
52 7.2 0.19 0.31 1.6 0.062 31 173 0.9917 3.35 0.44 11.7 6 White
53 6.6 0.25 0.29 1.1 0.068 39 124 0.9914 3.34 0.58 11 7 White
54 6.2 0.16 0.33 1.1 0.057 21 82 0.991 3.32 0.46 10.9 7 White
55 6.4 0.18 0.35 1 0.045 39 108 0.9911 3.31 0.35 10.9 6 White
56 6.8 0.2 0.59 0.9 0.147 38 132 0.993 3.05 0.38 9.1 6 White
57 6.9 0.25 0.35 1.3 0.039 29 191 0.9908 3.13 0.52 11 6 White
58 7.2 0.21 0.34 11.9 0.043 37 213 0.9962 3.09 0.5 9.6 6 White
59 6 0.19 0.26 12.4 0.048 50 147 0.9972 3.3 0.36 8.9 6 White
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Axes as embodied™ affordances™*
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There Is No Spoon: Evaluating Performance, Space Use, and Presence with Expert Domain Users in Immersive Analytics.
Batch A, Cunningham A, Cordeil M, EImqvist N, Dwyer T, Thomas BH, Marriott K.
IEEE Transactions on Visualization and Computer Graphics, 2019
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Shared Surfaces and Spaces:
Collaborative Data Visualisation in a
Co-located Immersive Environment

Benjamin Lee, Maxime Cordeil, Arnaud Prouzeau,
Bernhard Jenny, and Tim Dwyer

Accompanying Video
IEEE VIS 2019

86



Tilt Map: Interactive Transitions Between
2D Choropleth Map, 3D Prism Map and Bar Chart
In Immersive Environments



In-Situ Mixed Reality Data Visualisation




