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Introduction
 Financial Markets

 Challenges: complex, non-linear, subject to different factors

 Market Practitioner tools:
 Discretionary trading vs Fundamental Analysis vs Technical Analysis

 Performance Evaluation:
 Artificial Stock Markets based on Multi-Agent Systems
 Backtesting

 Trading System:

 Main Purpose:
 Evaluation of two MultiCriteria Decision-Making Approaches
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Methodology

Trading System Details: MultiCriteria Decision-Making:

Michel C. R. Leles                      2nd Workshop of Artificial Intelligence                                                 
Applied to Finance (WAIAF 2019)

4



Methodology

Performance Metrics: Technical Trading Rules:
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 Individual Metrics:

Methodology

Michel C. R. Leles                      2nd Workshop of Artificial Intelligence                                                 
Applied to Finance (WAIAF 2019)

6



Methodology

Ensemble: TODIM:

Michel C. R. Leles                      2nd Workshop of Artificial Intelligence                                                 
Applied to Finance (WAIAF 2019)

7



Methodology
 TODIM: Similarities with MCDA, but difference in the premise:

vs
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Traditional economic theory:  each 
agent is similar and rational

MCDA - the decision maker always 
looks for some maximum value

TODIM: based on Prospect Theory

How people effectively make decisions in 
the face of risk 

Asymmetry: gains and losses



Methodology
 TODIM:

 Consider a set of n alternatives to be ordered in the presence of m
criteria (quantitative or qualitative) 

 For each one of the qualitative criteria c, the contribution of each 
alternative i (also known as Decision Matrix) is:

 Define a weighting satisfying ௜ e ௜
௠
௜ୀଵ .

 ௥௖ is the weight of criterion c divided by the the reference criterion.
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Methodology
 TODIM Algorithm:
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Methodology
1) Normalize the Decision Matrix:

2) Dominance of ௜ over ௝

3) Compute 

4) Choose the best alternative
by rank

 Remarks:
 The global multiattribute value 

function of TODIM then aggregates 
all measures of gains and losses 
over all criteria.

 Ranks from TODIM are linear, or 
strong, in a sense that it has no ties 
between the alternative solutions.
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Loss Mitigation Factor



Results & Discussion
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 Experimental Setup:
 TODIM vs Ensemble:

 TODIM: effect

 Time-Series from the Brazilian Stock Market: 
 Different economic sectors:2002 to 2017;  
 2002 to 2006  first training window.



Results & Discussion

Trading System Simulation:

Iterative Process
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Time-Series Evolution

Walk Forward:



 Comparison: TODIM vs Ensemble:

Results & Discussion
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Results & Discussion
 Comparison: TODIM vs Ensemble:

 All Metrics vs Risk-Adjusted vs Profit-Based
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 Parameter : Sensitiviness Analysis

Results & Discussion
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 Parameter : Sensitiviness Analysis

Results & Discussion
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Final Remarks
 Trading System  Decision-Making Process

 Evaluation of two MultiCriteria Decision-Making Approaches
 TODIM vs Ensemble

 In the presented simulations TODIM outperforms the Ensemble

 Effect of TODIM parameters:
 Wheights: ௜

 Loss Mitigation Factor: 

 Promising preliminary results... 
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Future Works
 Use of different:

 Technical Trading Rules and/or Performance Metrics

 Artificial Intelligence for parameter setting:
 Adaptive parameters (in each iteration)

 Window data size changing in training/validation datasets
 Structural Break Detection in Time Series 

 Inclusion and Discussion of:
 Transactions Cost; Fundamentalist Data; ...
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Encerramento

WAIAF 2019

Obrigado!

Contato: mleles@ufsj.edu.br
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