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 The ELECCALC system (Kiss et al., 1994) has been developed to estimate 
indirectly the parameters of the ELECTRE II method. The process is based on 
the DM’s responses to questions of the system regarding his/her global 
preferences.

 Mousseau and Slowinski (1998) propose an interactive aggregation-
disaggregation approach that infers ELECTRE TRI parameters simultaneously 
starting from assignment examples. In this approach, the determination of the 
parameters’ values (except the veto thresholds) that best restore the 
assignment examples is formulated through a nonlinear optimization program.

 Mousseau et al. (2000a; 2000b) consider the subproblem of the determination 
of the weights only of ELECTRE TRI, assuming that the thresholds and category 
limits have been fixed. This leads to formulate a linear program (rather than 
nonlinear in the global inference model). Through experimental analysis, they 
show that this approach is able to infer weights that restore in a stable way the 
assignment examples and it is also able to identify possible inconsistencies in 
these assignment examples.
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 Doumpos and Zopounidis (2002) use linear programming formulations in order to 
estimate all the parameters of the outranking relation classification model. 
However, in this approach, the parameters are estimated sequentially rather than 
through a global inference process. Thus, the proposed methodology does not 
specify the optimal parameters of the outranking relation (i.e. the ones that lead to 
a global minimum of the classification error). Therefore, the results of this approach 
(“reasonable” specification of the parameters) serve rather as a basis for a thorough 
decision-aid process.

 The problem of robustness and sensitivity analysis, through the extension of the 
previous research efforts is discussed by Dias et al. (2002). They consider the case 
where the DM can not provide exact values for the parameters of the ELECTRE TRI 
method, due to uncertain, imprecise or inaccurately determined information, as 
well as from lack of consensus among them. The proposed methodology combines 
the following approaches: (1) the first approach infers the value of parameters from 
assignment examples provided by the DM, as an elicitation aid and (2) the second 
approach considers a set of constraints on the parameter values reflecting the 
imprecise information that the DM is able to provide.
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 In order to represent interaction among criteria, some specific formulations of the 
utility functions expressed in terms of fuzzy integrals have been proposed 
(Murofushi and Sugeno, 1989; Grabisch, 1996; Marichal and Roubens, 2000). In this 
context, Angilella et al. (2003) propose a methodology that allows including 
additional information such as an interaction among criteria. The method aims at 
searching a utility function representing the DM’s preferences, while the resulting 
functional form is a specific fuzzy integral (Choquet integral). As a result, the 
obtained weights may be interpreted as the “importance” of coalitions of criteria, 
exploiting the potential interaction between criteria. The method can also provide 
the marginal utility functions relative to each one of the considered criteria, 
evaluated on a common scale, as a consequence of the implemented methodology.

 The general scheme of the disaggregation philosophy is also employed in other 
approaches, including rough sets (Pawlak, 1982; Slowinski, 1995; Dimitras, et al., 
1999; Zaras, 2000), machine learning (Quinlan, 1986) and neural networks
(Malakooti and Zhou, 1994; Stam et al., 1996). All these approaches are used to 
infer some form of decision model (a set of decision rules or a network) from given 
decision results involving assignment examples, ordinal or measurable judgments.
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 The MACBETH method (Measuring Attractiveness by a Categorical Based 
Evaluation Technique) by Bana e Costa and Vansnick (1994) infers a single value 
function from pairwise comparisons externalised from the DM on a single 
criterion in terms of criterion attractiveness. The same procedure is repeated 
for each criterion and, finally for the set of criteria in erder to infer the criteria 
weights. The overall evaluation model is an additive value model.

 UTAGMS (Greco, Mousseau, Slowinski, 2008) is a UTA-like method to infer all 
additive value functions compatible with a set of pairwise comparisons of 
reference actions. The method is intended to be used interactively, with an 
increasing reference set AR and a progressive statement of pairwise 
comparisons.

 GRIP method (Greco, Slowinski, Figueira, 2008) infers all additive value 
functions compatible with a set of pairwise comparisons of the actions (as in 
MACBETH) and preference intensities on pairs of actions.



A REAL WORLD APPLICATION 
JOB EVALUATION IN A GREEK TELECOMUNICATION COMPANY #1 
Spyridakos, A., Y. Siskos, D. Yannacopoulos and A. Skouris (2001), 

Multicriteria job evaluation for large organisations, 
European Journal of Operational Research, vol. 130, pp. 375-387.
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Disaggregating time series and forecasting
Angelopoulos, Psarras, Siskos (2018)

 Introduction of an original robust multicriteria
forecasting approach; 

 Examination of the relationship between electricity 
demand time series and several multiple criteria;

 Implementation of post-optimality analysis and 
robustness control of the applied forecasting model;

Application of the model for long-term electricity 
demand forecasting in Greece.

Main Research Objectives



Notation

Time series variable

Number of criteria

Value of the ith criterion (i=1,2,…,n)

Number of levels of the ith criterion values

Value function of Y

Value of the ym level

Marginal value function of Xi

Time horizon 



Methodology

 Inspired from the study of Kettani, Oral & Siskos (1998)

Classic Model (1/3)

and

Where σ+ and σ- constitute the overestimation and the
underestimation errors, respectively.

The ordinal regression equation is formed as follows:

The first disaggregation model is given below: 



Methodology

Classic Model (2/3)
The classic time series disaggregation model is inferred by 
means of the following linear programming model:





Methodology

Value-based Model (2/4)
The value-based time series disaggregation model is inferred 
by means of the linear programming model given below:



Case Study
Long-term electricity demand 
forecasting in Greece

 Reduction of GDP by and 
increase of unemployment rate 
to 27.5% in 2013;

 Reduction of electricity demand 
by more than % from 2008 to 
2014.

Economic Crisis in Greece (2008 and beyond)
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Case Study
Long-term electricity demand 
forecasting in Greece
Forecasting Model Criteria

Criteria Measurement Unit Scale Sources
Economic criteria
Million € 

(at constant prices)
129,000 – 231,000 EL.STAT.

% 7.8% - 27.5% EUROSTAT

Demographic criterion
Persons 10,883,000 – 11,397,000 OECD

Weather-related criteria
Days 1,650 – 2,050 HNMS

Days 240 - 420 HNMS

Energy-related criteria
€/kWh 0.076 – 0.178 OECD/IEA

€/107 kilocalories GCV 275 - 980 OECD/IEA

€/103 liters 325 – 1,270 OECD/IEA

Energy efficiency criterion
% 77 - 101 ODYSSEE-MURE



Case Study

Forecasting Model Versions
Model Description

Version A Economic, demographic, weather-related and energy-related criteria are 
taken into consideration. Use of GDP in constant prices.

Version B Economic, demographic, weather-related, energy-related and energy 
efficiency criteria are taken into consideration. Use of GDP in constant prices.

Version C Economic, demographic, weather-related and energy-related criteria are 
taken into consideration. 
Use of the Gross Value Added per sector of activity instead of the GDP.

Version D Economic, demographic, weather-related, energy-related and energy 
efficiency criteria are taken into consideration. 
Use of the Gross Value Added per sector of activity instead of the GDP.

Version E Robust post-optimality optimization version of Model D



Results

Forecasts (Period 2000-2015)
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Results

Statistical Errors (Period 2000-2015)

Indicator
Classic 
Model 

(Version A)

Classic 
Model (Version 

B)

Value-based 
Model (Version 

A)

Value-based 
Model (Version 

B)

Value-based 
Model 

(Version C)

Value-based 
Model 

(Version D)

Value-based 
Model 

(Version E)

MFE 3.88E+06 -1.58E+06 -3.97E+05 -2.22E+05 3.03E+05 2.86E+05 5.04E+05

MAE 7.28E+06 4.00E+06 1.09E+06 1.09E+06 8.71E+05 7.69E+05 8.53E+05

MPE 7.93% -3.11% -0.69% -0.34% 0.64% 0.63% 1.04%

MAPE 14.59% 7.83% 2.14% 2.13% 1.72% 1.54% 1.70%

RMSE 8.49E+06 5.74E+06 1.36E+06 1.23E+06 1.03E+06 9.53E+05 1.06E+06

r 62.9% 47.3% 96.2% 97.2% 96.8% 98.2% 97.5%



Results

Forecasts (Period 2016-2025)
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Results

Weights of the Model’s Criteria

Criterion Mean
Weight

Standard 
Deviation

Min 
Weight

Max 
Weight

16.3% 8.9% 1.6% 31.9%

13.2% 4.9% 3.3% 33.9%

10.2% 5.3% 1.6% 29.3%

9.4% 3.8% 1.6% 27.6%

8.2% 9.4% 1.6% 37.6%

5.6% 5.2% 1.6% 32.2%
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Conclusions

 The level of the national economic growth impose the greatest 
impact on electricity demand in Greece;

 Economic growth, energy prices and unemployment rate 
represent the main influential parameters of electricity 
demand evolution;

 Substantial more accurate forecasts are provided by the 
value-based forecasting model;

 Increased model stability is achieved via the value-based 
forecasting model with a total ASI equal to 81.1%;

 Constant increase of the electricity demand is expected 
during the upcoming years at the level of pre-crisis period 
(2008) by 2025.
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