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Context

[ Decision Making }

Who or what is making decisions?

human computer
[ Decision Support ] E Decision Systems ]
?
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Decision Systems

Honda Asimo

[ Decision Systems }

computers

robots

autonomous systems
intelligent programs

Curiosity Mars Rover Autonomous Cars




Context

[ Decision Support ] E Artificial Intelligence ]

é!?

oEo

Benefit ?
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Context

Decision Support Artificial Intelligence }

I ?
< Benefit ? >

Showcase:
2 » DEX: decision modelling method
v]; « DEXi: software

(] I . . RA
Applications 882 RilEoge
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What is DEX?

Multi-Criteria Decision Modelling Method

Performance Multi-Criteria

Alternatives variables Model

price

performance

A4

|
evaluation

analysis

quality

av
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What is DEX?

Multi-Criteria Decision Analysis Artificial Intelligence
* modeling using criteria and Expert Systems
utility functions « qualitative (symbolic) variables
* problem decomposition and « "if-then" rules
structuring « handling imprecision and uncertainty
« evaluation and analysis of » transparent models, explanation
decision alternatives Machine Learning
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DEX

Method for qualitative multi-attribute modeling

DEX is similar to other “full aggregation” multi-attribute methods:

1. Multiple attributes, hierarchically structured

2. Evaluation of alternatives: bottom-up aggregation

Some Car

CAR

_/\

TECH.CH.

/R

BUYING

SAFETY

COMFORT

T

T

T
|

|

| |

|
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DEX

Method for qualitative multi-attribute modeling

DEX is different from the majority of multi-attribute methods:

1. Atftributes are discrete, symbolic, qualitative

CAR
TECH.CH. € {bad, acc, good, exc}
PRICE TECH.CH.
BUYING MAINT FUEL SAFETY COMFORT

BUYING e {high, medium, low}  FUEL e {low, medium, high}
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DEX

Method for qualitative multi-attribute modeling

DEX is different from the majority of multi-attribute methods:

1. Atftributes are discrete, symbolic, qualitative

Attribute scales can be unordered (categorical),
but are typically preferentially ordered (increasing or decreasing) < “criteria”

CAR
TECH.CH. € {bad, acc, good, exc}
PRICE TECH.CH.
BUYING MAINT FUEL SAFETY COMFORT

BUYING e {high, medium, low}

FUEL e {low, medium, high}
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DEX

Method for qualitative multi-attribute modeling

DEX is different from other multi-attribute methods:

2. Evaluation of alternatives (aggregation) is defined by decision tables

Elementary decision rule:

then TECH.CH.=good

CAR
PRICE TECH.CH. [€
FUEL | SAFETY | COMFORT | TECH.CH.
BUYING MAINT high good exc unacc

low bad med unacc
) med | good med good
if FUEL=med & SAFETY=good and COMFORT=med}

FUEL SAFETY |4 COMFORT
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What is DEX?

Method characteristics:

1. Multi-Attribute (Multi-Criteria):
Evaluates decision alternatives through
aggregation of multiple criteria

2. Hierarchical:
Attributes are structured hierarchically (as in AHP)

3. Qualitative:
Attributes are discrete, verbal (e.g. “low”, “med”, “high”)

4. Rule-based:
Aggregation is defined by decision rules in decision tables
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ORIGINAL PAPER

Extending the multi-criteria decision making method
DEX with numeric attributes, value distributions
and relational models

Neje Trdin!-2 « Marko Bohanec!-2

Extending the multi-criteria decision making method DEX. ..

2.1 DEX model

© Springer-Verlag Berlin Heidelberz 2017 Formally, a DEX model M is a four-tuple M = (X, D. 8§, F). where X is the set of
attributes, § 1s the descendant function that determines the hierarchical structure of M,
D) 1s the set of value scales (domains) of attributes in X and F 1s the set of aggregation
Abstract DEX is a qualitative multi-criteria decisic  functions.

supports decision makers in making complex deci The set X consists of n attributes:

bly conflicting, attributes. The attributes in DEX h

are structured hierarchically. The hierarchical topol X = {x1.x2,....xn). (1)
the decision problem into simpler sub-problems. In

with qualitative values, taken from the scales of corr In practice. attributes are usually given a name, which uniquely identifies the

hierarchy. The evaluation of alternatives is perform  ,ytribute—for instance “price”, “guality”, “location™, etc. In the didactic example,

introduced later in Sect. 2.2, we will often denote an attribute by its name (e.g. loca-
tion) and use a named subscript to denote related components (e.g. Diocation).

Each attribute x; € X has a corresponding value scale D); € D, which is an ordered
set of symbolic (qualitative) values:

D;:[ur,-],wjz....._wr-mjl.E?Ekﬁ- Wi, 7 Wi (2)
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»

DEXi:

Functionality
* creation and editing of qualitative DEX models:

model structure
decision tables

Program for Multi-Attribute Decision Making

 acquisition and evaluation of alternatives
 analysis of alternatives: “what-if’, “£1 analysis”, comparison of alternatives, selective explanation
« tabular and graphical reports '

http://kt.ijs.si/MarkoBohanec/dexi.html

(2% DEXi - [CAR [Car.d] |

t'-};.EMe Edit Window Help

[TEcH.cHar | car |
a

_1[pich bad cc
2|high oc

B good unace

|_4|high exc unacc

|_5|medium bad unacc

|_6|med acc

| 7|medium  good good

|8 mediu exc exc

|_s]iow bad unace

[10[jon good

| 11]low good exc

| 12]low exc

Rules: 12/12 (100,00%), determined: 100,00% [unacc:

DEXi - [CAR [*Car.dxi (o
:';’fi Eile Edit Analysis Window Help
N EE
=y =]
i Mudell o'* options Z Evaluation }ﬂ
5= E
Option Carl_...iCar2
.CAR exc ‘good
- PRICE low medium
--. BUY.PRICE _ [medium medium
- - - MAINT.PRICElow medium
.. TECH.CHAR. |exc good
...COMFORT  |high high
--.. #PERS more more
=2+« #DOORS 4 4
....LUGGAGE |big big
... SAFETY high medium

g
O d
4 Miodel 1‘.“.' Qphonsl z Eva\_uaﬁon} i Cha[ts}
O & cARr y Attribute
B3 PRICE Name [CAR
i BUY.PRICE %]
*-q] MAINT.PRICE Description
- TECH.CHAR. & [qusiity of a car
£ B COMFORT
q seems Scale
.~ #pooRs T
i q] LUGGAGE = |+unacctr);acqgwd;exr(+) j
4] sAFETY
Utility function
F |Ru\es: 12412 (100,00%), determined: 100,00% [unacc:6,acc: 1,good: 2,exc: 3]
= Description
Attributes: 10 (6 basic, 0 linked, 4 aggregate) | Scales:10 | Functions:4 | Optians: 2

« DEXiEval: command line DEXi evaluation
« DEXi.NET (C#), JDEXi (java) and DEXXx (java): Open-source libraries

5 Preview ‘ UtA‘ =NET)
Poge1/1 = - & B W B & v
DEXi Cardx 9714 —
Plus-Minus-1 analysis
Attribute 1 Carz  +1 I
CAR good
tElﬂUY.PRICE unacc medium exc
JAINT PRICE unacc medium exc
PERS more ]
DOORS 4
UGGAGE big 1
AFETY unacc medium exc i
‘< L3
%P eeeee w =R X
Page1/1 Ee%] - B ] @ “
DEXi cumisru eage f
Chart
1) car
BUY.PRICE EUY. FRCE
NTPRICE OAFEr rrrPn:EsAFEr
OMFORT COMFORT
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http://kt.ijs.si/MarkoBohanec/dexi.html

Al Methods in DEXI

[ Decision Support } [ Artificial Intelligence }

@ [ Al Methods }
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DEXI: Knowledge Acquisition

Acquisition of decision tables and decision rules
' [=E Decision ruies CAR N = o)
— Active support

|unacc j : [V Use scale orders
' ™ Use weights
- Thl'ee “Strateg|eS” PRICE  |TECH.CHAR|CAR i
1hich bad wnacc
¢ DlreCt :high acc unacc
) _3|high good unacc
* ‘Use scale orders’ (based on dominance) LT
* ‘Use weights’ (based on attributes’ weights) jnedin o | <=good
_7|medium good good
. . medium exc exc
- Val |dat|0n : :Inw bad unacc
. . low acc good
 Consistency (based on dominance) o qood exc
¢ Comp|eteneSS (% determlned fUﬂCtIOﬂ Va|UeS) Eles: 8/12 (66,67 %), determined: 94 44% [unacc:,acc, good:3, exc:3

— Principle: = x | o= |}

« ‘The useris always right’ (but warned if considered to be in error)
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DEXI: Knowledge Representation

|UI'|EIEC

PRICE

high 2 PRICE TECH.CHAR. CAR

S ' 60% 40% Aggregate rules
nghexc 1 high ) unacc  [Ryle learning
medium bad 2 bad unacc

medom |ace 3 medium  acc acc

medium good 4 medium good good

medium exC 5 low acc good

low bad 6 >=medium exc exc

low acc 7 low >=good exc

low good

low exC

Rules: 12/12 (100,00%), determined: 100,00% [unacc:

= oK | Cancel
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DEXI: Rules and Weights

. ¥ Use scale orders
;I X H % ¥ Use weights

|TEcH.cHar | car
bad ‘unacc

acc
good
Exc
bad
acc

| Weights: CAR

Attribute 100 Required Current

PRICE [— 50 £0
TECH.CHAR. [ | 50 40

* no  up ‘

tarmalizatior ‘

Sum100 | Max100 |

Apply |
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DEXi: Analysis and Explanation

Analysis of alternatives:
—  “What-if analysis”

— “x1 analysis”

— Compare alternatives
— Selective explanation

Car.dxi 10.7.14

Comparison of optiens

Attribute

Car1

CAR

PRICE
UY.PRICE
MAINT PRICE

TECH.CHAR.

FHCOMFORT

PERS

DOORS

UGGAGE
SAFETY

exc
low
medium
low
good
high
more

4

big

high medium

LI}

Cardei10.7.14

TECH.CHAR.

.
= .
o Preview

el

Pagel/1

= - &

UEA=CEs
& v

H

-~

DEXi Cardxi 9714
Plus-Minus-1 analysis
Attribute -1 Car2 +1
CAR good
unacc medium exc

BUY PRICE
AINT PRICE unacc medium exc
more ]

.

PERS
DOORS 4
UGGAGE big
AFETY unacc medium exc

I

]

_— e e




Expert Modelling for DSS

[ Decision Support } E Artificial Intelligence }

Benefit? {Decision (Support) Systems}



Decision Analysis and Decision Modelling

@

‘w

g&}:\gﬁ%\beusmn Analys§

Decision Makers+
Experts+
Decision Analysts

decision
alternatives

A©

Evaluation> B®

Decision/
Evaluation

C
Analysis>
D © &

E®
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Data Mining = Decision Support

Data

Data Mining > ﬁ.

Decision
model

Decision Support System
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Data Mining and Expert Modelling
Data Mining> ﬁ. a

/,t\‘ (‘;/{/\L Expert Modelling
NS

\/‘<\/
Decision Makers+ DeCIjloln
Experts+ mode
Decision Analysts
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Decision Support Systems

Data Mining > ﬁ.
Data
;A\ e
3;[? § 4 J}-
V{/ Decision Analysis

NESd

Decision Makers+ Decision
Experts+ model

Decision Analysts o
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DEX Applications

Computer Technology: software, hardware, IT tools, programming languages, DBMS, DSS, OCR
Projects: investments, research, R&D, tenders

Organisations: public enterprises, banks, business partners

Schools: quality of schools, programmes and teachers, school admission, choosing sports

Management: production, portfolio management, trade, personnel (employees, jobs, teams),
privatization, motorway

Production: location of facilities, technology, logistics, suppliers, office operations, construction,
electric energy production, sustainability

Ecology and Environment: dumpsite/deposit assessment and remediation, emissions, ecological
impacts, soil quality, ecosystem, sustainable development, protected areas

Medicine and Health Care: risk assessment (breast cancer, diabetes, ski injuries), nursing, technical
analysis, knowledge management, healthcare network

Agriculture and Food Production: economic and ecological effects of GMO, (un)approved GMO,
crop protection, hop hybrids, garden quality

Tourism: nature trail, tourism farm facilities, mountain huts
Services: loans, housing loans, public portals, public services, leasing
Other: cars, hotels, electric motors, radars, game devices, awards, roof covering, data mining
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Electric Energy Production Technologies

Project OVJE, 2013-14

o |dentify reliable, rational, and
environmentally sound production of electric
energy in Slovenia by 2050

 Consider technologies:
hydro, coal, oil, gas, nuclear, biomass,
photovoltaic, wind

* Assess individual technologies and
technology mixtures




Electric Energy Production Technologies

Economic
Contribution to development]/ Societal Technical level Konti(:, B., Bohanec, M., Kontié, D.,
echnical level . . .
<{ t}< Trdin, N:, Mngo, M.: Improvmg appraisal
Expected development of sustainability of energy options - A
view from Slovenia, Energy Policy 90,

Energy price Financial sources
154-171, 2016.
Financial shares

Energy ratio Long-term liabilites  Bohanec, M., Trdin, N., Konti¢, B.: A
o Return period qualitative multi-criteria modelling .
— approach to the assessment of electric
e energy production technologies in

Land availability Slovenia. Central European Journal of
Operations Research, 611-625, 2017.

Economic-Technical advancemen

Rationality

Dependence

Energy share provision Water protection

Spatial availability
Resource protection

Land protection

Landscape protection

Greenhouse gases
Air pollution <
Other pollutants

Public health status}—i Contribution to development |

Land use and D0”Uti°n] Pollution

Health impact

Technological complexity

Infrastructure availability

Fuel availability
Accessibility ‘

Fuel accessibility
< Investment feasibility

Return of investment

Social acceptance
Societal feasibility <

Permitting
Spatial suitability

Technical feasibility

Feasibility

Economic feasibility
Spatial feasibility

Contracts
(oonces)—=—"___
Special materials

Weather dependence

/[Technological dependence]—[ Foreign dependence}

Possible societal changes political stabilit
< Yy Fuel supply dependence titut RARTMENT OF
Possible world changes @@ " Jozef Stefan” OWLEDGE
Perception of risks .. Ljubljana, Slovenija OLOGIES
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Decision Support System

http://sepo.ijs.si/naloge/OVJE/energetic scenario comparative model/

|j Comparative Model of Energetic Sce.. x | 4

[’HPP on mid-stream Sava ['HPP on lower-stream Sava [ Gas fired thermal PP

\‘

Closing-down Unit5 of the coal fired PP §o§tanj
Closing-down Unitl of NPP Kriko
Construction of NPP Krsko Unit2

Electric Energy Needs and Production Through Time &

30,000
25,000
20,000

15,000

Energy [GWh]

10,000

5,000
2013 2015 2017 2019 2021 2023 2025 2027 2029 2031 2033 2035 2037 2039 2041 2043 2045 2047 2049

Year

M Additional needs M Base needs Electric Energy production

-
3 Overall Evaluation Distribution Through Time o
2 PN
o 1.0
[+ -0.6662
.E 08
5 0.

c -l].l]l]121
2 06
2 o
0
£ 04
5 0.08367
Q
0.2
Q N
2
“6 0.0
« 2013 2015 2017 2019 2021 2023 2025 20 pOEER>0 2031 2033 2035 2037 2039 2041 2043 2045 2047 2049

I '% Year

>
I unsuitable 0.20398 weak 0.08367 suitable 0.04494 .good 0.00121

I excellent 0.6662

Done

7 Closing-down Unit5 of the coal fired PP Sostanj 7 Closing-down Unit1 of NPP Kréko [7 Construction of NPP Krdko Unit2 -
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http://sepo.ijs.si/naloge/OVJE/energetic_scenario_comparative_model/

PD_manager Project

Smart Phone

Smart Pillbox

PATIENT

@
| N

Education
Motor symptoms

assesment

Fisiotherapy
Speech disorders

evaluation
and rehabilitation Multi-disciplinar
Nutritional advice team
Other non-motor

symptoms

Ml sornsoke |
W

SPECIALIST

Parkinson’s Disease
Patient




PD_manager Project

Data

Patient data:

Sensor measurements
Medical record

Therapies

Physical assessment
Psychological assessment
Nutrition data

Adherence data

Data Minin%.
Models

Models for:

Detection of symptoms
Assessment of patient’s state

Suggestion of therapies,
e.g. medication change

Embed >

N\

PD MANAGER

PD_manager DSS:

Patient monitoring
Assessment of symptoms
Assessment of therapies
Suggestion of therapies
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Expert Modelling was Essential

%

PD MANAGER

Data

Data Minin%. Embed > " ,
: S
Models on Support System

/]

————

Expert Modelling
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Medication Change for ‘.3
Parkinson’s Disease Patients

Yes-No: How to change medication?
Whether or not to change * Increase/decrease
medication? dosage/intake

« Change medication A with B
« Start/stop using medication C

Model(s):
Medication Change

Input data:
lllustration of Parkinson's disease by William Richard . ,
Gowers, first published in A Manual of Diseases of the Patle nt S Sym pto mS , Cu rrent the ra py
Nervous System (1886)

Marko Bohanec, et al.: A decision support system for Parkinson disease management: Expert models for @20 institut T‘::A\EIT IDEFDGE
suggesting medication change, Journal of Decision Systems, 27:sup1, 164-172, 2018. o Lf;’;ﬁ; :a‘ff;’;’;emja OLOGIES
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Parkinson’s Disease: Medication Change

Model developed by an expert

Structure

bradykinesia

tremor

gait

dyskinesia

on/off fluctuations

daytime sleep.

cog.disorder

impulsivity

depression

hallucinations

age

Decision rules

N\

PD MANAGER

employment

living alone

bradykinesia tremor gait dyskinesia on/off fluctuations Epidemiologic Motor
19% 19% 24% 13% 15% 10%
1 problematic problematic * * * * problematic
2 problematic * * <=problematic * * problematic
3 problematic * * * problematic * problematic
4 problematic * * * * active problematic
5% problematic * <=problematic * * problematic
6 * problematic * * problematic * problematic
7* problematic * * * active problematic
8 * * problematic * * * problematic
9 * * * severe * * problematic
10 * * * * problematic active problematic
11 problematic normal normal normal normal passive maybe
12 normal problematic normal normal normal passive maybe
13 normal normal normal problematic  * passive maybe
CarePlan 14 normal normal normal >=pr0b|em_atic problematic passive maybe
15 normal normal normal problematic normal * maybe
16 normal normal normal normal normal * normal
Non-Motor
Motor Non-Motor Epidemiologic CarePlan
50% 50% 0%
1 problematic * * change
2 <=maybe <=maybe * change
X - - 3* problematic * change
Epidemiologic 4 maybe normal * maybe
5 normal maybe * maybe
6 normal normal * no_change
@@ Institut RTMENT OF
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N\

Example: Medication Change

PD MANAGER

Model developed from data

Structure Decision rules

bradykinesia tremor gait dyskinesia on/off fluctuations Motor
. . 14% 6% 30% 28% 22%
bradykmeS|a 1 problematic * problematic <=problematic * problematic
2 problematic * problematic * problematic problematic
tremor 3* problematic problematic * problematic problematic
4 * * problematic <=problematic problematic problematic
5 * * * severe * problematic
gait 6 problematic * problematic normal normal maybe
7 * problematic problematic normal normal maybe
_ K 8 problematic * normal problematic  * maybe
dySkInGSI& 9 problematic * normal >=problematic problematic maybe
10 * problematic normal >=problematic problematic maybe
. 11 * * normal problematic  problematic maybe
on/off fluctuations 12 normal problematic problematic >=problematic normal maybe
13 normal * problematic problematic  normal maybe
: 14 normal normal problematic normal problematic maybe
daytlme Sleep' 15 * * normal normal normal normal
16 normal * normal >=problematic normal normal
Cog.disorder 17 normal normal * normal normal normal
18 normal normal normal normal * normal
impulsivity Non-Motor
. Motor Non-Motor Epidemiologic CarePlan
depression 42% 37% 21%
1 problematic <=maybe * change
hallucinations 2 problematic * active change
3 <=maybe problematic * change
4 * problematic active change
age g probblematic norngal Eassive mayge
maybe maybe maybe
. K K 7 maybe >=maybe active maybe
employment Epldemlologlc 8 normal problematic passive maybe
9 >=maybe normal passive no_change
.. 10 normal >=maybe * no_change
living alone
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University of loannina

PD_manager App for the Doctor

= Clinical Information

N Patient My
DOB: 2000010170006

B /N Patient My

Initial diagnosis o Thu Jan 0 ' ot ; 1670 10 002 = Observations
Sun Ja 8012746 EET 197
Thie o wity deiienis T i
Current symptoms & ] ™ ‘H‘p‘ 00 EE ,y” " Patient My
g DOB: 2000-01-017 )0
n Jan 18 0127:46 EET 19
OFF -
Comorbidities Diabete, Hypl o jl'lmespentwn}h of‘ — - OFF v te Day
hu Jan 01 02:00.00 EET 197¢
n Ja EET 19
01-10-2015 7020-03-2017
Fluctuations = Average Gait UPDRS oA
- Thu Jan 01 02:00:00 EET 1970
Dyskinesia - Number of FOG events per day
n Jov Thu Jan 01 ( EET 1870

E: . W 18:32]

Pre
. ' \ Patient My Worsen
o DOB: 2000-01-01T00:00:00Z YWP: 5 Last Visit: 2000-01-01T00:00:00Z
Fa
y Suggestion regarding the medication CHANGE
. Dss System  SunJan 18 01:27:46 GMT+02:00 1970
Pn
. Reasoning The patient seems to have ......
System  SunJan 18 01:27:46 GMT+02:00 1970 3|
The suggested modification is Suggested modification of the SR ST e e 8535888

Jozef Stefan Institute



Ski Injury Prediction

Skiers

Skiing

Weather

SpeedRun

Crowding

vgSpeedRun

&

avgNoRuns

avgMaxElevation

Bohanec, M., Delibasi¢, B.: Data-mining and expert models for predicting injury risk in ski resorts.
Decision Support Systems V - Big Data Analytics for Decision Making, First International Conference

ICDSST 2015, Belgrade, Serbia, May 27-29, 2015, Springer, 46-60, 2015.

Elevation avgMinElevation
avgAvgElevation
avgMaxTimeRun

TimeRun avgMinTimeRun

cloudiness avgAvgTimeRun

windSpeed
tempAvg
utilization
numPasses
numSkiers
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Traffic Control Center

Omercevi¢, D., Zupanéi¢, M., Bohanec, M., Kastelic, T.:

Intelligent response to highway traffic situations and road incidents.
Proc. TRA 2008, Transport Research Arena Europe 2008, 21-24 April 2008, Ljubljana.

WRONG WAY DRIVE

operator

Expert-developed incident Alarm message
decision models detection
A notification
monitoring & complex
analysis states
Variable message
Sensor processing Traffic visualization message signs
——— W= situation ——— —_— -
data states /\

/N

driver

efan”
Slovenija

Jozef Stefan Institute



Cropping Systems: Ecology Par

ECOLOGY
Watgr greenhouse _ §0|I _ biodiversity
quality gasses biodiversity
runoff undergrnd indirect chemical soil physical ] s
N.O CO h o ollinator: edator arasitoid
water water z 2 co, disturbance | | fertilization stress pofinators preqators parasitols
soil nutrition pesticide fertilizer fuel climatic physical :
. . herbivores
state state use use use disturbance| [disturbance
weed
biomass
herbicide insecticide fungicide
use use use
weed ctrl.
applications
\ \ \ AW Wi
farm type ol afimeEE Wee_d crop ch_e_mlcal water _son weed pest disease
profile sub-type fertiliz. use managmt tillage control control control
CONTEXT CROP MANAGEMENT CROP PROTECTION

Bohanec, M., Messéan, A., Scatasta, S., Angevin, F., Griffiths, B., Krogh, P.H., Znidarsi¢, M., Dzeroski, S.:
A qualitative multi-attribute model for economic and ecological assessment of genetically modified crops. @@ Institut RARTMENT OF

, . } @® »joief Stefan” DWLEDGE
Ecological Modelling 215, 247-261, 2008. ... ijbﬁan:;ovemja OLOGIES
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ELSEVIER

Using a mult
of conservati

D. Craheix?, F. A1

2 [INRA,UAR 1240 Eco-Innov, .
b AgroParisTech, UMR 211 Ag
dINRA, UMR 211 Agronomie,
S Montpellier SupAgro—IRC, |
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Keywaords:

Multicriteria assessment
Conservation agriculture
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Fig. 1. Sustainability criteria information processing and aggregation in the MASC 2.0 decision tree. Numerical values in the decision tree displayed in red boxes represent
the weights (expressed in %) proposed by the designers of the MASC model.
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< Support E Al Methods ]

Modelling> EDecision (Support) Systems}

1. Al methods can support human decision-making
2. Expert modelling can improve decision (support) systems
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