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OUTLINE

* Applications

» Other disaggregation approaches and new
trends

» A real world application: Job Evaluation
* Disaggregating time series and forecasting



APPLICATIONS #1

Field Scope Reference
Financial Venture capital Siskos and Zopounidis (1987)
management  evaluation
Portfolio selection and ~ Hurson and Zopoumdis (1997)
management Zopoumdis et al. (1999)
Business failure Zopoumdis (1987)
prediction Zopoumdis and Doumpos (1999)

Business financing

Country risk
qssessment

Siskos et al. (1994)

Zopoumdis et al. (1996)
Zopoumdis and Doumpos (1998)
Cosset et al. (1992)

Oral et al. (1992)

Zopoumdis et al. (2000)




APPLICATIONS #2

Marketing

Marketing of new
products

Spiliop oulos (1 QS:F_‘]

Marketing of
agricultural products

Consumer behavior

Customer satisfaction

Sales strategy problems

Baourakis et al. (1993)

Siskos and Matsatsinis (1993)
Baourakis et al. (1996)
Matsatsinis et al. (1999, 2000)
Siskos et al. (2001)
Matsatsinis and Siskos (2001)
Matsatsinis and Siskos (2003)
Siskos et al. (1995a)

Siskos et al. (1995b)
Baourakis et al. (1995)
Manouselis and Matsatsinis (2001)
Matsatsinis (2002)
Grigoroudis et al. (1999)
Mihelis et al. (2001)

Siskos et al. (2001)

Siskos and Grigoroudis (2002)
Grigoroudis et al. (2002)
Grigoroudis and Siskos (2003)
Sandalidou et al. (2003)
Richard (1983)

Siskos (1986)



APPLICATIONS #3

Management  Project evaluation

(general)

Environmental
management

Job evaluation

Jacquet-Lagreze (1995)

Beuthe et al. (2000)

Siskos and Assimakopoulos (1989)
Hatzinakos et al. (1991)
Diakoulaki et al. (1999)
Spyridakos et al. (2000)
Gonzalez-Araya et al. (2002)




OTHER DISAGGREGATION METHODS AND
TRENDS #1

* The ELECCALC system (Kiss et al., 1994) has been developed to estimate
indirectly the parameters of the ELECTRE Il 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.



OTHER DISAGGREGATION METHODS AND
TRENDS #2

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.



OTHER DISAGGREGATION METHODS AND
TRENDS #3

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.



OTHER DISAGGREGATION METHODS AND
TRENDS #4

» 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.

e UTASMS (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 A; 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. |30, pp. 375-387.

The Evaluation of the Managerial Positions of a large Greek
organization

a) The organization was under a re-engineering process.

b) The organization used to monopolize the products and
services offered.

c) The organization was recently inserted to the Greek Stock
Market

d) Recently, the organization was inserted into other neighbor
countries

e) For the job evaluation a special committee of executives
(directors of the main departments of the head offices) was
established.

f) It was the first time that a job evaluation system was going to
be established and linked to the personnel’ reward system.



A REAL WORLD APPLICATION
JOB EVALUATION IN A GREEK TELECOMUNICATION
COMPANY #2

THE JOB EVALUATION PROCESS : SOME
EVIDENCES

Assessing a value system that encapsulates the importance of
the parameters reflecting the global responsibility and duties of
the jobs.

[t is a systematic process that enables the design and
establishment of human resources improvement procedures and

fair reward systems.

It is strictly related to the job and not to its holder.
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JOB EVALUATION IN A GREEK TELECOMUNICATION
COMPANY #3

[t has a positive influence to:

the establishment of a reward system that links the importance
of the job to the salary offered

the designation of human resources development requirements
in order to improve the effectiveness of the position operation.

the competence related to human resources management
which is oriented to the improvement of the production or the
services offered by exploiting the capacity that exists in a
person so as to join the job demands

the performance management which is based on the principles
of the management by contracts or agreements.



A REAL WORLD APPLICATION
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THE JOB EVALUATION PROCESS: SOME
PARTICULARITIES

The Evaluation is the duty of a committee composed of
~medium and high level executives and consultants.

There is a rather large number of conflicting factors which
influence the evaluation.

The direct job evaluation can’t be supported by a step by step
procedure.

There is a wide differentiation among jobs in relation to their
contribution to the results (productive and financial) of the
enterprises.

The organizations (public or private) operate in an unsettled
environment.
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ALTERNATIVE APPROACHES TO JOB EVALUATION
(Armstrong and Murlis, 1995; Neathey, 1994)

a) Ranking of the jobs according to the perception and their
relative sizes.

b) Classification of the jobs utilising a predetermined scale.

C) Comparison of the jobs with an internal benchmark one.

D) “Point Factor Rating” : The ranking of the jobs outcomes
from a simple Multiattribute additive value system.
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Job Evaluation

PROCESS OUTFUT
INPUT plneaain of Quantitativs and
Required Qualifications qualitative resuls |
and Skills
¢ Basic Knowledge
¢ Experiise
e Skills
s Experience | I B T—— —
Human Resources | | Contribution to Decision | | Multiplicity of the Responsibility Incamis - Dutcomes
Munagement Making projects * Qualitative Results | o Budget
o Sull ¢ Parlicipation to s Duties o Geographical Area| o  Incomes
» Knowledge level Committees «  [ntermal and *  Actions’ *  [xpenses
o Communication | |* Position in the External responsibility
hierarchy operational *  Perspectives
¢ Problem solving relations s Strategic role in
— ¢ Quantity and » Working development
importance of the environment aclivities
decrsions — {* Supporting of
| ather units
The criteria modelling

TTOAYKPITRPIAKO MNTEM ASIOAOTHEHS

AL (Bien Eoveg) = g RUHALL Bdtovws )



A REAL WORLD APPLICATION
JOB EVALUATION IN A GREEK TELECOMUNICATION
COMPANY #9

CRITERIA MODELLING

Three characteristics have been combined for the construction of the criterion
Required Qualifications and Skills.

I Knowledge - Fi ormal ;Em_q’:'gs

Levels Points (Grade,)
Higher (Secondary or technical 1
school)
Technological Degree
University Degree 4
Post Graduate Studies 3

2. Skills =men‘:'sr

Levels Points (Grade;)
Limited 1
Enough 2
Important 3
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3. Requi r |
_Levels Points (Grade3)
| Range of 5 Years I
| Range of 10 Years 2
| Range of 15 Years | 3

The evaluation of a working position v(p{g,)) is done using the following
formulae:

v(pi(gi)) = 2 X Grade, + Grade, + 2X Grade,

R ot ovberon ¢ L9 ,95"] 2 [5,21]



L=V
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Criterion 2: Human Resgurces Management

This criterion combines “ the number of subordinates™, “Knowledge level of
the subordinates™ and “Degree of communication between the director and the

subordinates”.

1: Limited

2: Rather Limited

:0-35 subordinates and frequent
communication or 1-100 staff and

limited communication

:35-70 subordinates and frequent
communication or 100-200 staff and
low communication

3: Medium 71-150 subordinates and frequent
communication or 200-400 staff and
least communication

4:lmportant | 150-400 subordinatcs and frequent

| communication or 400-700

subordinates and low communication

5:Very Important

=400 subordinates with frequent
communication and high qualification

or == T00 subordinates with least

CoOMmmuUNICAtIon

MCDA Summer School, Chania 27/07/2018
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Criterion 3; Contribu o Decision Making

A scale with five degrees is used in this criterion (1:Limited, 2:Medium, 3:
Rather high, 4: High, 5: Very High)

Panticipation to Limited Regularly Continuously and
Strongly
Required
Structured 1 2 3
|
Semi-structured 2 - 3 4
Unstructured 3 4 5
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Criterion 4: Multiplicity of the Projects

The evaluation of the working positions on this criterion is based on a cross
margin of the characteristics “Quantity of duties and projects” and *
differentiation of the projects” . A scale consisted of five degrees is used. The
evaluation rules are presented in the following table:

:if'fer-:ntiati-i; of -Iimitad to Small Important
projects
Quantity of projects
Small | - -
medium 2 4 1
Large J_ 3 5
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Crite 5: Res

I: Limited No strategic planning, No crucial actions,

narrow geographical area, limited financial

results
2: Medium (*) o
3: Rather high (*)
:high | )
5:Very high Strategic role, Crucial actions, Wide area, Wide

| support of other departments, Quite high

Financial results
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Criterion 6: Incomes - Outcomes

A qualitative scale with five degrees was also used in this criterion because of
the plurality of the different economical accounts that were used by the
working positions (Expenses, Incomes, Budget, etc.). The evaluation of the
working position was done by the evaluation commitiee supporied by the
decision analysts.

MCDA Summer School, Chania 27/07/2018 26
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Required Qualifications and Skills
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Budget Handling and Financial Results
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Contribution to Decision Making
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CRITERIA® WEIGHTS
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FINAL EVALUATION MODEL
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1 NEPIFPA®H | DAIKH XPHEIMOTHTA [KATATASH
"AAMEPIIMA KOZANHE ! 0179552 52
AIAMEPIEMA TPI TPIWHH 0, 1'-"9&‘& 52
AAMEPIEMA XAAKIAIKHE 0,1 1736455, 53
AAMESMA DRIOTIAAT 0,1711285 54|
TNANEDIEMA APKAMAT 0, 1A4955 55,
WAAREPIEMA APAMAT 0, 162601 5] 5Ej
(AAMEPIEMA AEEBOY 0,155476 57
IAIAMEPIEMA MEAAAT 0,155476 3
[AANMEPIEMA NIEPIAL 0,156476 57
AAMEPIZMA KEPRYPAL 0.16206 58
AAMEPIEMA AATIDIOY 0,1467805) 594
LATAMEPIEMA HAEIAT 0,1409805 601
\MAMEPIZMA HMABIAL 0,1400885 &0]
AAMEPIIMA AITONIAT | 0,1227135) 81
mAMEHEI.m APTAZL 0,1227135] &1
mAMEszA KAPAITIAL 0,1227135 61
AIAMEPIIMA ZANGHY 0,1227135 61
!E.LMHIE PIEMA MPEBEZAT 0,1227135 61
AIAMEPIIMA TAMOY | 0,1227135 81
AIAMEPIIMA XI0Y 0,1227135 &1
AAMEPIEMA PEOYMNOY 0,1227135 61
AMAMEPIEMA AAKONIAT 0,114291 A2
MAMEPIEMA KAZTOPIAL 0,1106755] 63
AIAMEPIIMA POAONHE 0,08415 54
(ATAMEPIEMA KEDAANHNIAT 0,0840835 65
AAMEFIZMA APTOTAPONIKOY 0,072112 68|
AAMEPIFMA ZAKYNOOY 0,072112 Ba|
AIAMEPITMA KIAKIL 0.072112 B4
AIAMEPITMA GAOPINAT 0,072112 865
AMAMEPIEMA TPEBENGON 0,051321 66
AIAMEPIEMA EYPYTANIAL 0,0127575 a7
AIAMEPIEIMA AEYKAAAT 00127575 87
IAMEPITMA SOKIAAT 0,0127575 67| 41
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CONCLUSIONS

¢ The job evaluation will be used for the establishment of
the new reward system:

Basic Salary
..+_

Bonus for the responsibility and importance of the position
-+

Bonus for the performance of the position

® The Disaggregation-Aggregation methodological approach
gives satisfactory results to the job evaluation problem.

e Intention for new job evaluation projects concerning the
25,000 positions and the subsidiary companies.
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Disaggregating time series and forecasting
Angelopoulos, Psarras, Siskos (2018)

Main Research Objectives

» |[ntroduction of an original robust multicriteria
forecasting approach;

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

» |mplementation of post-optimality analysis and
robustness control of the applied forecasting model;

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




Notation

Time series variable

Number of equidistant levels of scale of Y values
The mhlevel of Y (m=1,2.....a)

Number of criteria

Value of the it criterion (i=1,2,...,n)

Number of levels of the ith criterion values

The ki level of the it criterion (k=1,2....,a))

Value function of Y

Value of the y™ level

‘<

% * =3 =

i

Marginal value function of X;
Value of the xF level

Time horizon



Methodology

Classic Model (1/3)

® |nspired from the study of Kettani, Oral & Siskos (1998)

The first disaggregation model is given below:
Y=bo+ XL biX/

and
x*1=0,x%=1fori=12,..,n

The ordinal regression equation is formed as follows:
n

Y =b0+ZbiXi*—O'++O'_

Where o*‘ahd o constitute the overestimation and the
underestimation errors, respectively.




Methodology

Classic Model (2/3)

The classic time series disaggregation model is inferred by
means of thTe following linear programming model:

[min]F = }Z;(cf;r +0;)

under the following constraints
< n n

a;i—1 a;i—1
b +Z Z cg‘j Wi, —cfj+ to; =y; —Zyi Z cg‘j forj=1,2,..T
k=1 ' k=1

t=1 =1

+ — . .
Lbo,wi"l(,cfj ,00 =20 for Vik,j




Methodology
Value-based Model (1/4)

= |nspired from the studies of Grigoroudis and Siskes (2002, 2010

The form of the ordinal regression analysisequation is given below [b, = 0):
i i

The following consiraints hold:
y't =0and y'¥ =1

fl
The ordinal regression equation is formed as follows: ¥* = Z biX—at+a”
=1




Methodology

Value-based Model (2/4)

The value-based time series disaggregation model is inferred
by means of the linear programming model given below:

[min]F = Z:(O'jr +0;7)
=1

under the f ollowing constraints

ZZ i ZCZm

a—1 a;

n
Y ij—ZVLZCU for
k=1

m=1 =il




Case Study
Long-term electricity demand
forecasting in Greece

Economic Crisis in Greece (2008 and beyond)

sy =000 m Reduction of GDP by and
oo e 000 increase of unemployment rate
to 27.5% in 2013;

50.foo.000 / " = Reduction of electricity demand
45,000,000 175,000 by more than % from 2008 to
150.000 2014'

125.000 30%
100.000 25%

A O N D DO TH P DA QO NI D Mo

AT O O OO P PO P O LSS

S S S S S S -

—O—Electricity Consumption (MWh) —O— GDP (Constant prices 2010)
15%

10%

5%

0%
1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

—&@—Unemployment Rate



Case Study

Forecasting Model Criteria

Long-term electricity demand
forecasting in Greece

Criteria | Measurement Unit Scale Sources
Economic criteria
Gross Value Added per Economic Sector Million € 129,000 - 231,000 EL.STAT.
(g8 910-18) (at constant prices)
Unemploymentrate (go) % 7.8% - 27.5% EUROSTAT
Demographic criterion
Population (gg) Persons 10,883,000 - 11,397,000 OECD
Weather-related criteria
Heating Degree Days (g4) Days 1,650 - 2,050 HNMS
Cooling Degree Days (gs) Days 240 - 420 HNMS
Energy-related criteria
Electricity price (g1) €/kWh 0.076 —0.178 OECD/IEA
Natural Gas price (g;) €/107 kilocalories GCV 275 - 980 OECD/IEA
Light Fuel Oil price (g3) €/108 liters 325-1,270 OECD/IEA
Energy efficiency criterion
ODEX Indicator (g;) % 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)

70.000.000 58.000.000
65.000.000 56.000.000
60.000.000 54.000.000
55.000.000 52.000.000
50.000.000 50.000.000
45.000.000 48.000.000
40.000.000 46.000.000

44.000.000

.000.000

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 42.000.000

Actual —— Classic Model

Demand (Version A) §0.000.000
1998 2000 2002 2004 2006 2008 2010 2012 2014 2016
—@— Classic Model —— Value-based Model (Version A)
(Version B) Actual —e— Value-based Mobel (Version C)

—8—Value-based Model (Version A) —8—Value-based Mobel (Version D) —@— Value-based Mobel (Version E)



Results

Statistical Errors (Period 2000-2015)

Classic Classic Value-based | Value-based | Value-based | Value-based | Value-based
Indicator Model Model (Version|Model (Version|Model (Version Model Model Model
(Version A) B) A) B) (Version C) (Version D) (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)

70.000.000

65.000.000

60.000.000

55.000.000

50.000.000

45.000.000

40.000.000
1998

g o
-
d ! et
- St o
o
" e ) -
!
-~
-
o
2003 2008 2013 2018 2023
Actual —8— Value-based Mobel (Version D)
—— Value-based Mobel (Version E) —8—Independent Power Transmission Operator (Low)

—8—Independent Power Transmission Operator (Reference) —@—Independent Power Transmission Operator (High)



Results

Weights of the Model’s Criteria

50%
, Criterion Mean Standard Min Max
e Weight Deviation Weight Weight

40%

/ Wholesale and retail rade

35% 16.3% 8.9% 1.6% 31.9%
/ sector (g,,)

30% Professional, scientific and

- / technical activities sector 13.2% 4.9% 3.3% 33.9%
/ - (917)
fe / Light Fuel Oil Price for 10.2% & 3 L 6% 20 3%
506 / households - (g;) e =7 o7 =
% — \ Unemploymentrate - (g) 9.4% 3.8% 1.6% 27.6%
Real estate aclivities - (gg) 8.2% 9.4% 1.6% 37.6%
bif b2 b3 b4 b5 b6 b7 b8 b9 bl0 bll bl2 bl3 bl4 bil5 bil6 bi7 bis - — -
Public adminisiration -

Mean Max Min (91) 5.6% 5.2% 1.6% 32.2%




Conclusions

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

®» Fconomic 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,;

» |ncreased model stability is achieved via the value-based
forecasting model with a total ASI equal to 81.1%j;

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



THANK YOU!
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