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Qutline

» Method DEX

— Informal introduction
— Formal representation of DEX models
— Methods for development and exploitation of DEX models

e Software
* Applications
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What is DEX?

Decision Support, Multi-Attribute Modeling Methodology

Performance  Multi-Attribute

Alternatives variables Model

price

performance

N/

|
evaluation

analysis

quality
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What is DEX?

Multi-Criteria Decision Analysis Artificial Intelligence
 modeling using criteria and Expert Systems
utility functions e qualitative (symbolic) variables

"If-then" rules

decision model = knowledge base
handling imprecision and uncertainty
transparent models, explanation
Machine Learning

e problem decomposition and
structuring

e evaluation and analysis of
decision alternatives

Fuzzy sets
o verbal measures
o fuzzy operators
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Multiattribute Decisionmaking Using
a Fuzzy Heuristic Approach

JANET EFSTATHIOU aAnD VLADISLAV RAJKOVIC

Abstract—Multiattribute decisionmaking (DM) is treated as a
special kind of structured human problem solving. Emphasis is placed
on the use of the available knowledge about utilities, which is obtained
by combining beuristics and traditional aggregation methods. In this
way, the problem of partial utilities and their interdependence may be
solved. A fuzzy approach to DM is described, incorporating linguistic
variables, relations, and algorithms. It is summarized in a formal

model and illustrated by an example.
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PARENTS
DI D2 D3 D4 e
. . Urilit
Nature Perfortance Size Irice y
3.
BC, NON~sc good S cheap v~ high
" " " rcas. v high
“ " "
" " " dear low
5C, nLOD=ScC good med, smull cheap +“ high
" " reas. high
" " dear low
$C, non-se good med. Iarpe cnhe ap ned.
" " reas., med. low
" " " chedp low
3.
&c, noa=sc med. small cheap v~ high
" reas. high
" dear v low
6C, NIN-sc med, red. smal} cheap high
" " " reas, red, high
" " dear v low
$¢, NoON-sC red., med. large reas. low
s8¢, non-sc poor small reas. med, high
3
$C, NON-8C good, med, large cheap, v~ low
poor reas, dear




DEX

Method for qualitative multi-attribute modeling

DEX is similar to other multi-attribute methods:

1. Multiple attributes, hierarchically structured

2. Evaluation of alternatives: bottom-up aggregation

Some Car

CAR

_/\

TECH.CH.

/R

BUYING

SAFETY

COMFORT
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|

| |

|

| |
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DEX

Method for qualitative multi-attribute modeling

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

1. Attributes 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. Attributes are discrete, symbolic, qualitative
Attribute scales can be unordered (categorical),
but are typically preferentially ordered (increasing or decreasing)

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

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

low bad med unacc
Elementary decision rule: ;ﬁed good med g00d
if FUEL=med & SAFETY=good & COMFORT=med \
then TECH.CH.=good i\ \

FUEL SAFETY COMFORT | .

‘. ” > ”
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DEX Model: Formal Representation

Model: M= (X,S,D,F)
Attributes: X ={x1,%5, ..., X0}
Hierarchy: S:X - 2% descendants of X
sothat Vx € X:x & S*(x) no cycles
X1 X2
X3 X4 X5 X6
X7 xXg X9 X10
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DEX Model: Formal Representation

Model: M= (XS D,F)
Attributes: X ={x1,%5, ..., X0}
Hierarchy: S: X - 2% descendants of X
sothat Vx € X:x & S*(x) no cycles
X1 X2
X3 X4 Xs Xe aggregate attributes
x7 x8 xg xlo basic attributes - inpUtS
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DEX Model: Formal Representation

Model: M= (XS D,F)
Attributes: X ={x1,%5, ..., X0}
Hierarchy: S: X - 2% descendants of X
sothat Vx € X:x & S*(x) no cycles
X1 X2 outputs
X3 X4 Xs Xe aggregate attributes
x7 x8 X9 xlo basic attributes - inpUtS
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DEX Model: Formal Representation

Model: M= (XS D,F)
Value scales: D = {Dy,D,,...,D,,}
fori =1,2,..n:
X; € D;

D; = {v},v?, ., v}, d; > 1

| | . o
Foranincreasing D;: v/ <; v/™",j=1.2,..,d; — 1

For a decreasing D;: v{'“ <i vg',j =1,2,..,d; —1

Each D; is partitioned into B;, N;, G; so that
Di =BiUN,;UG[-andB,; < N[' < Gi
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DEX Model: Formal Representation

Model: M= (X,S,D,F)
Utility (aggregation) functions:
F = {F;|x; is aggregate}

Fi: Xsesep— Ei, total s1 || sy S
Possible formulations of E;:
“‘Basic”: E; = D;

if SAFETY=good & COMFORT=med then TECH.=good
“Practical™: E; = interval over D;

if SAFETY=good & COMFORT=good then TECH=[good,exc] (or 2good)

‘Extended™  E; = distribution over D; (probabilistic, fuzzy)
if SAFETY=good & COMFORT=med then TECH=(good/0.7; exc/0.3)
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DEX Method: Dynamic Aspects

Creation X3 7

How to:

Obtain model and its
components?

Verify model and its
components (e.g. for
completeness and
consistency)?

Deal with uncertainty?
Ensure transparency,
comprehensibility?
Support model
dynamics?

Rttt BARCELONA 2014

13th-18th July

Usage

How to:

Obtain and represent
data about alternatives?
Deal with incomplete,
uncertain data?

Explain and justify
results?

Validate results?

Carry out the analyses?
Which analyses?
Assess the quality of
decision?
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D — DEXi:

Program for Multi-Attribute Decision Making http://kt.ijs.sil/MarkoBohanec/dexi.html

Functionality:

 creation and editing of qualitative DEX models:
— model structure
— decision tables

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

- s — al
« tabular and graphlcal reports P . LUIEA- &S
Pagelll <= == -l B =] B v
== DEXi - [CAR [Car. \ 7 \ / a - DEXi Cardx 9714
&5 File Edit Window Hel _= u & File Edit Analysis Window Hel I -
& File Edit Window Help # fonece =] % % 'EU:: % bl Edit Analysis Window *:‘p Plus-Minus-1 analysis
- . =]
'D = & lprice [rEcH.can|car | 0 E Attribute 1 Car2 _ +1 [
{4 Model | < gpﬁonsl = Eva!uaﬁcn' = Cha[tsl bad unacc i CAR SUY PRICE 909‘5
.................... - TTere . unace oedium exc
E C-AR o accd unace &b Model | %72 options valuaton | i1 | AINT PRICE uhace medim ove
(- PRICE Name [CAR go0 unacc y - PERS more
(-4 BUY.PRICE ® | I exc unacc 2 1 ’I DOORS 4 !
4] MAINT.PRICE M Description bad unace [ | UGGAGE big ]
. C:;:‘:gﬁ [Quity of a car acc acc option _____lcarl . icarz AFETY unacc medium exc |
Eh q soems good good .CAR exc good 52
# = |r5cale exc exc e | - I} | G fl
. 4 #oooRs -PRICE  llow medium L —————
©q wwceace £ [+unacc)accigood;enc(+) - bad unacc ...BUY.PRICE |medum  medum
"4 saFETY acc good . MAINT.PRICE| o medium "._;3 Dreview o] [ |
< | ~Utiity function good exc __TECH.CHAR. |exc good i —
Y F  [Rules: 12/12 (100,00%), determinect 100,30% [unacc:,acei1,good:2,exc:3) exc exc __.COMFORT _|high high = - @ ] B =] &
H E o +-. . #PERS more more -
escription B I+
H |[Rules: 12712 (100,00%), determined: 100,00% [unaccefl| [§ ~==-¥200RS 14 4
| ... LUGGAGE _big big DEXi cemisras exet
L) el B2 m Cancel ... SAFETY high medium Chart =
s price Sur prce
Attributes: 10 (6 basic, 0 linked, 4 sggregate /|
| Attributes: 10 (6 basic, 0 linked, 4 aggregate) | Scales:10 | Functions:4 | Optiens: 2 ) é‘
Wt eRice v saree iR v sarer
comborT comfort
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http://kt.ijs.si/MarkoBohanec/dexi.html

DEX Method: Model Creation

" Craation >
X10

Obtaining attributes, their value scales and model structure:

— Expert modeling, ‘hand-crafting’,
following guidelines and ‘rules of thumb’

- x

&5 file Edit Window Help
@

& thions] Z Evaluation I H Chags]
‘Attribute

MName |CAR
4] BUY.PRICE Name |

- ed| MAINT.PRICE Description

EI" TECH.CHAR. |Quality of a car
- COMFORT
§q =pERs
. =pOORS =
] LUGGAGE 7 = |+unacc{—},‘acc,‘gaod,‘exc(+} ﬂ
L saFETY

Scale

Utility function

F |Rules: 12/12 {100,00%), determined: 100,00% [unacc:s,acc: 1,good: 2,exc: 3]

Desaription

Attributes: 10 (6 basic, 0 linked, 4 aggregate] | Scales10 | Functions: 4 | Options: 2

— Machine learning from data (methods: HINT, Model Revision)

@@ Institut
”Jozef Stefan”
® Ljubljana, Slovenija

pram et BARCELONA 2014

13th-18th July




DEX Method: Model Creation

Acquisition of decision tables and decision rules
- 2% Decision rules CAR N =2 X
— Active support

. =
- Three “StrategleS" PRICE __|TECH.cHAR|CAR i
1{hich bad nace .
o D|reCt :high acc unacc
. _high good unacc
* ‘Use scale orders’ (based on dominance) 7 T
+ ‘Use weights’ (based on attributes’ weights) Sjmedium __jacc <=good
_mechum good good
. . medium EXC exc
- Val |dat|0n : :Iow bad unacc
. i low acc good
« Consistency (based on dominance) on  lmod exc

low EXC ExC

° COmp|eteness (% determlned funCtlon V&'UES) Rules: 8/12 (66,67%), determined: 94,44% [unacc7,accl, good:3, exc:3

— Principle; o owe L= ] o=l

« ‘The user is always right’ (but warned if considered to be in error)

.:. Institut
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DEX Method: Model Creation

Transparency: Representation and visualization of decision rules

PRICE TECH.CHAR. CAR

60% 40% Aggregate

AN — 1 high * unacc  rules

|unacc ﬂ x H = I 2 * . bad unacc

PRICE |[TECH.cHar | car | 3 med!um acc acc

high bad = 4 medium  good good

hiah - 5 low acc good

high 6 >=medium exc exc

high 7 low >=good exc

medium bad

medium acc CAR

medium good
medium exc
low bad

low acc

[5lolo|]o|un]s|wlw|w

-
[

lowe good exc

3D point-by-point
graphic

low exc

—
5]

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

B oK | Cancel

unacc
low

good

TECH.CHAR.

[ L Institut
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DEX Method: Model Creation

Bridging the gap between qualitative and quantitative value functions

Principle

|price |tECH.CHAR |cAR |
1high bad unacc
acc
good
exC
bad

acc

T~ good

[ acc

unac
low

exc

medium
acc

TECH.CHAR. bahigh PRICE

pram et BARCELONA 2014

13th-18th July

. [ Use scale orders
Iunacc ;I K H x [¥ Use weights

Weights: CAR

Attribute 1] 50 100

Required Current

FRICE |— F a0 B0

TECH.CHAR. [ | 50 40

" down * ng  up

Mormalization
Sum100 | Max100 |

ok | eeow |
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DEX Method: Model Creation

X1
"~ Creation >

Handling changes of model structure and components:
— Adding, deleting, moving, connecting attributes and subtrees
— Adding, deleting, moving, joining attribute values

Principles:
— Preserve the available information as much as possible

— Perform operations ‘behind the scene’ (with due warnings)
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DEX Method: Model Creation

" Craation >

Handling changes of model structure and components:
— Adding, deleting, moving, connecting attributes and subtrees
— Adding, deleting, moving, joining attribute values

Example: delete attribute value ‘good’ of CAR

: [¥ Use
j s % [~ Use

|TECH.cHAR | cAR |TECH.CHAR | cAR

bad : _1hi bad :

acc _2|hi acc

good [ 3]hi good

HC _4 i X

bad 5| bad

9|

good 7] good

C _8] XC

bad 9]l bad

acc 10| acc

good | 11] good

2o
Rules: 10412 (83,33%), determined: 91,67% [unacc 6,2
B oK | Cancel @ oK |
- .:. Institut
”Jozef Stefan”
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DEX Method: Model Exploitation

Evaluation of alternatives:

— Bottom-up table lookup
— Principle: Use all available information (even when data or rules are incomplete)

— Handling uncertainty:
* interval/set values (25 pxi - AR P CaramT s

Missing data Missing decision table COMFORT

° probablllty dlSthbUthﬂ :‘{i File Edit Analysis Window Help = || & = :‘{i File Edit Analysis Window Help - X
R DS EB NEE B
¢ fuzzy dlStrIbUtlonS y Modell %% Options £ Evaluation lﬁ ChaLts] & ﬂodell <% Optons & Evaluation ]ﬁ Cha[tsl

@R 13 A« B@R A

|

Option Carl icar2

. CAR UNaccexc =

.. PRICE low medium
.. BUY.PRICE |medium medium

« « « MAINT.PRICE |low medium
.. TECH.CHAR. |bad;good;exc

«u« COMFORT
« .. BPERS more
« o u o« #DOORS 4
wu s« LUGGAGE big
... SAFETY high

Option Carl iCar2
. CAR exc unaccgood;exc

.. PRICE low medium

v« BUY.PRICE  |medium medium

w« «« MATNT.PRICE [low medium

.. TECH.CHAR. |exc bad;good;exc
...COMFORT |high high

»eux #PERS maore maore

. #FDOORS 4 4
v...LUGGAGE |big big

... SAFETY high *

- 1 F O R S et B ARCELON Attributes: 10 (6 basic, 0 linked, 4 aggregate) | Scales: 10

Attributes: 10 (6 basic, 0 linked, 4 aggregate) | Scales: 1



F O R S m

DEX Method: Model Exploitation

Page1/1 [75%] - (] @ Vs

Car.dxi 10.7.14

Analysis of alternatives:
—  “What-if analysis”

— “£1 analysis”

— Compare alternatives
— Selective explanation

TECH.CHAR.

Page 1/1 = -3 B |3 B & v

-

Car.dxi10.7.14

Comparison of options

DEXi Cardx 9714
Attribute Car1 . .
CAR exc Plus-Minus-1 analysis
PRICE low .
UY.PRICE medium Attribute -1 Car2 +1
MAINT PRICE low CAR good

TECH.CHAR. good ‘ BUY.PRICE unacc medium exc

AINT PRICE unacc medium exc

FCOMFORT  high

PERS more PERS more ]

DOORS 4 DOORS 4

UGGAGE big UGGAGE big |
SAFETY high medium AFETY unacc medium exc

i | 3

.....




DEX Milestones

Methodology Methodology Methodology
« initial development < integration » further improvement
Software Software Software
« DECMAK « DEX « DEXi
* “toolbag”  Vredana Education
First applications National applications International applications
« HW and SW  Housing Fund » Sol-Eu-Net
selection e Ministry Sci-Tech e agronomy, GMO
* personnel mgmt » Talent System » project evaluation
e nursery schools e industry « finance
 medicine Related
Related * model revision, proDEX
e HINT
%< DECMAK >< DEX >< DEXi >
I IR BN NN B SN B R BN BN R
\l\\\\\\\\\l\\\\\\\\\l\\\\\\\\\l\\
1980 1990 2000 2010
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*

Evaluation of R&D Projects

Overall project evaluation

Contents evaluation
¢ Evaluation of goals
¢ Evaluation of objectives
Feasibility evaluation
¢ Evaluation of external feasibility
e Evaluation of internal feasibility

Evaluation of goals
*

Direct benefits
¢ Development benefits

* Mastering of new technologies
o Ecological impacts
*  Employment impacts

e  Employment generation

e Impact on employment structure

*  Economic benefits
¢ Impact on marketing

e  Opening of new markets
e Anticipated share of export
e |mpact on decreasing imports

o Anticipated profit

e Decrease of energy or raw materials

® Indirect social benefits
¢ |evel of social benefits
®  Area of influence
®  Field of influence

¢ Impact on restructuring of the economy

¢ Importance for state defense

¢  Conformity with the development strategy of RS

5_

4f

CONTENTS 3

pram et BARCELONA 2014
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1 2 3 4 5
FEASIBILITY
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Medicine:
Breast Cancer Risk Assessment

Hormonal
circumstances

Menstrual
cycle

Fertility

Fertility
duration

Age

Reg. and

~|stab. of men.

First delivery

# deliveries

Oral
contracept.

pram et BARCELONA 2014
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RISK

Personal
characteristics

Other

Quetel's
index

Cancerog.
exposure

Demograph.
circumstance

Family
history

Physical
factors

Menopause

[y

Chemical
factors

Bohanec, M., Zupan, B., Rajkovi¢, V.: Applications of qualitative
multi-attribute decision models in health care, International Journal
of Medical Informatics 58-59, 191-205, 2000.
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“Grignon” Model: Ecology Part k¢

SIGMWMZA
ECOLOGY
water greenhouse _ §0|I _ biodiversity
quality gasses biodiversity
runoff undergrnd indirect chemical soil physical : .
water water N:O cO: CO, disturbance| | fertilization stress pollinators predators e
solil nutrition pesticide fertilizer fuel _cllmatlc _physn:al e veEs
state state use use use disturbance| [disturbance
weed
biomass
herbicide insecticide fungicide
use use use
weed ctrl.
applications
\ \ \ AL/
farm type el aliEE wegd 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.
Ecological Modelling 215, 247-261, 2008.
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Ecological Indicators 3 ' 'ﬁ
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Assessing innovative cropping systems with DEXiPM, a qualitative multi-criteria
assessment tool derived from DEXi

Elise Pelzer2b-¢.* Gabriele Fortino?, Christian Bockstallerd-¢, Frédérique Angevin?,
Claire Lamine?, Camilla Moonen', Vasileios Vasileiadis#, Daniel Guérin?, Laurence Guichard ™,
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Keywords:

Cropping system

Integrated pest management
Sustainability assessment

Ex ante

Qualitative Multi-Attribute Decision
Models

DEXi

ABSTRACT

Modern intensive agriculture has to face the challenge of feeding the world's growing population while
reducing its environmental impacts. Assessing in an ex ante way the sustainability of innovative cropping)
systems will increase the efficiency of the innovation process. To this aim, DEXiPM (DEXi Pest Man-
agement) has been developed for ex ante assessment of the sustainability of arable cropping systems,
particularly integrated crop management systems with a limited use of pesticides. It has 75 basic indi-
cators describing the cropping system and the context of the assessment, and 86 aggregated indicators,
assessing the usual three dimensions of sustainability in terms of social, environmental and economic
issues. DEXiPM was implemented to assess and compare current and innovative winter crop- and maize-
based cropping systems for a French region. The evaluation results showed that innovative croppin
systems with a limited use of pesticides can have a better overall sustainability, despite the fact thaﬂ
some of the indicators can be negatively impacted. DEXiPM is a relevant tool to evaluate the sustainabil-
ity of actual cropping systems, to diagnose their strong and weak points and, on this basis, to encourage
dLS'L'LlSSIDHE durmg the design of innovative cropping systems that will af[erwa rds be te5l:ed in ﬁelds The
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Traffic Control Center

message

Expert-developed incident
decision models | detection Alarm

4 notification
monitoring & complex
analysis states
\ariable message
Sensor processing Traffic visualization message signs
——  sifuation ————— —_—
data states /\

Omercevi¢, D., Zupanci¢, 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.
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Assessment of Reputation Risk in Banks

filflﬁliiﬁ FP7ICT Large scale information extraction and integration

2010-2013 Infrastructure for supporting financial decision making

Bohanec, M., Aprile, G., Costante, M., Foti, M., Trdin, N..

A hierarchical multi-attribute model for bank reputational risk assessment.

DSS 2.0 - Supporting Decision Making with New Technologies (eds. Phillips-Wren, G., et al.),
Amsterdam: |0S Press, 92-103, 2014.

COUNTERPART >

PRODUCT —>

Qualitative
DEXi model

CIR|1

CUSTOMER >

Basic data processing

Aggregation

RI

oo — Customer
— Product

— Counterpart
— Bank

RVp [60%] RI: Reputation Index
RVp: Relative product volumes

RN;: Relative product numbers

V

RNp [40%]
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DEX: Experience

 Suitable problems:
— sorting/classification problems
— difficult problems (many attributes and/or many alternatives)
— problems that require human judgment, analysis, justification and explanation
— problems with prevailing qualitative (rather than quantitative) indicators
— finding solutions requires expert knowledge (decision rules)
— uncertainty (incomplete knowledge, imprecise or missing data)

 Characteristics:
— relatively simple and fast development of models

— qualitative models are less precise/discriminative than quantitative
— thus less suitable for choosing and ranking

 Trend: from decision to evaluation systems
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Summary

« DEX:
— Multi-Attribute decision modeling methodology
— A pioneering approach, combining multi-criteria decision modeling with rule-based
expert systems
« Contributions:
— Scientific, technical and practical
— Three generations of software: DECMAK, DEX, DEXIi
— Hundreds of real-life applications
o Status:
— 30+ years old, but alive: internationally recognized, actively used in new projects,
taught in schools, still developing

« Future:
— DEXi software: maintenance
— Development of new, extended, more powerful methodology
— Implementation on new architectures (software library; java, Web, mobile)
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Thank you for your attention
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