
Qualitative multi-attribute decision method 
DEX: 

Theory and practice 

Marko Bohanec, Nejc Trdin 
 

Jožef Stefan Institute, Department of Knowledge Technologies, Ljubljana, Slovenia 



Outline 

• Method DEX 
– Informal introduction 
– Formal representation of DEX models 
– Methods for development and exploitation of DEX models 

• Software 
• Applications 
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What is DEX? 

DEX 
Multi-Criteria Decision Analysis 
• modeling using criteria and 

utility functions 
• problem decomposition and 

structuring 
• evaluation and analysis of 

decision alternatives 

Artificial Intelligence 
Expert Systems 
• qualitative (symbolic) variables 
• "if-then" rules  
• decision model = knowledge base 
• handling imprecision and uncertainty 
• transparent models, explanation 
Machine Learning 

Fuzzy sets 
• verbal measures 
• fuzzy operators 





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 
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Some Car 



DEX 
Method for qualitative multi-attribute modeling 
DEX is different from the majority of multi-attribute methods: 

1. Attributes are discrete, symbolic, qualitative 
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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) 
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COMFORT SAFETY MAINT BUYING FUEL 

BUYING ∈ {high, medium, low} 
 
 

FUEL ∈ {low, medium, high} 
 

TECH.CH. ∈ {bad, acc, good, exc} 
 
 
 



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 

TECH.CH. PRICE 

COMFORT SAFETY 

MAINT BUYING 

FUEL 

FUEL SAFETY COMFORT TECH.CH. 
high good exc unacc 

low bad med unacc 
... ... ... ... 

med good med good Elementary decision rule: 
if FUEL=med & SAFETY=good & COMFORT=med 
then TECH.CH.=good 
 
 

 



DEX Model: Formal Representation 



DEX Model: Formal Representation 

basic attributes - inputs 

aggregate attributes 



DEX Model: Formal Representation 

basic attributes - inputs 

aggregate attributes 

outputs 



DEX Model: Formal Representation 



DEX Model: Formal Representation 



DEX Method: Dynamic Aspects 

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? 

Creation 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? 



DEXi: 
Program for Multi-Attribute Decision Making 

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 
• tabular and graphical reports 

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

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


DEX Method: Model Creation 

Obtaining attributes, their value scales and model structure: 
– Expert modeling, ‘hand-crafting’, 

following guidelines and ‘rules of thumb’ 
 
 
 
 
 
 
 

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

Creation



DEX Method: Model Creation 

Acquisition of decision tables and decision rules 
– Active support 
– Three “strategies”: 

• Direct 
• ‘Use scale orders’ (based on dominance) 
• ‘Use weights’ (based on attributes’ weights) 

– Validation: 
• Consistency (based on dominance) 
• Completeness (% determined function values) 

– Principle: 
• ‘The user is always right’ (but warned if considered to be in error) 

 

Creation



DEX Method: Model Creation 

Transparency: Representation and visualization of decision rules 

Creation

CAR

PRICE                    

low          

medium          

high          

unacc   

acc   

good   

exc   

          TECH.CHAR.

   bad

   acc

   good

   exc

  
  
  PRICE TECH.CHAR. CAR
  60% 40%  
 1 high * unacc
2 * bad unacc
3 medium acc acc
4 medium good good
5 low acc good
6 >=medium exc exc
7 low >=good exc
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3D point-by-point 
graphic 



DEX Method: Model Creation 

Bridging the gap between qualitative and quantitative value functions 

Creation
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DEX Method: Model 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) 
 

Creation



DEX Method: Model Creation 

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 
 
 

Creation



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 
• probability distribution 
• fuzzy distributions 

 
 

Usage

Missing data Missing decision table COMFORT 



DEX Method: Model Exploitation 

Analysis of alternatives: 
– “What-if analysis” 
– “±1 analysis” 
– Compare alternatives 
– Selective explanation 

Usage



DEX Milestones 

 
                                  

1980 2000 1990 2010 

DECMAK 

Methodology 
• further improvement 
Software 
• DEXi 
Education 
International applications 
• Sol-Eu-Net 
• agronomy, GMO 
• project evaluation 
• finance 
Related 
• model revision, proDEX 

DEX DEXi 

Methodology 
• initial development 
Software 
• DECMAK 
• “toolbag” 
First applications 
• HW and SW 

selection 
• personnel mgmt 
• nursery schools 

Methodology 
• integration 
Software 
• DEX 
• Vredana 
National applications 
• Housing Fund 
• Ministry Sci-Tech 
• Talent System 
• industry 
• medicine 
Related 
• HINT 



Evaluation of R&D Projects 



Medicine: 
Breast Cancer Risk Assessment 
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Bohanec, M., Zupan, B., Rajkovič, V.: Applications of qualitative 
multi-attribute decision models in health care, International Journal 
of Medical Informatics 58-59, 191-205, 2000.  



“Grignon” Model: Ecology Part 

Bohanec, M., Messéan, A., Scatasta, S., Angevin, F., Griffiths, B., Krogh, P.H., Žnidaršič, M., Džeroski, 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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Traffic Control Center 

Omerčević, D., Zupančič, 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.  



Assessment of Reputation Risk in Banks 
FP7 ICT  Large scale information extraction and integration  
2010-2013  infrastructure for supporting financial decision making  
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Qualitative 
DEXi model qRI1 

Aggregation 

RNP [40%] 

RVP [60%] 

→ Customer 
→ Product 
→ Counterpart 
→ Bank 

RI 

COUNTERPART 

bank data 

RI: Reputation Index 
RVP: Relative product volumes 
RNP: Relative product numbers 

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: IOS Press, 92-103, 2014.  



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 



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, DEXi 
– Hundreds of real-life applications 

• 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) 

 



Thank you for your attention 


	Qualitative multi-attribute decision method DEX:�Theory and practice
	Outline
	What is DEX?
	What is DEX?
	Slide Number 5
	DEX
	DEX
	DEX
	DEX
	DEX Model: Formal Representation
	DEX Model: Formal Representation
	DEX Model: Formal Representation
	DEX Model: Formal Representation
	DEX Model: Formal Representation
	DEX Method: Dynamic Aspects
	DEXi:�Program for Multi-Attribute Decision Making
	DEX Method: Model Creation
	DEX Method: Model Creation
	DEX Method: Model Creation
	DEX Method: Model Creation
	DEX Method: Model Creation
	DEX Method: Model Creation
	DEX Method: Model Exploitation
	DEX Method: Model Exploitation
	DEX Milestones
	Evaluation of R&D Projects
	Medicine:�Breast Cancer Risk Assessment
	“Grignon” Model: Ecology Part
	Slide Number 29
	Slide Number 30
	Assessment of Reputation Risk in Banks
	DEX: Experience
	Summary
	Slide Number 34

