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Computer Science Turing machines

Weiner & Cyberne!

*!
Babbage, Lovelace

Boolean Algebra
Punch cards.

(@ )
Liebniz — BinaTy Logic.

Data Technology
(®)

Catrography

Astronomical Charts.

{ . ]
William Playfair
Charles Minard
Florence Nightingale.

U
Optimization Methods

Fourier and other transforms
Matrix & Generalizations

(®)
Visualization"—"

* Calculus Non-euclidean geometries.

* Logarithms

* Newton-Raphson.

(@) —{®)
(@)~ (89—

Mathematics/ OR
* Theoretica
* Mathemati

* Probability . ;

. Corelation Regression, Least

Squares

Bayes Theorem.

. —
Statistics
Pre 1800s 1800-1900 1900-

Statistics - Data mining
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Information Theory

Von Neumann Architecture.

Hypothesis, DOE

O

Data Science

Text/ string search

1974 Peter Naur “Concise Survey of Computer
Methods", Data Science, Datalogy

Knuth — Art of Computer Programming.

tics .

Sort & Search Algorithms —
Dijkstra, Kruskal, Shell Sort, ...
Heuristics — Simulated Annealing, ...

* Database Marketing
+ Graph Algorithms » Data Mining, Knowledge Discovery
6 « Multigrid methods = “Data science, classification, and related methods."
= FirstIBM = Tree based methods. = 1989 First KDD Workshop
Computers —~ = Gregory Piatetsky-Shapiro.
* DBMS. () — ~ . Iy
= Removable Disk drives ? Desktop. flo \@ (®)— . -
o) " * Relational DBMS. .« saL, O%P PPy « William Cleveland: Data Science
1 ! ) - «_High level languages. * Leo Breimann: Statlstlcal Modeling: 2 Cultures~
",‘Jth g (@) .., (@) ~ -
onn 1ukey j = Grammar of Graphlcs .
» Jacques Bertin. = Edward Tufte.
= Word Cloud Cloud. ~\
P . - /.\; /.\ ® S " "
= Applications to Military, Assignment Problems h—4 = &) -
manufacturing
! . Automatlon
Communications. el B —r ) /\.
= Sche U ) A\ \
= 1962 John W. Tukey, Future of )\ —{®
Data Analysis o @) =~ -
L) 1976 — SAS Institute = Degision Science \ -

Pattern recognition
Machine learning.

1977 The International Association for
Statistical Computing (IASC).

| Foundations of Modern St

cal Statistics.

Simulation, Markov
Computational Statistics.

Bayesian Methods
Time Series Methods (Box Cox,

Survival, etc.)

Artificial Intelligence

1940

Machine Learning

Figure: Mamatha Upadhyaya. Capgemini. http://www.slideshare.net/slideshow/embed_code/36866068



(Geographic) Data Mining

Data- and computation-poor
to data- and computation-rich environments

Traditional (spatial) analytical methods developed
for small and homogenous data sets

From confirmatory (a priori hypotheses)
to exploratory (gain insight)

Find hidden information in the data:
novel, valid, useful and understandable

Miller, H. J., & Han, J. (Eds.). (2009). Geographic Data Mining and
Knowledge Discovery (2nd ed., p. 458). Parkway: CRC Press.



Clustering
0
®e PN
o o °
o
Classification
AAA B |
A A B

Association analysis
{wine, cheese}-> {bread}
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Typical data mining tasks

Outlier analysis
/0 “ °
® ..
Modelling/Prediction

Sequence analysis




Visual Analytics

Humans in the loop

Visual Analytics is the Visual Data Exploration

User Interaction

science of analytical 'R
reasoning Supported by Transformatior:Vlapping \
. ° ° Model
!nter?ctlve visual - < >Visua|.zauon
Inter aCQS. o) Building /
Mining

Parameter

refinement
ness detect the expected Automated Data Analysis
and discover the v
unexpected...”

Thomas, J.J. & Cook, K.A., 2005. llluminating the Path: The Research and
Development Agenda for Visual Analytics, |IEEE Computer Society.

19.03.15 / susanne.bleisch@fhnw.ch Figure: http://www.visual-analytics.eu/faqg/
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781 | 300 | 465 | 975 | 110 | 111 | 591 | 299
30 417 593 571 856 114 355 196

421 38 875 885 19 31 252 664 o o ’

545 659 937 57 690 285 859 388 Vlsua Ana tICS

552 301 863 33 559 424 307 26 . ’
276 812 94 298 507 621 713 615 ‘

331 502 871 260 641 350 968 510 .

332 837 964 382 894 317 800 782

110 169 116 548 829 815 997 708

213 655 953 631 793 50 564 859 . ’ ’
433 355 354 220 167 160 648 458 ’

511 418 315 944 534 105 290 790

776 8 121 794 173 572 166 960 .
289 468 44 206 759 62 395 915 ’ ‘

137 27 632 747 575 957 782 586

772 387 338 332 665 820 500 898

Machine Human
Statistical Analysis Human-centered Human Cognition
computing :
o Semantics-based Information Perception
Data Mining  approaches . _
Design Visual
I\D/Igtr?agement Intelligence
Compression & Information Visualization Decision Making

Filterin
? Graphics and Rendering Theory

Andrienko, G. & Andrienko, N., 2008. Visual Analytics. http://geoanalytics.net/and/.



Data

Textual data: documents, news, email, tweets,...

L 4

+ Databases and collections

+ Image data: from satellite to user generated
+ Sensor data

+ Video data

+ Networks, linked data

+ Structured, semi-structured, unstructured

L 4

Challenges:

+ Heterogeneous sources and types

+ massive amounts but incomplete, inconsistent, time-varying and
potentially inaccessible,...
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Spatial is special

Gl is uncertain, imprecise or vague.

Gl is correlated, i.e. non-random.

Gl is dynamic, it represents an ever-changing world.
Gl is scale dependent.

Gl is heterogeneous.
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reCAPTCHA

I'm not a robot

19.03.15 / susanne.bleisch@fhnw.ch https://www.google.com/recaptcha/intro/index.html



Information from small pieces of data

perception of male attractiveness vs. female attractiveness

16 - mmen, as rated by women

swomen, as rated by men

12 -
% of
people 8
4 -
0 -

1.0 2.0 3.0 4.0 5.0

average received rating (on a 1- to 5-star scale)

Rudder, C.(2014). Dataclysm: Who We Are (When We
19.03.15 / susanne.bleisch@fhnw.ch Think No One’s Looking). London, UK: Crown/Archetype.



Information from small pieces of data

Photo Attractiveness by Camera Make & Class

0.30

0.25

0.20

0.15

0.10

0.05

photo attractiveness

0.00 -

-0.05 -

-0.10 -

-0.15 -

-0.20 -

-0.25 -

B interchangablelens M pointnshoot M cameraphone
http://blog.okcupid.com/index.php/

19.03.15 / susanne.bleisch@fhnw.ch dont-be-ugly-by-accident/



Geographic information retrieval

Midlands Wales

Arampatzis, A., van Kreveld, M., Reinbacher, I., Jones, C. B., Vaid, S., Clough, P., Hideo, J. & Sanderson, M. (2006).
19.03.15/ susanne.bleisch@fhnw.ch Web-based delineation of imprecise regions. Computers, Environment and Urban Systems, 30, 436-459.
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Geographic information retrieval

Nyl
.

Hollenstein, Livia; Purves, Ross S (2010). Exploring place through user-generated content: Using

Flickr to describe city cores. Journal of Spatial Information Science, 1(1):21-48.



Descriptions > maps

We're sitting in Baretto's in the Alan Gilbert Building, across Grattan street is one of the
medical buildings. Down the hill along Grattan street the new building being constructed

is the Peter Doherty Institute and diagonally across the road (Royal Parade) is Melbourne
Hospital. In the other direction...”

overpass building
Melbourne Hospital medical buildings entrance to the campus  engineering buildings
Grattan street
' Baretto's University Square overpass building
Peter Doherty Institute Car park
e. I entrance to the campus medical buildings ~ "’ engineering buildings
law buildings
.................................................. - Gléatia abooct
University Square Baretto's '
Car park Peter Doherty Institute Melbourne Hospital
1 Alan Gilbert Building .
"""" lawbuilding =~~~ 77T oTTTTTTmTmmmm At

Vasardani, M., Timpf, S., Winter, S. and Tomko, M. (2013) From Descriptions to Depictions: A conceptual Framework. COSIT 2013,
19.03.15 / susanne.bleisch@fhnw.ch Sept. 2th - 6th, Scarborough, UK. In Lecture Notes in Computer Science (LNCS), 8116.299-319, Springer.
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Event causes Event

Full moon causes Start of fish migration
State allows Event
High river flow allows Start of fish migration

i initiates
causes Start of fish ngh Start of
L river :
migration high flow
flow

allows

Bleisch, S., Duckham, M., Galton, A., Laube, P., & Lyon, J., 2014. Mining candidate causal
19.03.15/ susanne.bleisch@fhnw.ch relationships in movement patterns. Int. J. of Geographical Information Science, 28(2), 363-382.



Data Mining - Sequence analysis

Fish migration Fish migration
upstream downstream
FM NM FQ LQ FM NM FQ LQ

Moon phases

X’ =0.2439, df = 3, X’ =3.346, df = 3,
p-value = 0.970 p-value = 0.341

B expected
observed

Bleisch, S., Duckham, M., Galton, A., Laube, P., & Lyon, J., 2014. Mining candidate causal
19.03.15/ susanne.bleisch@fhnw.ch relationships in movement patterns. Int. J. of Geographical Information Science, 28(2), 363-382.



Data Mining - Assocation analysis (river flow)

Fish migration Fish migration
upstream downstream
< . <
o o
o I I o | I I
o o
Q | I I Q | I I
o o
1. 2, rf3, rf,  rf2, rf3, rf4,
X? = 229.90, df = 3, X* = 118.20, df = 3,
P-value < 0.001 P-value < 0.001
B expected
observed

Bleisch, S., Duckham, M., Galton, A., Laube, P., & Lyon, J., 2014. Mining candidate causal
19.03.15 / susanne.bleisch@fhnw.ch relationships in movement patterns. Int. J. of Geographical Information Science, 28(2), 363-382.



Event

oo JdourdWDNR

causes

Subsequence

(1)

(7)

(7)-(1)

(3)

(3)-(1)
(1)-(1)
(5)-(5)
(10)
(3)-(3)-(1)
(10)-(1)
(2)

(2)-(1)
(5)-(7)
(7) - (3)
(3)-(7)-(1)
(7)-(7)
(7)-(5)-(1)
(1) -(5)
(1)-(7)
(7)-(7)-(1)
(1)-(7)-(1)
(5)-(7)-(5)
(1)-(5)-(1)

(3)-(7)-(5)-(1)

(7)-(1)-(1)
(3)-(3)-(3)

(oo lNelNelNelNololNolNelNelolol ool ol olololNolNololNolololNolNe]

Event

Support Count

.98536210
.50693374
.49152542
.42604006
.40369800
.38212635
.33281972
.31432974
.30739599
.29583975
.24653313
.23959938
.23497689
.22804314
.22187982
.21263482
.21109399
.21032357
.20801233
.20801233
.19491525
.19029276
.18489985
.17796610
.17642527
.17334361

1279
658
638
553
524
496
432
408
399
384
320
311
305
296
288
276
274
273
270
270
253
247
240
231
229
225

-> event sequences

84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109

(7)-(7)-(7)-(1)
(7)-(1)-(5)-(1)

(2) - (7)
(7)-(3) - (7)
(2)-(3)-(1)
(3)-(1)-(7)

(3)-(2)

(1)-(35)-(7)-(3)-(1)

(4)

(10) - (3) - (5)

(2)-(7)-(1)

(3)-(5)-(10)-(1)

(3)-(2)-(1)

(7)-(7)-(1)-(1)
(7)-(3)-(7)-(1)

(4)-(1)

(3)-(1)-(5)-(3)-(1)
(3)-(1)-(7)-(1)

(9)-(7)
(2)-(1)-(1)

(3)-(7)-(7)-(5)
(10) - (5) -(5)-(1)

(1)-(3)

(3)-(5)-(1)-(3)-(1)

(1)-(3)-(1)

(7)-(1)-(10)

o lelNeolelelNolNolNoel ool olNelNolNolNoloelNolNolo el olNoleololNolNeo]

.08089368
.08012327
.07935285
.07935285
.07858243
.07858243
.07858243
.07781202
.07704160
.07704160
.07627119
.07550077
.07473035
.07473035
.07395994
.07318952
.07318952
.07318952
.07318952
.07241911
.07241911
.07241911
.07164869
.07087827
.06933744
.06933744

105
104
103
103
102
102
102
101
100
100
99
98
97
97
96
95
95
95
95
94
94
94
93
92
90
90
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