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Systems Analysis Laboratory was established in 1984 within the professorship of applied mathematics. The founder and director of the laboratory is
Professor Raimo P. Hamaldinen. The team of professors also includes Harri Ehtamo and Ahti Salo. Professor Esa Saarinen continues with us as a co-
director of the Systems Intelligence Group. In the new Aalto University we are in the School of Science and Technology (Formerly HUT) and part of the
Department of Mathematics and Systems Analysis in the Faculty of Information and Natural Sciences.

The research interests of the laboratory cover the area of systems science comprehensively ranging from the mathematical theories and algorithms of
optimization, control, decision making to the practical interactive computer modeling and decision support systems and risk and technology assessment.
The focus of the applications is in complex energy, production and environmental systems. The problems are analyzed with a balanced engineering-
economic systems approach. We also have a long tradition in biological modelling. Currently we have a growing effort in studying systems intelligence
and applied philosophy in human organizations.

As an university institution the laboratory is unique in Finland. It is responsible for the undergraduate program in Systems Sciences and for the
graduate spedalty of Systems and operations research in the Engineering Physics and Mathematics program. We also give basic courses in systems
sciences and applied mathematics for all students. The laboratory is in charge of the national Doctoral Program in Systems Analysis, Decision Making,
and Risk Management.

The Board of Finnish Operations Research Society nominated Professor Raimo P. Haimaldinen the
Honorary President of the society for his contributions in developing the field of OR in Finland. In the
picture Professor Raimo P. Himildinen (left) and Professor Risto Lahdelma, President of FORS (right) in
the award ceremony on the 13th of November, 2008,

Principia Cybemetica: What is Systems Analysis?
Suomeksi
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_‘ GAME THEORY AND

history of game theory

folk wisdom the Holy Bible, Talmud
combinatorial games Pascal, Bernoulli (16th century)

, -2

-+ Nash equilibrium
1913 Ernst Zermelo

chess as a zero sum game

1921 Emile Borel minmax games
1928 John von Neumann minmax theorem

”1(R1(Y)'Y)=mf}x 108Y)

1950 John Nash introduces Nash equilibrium concept
1953 Lloyd Shapley introduces Shapley value for

incomplete information, Bayesian games, 1967 -

Reinhard Selten
dynamic games -
. subgame-perfectequilibrium, 1965

#="prisoner’s dilemma revisited

incomplete information and Bayesian games
players with unforeseeable behaviour enter the scene

b ﬁ: |
1 £

2000 Game Theory Society is founded
2002 the film Beautiful Mind about John Nash’s life

DG

nobody knows
the other players’

the International true intentions,

. . their types...
Games -\ ; play the game
founded in Otaniemi 1990
in SAL we study tariff design in buyer-seller games and develop
‘systems practical schemes to compute the Bayesian-Nash equilibrium
Analysis Laboratory Vi

players 1 and 2,
11 actions x,y and

reaction curves R;(y), R,(X)

1942 the Michael Curtiz film Casablanca ol s profits 7z (X.y), z,(X.y)
an example of real life games *QQ\(_ P} é}’ %

1944 John von Neumann & Oscar Morgenstern RIK ;ﬁ 4

Theory of Games and Economic Behavior Ca

7 m(x, Ry)=max m(xy)

cooperative games \ f, Nash ngiIibrium xN,'1yN
1 not confess " . xN :Rl(yN), yN :RZ(XN)‘
et v
1953 prisoner’s dilemma game ?L, 1, . \’Fgmpu'tatlon of XN and yN
Harold W. Kuhn & Alan W. Tucker
_ an adjustment
. Nobel laureates in & process

John Nash y to reach the _
Nash equilibrium number of years in prison Py libri Xy+1 _Rl(yk)
John Harsanyi R oTIm

yk+1 =R2()(k+1)

INCENTIVES
the field and our contributions

Osborne’s quota rule makes
the joint optimum an equilibrium

cartel
example two countries, joint optimum x°,y°

line of constant market shares
x/y= x0/y0

* 8 maintaining their market shares
M.~ keeps the countries at x9,y°

Osborne’s rule is an example of an incentive equilibrium
in our research the rule is generalized to dynamic games

selected publications

K. Berg and H. Ehtamo: Continuous learning dynamics in two-buyer pricing problem, Manuscript, 2010

K. Berg and H. Ehtamo: Interpretation of Lagrange multipliers in nonlinear pricing problem,

Optimization Letters, 2010

H. Ehtamo, K. Berg and M. Kitti: An adjustment scheme for nonlinear pricing problem with two buyers,
European Journal of Operational Research, 2010

M. Kitti: Convergence of iterative tatonnement without price normalization,

Journal of Economic Dynamics and Control, 2010

M. Kitti and H. Ehtamo: Osborne’s cartel maintaining rule revisited, Manuscript, 2009

M. Kitti and H. Ehtamo: Adjustment of an Affine Contract with Fixed-Point Iteration,

Journal of Optimization Theory and Applications, 2009

H. Ehtamo, R.P. Himélainen, P. Heiskanen, J. Teich, M. Verkama and S. Zionts: Generating Pareto solutions
in two-party negotiations by adjusting artificial constraints, Management Science, 2000

M. Verkama, H. Ehtamo and R.P. Hamélainen: Distributed computation of Pareto solutions in N-player games,
Mathematical Programming, 1996

H. Ehtamo and R.P. Hdmalainen: A cooperative incentive equilibrium for a resource management problem,
Journal of Economic Dynamics and Control, 1993

H. Ehtamo and R.P. Hdmaldinen: Incentive strategies and equilibria for dynamic games with delayed information,
Journal of Optimization Theory and Applications, 1989
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Preference Programming
incomplete information
in value tree analysis

Add new / revise . I 9
preference statements V (XJ ) =] zvl ()gJ )
d i=1

no

It

Dy Overall value and
relations by “decision rules” ranking intervals
no
| [ 1 |
‘Adequate 2 Interpretation Display of results and
of results recommendations
yes

¥

interval methods:

Preference Assessment by Imprecise
Ratio Statements (PAIRS)

Interval AHP

Preference Ratios in Multiattribute Evaluation (PRIME)
Interval SMART/SWING

incomplete ordinal information:
Rank Inclusion in Criteria Hierarchies (RICH)
RICHER = RICH with Extended Rankings

origins of procedural and behavioral biases

Weighting methods
- yield different Averages over a
Number of attnpute weights group yield even
Ie\{el_s effect in weights
conjoint analysis

Weights

derived o
Hierarchical fro_m SRinazaon Rank reversal in
weighting leads to ~ ordinal D
steeper weigths N infromation

o v

Division of
Range effect attributes changes Splitting bias
weights
Bysems
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DECISION THEORY

Ratio-based Efficiency Analysis

Interval goal programming
comparison of DMUs under incomplete information . :
about the output and input weights extension of a goal point to a goal set

Goal point: (,,0,) Goal set (intervals): ([l;,u,],[1,,,])
z TR
L value of outputs nzsn
Efficiency of DMU, =E, = puts _ 5

value of inputs <
P Y
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rankingl @ (] [ ) | N
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E/E<[0610) DMU,

EJ/E<[0910] ranking3 @ (] [ ]
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Eul Ee[1013

new flexibility in dynamic problems

DMU, DMU, DMU, DMU;

X

efficiency bounds  dominance relations  attainable rankings /E/I\T_/i/

- o . o , , ,
sensitivity of university rankings o Y

ty time
- what if slightly different weigths were applied? L .
global sensitivity analysis
e | BT Alternative ~ Utility
— TR i
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SSE6E ceeseeeR. o web-sites and selected publications

http://www.decisionarium.hut.fi
A. Salo and A. Punkka: Ranking intervals and dominance relations for Ratio-based Efficiency Analysis, manuscript, 2010

A. Punkka and A. Salo: Preference Programming with incomplete ordinal information, manuscript, 2010
A. Salo and R. P. Hamalainen: Preference Programming - multicriteria weighting models under incomplete information,
in: Zopounidis and Pardalos (eds.): Handbook of Multicriteria Decision Analysis, Springer, New York, 2010
J. Liesio, P. Mild and A. Salo: Preference programming for robust multi-criteria portfolio modeling and project selection,

Eur. J. Oper. Res. (EJOR), 2007
J. Mustajoki, R. P. Hamalainen and M. R. K. Lindstedt: Using intervals for global sensitivity and worst case analyses in multiattribute value trees, EJOR, 2006

A. Salo and A. Punkka: Rank inclusion in criteria hierarchies, EJOR, 2005
J. Mustajoki, R. P. Hamélainen and A. Salo: Decision Support by Interval SMART/SWING - Incorporating Imprecision in the SMART and SWING Methods,

Decision Sciences, 2005
A. Salo and R. P. Hdméldinen: Preference ratios in multiattribute evaluation (PRIME), IEEE Syst. Man Cybernetics, 2001

R. P. Hamélainen and J. Méntysaari: A dynamic interval goal programming approach to the regulation of a lake-river system, J. Multi-Crit. Dec. Anal., 2001
A. Salo and R. P. Hamalainen: Preference programming through approximate ratio comparisons, EJOR, 1995
A. Salo and R. P. Hdméldinen: Preference assessment by imprecise ratio statements, Operations Research, 1992



PORTFOLIO DECISION ANALYSIS
methods, models and software for
resource allocation and portfolio management
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Policies o the Finnish Road Adminisration”

robust

combinatorial
optimization
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Robust Portfolio Modeling (RPM)

Decision rules,
~ Core projects G
S “Robust zone™ regret 2
S - Choose e 2
«Large set of s . Y 2
S Core
""’:;‘: Wide Border ine projects | s
Mul i . . |Namower intervals N
uncertain zone Border =5
criteria +Loose weight o Stricter weights_
“Incomplete statements. - Focus T Exterior z
information - 2 @
= . 8
o Exeriorprojects | Ttee--oo 3
o “Robust zone" Negotiation. &
- - Discard Manual iteration. =
Heuristic rules.

G

D € P’ki]} JI“’I
@)+ Y min{0.a;} < b VI {L..... q}}
pYp €Pp}

(d) P*— {pe Pptip Wp € {p € PPN P/ #p Yp' € Po}}

energy and natural |.
resources

£105975)

Time state

., cost-efficiency analysis
iﬁh of weapon systems
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@ Cost-efficient portfolios ~25% = | -

04

@ Inefficient portfolios ~75%

Impact criterion 2 Impact criterion 1

web-sites and selected publications

www.rpm.tkk.fi

E Vilkkumaa, J Liesid, A Salo. Multicriteria Portfolio Modeling for the Development of Shared Action Agendas, Group Decision and Negotiation (to appear), 2010.
P Mild, A Salo. Combining a Multiattribute Value Function with an Optimization Model: An Application to Dynamic Resource Allocation for Infrastructure Maintenance, Decision Analysis, 2009.

V Brummer, A Salo, J Nissinen, J Liesio. A Methodology for the Identification of Prospective Collaboration Networks in International R&D Programs, Int. J. of Technology Management (IJTM) 2009.
J Liesid, P Mild, A Salo. Robust Portfolio Modeling with Incomplete Cost Information and Project Interdependencies, Eur. J. of Operational Research (EJOR), 2008.
M Lindstedt, J Liesid, A Salo. Participatory Development of a Strategic Product Portfolio in a Telecommunication Company, IJTM, 2008.

J Liesio, P Mild, A Salo. Preference Programming for Robust Portfolio Modeling and Project Selection, EJOR, 2007.

J Gustafsson, A Salo. Contingent Portfolio Programming for the Management of Risky Projects, Operations Research, 2005.
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ENVIRONMENTAL DECISION MAKING
and CLIMATE POLICY

decision analysis in climate

Hialys decision modeling tools for
change mitigation structuring, values and public participation
portfolio modeling in environmental decisions a systems intelligence Web-HIPRE : indivi_dyal _and group q§cision support in
approach o stakeholder prioritizations by decision analysis
shifts the focus from L | Joint Gains: bargaining efficient compromises
products to people mI o Opinions-Online: public participation on the internet

b -

Forestand Soil
Storage 2)

- RPM - robust portfolio modeling : multi criteria problems

Impact Assesment s .

TEb ER Yon Go Bodmske ok Wedw Hob

Can we see the Joint Gains
related Negotiation Support in the Internet

-
to our consumption? Bl e e

Love/Belonging

testing portfolio decision
analysis with the
stabilization wedges of

%W PRINCETON UNIVERSITY

strategies to reduce carbon emissions

lake regulation projects in Finland

Lake Paijanne

multiple interests: power
production, environment,
agriculture, fishing,

ak recreation, transportation

aio  New participation methods:

Lake

o decision analysis interviews
Inflow

//a%0 decision structuring dialogue
teledemocracy by Opinions-

O lake
J/ water flow
[ power plant

web-sites and selected publications

www.environment.sal.tkk.fi, www.decisionarium.tkk.fi/

R.P. Hamélainen, J. Mustajoki, M. Marttunen: Web-based Decision Support: Creating a Culture of Applying Multi-criteria Decision

I dam . Analysis and Web Supported Participation in Environmental Decision Making. In S. French, D. Rios-Insua (eds):

Online Image theOfy e-Democracy. A Group Decision and Negotiation Perspective. Springer, New York 2010

R.P. Hdmélainen and S. Alaja: The Threat of Weighting Biases in Environmental Decision Analysis, Ecological Economics, Vol. 68, 2008, pp. 556-569

(e a2(t) J. Mustajoki, R.P. Hamalainen and M. Marttunen: Participatory multicriteria decision support with Web-HIPRE:

iz A case of lake regulation policy. Environmental Modelling and Software, Vol. 19, No. 6, 2004, 537-547

',/st — e R. P. Hdméldinen and J. Méntysaari: A dynamic interval goal programming approach to the regulation of a lake-river system, J. Multi-Crit. Dec. Anal., 2001.

Andlysis Laboratory™ " Gulf of Finland R.P. Héméléinen, E. Kettunen, M. Marttunen and H. Ehtamo: Evaluating a framework for multi-stakeholder decision
Updated 17.05.2010

support in water resources management, Group Decision and Negotiation, 2001.
M. Marttunen and R.P. Hamélainen: Decision analysis interviews in environmental impact assessment, Eur. J. Oper. Res., 1995.
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Delphi decision
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Risk, Science and Precaution
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decision o : -
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complex
system

uidance phases of missiles

support phase_

tamodeling
imulation analyses
yroach

1 networks
simulation

aintenance scheduling
~ multi-objective simulation-c

ic validation and analysis of air combat simulation models, IEEE Syst.M

discrete-event
simulation
aircraft usage
aircraft maintenance

schedule F’

parameters
decision maker

for preferences objective function
implementation evaluation 1

cana
schel
y

multi-attribute multi-objective
value function, simulated

EHEIEGEISEE  non-dominated annealing
schedules

nce diagrams in analysis of discrete event simulation data, Proc. of Wint.Si
g maintenance decision-making in the Finnish Air Force through simulation, |
ed generation of realistic near-optimal aircraft trajectories, J.Guid.Cont.Dyn. (GC
ar-optimal missile avoidance trajectories via receding horizon control, GCD, 200
1g air combat simulation results with dynamic Bayesian networks, WSC, 2007
and Mattila V.: Team optimal signaling strategies in air combat, SMC, 2006
ime optimal support time of a medium range air-to-air missile, GCD, 2006
deling air combat by a moving horizon influence diagram game, GCD, 2006
ial maneuvering decisions by a multistage influence diagram, GCD, 2004
ilevel programming in pursuit-evasion games, Game Theor.Appl., 2002
Decision theoretical approach to pilot simulation, J.Aircraft, 1999
O - visual interactive aircraft trajectory optimization, SMC, 1999
ation using nonlinear programming, IFIP Syst.Model.Optim., 1996




ELEVATOR TRAFFIC OPTIMIZATION
CROWD DYNAMICS SIMULATION

Analysis of passenger traffic

* ' Typical traffic profile of a multi-storey office building
- coning

88383

%8 &
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Optimal allocation of elevators to passenger calls

Best-Response reactions
BR(s,) =agmaxu(s; s,),

» -Game theoretic learning models
BR(s%?;r), ieN, -Evolutionary game theory

S0 0

Systems

Analysis L aboratory
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o [N " K Simulator for elevator system design
s 0w ) |pfid 1485

4 /( 11.2s

5 { ( * 224s

2 6.8s

1 @

o k0

Computational models for the behavior and interaction of people in crowds

Methods

-Agent-based modeling -Psychology

Human behavior

-Observations on real crowds «
-Experiments with students
-Similarities with animal swarms

$ @

FDS+Evac Simulation model
- Integration of crowd simula-
tion and state-of-the-art fire
simulation

¥

Applications

Building design:

-Evacuation safety analysis
-Optimization of the usability of
venues

Exit selection

i W

Safety analysis of Porvoo Museum

Selected publications

H. Ehtamo, S. Helidvaara, T. Korhonen, and S. Hostikka: Game Theoretic Best-Response Dynamics for Evacuees’ Exit Selection, Advances in Complex Systems 2010
T. Korhonen, S. Helidvaara, S. Hostikka, and H. Ehtamo: Counterflow Model for Agent-Based Simulation of Crowd Dynamics, manuscript 2010

S. Heliévaara, J.-M. Kuusinen, T. Rinne, T. Korhonen and H. Ehtamo: Experimental Study on Exit Selection in a Corridor, manuscript 2010

J.-M. Kuusinen, J. Sorsa, T. Susi, M.-L. Siikonen, H. Ehtamo, A new model for vertical building traffic, manuscript 2010

J. Sorsa, H. Ehtamo, M.-L. Siikonen, T. Tyni and J. Ylinen: The Elevator Dispatching Problem, manuscript 2010

T. Rinne, S. Hostikka, T. Paloposki, T. Korhonen, J. Saari and S. Helilovaara: Application of RFID and Video Imaging on Evacuation Observations in Offices and Public Buildings, Fire Safety Science 2009
T. Korhonen, S. Hostikka, S. Heliévaara and H. Ehtamo: FDS+Evac: An Agent-Based Fire Evacuation Model, Pedestrian and Evacuation Dynamics 2008



Fundamental capacity that is action-oriented
and adaptive, holistic, contextual and relational, and
that links the subject to her environment succesfully

in leadership

as engineering philosophy




SYSTEMS ANALYSIS LABORATORY
g Doctoral dissertations

prof. Derek Bunn, Simo Makkonert

2009: Janne Kettunen, Jari Perttunen, 2008: Toni Jarimo, Janne Karelahti, Juuso Liesio,
2007: Jyri Mustajoki, Kari Alanne, Mika Seppa4, 2006: Albert Hoglund, Mitri Kitti, Totti Konnola,
2005: Simo Makkonen, Erkka Nasakkald, Janne Gustafsson, Kai Virtanen,
2004: Kari Sinkko, Jukka-Pekka Salmenkaita, 2003: Maria Holmberg,
Anu Kettunen, Pauli Murto, Jukka K. Nurminen, Tony Rosqvist, Jyri Seppéla,
2002: Jouni Pyykonen, 2001: Arto Inkala, Heikki Lehtonen, Kimmo Uutela,
2000: Marko Lindroos, Tuomas Raivio, Janica Ylikarjula,
1999: Miika Linna, Kaisa Simola, 1998: Jussi Keppo, Mari Péyhoénen, Jukka Sinisalo,
1997: Jan Holmberg, Marja-Liisa Siikonen, 1996: Pertti Laininen,
1995: Osmo Jauri, Tatu Koljonen, Mika Raséanen, 1994: Risto Lahdelma,
Urho Pulkkinen, Markku Verkama, 1992: Ahti Salo, 1991: Jukka Ruusunen,
1989: Harri Entamo, 1988: Leena Aittoniemi, Jari Hamalainen, Veijo Kaitala

prof.Srinigas Talluri, Toni Jarimo »’
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