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1 Tevika

1.1 Tevika otolxeia Spaong

H 6pdon A18 adopd tn Slopydvwon ULOC OEPAC EMLOTNHUOVIKWY CUVOVTNOEWY gpyaciag
(workshops) kal evtacoetalt oto oUvoAo Twv SpAcewv SnUooloTNTaG Tou £pyou. Ta
workshops opyavwvovtal amo TIG EPEUVNTIKEG OUASEC TwV LOPUUATWY TIOU OUUUETEXOUV
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 MAQICLO TWV EMIOTNMOVIKWY QUTWVY CUVOVTNOEWY O PoucLaleTol OxL LOVOo n TPEXoUTA
£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 O6wdoon TOU EMOTNUOVIKOU QVTIKELWMEVOU TNG TOAUKPLTNplag avaAuong
anopAceEwWV Ko

o 1 SktUwon Kat n avtaAlayr anoPewv AvAESA O ETIXELPNOLAKOUE EPEUVNTEG KOl
OTEAEXN ETUXELPNOEWY KAL OPYOVLOMWY TIOU ACXOAOUVTOL HE TO OUYKEKPLUEVO
QavTIKE(pEvVO.

JUpdpwva pe To MAGvo ulomoinong, ota TMAA(oLO TOU CUYKEKPLUEVOU €PYOU TIPOKELTAL VOl
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 Entponr 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 (cuvtoviatr) £pyou Kal uTteUBuvoU TG EPEUVNTIKAC OUASAC
tou NANEI)

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

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

AeSopévou OTL N EMUTPOTIN AUTH £XEL WC OTOXO TN GUVOALKN TapakoAolBnaon ulomoinong
TOU £pyou, N ouvelodOpPA TNG OTN CUYKEKPLUEVN SpACN ETLKEVIPWVETAL OTO GUVTOVIOUO UE
TIG UTTOAOUTIEG EVEPYELEC TOU €PYOU KOL TN OUVEPYOoia PE TOV €KAOTOTE SlOpyavwTh TOU
gnotnuovikou workshop.

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG SeAiba 5 ano 94
gvotdBelag og mpoPARpata Adng anoddcewv pe moAAQMAG KpLtripLa



A18 — Alopyavwon workshops M18.3 —'EkBeon 3° Emotnuovikol Workshop

1.2 Tevikd otoyeia Tapadotéov

To ouykekpluévo mapadotéo adopd to 3° Emotnupovikdé Workshop tou €pyou mou
ipaypaTono|Bnke otnv ABrva, To Xpoviko dldotnua 26-27 Zemtepupplov 2013. 0udwva
e TO XpovoSidypappo UAoToinong Tou £pyou, T XPOoVLKN oty Sleaywyng tou workshop
£X0oUV OAOKANPwWOEL:

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'MNewpapotikn afloAoynon HETpwV guotdBelag os TPOoBARUATA TTOAUCTOXLKOU
T(POYPAUUATIOUOU

ErutA£ov, ol epeUVNTIKEG OUASEC TTOU CUMUETEXOUV OTO TpOypappa Bplokovtal oto otddlo
NG €KMOVNONG TPAYUATIKWY £dapuoywyv (Spdosig A4, A8, Al12) pe PBdaon ta PETPO
guotdBelag kat tig pebodoloyieg mou avamtuxdnkav oto mopandavw otadla.

Yta mAaiola tou 3°° Emtotnuovikol Workshop tou £pyou mpayuatomnolndnke napouvaciaon
TWV UEXPL OHEPA ATIOTEAECUATWY ATIO OAEG TIC OUASEG TIOU CUUMETEXOUV OTO TPOYPOLLA
Sivovtag éudaon otig Spaocelg ou €xouv oAoKANPWOEL €wg Twpa OAAA KoL TG TIPAYLATLKEC
edappoyég oe SladopeTikd MpoPARHATA (XPNHMATOOKOVOULKNG Sloiknong, MePLBAAAOVTLKNAG
avaAuong, Slaxeiplong dladikaotlwy, afloAdynong MoLOTNTAG UTNPECLWY, K.ATL.) TTOU €lval o€
otadLo uhomnoinong. 2to mapadotéo autod Sivovral:

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

e  JUVOSEUTIKO UALKO NG Spdong (adioa, SeAtio TUMOU, MAPOUGCLACELS, K.ATL.)

e AMo npooBeto UAKO (dwToypadieg, K.ATL)

Eniong, Ba mpémel va onuelwdel 0Tl ota mMAalola TG ouykekpLuévng Spaong Sivetal yla
GAAN pla dopd n SuvaToTNTA CUVAVTNONG TWV MEAWV TWV EPEUVNTIKWV OUASWY, YEYOVOG
Tou eival blaitepa onNUOVTLKO O €va £py0 TIOU €XEL WG PAOCLKO QVTIKE(UEVO TN cuvepyaoia
EPEUVNTIKWY OHASWV.
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2 YAomoinon

2.1 Tevikég mAnpo@opiec workshop

To 3° Emotnpovikd Workshop pe Sltokpttikod titho “Robust MCDA» (akpwvUULO TOu €pyou)
npaypatono|Onke otlg 26-27 ZemtepPpiov 2013 oto EOBvikd MetooBlo MoAuteyveio
(ABnva). To workshop SlopyavwBnke amo tnv epeuvntikiy oupdda tou EMMN (Movada
Anodaocswv kot Alwoiknong, Epyoaotrplo fuotnuatwv Amodacswv kot Alolknong, IXoAn
HAektpoAOywv Mnxavikwv kot Mnxavikwyv H/Y, EBvikd MetodBlo NoAutexveio).

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

Onw¢ mapouoclaletal avaAUTIKA otnv emopevn mapaypado, to workshop meplhapPavet 3
EVOTNTEG:

1. Baolkég Tpooeyyioelg moAukpLTiplag avaluong os mpoBAR-pata taflvopnong, Ue
£udaon oTIC aVOAUTIKEG-OUVOETIKEC TIPOOEYYIOELS Kal OTIC MeBOSOUG oxEoswv
UTLEPOXNG.

2. Avamtu€n  moAukplthplwv  HOVTEAWV Kol  edpappoyéC o mpo-BARuata
XPNUOTOOLKOVOULKAG Slolknong (eKtiunon TOTOANTTIKAG tkavotntag, Stafabuion
TPATE(IKWY 0pYaVL-OUWVY, afloAdynon TPAME(KWY KATOOTNHATWY)

3. Néeg epeuVNTIKEG KOTEVLOBUVOELG OTNV TTOAUKPLTAPLA avAAUCH amodAoswy

2.2 Amoloylopog workshop

210 workshop CUMUETELXAV KaL oL 3 EPEUVNTIKEG OMASEC TOU €pYOU, KABWE KO CNUOVTLKOG
0pLOUOC VEWV ETIXELPNOLOKWY EPELVNTWY, TIPOTITUXLAKWY KOl HETAMTUXLOKWY GOLTNTWY,
kaBwg kot urmoPndlwy Stdaktopwy. O Mivakag 2.1 mapouotalel toug péAn g KEO kat tng
OEI tou é€pyou TmoOU ouppeteiyav oto 3° Emotnuovikd Workshop. To Workshop
napakolovOnoav emiong petamtuylokoi dportntég, umodndlol SIBAKTOPEG Kol EPEUVNTEC
tou Navemotnuiou Mepaild, tou EBvikol MetodBlou MoAutexveiou KpAtng kat tou TEI
Mepald. JUVOALKA, 0 aplOUOC TwV CUHUETEXOVTWY avhpBe oe 35 dtopa (BA. Napdptnua I
yla pwrtoypadiec tou workshop).

JUVOTTTLKA, TO pdypappa tou 3°° Emtotnuovikol Workshop €xet wg g€nc:

Néuntn 26 enteuBpiov 2013

09:30 — 10:00: KaAwooplopa amnod 1o Alopyavwth kot Zuvtoviotr tg KEO tou EMMN Ka®. 1.
Wappad Kol Tov ZuvtovioTr Tou £pyou Kab. I. Zioko

10:00 — 11:30: Multicriteria classification methodologies for decision support (I'. Ziokog, M.
Aolpumnog)
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11:30-12:00:
12:00 - 13:30:

13:30 - 14:30:
14:30 - 16:00:

16:00 - 16:30:
16:30 - 18:00:

AldAelppa

A multi-group hierarchical discrimination method for managerial decision
problems: The M.H.DIS method (K. Zomouviéng, M. AoUumog)

AdAeLlppQ

An outranking relation approach for classification problems based on
pairwise comparisons (M. AoUumog, A. MNavvakomouAog, A. ZrupLdakog)

AdAeLlppQ

Evolutionary approaches for the development of outranking relations
models in classification problems (M. AgAwdg, E. Ziokog, . Wappdg)

NMapaokeun 27 SenteuBpiov 2013

09:00 — 10:00: ‘Eva TOAUKpPLTPLO cUCTNUA UTIOOTAPLENG amodAcEwV yla Thv afloAoynon
Tpamnelikwyv Wpupdtwy (N. Matoatoivng, M. AoUpumoc)

10:00 — 11:00: Outranking multicriteria models for credit rating (I. Maupwrtacg, M. Zudwvag,
. Wappag)

11:00 — 11:30: AlGAsippa

11:30-13:00: A multicriteria approach to bank rating (M. Zubdwvag, X. AolUkog, M.
Aolumog)

13:00 — 14:00: AlGAslppa

14:00 — 15:30: Learning non-monotone additive value functions for multicriteria decision
making (M. Aouumog, I'. Ziokog, X. AoUkag)

15:30 - 16:00: AldAelppa

16:00 — 17:30: An extension of the MUSA method in the context of the theory of attractive
quality (E. Fpnyopoudng, I. NoAitng, N. TodtooAac)

17:30-18:00: KAeiowo tou workshop

Nivakag 2.1: SUPHETEXOVTEG 0TO 3° eMLOTNUOVIKO workshop
ouada Epguvntég

Epguvntikn opdada
Maverotnuiov MNelpatd

lwavvng Ziokog (Ka®nyntng/MANEI)

Awoviong MNnavvakomouAog (KaBnyntrg/TEl Melpatd)
Evayyelog pnyopoudng (Av. Kabnyntric/MoA. KpAtnc)
ABavdotog Irupldakog (Av. KaBnyntng/TEl Mepaid)
Nikog TodtooAog (Metadidaktopag/MATEI)

lewpyio Mouptadou (Epeuvntric/MANMEI)

Epguvntikn opdda
MoAuteyveiou KpAtng

KwvaoTtavtivog Zomouvidng (Kadnyntrig/MoA. Kpntng)
NwkoAaog Matoatoivng (Kadnyntrg/MoA. Kprtng)
MuixaAng Aovpurmoc (Av. KaBnyntic/MoA. KpAtng)
Mavlog AeAlée (Em. KaBnyntng/TEI KaBdhag)

Alexis Tsoukias (AteuBuvtic Epeuvac/CNRS — LAMSADE/
KaBnyntnc/Université Paris Dauphine)
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Epeguvntikn opada EBvikol lwavvng Wappadg (KaBnyntrig/EMNM)

MetooBLlou MoAutexveiou MNnwpyo¢ Mavpwtag (Em. KaBnyntig, EMM)
Xapnc Aovkocg (Metadibaktopag/EMM)
MNavaywwtng Zudwvag (Metadiddaxktopac/EMIM)
EAeuBéplocg Ziokog (Y. Albaktopoag/EMM)

2to Mapdptnua A TNG OUYKEKPLUEVNG €kBeong Olvovial oL TaPOUCLACEL; TIOU
xpnowomowBnkav o OAn tn Sldpkela tou workshop ouvavtnong, ocUpdwva HE TO
TtPONyoUEVO TTPOYPA AL,

Téhog, Ba mpeémel va onuewwBel OTL KOTA TIG NnUepounvieg Slopyavwong tou 3%
Emotnuovikou Workshop, ta HEAN Twv gpeuvnTIKWV opddwv eixav tn Suvarotnta
TOPoOUCLAOoNC EPEUVNTIKWY OTNMOTEAECUATWY TOU £pyou oTo OUVESPLo 2nd International
Symposium and 24th National Conference on Operational Research
(http://eeee2013.epu.ntua.gr, Athens, September 26-28, 2013), 1o omnoio
TipaypatonolnOnke to 8o oxedov xpovikd Stactnuo otnv ABrva.
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Mapaptnua A: A@ica workshop

| MANEMIZTHMIO NOAYTEXNEIO &\ EONIKO
- _ ETI =) KPHTHE :) METZOBIO
i j MOAYTEXNEIO

30 Emornpoviko Workshop
Robust MEDA

NMPOrPAMMA GAAHL
Me00d0AOYIKEG TIPOCEYYIOEIC YIX T HEAETN TIC EVOTROEING O
nipoBAfpaTa ARYPNC anmoPpaoewv pe MOAMATAK KPITHPIX

26-27 Zenrepppiou 2013
EOviko MetooBLo MoAutexveio

AIOPTANQZH
EpyaoTiipio ZuoTnué&Twy Amop&oewv Kol Aloiknong
2x0AA} HAekTPOAOYWV Mnxavik®V Kol Mnxavik®v H/Y
EOvik6 MeTaoBio MoAutexveio

ENIXEIPHIIAKO MPOrPAMMA = EznA
LOU/-£U

YNOYPTEID NAIAEIAL & BPHEKEYMATON, NOAITIEMOY & ABAHTIEMOY  EVPONARO KOMANIKO TAMEDD

Eupwnaixr Evwon EIAIKH YNHPEIIA AIAXEIPIIHE
wmwﬂom
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Napaptnua A: Mapoveracelg workshop

/ #E8 Robyst

w MEDA

Multicriteria Classification

Y. Siskos®™), M. Doumpos®
) Technical Umverszty of Crete

) University of Piraeus

EDUCATON AND LFELONG LEARNG _/ NSRF
.,.umwzzmzm Pl 2007-

EuropeanUmun MANAGI AUTHORIT
Earopamn Soclat Fund Co-financed by Greece and the European Union

Methodologies for Decision Support

~

INTRODUCTION

v The classification problem
e Data

- A finite set of alternatives A={a,, a,, ..., a,}
- A set of attributes G={g, ¢, ---, Gpn}
- A set of classes C={c), ¢, ..., ¢,}
e Objective
- Find an appropriate mapping fla)—C

v'Numerous practical applications

v'Plethora of existing methodological approaches

%
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~

THE MULTICRITERIA APPROACH

v Ordinal classes: ¢;>cy>... ¢,
v Consider criteria instead of attributes:
9= 9= 7y, §5= 01, ~
v  Examples:
e Bond rating
e Business failure and credit risk assessment

e Country risk analysis
e Customer satisfaction measurement

L %

/~ MODEL FORMULATIONS N\
Outranking relations

v’ Binary relation developed on the basis of the
arguments supporting that a, is at least as good as a;
and the arguments against this statement

v’ Introduction of reference profiles to distinguish the
classes: r,=(7y, T, ---T), k=1, 2, ..., ¢1

v Construction of an outranking relation to compare
the alternatives with the profiles

v' Non-compensatory approach
v Classification heuristics (rules)

o %
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OUTRANKING RELATIONS
The ELECTRE TRI approach (Yu, 1992)

| Concordance test |

Problem data

| Disconcordance test |

Concordance index

C(an rk) = Z chy(gzj7 7]:7)

Disconcordance index
D j (g iis Thj )

L

Credibility index
ola,r,)> A< a, S,

Preference structure

P,LR

|

Classification heuristics
Optimistic assignment
Pessimistic assignment

L

Value functions

MODEL FORMULATIONS

UTADIS method
Jacquet—Lagreze (1995),

Zopounidis and Doumpos (2000) vV (
k

L

v Additive value function: V(a,)

v Classification rules
V(a,
t,<V(a,) <t =a, €q

Doumpos and Zopounidis (2002) ...

MHDIS method Vk (a’,

»

m

Z pjvj(gij)

Jj=1

) >t =a, €

K2

=a, €¢ l
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MODEL DEVELOPMENT PROCEDURES

v'Direct procedures

v'Indirect procedures
e Reference set (training sample)
e Optimization process
e Model validation
e Model extrapolation

L %

/~ INDIRECT PROCEDURES N\
Linear Programming

v UTADIS method
Min f = i m, ' Z o, +o,

Va, €c

subject to:
V(a,)—u, +0/ >6, Vaeq
V(a,)—u, +0, >6

) valeck (k:27 37 teny Tl)
V(a)—u, -0, <=0

V(az) U

V(amax) =1, V(amm) =0
Uy — Upyy >8> Vk=1, 2, ..., ¢2

—0; <5, Vaee,

V increasing function

o, 20,0, 20

\ s>06 >0 user-defined constants /
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/~ INDIRECT PROCEDURES
Alternative optimization approaches

~

v Mixed integer programming:
e L, norm: Minimize the number of misclassifications
e Specific branch & bound algorithms (Abad and Banks, 1993)
e Genetic algorithms (Conway et al., 1998)
e Tabu search (Fraughnaugh et al., 1998)
e Minimum cardinality IIS set-covering (Chinneck, 2001)
v Multi-objective programming (Stam, 1990)

v’ Non-linear programming (Cavalier et al., 1990)

L

%

/ CONNECTIONS TO OTHER
DISCIPLINES

~

v’ Rule induction models and rough sets (Greco et al.,
e Dominance relation
e IF ... THEN ... preference models
e Functional free models
e Compensatory /non-compensatory models
e Handling inconsistencies and missing data
e Data reduction

v Neural networks (Malakooti, B. and Zhou, 1994)

e Functional free models
e Modeling of highly non-linear preference structures
e Interpretation difficulties

L

2001)
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~

DECISION SUPPORT SYSTEMS

Systems Methodology
RANGU (Stam and Ungar, 1995) Linear value functions
PREFDIS (Zopounidis and Doumpos, 2000) Value functions
ELECTRE TRI-Assistant (Mousseau et al., 2000) Outranking relations
ROSE (Predki et al., 1998) Rough sets

4eMka (Greco et al., 1999) Rough sets

L %

/ CONCLUSIONS & FUTURE \
PERSPECTIVES

v' Model validation and post-optimality analysis
v' Model development parameters
v’ Similarities between methods

v Model combination
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A multi-group hierarchical discrimination method for
managerial decision problems:
The M.H.DIS method

C. Zopounidis, M. Doumpos

Technical University of Crete
Dept. of Production Engineering and Management, Greece

EDUCATIO‘J AND LIFELONG LEARNING v N s RF
esting iz Knowledae Society
= 7 E=] - ooy o tosopuet

EuropeanUnlon M
Lro Co-financed by Greece and the European Union

|

Introduction

Importance of discrimination methods in
managerial decision problems.
Multivariate statistical discrimination methods:
A Linear discriminant analysis
A Quadratic discriminant analysis
A Logit and probit analysis

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG JeAiba 24 amno 94
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Multicriteria discrimination methods

Goal programming:
ANndirect analysis of the actual decisions.

AMathematical programming techniques to optimize a measure of consistency
between the classification defined by the DM and the classification obtained
through the model.

ALinear discriminant functions.
Outranking relations:

ADirect interrogation procedure (the DM specifies some necessary preferential
information such as criteria’s weights, preference and indifference thresholds, as
well as some reference profiles for each class of objects).

AConstruction of an outranking relation between the alternatives and the profiles.
Preference disaggregation:

ASimilar methodology to goal programming.

AEstimation of utility function as the discriminant model.

l |

The M.H.DIS method
Problem formulation

A={a,, a,, ..., a,}: A set of n alternatives.
Cy, Cy ..y Gy g ordered classes.
G={0,, 9, --» 9}: A set of m evaluation criteria.

A G, a subset consisting of m, criteria for which higher values
indicate higher preference.

A G, a second subset consisting of m, criteria for which higher
values indicate lower preference.

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG JeAiba 25 amo 94
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The M.H.DIS method
The hierarchical discrimination process

General description:

The method proceeds progressively in the classification of the
alternatives into the predefined classes, starting from class C,.

A Initially, the aim is to identify which alternatives belong in class
C;. The alternatives which are found to belong in class C; are
excluded from further consideration.

A In a second stage the objective is to identify which alternatives
belong in class C,. The alternatives which are found to belong in
this class are excluded from further consideration.

A The same procedure continues until all alternatives have been
classified in the predefined classes.

|

The M.H.DIS method
The hierarchical discrimination process

Basic assumption:

The decision maker’s preferences are monotone functions
(increasing or decreasing) on the criteria’s scale.

This assumption implies that in the case of a criterion
g;eG;,, as the evaluation of an alternative on this criterion
increases, the decision regarding the classification of this
alternative into a higher (better) class is more favorable to
a decision regarding the classification of the alternative
into a lower (worst) class. A similar implication is also
made for each criterion g;eG,

l |
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The M.H.DIS method

Classification rule

The decision concerning the classification of an
alternative a into one of the predefined classes should
made in such a way that the utility (value) of such a
decision for the decision maker is maximized.

be

U%@=>u"[g )]

i=1
If US%(a) >UCk(a) then aeC,
If US(a) <UCk(a) then agC,

|

The M.H.DIS method

Estimation of utility functions

Minimizing the overall classification error

Min F = D e(a)

VaeA
s.t.

U%(a)-U *(a)+e(a)>s VaeCy
U "% (b) -U % (b) +e(b)>s VbheCy
wek >t we s >t

ijL i+ ij, j 1
Z Z,: Wit =1, Z ; w; =1
e(a), s, =0
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The M.H.DIS method
Estimation of utility functions

Minimizing the number of misclassifications

Min F= > '1(a)

VaeMIS
s.t.

U%(@)-U “*(a)>s VaeC,
U % (b)-U%(b)>s Vbeck}
US(a)—U (@) +1@)=s Vaeck} vabeMIS
U % (b) — Uck(b)+l(b)23 VbeC,

le j+1 —t IJ j+l —t
2.2 Wit =1, 2, 2 Wy =

s>0, tzO, I(a) integer
l

va,beCOR

The M.H.DIS method
Estimation of utility functions

Maximizing the minimum distance
Max d
s.t.

U%(a)-U *(@)-d>s VaeC,
U™ (b)-U%()-d=>s Vbeck}
U%(a)-U “(a)<0 VaeC,
~Ck(b) Uck(b)<0 vbeck}

Va,beCOR”’

Ya,beMIS”

I] j+l —t I] J+1 21
ZZW., =1 ZZWJ% -1

d, s, tzo
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CASE STUDY BASIC SAMPLE HOLDOUT SAMPLE | CRITERIA | CLASSES
Portfolio selection 98 stocks 15 3
Credit card evaluation 150 credit card applications 7 3
Bank branches efficiency 27 bank branches (2 years) 14 3
Country risk evaluation 66 countries 12 4
Retail outlets evaluation 50 retail outlets 12 3
Company acquisition 60 firms (3 years) 10 2
Credit risk assessment 60 firms (3 years) 12 2
Business failure prediction 80 firms (5 years) 38 firms (3 years) 12 2

Portfolio Credit card Bank branches Country risk Retail outlet
selection evaluation efficiency assessment  evaluation
Number of misclassifications
UTADIS 8 3 4/3 0 16
UTADIS | 8 4 411" 0 10
UTADIS |1 10 2 3/1: 0 7
UTADIS IlI - 2 3/1 0 7
M.H.DIS 0 2 0/0" 0 6
DA - - - 9 -
Classification error
UTADIS 8.16% 2% 14.81%/11.11% 0% 32%
UTADIS | 8.16% 2.67% 14.81%/3.7%* 0% 20%
UTADIS Il | 10.2% 1.33% 11.11%/3.7% 0% 14%
UTADIS Il - 1.33% 11.11%/3.2%* 0% 14%
M.H.DIS 0% 1.33% 0%/0% 0% 12%
DA | - - - 13.64% -
“Year 2/Year 1
l
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Classification results

Company acquisitions

Credit risk assessment

Year -1 Year-2 Year-3

Year -1 Year-2 Year-3

Number of misclassifications

UTADIS 9 25 27 0 5 13
UTADIS | 7 20 22 0 9 10
UTADIS 11 3 29 27 0 6 13
UTADIS 111 3 27 29 0 9 10
M.H.DIS 0 25 23 0 7 10
DA 22 28 28 | 3 9 14
Classification error
UTADIS |15.00% 41.67% 45.00% 0% 8.33% 21.67%
UTADIS | |11.67% 33.33% 36.67% 0% 15% 16.67%
UTADIS Il | 5.00% 48.33% 45.00% 0% 10% 21.67%
UTADIS 11| 5.00% 45.00% 48.33% 0% 15% 16.67%
M.H.DIS 0.00% 41.67% 38.33% 0% 11.67% 16.67%
DA |36.67% 46.67% 46.67%| 5% 15% 23.33%

Classification results

Basic sample Holdout sample
Year-1 Year-2 Year-3 Year-4 Year-5|Year-1 Year-2 Year-3
Number of misclassifications
UTADIS 0 13 13 20 23 14 16 14
UTADIS | 4 8 16 21 20 12 15 14
UTADIS II 0 18 15 22 23 14 12 15
UTADIS Il 0 17 14 19 22 14 12 14
M.H.DIS 2 9 13 23 20 12 13 12
DA 8 15 18 24 26 13 16 22
LA 8 14 17 20 20 15 13 17
PA 10 15 22 26 22 14 15 19
Classification error
UTADIS 0% 16.25% 16.25% 25% 28.75% [ 36.84% 42.11% 36.84%
UTADIS | 5% 10% 20% 26.25% 25% |31.58% 39.47% 36.84%
UTADIS Il 0% 22.50% 18.75% 27.50% 28.75% |36.84% 31.58% 39.47%
UTADIS 11 0% 21.25% 17.50% 23.75% 27.50% |36.84% 31.58% 36.84%
M.H.DIS 250% 11.25% 16.25% 28.75% 25% 31.58% 34.21% 31.58%
DA 10% 18.75% 22.50% 30% 32.50% |34.21% 42.11% 44.74%
LA 10% 17.50% 21.25% 25% 25% [39.47% 34.22% 44.74%
PA 12.50% 18.75% 27.50% 32.50% 27.50% |36.84% 39.47% 50%

l
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Concluding remarks

The hierarchical discrimination procedure employed and the
sequential  consideration of different discrimination
techniques enable the method to achieve high discrimination
accuracy, without being computationally intensive.

The eight real world applications which were presented
showed that the M.H.DIS method outperforms well known
multivariate statistical techniques while its results are at least
comparable with other MCDA methods.
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AN OUTRANKING RELATION
APPROACH FOR CLASSIFICATION
PROBLEMS BASED ON PAIRWISE
COMPARISONS

Michael Doumpos!, Denis Yannacopoulos?,
Athanasios Spyridakos?

! Technical University of Crete
2'TEI of Piraeus

European Union
European ocialFund

EDUCATION AND LFELONG LEARNING =7 NSRF I Q- Robust
i

¥ \w
nnnnnnnn d by Greece and the European Union

3rd Workshop — Robust MCDA, Athens, September 26-27, 2013

PROBLEM STATEMENT

v’ Classification/sorting:
= Set of alternatives: X = {x,,X,,...,X, }, X, € R"
= Set of criteria: G = {g,,¢y,---, 9, }
= Classes: C ={C, = C, ~...=C}
v Objective:
= Construct a ctiteria ageregation model f(x) — C'

v Means:

= Preference disaggregation analysis
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PROBLEM MODELING

v" Reference set:
"X = (X;,Cl),(X;,CZ),...,(X:H,Cm)
v' Valued outranking graph: o %
= Preference index

P, = ijpj(xz,xk)

J=1

Zn:wj =1
j=1

0 if g; <g,

p.(x:,x,,) = - -
! * h(gz'j - gkj) if 95 2 i

PREFERENCE FUNCTIONS

v" Generalized criteria of the PROMETHEE method

V" Piecewise linear modeling similarly to the UTA method
1P

d; = 95— 95
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FLOWS

v' Leaving flow: outranking character of x, over all reference
alternatives x; € C,
—
fk - Z ‘sz
x; €0,

v" Entering flow: overall outranking character of all reference
alternatives x; € O over X,

fk_:ZPik

x; €0}

1 1
v Netflow: f =—f —— [
m2 ml

CLASSIFICATION RULES

v Classification rules:
L>b=>x €C( L<b=>x,€C,

v" Parameter estimation:

Minimize £ :ii[ > ei]

k=1 1T, vx; €0,
Subject to :
fi+te =2b+a, vx; e O]
fi—¢ <b-a, vx; e C,
0<f <1, VX

e; 2 0, b unrestricted in sign

a user-defined constant

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG JeAiba 34 amno 94
gvotdBelag og mpoPARpata Adng anoddcewv pe moAAQMAG KpLtripLa



A18 — Alopyavwon workshops

M18.3 —'EkBeon 3° Emotnuovikol Workshop

MULTI-CLASS PROBLEMS

v’ Leaving flow f, : outranking character of X, over reference alternatives

X, €K = {Ct+170t+2""7011}

v Entering flow f; : outranked character of X, by reference alternatives

x; € K, ={C,C,,....,C,}
Y Net flow: fo=Hifmy = [ my

v" Classification rules:

elseif i, >0, =x,€C

If f, >b = x,€C,
else if f, > b, = x, € G,

elsex, € C,

AN EXAMPLE

2.0

X3

[ ]
ox2 %
[
9 g Clss| f* f | f S
X | 157 162 G [0.83 0.05]0.78 S
X, | 074 180 ¢ [083 0.110.72 1.0 4
X, | 062 194 C [0.82 0.120.70 %o
x| 070 001 ¢ [052 042010 0.5 4
x| -048 121 C 065 054[0.10
X | -L19 013 G, [ 017 0.79 |-0.62 o — N
X | -1.06 0.66 C, |0.32 0.74[-042 ‘ t ‘ ‘ ‘
x| 147 -117 G, [039 049 [-0.10-15 210 05 005 10 15
X | 0.06 -046 G, [0.35 0.77 |-0.41 05 P
Xl -122 026 ¢, |0.09 0.86 |-0.76
-1.0 4 x5
]
-1.5 4

2.0
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APPLICATIONS

Case Alternatives  Criteria  Classes

Business failure 144 9 Failed / Non-failed firms

Credit risk 200 11 High-risk / Low-risk firms
Corporate acquisitions 96 9 Acquired / Non-acquired firms
Stock evaluation 243 - Low-return / High-return stocks
Falsified financial statements 76 10 FFS / Non-FFES firms

Qualified audit reports 100 10 Qualified / Clean firms

v Cross validation

v Comparisons:

The UTADIS method

= k-Nearest neighbors (k-NN)
Probabilistic Neural Networks (PNN)
Support Vector Machines (SVM)

SUMMARY OF RESULTS

Case PAIRCLAS  UTADIS  k-NN  PNN  SVM
Business failure 81.9 77.8 81.3 81.9 83.3
Credit risk 971 96.7 92.6" 914 96.8
Corporate acquisitions 571 49.9 52.2 49.9 52.3
Stock evaluation 68.9 060.5 56.1% 547" 62.0
Falsified financial statements 89.9 87.7 86.0 82.9 82.5
Qualified audit reports 80.0 76.0 79.0 82.0 80.0
Average 79.2 75.8" 745" 73.8°  76.1™
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ANALYSIS OF RESULTS

Failure Credit Acquis. Stocks FFS Qualif.  Average
B UTADIS OsvMm

ANALYSIS OF RESULTS

1.6

15 ] '_

1.4

13 ] .
1.2 4 .
1.1 - .

Failure Credit Acquis. Stocks FFS Qualif. Average
B Wins UTADIS 0O Wins SVM
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ANALYSIS OF RESULTS

1.00

0.95

0.90 4

0.85 4 —
0.80 4 -
0.75 A -
0.70 4 .
0.65 4 : T T T T T —

Failure Credit Acquis. Stocks FFS Qualif. Average
B Losses UTADIS O Losses SVM

CONCLUSIONS

v

Development of a multicriteria classification
framework based on pairwise comparisons
Linear programming techniques for the
estimation of a preference model for
classification

Encouraging preliminary comparative results

Future research

= Consideration of other preference modeling
paradigms to consider the incomparability relation

* Performance analysis in multi-class problems
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Evolutionary approaches for the

development of outranking relations
models in classification problems

P. Delias?, E. Siskos?, J. Psarras?
LTEI Piraeus
2 National Technical University of Athens

B Eaoiinis o #58 - Robust
e W ricoa

Evpunaixi Evwon
Tupumnd Koot ot

3° Workshop — Robust MCDA Athens, September 26-27, 2013

Multicriteria Classification Problems

@ Data and objective
B A set of n alternatives x1,X2, ..., X,
A set of m criteria x1,X0,...,Xn
A set of b predefined groups G; = G = -+ = Cp
Develop a decision model to assign the alternatives into the
groups
o Models and methods
B Value function models (UTADIS)
B Qutranking models (ELECTRE TRI, PROAFTN)
B Rule-based models (dominance-based rough sets approach)
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Outranking Methods |

@ Main characteristics

B Very popular among MCDA researchers
B Non-compensatory models that enable the consideration of
veto conditions
B Modeling of incomparability relation
@ Main limitation

B Too many preferential data are required from the
decision-maker

Preference Disaggregation in Outranking Methods

o Estimation of preferential information from assignment
examples

@ The optimal parameters of the model are identified so that
the model is as consistent as possible with the assignment
examples

@ The non-linearities of outranking models complicate the
optimization process
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Previous Research

Authors Method Methodology
Mousseau and ELECTRE TRI NLP
Slowinski (1998) no veto
pess. assign.
Doumpos and ELECTRE TRI LP
Zopounidis (2002) pess. assign.
Dias et al. (2002) ELECTRE TRI LP
weight estimation
pess. assign.
Ngo The and ELECTRE TRI LP
Mousseau (2002) category limits
pess. assign.
Dias and ELECTRE TRI LP
Mousseau (2006) veto thresholds
pess. assign.
Goletsis et al. (2004) | Outranking model Genetic algorithm
similar to ELECTRE TRI
Belacel et al. (2007) | PROAFTN Reduced variable
neighborhood search

Evolutionary Methods

Enable the simultaneous estimation of all the parameters
under both the optimistic and pessimistic procedures

Can be used to handle large data sets of assighment examples

Do not restrict the optimization criterion
Methods tested

B Differential Evolution (DE, Storn & Price, 1997)
B Particle swarm optimization (PSO, Kennedy & Eberhart, 1995)
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Differential Evolution 7

e Mutation (DE/rand-to-best/1 scheme)

B For each solution vector x; ¢ € RN of a generation G, a
mutant solution is generated:

U =X ¢ + F(Xbest,6 — Xi,6) + F(Xp,6 — Xs,6)
o Crossover (exponential)

B Select a random index £ € {1,..., N} of the solution vector

B Define random numbers Bpy1,..., 8y ~ U[0,1] and let 7 be
the first index such that 3, > CR

B Crossover solution ¢;:

@ Selection (maximization of a fitness function f)

c; if f(c;) > f(xiq)

XiG4+1 = .
Xjc otherwise

Particle Swarm Optimization

@ Solutions are represented as particles, whose position x and
velocity v define the search

® Memory updating

Xj best < Xj, if f(X,') > f(xi,best)
xt—x;, if f(x;) > f(x*)

o Velocity updating
vi — v + ’Yslo(xi,best —X;) + dspo(x* — x;)

where 8 = Buax — Bmax—Bmin G

max

@ Solution updating
Xj «— X;j + V;
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The ELECTRE TRI Method 7

Preferential data
B Criteria weights wq, ..., w, =20, vy + -+ w, =1
B Criteria preference, indifference, veto thresholds
vi=p=2q =0
B p—1 category limits rx = (rk1, fk2y - - - 5 Tkn)

Credibility indices o (x;, ri), o(re, x;) € [0, 1] to assess the
outranking relations x;S ri and rSx;, ie.,

XiSre = o(xj,re) = A, Ae (05,1)

Concordance/Discordance test: Assess the strength of the
arguments in support of (against) x;Sri (and riS x;)

Pessimistic and optimistic assignments

B Pessimistic: x; — Ci, k=lowest index such that x; S rx
B Optimistic: x; — Cry1, k=largest index such that re > x;

Solution Representation

@ Indirect representation of the thresholds in terms of decision
variables t;, y;, zj, ug = O

fig = X+t + (g + -+ + tp_y 7) + 201

Vi =1 — X —

(i +7)

Pi = Tpb—1,j — Xjx — Lj — Up_1j

G = Ib-1,j — Xjx — L — Ub—1,j — Y}

A%/ D;
KjE Sy DiTP; 2,79 DTy P
b ) Yj Zj th
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Solution Representation (continued) 7

@ The non-negativity of t;, y;, zj, ui; ensures that:
Q@ vizp =g
Q rij— b = fitr + by
Q -1 — v = X
o Additional constraints:
Q@z>y—4q =0

h—1
(2] ti+ Z u,lg'+(bf1)()g+zj)gxff)g* — I’1j+pj§Xf
k=1

@ Overall, the solution vector has (m + 4)b + 1 variables:

© m variables for the criteria weights w;

@ 3m variables t;, y;, z;

© (b— 1)m variables uy;

@ 1 variable for the cutoff point A

© m binary variables ¢; indicating whether a criterion j can
pose veto (e; = 1) or not (g; = 0)

Initialization

Generation of a random population of feasible solutions
® A\~ U[0.6,0.95]
@ Random weights uniformly distributed over the unit simplex
@ Random generation of t;, y;, z;, Uy

© b+ 1 random numbers are generated from U(0, 1) and ranked
suchthat d? =0 < d! < d? <. <dPt <1=dP*
@ t;,y;, zj, uy; are then defined as follows:

ug = (df = 1 — x)

= (df — P )(x" — )

v = s (@t = )0 —x)a
g = gy (dP*? — dP) (¢ —xpu)

With o ~ U[0,1], these imply that:

b—1
ti+ > ug+ (-1 (v +2) = — g )a < xF — x5
k=1

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG JeAiba 44 amno 94
gvotdBelag og mpoPARpata Adng anoddcewv pe moAAQMAG KpLtripLa



A18 — Alopyavwon workshops M18.3 —'EkBeon 3° Emotnuovikol Workshop

Repairing Infeasible Solutions 7

o Negative weights and ¢;, A out of bounds are repaired with the
average of the parent solution and the violated bound

o Normalization of the weights to ensure that wqy + - - -+ w,,, = 1
e Fort,y,z,u

@ Negative values are replaced with the parent solution
@ The values of zj, y; are interchanged whenever z; < y;

o If
b—1

4+ > ug+ (b= 15+ z) <X — X4
k=1

is violated for some j by L; > 0, then tj, y;, z;, uij are all
reduced proportionally

Fitness Function

@ The use of EAs and metaheuristics enable the consideration
any possible fitness function

@ To measure whether the proposed algorithms are capable of
finding optimal solutions, we use the classification accuracy:

Number of alternatives classified correctly

Accuracy = .
y Number of alternatives evaluated

@ We also use the area under the receiver operating
characteristic curve (AUC) with the scores

B Pessimistic: o(x,r)
B Optimistic: max{o(x, rx) —A,0}+max{A—a(rg,x),0}

@ Fitness function:

Accuracy + AUC
2

@ Alternate fitness functions: MSE, MAE, etc.

€[0,1]
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Experimental Analysis

e Uniformly distributed data in [0, 100]

@ Number criteria: 5

o Number of groups: 2, 3, 4

@ Profiles and thresholds

Groups r q p V

2 50
3 30, 70 5 10 20
4 25, 50; 75

Random weights and X, both from the uniform distribution

500 assighment examples are used for training and 500
examples for testing (with equal group sizes)

Algorithms' Settings

o Differential evolution
@ Number of generations: 200
@ Population size: 200
© Mutation constant: F = 0.6
@ Crossover probability: CR = 0.6

o Particle swarm optimization

@ Number of generations: 1000
@ Population size: 20
© Velocity parameters: Bmax = 0.9, Bmin = 0.01,y =94 =2
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esults

Accuracy (%) AUC (%) Parameters MAE
Training Testing| Training Testing| w r p q v Veto hit rate A
2 99.93 9882 | 99.99 09966 |8.42% 7.049 8.689 5392 10481 0.730 0.086
Groups 3 99.78 9792 | 9997 0969 |844% 6.113 3.876 2.734 5853 0.780 0.073
4 99.55 97.07 | 9998 9982 |7.00% 5934 4261 2.424 43875 0.800 0.065

bE Resiirn: Optim. | 99.60 97.74 | 99.97 99.69 |7.44% 5787 4638 2.922 6.588 0.753 0.075
Pessim. | 99.90 98.13 | 99.99 99.75 |8.47% 6.943 6.580 4.112 7.552 0.787 0.074

Overall 99.75 97.94 | 9998 99.72 |7.95% 6.365 5.609 3.517 7.070 0.770 0.075

2 99.78 9847 | 99.95 99.55 |8.55% 7.268 7.164 4.610 10.274 0.690 0.068

Groups 3 99.29 9732 | 9994 9966 |8.57% 7.322 4.020 2.962 4103 0.730 0.068

PSO 4 97.99 9548 | 9984 9961 |8.30% 8.769 3.997 2.683 4646 0.780 0.062

Optim. | 98.87 96.80 | 99.89 99.53 |7.89% 7.152 5.043 3.445 6489 0.717 0.067
Pessim. | 99.16 97.38 | 99.93 99.68 |9.05% 8421 5077 3.395 6.193 0.750 0.064
Overall 99.02 97.09 | 99.91 99.61 |8.47% 7.786 5060 3.420 6.341 0.733 0.066

Assign

Accuracy (%) AUC (%) Parameters MAE
Training Testing | Training Testing] w r B q v Veto hit rate A
2| 9987 0877 [ 09.07 0062 [8.52% 6.004 6.040 4144 0683 0720  0.006
DE [Croups| 3| 99.64 97.66 | 99.96 9065 |7.60% 6.042 3.379 2515 6.875 0770  0.070
4] 9920 0678 | 9907 008l |6.20% 5316 3596 2107 3207 0770 _ 0.060
O Overall | 0060 07.74 | 00.07 0060 |7.44% 5787 4.638 2022 6588 0753  0.075
&5 2| 9970 9826 | 99.05 0040 |7.79% 6.700 7.58 5112 11.372  0.640  0.074
spo|rours| 3 [ 9926 9725 [ 0003 0065 |8.02% 6460 4.000 2781 4280 0720  0.066
4| 0756 0480 | 0078 0055 |7.86% 8.180 3.544 2442 3806 0790  0.061
Overall | 0887 0680 | 00.80 0053 |7.80% 7.152 5043 3445 6480 0717  0.067
2| 9008 9886 [ 10000 9070 [832% 8005 10439 6640 11.280 0740  0.077
DE [Groups| 3| 99.91 0818 [ 09.08 0974 |0.08% 6183 4.373 2054 4832 0790  0.076
4| 0081 0736|0008 0082 |7.80% 6551 4.026 2740 6543  0.830  0.069
B Overall | 0000 0813 ] 0000 9975 [8.47% 6043 6580 4112 7552  0.787 0074
€SS,
2| 9976 9868 | 99905 0070 [030% 7.737 6742 4108 9177 0740 0061
spo|eroups| 3 [ 9931 0733 | 0004 0067 J0.12% 8175 4.040 3143 3016 0740  0.069
4] 0842 0607 | 0080 0067 |8.73% 0340 4450 2034 548  0.770  0.063
Overall | 0016 0733 | 99.03 9068 [0.05% 8421 5077 3305 6103  0.750  0.064
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Conclusions

o Evolutionary algorithms seem promising for the elicitation of
preferential information from assignment examples in
outranking methods such as ELECTRE TRI

B High consistency with the assignments of the reference
alternatives

B Good consistency with the true parameters of the models

B Applicable to large data sets

@ Future directions

B Further tests using real-world data
B |ntroduction of preferential constraints
B Combination with existing LP-based approaches
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‘Eva NMoAukpLtinplo Zuotnpa

Yrootnpiénc Anopacewyv yla tnv
AloAoynon Tpanelikwv Idpupdtwv

M. AovUumog, N. Matoatoivng

MoAuteyveio Kpntng, ZxoA Mnxavikwv Mapaywyng & Atoiknong, Xavid

EE;E_A:AMH BIOY MAGHEH

ZELA #N - Robyst
Reosvw TRV SR w MEDA

3° Workshop — Robust MCDA ABrva, 26-27 Zentepppiov 2013

A&lohoynon Tpamelltkwv I6pupdTwy

* EAAeWPn EMAPKWV LOTOPLKWV SESOUEVWV
e Eumelpika cvotipata Babuovopnonc Baoet
TLOCOTLKWYV KOl TIOLOTLKWV KpLTnpilwv
= XpNUOTOOLKOVOULKA avaAuon
= CAMELS (Capital, Assets, Management, Earnings,
Liquidity, Sensitivity to market risk)
e JuoTtnuata €ykalpng npostdomnoinong
= MNpoBAedn mtwyxevong
= NMpoPAePn kebaAALAKAG EMAPKELAG
= Ektipnon kwdéuvou unoBaduiong

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG
gvotdBelag og mpoPARpata Adng anoddcewv pe moAAQMAG KpLtripLa
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e Avarmrtuén nebodoloyiacg afloAoynong yla:
= Tn BaBpovounon kat tagvopnon (rating) twv
tpanelwv OE OLOLOYEVELC KATNYOPLES
= Tov mPoo&LOPLOUO LOXUPWV CNUELWV Kal
npoBANUATWY
= Tnv mapoxn KatdAAnAwv MAnpodopLlwy yLa tThv
A0KNON EMOTTIKOU EAEYXOU
* YAomoinon o€ oAoKANPWHEVO cUCTNUA
umooTtNPLENG amodpacewyv

Mopdec AfloAoynong & AmoteAéopata

e BaBpovounon kat ta€vopnon (rating) twv tpamnelwyv os
OUOLOYEVELC KATNYOPLEC
= Mévte Katnyopieg Kwwduvou (1=xaunAag, 5=udPnAog kivéuvog)
* JuyKpLTIKA afloAdynon
= EVTOMIOMOC TWV CUYKPLTIKWY ITAEOVEKTNUATWY Kal KLVEUVWV Tou
QVTLHETWTIEL pLa Tpamela o ox€on UE AANEG
e AmoAutn afloAoynon
= Aflohdynon tou kwvdUvou kaBe tparmnelog os anoAutn Bdon os oxéon
ue éva npokaboplopévo onpeio avadopdg
e AmnoouvBeon tng afloAdynong ota EMUEPOUG KPLTHPL
e MeA£tn tng enibpaong ota anmoteAéopata Twv SeSopEvwy
KOLL TWV TIOPAUETPWY TNG aLoAdynong
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Kpttipla A&LoAdynong

* 31 oUVOALKQ KPLTAPLA OE 6 KOTNYOPLEC

* XPNUOTOOLKOVOULKEG KATAOTACELC

= Aelktng KEPAAALOKAG ETTAPKELOLG

= Kepahawo TIER & I

= Képdn/Evepyntikod

* ‘Ecoba TOkwv/EvepynTiko

= Xopnynoeig/Katabeoelg

= Emwodaleic xopnynoetg/0volo xopnyrnoswv
e JTolyela MOLOTIKNG AvAAUGONG

= Awoiknon (Aettoupytka £€0da, epmelplo managers,

mAnpodoplakd cuotipata dtoiknong)
= Xpron cuotnuatwyv Sloxeiplong Kduvwv
= EAgyktikol pnxaviopol

MoAukpLtrple¢ MeBodoloyieg

* MoAukpltripleg pebBodoAoyieg
= Juvaptnon aflwv (mpooBeTIkOg PEGOG OpOC)
= MéBoboc PROMETHEE Il
e Bdpn kpLtnpiwv
= ApEecOC MPOaSLOPLOUOG Ao TOV AVAAUTH
= Extipnon Baoel katdatagng Twv KpLtnpilwv wg mpog tn
ONUOVTIKOTNTA TOUG
« Bapn ROC (rank-order centroid) kat RS (rank-sum)
* Napayovtikr avaiuon (Jenkins & Anderson, 2003, 2004)
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Juvaptnoelg Mpotipnong

dip j AvriaBeard Tipn p
capt Capl Gauss 13.33 6.67 10.00
- Cap2 Gauss 35.00 0.00 80.00 40.00
*e Cap3 Tk 5.00 0.50 5.50 3.00
. Ass1 Gauss 22.00 35.00 85.00 60.00
. . Ass2 Gauss 3.30 1.50 6.00 225
“ Ass3 Gauss 2.20 0.00 5.00 250
- LY Assd Gauss 220 -1.50 3.50 1.00
g + Assb Tpappik 5.00 0.50 5.50 3.00
g 35 . Man1 Gauss 22.00 40.00 90.00 65.00
5 . Man2 Gauss 0.65 0.70 2.20 145
E D‘ Man3 Gauss 2.20 5.00 0.00 250
el o (Y Man4 Tpeppik) 5.00 0.50 5.50 3.00
E LA Man5 Cpapuik 5.00 0.50 5.50 3.00
s Man6 Tpappiki 5.00 0.50 5.50 3.00
. Man? Tpeppik 5.00 0.50 5.50 3.00
ik LY Mang Tpappiki 5.00 0.50 550 3.00
. Mang Tpappiki 5.00 0.50 5.50 3.00
N, Man10  poppik 5.00 0.50 5.50 3.00
0.5 L Man11 Cpappikg 5.00 0.50 5.50 3.00
533 7838 10338 1283 15338 Man12  pappiki 5.00 0.50 5.50 3.00
Tiséc kpimpiou Earl Gauss 0.90 1.60 040 0.60
Ear2 Gauss 11.00 20.00 -5.00 7.50
Ear3 Gauss 4.00 9.00 0.00 450
Woper cuvdpmone  [Gauss ~ Karanéenan | Eard Gauss 0.95 2.00 0.00 1.00
Tonoc aBoks o Ears T 5.00 0.50 5.50 3.00
& Andlum aolémon & Board oo Liq1 Gauss 11.00 35.00 10.00 2250
o N e Lig2 Gauss 33.00 45.00 120.00 8250
I chol ® G e D Lig3 Gauss 6.50 3.00 12.00 450
Ligh Tpappiki 5.00 0.50 5.50 3.00
Mar1 Gauss 13.00 0.00 30.00 15.00
Mar2 Tk 5.00 0.50 5.50 3.00

Avaluon EvaloBnolag/Evotadeioag

e EvotaBela
= Alaotipata ota onoia n dStafaduion Twv
tpanelwv MOPAUEVEL AUETAPBANTA
» Mpocdloplopndg eAaylotwy petafoAwyv mou odnyouv oe
petaBoAn tng dtapaduiong
e EvaloBnolia
= MetafoAg otn Babuoloyia twv tpanelwv os
OXEON LE TIG OPAUETPOUC Kal Tat Sedopéva TG
aéloAoynong
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EvotaBela Bapwv

ABwAéynon Promethee: AnoveAsopara

Ercrinwon Emarpogr

Katnyopisg Kplrr]pm‘B:'tpu(; Kdtw épio Avw dpio Euotdaa
Capital risk Cap1 54.26 61.64
Cap2 1841 2591
Cap3 17.07 2320
Zivoho 2886 31.02
Asset risk Ass1 749 12.97
Ass2 16.95 23.88
Ass3 17.00 2352
Assd 9.47 21.91
Assh 21.86 37.38
Zivoho 16.86 21.82
Management risk  Man1 18.51 26.82
Man2 929 2193
Man3 0.00 1346
Man4 0.00 11.36
Man5 0.00 2209
Man6 0.00 13.90
Man7 0.62 16.03
Mang 0.00 16.43
Man9 0.00 11.36
Man10 0.00 13.90
Kan, 1197
Euordfan Bapiv__ ~ A
Avahumrs report Zuykpmi napouciaon mam —
Bapos [40.0% [«] []
Repot P Naod. [645 [ [«] []

v

EvaloBnoia Bapwv

AZioAdynon Promethee: AnoTeAéopata

Tpdmelsg

Mégog dpog
Enpeio avagopdg

2002 2003 2004 2005

2001

206
281
2389
227
212
1.70
141
NZA
3.06
245
241
217
N/A
NZA
232
NZA

329 277 283

227
3.08
275
233
268
1.99
1.62
211
358
276
260
223
236
262
232
2.20

1.97
3.16
252
242
2380
1.68
1.76
233
342
244
240
228
224
247
214
2

s [ 2 30

232 252 241

292

187
3.09
272
245
313
1.70
1.70
238
368
215
238
255
245
238
23
1.97
234
245

244
216
3.06
315
266
291
1.74
204
247
348
241
218
212
358
261
219
1.96
1.95
251

AnoTehéouara aBohéynong ¥ ] — |

|:Avulunm'x report :| Zuykprtii napouciaon

Report Elyepion
Excrinwan EmoTpognd

s [0 (4] []
s [T ][]

e |

EI=
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EvaitoBnoia & EvotaBela MNapapEtpwy

AEoAbynon Promethee: Anotehéopara

Karnyopie Kpimipia Tomog MMapdp.
Capital risk Capl Gauss ~ 3.00 X 4
Cap2  Gauss 3500 | 2945 3862 1035 5.05
Cap3  Tpappkr 500 4.40 " 12.05 7.95
Asset risk Ass1 Gauss  22.00 | 1577 39.11 28.30 0.95
Ass2  Gauss 330 | 197 383 15.95 3.85
Ass3  Gauss 220 | 150 274 2468 G
Ass4 Gauss = 220 1.56 - 2905 1.65
Assb  Tpappiki  5.00 4.31 " 13.80 7.57
Management risk  Man1 Gauss = 22.00 | 16.15  32.14 26.58 2.81
Man2  Gauss 065 | 046 089 29.01 175
Man3  Gauss 220 | 027 * 87.95 028
Mand  Tpappik 500 " " - 0.90
Mang  Tpappiki  5.00 1.59 " 68.10 1.01
Mané Tpapuki  5.00 * * * 0.88
Man7 Tpoppki 500 | 323 * 3539 183
Mang Tpappikr 500 3.23 - 35.39 191
Man9 Tpappiki  5.00 1.77 " 64.61 0.93
Man10 [poppki  5.00 " " - 0.95
Man11 Tpoppikdq 5.00 1.77 * 64.61 0.92
Man12 Tpappkrf 500 | 278 * 44 47 1.59
arninae riel Fart n7e | 1ne 16 &7 a1
Euorafag nopapetpwv & 4
Svahumis report Tuypmi] napousiaan m
Bépog [ 20.0% |z| D
Report Soyoon Moodu. [ 645 [«] []

Tuvoh. fady
r

% TUvoh. BIBH.

2001 2002 2003 2004 2005 2001 2002 2003 2004 2005
OMark OLliq BEar OMang M Asst M Cap
100% 100%
5% 75%
Y 3
3 &
g g
g8 &
R 5 50%
g g
a a
R #
25% 25%
0% 0%
2001 2002 2003 2004 2005 2001 2002 2003 2004 2005
W Noior. kpr. M Mogor. kpr. WAssS OAssd OAss3 MAss? B Asst
Exrinuon Enotpoor
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EvotaBela Emiboocewv ava Tparmnela (XMO)

Audduon uau).émuq.;| Sivour ulmh'xmmql EuotéBaa popiv | Fuot
| Katnyopieg Kpm’,plu‘ Ewidoon BaBpohoyia KdTtw dpio Avw dpio =
Capital Risk Cap1 091 11.99 N
Cap2 104 " 2096
Cap3 3.00 " 334
Asset Risk Ass1 3.04 * 67.27
Ass2 5.50 - *
Ass3 0.65 " 112
Assd 550 " *
Assh 250 * 2.84
Management Risk Man1 1.29 ® 57.52
Man2 397 - 1.90
Man3 451 " *
Mand 350
Man5 3.00
ManB 4.00 *
Man? 3.00 " 437
Man8 3.00 " 437
Man9 2.00 * 4.74
Man10 3.00 * *
Man11 2.00 - 474
Man12 4.20 " *
Eamings Risk Earl 233 0.66
Ear2 2.83 6.77 |-
Ear3 4.29 -
Eard 339 040 *
Earh 4.00 " 4.68
Liquidity Risk ~ Lig1 413 16.24 D >
w1~ 4 Ld
Exrdmwan Emarpowr |

AvaAuon Zevapiwv

* Alapodpdwon oevapiwy ya ta fapn Twyv
KpLTtnpiwv
= Tuxaio oevdapla R cevapLa e mpokaboplopéva
XOPAKTNPLOTIKA
= MeA£Tn TG evalobnoiag Kot evoTabeLag TwY
OTOTEAECUATWY, CUVOALKA Kal ava Tpamela

= JTATIOTIKA otolyeia yia tn Babuoloynon (HEOEG
TIMEG, TUTILKEC QTTOKALOELG, StaoThipata
gUmoToouvng)
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Avaluon Zevapiwv

Afiohdynon Promethee: AnoteAéopara

2001 2002 2003 Al
Tpamegec| MO Aigp. TA | 95% Cl | MO |Aigp. TA  95% Cl MO Aidp. TA  95% |
257] 2.66 0.142.25 2.62 3.60) 349 0.1 3.23 3.77 2.61 2.62 0.14 2513
235 233 0.182.07 2.76 240 2.39 0.14 217 2.72 1.82 1.84 019 1.44 2
283 284 020239316 332| 3.310.163.03 368 344 342 0183143
311 309 017 261350 299 298 016272336 262 262 016230 2
227 228 018191259 237 238 0.162.04 266 241 242 016 2.06 2
216 217 0.141.84 2.41 2.90 2.90 0.12 2.68 3.13 3.03 3.01 0.14 2.80 3
1.96) 1.95 0.17 1.66/2.33 2.2 2.12 0.13/1.87 2.40 1.6 1.65 0.13 1.371
144 1.45 0.081.29/1.58 1.78 1.77 0.09/1.611.96 2.00 1.98 0.15 1.75 2
NA | NA N/A NA /A 2.02) 2.02 0.191.65 2.37 2.24 2.24 0.20 1.86 2
3.02 3.04 0.17 2.64 3.31 3.72 3.73 012346 3.93 354 356 013 3.28 3
2.39 239 0.152.05 2.66 2.80 2.60 0.15 2.48 3.07 2.45 245 013 2.16 2
233 235 0.221.84 2.60 255 2.58 0.222.082.92 243 245 0.211.94 2
215 216 0.24 1.65 2.66 221 2.24 0.24 1.65 2,62 2.22 226 0.221.71 2
N/A | NIA N/A NAA A 232 2.33 0.19/1.90 2.62 2.22 223 0.18 1.80 2
N/A | NIA N/A NAA NIA 256 2,68 0.232.08 2.94 241 242 0.20 2.05 2
250 246 0.20 219 2.97 256 2.54 0.152.332.90 2.26 226 0.132.03 2
N/A | NA NA|NGA | NA 216|217 |0.19(174/249 231 231 0142032
N/A | NA NIA|NiA | NIA 245 246 022196282 218 218 0.21 1.75 2

d o

Report | Excrinwon | Enotpogn |

— Avalumikd report

AvaAuon Zevapiwv ava Tpamnela

ABpoi o karavoyr & aBaBpicewy A Gypaypa boxplot
100+
? 55
o
80 A
=
) S
: || B A
e s
e =3
& 4 @ 2003 € 25 .13;:1 ................ i ......... % ...... .
< —a— 2004 @
@&— 2005
i Y I
0+ 05

L e E & ] ‘Etog ‘Etog ‘Erog ‘Etog ETog
Aiapabpiosic 2001 2002 2003 2004 2005
Karavopr] &afabyi cswy FuvreksoTéc oTdabuon: Kpumpiuy

Mopabpiosig Em Capl Cap2 Cap3 Assl Ass? Ass3 Assd
Em 1 2 3 4 5 2001 Zuoy. pe pabp.| -52.6 -40.6 322 23 328 -40.1 276
2001 0.00 23.80 71.20 0.00 0.00 MO &iap. 1 MNIA MNIA MNIA MNIA N/A N/A N/A
2002 0.00 0.00 51.20 43.80 0.00 MO &iap. 2 18.5 8.9 54 15 41 56 4.3
2003 0.00 1.80 93.20 0.00 0.00 MO &iap. 3 13.9 6.1 8.3 16 4.9 44 50
2004 0.00 660 9340 0.00 0.00 MO Biap. 4 NIA NIA NIA NIA N/A N/A N/A
2005 0.00 82.20 17.80 0.00 0.00 MO &iap. & NIA NIA NIA NIA N/A N/A N/A
2002 Zuoy. pe padp.| 513 288 96 54 392 -26.8 411
|\ Karavoun GieBoBuioewy =/ MO Biap. 1 NIA NIA NIA NIA N/A N/A N/A
MO Biap. 2 NIA NIA NIA NIA N/A N/A N/A
5 - MO Biap. 3 133 6.0 78 16 41 51 43
MOoTpogn . .

i |
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Juunepaocpata - MPoomTIKES

e EN\ewpn LoTopLlkwV SE60UEVWY YLa TNV aVATTTUEN LOVTEAWY
TULOTWTLKOU KLYSUVOU ylo XpNUOATOTIOTWTLKA WEpUpaTa

e ToAukpLtipleg SLadIKAOIES
= JUYKPLTLKA KoL armoAuTtn afloAdoynon
= Melétn twv mopap€tpwy (evatodnoia, evotdbela, avaluon
oevapiwv)
= AvaAuon amoteAeopdTwy ava Tpamnela
e AvAnTugn MOAUKPLTHPLOU CUCTALOTOG
= DKo mepBarlov epyaciog
= [opAUETPOMOLNON QIO TOV XProTN
= Auvatotnrteg Stoxeipong Baoswv dedopévwy
= ALoypoVIKN TtapakoAoUBnon anoteAecuaTwy
* MEeAAOVTIKEC TIPOOTITLKEG
= Avantuén ouotipatog «Eykalpng npostdomnoinong»
* EVOWMATWON LOKPOOLKOVOULKWY TTANPOdopLWwY
= [pOCOpPLOYI OE CUVETALPLOTIKES TPATIELES
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Outranking multicriteria models for

credit rating

G. Mavrotas, P. Xidonas, J. Psarras
National Technical University of Athens

BR sy SEIA #28 Robyst

- YNOYPTEN N T v "‘DA
Evpunaixi Evwon L H A XEIP \
oyt Ko ol

3° Workshop — Robust MCDA Athens, September 26-27, 2013

Credit Rating

@ Credit risk
B The risk that a client (firm or individual) will not be able to meet
his/her debt obligations towards the creditors
@ Objective
B Estimate the expected loss E(L) for a given period from
granting credit to a customer:

E(L) = PD x EAD x LGD

PD = Probability of default
EAD = Exposure at default
LGD = Loss given default (% of EAD)

@ Credit rating models
B Models that evaluate the creditworthiness of a client, estimate

the probabilities of default and classify the clients into risk
groups

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG JeAiba 58 amno 94
gvotdBelag og mpoPARpata Adng anoddcewv pe moAAQMAG KpLtripLa



A18 — Alopyavwon workshops M18.3 —'EkBeon 3° Emotnuovikol Workshop

Development of Credit Rating Models

@ Statistical/data mining perspective
B Dependent variable specified based on an objective definition
of default
B Fit a model to some data on defaults, so that the model’s
predictive ability is maximized
o Preference modeling aspects (multicriteria perspective)

B QOrdinal risk grades
B The risk attributes are usually assumed to be monotonically
related to the probability of default (criteria)
B Credit analysts often expect (or would like) the model to have
specific characteristics
» Credit analysts also act as decision-makers trying to calibrate
the rating model, to ensure that it makes sense from a business
perspective

Multicriteria Approaches in Credit Rating

@ Value-function methods

V(x;) = vi(Xi) + va(Xi2) + - + Vn(Xin)

B Very popular form of rating systems
B FEasy to use and interpret
B Compensatory models

@ Qutranking methods

® Non-compensatory models
B |ntroduction of veto and incomparability
m Difficult model fitting

@ Decision rules
B Most general form of model
B Easy to use and interpret

B Difficulty in defining a “credit score” and the associated
probability of default
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The ELECTRE TRI Method .

@ Default and non-default cases are separated by reference

profiles (group boundaries) on each credit rating criterion
(independent variable)

r=_(n,rn,...m
@ Group assignments are based on the outranking relations

X; S r<= "firmx; is at least as good as profile v’
r S x; < “profile r is at least as good as firm x;"

@ Two-stage process

B Construction of the outranking relation
B Exploitation procedure for decision-making

Construction of the Outranking Relation

@ Concordance test (x; Sr)
B Partial concordance index

0 ifxy <r—p
c(xp ) = 1 (0, 1) i f5—pp<xy <1 — g
1 it x; =1 —q

® QOverall concordance index C: Weighted average of partial
indices
@ Discordance test (x; Sr)
® Discordance index Dj(x;, ;) € [0, 1]

0 it x> 1 —pj
Dixp, 1) = S (0,1) ifr—vi<xy<1p—pj
1 IfX,jé!}—V]

@ Credibility index o(x;,r) € [0, 1]
B Multiplicative function of C and Dy,..., D,
B X St o(X;,F) = A
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Assignment Rules e

@ Optimistic assignment

X; € Default <= (r S x;) A (x; =S'r)
Otherwise x; € Non-default

@ Pessimistic assignment

X; € Non-default < x; S'r
Otherwise x; € Default

@ Differences due to incomparability: (x; =S r) A (r =S x;)
B QOptimistic assignment: X; € Non-default
B Pessimistic assignment: X; € Default

Evolutionary Optimization

@ ELECTRE TRI parameters

m Reference profiles

B Criteria weights

B Preference, indifference, and veto thresholds

Cut-off limit A

@ Evolutionary optimization

Differential evolution algorithm

Powerful method for real-valued optimization problems
Simultaneous optimization of all the parameters of an
ELECTRE TRI model

Flexibility in the definition of the objective function

Doumpos, M., Marinakis, Y., Marinaki, M., and Zopounidis, C. (2009), European Journal of
Operational Research, 199(2), 496-505.
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Solution Vector .

o Criteria weights
Wi, Wo,...,Wp =0, Wi+wo+t+- - -+w,=1

@ Indirect representation of preference, indifference, and veto
thresholds, as well as the profiles

Vizp =g =0
f—v; zmin{x}, 6+ p;<max{x}

@ Cut-off limit: 0.5 < A < 1

@ Binary vector (ey, ..., e,) indicating the veto status of the
criteria
g = 1 <= criterion j has veto power

Fitness Function

f = (ACA + AUC) /2

@ Average classification accuracy (ACA): The average of the
accuracy rates for the two groups of firms
@ Area under the receiver operating characteristic curve (AUC)
B A “credit score” is associated to each firm, such that
s(x) > s(x;) = PD(x)) < PD(x,)
B AUC is the probability that a non-defaulted firm receives a
“score” higher than a defaulted firm
B Pessimistic score: s(X;) = a(X;, 1) — A
> s(X;) > 0 = X; € Non-default
B Optimistic:
o(Xi, 1) — A it o(Xi, 1) > AN a(0,X) = A
s(X;) = < A—a(r,x) if o(Xi, 1) < AA(hX) < A
a(Xj,r) —o(r,X;) otherwise

> s(X;) < 0 = X; € Default
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Evolutionary Operators .

@ Inputs: A solution vector g,-G of a generation G, and the best
solution of the generation (ggest)

@ Mutation (mutation constant 0 < me < 1): Select random
solutions g3 , g% (h # he) to form the mutant solution:

g;‘nut = ng + mc(gtc);est - g/G) + mc(g’i N g’%)

@ Crossover (crossover probability CR): Combine the parent
(g%) with the mutant (g™

mut
441

G e} G
Bl - (e o [ gma ] gg || g% ]

e Selection: Keep gF in the next generation, unless g¢" is
better:
f(df") > f(gF) — of " + goff

Application Data

Year Non-default Default Total

REBIEHES 1998 6211 165 6 376
oot 1999 6805 216 7021
2000 7440 193 7633

Subtotal 20456 574 21030
Beideit 2001 7776 166 7942
samole 2002 7920 142 8 062
P 2003 7651 128 7779
Subtotal 23347 436 23783
Total 43803 1010 44813

Sales & assets > €10000; financial data available within a time-frame of three
years prior to the observation year
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Evaluation Criteria

ROA
L/A
IE/S
RT
STLT
IT
S/STL
CR
In(S)
D/s

Return on assets

Total liabilities / Total assets
Interest expenses / Sales
Receivables turnover

Short term liabilities turnover
Inventory turnover

Sales / Short term liabilities
Current ratio

In(Sales)

Value of default events over the
last 3 years / Most recent sales

Classification Results .

ND D ACA AUC Pes. # Opt.
Optimistic 83.78 70.87 77.32 8456 18511
Pessimistic 83.67 70.18 76.93 84.47 2933
Pes. & Opt. 83.28 69.95 76.62 8435 1
Log. regression 85.50 63.30 74.40 82.63 —
SVM 83.24 6560 7442 81.91 —
UTADIS 81.23 69.72 75.48 83.03 —

m, = 0.6, CR = 0.8, Generations: 200, Population size: 200
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Analysis of the Condorcet Effect

Opt. Pes. P&O

QOriginal ND=D 56.3 582 453
grouping D~ ND 9.9 4.2 1.7
ND~D 229 363 527
ND RD 10.9 1.3 0.2

Estimated ND=D 556 503 25686
assignments D = ND 6.4 0.6 0.0
ND~D 313 486 743
ND RD 6.6 0.5 0.0

Correct ND=D 720 803 66.1
assignments D = ND 3.1 0.3 0.0
ND ~ D 14.8 18.6 33.9
ND RD 10.1 0.8 0.0

The Cordorcet effect is stronger for the misclassified cases

Criteria Weights .

Optimistic Pessimistic Pes. & Opt.

ROA 16.16 16.82 27.94
L/A 6.82 12.46 15.18
IE/S 10.69 8.99 6.23
RT 7.05 12.38 Fivis)
STLT 2.05 1.60 0.04
IT 0.46 3.08 0.33
S/STL 6.18 1.94 1.37
CR 6.78 1.36 3.48
In(S) 12.73 7.68 9.10
D/S 31.08 33.68 28.58
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Profiles Information gain (%)
Opt. Pes. P&O Opt. Pes. P&QO
ROA —0.05 0.12 0.26 1.91 2.56 0.66
L/A 0.91 0.47 0.61 1.90 0.70 1.54
IE/S 0.14 0.12 0.07 1.63 1.98 2.59

RT 396.23 275.38 267.63 1.04 1.49 1.42
STLT  163.84 454.08 205.53 1.43 0.44 1.20

IT 304.12 636.36 18548 0.23 0.13 0.41
S/STL 5.56 5.62 5.44 0.49 0.47 0.55
CR 2.69 2.24 2.96 0.31 0.56 0.26
In(S) 16.49 16.99 16.71 0.34 0.32 0.35
D/S 0.02 < 0.01 <0.01 20.96 19.97  20.13

Veto Conditions .

Optimistic Pessimistic Pes. & Opt.
Dj>C Dj:1 Dj>C Dj:1 Dj>C Dj:1

STLT 11.7 10.3 - - - -
S/STL  53.0 34.5 - - — -

CR 87.8 86.8 - - - —
In(S) 50.7 298 - - _ _
D/s 1.8 1.8 1.7 1.0 2.1 1.2

About 35-50% of the cases where veto applies for the D/S ratio involve default
observations
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Conclusions and Future Research

@ Qutranking models seem to be a promising approach for
credit rating
B Good results
B Rich information
> Group limits
» Veto conditions

> Incomparability
» Condorcet effect

@ Disaggregation approach with large data using evolutionary
optimization
@ Future research

B Alternative outranking models
B QOther evolutionary techniques and metaheuristics
B Comparison with machine learning techniques

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG JeAiba 67 amno 94
gvotdBelag og mpoPARpata Adng anoddcewv pe moAAQMAG KpLtripLa



A18 — Alopyavwon workshops M18.3 —'EkBeon 3° Emotnuovikol Workshop

A multicriteria approach to bank

rating

P. Xidonas?, H. Doukas?!, M. Doumpos?
! National Technical University of Athens
2Technical University of Crete

B Eaoiinis o &5~ Robust
W W ricoa

3° Workshop — Robust MCDA Athens, September 26-27, 2013

Bank Rating

@ Bank rating systems are used by central banks
B Formal, structured, and quantified assessments
B (Classification of the banks in risk groups
B |dentification of strengths and weaknesses
B Design of policy measures

@ Lack of adequate historical bank default data

@ Early warning systems
B Bankruptcy prediction
B Prediction of capital adequacy
B Estimation of downgrade probability
@ Empirical systems based on quantitative & qualitative criteria
B Financial analysis
B CAMELS (Capital, Assets, Management, Earnings, Liquidity,
Sensitivity to market risk)

Sahajwala, R. and Van den Bergh, P. (2000), “Supervisory risk assessment and early
warning systems”, Bank of International Settlements, Working papers, no 4. J
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Requirements of the Case Study .

Development of a supportive decision making tool
@ Bank evaluation and rating
B Quantitative score corresponding to predefined risk grades
@ |dentification of strengths and weaknesses
B Decomposition of the overall evaluation to partial results
@ Detailed reporting
B At the sector and individual level
@ User-friendly implementation for senior and junior analysts
B Simultaneous use by multiple users with different access rights

Bank Evaluation

@ Relative evaluation

B |dentification of the strengths and weaknesses of a bank
relative to the others

@ Absolute evaluation
B Comparison to a predefined reference point (ideal or anti-ideal)
@ Rating in 5 risk groups (1=low risk, ..., 5=high risk)
@ Overall and partial evaluation
@ Impact of model's parameters
B Sensitivity and scenario analysis
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Multicriteria Methodology: PROMETHEE Method

o X1
Pairwise
comparisons
|x—x1 X—-X2 x—xm|
1
Partial = |
preference - i
W e, |
indices = Xi- X ]
|
Criteria weights
Global
orcorance | PO XD ] o [POX Xn) | [P, X)] o [P, %))
+ *
¢'(x) ¢ (x)
Flows
Ax)=¢"(x)-¢(x)
Work-flow of the Methodology
Reports
- Overall evaluation reports
- Individual bank reports
: Sensitivity analysis :
1
1 Analytic procedures Simulation :
| |- Criteria weights - Criteria weights !
| |- Preference parameters - Preference parameters | |
{ |- Input data !
I_________________j_ ________________ I
=00 . = B i e 3
1 PROMETHEE-based evaluation \
|
| Procedures Parameters Results !
: - Relative - Criteria weights - Global scores 1
: - Absolute - Preference functions - Partial scores :
1
1
{

o |deal, anti-ideal

- Preference parameters

- Ratings

B R b e R R
Data !

Criteria !

;QME:;SS —>|- Quantitative | |

9 - Qualitative | |

}
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Evaluation Criteria

@ 31 criteria grouped in 6 categories
@ Financial statements
m Capital adequacy ratio
TIER | & Il capital
Profits/Assets
Interest income/Assets
Loans/Deposits
Insecure loans/Total loans

@ Qualitative criteria
B Management (operating expenses, managers’ experience,
management information systems)

B Risk management systems
B Control procedures

Criteria Weights

Categories Weight ROC weights RS weights

Capital 30 47.92 30.77
Assets 20 22.92 23.08
Management 15 10.42 15.38
Earnings 15 10.42 15.38
Liquidity 10 417 7.69
Market 10 417 7.69

@ Rank-order centroid (ROC) weights: Centroid of the simplex
defined by the ranking of the criteria

@ Rank-sum (RS) weights: Order statistics of the uniform
distribution
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Preference Functions

Ideal &
anti-ideal

Preference Preference

Benchmark
function parameter

T uUvapTHOEIC NPOTIINOTC
% Partial net Copd  lpopueh | 600 0.50 5.50 300
. flow function Asst Gauss | 2200 35.00 85.00 50.00
- . Ass? Gauss 330 150 5.00 225
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- * Assd Gauss 220 <150 350 100
g S Ass5  Tpopai | 600 0.50 5.50 3.00
5 38+ +* Man1 Gauss 22 00 40 00 90 00 &5 00
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s B Mad  Gauss 229 500 0.00 260
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evaluation reference point

Evaluation Results

212 268 280 313 291
N/A 262 247 2.38 261

[r0rivnon promethee: Amororioyara———

Tpamegec 2001 2002 2003 2004 2005 S

329 277 283 244

206 227 1.97 187 2.16
2381 3.08 3.16 3.09 3.06
m// 289 275 252 272 3.15
170 1.99 168 1.70 1.74
14 7.76 1.70 2.04
7A 211 2.33 2.38 [247
Global / 306 358 342 368 348
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B 241 260 240 2.33 2.18
EashivEd 217 223 2.28 255 2.12
232232 214 231 219
A 220 221 1.97 1.96
A [l 230 234 1.95
'Méoo dpoc  |2.32 252 241 2.45 251
%up:n’u avapopag 2.92
e e E—— _rj :
i B
e = selection
Bépog lADD' E D [ﬂ
= Nopu €25 [«]  [] B\ Weight and
B

227 233 242 245 266

N/A 2.36 224 245 358
= preference
E““‘_"‘”‘, _I parameter
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Analysis of a Bank’s Global Score

Suvol. Batp
% ovos. Bady.

Analysis of the
global score for

2001 2002 2003 2004 2008

2301 2002 2003 2004 2008

M Mark Alic MFar MMang M Asst M Cap

Qualitative &
‘quantitative ~]

Manzgement
Carnings

| iquidity
Market

criteria

% ZIVOA. UG
]

25%

0%
2001 2002 Z003 2004 2005

AnaIVSiSOfthE |r | WAssS JAss¢ OAss3 EAss2 B Asst

L e " = 010T. K 000T. KO, SS: S8 SS. S8 S8
score within each = /]

group of criteria

Analytic Procedures for Sensitivity Analysis

@ Intervals of the parameters’ values within which the ratings
remain unchanged
B Minimum changes that alter the ratings

®m Weights of the criteria
B Parameters of the preference functions
]

Input data
@ Analysis of the impact that the parameters have on the global
scores of the banks
@ Analysis for each bank and the complete set of banks

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG JeAiba 73 amno 94

gvotdBelag og mpoPARpata Adng anoddcewv pe moAAQMAG KpLtripLa



A18 — Alopyavwon workshops M18.3 —'EkBeon 3° Emotnuovikol Workshop

Sensitivity Analysis Results

Categories ~ Weight 2002 2003 2004 2005
Capital 30 [29.4,31.8] [25.3,33.9] [25.4,34.8] [29.9, 32
Asset 20 [17.8,23] [4.2,24.5] [134,342] [0,20.5]
Management 15 [12.2,16] [0.0,23.1] [0.9,22.7] [12.3,15.4]
Earnings 15 [11.3,15.7] [13.4,20.1] [5.9,21.2] [18.7,15.2]
Liquidity 10 [4.3,116] [89,141] [6.4,144] [8.4, 10.1]

Marketrisk 10  [8.3,10.9] [5.3,11.9] [4.2,13.1] [9.8, 11.4]

Scenario Analysis

@ Scenarios for the criteria weights

B Monte Carlo simulation
B Random scenarios
B Scenarios with pre-specified characteristics

@ Statistics
B Net flows (global scores)
» Means, medians, standard deviations, confidence intervals
® Distribution of ratings
@ Analysis of ratings’ stability and characteristics
B Strengths and weaknesses
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Scen

alysis Results
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Criteria Weights’ Correlations with Bank Performance
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21 P2 ®»e A5

20

20

-26.9

40

-52.2

60

Mari  Ass4 Capi Ma2 Lig2 Lig3 Ass2 Earl Ligl Ea?2

Conclusions & Future Research

@ Supportive methodology for bank rating and monitoring
B Relative and absolute evaluation
B Decomposition into partial results
B Sensitivity analysis and scenario simulation

@ Implementation in a decision support system
B User-friendly interface
® Full parametrization by senior analysts
B Reporting capabilities

@ Future research

B |mplementation of stress testing scenarios

B |ntroduction of exogenous economic variables
B Development of early warning models

B FEfficiency analysis

B Extension to cooperative banks
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Learning non-monotone additive

value functions for multicriteria
decision making

M. Doumpos?, Y. Siskos?, H. Doukas?
! Technical University of Crete
2 University of Piraeus
3 National Technical University of Athens

=
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3° Workshop — Robust MCDA Athens, September 26-27, 2013

Value functions in MCDM

@ Very popular framework in MCDM

@ Well-grounded on axiomatic bases

@ Different forms depending on criteria independence
assumptions
B Additive, multiplicative, multi-linear
@ Many techniques to construct value function models
® Direct techniques
B /ndirect estimation (disaggregation analysis)
@ Applicable to different problematics
® Choice, ranking, classification
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Additive value functions in a disaggregation context

@ Disaggregation analysis
B |nfer a decision model from a set of decision instances

@ UTA methods (Jacquet-Lagréze and Siskos, 1982)
B General form, piece-wise linear additive value functions

viA)

i)

il V)=t
0

Model construction in a classification setting

@ Reference alternatives classified in ordered groups
Ci =G> >Cy
@ Classification rule

Lh<VXx)<ti1=x¢€Cy, n=1,...,N
@ Linear programming formulation (UTADIS method)

N
; Ll oy e
min ,?:1 " E (e +¢;)

x;€Cp

st V() —th+ef =4, VxieCyp,n=1,..., N—1
V(X)) — thy —g; < =9, vX;eCy,n=2,....,N
tn_1—tn>s, Vn:2,...,N—1

e'd=1
dtet e >0
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Non-monotone modeling

@ Often decision attributes do not satisfy the monotonicity
condition
® Temperature of a work environment, cash position of a firm, ...
@ Modeling non-monotone attributes
® |ntroduction of monotone sub-criteria
B The decision-maker should provide information on how these
sub-criteria should be defined
@ Disaggregation analysis techniques can be used to support
the decision-maker towards this direction
B Despotis & Zopounidis (1995): linear programming formulation
for the UTA method

® | imited non-monotone forms, additional information needed by
the decision-maker

Non-monotone modeling

¢
Vk(BE) = Yok + o

h=1

@ Parameters
B y, € {—1,1} defines the monotonicity of vk(-) in [8%_,, 5]
B o is a constant used to ensure that v,(-) = 0
@ Additional conditions to avoid “irregularities”
© Keep a monotone trend

arg max vie(BE) > arg min vie(B5)

© Restrict to convex, concave, and S-type functions

¢
D Ison (Vi — Yno1x)l <1,V ek =1
h=2
£
> Isgn (Vi — Yao1x)l <2, Ve = —1

h=2
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Non-monotone forms

A Vk(Xk) T ~ /l

i N

3 -7

B s

. iR

7 ! &
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/
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4 4
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v
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- I ’,’
'c.\\\ o e
N -
S P - > Xk

Model optimization )

@ Differential evolution algorithm (Price, Storn, and Lampinen,
2005)

B Solution representation

@ A real-valued part for dix and the group limits
@ Abinary part for the monotonicity parameters yux

B Mutation (rand-to-best/1 scheme)

97" = 9f + Mo (et — 97) +mo (9F — 9F)

® Exponential crossover

|Parent solution| |Mutant solution |

Crossover
solution
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An illustrative example

@ 10,000 two-dimensional alternatives from the uniform
distribution in [—10, 10]
@ Evaluation model

V(x) = [0.002743(x; + 3.5)%] + [~0.002551(x2 — 4)® + 0.5]

@ Classification rule
B x; € G iff V(%) > 0.52
B x; € G, iff 0.45 < V(x;) < 0.52
B x; € Gy iff V(%) <0.45

An illustrative example (continued)

Non-monotonic model Monotonic model
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An illustrative example (continued)

0.6 - 0.6
Xj X2
0.5 05 XH\'
0.4r 04 g
0.3 0.3
4
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0.1

\\ 0.1 /
g /

Application to credit rating

@ 32,280 firm-year observations over the period 1998-2003
(Greek industrial firms)

@ Two groups involving default and non-default cases

@ Financial evaluation criteria

S Sales

EQ/TA Equity/Total assets

PBIT/TA Profits before income & taxes/Total assets
S/STD Sales/Short term debt

IE/S Interest expenses/Sales

S/TA Sales/Total assets

DEP/NFA  Depreciation/Net fixed assets
AR/S Accounts receivable x 360/Sales

@ Data partitioning
B Reference set (training data): The period 1998-2001 (19,934
non-defaulted cases and 1,012 cases in default)
® Holdout data: The period 2002—-2003 (11,013 non-defaulted
cases and 321 cases in default).
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Classification results (holdout sample)

Accuracy AUC

Non-monotone 70.05 79.97
(0.22) (0.04)

Monotone 67.57 79.17

5 runs of the DE algorithm with 0.7 mutation constant, 0.6 crossover
probability, population size=3 times the number of model's parameters
(decision variables), 1000 generations

Tradeoff constants )

Non-monotone Monotone

S 20.13 34.39
EQ/TA 19.73 17.31
PBIT/TA 21.75 19.12
S/STD 12.11 7.71
IE/S 8.25 4.39
S/TA 8.48 9.41
DEP/NFA 4,71 3.65
AR/S 4,85 4.02
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Analysis of hon-monotone behavior

Measures

PR=B/C AC=B/A

@ Ais the set of pairs (x;,X;), such that:
@ x; is from the default group, X; is from the non-default group
© x; dominates x; in n criteria
@ Bis the set of pairs (x;, X;), such that:
@ x; dominates Xx; in 7 criteria
Q V(x) < V(x)
@ C C B, such that:
@ x;is from the default group, X; is from the non-default group

Analysis of hon-monotone behavior

Non-monotone Monotone
n PR RC PR RC
8 1.99% 0.69% = =
7 175% 730% 1.47% 4.15%
6 2.06% 19.83% 1.89% 14.76%
5 247% 3566% 2.37% 30.73%
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Marginal value functions
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Conclusions & future research

@ Extended disaggregation modeling approach, which enables
the handling of hon-monotone attributes

@ Evolutionary optimization for large reference sets

@ Applicable to choice, ranking, and classification settings

@ Future research
B Further computational testing on artificial and real-world data
® Extension to other decision modeling forms
B |ntegration with recent advances in disaggregation analysis
(e.g., robustness issues, handling of inconsistencies,
interactive processes, etc.)
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method in the context of
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« Introduction
- Background
= Kano model
= MUSA method
« Proposed approach
- Application
= Survey details
= Dual importance diagram
« Concluding remarks
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Introduction

- Different quality attributes:
= Fulfilling product/service requirements does not
necessarily imply a high level of customer satisfaction (or
the opposite)
= Customer satisfaction (or dissatisfaction) is not
proportional to their performance
= Customers communicate different levels of importance in
their explicit judgments of importance
« Theory of attractive quality: the importance of a quality
attribute is not constant, but it is affected by the category
in which this attribute is assigned, as well as its
performance level
+ Main aim of the study: methodological approach in order
to define different quality levels and classify customer
requirements based on the Kano’s model

Kano model

- Origin: Herzberg’s Dual Factor Theory
- Different quality dimensions:
= Must-be quality
= One-dimensional quality
o Attractive quality
o (Indifferent quality)
= (Reverse quality)
- Different approaches for classifying quality
attributes
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The Kano diagram
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MUSA method (1)

- Customer’s global satisfaction is based on a set
of criteria representing service characteristic
dimensions

 The main object of the MUSA method is the
aggregation of individual judgments into a
collective value function

- The method is an ordinal regression-based
approach used for the assessment of a set of
collective value (satisfaction) functions in such a
way that the global value (satisfaction) criterion
becomes as consistent as possible with
customers’ judgments
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e
MUSA method (2)

- MUSA is a preference disaggregation method
used for the assessment of global and partial
satisfaction functions Y* and X;" respectively,
given customers’ judgments Y and X;

Y*=ibixi*—a++a_ with Zn:bi:]_
=) =)

e
Proposed approach (1)

- Kano model assumes that criteria importance
depends on performance
- Conflict between with the major assumption of
the MUSA method, or any other additive
approach (preferential independence property)
- Alternative approaches:
= Classical Kano questionnaire (functional and
dysfunctional questions)
o MUSA method with additional information (see
Grigoroudis and Siskos, 2010)
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e
Proposed approach (2)

- Objective: Evaluate two separate sets of criteria
weights for satisfied and dissatisfied customers
 Algorithm:
= Create 2n separate sets of customers (satisfied and
dissatisfied customers for each criterion)
= Apply MUSA in the previous customer sets
= Evaluate criteria weights for these 2n sets

= Develop the dual importance diagram and
categorize criteria in the Kano’s quality levels

Dual importance diagram
(better-worse diagram)

Quadrant (iv) Quadrant (i)
% High importance for satisfied, |  High importance for both
; & s low importance for groups
3] g T dissatisfied
(@)
E 5 ATTRACTIVE ONE-DIMENSIONAL
O D
o O
E @ Quadrant (iii) Quadrant (ii)
S % Low importance for both High importance for
EE| 2 groups dissatisfied, low importance
é S| 3 for satisfied
[ 4
ONE-DIMENSIONAL MUST-BE
Low High

RELATIVE IMPORTANCE FOR DISSATISFIED CUSTOMEI{S>
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Application

« Survey on smartphones
« Questionnaire:
= Demographics

= Satisfaction judgments on 28 criteria
= Additional questions (familiarity with technology,
preferences on brands, etc.)

- Total 174 questionnaires

« Questionnaires collected during spring 2013

Satisfaction criteria

- Display
> Display size
= Display resolution
» Memory-Processor
= Memory size
= Memory extension
= Processor speed
= Processor cores
» Connectivity
= Wi/Fi
= Mobile Internet
= Bluetooth
= NFC
= Connection with PC
» Accessories
= Quantity, quality accessories
> Purchase extra accessories
» Camera
= Photo resolution
> Video resolution
= Extra camera functions

Battery

> Battery duration and weight
Extras

> Dual SIM

= Radio

> GPS

= Color options
Software

= Operating system version
= Number of applications

= Upgrade

= Extra applications
Price

= Purchase price
Dimensions

= Weight
Warranty

> Years of warranty

OAAHZ — Navemniotipo Mepatd — MeBoSohoyLkéG TPOCEYYLOELG yLoL T HEAETN TNG
gvotdBelag og mpoPARpata Adng anoddcewv pe moAAQMAG KpLtripLa

Seliba 92 amo 94



A18 — Aopyavwaon workshops

M18.3 —'EkBeon 3° Emotnpovikol Workshop

Dual importance diagram
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Display size o High
Display resolution [0} High
Memory size o Low
Memory extension [0} Low
Processor speed A High
Processor cores O Low
Wi/Fi A High
Mobile Internet (0] High
Bluetooth (0] Low
NFC o Low
Connection with PC (0] High
Quantity, quality accessories [0} High
Purchase extra accessories (0] High
Photo resolution O High

Improvement priorities
A High

Video resolution

Extra camera functions [0} High
Battery o High
Dual SIM (0] Low
GPS [o) High
Color options High
OS version High
Number of applications A Low
I
Extra applications [0} Low
Price [0} High
Weight (0] High
Warranty o High
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Concluding remarks

- Customer satisfaction is more than a one-level
issue as traditionally examined
« Theory of attractive quality:
= Explain relationship between the degree of
sufficiency of a quality attribute and the customer
satisfaction with that attribute
= It may not be enough to merely satisfy customers
by meeting their basic and spoken requirements,
particularly in a highly competitive environment
- The proposed approach can give a clearer view
for the classification of quality attributes

OAAHZ — Navemniotipo Mepatd — MeBoSohoyLkéG TPOCEYYLOELG yLoL T HEAETN TNG SeAiba 94 amno 94
gvotdBelag og mpoPARpata Adng anoddcewv pe moAAQMAG KpLtripLa



