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1 Tevika

1.1 Tevika otolxeia Spaong

H 6pdon A18 adopd tn Slopydvwaon ULOG OEWPAC EMLOTNUOVIKWY CUVOVTNOEWY EpYACiog
(workshops) kal evtacoetalt oto oUvoAo Twv SpAcewv SnUooloTNTaG Tou £pyou. Ta
workshops opyavwvovtal amo TIG EPEUVNTIKEG OUASEC TWV LOPUUATWY TIOU CUULETEXOUV
oTnv uhomoinon Tou £pyou Kal ival avolKTd yla To Koo, Sedopévou otL ameubivovtal o
gpeuvnTeg, uTIoYPdLouG SLOAKTOPEC, HETAMTUXLOKOUG $oltnTéG, K.ATL. TIoU gpydlovral f
OKOTIEUOUV va acXoAnBouv e To eUPUTEPO AVTIKELPEVO TNG TIOAUKPLTHPLOC avAAuonC.

Jta mMAQioLO TWV EMIOTAMOVIKWY QUTWVY CUVOVTHOEWV TTAPOUCLAlETAL OXL LOVO N TPEXOUTO
£peuva TOU £xel mpayparomnolnBsl ota mAaiola tou £pyou Kal adopd Tt HEAETN TNG
guotdbelag oe mpoPAnuata ANPYne amodpdcswv He TOAMAMAQ Kpltripla, oAAG Kal TO
VEVLKOTEPO AVTIKELUEVO TNG TTOAUKPLTNPLOG aAVAAUCHG amodACEWV.

Mo CUYKEKPLUEVQ, OL OTOXOL TWV ETLOTNUOVIKWVY workshops eivat:

e 1 Tapouciaon TWV TPEXOUOOG EPEVVNTLKNAC TTPpooTtabelag mou adopd tn KEAETN TNC
£UOTAOELOG OTNV TTOAUKPLTHPLO OVAAUCH AroPACEWY,

e n Tmapoucioon TNG YeEVIKOTEPNG Bewplag Kol TwWV TPOAKTIKWY £OPUOYWV TNG
TIoAUKpLTAPLAC avdAuong armoddcewy,

e n 6Wdoon TOU EMIOTNUOVIKOU OVTIKELWMEVOU TNG TOAUKpPLTNplag avaAuong
anopAceEwWV Ko

o 1 SktUwon Kat n avtaAlayr anoPewv AvAESA O ETIXELPNOLAKOUE EPEUVNTEG KOl
OTEAEXN ETULXEPHOEWY KL OPYAVIOMWY TIOU OCXOAOUVTIOL HE TO OUYKEKPLUEVO
QavTIKE(pEvVO.

JUpdpwva pe To MAGvVo ulomoinong, ota TAQICLO TOU CUYKEKPLUEVOU €PYOU TIPOKELTAL VO
TipaypatononBolv 6 €EMOTNUOVIKEG ouvavtnoelg epyaciog (workshops), oL omoieg
KOTOVEUOVTAL O 2 OVA €TOG KoL 2 Qv EPEUVNTIKA OMAda. H yevikr emomteia Ttwv
ocuvavtnoewv Ba yivetal and tn Mkt Entponry Zuvtoviopou tou Epyou (BA. dpdon A21),
OTNV OTOLlA CUMHETEXOUV OL UTeUBUVOL TWV 3 EPEUVNTIKWY OUASWYV. MO CUYKEKPLUEVA, N
Mktr Emtitporty ZuvtoviopoU tou Epyou amoteAsital amno Toug:

1. KaBnyntn lwavvn Zioko (cuvtoviotr £pyou Kal UTIEUBUVOU TNG EPEUVNTIKNG OUASAC
tou NANEI)

2. KoBnyntn Kwvotavtivo Zomouvidn (unetBuvou tne epeuvntikig opddag tou MK)

3. KaBnyntn lwavvn Wappd (umevBuvou tng epeuvnTikng opadag tov EMNM)

AeSopévou OTL n EMUTPOT QUTH £XEL WG OTOXO TN GUVOALKH TapakoAoUBnon ulomoinong
TOU £pyou, N cuvelodOopPA TNG OTN CUYKEKPLUEVN SpAON ETLKEVIPWVETAL GTO CUVTOVIOUO UE
TIG UTTOAOUTIEG EVEPYELEC TOU €PYOU KOL TN OUVEPYOoia PE TOV €KAOTOTE SlOpyavwTh TOU
gnotnuovikou workshop.
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1.2 Tevikd otoyeia Tapadotéov

To ouykekpluévo mapadotéo adopd to 6° Emotnupovikdé Workshop tou €pyou mou
Tipaypatonow|Bnke ota Xavid, ot 6 louviou 2015. JUpdwva HeE TO XPOVOSLAYPOUUA
vloroinong tou €pyou (Aappavovtag unmdyn Kal tnv mapdracn mou €xel urtoBAnOei), tn
XPOVLIKN oty Se€aywyng tou workshop €xouv ohokAnpwOet:

1. OuBiBAloypadikéc SpACELS TOU EpELVNTIKOU TTPOYPAUUATOC:
o Al: BipAloypadik avaokonmnon avaluong €UoTABELOG O AVAAUTIKEG-CUVOETIKEG
Sladkaoieg
e A5: BiBAloypadlky QvVAOKOTNGCN TPOCEYYIOEWV TEXVIKAG VOnUoouvng yla Thv
avaAuon euotdBeLag TOAUKPLTPLWY TPOBANUATWY
e A9: BiBAloypadik avookomnon avaluong euotdBelag os  TpoPAnpata
TLOAUGOTOXLKOU TIPOYPOUUATIONOU

2. Havamrtuén pétpwv afloAdynong tng evotabelog:
e A2: Avamtuén pétpwv  afloAdynong euotabela¢ Ot AVOAUTIKEG-OUVOETLKEG
Sladkaoieg
A6: Avamtuén pHETpwy 0fLoAOYNoNG eVOTABELOC O TPOPAN AT TAELVOUNGNG
A10: Avamrtuén pétpwv  afloAoynong METpWV  guoTdBelog oe  mpofAnuota
TLOAUOTOXLKOU TIPOYPOUUATIOMOU
3. Hmelpapatiky afloAoynon Twv LETPWY eVoTABEeLOC:
e A3: Nepapatikiy afloAdynon HETPWV EUCTABDELOC O OVOAUTIKEC-OUVOETIKEG
Sladkaoieg
o A7: Nelpopatiky afloAdynon MPooeyyloEWV TEXVIKNG VONUOoUVNG yLa TNV avAAuon
£UO0TAOELG TTOAUKPLTAPLWY TTPOPBANUATWY
e All: Newpapatiky ofloAdynon HETPWY euoTABelag o TPOPANUOTA TTOAUGTOXLKOU
T(POYPAUUATIOUOU
4. Oiedappoyeg twv pebodoloylwyv PETPNONG Kat BeAtiwong Tng evotadeLag:
o A4: EdapuoyEg avaluong euoTABelag o€ AVOAUTIKEG-OUVOETIKEG Sladikaoieg
e A8: EQapUOYEC TIPOOEYYIOEWVY TEXVIKNG VONUOCUVNG YLl TV avaAuon euotabelag
TLOAUKPLTPLWV TPOBANUATWY
e Al2: Edappoyéc avdluong euotdBelag os  TMPOPANUOTA  TTOAUGTOXLKOU
T(POYPAUUATIOUOU

ErutAéov, ol epeuVNTIKEG OUASEC TTOU CUMUETEXOUV OTO TTPOYypappa Bplokovtal oto otadlo
NG avATUéNG TOU AOYLOULKOU Kol TNG UTIOAOYLOTIKNG UAOTIOINONG TWV HETPWY EUOTABELNG
(6paoelc A13 kot Al4) pe Baon Ta AmoTEAECHATA TWV TPONYOULEVWY SpACEWV.

Yta mAaiola tou 6°° Emtotnuovikol Workshop tou £€pyou mpaypatomnoldnke napouvaciaon
TWV UEXPL OAHUEPA ATOTEAECUATWY ATIO OAEG TIC OUASEG TTOU CUUETEXOUV OTO TIPOYPOUUA
Slvovtag Eudaon otg Spdoelg mMou £xouv oAokAnpwBel £w¢ Twpa OAA KOl TIG
poSLaypadEC TWV CUCTNHATWY UTIOCTHPLENG amodACEWY TIOU TIPOKELTAL Va avartuxBolv
ota mAaiola autol Tou €pyou Kal Bpiokovtal oe otadlo uAomoinong. XTo Mapadotéo auto
Sivovtad:

o Tevikég mAnpodopieg ya tn Spdon (tomog, xpovog Sle€aywyng, OUUUETEXOVTEC,
K.ATL)

e JUVOSEUTIKO UALKO NG Spaong (adioa, SeAtio TUMOU, TAPOUCLACELG, K.ATL.)

e AMo npooBeto UAKO (dwTtoypadieg, K.ATL)
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Eniong, Ba mpémel va onuelwdel 6Tl ota mMAaiola TG ouykekpLuévng Spaong Sivetal yla
GAAN pa dopd n SuvaToTNTA CUVAVTNONG TWV MEAWV TWV EPEUVNTIKWV OUASWY, YEYOVOG
TIOU €lval BLaitepa oNUAVTIKO O€ £va £pY0 TIOU €XEL WG BOOLKO QVTIKELUEVO T cuvepyaoia
EPELVNTIKWY OpASwWV. EMiong, n ouykekpluévn 6pdon €XEL Kal Evav Xapaktipa mPoBoAng
TWV ATOTEAECUATWY TOU £PYOU OF EMLOTHHOVEC Kol GoLTNTEG Tou SpacTnplomololvTalL oToV
XWPO TNG MOAUKPLTAPLAG avaAuong anopAoewv.
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2 YAomoinon

2.1 Tevikég mAnpo@opiec workshop

To 6° Emotnuovikd Workshop pe Stakpttiko titho “Robust MCDA» (akpwVvULO TOU €pyou)
npaypatonow|Onke ot 6 louviou 2015 oto MoAutexveio Kpntng. To workshop
SlopyavwBnke amo tnv epeuvntikn opada tou MoAuteyveiou Kpntng, otnv omola
OUMETEXEL KOL O LETAKAAOULLEVOC EPELVNTHG TNG aANOSATAC.

Ma twg avaykeg dSlopyavwong tou workshop mpostoudotnke KOTAAANAO EVNUEPWTLKO UALKO
(adioa, pulradlo), To omolo mapouacialetal ota Napaptripata A-B tng moapovaoag €kBeonc.

Onwg mapouolaletal avaAUTIKA otnv emopevn mapaypado, to workshop meplhapPavet 3
EVOTNTEG:

1. YMlomoinon oAyopiBuwv pETPNONG Kal OVAAUONG €UCTABELAC OE OCUOTHMOTO
UTtOOTNPLENG MO ACEWV.

2. Npoodateg e€eli€elc oto mpoPAnUa TNG Stoxeiplong tng evotdBelag os mpofAnuoTa
TIOAUKPLTAPLOC avAAuonG.

3. Edappoyég aAyopiBpwv pETPNONG Kal avaAuong euotdBelag O TPAYUOTIKA
npoBAfuata amd TOUG Xwpoug TNG PeAtotomoinong xaptodulakiou, TNG
evepyelakng dtaxeiplong kot tng AP ng mMoATkwy amoddcewy.

2.2 Amoloylopog workshop

210 workshop CUMUETELXAV KAl Ol 3 EPEUVNTIKEG OLASEG TOU £pYOU, KABWE KOL CNUOVTLKOG
aplOUOC VEWV ETUXELPNOLOKWY €PeLUVNTWV. Mo CUYKEKPLUEVA, 60Bnke n duvatotnta
CUMUETOXNG OTOUC HETAMTUXLOKOUG doltnTEg Tou MME Ttng 2XoANg Mnxavikwv Mapaywyng &
Awoiknong Ttou MMoAuteyveiou Kpntng, ot Sibdokovtal avtiotolo padhiuota  (m.x.
MoAukpLtrpla Suothpato Amoddacewv, XpnUATooLlKOVOULKEG Artoddoelg kal MoAukpltrpla
Avdluon).

ErunpdoBeta, Ba mpenel va onpelwdel otL to workshop Slopyavwdnke akplPwg PETA TNV
npaypatonoinon tng 4™ International Symposium and 26™ National Conference on
Operational Research, to omoio mpaypatonow|Onke ota Xavid otig 4-5 louviou 2015 kal oto
omolo ouppeTelyav apkeTol gpeuvnTég Tou £pyou. Etal, to workshop mpoPAnBnke otoug
CUUUETEXOVTEC TOU cuvedpiou, apketol amo toug onoiouc avtamokpibnkav BeTikd.

O Nivakag 2.1 mapouotdlet ta LA g KEO kot tng OEX Tou €pyou mou cUppeTelyav oto 5°
Erotnuovikd Workshop. To Workshop nmapakoAolBnoav eniong petamtuylakol ¢oltntég,
uroPndlotl S16AaKTopeg Kol epeuvnTéG Tou MoAutexvelou KpAtng. ZUVOALKA, 0 aplBUog Twv
CUMMETEXOVTWY avinpBe o€ 40 dtopa mepimou.

JUVOTTTLKA, TO TPOYpapa Tou 5% Emotnuovikol Workshop €xel wg g€ng:
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ZaB6aro 6 louviou 2015

10:00 — 10:30: MNpooéheuon Kol KOAwCOpLoUa amno Toug Alopyavwteg Kab. N. Matoataivn,
K. Zomouvién, tov AvamA. KaB. M. Ao0umo Kal ToV JUVTOVLOTH ToU £pyou
Ka#. I. Zioko

10:30-11:30 Towards the development of a modular DSS supporting robustness analysis
in MCDA — E. Grigoroudis, N. Tsotsolas, N. Christodoulakis, and Y. Politis

11:30-12:30: Exploiting robustness analysis for triggering interactive feedbacks in MINORA
and MIIDAS systems — Y. Siskos, A. Spyridakos, D. Yannacopoulos, and N.
Tsotsolas

12:30—13:30: Regularized estimation for preference disaggregation in multiple criteria
decision making — M. Doumpos and C. Zopounidis

13:30 - 14:30: AlGAsippa

14:30 - 15:30 Robust portfolio optimization: A categorized bibliographic review — P.
Xidonas, H. Doukas, G. Mavrotas, J. Psarras, and N. Matsatsinis

15:30 — 16:30: Robustness analysis approaches in political decision making — Y. Siskos, N.
Tsotsolas, and S. Alexopoulos

16:30-17:00 AlGAsippa

17:00 - 18:00 Foresight of innovative energy technologies through a linguistic multicriteria
approach —J. Psarras, H. Doukas, and A.G. Papadopoulou

18:00 — 18:30 Xtpoyyuld tpamell — KAeiowo tou workshop

Nivakoag 2.1: SURHETEXOVTEG OTO 6° eMLOTNUOVIKO wWorkshop

ouada Epguvntég
Epeuvntikn opdada lwavvng Ziokog (Ka®nyntng/MANEI)
Maverotnuiov MNelpaid Evayyelog Mpnyopoudng (Av. Kabnyntric/MoA. KpAitnc)
lwavvng NoAitng (Metadibdaktopag/MANEI)
Epguvntikn opdda Kwvotavtivog Zomouvidng (KaBnyntrig/MoA. KpAtng)
MoAuteyveiov Kprtng NwkoAaog Matoatoivng (KaBnyntrig/MoM/ Kpritng)

MuxaAng Aovpumog (Av. KaBnyntric/MoA. Kprtng)
Anuiteng NikAng (Y. Addktopac/MoA. KpAtng)

Epguvntikn opada EBvikol lwavvng Wappdg (Kabnyntig, EMMN)
MetooBilou MoAutexveiou

2to Mapdptnua I TG OUYKEKPLUEVNG €kBeong O&lvovtal oL TAPOUCLACEL TIOU
xpnowiomownbnkav oe OAn tn Sudpkela tou workshop ouvdavinong, oludwva pe TO

T(PONYOULEVO TIPOYPA QL.
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Napaptnua I': lapovoiaceig workshop

6th Workshop "Robust MCDA", Chania, June 6, 2015

‘ ',. 6th Worksho
#8 Robust S
ania
MEDA

June 6, 2015

Towards the development of a modular DSS
supporting robustness analysis in MCDA

E. Grigoroudis, N. Tsotsolas, N. Christodoulakis, Y. Politis

Research Aims

6th Workshop "Robust MCDA", Chania, June 6, 2015

@ The need

6 Our approach

C The tools

P~

Q The architecture

6 Towards the development

s NSRF This research has been co-financed by the European Union "
= eeees  (European Social Fund) and Greek national funds through the 8 Robuyst
el NAUMSINGANTHORIEY Operational Prograf "Education and Lifelong Learning" \ MEDA

<
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What we are building

6th Workshop "Robust MCDA", Chania, June 6, 2015

We are building a DSS dealing with robustness analysis in MCDA disaggregation
— aggregation methods using a modular software framework.

Robustness analysis is an issue which should be tackled by DSSs as a mean to
provide, in an understandable way, to the analyst and to the decision maker, a
clear picture regarding reliability and stability of the accessed models and the
produced results.

Three different approaches are found behind the word “robustness”.

» Robust conclusion — valid in all or most pairs (version, procedure) — dealing
with system values and gap from reality

» Robust solution — good in all or most cases— dealing with uncertainty of
external environment and external factors

» Robust decision in dynamic context — keep open as many good plans as
possible for the future — dealing with the unknown future

What we are building

6th Workshop "Robust MCDA", Chania, June 6, 2015

Based on the robustness measures the decision maker may
accept or reject, or in some cases adapt the proposed decision
model.

Various robustness analysis techniques are applied in several
operational research methods and among others in the ones
belonging to the MCDA family of methods.

One could find similar techniques when dealing with robustness
analysis in different MCDA methods and consequently it should
be rational to be able to reuse software modules when building

the corresponding steps of a DSS.
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What we are building

6th Workshop "Robust MCDA", Chania, June 6, 2015

Why modular?

> DSS implement a significant number of algorithms to serve their role
in supporting efficiently complex decision processes

> These algorithms supports several discrete steps:
o data input
o transformation

o analysis
o results
o Visualization of the results

> We are focus on these steps in a DSS that can be implemented by a
flexible set of generic or less generic algorithms which can be built as
articulated parts of the system

The need

6th Workshop "Robust MCDA", Chania, June 6, 2015

Modular DSS because we need it to be:
> Of wide scope

Adaptable

v

Extensible

v

> Fast in development

v

User friendly

\4

Interoperable
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The need

6th Workshop "Robust MCDA", Chania, June 6, 2015

Wide scope:

> Covering two robustness analysis approaches (Robust solution,
Robust conclusion)

> Implementing several methods for robustness analysis (e.g. MAX-
MIN Heuristic, Manas-Nedoma, Robust Ordinal Regression, Extreme
Ranking) in MCDA disaggregation — aggregation approaches (e.g.
Stochastic UTA, GRIP, SMAA)

> Calculate several robustness measures (ASI, Acceptability indices,
confidence factors, extreme ranking indices, polyhedral capacity, etc)

> Visualize the robustness analysis using different ways

7

The need

6th Workshop "Robust MCDA", Chania, June 6, 2015

Adaptable:

Collaborate with other DSS or Information Systems

v

» Work in an environment with various data sources (data
bases, data marts)

v

Adapt the algorithms to new research findings

> Use well accepted standards in a transparent way
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The need

6th Workshop "Robust MCDA", Chania, June 6, 2015

Extensible:

Support new processes or extend the existing ones

v

v

Incorporate new algorithms

%

Accept new forms of data schemas

Produce new forms of data schemas

\4

The need

6th Workshop "Robust MCDA", Chania, June 6, 2015

Fast in development:

Adopt a solid architecture scheme based on popular and
fully supported standards

v

> Re-use code modules for repeated tasks

Extended use of libraries for basic and common tasks

v

> Use a standard vocabulary

10
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The need

6th Workshop "Robust MCDA", Chania, June 6, 2015

User friendly:

> Provide the choice to use web-forms or files for data input

> Support the user to select the appropriate input file -
Provide a list of alternative files-data set for input

> Propose pre-defined chains of modules for specific tasks
— provide also alternative chains for the same task

> Provide lists with available outputs per task

11

The need

6th Workshop "Robust MCDA", Chania, June 6, 2015

Interoperable:

Fully open and transparent to the external world

v

> Use well-accepted standards for the description of the
modules — entities

Use of a very well defined and extensible vocabulary

v

> Adopt a stable and open framework for modular
development

12
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Our Approach

6th Workshop "Robust MCDA", Chania, June 6, 2015

Why a modular approach instead of a layer approach?

Process 1 External World

/’/ b \‘ \ Process 2

User IntEchel\
(data input — results ostput)-~, .-~

Processes

Step 1 Step 2 Step 3 Step ... Step n

13

The tools

6th Workshop "Robust MCDA", Chania, June 6, 2015

A set of appropriate elements will be used to build this modular DSS:
> Elements from our already developed DSSs:

o Stochastic UTA (TALOS)

o MUSA-DSS

> XMCDA, a standardized XML vocabulary

> SOAP protocol for exchanging structured information

> A framework for modular development (OSGi or MEF)

> Libraries (such as Kappalab box for capacity calculation and integral
manipulation on a finite setting)

14
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The tools

6th Workshop "Robust MCDA", Chania, June 6, 2015

XMCDA:

A data standard which allows to represent MultiCriteria Decision Analysis
(MCDA) data elements in XML according to a clearly defined grammar.

XMCDA is an instance of UMCDA-ML, which is the Universal MultiCriteria
Decision Analysis Modelling Language and which is one of the scientific
initiatives inside the Decision Deck project. UMCDA-ML is intended to
be a universal modelling language to express MCDA concepts and
generic decision aid processes.

XMCDA focusses more particularly on MCDA concepts and data
structures and is defined by an XML schema.

XMCDA allows the visualization of data structures in web browsers using
XSLT files which performs a transformation of the XML data file into
HTML.

15

The tools

6th Workshop "Robust MCDA", Chania, June 6, 2015

XMCDA:
An XML schema sample of the XMCDA structure:

Consider the following example, where the set of alternatives {as,a,} is
considered as a kernel of a graph.

<alternativesSet mcdaConcepte="kernel" name="a kermel with two elements">-
< aleament >
<alternativeID>a03</alternativelID>
< felement >
< alement >
<alternativeID>a0d</alternativelID>
< felement >
< falternativesSet>

16
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The tools

6th Workshop "Robust MCDA", Chania, June 6, 2015

XMCDA:

The Decision Deck project aims at collaboratively developing Open
Source software tools implementing MCDA techniques which are meant
to support complex decision aid processes. One of the main features of
these software solutions are that they are interoperable in order to
create a coherent ecosystem.

Currently the active developments apart from XMCDA are:

> diviz: a software for designing, executing and sharing MCDA methods,
algorithms and experiments.

> XMCDA web services: distributed computational MCDA resources,
using the XMCDA standard

The Decision Deck project is run by the Decision Deck Consortium, a
French non profit association.

17

The tools

6th Workshop "Robust MCDA", Chania, June 6, 2015

SOAP protocol:

SOAP, originally defined as Simple Object Access Protocol, is a protocol
specification for exchanging structured information in the implementation
of web services in computer networks. It relies on XML Information Set
for its message format, and usually relies on other application layer
protocols, most notably Hypertext Transfer Protocol (HTTP) or Simple
Mail Transfer Protocol (SMTP), for message negotiation and
transmission.

SOAP can form the foundation layer of a web services protocol stack,
providing a basic messaging framework upon which web services can
be built. This XML-based protocol consists of three parts: an envelope,
which defines what is in the message and how to process it, a set of
encoding rules for expressing instances of application-defined data-
types, and a convention for representing procedure calls and
responses.

18
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The tools

6th Workshop "Robust MCDA", Chania, June 6, 2015
OSGi:

The OSGi technology is a set of specifications that define a dynamic
component system for Java. These specifications enable a
development model where applications are (dynamically) composed of
many different (reusable) components.

The OSGi specifications enable components to hide their implementations
from other components while communicating through services, which
are objects that are specifically shared between components. This
simple model has far reaching effects for almost any aspect of the
software development process.

An OSGI bundle is a package that encapsulates classes, resources,
native files, etc. It can do nothing alone and is intended to be deployed
inside an OSGI environment.

19

The tools

6th Workshop "Robust MCDA", Chania, June 6, 2015

Managed Extensibility Framework - (MEF):

The Managed Extensibility Framework (MEF) is a composition layer for
.NET that improves the flexibility, maintainability and testability of large
applications. MEF can be used for third-party plugin extensibility, or it
can bring the benefits of a loosely-coupled plugin-like architecture to
regular applications.

Instead of explicit registration of available components, MEF provides a
way to discover them implicitly, via composition. A MEF component,
called a part, declaratively specifies both its dependencies (known
as imports) and what capabilities (known as exports) it makes available.
When a part is created, the MEF composition engine satisfies its
imports with what is available from other parts.

20
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The tools

6th Workshop "Robust MCDA", Chania, June 6, 2015

MUSA -DSS:

The DSS was designed and developed for supporting the users of MUSA
method at three different levels:

i. in benchmarking different post-optimality approaches (analytic and
heuristic ones) for a given set of data

ii. in selecting the most appropriate parameters’ values of the method

iii. in producing the full range of MUSA results

21

1St Level: Benchmarking of Methods

6th Workshop "Robust MCDA", Chania, June 6, 2015
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- Action Maps
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The tools

6th Workshop "Robust MCDA", Chania, June 6, 2015

Stochastic UTA DSS.
List of Criteria \EI
Information of the Criterion
Criterior
Actions List
Action Infor
2l pcion nome - e
Listor o1 B Reference Actions
Criterion
Criterior, Rank cnherptiOnS n @
Persong 1 Reference Actions
Intellige; 2 <
7 Rark  Action Name Mear Optimal Solutions Threshold (%): h 0=
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A 5 2 c B} .
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The tools

6th Workshop "Robust MCDA", Chania, June 6, 2015

It provides all results of post optimal solutions and measures of robustness.

Actions Values

Actions Values

Index Analysis
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The architecture

6th Workshop "Robust MCDA", Chania, June 6, 2015

These two DSSs have built using reusable elements (subroutines,
functions). The output of an element could be the input of the subsequent
element and so on.

The architecture

6th Workshop "Robust MCDA", Chania, June 6, 2015

Let's see for example the transformation of an existing module found in
both DSSs:
Inout Output
eg.n Manas- Nedoma according
accct)o ng Input Algorithm Output to
XMCDA (M-N) XMCDA
26
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The architecture

6th Workshop "Robust MCDA", Chania, June 6, 2015

A

—=
[ —

 —

v [

The new module of the Manas- Nedoma Algorithm (M-N):

. parameters

@ polytope

. basic solution

. tableau (optional)

(M-N)

running statistics

messages .—

vertices '

27

The architecture

6th Workshop "Robust MCDA", Chania, June 6, 2015

How M-N module collaborates with other modules to implement a whole

procedure:

» LP 9 (M-N) @ W ASI 9
Solver of, L] U []
ter: mefssage%
0 bj g 0
]
ToTyORe vertices
@ nbasic solution = ajning statistic] ropustness o
o (MAX-MIN) @ ¢ Plots e
o o—— ° °
. tableau (option{® °
28
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The architecture

6th Workshop "Robust MCDA", Chania, June 6, 2015

The basic modules to be developed at the first stage will be the following:

» Data input and transformation modules
v’ Multicriteria performance table
v' Preferences (rankings, pairwise comparisons, constraints)
v' Models’ parameters

» Analysis models modules
v LP Solver
v’ Stochastic UTA
v' SMAA (already under development in Stochastic UTA DSS)
v GRIP

» Post-optimal analysis modules
v ROR
v’ Extreme ranking
v' Manas-Nedoma
v' Heuristic MAX-MIN

29

The architecture

6th Workshop "Robust MCDA", Chania, June 6, 2015

» Robustness measures modules
v ASI
v Solutions’ range
v' Visual display of the range
v’ Hyper-polyedra (polytopes) volume
v Acceptability indices
v’ Confidence factors
v' Extreme ranking indices
v/ Statistical indices

30
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Next Steps

6th Workshop "Robust MCDA", Chania, June 6, 2015

—(D— —)—

Transform the Add any
elements of the two necessary
DSS into modules new
compatible with modules —
XMCDA. algorithms.

> <\ J

Next Steps

6th Workshop "Robust MCDA", Chania, June 6, 2015

—D— () —

Integrate two Continue
Group DSS developing
(RACES & RAVI) new
into the DSS shell modules for
several MCDA
methods.

> <\ J
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6th Workshop "Robust MCDA", Chania, June 6, 2015

6th Workshop
Chania
June 6, 2015

Exploiting robustness analysis for triggering
interactive feedbacks in
MINORA and MIIDAS systems

Yannis Siskos, Athanasios Spyridakos, Denis Yannacopoulos and Nikos Tsotsolas

Research Aims

6th Workshop "Robust MCDA", Chania, June 6, 2015

6 Introduction

6 Robustness Analysis of Preference Models in
= \ Disaggregation- Aggregation Approach

6 Exploitation of the Robustness Analysis and
= \_new interactive feedbacks

Q Case Studies

P
O Conclusions — Future research

i < NSRF This research has been co-financed by the European Union "
7 —mes (European Social Fund) and Greek national funds through the 8 Robust
Operational Program "Education and Lifelong Learning" \ MEDA

OAAHZ — Naverotiuto MNelpatd — MeBoSoAOYLIKEG TPOOEYYIOELG YLaL TN LEAETN TNG JeAiba 29 amno 86
gvotdBelag og mpoPARpata Adng anoddcewv pe moAAQMAG KpLtripLa



A18 — Alopyavwon workshops M18.6 —'EkBeon 6° Emotnuovikol Workshop

Additive Value Model

6th Workshop "Robust MCDA", Chania, June 6, 2015

. . . . Uia(92) Un(90)
The additive value model is described in the

following formulae: 1

U(9) =2 pui(9)
i=1

u(g,.) =0, u(g’)=1 Vi=1,2,...n . '
and e

P P,

n

Yo =1 p=0 Vi=l2,..n 1
i=1

Ui=p1u11(91)+P2u1(G2) +2e +P2U1,(9,)
U=ptiz1(91)+P2Uz2(G )+ +P2U3n(G,)

Pn

where: g = (91, U, ..., O,) is the evaluation
vector of an alternative action on the n criteria,
gy and g; are the least and most preferable
levels of the criterion g; respectively and u(g), | Yk=P1kx(9)+P2koG2) - +P2uia(95)
p; are the value function and the relative | ......

weight of the i-th criterion.

Steps of D-A approach (UTA II)

6th Workshop "Robust MCDA", Chania, June 6, 2015

Criteria
Modelling

Extrapolation II

Selection of the
Reference Set

Alternatives
Evaluation on the
criteria

Construction of
Criteria Value
Functions

‘ Expression of a Global

kg Additive Utility Model
-
I
I
o i I
1 -
om ! —p "
@ 2nd I I
° Linear Mo
I Programming | e — — — _”“"z 1
L — _1 Techniques - === - - - - - =
4
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Solution of L.P.

6th Workshop "Robust MCDA", Chania, June 6, 2015

The estimation of the parameters of the value system in p3
UTA may result to: A
A. Only one solution (Robust). There is only one vector n2
of the weights.
B. Infinite Solutions (Non Robust)

C. No Solutions, often in cases with extremely low B p3
structure.

Question?

In non robust cases which could be the vector of weights pl
to work with ?

MINORA and MIIDAS systems (Siskos et al, 1993, 1999) ©
proceed with Post Optimality Analysis. Solutions are BE /®/
estimated by maximising the weight of each criterion.

The mean solution (barycenter) constitute the working
vector of weights.

Robustness Analysis Concerns

6th Workshop "Robust MCDA", Chania, June 6, 2015

The presence of low robustness in the estimated preference model results
to some crucial questions:

* How representative is the barycenter as far as the real preferences of the
DM are concerned?

+ Can be accepted a preference model with low robustness, while the
criteria weights are varying in many cases in a wide range of values?

+ Can be accepted a preference model where presents reversal of criteria
importance into the estimated hyper-polyhedron?

The proposed Robustness Analysis of preference models aims to:

a) Explain the low robustness and increase the knowledge about the DMs’
preference structures

b) Determine actions (Feedbacks) to be taken in order to increase the level
of robustness 6
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Steps of the proposed approach (Feedbacks)

6th Workshop "Robust MCDA", Chania, June 6, 2015

Additive Value Identify Vertices of the hyper-

Assessment
Prizgzjeer;ce polyhedron (Solutions’ Space) of a new
Preference

//4 : Models
Visualise and
Assessment
of a new
Preference
Model

Measure Robustness

Analyze the results to
the DMs Language

Dialogue with the

Feedbacks
(Criteria Modelling, Reference Set
Selection, Marginal Values Functions, Shrinking of the
Pre-Ranking, Trade off Analysis) Solution’s hyper-

polyhedron

Robustness Indices

6th Workshop "Robust MCDA", Chania, June 6, 2015

A. Minimum and maximum values of the
criteria weights (Post Optimal
Analysis)

pi = (max(pi;) — min(py;)), Max(®))---

pij the weight of the i criterion in the j vertice,

i=12..,n j=12,..,m, R |
nnumber of criteria and m number of vertices Min(P)

B. The Average Stability Index (ASI)

SlEe ) (50)]
m )

(n= number of criteria and m number of
vertices) (Grigoroudis & Siskos)

AS| =1-
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The RAVI Subsystem

(Eobustness Analysis through Visual and Interactive Approaches)

6th Workshop "Robust MCDA", Chania, June 6, 2015

B3

» Supports the Visualisation of n-dimensional spaces in 3d and 2d form

R/
0.0

Includes Links with MINORA and MIIDAS systems

X3

*

Supports Interactive feedbacks for the scrutiny of the hyper-polyhedra

% Aims:

= Component in MINORA and MIIDAS systems.

= Simple and easy way to present the Robustness of the assessed
preference structures.

= Acquire knowledge about preference models’ structures and support the
decision making process

= Lead to more robust preference models through intervention on the
preference models utilising addition preference information.

% Technology (.NET Platform, Windows Presentation Framwork, Visual C#
and Libraries for Linear Algebra and 3D graphs)
9

Robustness Analysis Tools

6th Workshop "Robust MCDA", Chania, June 6, 2015

% Visualisation of the Preference Models — Utilising 3d and 2d graphs for n —
Dimensional Data

+ “Dive” into the assessed preference models through tomographic approaches
« Examine the consequences on the preference models robustness for interventions
< Examine the capability to estimate a more robust preference models

% Estimate a more robust or a robust preference model.

Three new modules:
« Tomographical technique
<+ Shrinking the Hyper-polyhedron
« Prioritizations on the criteria
Crucial :
» The participation of the Decision Maker

N

» Focused and limited interventions.
10
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1st Case Study

Robustness Analysis and Feedbacks

6th Workshop "Robust MCDA", Chania, June 6, 2015

The Case Study: Job Evaluation
25 Alternatives Evaluated in 6 Criteria. 13 Alternatives selected in the Reference Set.

w. MIIDAS - Criteria, Alternatives, Multicriteria Table
LChoices
PobEvaluston ]
[s [6 -
Name Qualificatio [T NE] Decisions Mult/ty Responsibili  Budget
[Preference |1 i 1 0 1 i 1 B 1 i 1 B
Less Pref___| 5 1 1 1 1 1
Most Pref__| 21 5 5 5 5 5
Type Discrete Discrete Discrete Discrete Discrete Discrete _lLI
4 »
Pesonnel
| P Deci & ibili [Budget | -
1 4 4 1
2 4 5 1
1 5 2 4
3 4 2 3
4 2 2 3
2 2 4 4
2 5 5 L
32 2 2 3
1 3 3 1
3 4 3 L]
3 4 4 4 -
_'l_I

11

_‘W_WCqse Stud :__Bobustnes_s Analysis and

RG] = Vmwsr e W]

1 |p3 1
2 |pl3 2
3 |p7 3
4 |pl7 4
5 |pd 5
6 |p-22 6
7 |p16 7
g8 |pl0 8
9 |pb g
10 |p-18 10
1 |p-23 1
12 [p9 12
13 [p-19 13
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The Assessed Weights and Global Values- Example

6th Workshop "Robust MCDA", Chania, June 6, 2015

Initial Preference Model — Weights of the Criteria — Global Values of the Alternatives
(ASI Index 0.904)

]

Minimum, Maximum Weights
and Barycenter

0s Gl. Val. (Initial Preference Model)
7
07 FMags:
06 Sy
805
S
S04
6’ 0.3
0.2
0.1

e sipson onom SR

Citnon | Me) | BCenter | Max) | Newhn [NewBee. |NewMax [y | Newp E S e
Qualiicatons 0 0476520, 02254357, 02254 Critoion: - Next Step
Management 0 owssmE. D218 02861
Deomans 0204964 02600827 . 3425633 ey Step: [0001 -] —
Wipicly D121 02724100 DISTHM 01650 ot
Results 031N 017 0275225 0.1267. From: [ Ta: St
Finanzal 0 013N D207 0207,

Auto Tomography

Iritislisaticn Start Stop

Robus toess dces:

Sinit 0.1933

Sdinit 0.2006

Snew a

Sdnew [
Snew/Sinit (%): 0
(1-Snews/Sinit)(%): 100

ASlIndex: m
— el o904
Maximum ASI

ASI Graph

Qualifications Management Decisions Multiplicity Results Flnancial

< R = = = =
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Tomographies of the Hyper-polyhedron

6th Workshop "Robust MCDA", Chania, June 6, 2015

Tomographical Approach

6th Workshop "Robust MCDA", Chania, June 6, 2015

 For each criterion i starting with the P,.,, value with a step (ex. 0.01) and
until P;,. €stimate the ranges of weights of the other criteria solving the
Linear Programmes of Post Optimality Analysis including the new
condition.

“ Present the criteria weights in a parallel coordination graph in a
controlled continuous base.

% Outcomes: Visualisation and identification of the impacts on the criteria
weights for changes on the weight of the criterion i.

1 1 1 1 1 1 1 1
@ o
-
Lp LP
0 0 0 0 0 o "0 0
@il c2 Cc3 ca c1 c2 c3 ca
16
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Ciieoon | Mn) | BCenter | Max) | NewMn | NewBce. [NewMax |5 | Newpi e of Tomomsphy pom—
[ Qualfcations 0 OGS 02254857 0 OS5I 01500890 02254 0100 Criterion [Management -] Nl hom
| Management 0 010531 0261218, 007 0 0w 0261 0 £ = 007
[Decisions 02004964 02603827, 03425688 02216051 026233 00M1. 0. 00383 step. [0010 v .
[Mubplcsy 01621378 02724100.. 03513414. 02325851 02812757.. 0451634 0162 01125 s e
Results 01418190 01785752.. 02705225 01439689. 01616929 02466771 01287. 0.1027. From: [o To: [02861218764
| Financiat 0 QU344 0207978, 007312 DWIM2. 02020460 0207 0124
Auto Tomograghy
Initaisation Stant Stop
1 1 1 1 1 1
Robustness Indces:

Sinit  0.1933
Sdinit 0.2006
Snew  0.0982
Sdnew 0.1089

Snew/Sinit(%): 50807
(1-Snew/Sinit)(%): 49.193

ASlIndex: 0.9357)

e Initial AS! 0.904

Maximum AS/ .9807)

ASiGragh

Qualifications Management Decisions Multiplicity Results Flnancial

FoedBack Vakes —
Croeria. [ BC_ | Maw | NewMn | NewBC| NewMax | | pinew) | Changes

Quafications 0 0040 0254857 01 01 o1

224 0 Pmnas' Next | [ Grtorion] ow M| Now h._]
Management 0 01085381 02661218. 01 01 01 021 2775, Critorion | New Min | Now M...|
inkisisation

Decisions 02004964 02603827. 03425688. 02904964. 02904 02904964 0120 0 Flnancial Qualific... 0.1 02254,
Mubpicty 01821378 0Z724103. 03513414, 02641187 02641. 02641224. 01632 36691

Manage... 0.1 0.1961.
Resuls OMIBI0. 01SE2. 020525 OMMOTA OWM. 014MI09. 01287. 36691 o098 | Decisio.. 02904 0.3425
Fnancial 0 QI3 077 00BTR. Q0SS O0TR. 020M. 0 Newtax vae [0 09501 02721 0.3513.

NowMiaValve | 0.0s00=] | Results 0.1418.. 0.1805
Financial 0.04  0.0979.

Update Values

Robustness Indces
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Sd Init 0.2006
S new: 0
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ASlIndex:
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Shrinking Weights Tolerance- Global Values with the new
Barycenters

6th Workshop "Robust MCDA", Chania, June 6, 2015

Global Values of the Alternative Actions

New Preference Model (Shrinking Tolerance)

Gl. Values
o o o o
= N w S

o

Shrinking Weights Tolerance - Utilisation

6th Workshop "Robust MCDA", Chania, June 6, 2015

+ Robustness Analysis can support the dialogues with the DMs in order to acquire
more information concerning his/her preferences.

« Extreme situations (e.x. Zero or very high or very low criteria weights) can be the
starting point for dialogues to extract additional preference information by the DM

X3

¢

Increasing Robustness of the Preference Models can lead to:
A better apprehension of the Problem Statement and Preference Structures
+« The realization of their preference attitudes (by the DMs)

+ Remaining Low Robustness can lead to:
+ Identification of the reasons why

+ New feedbacks concerning the Problem Formulation, Alternative Actions
evaluation on criteria, pre-ranking etc.

% All the Above for the Objective: Support the Decision Making.

.
X4

20
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Criteria Prioritization

6th Workshop "Robust MCDA", Chania, June 6, 2015

Establish focused dialogues with the DM in order to extract information about the
priorities of the criteria triggered by the analysis of the assessed preference model
and the Robustness Analysis.

(For example: a) Utilize 3 or more alternatives (real or virtual)
in order to identify more detailed information for his/her
preferences into selected criteria

b) Insertion of one or more alternatives in the reference set which
are representative of a specified subspace of the decision space

Construction of a new linear program embedding the above information and
estimation of a more robust preference model through Post Optimal Analysis or
Manas Nedoma Algorithm.

cr \H .::‘§ cr3
> ‘N‘ Il i L‘ 2
cr2 inear cr2

Programming

1 Techniques et

Criteria Prioritisation — Dialogue Example

6th Workshop "Robust MCDA", Chania, June 6, 2015

By using virtual or real alternative actions we can acquire additional preferences’ data from DM
For 3 criteria with 3 alternative actions.
Condition:
Criteria The intersection of [MinCr1,
Alternative MaxCr1] and [MinCr2, MaxCr2]
Actions Crl Cr2 Cr3 is not null
altl 3 3 4
alt2 2 4 4
alt3 4 3 3 ' ' ' '
Examine Crl with Cr2 and Cr3
Altl P Alt2 ./\\‘
Alt3 P Altl
Enriches the Linear Program and can lead to @ 0 0 0
more robust solution c1 2 c3 ca
22
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Shrinking Weights Tolerance- Example

6th Workshop "Robust MCDA", Chania, June 6, 2015

Ranking and Global Values of the alternatives with the new more Robust
preference model Global Values of the Alternative Actions

Global Values - Criteria Prioritisation

Axis Title
o o o o o o©
N w S (5] o ~

o
o

o

p-3 p-183 p-7 p-17 p4 p22 p-16 p-10 p-6 p-18 p-23 p-9 p-19

Criteria prioritisation - Utilisation

6th Workshop "Robust MCDA", Chania, June 6, 2015

< Prioritisation of the criteria can be identified in many cases and lead to a more
robust preference model

+ Can resolve cases which presents straddling in criteria weights prioritization

< Increasing Robustness of the Preference Models can lead to :

« Clarification of the DMs preference as far as the criteria Importance is
concerned

+ The realization of their preference attitudes (by the DMs)

+ Remaining Low Robustness can lead to:
+ Identification of the reasons why (in cases where is presented into particular
criteria)
“ New feedbacks concerning the Problem Formulation, Alternative Actions
evaluation on criteria, pre-ranking etc.

26
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Comparison of initial and revised global values

6th Workshop "Robust MCDA", Chania, June 6, 2015

p-17 p-4 p-22 p-16 p-10 p-6 p-18
+=G|. Val. (Initial) =M=Gl|. Val (Shrinking) =s=GI. Val.(Prior.)

p-9

2"d Case Study
Robustness Analysis and Feedbacks

6th Workshop "Robust MCDA", Chania, June 6, 2015

The Case Study: Fire Detection

28

.... Alternatives Evaluated in 6 Criteria. .... Alternatives selected in the Reference Set.
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Conclusions - Perspectives

6th Workshop "Robust MCDA", Chania, June 6, 2015

< Preference Models with low robustness include useful information about
the structure of preferences.

There is a need to identify why it is caused and how to exploit it.
Visualisation and measurement of Robustness provides a better
knowledge of the preference models and can support the exploration of
the DM’ preference structures.

+ The new proposed Interactive feedbacks enrich the existing tools of D-A

approach for detecting representative preference model with a better
robustness.

®,
°

7
£ X4

The research is going on: 0

+ Focused on the standardisation of post dialogues for extracung
preference information by the DMs indirectly.

+ Test the proposed approach in many real world cases and in Group
Decision Making.

33

6th Workshop "Robust MCDA", Chania, June 6, 2015

d‘, \\"l Robuyst 6th Workshop
"cDA Chania

June 6, 2015

Questions
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Regularized Estimation for Preference

Disaggregation in Multiple Criteria Decision Making

Michael Doumpos, Constantin Zopounidis

Technical University of Crete
Dept. of Production Engineering & Management
Financial Engineering Laboratory
University Campus, 73100 Chania, Greece
E-mail: {mdoumpos; kostas}@dpem.tuc.gr
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\ “an EuropeanUnion M A N A G 1N AUTHOF Y
EuropeanSodalFUnd ¢4 4inanced by Greece and the European Union

Preference Disaggregation Analysis

@ Objective
B To construct a model f{«), defined by some parameters «,
which is as consistent as possible with the decision making
policy of the decision maker (DM)
@ Reference set
B Examples of past decisions
B Representative alternatives that can be easily evaluated by the
DM
B A subset of the alternatives under consideration
@ Given the reference set, a optimization process is used to find
the optimal set of parameters «

e Existing formulations are based on the minimization of the
fitting error for the reference data, but this is not enough

B The generalizing ability of the model to new alternatives is
crucial
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Statistical Learning Theory

@ Problem statement: Given a set of training examples
{x;, 9}, construct a model f, such that f(x;) = y, for all
observations i
The generalizing performance of the model is:
B An increasing function of the model’s fit to the training data
B A decreasing function of the model's complexity

Regularization: Construct the model cansidering its fit to the
training data and its stability/complexity
A stable model is one for which

E(If = flly) =0
e For a linear model f(x) = xd + ~ stability and fit are taking
into consideration in a problem of the form:

min, [l + XH(Fx0). )

Ridge regression, weight decay in neural networks, support
vector machines, pruning in rule-based methods, ...

UTA methods

@ Development of additive value function
K
Vix) =) uilay)
j=1

@ Piecewise linear additive value functions

FCHE]

.
i) __________________J_@’____:__ CREMES wajdu'
‘U,(t‘);) ““““““““““““ =1
) s forall z;, < [b/, bfl]forsomelfﬁgkjfl
SN I g~
[ where

wh =1 t=1.,0-1

R ¥ |

wl = @, b/
g i 7
b”] _bf

d, =v,b))—v,(b ) =0

13

>, Thus: Vix. ) =wd

r |

r. = b b a =

I; break - points
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Ordinal Regression

@ Data

B A reference set of M alternatives x; = X5 7 --- 7 x4 ordered
in NV indifference classes I1 = I, = --- = I, each consisting
of my, ma, ..., my alternatives

@ Objective: Construct an additive value model such that

V(Xi) > V(Xj) = Xy Xy (1)
Vixi) = V(x;) & x5 ~ X; (2)

@ Problem formulation (UTA method)

min elTy

st: (wi —wip)d 4y —yir1 >0 VX = X1
(wi —wip)d+y — g1 =0 Vx5~ x4
eld=1
d,y>0

Ordinal Regression - Alternative Formulation

min e'd+ lely

st (Wi —wip)d+y— Y 20 VX - X
(wi —wip)d+yi —yip1 =0 VX~ Xy
dy=>0

o With the removal of the normalization constraint e'd =1,
the parameter § does not affect the optimal solution; it only
defines the “scale” of the model

@ The solution (d*,y*) normalizes the model in [0,e"d*]

@ The trivial solution d = 0 is possible
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Ordinal Regression - Alternative Formulation

Assume that there are no indifferent alternatives and let P be the
matrix with the differences w; — w1 for pairs of alternatives

Xi = Xip1 and m = (my, mi+ma,...,mi+...+my_1) . Then,
the trivial solution with d = 0 is optimal if and only if AP 'm<e

@ The maximum value \* for the weighting constant that leads
to the trivial solution can be identified with the solution of an
LP problem (if ma > 1) or from a set of linear inequalities (if
my =1)

@ A model that perfectly fits the ranking of the reference
alternatives has e'd > 6", where 6 is the objective function
value that corresponds to A\*

Classification

@ Data
B A reference set of M alternatives x1,Xo,..., Xz classified in
N ordered classes Cy = Co = - -+ = Cyy, consisting of
My, Mo, ..., My reference alternatives

@ Objective: Construct an additive value model such that
han < V(Xl) <hp1 & x€0,
@ Problem formulation (UTADIS method)

min e (y© +y7)

st: w;d — hy, + yj >0 Vx; € Cp,n=1,... N—1
wid —hyp 1 —y, £-0 Vx;elly,n=2,...,N
hn1—hy>s Vn=2...,N—1
eld=1

dhyty >0
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Classification - Alternative Formulation

W,, = the matrix that consists of all w;, ¥x; € C,,, n=1,...,N:
N-1 N
min e'd+ Z A€y + Z e,y
n=1 n=2
st. W,d—eph, +y > ey, Yrn=1,...,N—1
W,d—-e b, 1 -y, <—e,0, Yn=2,...,N
hn_hn+1 > 8, Vn= 1,...,]\7—2

d,h,yt,y >0

Let 22;_1' AnMy > Axmy. Then, the trivial solutiond = 0 is
optimal if and only if:

N1

Y MaWien —AvWiey <e

n=1

Classification - Alternative Formulation

Definition

A model defined for some A = (Aq,..., Any) = 0, with optimal
objective function value F™*, is called trivially equivalent if there
exists A’ # A that leads to the trivial model with d = 0 and
objective function value Fi;, = F™*

@ If there exists a class (U, with a class average vector W, such
that W, < Wy, then irrespective of the selected weighting
vector A, the resulting model will always be trivially equivalent

@ A model that perfectly fits the classification of the reference
alternatives has e'd > 07, where 07 is the maximum objective
function value that can be achieved for a trivial model
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Experimental Evaluation - Data

o Data type
® Numerical data uniformly distributed in [0, 1]
B Qualitative data (5-point scale, discrete uniform distribution)
@ Number of criteria: 5, 10, 15
@ Number of alternatives: 1,500 both in the reference and the
validation samples
@ Evaluation of the alternatives with an additive value function
Vi) =0 pivi(ay), with py ~ U(0,1)
1 — exp(x;v4)

ith ~. o (-8,
T oxp(n)) , with v; ~ U(—8,8)

vj(zj) =
@ Inconsistencies:
B Ranking: V'(x) = V(x) + £, with
g~ N{0,0/6), N(0,g/2),N(0,0/2)
B (lassification: Perturbation of the class assignment for 5%,
15%, 25% of the alternatives

Experimental Evaluation - Factors

@ Design factors

B Number of criteria

Type of data

Inconsistency level

Number of classes (classification case: 2, 3)

@ 100 replications for each combination of the design factors
@ Factors related to the parameters of the methods

B Number of subintervals: 2, 4, 8

B Definition of the subintervals:

» Subinterval of equal length /size
» Equal number of alternatives in each subinterval (equal
volume)
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Factors Levels UTA-R  UTA  p-values
Criteria 5 0.7657 0.7391 <«0.01
10 0.7652 0.7511 <0.01
15 0.7606 0.7531 <0.01
Data type Continuous 0.7618 0.7410 <«0.01
Discrete 0.7701 0.7681  0.527
Inconsistencies Low 0.8725 0.8737 <«0.01
Medium 0.7602 0.7445 <0.01
High 0.6588 0.6252 <0.01
Subintervals Equal size 0.7617 0.7405 <0.01
method Equal volume 0.7618 0.7415 <0.01
Number of 2 0.7551 0.7509  0.155
subintervals 4 0.7650 0.7429 <0.01
8 0.7652 0.7291 <«<0.01

Ranking Results - Kendall's 7

Factors Levels UTA-R  UTA  p-values
Criteria 5 2.1629 45707 <0.01
10 1.2456 1.5987 <«0.01
15 0.8818 1.0260 <0.01
Data type Continuous 15225 26519 <001
Discrete 1.1528 1.6383 <0.01
Inconsistencies Low 0.8183 0.8763 <«0.01
Medium 1.4431 24613 <0.01
High 2.0288 3.8579 <001
Subintervals Equal size 1.5202 2.7629 <0.01
method Equal volume 1.5249 25410 <0.01
Number of 2 1.7524 1.8609 <0.01
subintervals 4 14178 2.2968 <0.01
8 1.3974 37980 <001

Ranking Results - MAE
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Ranking Results - Qualitative Data

Factors Levels UTA-R  UTA  p-values

Kendall's 7 Criteria 5 0.7711 0.7655 0.287
10 07711 0.7710 0.971

15 0.7679 0.7679 1.000

Inconsistencies Low 0.8801 0.8831 <0.01

Medium 0.7658 0.7664 0.410

High 06643 06549 <001

MAE Criteria 5 1.7216  2.9965 <0.01
10 0.6981 1.1230 <0.01

15 0.7387 0.7954 0.016

Inconsistencies Low 0.5434  0.6225 0.119

Medium 1.1761 1.5122 <0.01

High 17389 27803 <0.01

Classification Results - Accuracy & Gini Index

Accuracy Gini index
Factors Levels UTADIS-R UTADIS p-values UTADIS-R UTADIS p-values
Criteria 5 0.8038 0.7876 <0.01 0.7124 0.7004 <0.01
10 0.8021 0.7805 <«0.01 0.7161 0.6982 <0.01
15 07941 07770 <0.01 0.7112 0.6959 <0.01
Data type Contin. 0.7999  0.7792 <001 0.7145 0.6964 <0.01
Discr. 0.8006 0.7962 0.165 0.7053  0.7087 0.527
Classes 2 0.8062 0.7898 <001 06791 0.6580 <0.01
3 0.7938 0.7735 «0.01 0.7473 0.7383 <0.01
Incons. Low 0.9064 0.9048 <«0.01 0.8997 0.8987 <0.01
Medium 0.7966  0.7762 <0.01 0.7112 0.6962 <0.01
High 0.6970 0.6640 <«0.01  0.5287 0.4996 <0.01
Subintervals Equal size 0.7999  0.7792 <0.01 0.7145 0.6963 <«0.01
method Equal vol. 0.7999 0.7Y793 <001 07146 0.6945 <0.01
Number of 2 0.8001 0.7849 <0.01 0.7154 0.7046 <0.01
subintervals 4 0.8027 0.7812 <«0.01 0.7159 0.6977 <0.01
8 0.7970 0.7717 <0.01 0.7124 0.6868 <«0.01
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Classification Results - MAE

Factors Levels UTADIS-R UTADIS p-values
Criteria 5 2.9940 42312 <0.01
10 1.2149 1.7526 <0.01
15 0.8824 1.1900 <0.01
Data type Continuous 1.6903 2.4738 <0.01
Discrete 1.7384 1.8959 0.028
Classes 2 2.1448 2.9045 <0.01
3 1.2494 1.7880 <0.01
Inconsistencies Low 1.1890 1.6163 <0.01
Medium 1.6783 2.4553 <0.01
High 22241 3.1022 <0.01
Subintervals Equal size 1.6891 2.4398 <0.01
method Equal volume 1.6914 2.4578 <0.01
Number of 2 1.6595 2.1891 <0.01
subintervals 4 15808 2.1261 <0.01
8 1.8304 3.1063 <0.01

Classification Results - Qualitative Data

Factors Levels UTADIS-R UTADIS p-values
Accuracy Criteria 5 0.7922 0.8022 0.068
10 0.8077 0.7951 0.020
15 0.8018 0.7913 0.050
Classes 7 0.8064 0.8003 0.236
3 0.7957 0.7921 0.430
Inconsistencies Low 0.9104 0.9181 <0.01
Medium 0.7944 0.7810 <0401
High 0.6968 0.6795 <001
Gini index Criteria 5 0.6848 0.7114 <001
10 0.7158 0.7083 0.424
15 0.7152 0.7065 0.351
Classes 2 0.6676 0.6715 0.646
3 0.7429 0.7459 0.640
Inconsistencies Low 0.8972 0.9034 <001
Medium 0.6982 0.7072 <001
High 0.5203 0.5156 0.244
MAE Criteria 5 3.6119 3.2068 0.016
10 0.9620 1.6083 <001
15 06413 0.9737 <0401
Classes 2 2.3425 2.3523 0.935
3 1.1343 1.4395 <0.01
Inconsistencies Low 1.0023 0.9416 0.434
Medium 1.8395 1.9173 0.506
High 2.3734 2.8289 <0.01
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Conclusions

@ A decision model that fits well on the reference alternatives is
not necessarily a good model

@ Development of new formulations using concepts from the
field of statistical learning theory

B The new formulations enable the connection of the problem
data to the quality of the models
B |mproved results in many cases (mostly for numerical data)

@ Further validation on real world data

@ Extension to other modeling forms such as outranking models
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#28 Robyst
Y MEDA

Co-financed by Greece and the European Union

Robust portfolio optimization:
A categorized bibliographic review

Xidonas | Doukas | Mavrotas | Psarras | Matsatsinis

Introduction | Research aims

v' The study’s purpose is

o To provide an elaborate bibliographic taxonomy of the core
contributions appear in the literature, with regard to the application
of robustness optimization techniques in MPT.

2 To identify all seminal studies, both from the operational research
and the finance field, have been compiled and carefully classified,
according to the various methodological approaches that are used.
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Problem setting | Conventional portfolio selection

v" Fundamental remarks

2 An efficient frontier in the typical portfolio selection problem consists
an illustrative way to express the tradeoffs between return and risk.

Usually security returns distributions are, either
or being exploiting analysts’ views or

o

even , i.e. Gaussian etc.

> But historical time-series incorporate huge noise bulk, i.e. skewness
or fat tails (kurtosis) and industry forecasts are subjective.

Problem setting | The mean-variance formulation

> 2-8laotdoslg

OAAHZ — Naverotiuto MNelpatd — MeBoSoAOYLIKEG TPOOEYYIOELG YLaL TN LEAETN TNG JeAiba 57 amno 86
gvotdBelag og mpoPARpata Adng anoddcewv pe moAAQMAG KpLtripLa



A18 — Alopyavwon workshops M18.6 —'EkBeon 6° Emotnuovikol Workshop

Problem setting | The mean-variance formulation

> 2-8lactdoEelg

For a universe of
150 to 250 securities
a number of
11,175t0 31,125
covariances have to be

Can be easily calculated.

solved with
Lagrange

multipliers.

Problem setting | The mean-variance formulation

> 2-8L00TA0EL

. 2 _ 1
mino> = E[Wl' Wy ey Wy | %

Wy

st [1, 1,..., 1]x *

Wy
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Problem setting | Discrete efficient surfaces

3-81a0TAoEL

Problem setting | The gap

v Wrap-up

> In practice exact values of input data are seldom known.

(3]

Moreover, optimal solutions may be implemented with deviations.

(4

Small deviations in data values can make optimal solutions infeasible.
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Problem setting | Robust optimization

nominal boundary

—_ A

|
| approximate
|
|

\

«——— robust

\ nominal

objective vector

Review | Some figures

v" Google scholar
2 When searching for modern portfolio theory, we obtained:
404,000 results
2 When searching for portfolio optimization, we obtained:
241,000 results
2 When searching for robust portfolio optimization, we obtained:

48,700 results
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Review | Mass hits

v" The top-3 popular papers in terms of citations

systems. Operations Research (Informs), 43, 264-281.

> Mulvey, J., Vanderbei, R., Zenios, S., 1995. Robust optimization of large

> Tutuncu, R., Koenig, M., 2004. Robust asset allocation. Annals of
Operations Research (Springer), 132, 157-187.

o  Fabozzi, F.,, Huang, D., Guofu, Z., 2010. Robust portfolios: Contributions
from operations research and finance. Annals of Operations Research
(Springer), 176, 191-220.

Review | Research map
v' Taxonomy results |
No |~ Authors ~ Date |-
14 Maillet, Tokpavi & Vaucher 2015
3 Dupacova & Kopa 2014
6 Fliege & Werner 2014
11 Kim, Kim, Kim & Fabozzi 2014
12 Kim, Kim & Fabozzi 2014
13 Kolm, Tutuncu & Fabozzi 2014
15 Mansini, Ogryczak & Speranza 2014
2 Deng, Dulaney, McCann & Wang 2013
9 Kim, Kim & Fabozzi 2013
10 Kim, Kim, Ahn & Fabozzi 2013
18 Scutella & Recchia 2013
3 Huo, Kim & Kim 2012
7 Gregory, Darby-Dowman & Gautam Mitra 2011
5 Fabozzi, Huang & Zhou 2010
1 Bertsimas & Pachamanova 2008
4 Fabozzi, kolm, Pachamanova & Focardi 2007
17 Pinar & Tutuncu 2005
19 Tutuncu & Koenig 2004
20 Vassiadou-Zeniou & Zenios 1996
16 Mulvey, Vanderbei & Zenios 1995
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Review | Research map

v" Taxonomy results Il

Title - Focus -
Global mV portfolio optimization under some model risk: A robust regression-based approach Risk
Robustness of optimal portfolios under risk and stochastic dominance constraints Risk
Robust multiobjective optimization and applications in portfolio optimization Framework
Robust portfolios that do not tilt factor exposure Framework
Recent developments in robust portfolios with a worst-case approach Review
60 Years of portfolio optimization: Practical challenges and current trends Review
Twenty years of linear programming based portfolio optimization Review
Robust portfolio optimization with VaR-adjusted Sharpe ratios Risk
Composition of robust equity portfolios Instruments
What do robust equity portfolio models really do? Instruments

Robust portfolio asset allocation and risk measures

Asset allocation

Robust estimation of covariance and its application to portfolio optimization Trading
Robust optimization and portfolio selection: The cost of robustness Framework
Robust portfolios: Contributions from operations research and finance Risk
Robust multiperiod portfolio management in the presence of transaction costs Trading
Robust portfolio optimization Framework
Robust profit opportunities in risky financial portfolios Risk

Robust asset allocation

Asset allocation

Robust optimization madels for managing callable bond portfolios Instruments
Robust optimization of large systems Framework
Review | Research map
v' Taxonomy results Ill
Journal Journal scope |~ ABS ranking |~ Publisher |~
European Journal of Operational Research Operations Research 4 Elsevier
European Journal of Operational Research Operations Research 4 Elsevier
European Journal of Operational Research Operations Research a4 Elsevier
European Journal of Operational Research Operations Research 4 Elsevier
Journal of Optimization Theory & Applications Operations Research 3 Springer
European Journal of Operational Research Operations Research 4 Elsevier
European Journal of Operational Research Operations Research 4 Elsevier
Journal of Asset Management Finance 2 Palgrave
Finance Research Letters Finance 2 Elsevier
Annals of Operations Research Operations Research 3 Elsevier
Annals of Operations Research Operations Research 3 Springer
Finance Research Letters Finance 2 Elsevier
European Journal of Operational Research Operations Research 4 Elsevier
Annals of Operations Research Operations Research 3 Springer
Computers & Operations Research Operations Research 3 Elsevier
Journal of Portfolio Management Finance 2 IEE

Operations Research Letters Operations Research 2 Elsevier
Annals of Operations Research Operations Research 3 Springer
European Journal of Operational Research Operations Research 4 Elsevier
Operations Research Operations Research 4 INFORMS
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Clues | Basic findings

v Block

>  Top-class well-known researchers are heavily involved, such as
Reha Tutuncu, Frank Fabozzi, Dimitri Bertsimas, Petter Kolm etc.

> Research pieces in the combined field of robust optimization and
portfolio selection, appear for over a

> Stavros Zenios made the first contribution in 1995, at the
Operations Research of Informs.

Clues | Basic findings

v Block Il

> The focus categorization of the papers consists of 6 areas: a)
methodological framework, b) reviews, c) risk management
(emphasis on VaR and CVaR), d) asset allocation, e) financial
instruments (emphasis on equities and bonds), and f) trading
procedures (emphasis on transaction costs).

o The main bulk of contributions (around 40%) appears in the areas
of methodological framework and risk management.
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Clues | Basic findings

v' Block Il

>  European Journal of Operational Research (EJOR) and Annals of
Operations Research (AOR) accommodate the biggest number of
robust portfolio optimization papers.

> Very low number of contributions appear in finance journals.

2 The journals that publish papers in the combined field of robust
optimization and portfolio selection are all of excellent quality
according to the ABS rankings (mainly 3 and 4 stars).

Epilogue | Last words

v' Strong advocate for

2 The unarguable all contemporary portfolio
optimization empirical applications with proper robustness analysis.

> A constantly growing underlying research momentum.
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European Union
Eurspean Socil Fund

Co-financed by Greece and the European Union

Robustness analysis approaches in
political decision making

Yannis Siskos, Nikos Tsotsolas, Spyros Alexopoulos

6 Political Decision Making

~

6 Robustness Analysis Approaches

~

6 Dealing with Robustness Issues in Policy Making

P
(0 Conclusions - Future research

2

L —ZNSRF This research has been co-financed by the European Union ”
Sma— (European Social Fund) and Greek national funds through the @" Robust

Operational Program "Education and Lifelong Learning" \ MEDA
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Political Decision Making

Political decisions and formulation of policy: Why in need
of decision aid

» Characteristics:
< Complex
< Multifaceted

» Involve many different stakeholders with different priorities/objectives

- Because of the aforementioned reasons:

< policy-makers often experience difficulty making informed, thoughtful
choices in a decision-making environment involving complexity, risks,
value trade-offs and uncertainty

Political Decision Making is Complex

Government policy makers seldom seek to maximize just a single
welfare objective. Typically they are concerned about a bundle of
policy objectives, expressed by contributing variables or indicators,
conditional on and constrained by political reality, public opinion, but
also by others interests (not so transparent) as well.

The complexity of political decision making is even bigger if we take
into consideration that the government’s current payoffs are equal to
the “net present value” of its anticipated future actions (and resulting
victories/losses), not just its present and past policy. So the strategic
planning of the government incorporates as an objective the
expectations regarding the elections.
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Policy Makers

In this context actions of government policy makers can be
interpreted as efforts to:

- design “efficient” policies (e.g. those for which every objective is
reached with the minimum loss for the other relevant objectives)
to improve government performance, as measured by
aforementioned indicators, while at the same time

- maintain a political behaviour true to their “political identity”
(ideology, values, interests, influences).

Is MCDA Appropriate?

Modelling and analysis play a key role in the interventions between the discipline
of Operational Research (OR) and strategic decision-making.

The popular view of strategic decisions is that they typically involve a high degree
of uncertainty, high stakes, major resource implications, and long-term
consequences.

The Principles of sociotechnical design: Organizational objectives are best met
[...] by the joint optimization of the technical and the social aspects

Political decisions (e.g. in economic, fiscal, development fields) are often complex
and multifaceted and involve many different stakeholders with different priorities
or objectives

Complex decision problems need a multicriteria decision analysis (MCDA)
approach to be adopted, in order to take into account all the criteria/options
involved in the analytical process of defining the scope of the decision, to
construct a preference model, and to support the decision
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Political Decisions and MCDA

“epistemic”
—> uncertainty

policy values

Technical Complexity — inter-related choices

— decision complexity

stakeholders’ variety
social representations

Social Complexity

communication channels

The need for robustness analysis

“ The stability of a model or/and of a solution should be assessed and
evaluated each time

“ The analyst shall be able to have a clear picture regarding the reliability
and robustness of the produced results

+« Stability and reliability shall be expressed using measures which are
understandable by the analyst and the decision maker

“ Based on these measures the decision maker may accept or reject or
adopt the proposed decision model
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The need for robustness analysis

We know, perfectly well, that uncertainty is present and has an
influence on every decision-making context. But it appears in different
ways.

In any way:

- We can not omit nor relegate it;

- We need to focus on its importance;

- We must consider it in an appropriate manner.

As Robustness allows us to experiment with uncertainty, it is necessary
to define its concept, its significance and to emphasize its importance
in the Multiple Criteria Decision Aid field.

The concepts of robustness in OR and MCDA

Robustness analysis has achieved a remarkable importance in recent
years. However, there is some confusion about the different meanings
that the term robustness has received.

For that reason it is necessary to discuss the different approaches
behind the word “robustness”.

» Robust conclusion — valid in all or most pairs (version, procedure)
— dealing with system values and gap from reality

» Robust solution — good in all or most cases— dealing with
uncertainty of external environment and external factors

» Robust decision in dynamic context — keep open as many good
plans as possible for the future — dealing with the unknown future
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Robust conclusion

“ Under a general discussion, Roy (2008 & 2010) assigns to
robustness the role of a tool that supports the analysts against
phenomena of “approaches” and “zones of ignorance”

% It's necessary for the analysts to take into consideration that the
decisions they try to reach will be:

= applied into the real world which will be probably not 100%
compatible with the developed model

= actually evaluated according to a value system which might
not also be in total compliance with the corresponding value
system which was used for the development and application of
the model

‘ model vs reality

% Robust means ‘good in all or most versions - procedures’, while a
version being a plausible set of values for the parameters of the
model (procedure, version)

Robust solution

In the 1990s, Kouvelis and Yu represented the uncertainty by
scenarios, where a scenario is a specification of all data. Robust
solutions are those that perform relatively well across the scenarios.

In MCDA with multiple scenarios, two aspects should be of concern:

M18.6 —'EkBeon 6° Emotnuovikol Workshop

% The first one is the robustness of performances of a strategy across

scenarios (inter-scenario robustness). Thus a strategy that
performs relatively well on all scenarios exhibits higher (inter-
scenario) robustness than one that performs poorly on a given
scenario.

% The second aspect is the spread of performances across scenarios
(inter-scenario risk). For example, a strategy with very good
performance in one scenario and very poor performance in one
scenario is considered of high risk.
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Robust solution
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Robust decision in dynamic context

been discussed above, and

decisions will modify

From late 60s by Gupta and Rosenhead suggested that in sequential
planning problems, decisions need to be made through time given
different uncertainties. All decisions affect future plans.

Robustness analysis in this context is applicable when:
«“ uncertainty is a factor that obstructs confident decision - which has

% decisions must be or can be staged. - that is, the commitments made
at the first stage of a decision do not necessarily define completely the
future state of the system. There will be one or more future
opportunities to modify or further define it.

The elements to be considered are:
*» a set of alternative initial commitments to be considered
“ a set of relevant possible configurations of the system which the

“ a set of ‘futures’ representative of possible environments of the system
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Robust decision in dynamic context
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A Holistic Approach for Robustness Analysis

present time

We propose an extension of the scope of scenarios in relation to the ones
proposed in Goodwin and Wright (2001) by including the notion of pair
(procedure, version) used by Roy (2010) combined with the effect of
subsequent actions on future states of the problem.

Our approach is consisted of the following steps:
“+ Define a set of k alternative actions, A={a,, a,, ..., ;, ... &}

“ Set future states fs where fs=0, 1, 2, ..., q, while fs=0 is referring to the

“ Define a set of plausible variable settings s=(procedure, version),
using Roy’s approach as an extension to the notion of scenario, in a
future state fs, S’s={s’;, s's,, ..., sfs, .
probably different for each future fs, and equal to m(fs). It is very likely
that for the distant futures the information about plausible variable
settings maybe poor, so the cardinality of the S's will be decreased.

.» S®ae)}- The cardinality of Ss is
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A Holistic Approach for Robustness Analysis

The set A of the alternative actions may evolve during the policy circle
and new, combined and updated actions might enter in A, so its
cardinality JA|=k will be increased.

Each variable setting is also affected by the choice of an initial action a,
at present time (fs=0), so the set of plausible variable settings could be
represented as:

S'(a;)={s"1(a), S*x(ai), .., SS(@), ..., SShgs)(@c)} for fs=1,2, ..., g given
that the selection of choice a, could affect each s in the future.

For the special case of fs=0, present time, the set of plausible variable
settings is not affected by the action i: S°={s%, s9,, ..., soj, som(o)}.

A generic example

alternative actions: A= {a,, a,, as, a,,} s scenarios—> 24, including:
a,.: initial choice at fs=0 * 4 versions of the problem

» 3 procedures (e.g. different post optimality
algorithms in a UTA method, max-min,
Manas-Nedoma, max &)

2 set of parameters of the UTA method

i criteria>5
fs: future states—> 3 (fixed time, e.g.: yearly)

Total no of lines: 216

-n-----nn

- cry(0,1) cry(0,1) cry(0,1) cr,(0,1) crg(0,1) m-m 01 01

24 - cr(0,4) cry(0,4) cry(0,4) cr,(0,4) crs(0,4) maxd - 0.2

1 1 a, cr(l,1) cry(1,1) crg1,1) cr,(1,1) crg(1,1) m-m 01 0.1
1 19 a; cry(1,3) cry(1,3) crg(1,3) cr,(1,3) crs(1,3) m-m 0.2 0.2
1 24 a; cry(l,4) cry(1,4) cry(1,4) cr,(1,4) cry(1,4) maxd - 0.2
2 24 a, cr(2,4) cry(2,4) cry(2,4) cr,2,4) crs(2,4) maxd - 0.2
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A Holistic Approach for Robustness Analysis

For each alternative a; an overall evaluation of its performance under
each plausible variable setting sij(aic), denoted as V(sfsj(aic), a,;), shall
be calculated.

Robustness of all alternative actions across the plausible variable
settings shall be evaluated using three types of measures:

% Rg(s™(a;), &): The Standard Type, highlights solutions that are good
enough in most scenarios and not very bad at any scenario.

<> Rcr(sfsj(aic), a;): The Credibility Type, evaluates the robustness of a
solution during post-optimality analysis by calculating stability and
credibility measures.

“ R (s"S,(a;), &): The Flexibility Type, where an action a; is considered
to be robust, or equally flexible, if a significant number of ‘good’ or at
least ‘acceptable’ plans are kept open in future states fs.

< MCDA could be extensively used for supporting extremely complex decisions in
both public and private organisations

“ The proposed approach will deal with epistemic uncertainty, multiple objectives,
complex policies and long-term consequences

“ We believe that the key aspect in efficiently tackling political circles is to develop
robust strategies against multiple scenarios

< More studies on robustness of strategic options under multiple scenarios is
required; for example, about suitable operators and graphical displays for
interacting with policy makers.

< Long term consequences is an open area for research by MCDA, and
developments in other areas (e.g., cost benefit analysis) could be analysed and
adapted to the context discussed here.

« Structuring policies composed by options that are interconnected is an area
almost unexplored, from a decision analysis perspective, and ideas from the
field of problem structuring methods may be relevant for this intent.
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Future Research

The proposed methodology meant to be an integrated part of an iterative,
continuous process with feedback and forward loops supporting
prospective and retrospective analyses based on multiple views and
multiple states of the future, along with its focus on the aforementioned
robustness concerns.

Such a framework shall be consisted of several discrete stages:
= defining the problem
= scoping participation
= tackling uncertainty with future scenarios
= considering multiple objectives
= designing and appraising complex strategic options, and

= considering long term consequences

Facilitated Approach in Political Decision Making

People:

Policy Decision Makers

Scientists and Engineers

Stakeholders (Public, Interest Groups, ...)

Identify criteria to

Process: compare alternatives Screen /eliminate
- ~ clearly inferior
Scope Define problem & alternatives
participation “ generate initial set
of actions Gather value Combine
judgements on alternatives
relevance importance
Tool of the criteria
0o0ls:

Soft OR Methods

Systems Dynamic Methods
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Facilitated Approach in Political Decision Making

People:

Policy Decision Makers

———————————————————————————————————————————————————————————————————————————————————————————————————————————————————— ——
Stakeholders (Public, Interest Groups, ...)
77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 ——

Determine
Process: performance of
' alternatives for
Select Build criteria ct Monitoring

thod f ~ A
“ mf;‘n Oc:j elor preference Rﬁr?:ll?)(le;m “ (time &
development model ' events
~ triggers)

Evaluate
Robustness

Tools:
Soft OR Methods

Decision Analysis Methods

Robustness Analysis Methods

»
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Foresight of Innovative Energy Technologies

through a Linguistic Multi Criteria Approach

J. Psarras, H. Doukas, and A.G. Papadopoulou

Decision Support Systems Laboratoty, School of Electrical and Computer Engineering,
National Technical University of Athens (NTUA)

Decision Support Systems Laboratoty, School of Electrical and Computer Engineering, National Technical University of Athens (NTUA)

Based on:
~— To Present:
Topsis Method | -
% A supportive multicriteria
LI usﬁgx#;tmttﬁgg P approach that will assist
energy actors in assessing

2-tuple Representation Model energy technology options;

New fuzzy linguistic +¢ Pilot application to the
representation model, where the
collective values are managed as
continuous ones

Greek energy sector.

N

Decision Support Systems Laboratoty, School of Electrical and Computer Engineering, National Technical University of Athens (NTUA)
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Topsis Extension;

A
B. 2-Tuple Representation;
(3
D

Application:
v Policy Priorities;
v Examined Technology Options;
v Criteria — Performances;
v" Results - Discussion;

Conclusions.

Decision Support Systems Laboratoty, School of Electrical and Computer Engineering, National Technical University of Athens (NTUA)

A. Introduction [1/2]

Increasing Sustainability’s impact;
Greening EU’s Energy Policy;

Energy markets’ restructure with the simultaneous use of innovative “clean”
technologies is complex;

MCDM methods: MAUT, PROMETHEE, ELECTRE and TOPSIS = Assisting
energy policy and planning;

The qualitative information is difficult to be managed = Linguistic variables.

Need for flexible methods using linguistic variables for
assisting policy makers

Decision Support Systems Laboratoty, School of Electrical and Computer Engineering, National Technical University of Athens (NTUA)
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A. Introduction [2/2]

RESULTS:

Collective values are managed as

continuous ones;
TOPSIS Extension % To deal with the “loss of
- with the use of the information” limitation, the 2-tuple
2-tuple approach

representation model has been

used;

An application on the Greek energy

sector has taken place.

Decision Support Systems Laboratoty, School of Electrical and Computer Engineering, National Technical University of Athens (NTUA)

B. 2-Tuple Linguistic Representation [1/3]

An ordered scale S = {sy,...,S,} is a set of g+1 ordered terms.

The fundamental property of the scale terms is the order s,<s, if and only if a<b,

abe{12..9}
Additionally, a unique negation operator n for the terms of s can be defined as

n(si ) =s,; foreach S; € S.The negation has the following properties:
n(sy) =S5,

n(s, ) =s,;

n(n(s))=s, vi=12,...,9;

5,25, < n(s)<n(s)), vi, j c{L,2,...g}
The fuzzy set representing the semantics of each linguistic term is on the interval [0, 1].
An ordinal scale with 7 linguistic terms can be
S ={s, = None,s, =Very Low,s, = Low, 3, = Medium, s, = High, 5 =Very High, s, = Perfect]

6
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B. 2-Tuple Linguistic Representation [2/3]

Let S = {s,,...,S,} be alinguistic term set.
Assume that a symbolic method aggregating linguistic information obtains a value
pel0.g]and Bg{01,..,9}

Let S €[0,g] be the result of an aggregation of the indexes of a set
of labels assessed in a linguistic term set S.
Let i=round(p) and a=p-i be two values such that j 01,9} and a €[-0.5,0.5)

The meaning of symbolic translation a lies in the “difference of information” between A € [0, g]

and j ¢ {01 g} that indicates the index of the closest linguistic term S; € S(i =round (B))
Based on the above a linguistic representation model was developed, representing the

linguistic information by means of 2-tuples (s;, ), s; € S and a € [-0.5,0.5), where:
v’ s, € S represents the linguistic label center of the information;

V' q;is the symbolic translation.

: Decision Support Systems Laboratoty, School of Electrical and Computer Engineering, National Technical University of Athens (NTUA)

B. 2-Tuple Linguistic Representation [3/3]

Let S = {sp,...,S;} be a linguistic term set and /5 € [0, g ]a value representing the result of
a symbolic aggregation operation, then the 2-tuple expressing the equivalent information
to B is obtained with the following function:
A:[0,g]— Sx[-05,05)
Sandi= d

AB)=(s,a) win (el

[a =p-i,ae[-0.5,0.5)
The definition of function A implies that there is always a function A™: S x [—0,5,0,5) N [0, g]
such that from a 2-tuple it returns its equivalent numerical value 8 < [0, g]. Then the following

function is considered: A™(s;a)=i+a=p
A2-tuple’s negation can be defined as: Neg(s,,a)=A[g-A"(s,,a)]
Let (s, a4) and (s;, a,) be two 2-tuples. Their comparison can be achieved as follows:
v Ifk<t then (s, ay) < (s, @)  If a,=ay then (s, a) = (S, Gy)
v’ If k=1 three cases exist: If oy <a1, then (s, ay) < (s;, ay)

If a, > a, then (s, a4) > (s;, 0y)
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C. Topsis Extension [1/3]

Representation:

1o in
I

% Alternative’s

w@n

performance in every criterion

represented as z; = Sﬁu €S B;e{01..9}
Therefore A’l(sﬁu ,O) =pB; € {0.1,..., g} c [O, g] expresses the equivalent numerical information;
Each criterion ‘j” weight can be represented as w;=s, €5, A€ ONL. ..., g}.

Therefore A’l(s}” ,0) =1, €{0,1,...9} =[0,g] expresses the equivalent numerical information;

The incorporation of weights in the Topsis method can be developed as:

Xu X o Xy

X A0
21 where X-»=i7ﬂ”€[0,g]Vi,Vj S0 as

]

Xnk
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C. Topsis Extension [2/3]

@,

«* The ideal alternative a*can be identified as follows:

a’ = (miax Xiz, MaX X, .. MAXX; ... MaX X;, ): (xf, X, ...x},...x;)
%+ The negative ideal alternative o~ can be defined as:
J )

a” :(m_in X, Minx;, ..minx; ...min xik)z(xl‘,x;,...x.‘ ...xk‘)
i : i : i ) i

where aj*,aj’ = [0, g]
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C. Topsis Extension [3/3]

«» The deviation of alternative

%Zk:(xi,- - X )2 €0, g] from the ideal alternative

from the negative ideal
alternative

7

% The index defining the relative closeness of alternative A, from the ideal solution is

CC(A)=A(pA™ (s,8,)+(1-p)A™ (Neg(s,.a))= A(pS; +(1-p)(g-5))= (54:8;)

with p<[0,1]
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D. Application [1/6]

Domestic energy resources’ exploitation; Decarbonisation of

Creation of domestic infrastructure; the Greek energy
system by

Construction of electrical introducing low
interconnections with neighboring ' carbon (natural
gas) or non-carbon

(renewable) energy
Meeting the Kyoto Protocol Target; sources

countries;

Policy Ir'ior'ities

Diversification of supply.
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D. Application [2/6]

T1: Pressurized Fluidized Bed Combustion ;
T2: Natural Gas Combined Cycle;

T3: Pressurized Pulverized Coal Combustion;
T4: Molten Carbonate Fuel Cell;

T5: Fuel Cell/ Turbine Hybrids;

T6: Biomass Co-Firing;

ed
Options

‘ZI

Technol

T7: Biomass Gasification;
T8: Off-Shore Wind Farms;

Ex

T9: Large Scale Wind Farms;
T10: Building Integrated Photovoltaics;

Decision Support Systems Laboratoty, School of Electrical and Computer Engineering, National Technical University of Athens (NTUA)

D. Application [3/6]

Contribution to confrontation of the climate change
phenomenon (Production of GHG emissions) (C1);

Impact on the natural environment (C2);

Contribution to employment (C3);

Local and regional economic development (C4);

Investment Cost (C5);

Contribution to energy sufficiency (C6).
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D. Application [4/6]

Weights, Performances = None (N), Very Low (VL), Low (L), Medium (M), High (H),
Very High (VH), Perfect (P).

Weights Technology Options
T4 T5 T6 T7
M H N

M

Criteria

Decision Support Systems Laboratoty, School of Electrical and Computer Engineering, National Technical University of Athens (NTUA)

. Application [5/6]

RESTIS

Ranking Technology Options

T7: Biomass Gasification

T9: Large Scale Wind Farms

T10: Building Integrated Photovoltaics
" T5: Fuel Cell/ Turbine Hybrids
* T8: Off-Shore Wind Farms
&' T1: Pressurized Fluidized Bed Combustion
T4: Molten Carbonate Fuel Cell
T2: Natural Gas Combined Cycle
T6: Biomass Co-Firing

T3: Pressurized Pulverized Coal Combustion
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D. Application [6/6]

Outputs:
+  Biomass Gasification + Large Scale Wind Parks = Able to be realized in large scale.
< Building Integrated Photovoltaics + Fuel Cell/ Turbine hybrids = Promising options;
Evaluation:

RES options are standing out, comprising the first five;

Conventional fuel based technologies boxed in the lower places of the evaluation =
Continually increased environmental awareness and energy dependence on countries

with unstable geopolitical characteristics.

Decision Support Systems Laboratoty, School of Electrical and Computer Engineering, National Technical University of Athens (NTUA)

E. Conclusions [1/2]

MCDM with direct computation on linguistic variables = Flexibility and
capacity to assess the technologies’impact in all SD dimensions in a
straightforward and transparent way;

In the presented extension of the TOPSIS for linguistic variables = The
collective values are managed as continuous ones;

No claims for just what energy technologies should be supported;

Aim = How to lead to specific energy technology options towards a

sustainable energy system.
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E. Conclusions [2/2]

Matured and fully commercialized energy options (renewable energy) = High
Priority.
Criteria + performances = Specific energy characteristics + Different

circumstances + Development Needs + Perspectives = Indicative application
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Thank you very much
for your attention!
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