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Motivation Seeing data: Presenting data:

e Whatis going on? e What do | want to say?

e What should | be seeing? e What does the reader expect?
e Whatis unnecessary?

* Chiefin L1-L5
* Chiefin L6

00 02 o4 2% s 750 00 01 02 03

Mean itz Mean coupling coefficient
D %
3
3 £ A
2 PAN
Z v
g
0075 0.100 0.125 0.150 10w 10 0m
Mean coupling coefficient EC(H) == ECl) = == EC[tin)
F
B
E;
G agjacens m o
3% Gow R Jative boundary
0s-* " ‘ Fourth dansity coafficiant 24, ,
7 e Fith cenity couficiant Fos-
74 °7 7% #/, Warmaiusd Batts coumcare g
Bl o .4 Euerchactanate 06- %’—
E o In-dagree §§ v
05- i1 Eterant extansicn 0s- =i
gk 9\ 5 Out-degroe i ..
4 e Transte custerng coumeiare S
9/ e Affarent axtensicn 04- =
04 05 05 07 08 005 010 015 020
Accuracy (manifold-based) Mean coupling coefficient




Tpasiba 3 ir lielums B Tpasiba 4 ir krasa N Ipasiba 5 ir raksts

4 e0b3 4 @ob3 4 @ob3 4 oo

- =3 {eob2 =3 .obz A3 .anz =
2 82 eob4s 52 @ob4 82 @b 2 . .
d @ 1@ Motivation
oL : - ; 04 == , o4 . :
1 2 3 4 0 2 4 0 2 4
Tpasiba 2 Tpasiba 2 pasiba 2 pasiba 2
visualizing properties
T Top20 T Top 20 over 50ms T Top 100
081 T Top50 T Top 50 over 50ms T Top200 1:!5: I 014
g I = JIT What is the first thing you notice?
io.s IJ. JI II -|I = "'Jl 010 %
bl 171 I NI F I I e Color

0.4 F- - [T 008 g

L T ¢ I - e Contrast

02 Tcc DC, DGy DCy DCs DCs NBC ASG OVer|aId VISU8|S [ ) Text / Wh"tespace
with error bars

e [T

] - Camaro 228
- Chrysler Imperial
- Cadillac Fleetwood

- Lincoln Continental
- Merc 4505LC
= Merc 450SE

relationships
as a graph : B
’ 1 § 0 - Toyota Corona g
N Merc 2400

Lotus Europa

properties as a heatmap [
and dendrogram > « o G o w

mpg  drat  am  gear




A B | c |o| E | F|
1 song_name danceability energy key loudness mode sp¢
2 Mercury: Retrograde 0.831 0.814 2 -7.364 1
3 Pathology 0.719 0493 8 -7.23 1
4 Symbiote, 0.85 0.893 5 -4.783 1
5 ProductOfDrugs (Prod. The Virus and Antidote) 0.476 0.781 0 -4.71 1
6 Venom! 0.798 0.624 2 -7.668 1
7 Gatteka 0.721 0.568 0 -11.295 1
8 kamikaze (+ pulse) 0.718 0668 8 -4.162 1
9 T.R.U. (Totally Rotten Underground) 0.694 0711 8 5525 1
. 10 I Put My Dick in Your Mental 0.774 0.751 1 -2.445 1
[ools: data types B FEE R =
= 12 BRAINFOOD 0.864 0.365 8 -10.219 1
13 Troll Under the Bridge 0.736 0.932 1 -3.726 1
14 1000 Rounds 0.825 0.761 8 -5.389 1
15 Sacrifice 0.767 0.576 10 -9.683 0
16 Backpack 0.765 0.726 5 -5.58 1
17 D(R)Own 0.617 0541 6 4113 1
18 Okay,ButThislsTheLastTime 0.755 0.298 1 -15.032 1
L L -
Objects and their properties table . . '
unordered objects with properties
) Measurements, surveys
[ ] . . .
IR weighted adjacency matrix
objects and pairwise properties
Dynamically changing properties ——————=
-4 06 1 06 0 -2 1 -1
e Repeated measurments 2 L 8 1= 1 .1 9
<2 0 =1 0 =2 =3 =1 =2 o
([ Change of parameters 1 0 -3 -2 0 -3 -1 -2 dictionary
3 .2 1 -3 -3 0 -3 -1 hiereachical properties
. . . .21 1 -1 -1-3 0 -3
Relationships among objects 1 10 -2 -2 -1-3 6

e  Multiple dependencies

date|2017-01-01 2017-01-02 2017-01-03 | 2017-01-04 2017-01-05 2017-01-06 2017-01-07 | 2017-01-08 2017-01-09 2017-01-102017-01-11 2017-01-12 2017-01-13 2

® Directional data meantemp  15.91 185  17.11 187 1839 1932 1471 1568 1457 1211 1| 1179 1324
humidity 8587  77.22 8189  70.05 7494 7932 9583 8353 8081  7.94 7211 7458  67.06

wind_speed 2.74 2.89 402 455 33 868  10.04 195 6.54 9.36 9.77 6.63 6.44

moannraceiira %o maoca  1naaa 10R7 imaar 101177 1011.38 101555 101595 101689 101678 101637  1017.53

time series
unordered objects with ordered properties




Tools: data sources

General
e Kaggle
e Atverto Datu Portals
e EU Open Data Portal

Specific
e Allen Brain Map
portal.brain-map.org
Blue Brain Nexus
bluebrainnexus.io
Janelia
neuprint.janelia.org

ospatial Analysis

Kaggle ( kaggle.com)

mmendation Dataset
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EU Open Data Portal ( data.europa.eu)
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Plotly ( dash-gallery.plotly.host )

matpl:tlib = 2 o L.
nstalai Examples  Tutorials  Contrbuting Image Processing Support Vector Machine ":““"3’:?“” ‘‘‘‘‘‘‘ TO O I S . I n S p I rat I O n

Matplotlib: Visualization with Python

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

Ready-made templates

e Plotly
e Chart.js, D3.js

Fine detail control

e  The Python Graph Gallery

e matplotlib

] ‘ h
ol
il -\ ’\ ﬁmj Extreme detail control

Python Graph Gallery e TeXample.net
( python-graph-gallery.com ) o PGEPlots GaIIery

PGFPIots gallery ( pgfplots.sourceforge.net ) ‘




,1 = ;1. e

Tools: software =

Managing files Total Commander

e Total Commander

Sublime Text

Reading text and numbers

e  Excel, Google Sheets
e Sublime Text, Notepad++

Reading data from images

e Web Plot Digitizer
GIMP (Gnu Image Manipulation
Program)




Tools: software

Plug and chug

MS Excel, Google Sheets
MS Word

Canva

Plotly, Chart.js

Unlimited control

e  Python: CSV, JSON, pandas
e LaTeX: TikZ, PGFPlots

> import pandas as pd
df = pd.read_pickle('mc2_newparams2.pkl
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fig = plt
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ax3 = fig
data od = df[
data od. sort ()
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(

Python + matplotlib

fotopotax X
1 drauldge] (\y) to [bend right=38] (\x}

odel scane: Strongly connected);
end{scope)
\end{scope}

(2.5,1) e (24,6

i west] at (25,11 (large\textbr {3}

ML, 4.8}

st at (0,261 (araph $\nats
13t (8,41eu) in-degres at eline=-3pt] {17111 red)

{out-segree at

(rao) )

e 15C_ 208 IO FLred] (0,00

ke Thasetines 3t (VLU red]
besin{scope} (shi i
" e i (9707, asmackye

linata (1) at (
LT () etrete (

arplack)g

reciprocal_p. zero_outdeg

on N

SR o
PN NN R
Cwhw: WOON G

coo oo
®
RO &

=iv

~

minfavg/max: _binnum:

2000

1000

00 07 04 06 05 10 ¢ s oo o 1 @ %
s reracatpars e -

graph G

in-degree at «

out-degree at »

topological space Xg

Betti numbers b,

Normalized Bet
Adjacency spectrum

Chung-Laplacian spectrum

zero_indeg

Virsotnes % & &
File Edit View Insert Format

B E 0% - o

A s

Datums Virsotne
2019-10-05 Scolty Hil
2019-10-19_Hil of Dunnideer
2019-10-19  Hill of Chist's Kirk Insch

wa o]  GOOGle Sheets

09 123+

o

Tuvaka pilsétaAugstums (m) Tips

209 -

201910-27 Ben Guiabin  Dalmunzie Corbett
2020-02.22 Clasmach Hil  Huntly -

20200313 Arthurs Seat  Edinburgh Marityn
2020-04-30 Morven Ballater Corbett

0w @
nomoerof el

Sao ot
ad Dunnideer

Hil of  Ben Guiabin Clasmach _ Aftnurs
s Kirk Hil Seal




Adobe Color Wheel ( color.adobe.com) matplotlib colormap

- similar color choices - color palettes for use with Python
- accessibility tools for color impairment

Elements
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Emphasize

0000000000 2

e Red, green
e Complementary colors

H
H

Reduce importance

%
3¢
|||

e Light
e  Similar to background

Enrich

e  Pattern overlay

uiGradients ( uigradients.com )
- visual color connections
- inspiration

** Organizations have style guides




® Differentials

The ideas behind linear i are sometimes formulated in the and

notation of differentials. If y = f(x), where £ is a differentiable function, then the differ-
Ifdx # 0, we can divide both sides of  ential dxis an independent variable: that is, d.x can be given the value of any real number.
Equation 3 by dx to obtain ‘The differential dy is then defined in terms of dx by the equation

dy _
Pl 1] dy = f(x) dx

We have seen similar equations before, . o o
but now the left side can genuinelybe SO ¥ is a dependent variable; it depends on the values of x and dx. If dx is given a spe-

intempreted as a ratio of differentials.  cific value and x is taken to be some specific number in the domzin of . then the numer-

ical value of dy is determined.
The geometric meaning of differentials is shown in Figure 5. Let P(x. f(x)) and
Q(x + Ax,f(x + Ax)) be points on the graph of f and let dx = Ax. The comresponding

change in v is

Ay = f(x + Ax) — f(x)

The slope of the tangent line PR is the derivative f'(x). Thus the directed distang . .
Sto Ris 7(0) d = d. Thereore dy represens the st e wozen i CONSiSt@NCY @cross all visuals

flls (the change in the lincarization), whereas Ay represents the amount that the "
= f(x) rises or falls when x changes by an amount dx Jame Stewart Calculus”
)

EXAMPLE 3 Compare the values of Ay and dy if y = f(x) = x* + x* = 2x + |
x changes (a) from 2 to 2.05 and (b) from 2 to 2.01.

FIGURE 5

Often overlooked
b e Done well: adds to the story
being told

- LRG| = =
”| ' U@ ' Done poorly: distracts from the
Figure 3: The nerve of a cover of a set of sampled points in the plane. " o . . .
PR SR ' " main ideas

sualization: the Mapper algorithm

. visualize and explore data i & natural idea that

e consistency in some visual types ** The data does not speak
' " | interdisciplinary articles

Usting the nerve of covers as & way Lo susminarize
was first proposed for TDA fn Singh ct al. (2007), givi

Definition 2. Let f: X —R%, d > 1, be a continuous real valued funy
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Figure 2: Motion of the planet above and beyond the orbital plane of the stars in the
Sitnikov problem. x-axis shows time in units of revolution of the primaries. y-axis gives
distance from planet above and beyond the orbital plane. The piot shows motion of the
planet for three different nital conditions. In the beginning, the motion s very similar, but i 32 Voo o o SOk Syfden GO L0ok 8o, i st oactioiss

after about 33 revolutions of the primares, after
the three initial conditions develop into totally different types of motion. The red line shows. Debvaen 8 atariand & black hole:
: ol : o

2 i vy sy (Created with Uni com))
‘same behaviour with a planet moving away in the other direction. In both cases a very
long and possible endiess winter would begin. The black line shows a planet that 4. A universal mechanism for every §

continues to have a more or less regular sequence of seasons.

Close to the orbital plane of the stars th & H
32 Non-mathematical explanation s semenaioestINCONSIStENCY
flux will be reduced. In other words: the

For those who - like the maesters of Westeros - refuse to indulge in the wonders of celestial the warmer it will be. A planet that oscill I I l h I I
mechanics, let us explain the main point in simpler words. Let's define the time the two stars regular seasons like on Earth. But as th O St tec n I C a a rt I C e S
need for one revolution around ycenter as one “year'. We can oscillate with any sequence of durations

infinitely lona and arbitrary sequence of whole numbers. The theorem of Mosers stated longer the cold season will be.




Neoliberals| seem at odds with the progressive left

How favorability ratings of 13 politicians and organizations are related, focusing on figures
associated with “neoliberals,” from a poll of 2,900 likely Democratic primary voters

Arc thickness indicates/—\

the strength of positive or
negative correlations in
favorability ratings

Politician or organization
Establishment Progressive left Neoliberals

FiveThirtyEight
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Analysis: overload

High volume of inf

mation

Is it worth showing?

separate visuals: good

separate visuals: bad

—
Showvinism

Use of positive words in abstracts and titles of clinical-research articles, 2002-17

Prevalence in positively framed articles*, %

novel
unique
promising
favourable
robust
excellent
prominent
supportive
encouraging
remarkable

Prevalence in all sampled articles, %
Wl Female firstand lastauthors I Male first or last author

0 2 4 6
novel —
unique - H
promising —
favourable |
robust H
excellent H
prominent  |-H
supportive [}
encouraging | I}
remarkable

Source: “Gender differences in how scientists present the importance of their
i ML 0. Sorenson and A.

The Economist

*Containingat least one of 25 selected words

—
Taken by surprise
United States, economists' forecasts

Eerage forecast
Forecastmadein: M Jun2020 M Sep2020

GDP, % change on a year earlier
9 6 3 0 3 6

s _i'
2021

Unemployment rate, %
0 3 6 9 12

2021

Revisions to forecasts, where available
Jun-Sep 2020, percentage points W Average

GDP

-4 a 2 4
2020 I—EI—I—I—H-I—I-H
2021 ———HH—

Unemployment rate

5 4 3 2 4 0
2020 H—r———lH
2021 N =l -

Sources: Bank of America; Barclays; Citigroup; Deutsche Bank; Federal Reserve; Goldman Sachs;
IMF; JPMorgan Chase; Morgan Stanley; OECD; UBS; Wells Fargo; The Economist

The Economist

What does it add to message?
What are the common ideas?

How to best combine it? academic visuals: need knowledge to evaluate
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1.  Background / Motivation

2. Tools / Elements / Analysis

Sources:
e The Economist Graphic Detail blog economist.com/graphic-detail
e  FiveThirtyEight fivethirtyeight.com
e Adobe Color Wheel color.adobe.com/create/color-wheel
e The Python Graph Gallery python-graph-gallery.com
e PGFPlots Gallery pgfplots.sourceforge.net/gallery.html
e TikZ and PGF examples texample.net/tikz/examples
e Lisa Charlotte Rost github.com/lisacharlotterost/talk-slides
e James Gleick “The Information: A History, A Theory, A Flood”
e Topaz et al “Topological Data Analysis of Biological Aggregation Models”

e Reimann et al “Topology of synaptic connectivity constrains neuronal stimulus representation”

modinst.lu.lv/en/tools-of-modern-scientist jlazovskis.com/talks



