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Intelligent Systems

specialisation area

The specialisation area of Intelligent Systems studies issues related to the design and analysis of
computational methods for adaptive and intelligent systems. The area covers several fields in
computer science such as artificial intelligence, computational intelligence, artificial life and search
methods. Future infarmation technology will include more and more adaptive components both in
hardware and software and therefare many of the methods studied are core components for future
sy stems.

The curriculum of the Intelligent Systems area contains a wide variety of special courses, which
typically reguire as prerequisites good programming and problemn solving skills and a salid
analytical background. Studies of automating intelligent behaviour are by necessity drawing ideas
from mmany sciences, and thus the studies in many cases are multidisciplinary in nature. In
addition to the methodological courses in the Three Concepts series, other suitable courses can
be selected either from maore applied topics (robatics, string matching, data mining) or from the
general introductions such as arificial intelligence and machine learming. A research seminar in
Intelligent Systems is intended for postgraduate level studies and multidisciplinary studies in
cognitive science, neurocomputing (in cooperation with Helsinki University of Technology) and
theoretical philosophy are strongly encouraged.

The research in the Intelligent Systems area is focused on issues related to deep foundational
issues in modelling and learning, and their applications to various fields from engineering to social
sciences and medicine. Most of the research is associated with the Cormplex Systemns
Computation Group (CoSCo), which studies theoretical and applied topics in probabilistic and
infarmation-thearetical modelling and stochastic search methods. Current ongoing projects have
applications e.q. in user profiling and personalisation, adaptive learning environments, autonomaous
satellite diagnosis systems and telecommunications. The contact person in Intelligent Systems is

Dreefarmmar Hameo Ties
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a CoSCo - Complex Systems Computation Group - Microsoft Internet Explorer
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stems Computation Group

CoSCo

Jorma Rissanen gives an invited talk "Kolmogorov's
structure function for probability models" at IEEE
Information Theory Workshop, Bangalore, India.

— IEEE Information Theory Workshop

Wray Buntine presents the paper "Building and
maintaining Web taxonomies" at XML Finland seminar,
Helsinki, Finland.

= XML 2002

Professor Henry Tirrl is an external reviewer for Qusay
Mahmoud's PhD works at Middlesex University, London,
England.

= Middlesex University

Wray Buntine presents the paper "Variational
Extensions to EM and Multinomial PCA" at the 13th
European Conference on Machine Learning, Helsinki,

Finland.
= ECML-2002 oy
ol e o e '/:;fa 4
Teemu Roos receives the Huygens scolarship for 2 5 ‘\’
month visit to the CWI institute In Amsterdam, the o
MNetherlands, in the Fall 2002, T L
— AT B-Course =l
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Welcome to the MDL Web Site
What is MDL?

The purpose of statistical modeling is to discover regularities in observed data. The success in finding such regularities can be
measured by the length with which the data can be described. This 15 the rationals belind the Minimum Description
Length (WMDL) Principle introduced by Jorma Rissanen (Eizsanen, 1978).

" The MDL Principle iz a relatively recent method for inductive inference. The findamental idea behind the MDL Principle is
that any regulanity in a given set of data can be used to comprass the data, 1e. to describe it using fewer symbols than
needed to describe the data lterally, " (Grinwald, 1998)

What is mdl-research.org?
Minimm Description Length on the Web iz mtended as a source of mformation for evervone who wants to khow more

about BWDL. The site contains links and references to suggested reading, tutenials, lecture notes, ete. on WDL as well as
links to people who are working on MDL and related topics.

The Eeading section contains references to selected articles, books, and lecture matenal, and links to
- |journals and conferences that publish MDL related material

The Demonstrations section will itustrate MDL through on-line demonstrations. The section 12 under
construction but you can already find a demonstration on Markow chain order selection.

| The People section has links to researchers who are working on MDL and related fields. You can find
loads of related material i their homepages.

|&] pone ; ’_ ’_ ’_ # Internet v

©Henry Tirri 2002




Complex Systems Computation

Group

Henry Tirri
Director

Jorma Rissanen
Research Fellow

Wray Buntine
Sr Researcher

Jyrki Kivinen
Sr Researcher

Petri Myllymaki
Research Manager

Undergraduate and

Graduate Students

Petri Kontkanen | | |
Researcher

Jussi Lahtinen
Researcher

Petri Nokelainen || |
Researcher

Tomi Silander
Researcher

Teemu Roos
Researcher

Kimmo Valtonen
Researcher

Pekka Uronen
Researcher

Hannes Wettig
Researcher

Miikka Miettinen | | |

Tuomas Lepola

Researcher Researcher
SamiPerttu | | Tommi Mononen
Researcher Researcher
Ville Tuulos |

Researcher

Peter Cheeseman
NASA

Phil Dawid
Univ. College London

Dawid Dowe
Monash University

Peter Grinwald
CWI

Thomas Richardson
Univ. of Washington

Linus Torvalds
Transmeta

Pekka Ruohotie
University of Tampere

Kimmo Kaski

| | Helsinki University of Technology

Hannele Niemi
University of Helsinki

Jaakko Kurhila
University of Helsinki

©Henry Tirri 2002




- Computer science is considering ways to make things
automated

- Artificial Intelligence, Adaptive and Intelligent
Systems, Computational Intelligence ... all try to
figure out how could intelligence be automated?

» Intelligent behavior can be characterized by
learning/adaptation

* In order to learn one needs to remember and
generalize (world is never repeating itself!)

* In order to generalize one needs models

©Henry Tirri 2002



- Artificial Intelligence (AI) (knowledge
reresentation, reasoning logic, expert systems,
Machine learning...)

+ Computational Intelligence/Soft Computing
(neural networks, fuzzy systems, evolutionary
computing)

- Adaptive and Intelligent Systems (AI)
+ Artificial Life, Complex Systems Research

The terms in the field are really confusing\_

©Henry Tirri 2002



Research areas

 Probabilistic and information-theoretic
modeling in sciences and business

- Bayesian and Causal Networks
- Information-theoretic modeling approaches
- Very Large Scale Data Analysis
- Competitive online statistics
+ Stochastic optimization in complex domains
- simulated annealing
* Tools and theory for E-learning

©Henry Tirri 2002



Student: So what is it like to
do research in AI?

Great fun!
Some hacking

some math

Some gaming

Some technology "freaking”
Some science fiction

©Henry Tirri 2002



* Building (predictive) models from very large
data sets (DeepC)

» Finding the position of a mobile device (LocIt)
* Personalization (PAT,LockUp)
- Intelligent Search

» Collaborative tools for e-learning (EDUCO,
OurWeb)

©Henry Tirri 2002

10



©Henry Tirri 2002

11



- Designed for dependency analysis with
graphical models

+ ASP architecture (works with most browsers)

- inference of Bayesian networks (and
elementary causal networks)

- "tutorial style" user interface

* no user modifiable parameters

- interactive tool for inference

- extendible platform (v 2.0 classification)

©Henry Tirri 2002
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B-course Data Analysis Server
(http://b-course.cs.helsinki.fi)
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Final report of Housing

The search is now aver. Here you car find a piciure of the final model, boih in_jull-size viewing (FNG) and printabls
(Posi-Seript) formats, You can study the strengihs of the arcs and also iake a look at the bwo causal graphs that
speculaie about the passible causalities underiying the ohservable statistical dependencies. Finally, you can study the
madels interactively.

Dependency model

» oirength of dependencies (arcs)

Causal models

» Maive causal model
» Meot-so-naive causal model

Playgrounds

» Java playground (Recommended!)
» Vanilla plaveround

Pictures

» Matural size picture (png-format)

» Picture for printing (ps-format

Hugin Lite export

» HINGIH Lite file

Information about the search

During the search, 80408 candidate models were evaluated Doing the extra 69685 evaluations since last report paid off, since the

newr madel ia aver millian times more nrahahle than the last time heat LI

@ YT —
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So what “science” was needed?

* Theory, heavy theory
+ Empirical work with data sets ...
» Multidiciplinary cooperation

- Brilliant hacking (B-course had predecessors:
D-Side BAYDA)

©Henry Tirri 2002

14



“On the

©Henry Tirri 2002

shoulders of Giants”

Andrey Nikolaevich Kolmogorov

Rev. Thomas Bayes

15



Under regularity conditions —log Py, (x" | M) =

—log P(x" | 6:(x™))+ glogzi - logIJdet[(é’)dé’ +o(1)
T

Under regularity conditions —logPg, . (x" | M)~

—log P(x" |éi(x”))+§1og2i—1og w(0) +log./det I(8)dO +o(1)
/A

If we take Jeffrey's prior
W(0) = Jdet1(8)

[\/det1(6)d6 .. ©
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Location positioning problem
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Cell ID
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o |

variable cell-size: .l
n. 50 m ({indoors) --> 30 km {rural areas)
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Urban positioning




Cell ID errors
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Enhanced Observed Time
Difference (E-OTD)

I: hyperbola: d3-d2 = constant

A, 43

hyperbola: d1-d2 = constant

©Henry Tirri 2002
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Urban positioning

- multi-paths
- no line of sight to BS
- extra hardware




Modeling approach

i m s Locztlion
B L\

g, ] aslimate
Mobile Terminal PR
~ GSM/IGPRS/UMTS ™,
f network + j,]
e __intemet

Location server

Zystem informabion
. Calll:-rah-:-n dﬂta
= Chigikal maps

Lescation estimation by using
gignal fingarprirg and database

©Henry Tirri 2002
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Urban positioning

| I il |
e

‘g‘
+accuvurate L

+handset or network based
-modeling required




Modeling alternatives

Servers

"Downlink modeling: the propagation IP Network
models (GM level 1)" @/
({

lﬂww

"Uplink modeling: data driven
models (GM level 2)”

©Henry Tirri 2002
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* three modeling architectures varying in
- data gathering,
- network information requirements,
- accuracy

* GeoMode Network (GM-N)

+ GeoMode Data (GM-D)

*+ GeoMode Hybrid (GM-H)

©Henry Tirri 2002
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GM Network (GM-N)

Network information Phone fingerprint

GM-N GM-N

model runtime
builder model

et .

A | Coordinates
e e e

= SR

Parameter tuning measurements
©Henry Tirri 2002
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GM-N vs. Cell ID errors
visualization
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GM Data (6M-D)

Phone fingerprint
Fingerprint data gathering oSl

GM-D
model runtime

builder model

Coordinates

Calibration testing
©Henry Tirri 2002
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NYC Trial 2001

:
O

‘3 Manhattan locationing demo - Microsoft Internet Explorer
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Accuracy NYC Trial 2001

67% | 957% | 98.6%

164
14806 &
12808 =
lage -1

e %% -

=15 1% =

400 =
200 "
i W L et

5 50 180 150 200 250
17m 57m

-+ 20166 points

* tracking; testing done in a car;
©Henry Tirri 2002




Trials: Manhattan 2002
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Accuracy NYC Trial 2002

1 67% 195%| 98.6%

40
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- 30 points " —
- static; testing done by walking;
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Genaralization: WLAN

2} EKAHAL - Positioning Engine Demonstration - Microsoft Internet Explorer g O] x|

File Edit Miew Favorites  Tools  Help |

= Back -~ = - @ i | @Search [3] Favorites @Media @ | %v = =
-':'-ddrESSIEhttp:,l',l'www.ekahau.cu:um,l'demn.shtml j @G | Links *

' ' - ' ' [

Ekahau Positioning Engine Demonstration

) T T L0, o™ .. & . . 9. . .8 . . |
\ [gﬁ%ﬁﬂ S oA A e . /
%—;i S e ; Bl | ‘E'—_ = Rl U-\Eml_'ﬁ_ljli 4 . . - - " . “ *~
iz % e l;'l? - PRRpq - > . . v = N . i
i R, = el 0N | P
3 __| ) I,-..-i. £ i a
&
8] E T ST
s e PRI

| Actual user location
B Ectimated user location and location errar

@ Done I_ I_ I_ 4 Internet

K

©Henry Tirri 2002

38



Intelligent Tools for E-learning

©Henry Tirri 2002
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EDUFORM

A EDUFORM - Microsoft Internet Explorer

1 wonder how | am performing in

0N to other students.

When taking partin a practical examination | am
concerned about failing and what will happen as a

result.

€]

’_’_|ﬁ Internet
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EDUCO
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Australion Journal of Educational Technolagy =
2000, 16(3), 258-282. AJET 16

Case studies: Integrating the use of web based learning
systems into student learning

Simon Housego and Mark Freeman
Tniversity of Technology, Sydney

Competitive pressures on universities to adopt flexible learning are intense. Iany
acadermics and managers are responding by incorporating web based learning (WBL) tools
into the teaching environment. WEL tools have proliferated i recent years, and some can
be used to manage entire courses. The sunplicity of WEL systems, like WebCT, TopClass
and Blackboard, makes their uze in teaching an option for many academics, even those
operating without mstitutional suppoert or encouragement.

Academics are seeking meanngfil uses of these WEL systems for teaching and learning,
The objective of this paper 15 to describe some meanmgful uses with five fictional case
studies based on our experiences in innovation and academic development. Our motivation
is that academics and acadernic managers will identify one or more opportunities from the
case studies to apply in their own context. Others including Hara and Eling (1999 have
identified the need for this research. The case studies show ways in which teaching, learning
and administration can be supported, adapted and extended with web based learning
systems. Well understood teaching strategies can be improved with simple and easily
impletnented uses of WEL systerns that can benefit on and off campus students. If
underpinmed by student centred teaching practices, these tools can make significant
contributions to the effectiveness of teaching without also imposing an unsustainable
detnand for resources.

[ [ [ [ [ mternet /
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Theory

There are two approaches to evo
from the worke of Iaynard Smith
evolutionatily stable strategy as th

a
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followed shortly thereafter by Eobert Axelrod's famous worke The Bvolution of
Caaperation in 1984 Since then, there has been a ventable explosion of interes
econormsts and social scientists in evolutionary game theory {(see the bibliography

7 XK

2. Two Approaches to Evolutionary Game

Hiikka Miettinen:

I thought that the selection
pressure eventually eliminates
ineffective strategie=s. That's th
point of modeling the fregquences
explicitly?

constructs an explict model of the process by Which the frequency of strategie:
change in the population and studies properties of the evolutionary dynamics w,
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Personalization and Intelligent Search




«... Personalized, adaptive

DAPTIVE

rconAlIZED  interface

/3 PAI-demo: Iltalehti Online - Microsoft Internet Explorer
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Search-Ina-Box concept

ricsson Intranet Search - Microsoft Internet Explorer
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The Mokia Activ Server is an open software platform that -
enables secure mobile connectivity to a company's existing
information systems, Intranet and Extranet

3 EVO the wireless link to the corporate network.
... Exchange Server Business Application Server LAN File Server Web/Intranet

! ! ! . . Access Network GSM, GPRS, D-AMPS, COPD, PSTM, Mobitex and UMTS EVO Server
services, Caorporations can transform their static services Mohil
into real-time mobile business by offering customers a new o . .
channel to make transactions with them. Furthermore, by www, ericsson.com/enterprise/library/brochures_datasheets/EVO/EVO_102337 1. pdf
providing the mobile workforce with an interactive mobile
channel to corporate data companies can increase their LI
. @ The path to the Mobile Enterprise
Document style [technical =]

... This, combined with the Mobile Extension, gives users access to both voice
services and Intranet in ... feature-rich services are ported to an open server, ...
www, ericsson. com/productsfwhite_papers_pdf/whitepaper_mobile_enterprise_rc.pdf

* Product brochures — Software — Enterprise Eﬁ Ericsson news archive
Peer to peer services Ericsson Enterprise WAP gateway allows secure mobile access to ... ... done by the
Linux software — Tutorials ACCEsS Server, t_Jy the gateway and by the appl_ication server ... Financial services
] {eqg mobile banking) 7 Travel and transport services Mobile Intranet ...
o lgnare

www, ericsson. com/US-Cafenterprise/news_archive/20010416-001. htrm

more ...

Computer software -I: Intranet and WAF

Telecommunications
Business services e Productivity

Announcing The Wireless Developer Forum - Sponsored by Ericsson... Tuesday, _ |
October 15, 2002 - Presented by the Wireless Developers Metwork and Ericsson, sl Successful developers share their Experiences.
An information packed educational Forum held in conjunction with WirelessIT...
Agenda is now online. October 15, 2002 — Las Vegas, Nevada

search-in-a-box

-

4| | »

@ T T @weomes
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- computational intelligence = laskennallinen
dlykkyys

- artificial intelligence = tekodly, artificial life =
keinoelamd

probablistic modeling = probabilistinen
mallintaminen

» positioning = paikannus

©Henry Tirri 2002
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