Real-Life Examples
of MADM Applications

Aims:
To get a feeling for MADM models
To see the potential of MADM in practice
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Some Application Areas

INFORMATION TECHNOLOGY 4. PERSONNEL MANAGEMENT
«  evaluation of computers *  personnel evaluation
*  evaluation of software *  selection and composition of
«  evaluation of Web portals expert groups
PROJECTS ¢ evaluation of personal applications
¢ evaluation of projects 5. MEDICINE and HEALTH-CARE
*  evaluation of proposal and *  risk assessment

investments ¢ diagnosis and prognosis
«  product portfolio evaluation 6. OTHER AREAS
COMPANIES +  assessment od technologies
*  business partner selectioon *  assessments in ecology and
«  performance evaluation of companies environment

«  granting personal/corporate loans
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Allocation of Housing Loans

Housing Fund of the Republic of Slovenia:

Allocation of housing loans to citizens and nonprofit
organizations

Since 1991: 21 completed floats of loans for citizens

(recurring decision problem)

Management decision support system for housing loan allocation
Evaluation of loan priority: qualitative multi-attribute decision
models (DEX)

2/3 of housing loans in Slovenia are allocated in this way

M. Bohanec, B. Cestnik, V. Rajkovi¢, Qualitative Multi-Attribute Modelling and its Application in
Housing. Journal of Decision Systems 10, 2001.
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Allocation of Housing Loans
Multi-Attribute Model Structure

Priority Status

Children
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Evaluation of R&D Projects

Slovenian Ministry of Science and Technology

CONTENTS

ADDITIONAL
REQUIREMENTS
(returned)

“STARS"

TRANSITIONAL

METHODOLOGICAL
M. Bohanec, V. Rajkovic, B. Semolic, A.
Pogacnik: Knowledge-based portfolio
analysis for project evaluation. Information
& 8(5), 1995, 293-302.

FEASIBILITY
Marko Bohanee

Evaluation of R&D Projects
Multi-Attribute Model Structure (partial)

o Overall project evaluation
*_ Contents evaluation
» Evaluation of goals
 Evaluation of objectives
o Feasibility evaluation
Evaluation of external feasibility
* Evaluation of internal feasibility

o Evaluation of goals
* Direct benefits
. Development benefits
« Mastering of new technologies
« Ecological impacts
 Employment impacts
« Employment generation
 Impact on employment structure
« Economic benefits
Impact on marketing
« Opening of new markets
 Anticipated share of export
 Impact on decreasing imports
* Anticipated profit
o Decrease of energy or raw materials
« Indirect social benefits
. Level of social benefits
« Area of influence
*  Field of influence
 Impact on restructuring of the economy
+Importance for state defense

o Conformity with the development strategy of RS Marko Bohanec




Evaluation of R&D Projects

Evaluation of projects in 1992:
516 projects: 1094 reviews contributed by 90 reviewers

CONTENTS 3

FEASIBILITY Marko Bohanec

Medicine:
Breast Cancer Risk Assessment

Hormonal Personal
circumstances characteristics

Cancerog

exposure || [circumstance|

Quetel's Demograph.
index

Family

Menstrual Oral
‘ cycle I‘ Fertiity I comvacept.

Fertility

Physical
duration history factors

Reg. and Chemical
R

# deliveries Bohanec, M., Zupan, B., Rajkovic, V. Applications of qualitative
mult-attribute decision models in health care, International
Joumnal of Medical Informatics 58-59, 191-205, 2000.
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An Example of Decision Rules

Fertility Reg. and stabil. of Menstrual
duration menstruation cycle
1 |average R-28 high risk
2 |long R-28 high risk
3 |long R29+ high risk
4 |long N high risk
5 |short R-28 moderate risk
6 |average R29+ moderate risk
7 |short R29+ low risk
8 | short N low risk
9 |average N low risk
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Average Importance of Attributes

BREAST CNCER RISK i Gini Index
Hormonal circumstances 158 202
Menstrual cycle 125 123 130
Fertility duration 125 128 138
Reg./stab. menstruation 75 72 62
Fertility 111 99 130
Age 97 145 126
First delivery 145 128 145
# deliveries 58 27 29
Oral contraceptives 65 78 41
Personal characteristics 88 56 39
Quetel's index 29 5 11
Family history 197 183 236
Menopause 74 112 53
Other 55 42 27
Cancerogenic exposure 100 100 100
Physical factors 160 166 179
Chemical factors 40 34 21
Demographical circumst. 100 100 100
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Evaluation and Analysis of Options

Basic Missing data  “What-if’
i analysis
BREAST CANCER RISK 3 3 2
Hormonal circumstances 2 3/0,5,2/0,5 2
Menstrual cycle risk risk risk
Fertility duration average average average
Reg./stab. menstruation R29+ R29+ R29+
Fertility risk risk risk
Age over 40 over 40 over 40
First delivery 29 oryounger 29 or younger 29 or younger
# deliveries upto4 up to 4 upto4
Oral contraceptives no = no
Personal characteristics 1 1 1
Quetel's index 29+ 29+ 20+
Family history no no no
Menopause no no no
Other high risk high risk moderate risk
Cancerogenic exposure high risk high risk moderate risk
Physical factors higher higher lower

Chemical factors no no
D circumstan high risk high risk moderate risk
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Selective Explanation of Options

Reasons FOR higher risk Reasons AGAINST higher risk
Age over 40 Personal characteristics
Quetel's index + Family history no
Other high risk no
Cancerogenic exposure  high risk First delivery 29 or younger
Physical factors higher Oral no
Demographic circumst. _high risk Chemical factors no
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Diabetic Foot Risk Assessment

Diabetic Foot Risk Assessment

Who:

» General Hospital Novo Mesto, Slovenia Risk Assessment Model

e IUS

¢ Infonet, d.o.0. RISK I

Why:

¢ Reduce the number of amputations

* Improve the risk assessment methodology I pran saus | I

¢ Improve the DSS module of clinical information system

How:

+ Develop multi-attribute risk assessment model wers |l o] [ smoms | owtomes | [ 20, Jf otz | s ]

¢ Evaluate it on patient data (about 3400 patients)
* Integrate into the clinical information system

In: Miadenic, D., Lavra¢, N., Bohanec, M., Moyle, S. (eds.): Data
mining and decision support: Integration and collaboration.
Kluwer Academic Publishers, 2003.
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Clay-Pit Location Model

SITE SUITAB

ENVIRONMENT FEASIBILITY

ATTRACT || [ vuLNERAB Jj [ soc-PsvcH Jj[ TecHn fj [ Econom |

«develop «pollution stransport «direct
+site char. +valuation «construct ~indirect
«land atr. «land use «land org.
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Bohanec, M., Rajkovic, V. Multi-attribute decision modeling:
Industrial applications of DEX, Informatica 23, 487-491, 1999.

Environmental: Location of a

Clay-Pit Location Evaluation Radioactive Waste Repository

FEASIBILITY

Oktogica 0o
Okronlca

FEASBILITY

[ Bukovnikio

TECHNICAL

1 [ 1

ROUT_LEN HHUM_H‘AZARDH BARILIERS | [ racveo ] [ wocanon ] | OTLER || ECO‘LOG | [ perceet |

e | (o]
(o) | [
fovea]

ace 9004 Lt ROUT DIF

ENVIRONMENT

ALT_ROUT

Marko Bohanee Marko Bohaneo




Advising Children in Choosing Sports

Talent:

* A knowledge-based computer program
* for advising children in choosing sports
¢ in primary and secondary schools

Leskodek, B., Bohanec, M., Rajkovic, V.: The use of expert methods in
the orientation of children into different sports, Acta Universitatis
Carolinae, Kinanthropologica 38(2), 33-44, 2002.
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_,< Database of Measurements

GENERAL DATA

Age
Gender
Date of measurement

MORPHOLOGICAL TESTS
BH Body height (cm)

BW Body weight (kp)

SF Skin fold of the upper arm (mm)
MOTORIC TESTS

TAP Taping with hand (humber)

SJ Standing jump (cm)

PB Polygon backwards (s)

SU Sit up of the trunk (number)
DB Deep bend on bench (cm)
BAH Bent arm hang on horizontal bar (s)
S60 60 m sprint (s)
R600 600 m run (s)
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.,< Talent: Basics

EVALUATION by sport disciplines

gl

23 disciplines:
athletics (5 disciplines)
MULTI-ATTRIBUTE ~ SWimming (4)

EVALUATION skiing (3)
MODELS football
volleyball
handball
tennis
badminton

“SPORTS-CARD” MEASUREMENT
3 morpholoaical and 8 motoric tests
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.{ Evaluation Models

Harmonisation

s

quantitative
evaluation

qualitative
evaluation

Aggregation
|
ow00] 1 | o1 | 1
- (Bl o] —
. asic evaluation
evaluation utilty
functions
1288] T values 1

Normalisation

[ [ow] s [ oa [ o [ [om] o [ = [ s [rm] mw }

measurement
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.,< Evaluation Model Structure

EVALUATION

MOTORICS

ANTHROPOM

INFORMATION ENERGY
COMPONENT COMPONENT

[coorpiNATION [ STRENGTH |

EXPLOSIVE
STRENGTH

[en [ Bw [ Rw [ sF B[ o8 [ Pe [ 7AP [ Bar [ su [ ss [ se0 [ Reoo ]
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|3 1 S [ e |
2 @

ohetont 1320 4 4637 9100 exc
B 89 0 exc
frrel weight 019 10 3431 3100 exc
skin_fold 78 18517 87 exc
MOTORICS 7 2w 67 good
-_Cor 5 4827 73 good
frdeep_bena “ 2 BH} @ oex
COORDIN 44620 67 good
[-pobuon "2 2 746014 94 exc
tapping % 2 76340 47 a
NERG_COMP 812 67 good
STRENGTH 1 503 63 goos
rhang 51 3 765571 81 exc
EXP_STR M 483 57 good
it % 4 765220 7 exc
stand jump 149 7 884642 45 acc
spr_60m 105 18 885830 81 good

run_600m 135 40 836622 71 good o]

« oY

.,< Evaluation and Explanation
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Decision Problem: Housing (1/2)

Client:
The Housing Fund of the Municipality of Ljubljana

Task:
Support a tender for renovating old denationalized
blocks of flats in Ljubljana

Problem characteristics:
- one-time problem

In: Miadeni¢, D., Lavra¢, N., Bohanec, M., Moyle, S. (eds.): Data
mining and decision support: Integration and collaboration.
Kluwer Academic Publishers, 2003.

Marko Bohanse

Decision Problem: Housing (2/2)

Earmarked financial resources:
600 M SIT (3M €)

Timing: December 1999 — September 2000

Phases of the project:
application gathering
(in)completeness notification
application completion

loan approval and allocation
notifying applicants

handling complaints

S
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DEX Application Ranking Model:

Model Structure

Building

‘ Applicant I ‘Advant. AorBI

Protected I‘ Age I ‘ Investment I‘ Years in LI I

Advantages A (own flat) Advantages B (owning flats)
« Status «  Earnings from renting flats
« Earnings +  Number of non-profit flats

+ Social-Health
* Health
* Social
« Family
.« Age
+ Children
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DEX Application Ranking Model:

Decision Rules

Investment part Years in Ljubljana APPLICANT
(1) 40-50 (1) less than 10 (1) normal
(2,3) 50-100 (1) less than 10 (2) priority

(1) 40-50 (2) 10-20 (2) priority

(2) 50-60 (2,3) over 10 (3) high priority
(1,2) 40-60 (3) high priority

(2,3) over 10
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Project Characteristics

Business sector: Housing, Investment funding

Decision problem type [one-time vs. recurring]: two-time
Problem structure [structured vs. unstructured]: semi-structured
Problem definition: medium

Organisational level: Tactical/Strategic, Management involved
Methods used: modeling, qualitative ranking/evaluation models,
computational models, data browsing/aggregation, what-if analysis
Primary DS elements: data, models

Group decision problem: no (no different interests)

Group members: problem owner: 3 members; decision analysts: 2
Time span: 9 months

Models: 2
A. 17 attributes: 10 basic, 7 aggregate; 5 ranks
B. 10 attributes: 6 basic, 4 aggregate; 5 ranks
Options: 109 + 258 = 367
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Banks @ Sl Housing Schema

Who:
Slovenian Housing Fund
* IJS
Temida
What:
* Evaluate and select banks for SHS
¢ Distribute rights for loan allocation to banks
Why:
« Difficult and sensitive decision problem
How:
Combined quantitative/qualitative modelling

In: Miadeni¢, D., Lavra¢, N., Bohanec, M., Moyle, S. (eds.): Data mining and decision support:
Integration and collaboration. Kluwer Academic Publishers, 2003.
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Banks @ Sl Housing Schema
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Assessment of Governmental
Life-Event Portals

State/Land-Province/City Internet Address

Europe

France: Service Publique service public.fr
Italy Tttp: itdiagov.it

Spain o
Grest Britain: UKonline ikonl uk
Ireland: Information on the Irish State http: irlgov.gov.ie
Austria Internet Service HELP 0 help.gv.at

German Federal Land Rheinland-Pfalz-Lotse:  http:/rlp.bund.de/rlp-lotse.htm;

RLP-Lothse hitp:/fwww.rlp-buergerservice.de
The city of Bremen (Germany): Bremer- http:/Avww.bremer-online-service.de
online-service
Slovenia: eUprava http://e-gov.gov.si/e-

upravalindex.html
Rest of theworld
Canada: Government of Canada ca
Singapore: eCitizen hitp:/fwww_€citizen.gov.sg
Hong Kong: Government Services http:/www.info.gov.hk/eindex.htm
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Life-Event Portals
Structure of Models

Qualitative models

for assessing

life-event portals

at three levels

'> Evaluation of
LE portals as
a whole

Structure of
life-event portal

A

> Evaluation of |
life-events

Al

> Evaluation of
e-services
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Life-Event Portals
Model for Assessment of E-Services

Attribute Description Attibute scale
E-service The el assessment of patular letroni servce  unacceptable ; acoeptabe: good:very goods sxcelent
Carty of e Senvice Level of e-service clarity scequate ;paty adeauai: adauste
P o
"ot vty Quality of information |nwequam  party adequate; weq\me
inf, Accessabilty Accessabilty ofinformation st party adequale siequat
nan ot Sukanl pary Sitabe; very sultable
Documents Assessment of document handiing Sutale ;party suitabe; sutabie; very sultable
Doc. Accessabllty  Accessabilty of documents related to e-service suitable ; partly suitable; sitable; very sutable
| inadequate ; partly adequate; adequate
tDwm\mm Download or printing of forms inadequate ; partly adequate; adequate
Send Docur :an be sent by e-mail inadequate ; partl adequate; adequate
Interaction Interactive document handiing inadequate ; partly adequate; adequate
Ineractve Forms. ntracive oving foms acequate ; partly adequate; adequate
nts can be attached t interactive forms Inadedate | perty adecai: adcuste
sutrentiston Authentication of e-documents Inadequate;paty adecae; adqua
Additional Features. Adtonal fetaures ] suiable ; partly sutabl; very Suttable
Notify inadequat

EE—nayemem o s gt inadequate : partly adequate; et
£ Gelivering & senices sl aredaveredcecronicaly inadequate : partly adequate; adequate
E-service Type Type of e-s ‘vital; additional
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Life-Event Portals
Model for Assessment of Life-Events

Atribute Description Atribute scale
Life-event “The final assessment of lfe-event (LE) Gnaccen
Maturity Level of fe-event maturity unacceptabl go
E  acceptable; good: very good; excellent
cope of LE Howwell LE I covered wih servces inadequate ; partly adequate; adequate
Vital Scope How well LE is covered with vital ser inadequate ; partly adequate; adequate

-Additional Scope
E Coordination

Use

“Access to Services
-Access Instruments

How well LE is covered witt admnona\ serwces \r\aneqﬂafe partly adequate; adequate
Level of services' coordination within LE
Elements of LE usage

ss to services within particular LE
Intstruments to access e-services within LE

Key Steps List and description of key-steps within LE inadequate ; partly adequate; adequate
Check List Check list inadequate ; partly adequate; adequate
FAQ Frequently asked questions inadequate ; partly adequate; adequate
-guide Inteligent eectiont guide trough ife-event _ nadequate  party adequate; adequate

tandarisaion of Sences Level of senices”desin standardisaion witin L nadeauate; party adequate; adequate
LE Clarity

tow clear LE is presented to the user iadequate ; partly adequate; adequate

dispersed ; one-eniry point ; step-by-step; one-step
unsuitable " parly suitable; suitable; very Suitable
unsultable ; party suitable; suitable; very suitable
unsuitable ; partly sultable; sultable; very suitable

Marko Bohaneo




Life-Event Portals
Model for Assessment of Portals

Attribute Description Atribute scale
Portal “The final assessment of fe-event portal (LEP) unacceptable ; acceptable; good; very good; excellent
Handling of LE The way in which life-events (LE) are handled unacceptable ; acceptable; good; very good; excellent
Scope of LEP Level of covering different problems inadequate ; partly adequate; adequate
[LE Scope How well LEP is covered with life-events inadequate ; partly adequate; adequate
“Topics Scape How well LEP is covered with topics inadequate ; partly adequate; adequate
Use of LEP Different elements of LE portal usage unsitable ; partly suitable; suitable; very suitable
Access to LE Different instruments leading to particular LE on portal unsitable ; partly suitable; suitable; very suitable
List of LE List of lite-events inadequate ; partly adequate; adequate
Emerarchy of Topics LE is identfied through the hierarchy of topics inadequate ; partly adequate; adequate

Search Engine _ Search engine is offered to find a particular LE
andardisation of LE - Level of LE design standardisation on portal

inadequate ; partly adequate; adequate
inadequate ; partly adequate; adequate
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Life-Event Portals
Assessment of Portals in 2002/2003

taly
Spain ]

France
Hong Kong I
Singapore |
Canada |

Bremen
Rheinland-Plaiz Lotse =
Austia |

Ireland |

Great Biltain |
Slovenia

0 1 2 3 4 5

0 August 2002 @ June 2003
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ECOGEN
Soil ecological and economic evaluation of genetically modified crops
QLK5-CT-2002-01666 2003-2006 http://www.ecogen.dk/

)\ ; :

i Sustainable Infroduction of

4‘ Genetically Modified Crops
into European Agriculture

SIGMEA ~ Sfem=a
Sustainable introduction of genetically modified crops into European agriculture
EP6-SSP1-2002-502981 2004-2006 http://sigmea.dyndns.org/
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ECOGEN and SIGMEA Models

Evaluating cropping systems in terms of ecology, coexistence and economy

ECOLOGY COEXISTENCE

T T T

OUTPUTS

MODEL

multi-attribute model

i)
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ECOGEN and SIGMEA Models

1. “Grignon” model
Economic and ecological assessment of GM maize
cropping systems
2. ESQI: ECOGEN Soil Quality Model
Assessing the impact of cropping systems on soil quality
3. SMAC Advisor: SIGMEA Maize Coexistence
Decision support software
Assessing maize coexistence
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“Grignon” Model
Model Output: Topmost Levels

oreennouse]
gasses

product.
value.

price

Variable
costs

material
costs
machsfuel
costs

il
biodiversity

[chemmeat | |[physical

stress

ndirect <ol
o, fertization

[

herbivores

parasitoids
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“Grig

non” Model

Model Input: Cropping System

crop Drevious Soi Soil weed Dest reguiatory
sub-type ‘ crop ‘ ‘ depth ‘ ‘ drainage cimate | | farmiype (| orope profile
CONTEXT,
Soi biological | [ chemical | [ water weed pest isease
tilage | | fertiz. use | | fertiz. use | | managmt control | | conwrol || control
CROP MANAGEMENT CROP PROTECTION
potental yield technical Consumer
yield strategy | | properties | | MPUTY T perc.qual,
YIELD
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“Grignon” Model

Intermediate Levels: ‘State’ and ‘Use’

crop wamGemENT

pest
et

o
doptn
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<
>

“Grignon” Model
Ecology Part

CROP MANAGEMENT

contol
CROP PROTECTION

“Grignon” Model
Economy Part
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Vel
stategy.

‘CROP MANAGEMENT
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“Grignon” Model
Some Results

Foulum (all
variable_costs.

product_value soil_biodiversity

greenhouse_gasses biodiversity
water_quality

Narbons ¢
variable_costs

product_value soil_biodiversity

greenhouse_gasses biodiversiy

water_quality

Varois (all)
variable_costs.

product_value soil_tiodiversity

greenhouse_gasses biodiversity

water_quality

Narbons Bt
variable_costs

product_value soil_biodiversity

greenhouse_gasses biodiversity

water_quality
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Soil Quality Model

Structure

ol
dversiy.

Bacioral Collembala]
dversiy richness

Anedic
richness

Gites
biomass

Fnedic
biomass
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Soil Quality Model
Assessment of ECOGEN Data

Foutum ¢ me 2003 « All the options have the same soil quality

Plant growah

value of 3

The use of Bt-maize in Foulum positively
effects Soil functioning (with ploughing)
and Soil diversity (when using minimum

filage)

* Minimum tillage positively affects
Nematodes richness, Detritivorous
mesofauna and Protozoa biomass,
leading to better Activity

Bt-maize reduces Protozoa biomass, but

improves Comminution due to Anecic
e earthworm biomass

At Varois and Narbons, Bt-maize reduced
many faunal populations without affecting
the higher level outcomes of Soil

functioning, diversity or quality
Mk Bchanec

Soil Quality Model
ESQI \L!e Page

B o G e B B B G
@ EsQl 1 o EsQl q

€COGEN €cocEn
ECOGEN Soil Quality Index

ECOGEN Soil Quality Index

" ) o
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http://ai.ijs.si/MarkoBohanec/ESQVESQLphp

SMAC Advisor

Decision Problem

Problem:
Can GM maize be grown in coexistence with plants on other
fields?

Criterion:

Fields

Genetic interference (Adventitious Presence)
Typical target AP: 0.9 %
Factors:

pollen flow, volunteers, feral plants, mixing during harvesting,
transport, storage and processing, human error, accidents, ...
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SMAC Advisor

Decision support software that assesses the achievable AP given:

« relation between fields: distance, relative size, wind direction, etc.

* type and characteristics of used seeds

* environmental characteristics (e.g., background GM pollen
pressure),

* use of machinery (e.g., sharing with other farmers)

¢ target AP

... and gives recommendations:

® farming allowed

® farming disallowed

® assess risks (coexistence is possibly achievable)

® assess additional measures (coexistence achievable by small
changes)
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SMAC Advisor Architecture

SMAC Advisor Wizard
User Interface

/ Co-Existence

/ Multi-Attribute DEXi Model

MAPOD
Results
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SMAC Advisor Level 2;: DEXi Model

Qualitative Multi-Attribute Model

[smuaTioN

[own GM fetg and s context_]

felds. Lu ‘ Marko Bohaneo




SMAC Advisor Level 2: DEXi Model

SMAC Advisor Level 1: User Interface

5

Rules S T=TE) ion rules achievable_AP: =lofx| -
[s = X B % I uewshe 0 % B > Maize Co-Existence Advisor
| o i syl ﬂ _[evoss polngseeds _[1eponal prefmachiney _[achievable] f’ YT broioype Version 001 Alpha
o - T N T LS
Do 02 et 509 I R N D e D
e 1] o0 s o0 =
8| <sm 05 shot 09 i (] 0 005 o1 03 Desciplion ’
n T T o o os s o7
Ilsn 1 e 508 o o 01 o 03
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16[520m 05 none >0.8 Y [ [} s o 03 o ool M1
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[Rules: 72/72 (100,00%), determined: 100,00% [Rules: 360/360 (100,00%), determined: 100,00% Marko Bohanec:
SMAC Advisor Level 1: User Interface Summary
[SMAC Advisor x| .
. Maize Co-Existence Advisor 1 Loan Allocatlon
e Vs 1A 2. Evaluation/Selection of Projects
somA 3. Medicine: Risk Assessment
£eld 4. Evaluation/Selection of Locations
N T e e . 5. Advising in Sports
Reﬂwex\zemwu;[ﬁ\:; sms\?nszma he’é‘e[zua\; ,‘S‘F'\ 5> 6 Appllcatlon ranking (|n HOUSIng)
i e e me 7. Business partner selection (in Housing)
Wrddocen [ iomid - Pletogos! oo 8. Assessmentr of Life-Event Portals
Wind speed T low W medum I~ high
Seedinpuiy (4] ¥ 0 Fe1 o3 Fos 508 Other areas:
Doseushae s wih s gt « evaluation of technology (cars, computers,
EOETORELEER | software, Web pages and services, ...)
It e Tt RIS 07 « evaluation of investment proposals, tenders
@ | e | | - production portfolio evaluation
» performance evaluation of companies
» personnel management
Merko Bohanec
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