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Without leaving home,

you can know the whole world;
without looking out of the window,
you can tell the ways of Heaven.
(Lao Zi)

Wolfgang Kainz



i
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History of
GIS

First GIS (CGIS)

topology, data structures, databases
Commercial GIS software

operationalization

Geo-Information technology
theory & widespread use

GI Science

ubiquitous use

GIS everywhere

Web GIS, real-time GIS, smart cities,
open data, big data, machine learning
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2 4, Jede 1-Zelle liegt an der Grenze einer 2-Zelle.
VD GRAPHIK .

Fig: v B.3 veranschaulicht die topologische Beschreibung
einer Karte. Es gibt drei 2-Zellen, sechs 1-Zellen und

vier 0-Zellen.

DiBac - BericHT No. 2 :
DESBOD - SYSTENMSPEZIFIKATION

M.Ranzineer, W.Karmz, F.LEBERL
£ 0-Zellen: 1,2,3,%4

'a? f&pA-\ 1-Zellen: a,b,c,d,e,f
R ;
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DiGITALE ERFASSUNG, SPEICHERUNG UND
BeARREITUNG  ORTSBEZOGENER  DATEN

PoJEKTBEGINN:
Fig. B.

1, Mar 1981 ig 3
PROJEKTBEAUFTRAGTER :
FORSCHUNGSGESELLSCHAFT- Durch diese Darstellung wird es mdglich, die Struktur der
JoANNEUM Karte, z.B. die Beziehungen von Gebieten zueinander, in
PROJEKTVERANTWORTLICHER: einem Computer darzustellen, wenn bestimmte Anforderungen
F,LERERL erfiillt sind. Diese seien hier nur vage angedeutet:
Graz, 1.Novemeer 1981 F1. Jede 1-Zelle inzidiert mit genau zwei 2-Zellen.

F2. Bei jeder O-Zelle gibt es einen eindeutigen "Schirm",

d.h. eine zyklisch abwechselnde Kelte von i-Zellen

und 2-Zellen.
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Geographic Information Science
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Geo-Information Scien

Geo-Information Science is the [[glElelgiilelaRelNe i EI L=l
RIS dealing with spatial information.

— Research on the generic issues that surround the use of GIS
technology...

o i1 aresearch about GlSgnitilaresearch with GISg
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Real (and Virtua rld Models

Databases
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Part of World Map
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Ludwig Wittgenstei:

« 1889 - 1951

 Austrian philosopher

« Mainly working on logic

« 1921: Tractatus logico-
philosophicus (Logical-
Philosophical Treatise)

P14 Wolfgang Kainz
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Modeling

Quote from Wittgenstein

¢ 2.12%A is a model of reality.”

* 2.14 “What constitutes a picture is that
its are to one another
in a determinate way.”

e 2.15 “The fact that the elements of a
picture are related to one another in a
determinate way represents that
are to one another in the same

29

way.

Concept of a map or database

pRVAWNIap/database [FERlef[ Ko}

reality.”

2.14 “What constitutes a map/database
LI eatures/objectsl to
one another in a determinate way.”

2.15 “The fact that the features/objects
of a map/database are related to one
another in a determinate way represents
that are B8 to one
another in the same way.”

Wolfgang Kainz
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Spatio-temporal Modeling & Analy

Real World Spatial model Geodatabase
phenomena features |oniammn 'l spatial data

- Real world have a spatiotemporal extent and possess
thematic characteristics (attributes).

« A (spatial) is a representation of a real world phenomenon.
« Spatial are computer representations of spatial features.
» Spatial analysis extracts (spatial) from spatial data.

sisAjeuy |eneds

(Spatial)

Information

e Wolfgang Kainz
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Temporal Modelin

* Modeling space and time
— Mainly space-time cube and
— Spatio-temporal object model (versioning)

P17 Wolfgang Kainz
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Event.Based Model

Event, Event, Event,

B2 Wolfgang Kainz
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* Object representation (versioning)
e Problem of object identity
e Comprehensive approach

P22 Wolfgang Kainz



I

Traditional Relational Database Design

.o. Spatial modeling =
Miniworld w

Conceptual model
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Implementation

Physical

schema
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GIS Evolution 1

vector and

/ raster data in
Theory of 2D relational

topological geodatabases
. relations and
980s: _ :
operational GlScience Integrated
2D GIS spatial
’ analysis

topology
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2000s:

ubiquitous GIS,
still monolithic
systems

olufioh 2

first real 3D
functionality

operational Web

GIS with spatial Time related

analysis data models

functions Managing
unstructured
big data

Wolfgang Kainz
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GIS EVOllltiOL' nd beyond

Intelligent GIS

oud Geo-Al for
everyone

Meta-processing

Geo-Al after decades of “Natural” GIS
stagnation New human-machine

Various database interfaces (neural
models (SQL, No-SQL) interfaces,...)
New display media
(electronic paper,
holography,...)

Real-time GIS
Machine learning

System integration
(CAD, BIM, LBS,...)

B2If Wolfgang Kainz
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New Datalb

.o. Spatial modeling

Miniworld

Distributed databases
Different database paradigms (SQL, No-SQL)
Huge data
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Artificial Intelligen

 Work started in 1956

* Some progress (game strategies, theorem solving, etc.) in the following 20
years

e Slow down 1n the 1970’s

* Expert system hype in the early 1980’s followed by a decline until the late
1990’s and early 2000’s.

* Strong increase In activities and funding from the early 21st century on due to
Increase in computing power and availability of huge amounts of data (data
mining, machine learning, deep learning)

P29 Wolfgang Kainz
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Component-Based Systems and clou

* Functional components on the web and in the cloud
* Tool repositories
* Thin clients with “thick” functionality

* Machine learning
NI KA Geo-SirillGeo-AlexaM@Geo-WolframAlph
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Better Use of Metada

Meta-processing

— Look at the metadata and decide whether a certain operations
makes sense

= Quality propagationg
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W H |
“Natural’” GIS

Full consideration uncertainty bresentation and analysis
of spatial phenom

because...

We do not live In & (black und white) world, and
uncertainty is rather the rule than the exceptiong
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“Without leaving home, you can know the
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Wolfgang Kainz



