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1 Tevika

1.1 Tevika otolxeia Spaong

H 6pdon A18 adopd tn Slopydvwaon ULOG OEWPAC EMLOTNUOVIKWY CUVOVTNOEWY EpYACiog
(workshops) kal evtacoetal oto oUvolo Twv Opdcewv 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, uToPdloug SLOAKTOPEC, HETAMTUXLOKOUE ¢oltnTEC, K.ATL. Tou gpydlovral f
OKOTIEUOUV va acXoAnBouv e To eUPUTEPO AVTIKELPEVO TNG TIOAUKPLTHPLOC avAAuonC.

Jta mMAQioLO TWV EMIOTAMOVIKWY QUTWVY CUVOVTHOEWV TTAPOUCLAlETAL OXL LOVO N TPEXOUTO
£peuva TIOU £xel mpayparomnolnBel ota mAaicla tou £pyou Kal adopd TN 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 2° Emotnupovikdé Workshop tou €pyou mou
TipaypaTono|Bnke ota Xavid, to Xpovikd didotnua 21-22 louviou 2013. SUpdwva pe to
XpovoSiaypappa uAomoinong tou €pyou, TN XPOVIKN otyun Sie€aywyng tou workshop
£X0oUV OAOKANPwWOEL:

1. OuBiBAloypadikéc SpACELS TOU EPELVNTIKOU TTPOYPAUUATOC:
o Al: BifAloypadik avaokomnon avaluong €UoTABELOG 08 aVOAUTLKEG-OUVOETIKEG
Sladkaoieg
e A5: BiBAloypadlky QvVAOKOTNGCN TPOCEYYIOEWV TEXVIKAG VOnUoouvng yla Thv
avaAuon euotdBeLag TOAUKPLTPLWY TPOBANUATWY
e A9: BiBAloypadik avookomnon avaluong euotdBelag os  TpoPAnpata
TLOAUGTOXLKOU TIPOYPALUOTIOHOU

2. Havamrtuén pétpwv afloAdynong tng evotabelog:
e A2: Avamtuén pétpwv  afloAdynong euotabela¢ Ot AVOAUTIKEG-OUVOETLKEG
Sladkaoieg
e A6: Avamtuén pETpwY 0€LOAOYNONG EVCTABELOC OE TIPOBAN AT TAELVOUNONG
e Al10: Avamtuén pétpwv afloAoynong METpWV guotdBelag o  TpoPAnpaTa
TLOAUOTOXLKOU TIPOYPOUUATIOMOU

ErutA£ov, ol epeUVNTIKEG OUASEC TTIOU CUMUETEXOUV OTO TPOYypaUpa Bplokovtal oto otadlo
NG MPAYHATONOINONG TIEPOUATIKWY avalloswy (6pdoslc A3, A7, All) twv afloloynoswv
TWV HETPWY £VOTABELOG KAl TwV peBodoloyLwy Tou avamtuxBnkav ota mapandvw oTadLa.

Yta mAaiota tou 2° Emotnpovikd Workshop tou €pyou mpaypatomnollfnke napouaciacn twv
UEXPL ONUEPA OMOTEAECUATWY QMO OAEG TIC OUASEG TIOU CUPUETEXOUV OTO TPOYPOUUO
Sivovtag eudaon otig Spaocels mou £xouv oAoKANPWOEL €wg Twpa AAA KL TG TIELPOLATLKES
avaAuoelg mou eival og otddlo ulomoinong. 2to mapadotéo autd Sivovral:

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

e JUVOSEUTIKO UALKO NG 6pdong (adioa, SeAtio TUTOU, TAPOUGCLACELS, K.ATL.)

e AMo npocoBeto UAKO (dwToypadieg, K.ATL.)

Eniong, Ba mpémnel va onpelwdel 0Tl ota mMAaiola TG ouykekpLuévng dpaong Sivetal yla
GAAN pa dopd n SuvaToTNTA CUVAVTNONG TWV MEAWV TWV EPEUVNTIKWV OUASWY, YEYOVOG
Tou elval blaitepa onNUOVILKO O €va £pY0 TIOU €XEL WG PACLKO OVTLKEIEVO TN ouvEpyaoia
EPEUVNTIKWY OHASWV.
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2 YAomoinon

2.1 Tevikég mAnpo@opiec workshop

To 2° Emiotnpovikd Workshop pe Sltokpttikod titho “Robust MCDA» (akpwvUULO TOu €pyou)
npaypatonownke otig 21-22 louviou 2013 oto NoAutexveio KpAtng (Xavid). To workshop
SlopyavwBnke amd tnv gpeuvnTikn opada tou MoAutexveiou Kpntng (ZxoAnn Mnxavikwv
MNapaywyng kat Atoiknong).

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

2.2 Amoloylopoc workshop

Y10 workshop cupEeTelxav Kal ol 3 EpeUVNTIKEG OUASEC TOU €pYOU, KABWE KAl CNUOVTLKOG
OPLOUOC VEWV ETILXELPNOLOKWY EPEUVNTWY, TIPOTITUXLOKWY KOl UETOMTUXLAKWY $HOLTNTWVY,
kaBwg kat uroPrdlwy ddaktopwv. O Mivakag 2.1 mapoucialetl Toug PeEAN Tng KEO Kkat tng
OEZ tou é€pyou mou ouppeteiyav oto 2° Emotnuovikd Workshop. To Workshop
napakolouBnoav emniong petamtuylokol dottnteg, umoPrdlol SIEAKTOPEG KAl EPEUVNTEG
tou MNoAutexveiou KpAtng. ZUVOAKA, 0 aplOUOC TwV CUHHETEXOVIWY avhpBe og 25 dtopa
(BA. Napaptnua I yia pwrtoypadieg tou workshop).

JUVOTTTLKA, TO TPOYpapa Tou 2°° Emotnuovikol Workshop €xet wg g€ng:

Napaokevn 21 lovviou 2013
09:30 — 10:00: Xaipetiopol

10:00 — 11:30: EuotdBela o B£pato MOAUKPLTNPLAKAC BeATioTtomoinong: AfloAoywvtag Thv
guotaBbelo Tou petwrou Pareto kol tnv guotdBelo pepovwpévwy Pareto
BéATiotwv AUoswv (. MoupwTtdg)

11:30—12:00: AlGAsippa

12:00 — 13:30: Constructing robust efficient frontiers for portfolio selection under various
future return scenarios (I. Mavpwtdg, M. Zudwvag, X. Aovkag, |. Wappdg)

13:30 — 14:30: AlGAsippa

14:30 — 16:00: BeAtiotomoinon emevutikol Yoptodulakiou, cupmepllapfdavovrag thv
gvepyelakn Kal meptBarloviikr] statptkn euBuvn (X. Aovkag, I. MaupwTtdg,
M. Zudwvag, I. Wappdg)

16:00 — 16:30: AlGAslppa
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16:30 — 18:00: OMTIKEG Kal SLadPAOTIKEG TTPOOEYYIOELG oTNV avAaAuon oTBapdtntag otnv
ToAUKPLTNPLOKA avaluoh amodpacewy (A. ZupldAakocg)
ZaBBaro 22 louviov 2013
09:00 —10:00: EuotaBr¢ OUVOLVETIKOG TIPOYPAUUATIONOC OTO XPOVOTIPOYPUUUATIONO
epyaocwwv Blopnxavikou oxedlacpol He petaBAnta Bapn kpitnpiwv (E.
Ziokog, I. Makapouvn, |. Wappdg)
10:00 — 11:00: On the robustness of representative value functions in multicriteria
classification problems (M. Aouunog, K. Zomouviéng, E. TaAaplwtng)
11:00 - 11:30: AGAslpuQ
11:30-13:00: Examining robustness in the MUSA method (E. F'pnyopoudng, I. MoAitng)
13:00 — 14:00: AlGAslppa
14:00 — 15:30: AvdaAucon otBapdtntag otV TOAUKPLTNPLOKA aVAAUTIK - OUVBOETIKA
npoaogyylon ya AnPn opadikwv anodacswv (A. MNnovvakonoulog)
15:30 - 16:00: AlGAsippa
16:00 — 17:30: The e-neighborhood concept for robust clustering (N. Matcatoivng, M.
AgA14c)
17:30-18:00: KAeiowo tou workshop
Nivakag 2.1: ZUPHETEXOVTEG OTO 2° EMLOTNHOVIKO workshop
Opasda Epeuvntég
Epguvntikn opdda lwavvng Ziokog (Ka®nyntng/MANEI)
Maverotnuiov MNelpaid Awovuong MNnavvakomnouAog (KaBnyntrg/TEl Melpatd)
Evayyelog Ipnyopoudng (Em. KaBnyntric/MoA. KpAtng)
ABavadolog Imuptdakog (Av. KaBnyntrg/TEl Mepald)
Nikog Tootoohag (Metadiddktopag/MAMEI)
Nikog XplrotodouAdkng (Yr. Addktopag/MAMEI)
lewpyia Moupladou (Epsuvntrc/MATEI)
Christian Hurson (Emuk. Ka®ny./University of Rouen, FaAAia)
Epguvntikn opdada NikdAaog Matcatoivng (KaBnyntrig/MoA. Kprtng)
MoAuteyvelou Kpntng MuxdAng Aoburmog (Em. KaBnyntrc/MoA. Kprtng)
Anuntpelog NikAng (Ym. Awddktopag /MoA. Kpntng)
EAeuBéploc MavapwAng (Yr. Atddxtopag /MoA. KpAtng)
Epsuvntikn opdda EBvikol lwavvng Wappdg (Kadnyntrig/EMM)
MetodBLou MoAutexveiou MNnwpyog Mauvpwtac (Em. Kadnynticg, EMM)
Xapnc Aovkoc (Metadibdaktopag/EMM)
MNavaywwtng Zudwvag (Metadidaktopac/EMIM)
EAeuBéploc Siokog (Y. Addaktopog/EMIM)
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Jto Mapdptnuo A TNG OUYKEKPLUEVNG €kBeong 6lvovial oL TapoucLACELS TIoU
xpnowomownbnkav os OAn tn Sudpkela tou workshop ouvdavinong, oludwva pe TO
TtPONyoUEVO TTPOYPA AL,
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Mapaptnua I': Pwtoypagiec workshop

OAAHZ — Navemniotipo Mepatd — MeBoSohoyLkéG TPOCEYYLOELG yLoL T HEAETN TNG SeAiba 13 amo 95
gvotdBelac og mpoPARpata Adng anoddcewv pe mMoAAATAG KpLtrpLa



A18 — Alopyavwon workshops M18.2 —'EkBeon 2° Ermuotnuovikol Workshop

Mapaptnua A: Mapoveracelg workshop
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Robust MCDA — Project meeting
21-22 Touviou 2013, Xavia

EuoTaBsia o B£para noAukpITHPIAKRG BEATIOTONOINONG

A&loAoywvTag TNV £U0TAOEIa TOU PeT@NnoU Pareto kail Tnv
EUOTAOEIO pepOVHEVWYV Pareto BEATIOTWV AUGEWY

Mwpyo¢ MaupwTtag

[ == oan gl Robun

Aopn mapoucioong

m Eloaywyn
m EuotdBela Tou petwmnou Pareto
m EuotaBsia plag Pareto BEAtiotng Abong

= [Mapadeiypata

Xavid, 21-22 Touviov 2013, Robust-MCDA, I Maupwrdc

OAAHZ - Navemotpio Netpatd — MeBoSoAoyIKEG IPOOEYYLOELG YLa TN MEAETN TNG

guotdbelag oe mpoPAiuata AfPng anoddoewyv pe MOAANATAG KpLTrpLa
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Ewoaywyn
< ——

m Me tov 6po gvotdBeila otov Mabnuatiko
MpoypoUUATLONG EVVOOULE TO KOTA GO0 lval
gualoBntn n BeéAtiotn Adon oe PeTafoAEC TWY
MAPAUETPWY TOU MpofAfuaToc

m Evotdfela = Robustness

m H évvola dnAadn tng euotdBelag elval
ouvudaocpévn Le TNV evvola NS aBeBaldtnToc we
MPOC TIC MAPUUETPOUC TOU NMPoAALATOC

STOXOOTLKA TpOsEYYLeN
Zevdpla i

el

Xonvris, 21-22 fowviow 2013, Robusi-MEDA, F. Muepwrtig EE

AUo pooeyyioelg
<

m (1) tnv svotdBela tou petwmnou Pareto (Pareto front)
EOpean MEPLOY WV UEYCAUTEPNC KOL ULKPOTEPNC EVOTEOE LT
ITOYCOTLKY TIPOCEYYLON
Zevdpla {minimax regret = robust solutions)

m (2) TNV suoTAOs L0 Lo GUYKEKPLUEVNC KOTd Pareto

BéAtiotne Alonc

MEow TwY CUVTEAEOTWV BaplTnTac

&b LI
Xunvrd, Z1-ZF fowviv e Z0137, Kobust-MEDA, T Moegw by L EE
OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG JeAiba 16 amo 95
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EvotaBela petwrnou
Pareto

f@ LI

Xonvris, 21-22 fowviow 2013, Robusi-MEDA, F. Muepwrtig EE

Nwg opiletay;
<

m Kat’ avtwotowia pe tnv suotdBela plag Abong oplletal Ko
n suotdBela Tou pPeTwmou Pareto w¢ to Katd mdco sival
sualodnto o PeTaBOAEC TWV MAPAPETHWY

m Mropolpe vo sviomnicoups meployéc ulpnAdtepng Kol
yapnAdtepnc svoodnoiag avdioya pe Tnv dlatapoyr mou
uvdlotavtal

m JToXOOoTIKN afsfaldtnta oTig mapapstpouc (Monte Carlo)

m Mn-0ToXaoTIK afeBaldtnTa oTIC mapapéTpous (cevdpla
KoL minimax regret AlceLc)

f@ LI

Xunvrd, Z1-ZF fowviv e Z0137, Kobust-MEDA, T Moegw by EE

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG SeAiba 17 amo 95
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Zroxaotikn afefardtnra otig
TIALPOLUETPOUS

Kafopioudg
KATAYOUY Y10
Tigapefazg
NapapeTpoug
ka1 apidpal
snova sy T

Tuynia GziypaToinyia Toy
TIMG Y Toy NAPARETPWY
and TIg KATavopEs

AUGMECON - Mopayuwyn)
TOUMETHNOU P et

Elpean) suorad oy

Ynohoyiguas dlaonopag

IOy
a0 péTNG Pareto

Xonvris, 21-22 fowviow 2013, Robusi-MEDA, F. Muepwrtig

avil Pareto hian

400000 <

E200000 <

5000000

4800000 4

NPY

4600000 4

4400000 4

4200000 4

Pareto Fronts yia 20 enavaAqelg
Monte Carlo

1a0

240 ZE0 280 00

CSR

Xunvrd, Z1-ZF fowviv e Z0137, Kobust-MEDA, T Moegw by

20

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG
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Zroxaotikn afefardtnra otig
napopérpou (2)

P1

P2 i k > i=1..T |

AUGMECON Il
- H

Aroomopdylipo and To pEao pETwno Pareto

Xonvris, 21-22 fowviow 2013, Robusi-MEDA, F. Muepwrtig

Edappoyn os project selection
<

m ABeRaldTNTO GTOUC CUVTEAEGTEC THE OVTLKELLL. CUVAPTNONG
m Ao avTIKEWPEVIKEC ouvapthoelg: NPV & CSR (=Corporate
Social Responsibility)
= [Mopoywyr Twv petwnwy Pareto petd amd dsyporoinia
OTOUC GUVTEAEGTEC
m Kotd moco pla Alon meplEéyetol oTo PETWo Pareto petd amnd
&va Monte Carlo simulation-optimization
m |TA (Iterative Trichotomic Approach)
Melwon Tne Slakipavonc amo yupo 6 yipo
Robustness Index

Xunvrd, Z1-ZF fowviv e Z0137, Kobust-MEDA, T Moegw by

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG SeAiba 19 amo 95
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Mn-otoxaotki] afefardtnra otig
TIALPOLUETPOUS
<
m OYL KOTOVOPEC VIO TIE TOPOPETPO LG ARG GevdpLa
m Euoctadrc Peitiotomoinon (Robust Optimization) ko
suotadng npoypappatiopdc (Robust Programming)

m Boaowkd poio mailel n &wola tng minimax regret Atong

P. Kouvelis & G. Yu “Robust Discrete Optimization and its
Applications “{1997)

m Efestdlouvpe kuplwe tnv afspaldtnta mou UIAPYEL GTOUC
CUVTEAECTEC TNC OVTLKELPEVLKI C GLVAPTNGNC

Xonvris, 21-22 fowviow 2013, Robusi-MEDA, F. Muepwrtig

To Kpltriplo minimax regret
<

m H aBspaldtnta skdpdletal e Tnv popdn cevaplwy
m Alddopa Kpltiplo
Maximax
Maximin
Hurwicz
Minimax regret
m 1O Kpuiplo minimax regret sTISLWKETOL N EAO)LOTO-
molnon Tne amwAsLOC oTNV XEPOTEPN eplmTwon
m AlyOTEPO CLVINPNTIKG amd To maximin
MeyloTomolnon Tng eAdyLotnc emiboonc

Xunvrd, Z1-ZF fowviv e Z0137, Kobust-MEDA, T Moegw by

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG SeAiba 20 amo 95
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Awadopd maximin kat minimax regret
]
maxz =c¢x
st § scenarios yo to. ¢
xel
MAXIMIN MINIMAX REGRET
Zpaxpgy = MAX Y fan =Ny
st st
¢xX=1 seb cx>z -y se8
xeF xeF
{&p LI
Xavid, 21-22 Iouviov 2013, Robust-MCDA, I. Mavpwrdg 1l EE ‘

Ze meppaiiov MM
|

m JTQ pOVOKpLTNplaka TmpoBARpata TO HOVIEAO TOU
Xpnotponoleital eivat to akohovbo  z, . =miny

max z = cx st
st c’x2(1-y)z" seS
xel xelF

OToU z* TO BEATLOTO LA TO OEVAPLO S :
(relative regret model)

o 7o =miny
(deviation regret o

model)
¢'x=2z"-y sef
Xavid, 21-22 Iouviou 2013, Robust-MCDA, I. Mavpwrdg 1 EE ,‘
OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG SeAiba 21 amo 95

gvotdBelac og mpoPARpata Adng anoddcewv pe mMoAAATAG KpLtrpLa
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Edappoyr 6Tov TOAUKPLTNPLOKO
TMPOYPOUHATIOUO

m Emekteivoupe TNV évvoLa GTOV TTOAUKPLTNPLOKS
TPOYPAUUOTLONE

m Ol Pareto Alcelg propolv va tpokipouy Alvovtog éva
LOVOKPLTNPLOKO TTpGRANMO

max ZP: w, [, (%)

5t

xeF
m Alvovtoc To pdBAnpa MMP vy dlddopoug cuvduacpolic
Twv cuvisAsotwy BaplTnTag w, efdyouple cuuTEpdoHATA
yLo TNV suotddsla meplo)wy Tou peTwrnou Pareto m
7 EE

Xonvris, 21-22 fowviow 2013, Robusi-MEDA, F. Muepwrtig

Edappoyrn 6Tov MOAUKPLTNPLOKO
MPOYPOHATIONO (2)

m OL8Lddopec Aloelg oto pétwno Pareto Oa mapdyovtal
Alvovtog to akdAouBo tpdRAN L

F Cpx_ p.min
maxz = Z W st xe F
r
r=1 fp,max - fp,mi.n
m [0 S GEVAEPLO WG TTPOE TIC TOPOPETPOUC EXOULLE VIO KAOE
OUVOUOOUS 6.B. W9 = Wy, Wo,,..., Wa

z,=miny,

F Cs.x_fs )
DowEx 2B =(1-y,)z) seS
=1 fp,max_fp,mjn

Xunvrd, Z1-ZF fowviv e Z0137, Kobust-MEDA, T Moegw by

M18.2 —'EkBeon 2° Ermuotnuovikol Workshop

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG
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Flowchart yia napddewypa
KE p=2 (min risk, max return)

- Srart
Chitain individual optirma
| Calculate the Spayoff tables l—. et et T, risk, e risk. i model (1)
| . .
o risk™ — sk (x) ref (X) —ref?™
‘ 278 = max{uf risk™ —risk™ e ref™ —ref™ B
Discretize the weight space to Spoints (wy, wy) . 7
e (01) (0.1,0.5).(L0) e
NO YES
| 70 }— 5=511 p=P? End

MUR(E) = ming, model (2)

sf

e r:‘.?k’“ - r:‘.?.fc’ [x) . ret (X)-rat™
PiskS™ - pisk™

xeR

gt 21-2)ET (@ e

Find MR} sok ing rmodel (2) ——

Xonvris, 21-22 fowviow 2013, Robusi-MEDA, F. Muepwrtig

Ta 5 efficient frontiers
< —

100

an S

" 2
. /

ED / Seriesl
/ Series2

* Seriesd
/ i =h=Ceriesd

40

I Seriess
el
20 —*

=)

Xunvrd, Z1-ZF fowviv e Z0137, Kobust-MEDA, T Moegw by L EE
OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG JeAiba 23 amo 95
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Ou minimax regret AUoeLg
Melfro
Melfro
Melfro
Melfro
aelfro
Xonvid, 21-77 fowwiou 2813, Robost-MODA, F. Movpwrtr

Minimax regret solution on Pareto front

MMR

0.2 0.3 0.4

Xunvrd, Z1-ZF fowviv e Z0137, Kobust-MEDA, T Moegw by

Wi (=risk)

05 0Bk o7 0.8 02 L

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG

YeAida 24 amnd 95

gvotdBelac og mpoPARpata Adng anoddcewv pe mMoAAATAG KpLtrpLa



A18 — Alopyavwon workshops

M18.2 —'EkBeon 2° Ermuotnuovikol Workshop

EvuotaBela tnc
npoTipnotepnc Pareto
BEATIOTNC AUONC

i

Xonvris, 21-22 fowviow 2013, Robusi-MEDA, F. Muepwrtig

) LI

EE

Ewoaywyn
<

m O anodaciiwv emAéyel TNV mpoTLUdTEpn Alon and to
oclvodo Twv Pareto BEATIOTWY Alcswy

m OuolacTKA Kabopllel pnTd 1 EPPECWE TOUC GUVTEAECSTEC
BopBTNTOC TWV CVTIKELLEVLKWY CUVAPTH GEWY KL £T0L
TPOKUTITEL N TpoTLUAOTEPN Alion

m O afsBalec mapdpetpol Twpa slvaL ol 6.B. Twy
OIVTLKE LLEVLKWV CUVAPTHGEWY

m Efetdloupe katd mdoo sival sualoOntn n teAwkr emhoyi
Tou anodacilovia oTIC LETAROALC TWY Bapwy

m Oco repwoodtepo svalodntn eival tdoo pikpdtepn n
suotdOe1a TG mpoTIpdTEpNC Alonc

Xunvrd, Z1-ZF fowviv e Z0137, Kobust-MEDA, T Moegw by

) LI

EE

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG
gvotdBelac og mpoPARpata Adng anoddcewv pe mMoAAATAG KpLtrpLa
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Oplopoi
< ——

m To PETpo suotdelag skdpdleTal e To mdco propsl va
SleupuvBel to elipog Twv 6.B. oL apdyouv TV Sla
TPOTIPATEPN Alion

m Tautdypovn dledpuvon Tou slpoug OAwY TwV G.JB.

OxL omwc To stability intervals iy oTo sensitivity analysis mou
KOLTGLE KGOE MUpaUETPO UELOVWI PUEVT

m H péylotn suotdbsa dtav to elipoc pmopel va dieupuvBstl
oto peyloto = [0, 1]

m MsOodohoyia: Monte Carlo simulation yla dswypatoinpio
OTO XWpo TwV Bapuwy

f@ LI

Xonvris, 21-22 fowviow 2013, Robusi-MEDA, F. Muepwrtig EE

NMote aAAaleL n Avon;
<

m ITO ApoBARpOTa e aKépaleg petafintec (MOIP) eival
codéc
Otav arhaEel £0Tw Kol Ula HETABANTA amod 0 o€ 1 A To avdnodo
m 2TO TTPo BAN LOTO TTOU URGPYOUY KOL GUVEXELC LETORBANTEC
(MOLP, MOMILP) propoipie va oplooupe 6tL n Aton
oAAGEL av £0TW KoL PLo pPeTafAnTh petafdAiisLtny TIUA
¢ neplocdtepo and a% (m.x. 1% ) 5%)

f@ LI
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Méetpo gvotdBerog

m AlsupUvoupe to SldcTnpa Twv 6.8, Katd 5%, 10%, 15%, ...
50%

m J& KOs Slevpupevo dldotnpa kKdvoups eva Monte Carlo
simulation —optimization

AslypatoAnbla yia ouvtedeotéc BapltnTac (i=1...1000)

EriAucn Tou mpoB A aToc:
P ex—f
max z(f) = > Wi x—E—E22 ¢ xeF
N
p=1 Pomax p.min
m Kataypddoupe to mocootd twv Aboswv mou slval idlec pe

TNV OPYLKN

m EmovodopBAVOULE VL0 TO EMOEVO SLELpLEVO SLACTN oL

B
Xonvris, 21-22 fowviow 2013, Robusi-MEDA, F. Muepwrtig ™ EE

AleUpuvaon nediov oplopou ya toug o.f.

0 0.5 1
0 0.5 1
10% He—— =+t —=— |
0 0.5 1
25% o= 4 o |
0.5 1

50% |—o—= - |

@ LI
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Flowchart

Start

| Calculate the payoff table l—. Obtain Db]reacx?g‘:; functions”

Create robustness
chart

" .
Samplewt®, e [(1-amw®,, (1+aw" w'", are the weights that
| 2 p €Ly, (Ha) p]l correspond to the preferred
Pareto optimal solution

Solve

7

. d . CoX~ Jomin
maxz(f)= 3 W' x—b——BE2. 5t yc F
Pl pmx S pmin

Record preferred solution
frequency for &

Xonvris, 21-22 fowviow 2013, Robusi-MEDA, F. Muepwrtig

Agiktng evotdBerag (Robustness index)
<

m Oco peyoAltepn cuXVOTNTO MOpoLGLAlsL N ITPoTLLATEPN
Alon ota delyparta mou malpvoue Toéco Mo svoTadric
elval

m Oco npoywpdpe o SLElpUVON TOLC EUpOUC TWV G.B. N
ouYVOTNTA aUTH MEDTEL

m O delktng evotdBelag deiyvel ouoLaoTIKA Tov Babpd
ovtioTaone ¢’ AUTHV TNV TTTWOoN

m H andiuta suotadric Abon slval autr mou dco Kol va
SleupBVOUE TO £Upog TWV 6.3, TTIPOKUTITEL TAVTA aUTH
(RI=1)

m [oocotikomolnen tou deiktn suotddelac e To SLdypappo
suoTdOeL00C

Xunvrd, Z1-ZF fowviv e Z0137, Kobust-MEDA, T Moegw by
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AsikTng euotadelag
c ]

10090 G

0%

o RI=0.602

20%

Frequency of examined portfolio

0% T T T T T T
% 5% 10% 15% 20% 25% 30% 35%  AD%  45% 50%

weight interval range (+/-)

Wta,  Lta a”+a”+1]x(0.5/n)/0.5
2 2 2

a, a 1 a
RI=[Z2+> a+2/m=[=+D a+2]/n
[2 = 2 7 [2 = 2 ]

RI=|

Xenviet, 21-22 Totnsioy 2013, Robust-MODA, I, Maupa Teg

(1w #=10 intervals)

Edapuoyr
L]

m 133 £pya AlE
AloAwd (W), Mwkpa ubponiektpkd (SH), Qwrofoitaikd (PV)

W SH oV EYNOAO
ANAT MAKEAONIAZ-®PAKHE (EMD) 3 2 5
ATTIKHE (ATT) 1 1
BOPEIOY AITAIOY (NAG) 5 6
AYTIKHE EAMASOE (WOR) 1 1
AVTIKHI MAKEAONIAE (WMD) 3 5 9
HIIEIPOY (EPR) 3 8 11
BEETAALLT (THE) 1 7 9 17
IONIQN NHEIGN (I0N) 1 1
KENTPIKHZ MAKEAONIAZ (CMD) 3 5 5 14
KPHTHE (CRE) 4 4
HOTIOY AICAIOY (SAG) 1 1
MEAOMNONNHEOY (PEL) 8 1 3 12
STEPEAT EAAAADY (STE) 33 13 5 51
EYNOAO 53 30 50 133

Xawre, 21-22 Iouvvioy 2013, Robust-MCDA, I'. Maupw g
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NMeploplopoi
< ——

B JUVOALKO KOoTOC Twv 133 oyedlwv elval 659 K. €.

B O SaBéooc mpolmoAoyLoud KUNGVETHL oo 75 we 125 ek, €,

B [epLoplopol MOALTLKAG
To ouvoho Twy ¥phudrwy ou Ba SiateBolv os £pya yia TNV 2Teped EAGDa
TPETEL VI EIVEL LUKPOTEPS oo T0 30% ToU CUVOALKOU KOOTOUC
To oUvoho twy ¥pnudtwy ou Ba Siatebouv os epya yia Tnv MNedomovvnoo
TIPEMEL VO EVAEL LUKPOTEPO ¢Tto 10 15% Tou ouvollKoU KOoToUC
To oUvoho twy ¥pnudatwy o Ba Slatefouv os epya yia TNy Av. Makedovia-
Bpdkn, Bépelo Ayaio, Avtikn Makebovia, Hrielpoe, Noto Atyaio Tipenel va
sival peyahUtepo ano 1o 10% 1oL CUVOAIKOU KOoTOUC
O apl8poc twy epywy amnd kabe texvoloyila TpEneL va elval avausoa oto 20%
Keil oTo 60% Tou suvollkoU aplBpol Twy srhexBevTwy spywy
H ouvollKn Loyuc Tou TeMKoU Xaptodulakiou va elval peyalltepn and 170
VI,

Xonvris, 21-22 fowviow 2013, Robusi-MEDA, F. Muepwrtig

ALoAOynon £pywv ota KpLtipLa
<

® [olukpltnplaknd avdiueon — Utility functions

Lo Zwveeotig

AEMTA T TG g
1 T=zpupzpeics wedroby Tty paer] 0.001 =
2 Ammyimon Kaim -5
3 Owovoptsd] erodom G m Koi'm 3
4 Amogu s g GOy Koi'm -1
5 Afopzvomimg Kupri 5

kx
l-e

fy ki y f— z
, l-e

an al ar w w an ae ur aa as Lo

m [ #enz E
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TeAKO povtélo
< ——

& 133 = - )
max Zy = ek, max Zy =3 e, X, max Zy=2cud; max Zy= ek, max Zy =3 cnk,
- = ial = ,-
=i 1 1 1 3
ZsemCOSf,-X,- =0.3xZ,
D tost X, 20.15% 2,

cost X, 20.1x 2,

PAYOFF TABLE
30.24 15.92 10.03 6805 418
22,87 18.21 1045 5868 37.84
11.18 14.96 13.83 4496 36.06

Z i EMD NAZ WD EPR BAG

13 B3
02x 3 X, 23 X, 206% 2 X,

i1 oW il 2631 151 1172 7542 43.01

= 1= 23.74 158 1198 728 50.06
02x3 X 23 X 2063 X,

e} == i1

13 133

02x3 X 25 X 206x3 X,
il i FV e

133

2 cosg X, = 200,000

e

133

2 e X = 300

=1

Xonvris, 21-22 fowviow 2013, Robusi-MEDA, F. Muepwrtig

AnoteAécpata
<

® ‘EoTw OTL N MPOTLHOTEPN AUon avTloTolxel aToug akoAouBoug CUVTEAEOTEC

BaplTnTaC
1: Regional Development 0.1
2: Employment 0.2
3: CO2 emissions avoided 0.2
4: Land 01
5. Economic evaluation 0.4

B [1poKUTITEL AUVOVTEC TO TTPOPRAN UT:

’ CX— min
maxz:prxA st xeF
r=1 -fp,max _fp,mi.n

Xunvrd, Z1-ZF fowviv e Z0137, Kobust-MEDA, T Moegw by

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG JeAiba 31 amo 95
gvotdBelac og mpoPARpata Adng anoddcewv pe mMoAAATAG KpLtrpLa



A18 — Alopyavwon workshops

M18.2 —'EkBeon 2° Ermuotnuovikol Workshop

Mpotipudtepn Alon

Regional Development (1)
Unemployment (f2}

C02 emissions avoided (f3)
Land Use (f4)

Economic evaluation (f5)
Objective function (2]
Number of projects
Budget (k€)

Power (M)

Xonvris, 21-22 fowviow 2013, Robusi-MEDA, F. Muepwrtig

29.05
21.87
153
82.9
54.47
0.809
92
199,860
392.09

B Td YUPAKTAPLOTIKG TN MPOTLUOTEPNG Along elval Ta akoAouBa:

B AlEUpUVOULE TO UpOC Twv G.B.,
K&voupE SelypaToAn i Bapuw
unooy(fou e Tnv avtloTolyn
BéATLOTN Alon.

m 1000 SelypatoinPiec

B ‘Ymoloy{ouue moOoeC dopéc
QMEVTETAL N TPOTLUOTE P AUGH

®  Emavahaupdvoups
SLELUPUVOVTHC TO EUPOC

Xunvrd, Z1-ZF fowviv e Z0137, Kobust-MEDA, T Moegw by

EnavaAnmnuiki Stadikaoio
<

Weight interval

increment preferred solution

0%

5%
10%
15%
20%
25%
30%
35%
40%
45%
50%

Frequency of

100.0%
100.0%
90.8%
74.4%
59.9%
51.5%
46.0%
41.6%
38.5%
36.3%
34.5%
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Fpadnpa ywa Robustness Index (4
TEPLITTWOELS Bapwv)
< ——

Robustness Index Chart

100

5 o Wi=(0.1, 02, 0.2, 0.1, 0.4)
E Bl

3 W@=(0.25, 0.25, 0.1, 0.1, 0.3)
& o Wi=(0.1, 0.1, 0.1, 0.1, 0.6)
g- SR

B WW=(02, 02, 02,02, 0.2)
F o

ER

E 10

1: Regional Developrrent

0% 10% 20% 30% 0% 50% 2 Empbymerjt .
Walght Intarval Incramant 3 COZ emissions avoided

4: Land
—W—w(l) ——w(2} w(3) —8—wld} 5: Econormic evaluation
Rl
wil) BN.6%
wi2) 76.0%
wiz) 94, 1% oy
w4 74.2% W LI
Xonvid, 21-77 fowwiou 2813, Robost-MODA, F. Movpwrtr EE

MEeAAOVTIKEC KOTEUOUVOELC
<
m Edappoyn os mpoPAfpoTa Kol e cuvexeic petapAntec
(MOLP 1§ MOMILP)
m Oplopdg Tou TLonpaivel «dladopeTikn Alon» 6e oXeon Le
™ Alon avadopdc
Otav £0Tw Kal o€ Pl TIPA N amokAon elval > a%
To a mapdueTpoc mou TIBeTaL amd Tov amodac {ovta
m Oco PkpdTeEpo To 0% Tdc0o Yapnidtepog Oa TpoKUTTEL O
Robustness Index

Qo cufdvovtal ol SLadopeTIKEC AVCELC

m 1o MOLP kot MIMOLP Ba £xoupe Rl{a)

M.x. RI{5%)
@ LI
Xunvrd, Z1-ZF fowviv e Z0137, Kobust-MEDA, T Moegw by L EE
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Thales Project | 3™ Coordination Meeting
Chania | 21 June 2013

Constructing robust efficient frontiers for portfolio
selection under various future return scenarios

Mavrotas | Xidonas | Doukas | Psarras

Introduction | The mean-variance formulation

o 2-dimensions

e KOLw, =0
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Introduction | Robust efficient frontiers |

v About this work

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

> Usually security returns are extracted from past data.

2 This work is an attempt to incorporate future returns scenarios in the
investment decision.

Introduction | Robust efficient frontiers Il

v About this work

> For representative points of the efficient frontier, the minimax regret
portfolio is calculated on the basis of the aforementioned scenarios.

2 These points correspond to specific weight combinations.

> In this way, the areas of the efficient frontier that are more robust
than others are identified.
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Problem setting | The portfolio management process

!

political & sector
considerations

Specification &
qualﬁtlflcatmn of Fortfolio Monitoring
investor - .
B — policies & — investor-related
objectives, strategies Input factors
constraints &
preferences
Portfolio construction Attainment of
Portfolio selection investor
— Asset allocation —" objectives & —
Security selection performance
Portfolio optimization measurement
Relevant Monitorin,
economic, social Capital economicz
! M market —

expectations

market input
factors

T

Fundamental
analysis
experts

Technical
analysis
experts

Other
experts

Problem setting | Business flow

Approved
lists

Investment
Committee

Benchmark
portfolio

Reports —
Security Meetings Signals Portfolio
analysts Briefings 1. Strong buy managers
ete. 2. Buy
3. Hold
4. sell
5. Strong sell
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El

Problem setting | Objectives

v Weaimat

Assisting portfolio managers in formulating successful investment
strategies.

Providing them with an effective investment policy making tool in
order to construct robust efficient frontiers.

Standardizing the investment analytics procedure, along with
incorparating full tractability and compliance in it.

=

Review | Research map |

v Where we build on

Xidonas, P., Mavrotas, G., 2013. Multiobjective portfolio optimization with non-
convex policy constraints: Evidence from the Eurostoxx 50. European Journal of
Finance, To appear.

Xidanas, P., Mavrotas, G., Zopounidis, C., Psarras, J., 2011. {PSSIS: An integrated
muiticriteria decision support system for equity portfolio construction and
selection. European Journal of Operational Research, 210 {2}, 398-409.

Xidonas, P., Mavrotas, G., Psarras, J., 2010. Equity portfolio construction and
selection using multiobjective mathematical programming. Journal of Global
Optimization, 47 (2), 185-209.
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Review | Research map Il

v Milestone studies

B Kouvelis, P., Yu, G. 1997. Robust discrete optimization and its applications.

Kluwer, Amsterdam.

= Young, M., 1996. A minimax portfolic selection rule with linear programming
solution. University of Michigan Business School, Department of Statistics and

Management Science, Working paper No. 9612-24.

Conceptual | Description |

We have five scenaria for return and risk (based on different historical horizons
from 80, 60, 40, 20, 10 weeks.

We want to calculate the minimax regret solution based on these five scenaria

Less conservative than the maximin solution
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Conceptual | Example of minimax regret solution

Scenl | Scen2 | Scend | Scend | Scenbk | Worst case
Sclution 1 8 2 1 3 4 8
Sclution 2 2 4 7 3 2 7
Sclution 3 3 4 3 2 4 4

In the rightmost column we calculate the maximum of each row to find the
worst case scenario for each solution. The minimax-regret solution is the one
that has the minimum among the worst case values which is Solution 3 in our
case.

Kouvelis & Yu approach accomplish this task not for a finite number of
solutions but for an infinite number of solutions according to the feasible
region of the problem.

By varying the weights we can have the minimax regret solution (portfolio) for
representative points of the Pareto set. Consequently, we can extract
information about the degree of robustness of different areas in the Pareto
set,

Conceptual | Methodological routine |

Step 1: For each scenario we calculate the average return vector (ret{l)) and
the deviation from return table (dr(1,T))

Step 2: We calculate for each scenario the payoff table in order to have the
range of the objective functions (ret,™, ret,™", risk,™ risk,™"}

Step 3: We discretize the Pareto front to 11 points according to the weights wil
and w2

112 |34 |5(6)7|8)|9%]|10(11

risk
(MAD) |wl| 0 |01|02|03|04|05[(06|07|08|09]|1
return |w2| 1 |09(08|07(06|05|04(03|02(01]|0
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Conceptual | Methodological routine

Step 4: For each one of the above Pareto points we find the optimal solution
for each one of the five scenarios solving the model with objective function

max z,= w, *(risk, ™2, )/ (risk, ™ risk, ™)+ w,*{Z,-ret,™")/(ret,"*-ret,™") = 7,

Step 5: After we found all z,™ we solve the minimax regret problem for the
specific wl, w2 combination adding the following s constraints:

wiF{risk, ™2, )/ (risks ™ -risks ™ )+ wo*(Z-ret, ™) /{ret, ™ ret,™") >=
{1-MMR) z,™* fors=1..5

and objective function is:
min MR

Conceptual | Methodological routine I

Step 6: Keep the solution for MMR and go to the next wl, w2 couple until you
are done.

Step 7: Depict the MMR({w1) to a chart to detect the robust areas of the Pareto
front.
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Flowchart with p=2 {min risk, max return)

| Calcul ate the 5 payoff tables |—D

Obtain individual optima
ret, ™, ret ™", risk, ™2, risk, ™" model ‘1)

l ik — risk, () o ret, (o) rat .
]

o = —
‘ ()= maxwf PISEEE — risie® : reest — et
Discretize the weight space to G points (wy, w,] & we
e.g. (0,1), (0.1,0.9)..(1,0)
l NG YES

[[o0 ] oo p=P? I

model {2)
MMR(g)=miny,
st
o TSR — sk (o) | wgretj (x)— reg™™ Bl 7.5 g
e PSS — pisk T e — rg™® 2=y 2" s

xeF

Find z,"*(g) solving model (1) |

Find MMR{g) solving model (2) |—

2

Conceptual | Field of application |

v" Eurostoxx 50

Eurostoxx 50, Europe's leading blue-chip index for the Eurozone, provides
a high capitalization representation of supersector leaders in the
Eurozone.

The index covers 50 stocks from 12 Eurozone countries.

Eurostoxx 50 is licensed to financial institutions to serve as underlying for a
wide range of investment products worldwide, such as Exchange Traded
Funds (ETF), futures, options, and structured products.
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Mnis.2 -

‘ExBeon 20V Entotnpovikou Workshop

Conceptual | Field of application I
¥ Eurostoxx 50 | 1-1-08to31-12-10

27.12.2010-30,12.2010

Open: 2859.28  High: 2'862.32 Low: 2'802.37 Close: 2'807.04
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Results | Pareto fronts |

Minimax regret solution on Pareto front (relative)

0.06

0.04

0.02

0.2 03 0.4 0.5 0.6 0.7 0.8 09 1

Results | Pareto fronts II

Minimax regret solution on Pareto front (deviation)
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Conclusions | The crucial gquestion

v People may ask:

o Did you make money guys?

¥ But the right question is:

o Are finally markets efficient?
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M58 pobust

Q) rcon

BeATioTonoinan enevOuTikoU XapTOPUAAKIou

oupnepiAauBavovTag
TNV EVEPYEIAKN Kal NEPIBAAOVTIKN €TAIPIKN €UBUVN

X. Aovkag, . Mauvpwrtdg, M. Zvdwvag, |. Wappag

2° Workshop
Xavid, 21/6/2013

- E%Tmmmwm
Syon som via pne yrwmme

YNOYPIEI0 MAAEIAY & 67 ABAHTIENOY
Evpwmaik Evwon £ 1A TKH YITH IHE

Eopuamotat Kot Toysls |

=EZMNA

=@

Mepiexoueva

Elcaywyn
* Mapouciaon Tou MpoBARuaTog

Xpnowomnolotpeveg MEBodol kat TEXVLKEG
* Mpotewvopevn MeBodoloyia

Edapuoyn
JUUnEpACUATA Kol MPOOTTLKEG
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Eicaywyn (1/3)

s [Napadooiakd avtidngy:  H emyelpnon elvan pla povéda mou
evBladEpeETal LOVO yla TOUG UETGYOUG TNG Kal Ty abfnon twv
KEPSWVY TNC.

s Inuepw moAuvdldotatn oMAnAenidpacn smyeipnong HE TNV
Kowwvia katl To neplBddiov = avabewpnon.

v Emureipnon — OovOLILKE OVTATNTA, N Onoit aokel TIg SpaotnplotnTe]
£XOVTOC OTOXO TNV LKOWOTOoINon Twy evSiadepopevwy LepWV.

v EuBlvn Twy EMXEIPACEWY YLO TOV GVTIKTUTIO TOUC OTnV Kowwvia.

Minyd. European commission {2011}, A renewed EU strategy 2011-14 for Corporate Social
Responsibility, COM{2011) 681 final, Brussels 3

Eicaywyn (2/3)

15

10

Source: Gjglberg, M. (2008)

Index of CSR Performance

?,

PP FF ISP ESS ~“<°
& oc"% & & o ‘\‘f & gﬁ & tig g"’ ‘y \\" 0‘" ‘& 55'

v" Need for decision support on energy and environmental corporate
frameworks outlined in the related study of the Hellenic Federation of
-15 Enterprises “Enhancing Sustainable Development Initiatives” (SEV, 2009)

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG SeAiba 47 amo 95
gvotaBelag oe mpoPARpata Adng anoddcewv pe moAAAMAG KpLtrpla



A18 — Alopyavwon workshops

M18.2 —'EkBeon 2° Ermuotnuovikol Workshop

Eicaywyn (3/3)

Brussels, Befgium

Beneficiaries
Public” ~Academic Institutions:
'IE::rln s Administration Research Centers &
icles e Py =
= ~-Associations _——
- H Banks, Financia] C S
~ Institug _ Ompanies, ~
. @ __mmons - SMEs
ECoGr Initiagiye
Energy
Emlrc;nm <
ent o * Ol
Action Py, ootprigg ~ ' h 0_1’. Enhancinge Hum
S < Strengthe, 10 Resources
* 03: Copn-cRiNg Rese. £s
OTPorate Epe: ch Activig
Cottay, \ o A hm'm“lilez . IVitieg
Mechqmu'® *0s: Di“:;:cmg Regiong) eal‘ s enchm
"“"51"0:- SCIingyy, glong]
Inngyg,.  Aw g, Pr =
Novatip, Varenesg mmllmg and g
Rese,
arch
()’-"lﬁlcm—(.S
*
. ‘—ﬁ\‘n
<
w0
W 7
.~ POLICIES Nt/ .
C S R Enterprise 2020, 15 September 2010,
f

NpoBAnua (1/3)

* Npdolvn €TALPLKN KOWWVLKA euBUvn.

* Neeg enevdUoELC.

EECR) otn Swadkacia AfPng anodacswy.

* AvAaykn yLa véa HovTEAa agloAoynong xpnuatodotnonc.

* Evowpartwon Evepyeslakng kol Neplparroviikng EuBuvng

(Energy and Environmental Corporate Responsibility —

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG
gvotdBelac og mpoPARpata Adng anoddcewv pe mMoAAATAG KpLtrpLa

YeAida 48 amnd 95



A18 — Alopyavwon workshops

NpoBAnua (2/3)

* Fruomnuoviko nedio: Akgpalog HaBnUaTIKOS

TPOYPAPUOTLEUOC.

MetaBAntéc anopaonc: Avadikéc — ovadEpovial 61O oV
ETUAEYETOL 1] OXL N v-00TH £Tonpia ylo yoprynon daveiou.
Itoxoc: Emoyn PéAtictou  yaptoduAokiou  ETaipuny,
gvowpotwvovtag 1o EECR kol €Aeyxog euotdBelog

QIMOTEAECUATWY.

NpoBAnua (3/3)

ENMLOKOTNON OXETLKWV MPOoTIOOELWV

H. Doukas, G. Mavrotas, P. Xidonas, J. Psarras (2013). “Incorporating
energy and environmental corporate responsibility in capital budgeting: A
multiobjective approach”, EURO 2013, Rome, ltaly.

H. Doukas, P. Xidonas, J. Psarras (2013): "A hybrid MCDA-IP approach as a
modeling tool for implementing green credit strategies”, EPU - NTUA
working paper.

H. Doukas, V. Marinakis, ). Psarras. {(2012). "“Greening” the Hellenic
Corporate Energy Policy: An Integrated Decision Support Framework",
International fournal of Green Energy, 9:6, 487-502, 2012.

H. Doukas, J. Psarras {2010). “Integrated Framework for Enterprises Energy
and Environmental Policies (ENTREE Policies)”, Enterprise 2020, A Strategic
Initiative by Corporate Social Responsibility {CSR} Europe, 15 September
2010, Brussels, Belgium.
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MovTtehonoinon MpoBAnuaToc (1/2)

*  MeraBAntéc Anogaong: Aképaleg petapAnteg, 40 etaipleg b(i), mou
KOLTNYOPLOTIOLOUVTAL WG TPOG TouEa Spactnplomoinong Kol yewypadikr
TepLoxn.

*  Avriketuevikég Suvaptrioesig: Owovollkn anodotikdtnta (NPV) kat EECR.

Aképato mpoPAnpa peytotonolnong, SU0 aVTIKELLEVIKWY CUVAPTNCEWY
maxZ1 = Y%, EECR(i) * b(i)  maxZ2 = ¥, NPV (i) * b(i)

Onou:

v n: O 6UVOAKOG aplBAS TwV EMXELPHOEWVY TTOU attolvtal yla SAvelo
v’ EECR: H tur tng meptBarrovtikig EKE kdBe emxeipnong

v' NPV: H tipf tng kaBaphic mapoloac aflag kdBe emévduong

MovTeAonoinaon MpoBAnuaTtocg (2/2)

* [feptopiouoi

MpoimoAoylopol, Topeakol Kat yewypadikol Tposrolonopiod

Z{budget(i) «b(i)} < AVB
i=1

Tuovolaxo) ApBpod
Exyepiiceny

Hepropiopoi

Budget(i) * b(i) = AVB(s)

i=1(I€S,G)
n Tewypaguoi
b(i) < N_high(s)
i=1(I€S.G)
1
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Xpnoiponoloupevec MEBodOoI-TexvikeC (1/3)

*  [MoAvoroywdmnro == augmented e-constraint. [G. Mavrotas, 2009]

+ H plo avilkeldevik] GUVAPTNGn HETUTPETETAL T8 TIEPLOPLIHSG Kol
BeAtotonoleltol n ¢AAn.

Lloop (kp,
kk (kp)=yes:
i r 5 n repeat
rEVLKQ, EvVa TEPOBM'] U-a an U-Oder]Cl solve mod payoff using mip maximizing obj;
. payoff (kp,kk) = z.1(kk):
max[f,(x), i=1,2,..,p] 5. 1. X €S z.Ex(kk) = z.1(kk);

. . kk (k++1) = kk(k}:
LLE TNV E-constraint, LETATPETIETOL OTO! | unes1 wx (ko) kk(kp) = nos
max[f,(x)] s. t. f{x)ze;, i=2,3,.,0, XES | .p10 = iner 22000 =int:
H
if (mod payoff.modelstat<>l and mod pavoff.modelstat<>8, abort);

dmou: loop (kp,
P . loop (k, put fx payoff(kp,k):12:2);
* x: petafAnTEC anadaong put /:
N N bi
*  f{x): QVTIKELPEVIKEG SUVAPTNCEL
f'( ) , ELE Ql ptn S Ylomoinan pHpatoc e peddSou ot yAwaooa GAMS
* S e KTOC YW po AUgEWY
s 210 8ebld PEADS TWY AVLTWOEWY TTOU TPOEKU L av.

Me mapapetplkr pLetafold Tou, mpokdntel n BeATiotn Aldan.
11

Xpnoipgonoloupevec MEB0dOI-TEXVIKEC (2/3)

*  ABeBoudtnra elcodwv i Monte Carlo.

Agupdvovtac  tuyniec  ewgdbouc  amd MBAVOTIKEC  KATAVOUEC,
mapdyoups glvoho Tuyaiwy sE68wy.

»  EuotaBewo Twv Pareto Fronts @i péQobog ITA (lterative Trichotomic
Approach) [G. Mavrotas, O. Pechak 2013].

*  XwplZoupe ta yaptodurdkia avdhoya e TN ouxvOtnia epdavios Toug
ota Pareto Frants, oz:

«Mpdowar, mTou epdavilovial guxvotepa } Xphowonowovia
«KdKKva», mou epdavilovial omavidTepa xarddAnia katapha

«[kpLy, I Tot onola dev propalpe va amodavBolpe.

12
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*  Yhomoinon ITA: Monte Carlo
MLBAVOTIKEC KOTOVOPEG pelwon  aPePpoaldTnTac,
amoAoLdr] TOU CUVOACUL TWV «YKPL» XOpTOodUACKLWY.

Xpnaoiponoloupeveg MeBodol-Texvikeg (3/3)

£ Seypatohnlia and «OTEVOTEpPEGY

*  Movredonoinon xai Abon npoBAnpatoc: AkyoplBpog ot yiwooo GAMS.

oTadlakn

BHMA 1°: Zyedican axpipoic Pareto front

BHMA 2°: Ewsayoy afefodtntog ko pebodoroyice Monte Carlo

QRN EENNEERNNNEERERREEEEEEER,
»,

o

BHMA 5°: / /MG ETCLpUDY oTa B

MpoTteivopevn MeBodoAoyia (1/6)

G#AEEEE NN NI NN EENNEEENEEANEEEENEEENANEEANEEEENSEENEEEIEEEEEEEEEEEEEEEEEEEEEEE
+

BHMA 3°: Epappoyi pefddov ITA v BHMA 4°: Epappoyii pefédov ITA v
KOVOV KOLTUVO L) OLLOLOLLOPPT] KUTUVOLLT)

OAAHZ — Navemniotipo Mepatd — MeBoSohoyLkéG TPOCEYYLOELG yLoL T HEAETN TNG
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*  BHMA I° Yrmoloylopoc kal oxeblaon Pareto Front.

Fareto Front

MNoootikomolnon 6elktn Energy and Environmental Corporate
Responsibility {EECR):

. Global
Reporting
Initiative™

MpoTteivopevn MeBodohoyia (2/6)

Database: GRI's CSR and
Sustainability Reports
wwiw.globalreporting.org

I Filot opproisel presented in the 9%
tdeeting of the Greek Working Group on
WCOA Kovolg, October 11-13, 20012

15

* BHMA 2°: YrnoOstou e Kavovikr katavopn v EECR, NPV,
Meon tipn: Tyeg EECR kot NPV mou Slabstoupe.
Tumiki amoxAion: To 5% Twv TLHWY CUTWV.

Normal Curve
Standard Deviation

EECR ke NPY
CEG KOROWLKS EmtavaARELS
KOETCEVOLLE) Monte Carlo

Fyedioon 20
Pareto Fronts

MpoTteivopevn MeBodohoyia (3/6)

16
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MpoTteivopevn MeBodoAoyia (4/6)

BHMA 3°; ITA ywa 100 enavairieig Monte Carlo. YrnoBETtoupe KavoviKr KaTtavopn
YLO TIG ELOGSOUG.

AUO KaTwohALR yLo Yo pToduAdkLa: (98%-2%) Kal (99%-1%).

Brjpo petafoinc Swakipovonc 1%, and 6=5% uexpL 0=0%.

. . B
METpo evoTdBeLag Pareto Front: Robustness Index, R. 1. = 3

— 100% -
90% +
, 80%
Mocooto Twy
. 70%
«pAacLVWVY s ) A
xapToduiakiwy WU . . ol
OTO EKACTOTE O I oo
BApa npog Tov 30% B
aplBpo yia 6=0% 20% -
L e
— 0%

MpoTteivopevn MeBodoAoyia (5/6)

* BHMA 4°: H (6 o6wdkaola smavahappaveral,
UTLOBETOVTUC OLOLOHOPdN KOTAVOU YL TLE EL0GB0UCE.

p(x)

1
b—a)

I & b

Ta dpra a Kot b oe k&Be Pua petafolng elvan
[0.85-1.15], [0.88-1.12], [0.91-1.09], [0.94-1.06],
[0.97-1.03], [1-1],
enl tnv akpLPn T kaBe petaBAntic.

Ipadikh YriohoyLouoe R. 1. IUyKplon Twy R.1.
AvOmapdoTach HEGW TWwV EMRBadwY KoL GUUTEp&GUATH
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MpoTeivopevn MeBodoAoyia (6/6)

* BHMA 5% Awepelvnon oyetkig ouyvotntag epdaviong twy 40

ETALPLWY OTQ PEATLOTO O PTOPUAGKLAL.
MNepMTWoN KAVOVIKAC KATAVOUNS e 0=5%, yLa 100 Monte Carlo.

Kataypadouvpe 1o SladopeTikd PeAtiota yaptoduldkia oTo

cUvoho twy Pareto Fronts.

KataokeualeTaL TO LOTOYPQKKA TG OXETLKAC CUXVOTNTAG.

Epappoyn (1/11)

* Ta dedopéva twy 40 eTalpLwv

rewypadikn Neploxn

+ 11 votoeupwnalkeg eniyelpfioslc (South Europe)

+ 10 Popelosupwnaikéc enyelpriosic (North Europe) 4 VEWYPAPIKET
+ 13 kevipoevpwrnoikeg enuyeLprioels (Central Europe) TLEPLOYEC

* B eMAnVIKEC smuyeLlproeLlg (EAAGG Q)

Topéag Apaotnplonoinong

¢ 11 EVEPYELOKEC ETILYELPHOELG.

* 9 BLOUNYQVLKEG ETLLXELPIOELS

+ 7 eruyeLprjoeLs HAekTpoAoykol EEomiLopol 4 Touels
+ 13 emyeLpiosic ALavikwv MwAnoswv/AMAng Katnyopiag
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ApLBpdc Etoupiog
1

[C= T R - T T ST )

I S
[ PR I ST S T S T N )

Epappoyn (2/11)
* Ta dedopéva twy 40 etapuwv (1-20)

EECR (%)

12,97
14,66
9,76
6,23
6,99
14,64
7.1
11,922
11,81
21,59
13,64
13,59
3,86
9,62
40
2,95
25,872
5,25
11,388
11,669

NPV (€)
2549
49811
3348
63608
244506
36658
14062
22521
261305
455047
696842
53394
238908
3372
579
74630
4860
12527
389914
378084

Budget (€]

5926
50832
5000
33857
191867
37500
6067
23033
190000
422667
415000
39333
95333
5633
7367
37667
30100
5495
909314
160304

rewypordkr] Zawn

South Europe
South Europe
North Europe
South Europe
Central Europe
Central Europe
Central Europe
EXhaSa
Central Europe
North Europe
Central Europe
Central Europe
EXhaSa
Central Europe
Central Europe
Morth Europe
EXhada
Morth Europe
South Europe
EXhada

Topéag Spagmprornoinong
Evepyewa
Evépyeun
Evepyewa
Evepyewa
Bropryxonvio
Bropryxonvio
Bropnjovio
Bropryxondo
Bropnjovio
HAektpoioykds Efomuapos
HAgktpoAoyikos ESormuapdg
HAektpoioykds EEomuapos
Evépyeun
Alvikee NuAnoet - Akko
Avikee NuAnoet - Akko
Awvikge Mwinoew; - AAko
Evépyeun
Awvikge Mwinoew; - AAko
Awvikge Mwinoew; - AAko
Awvikge Mwhinoew; - AAko

21
22
23
24
25
26
27
28
29
30
Ex
32
33
34
35
36
37
38
E:)
A0

Epappoyn (3/11)

* Ta dedopéva twy 40 etapuwv (21-40)

15,387
17,135
5,759
3,931
16,120
12,384
7,193
21,953
4,703
18,066
7,752
4,542
19,183
15,854
22,006
4,037
19,394
17,808
12,858
5,849

53095
51415
ABOD7S
A22757
146937
ATINEB
A31582
208461
324354
324069
603210
648755
179554
220027
204350
352078
222963
228828
A28456
516117

26190
161009
353422
184410

87913
614619
277042
158792

1410180
533645
529130
396671
123640
149773

53049
31779
772965
117585
190872
262033

North Europe
South Europe
Central Europe
South Europe
North Europe
North Europe
South Europe
South Europe
Central Europe
Central Europe
North Europe
ERddBa
South Europe
Central Europe
North Europe
South Europe
North Europe
South Europe
ERddBa

Central Europe

Alavikeg NuwAnoeLg - Alio
Alavikeg NuwAnoeLg - Alio
Hiexktpooykig EEomRioptg
EvEpyELa
Alavikeg NuwAnoeLg - Alio
EvEpyELa
EvEpyELa
Hiexktpooykig EEomRioptg
BLopnyovia
Hiexktpooykig EEomRioptg
Alavikeg NuwAnoeLg - Alio
BLopnyovia
EvEpyELa
EvEpyELa
Alavikeg NuwAnoeLg - Alio
Alavikeg NuwAnoeLg - Alio
Hiexktpooykig EEomRioptg
BLopnyovia
Alavikeg NMuwAnoeL - Ak

BLopnyovia
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Epappoyn) (4/11)

*  [epiopioyoi

IIpotmolonopod

Mpolnoloylopoy, TopEaKoL KaL YEwypadLkol

i Y {budget(i) < b(i) } < 3.000.000 €

i Y qeslbudget(i) = b(i)} = 0.1« TOTB
S= Sector 1,2,3,4 s Hepiopiopol

i Xioigegibudget(i) = b(i)} = 0.1 TOTEUE
G= Region 1,2,3,4

i X iges (D)} < 0.5+ TOTPROJ

Teaypagioi

i T eey (B} < 0.5 « TOTPRO]

Topeaxoi

Epappoyn (5/11) — Brjua 1°

Pareto Front

5400000
5200000
5000000
4800000
4600000
4400000
4200000

4000000 - T r ‘ T
200 250 300 350 400
EECR

NPV

N S IS S T S — -

——Exact
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NPY

Epappoyn (6/11) — Brjua 2°

Pareto Front v 20 Monte Carlo

5400000

5200000 -

5000000 -

4800000

4600000

4400000

4200000

4000000

180 ann 20 240 260 230 300 320 340 360 380 400
EECR

* H tuyowotnte twy sloddwy mpokohsl onpovIik SlaKUpovon oTIg

efddouc avaykala n pehétn evotdlelac pecw pedddou ITA.

25

E@appoyn (7/11) — Brjua 3

* «[llpdoway KoL «KOKKWwo» xaptoduddkia, oavd

1
nEplTTwon:
6=0.5 6=0.4 6=0.3 6=0.2 6=0.1 =0
08-2 93-1 08-2 92-1 98-2 92-1 98-2 59-1 98-2 59-1 98-2 59-1
4 4 4 4 7 ) 8 8 16 16 31 31
185 141 232 191 271 252 209 287 340 in 367 367

* Avaueoa ota oevapla 98%-2% kal 99%-1% umdpxsL
uikpn Sladopormolnon we mpog Ta «paova», dAAd
aLoBnTA we mPoC TA KKOKKLVA Y,

26
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Eqapuoyn (8/11) — Brjua 3°

= JSevidpio 98%-2%. Npokontel R.1.=0.345.
98-2

[} cp

round

= JSevdpio 99%-1%. Npoxkontel R.1.=0.332.

99-1

% 5p

27

E@appoyn (9/11) — Brjua 4

* «[llpdoway» KoL «KOKKWo» Ydaptoduddkia, oavd

.
mEPLITTWOnN:

{0.85-1.15) (0.88-1.12) {0.91-1.,09) {0.94-1.06) {0.97-1.03) (1-1)
98-2 001 98-2 991 98-2 o0 982 001 982 oo 982 oo
1 n 1 1 3 3 5 3 12 12 31 31
536 409 567 479 619 563 584 567 733 726 783 783

* Onwe Kal otnv KOVOVIKH Katavour, avdausoa ota
gevapla  98%-2% kar 99%-1% umdapyel WKpn
Sdladopomoinon w¢ mpogc TO «Ipdolva», oAAG
aLoBNTA WE TTPOC TA KKOKKLVY,

28
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Epappoyn (10/11) — Brjua 4

Zevaplo 98%-2%: MNpokUnteL R.1=0.239.
98-2

(%} op

round

Zevaplo 99%-1%: MpokomteL R.1=0.223.
99-1

14} 5o

29

Epappoyn (11/11) — Brjua 5°

12 3 4567 8

o ——

ApBuog Ermpiog

Etaiplec mou Intolv peydio mocd Savelou, os cuvBLacPd He YOPNAd
Selktn EECR, teivouv va pnv emiiéyovtal.

AvtiOeta, etaupleg mou Intolv pikpdtepa Sdvela Kal yapakthnpllovral
and vinAd NPV, telvouv va emiiéyovtal cuyvd.

30
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Jupunepaopara

+ Inuoocio UMOCTAPLENG EVEPYELRKAGC Kol MEPPOAAOVIIKAC ETOLPLKAC
guBlvne.

* Ano8otikn povighonoinon kol Avon tou npoPAfuotog otn yAwooa
GAMS.

*  AvayKoLOTNTO QVTLHETWILO NG ABEPALOTN TG MApaETPWY ELOGEWY.
*  |KavormownTk avTieTwrion aBepaldtntag pe Monte Carlo kol ITA.

+ Zadwc kaAUtepo R ya kavovikry katavopr, ylatl n odolopcpdn
KOTOVOUR QVOmapLoTd peyailTepn apfefoldtnTa.

[pOoONTIKEC

* Xpnowonoinon HJovieAou w¢ epyaislo unoot)plng onodaoewv
EVEPYELQKIG KaL TEPLRAAACOVTLKIG MOALTLKNC.

* Avalnnon peyoAUTtepou apBuol etapuiv yia Sokuun e nebodou.

+  Aswypatoinia kol ano dAhes MBAVOTIKEG KATAVOHES, OTWG M TRLYWVLKY.
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2° Emotnuovikd Workshop
Epsuvntcon Mpoypappatog
OAAHZ
21-22 Touviou, Xovia

Evotabi|g cuvaveTIKOG TPOYPAUPATIONOS OTO
XPOVOTIPOYPUAUUATIONS EPYATLLV BLOPNXAVIKOU
oyeSlaopov pe petaffAnta Bapn kpLrnplwv

E. Zlokog, 1. Makapouvn, L. Wappdg
Epyaothplo Zuotnpdtwy ATo@dcemy kKol Alolknang
Zyori Higktpoidywv Mnyavikav kel Mnxavikay YToioylotdy

S8 Robust
MEDA

Tuvontikn [eptypagn Mapovoiaomng

» Ewoaywyn ota mpoBAipata Blopmyaviko
XPOVOTIPOYPAPLATIGNOD

» Teprypagn TOL MPAYHATIKOU TTOAUGTOXIKOD
TPORALATOG ¥ POVOTIPOYPUUUATIG OV

» EmiAvon tou mpofAnpatog e Ty moAvkprnplakn pebodo tov
OUVULVETIKOU TIPOYPUHLATIO OV

b AvdAuvon ¢ evoTaBelG TOU HOVTEAOL UE eEayW YT OTATIOTIKWY
OTMOTEAECUATWV

b MeAAOVTIKESG TIPOOTITIKES
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Elcaywyn otov Sounyoviko
xpovotpoypappatiopo (scheduling problems)

b ZuvioTOVTUL OTIV EUPECT] TNG GAAIAOU YIS EpYaoLmv TTOU SIEVERYOUVTOL
O£ SIOPOPETIKG P YavipaTy, £T0LWoTE SLa@opa £1561] TEPLOPIOPGY VO
LKOVOTIOLOUVTOL KL TapaAANAC va BeATioTOTOo0VTOL TOAAGTAG
kprrpux emdocewv {T'kindt and Billaut, 2002).

» Mpoxerton yia mpo AN pata vmAng UToAOYIG T § TIOAUTIAOKOTITUS
{NP-Hard).

b ElcGyovTal TOAAQTAEG QVTIKEILEVIKES GUVAPTIOELS YL TV OGO TILO
GULPLKT KOL XTTOTEAEG UATIKT] QVTLUETWTILGT TOUG
- multiobjective scheduling problems - {(Monden, 1993).

» EmAvovTal eite pe TEXVIKES TOU HaBNIOTUCOU TTROYPOUUXTIGHOY, ELTE
TIPOGEYYLLOVTOL LE EUPLOTIKEG TEXVIKES KoL aAyopiBpovug (efelikTikol
aAyopLBuoy, adyoplBuo avafymong), (Boysen, et al, 2009).

Oplopog Tov MPOoBANHATOS KAL ETLYELPT LOTLKO
mepLariov

Avo £i81 aogpdoswy Tpénel va mapolv:
1) IMexg kol mov va mapayBbel n kdbe epyacia-napayyeAia (job orders-]0s)

2] [léooL opoL va eloayBolv o8 KADE Yp o] TapaywyNg

Oplopds  tpuddwv  (mépoL - ypopp mapoywyis - npépa Tapaywyng)
(Makarouni, Psarras, Siskes, 2013)

Set of Jobs

2 {3 =

Pssembly
Line 1

Day Day e ees D& mpm production
x ®-1 1

Assembly

Line 2 Day Day s aa o Day B production
X ®-1 1
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Avtikeluevikég Zuvaptnoelg MovtéAov

* Meyiotonoinon Twy ekTehecOelomy TIOPOYVEALLY KOL TWY
TLOPAYO LEVWY OVTLKE LLEVIIV,

E |

* EAapworonoinon g andhutng  Swadopdc petall g
UTIOAOYILOMEVTG  MEEpONVias  TLOPAYWYRS KAl  TAG
QVOUEVOUEVNE NUEPOUNVIOEC TTapaywy g o S08nkKe katd ™
OTLYKI TNG apayyveilag.

—

JUVETIAYETAL ETOL, EAQXLOTONOINGN TOU KOGTOUC amoBiKeUonG
and adpAvELR TOU EGOU GYKOU TwV TIPonBewv tou Sev

’ﬁ + Meywstonoinon tne just-in-time ¥pAong Twy Topwy.
' KATQVOAWVETOL.

* EAayotonoinon twy TapofLaoewy TNE OpWIKAG XpRong
KGOE TOPOU KOTA Trv TIapaywyn.

E€aywyn g puritpag kepdwv

1. EmiAuen Tou povTéAou aKEpaLloU TPOYPUUNATIONOU Yio KGO
QVTIKELPEVIKY oUVEpTNOT EEXWPLOTA.

2. AGAOYOG [Ee TOV QTO@Eaoi{oVTH VI TNV EVPEST] TNG OELPAS
ONHOVTIKOTNTOS Twv TEsadpwy Kpitnplwv (C1 > C2 > 3 > C4).

3. Agbkoypop ki) BEATIOTOTIOMOT TWV UTIOADITIOY GVTLKELLEVIKWDV
guvapToewv pe celpd BeAtioTomoinong avdioyn ™g
ONUaVTIKOTNTOS Twv KPLTplowv and Bipa 2.

4. Efaywyn amoteeopatikwy A0eewv o1 0moles kol cuvBETouv T
HATPa KepSwv,

H povtedomoinon tov mpofARHaToS Kat i ETIAVCT TOU GKEPALOV YPRUHIKGD
HOVTELOV payuaToTo)Onkay othy TAatopue GAMS.

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG
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OTTIKOTOMOoTN UNTPUS KEPSWV

400000
350000 |—— -
300000
250000 g 7]
200000 E—
150000 (—— o -
180000 - -
sooon | S g —
o -
< C1 Min C2 Max C3 Min C4
g Sequence Length (x 10) 69280 40580 68970 57630
I Lateness 129625 48106 2456918 114800
nr 357241 233713 377245 231884
Resource Utilisation 550 886 2239 190

120.00%

100.00%

20.00%

0.00%

o]

2

L

C4

T M3

& |

o Max Cl
K Min C2

L Min C4

»

M AUor AEyETOL GUVALVETLKT (compromise solution) 6tav Bpicketal o eAdXLOTN ANGGTAGH
and 1o Bewdeg onpeio (ideal point) g°

15ew@beg onpeio g AéyeToL ekelvo To SLAvUopa TwY TLUGY Twy PetaBANTav anddaong nou

BeAtwotomnolel TOUTOYPOVA GAEC TLC OVTLKELLEVIKES CUVOPTAHOELS.

Quoikd Sev mpokertal ywo. duvatn Adon, adou Bpioketal é€w and To EMUTPENTO GUVOAD TWY

TUGV TWV ;.

H anéotacn mou ¥pnoomoElTaL o uvASWE 0TO CUVEIVETIKO TIPOVPULLOTIONG Elval:

'2“ [a ,,f.(_r)

F.(x)=

i=1

‘Onou P evag Guokos aplBpoe mou
ETUAEYETAL OO TOV AvaAUTH.

2T OUVKEKPLUE VN TEPITTWON TETNKE:

P=1

by

n

nax g

?

ZUVALVETLKOG TIPOYPAUUXTIONOG (Zeleny, 1982)

-

;/'—P max g,
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yx e0PEDT] IKRVOTIOWTLKI G AVOT)G

KPLTNplewy G LA KOVOVIKOTIOW] LEVIT KALHOKA TLLWOV.

Kkprrnplawwv:

1. HonquovTkdTiTa Tou 190 kpuonpiou sivon peyakimepn amd eKeivi l.
AU 29U o Eiven pEyaAUTERN eotd ToU 39U TTaU Eivean peEyaRiTEpn 2,
and w42 pl> p2> p3= pd) 3

Il

H Bapdtnra tou 12¢ kpanpiov siven TOVAGHOTOV 0N oTo TO
aBpoopa Ty Bapwv tou 29 ken tow 4% kpenpiou.

E@aployr] TOU cUVHIVETIKOU TIPOYPUUUATIGLLOU

P AlevEpyeld SLUHAOY OV [IE TOV ATOQAGI{OVTO VL0 TV €5ay wyT] DLUEPUV
OYETEWV YIO T [fApT TwV TeEdodpwy Kprtnplwv (pl, p2, p3, p4).
» Ta aprn avTIKATOTT pl{OUV TNV TTOGOGTLIAIR GTULAVTIKOTT| T TV

b Efaywyn) TV MopakdTo avigoTIKWOVY aYETewY IO To fdpn Twy

4. pl-p2-p420

3. Honuevokotya tou 19 kpuonplou given touAdgotov 43% 5. p| 2 0.43
4. Honuavokdtma ou 3% kpunplou givo 1o oAl 229%, 6. P3 =072
5. Honuovtukotta tou 4% kprmpiov eivon tovAdgotoy 8%. 7 4> 0.08
8. TodBpowopa twy Bapwy twy kprneiwy svae £ opopov oo pe o [PrE
povdd . 8 pltp2+tp3+tps=I

pl - p2 20.05
p2-p3 2 0.05
p3 - p4 = 0.05

HOVOGT| LOVTCL

AcePuplvoou).

Tou moAbESpov.

AvEayKT avEALoTG TG EVOTABELRS TOV HOVTEAOU

»  To GUCTI G CNGOTHTWY TIOU GUVTEBNKE Ao TIQ TIPOTL|GEL TOU
aQno@uaifovtos 0G0V WPOPE OTT) CTUEVTLIKOTITA Tov KpLonplwy Sev AdveTal

»  OLavicoTikol meplopiapol auvBétouy fva ToAVES PO GTO YW PO TWV TETadpwv
SuraTdaewy 6Tov 0Tolo Kualvovtal oL AVGELS Tou GUATHLATOG.

»  ETdyos g epyacics elvaln oploBétnern Tou moiledpov KaL ) sOpear) Tav
KOPUPOY TOU L1 TN Xp1iom Tou aiyopiBpou twv Manas-Nedoma (adydpiBiog

» I cuvéyewe AVvetal To TpOPALa pe T p£6odo Tou GUVRIVETLKOD
TPOYPAUPATIEUOU Y KOs civodo Papav Tou avTiaTolyel oe kKabelic kopugl

»  AmO TIg AUaels mov Oa tpokyrauy O kplOsl 1 suaTdDewe Tov LovTédou.

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG
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0.430
0.430
0.610
0.430
0.435
0.430
0.46l

0.240
0.270
0.180
0.340
0.355
0.350
0.289

0.190
0.220
0.130
0.140
0.130
0.140
0.158

Eappoyn Tou aAyopiBuov Manas-Nedoma

» H eappoyn tou aiyoplBpov £8wae 6 Slapopetikés akpalsg Maeig ato
YPapULICS TTPARAN LA KAl Jua pEan kdan Tou avtiatolkel ato
Bapukevtpo Tou ToAuESpou.

0.140
0.080
0.080
0.090
0.080
0.080
0.092

»  Axorovdel emiiuan Tov Lovtéiou yia k&0 set Bapdv Tou TTpoékurE.

Emt{Avom tou povtéAou (a)

377245 —-(C3

»  Elgaywyn TNG avTIKELEVIKAG GUVAPTNONS TOU SUVRIVETIKOU
TPOYPAPILATLANOVY (Tpog EAAXIGTOTIOMAN) GTO PHOVTEAD LA,

b H QVTIKELEVIKA GUTH GUVEPTNOT QVTLITIPOGMTIEVEL THY ATOGTAGH THS
BéATIoTNG Man ¢ amd To 18em6ES GNLEIS KL LopQOTIOLETAL (¢ EERS:

180 — C4

z=pl

> 6928 —C1 2 48106 — C2 3 .
(6928 — 4058) P2 18106 + 246918 © 1~ 377245 — 231884 © —190 + 2239

» H emlwan tow povtéiou 7 @opés (6 akpaleg Aaeig Bapv +
Bapukevtpuk) AMan) £8wae Ta e5R¢ amoTEAEGPATA:

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG
gvotaBelag oe mpoPARpata Adng anoddcewv pe moAAAMAG KpLtrpla
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EmiAvomn tou povtédov (B)
| ca | o [ c | cs

Set | 6.897 105.570 358.320 261
Set2 6.897 106.020 359.010 276
Set 3 6.897 102.640 355.800 265
Set 4 6.897 95.551 347.510 306
Set 5 6.897 92.425 343.370 323
Set 6 6.897 92.591 343.640 322
Average 6.897 98.856 351.200 265

| c ]| c | c | cs

Amdkion Bapwv % 30% 49% 41% 43%
Andkhion Aboswv % 0% 13% 4% 19%

MeAlovTika Brjpata

1. Métpnon g evoTEBeLag TOU HOVTEAOU Kal TwV AVGEWVY e TUXaleg
SetypatoAnisg evtog Tou uepmoiuvéSpou Twv Bapov.

Etoyog elvaln faywyn oTATIOTIKGY ATOTEASGUATWV Kal 1 E0pECH Twv
onpelwv Tou TpokaAolv aoTABEld 0TO LOVTEAD.

2. ZTATIOTUA] AvaAuan OxL LOvo TV TLRGV TeV TECTEPOV OVTUKELLEVLKODV
CUVAPTIHOEWV G KAL Tow LETABAN TGOV ano@aons X {JOs).

3. OmTkomolnen Tou uTepToALESpou Twv Bapdv kal Twv Pareto A0cewv Tou
TpoKOTTOUY
4 Ymoloylopog Tou Selkin evrponiag Tou poviéiov

5. BEOpeon ketdAAning aiiniemiSpaatuas pebodoloylag e Tov anogaociiovta
yia 1) pelowon g eviponicg Tou LovTEAou PEXpL KA anodekTd onpelo

»  Beappoyn ¢ 8ug pebodoroylag avdiuon g eoTaOeLag Tou LOVTEAGU O
SwpopeTtua) Toukplrn plakt] LéBodo emliuong Tou (ébodog aTabLLoLévmy
Bap®v, TPoYPUUPATIEISS GTOXWY, -..)
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On the robustness of representative value

functions in multicriteria classification problems

Michael Doumpos', Constantin Zopounidis'-?, Emilios Galariotis?

Technical University of Crete, Greece

2pudencia Group, School of Management, France

CIXCIPHEIAKD MPOTPAMMA
EKMAIAEYEH KAl AIA BIOY MABHEH
2 2

Eupwmeiky Evwon L4
iR W
Y e m ovyppaTassTon e ENAASat K e Eupumaiicc Ewang

2nd Workshop of THALIS Project GChanla, June 21-22, 2013

Introduction

@ Formulating recommendations in MCDA is based on subjective
judgments

@ Often the available data and preferential information are imprecise
and vague

@ Obtaining robust results is important for providing high-quality
decision support

B Modeling hypotheses

B Model parameters compatible with the judgments of the decision
maker (DM)

® Data variations

2nd Workshop of THALIS Project GChanla, June 21-22, 2013
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Preference disaggregation analysis (PDA)

@ Objective
B To construct a decision model f(«), defined by some parameters «,
which is as consistent as possible with the decision making policy of
the 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 a set
of parameters o compatible with the DM’s judgments on the
reference alternatives

Robust approaches in PDA

@ Analytic procedures
B Formulating preference relations and recommendations based on
characterizations of the range of decision models compatible with the
DM’s judgments on the reference set
B Building robust decision models that best represent the information
embodied in the reference data

@ Simulation-based approaches

B Sampling different decision models compatible with the DM’s
preferences to form robust recommendations

B Detailed/explicit view of the outputs that can be obtained from the
universe of compatible models

2nd Workshop of THALIS Project GChanla, June 21-22, 2013
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Motivation and objectives

@ Having a robust decision model that best represents the set of all
models compatible with the DM’s judgments is very convenient in
decision aiding

o Different formulations have been proposed in the context of PDA to
construct representative robust decision models

@ Research questions

B What do these representative models really represent?

B How are they related to the set of models compatible with the DM’s
judgments?

B How do they perform on alternatives outside the reference set and how
is this related to robustness?

2nd Workshop of THALIS Project GChanla, June 21-22, 2013

Study context

@ Multicriteria classification problems
® Classification of the alternatives into N categories Ci > Co » - -+ » Cu

@ Analysis of different PDA formulations
@ Additive value function (AVF) models (linear and piece-wise linear)

V(X) = wyivi(x) + wave(x) + . .. -+ WikVn(Xk)

@ Monte Carlo simulation based on artificially generated data with
different characteristics

® Alternatives in the reference set
B Number of criteria and categories

2nd Workshop of THALIS Project GChanla, June 21-22, 2013
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Basic model (UTADIS method)

@ The DM classifies m alternatives (reference set) into N classes
@ An AVF is compatible with the DM'’s classifications if

te < V(%;) < tp_1 for every alternative 7 from class G,
@ A compatible model can be obtained from a solution of:

Vi) > te+ 6
VX)) < tp_q1—9
V(x,) =0, V(x*)=1

VicCo 1<0<N 1
VieCp 2<l<N

@ Heuristic post-optimality analysis to explore alternative compatible
models maximizing/minimizing the trade-off constants of the criteria

2nd Workshop of THALIS Project GChanla, June 21-22, 2013

A max/min robust formulation

@ The most representative compatible model is the solution of:

max )
subjectto: V() > t: + 6 Vic Cp 1<E8<N-1
V(Xj)itf_1—(5 YiceCp 2<i<N

V(x,) =0, V(x*)=1
6,1'1,...,1]\]_1 20

o Greco, Kadzifski, & Stowinski (2011}, Comp. & Oper. Res., 38(11),
1620-1637

@ Doumpos & Zopounidis (2007), Computational Optimization and
Applications, 38({1), 61-80

2nd Workshop of THALIS Project GChanla, June 21-22, 2013
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An analytic center formulation

@ The most representative robust model corresponds to the analytic
center of the feasible polyhedron

m

max D (Ins' +1Ins)
=1

subjectto: V(X)) —tr—st =4 VieCop 1 <8< N1

VX) —t1 +5 =3 YicCp2<L<N

Vix,) =0, V(x*)=1

st,s7, 4 >0 Vi /g

@ Bous, Fortemps, Glineur, & Pirlot (2010), EJOR, 206(2), 435-444

2nd Workshop of THALIS Project GChanla, June 21-22, 2013

A new formulation

@ The most representative robust model corresponds to the
Chebychev center of the feasible polyhedron

m A feasible point from which the largest possible ball of radius r can be

inscribed within the polyhedron (Boyd & Vandenberghe, Convex
Optimization, 2004)

@ Optimization formulation:

max r

subjectto: V(%) — & —ar >0 YieCo 1<L<N-1
VX)) =t +br<0 VieC,2<{<N
V(ix,)=0, V(x*)=1
foh, ..., >0

@ a;, b; are the Euclidean norms of the decision variables’ coefficients
in the constraints

2nd Workshop of THALIS Project GChanla, June 21-22, 2013
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Experimental setting

@ Artificially generated data from the multivariate normal distribution
with zero mean, unit variance and correlations uniformly distributed
in [0,0.2]

@ K =5, 10 criteria, and N = 2, 3, 4 categories

@ Reference set with M/N = 3, 5, 7 alternatives per category
@ Test sample with 50 alternatives from each category

@ 100 simulations for each combination of settings

@ Classification of the alternatives with a randomly generated linear
AVF

2nd Workshop of THALIS Project GChanla, June 21-22, 2013

Analyzing robustness

@ Random sampling 500 AVFs compatible with the classifications in
the reference set

B Assumption 1: The correct modeling form is employed (linear AVF)
B Assumption 2: Model misspecification (piece-wise non-linear AVF)

@ An approximation of the pelyhedron’s centroid solution

@ Entropy: an estimate of the "randomness” in the classifications of all
sampled compatible models

mr N
1 1
E—=——— g |7 E Wfklnmk
m nm
= =

@ Assignments confidence index (AC/): the average probability that an
alternative {from the test sample) is classified into its most likely
group

o Classification results and accuracies for the test sample when the
category assignments are performed with the centroid solution and
the most likely category for each alternative

2nd Workshop of THALIS Project GChanla, June 21-22, 2013
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Entropy of classifications from sampled models

Linear AVF
K N
5 10 2 3 4 Qverall
> 3 0.39 0.45 0.48 0.42 0.37 0.42
S 5 0.32 0.39 0.42 0.34 0.29 0.35
7 0.28 0.35 0.39 0.30 0.25 0.31
Overall 0.33 0.40 0.43 0.35 0.30 0.38

7/3impr. 279% 22.9% 16.9% 28.4% 32.3% 252%

Piece-wise linear AVF

= 3 0.46 0.52 0.53 0.49 0.45 0.49
S 5 0.39 0.45 0.48 0.42 0.38 0.43
7 0.35 0.42 0.45 0.38 0.33 0.39

Overall 0.40 0.47 0.49 0.43 0.39 0.45
7/3impr. 239% 19.3% 15.3% 233% 266% 21.4%

Assignments confidence index (robust assignments)

Linear AVF
K N
5 10 2 3 4 Overall

= 3 81.3 783 844 788 76.5 79.8
S 5 8561 819 862 826 81.8 83.5

7 87.0 839 872 848 84.2 85.4
Overall 845 814 860 82.0 80.8 82.9
7f3impr. 6.9% 7.1% 33% 80% 100% 7.0%

Piece-wise linear AVF

= 3 777 748 825 750 71.2 76.2
S 5 81.3 782 844 786 76.2 79.7

7 835 802 864 811 79.0 81.8
Overall 808 777 841 782 75.5 79.3
7/3impr.  7.4% 7.3% 35% 82% 109% 7.4%

2nd Workshop of THALIS Project GChanla, June 21-22, 2013

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG JeAiba 75 amo 95
gvotdBelac og mpoPARpata Adng anoddcewv pe mMoAAATAG KpLtrpLa



A18 — Aopyavwaon workshops

M18.2 —'EkBeon 2° Emotnpovikol Workshop

Assignments confidence index

85 -

829 82.7

80

75

70

Prokability of assignments (%)

Robust Centroid

Incorrect
rchust

M Linear AVF

UTADIS

W Non-linear AVF

Max-min

Max ball

Analytic center

2nd Workshop of THALIS Project GChanla, June 21-22, 2013

Frequency of differences from robust assignments

M/N
5 10 3 5 7 Overall
Centroid 26 27 28 25 26 2.6
5 UTADIS 112 189 201 140 114 15.1
2 Max-min 141 21.8 238 18.7 133 17.9
—  Chebycheventr. 117 162 180 13.2 107 13.9
Analytic cntr. 98 124 128 10,7 9.8 11.1
= Centroid 3.1 3.1 32 29 32 3.1
@ UTADIS 214 252 294 225 1789 23.3
T Max-min 19.0 285 202 216 175 22.7
2 Chebycheventr. 123 146 165 127 110 13.4
Analytic cntr. 9.1 8.7 89 87 9.0 8.9

2nd Workshop of THALIS Project GChanla, June 21-22, 2013
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Models’ closeness to the centroid solution

Mean absolute difference (in %) from the trade-offs in the centroid model

K M/N
5 10 3 5 7 Overall

. UTADIS 49 5.0 6.1 4.8 4.0 4.9
3  Max-min 8.1 7.0 101 7.0 5.6 7.8
£ Chebycheventr, 6.0 4.4 65 50 44 5.2

Analytic entr. 50 3.0 43 39 38 4.0
§ UTADIS 58 32 53 45 389 4.5
£ Max-min 8.7 4.3 5.8 5.4 46 55
< Chebycheventr. 32 1.5 24 24 22 2.3
Z  Analytic cnir. 25 09 14 18 20 1.7

2nd Workshop of THALIS Project GChanla, June 21-22, 2013

Differences from the “true” model

Mean absolute difference (in %)

K M/N
5 10 3 5 7 Overall
Centroid 59 45 6.4 5.0 42 5.2
< UTADIS 5.8 5.6 7.7 5.8 4.8 6.1
2 Max-min 7.1 6.1 9.0 8.1 47 6.6
—  Chebycheventr. 57 4.4 65 48 39 5.1
Analytic cntr. 58 41 6.1 47 44 5.0
~ GCentroid 8.2 47 6.6 53 45 5.5
g UTADIS 10.8 7.8 111 8.9 7.6 9.2
i Max-min 8.9 7.1 10.8 7.4 5.9 8.0
2 Chebycheventr. 8.6 4.7 8.7 55 47 5.6
Analytic entr. 8.3 47 66 53 45 55

2nd Workshop of THALIS Project GChanla, June 21-22, 2013
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Classification accuracies

K M/N

5 10 3 5 7 Overall

Robust 872 8286 80.5 859 883 8449

. Centroid 87.3 825 80.4 859 883 849
® UTADIS 842 772 742 821 857 80.7
< Max-min 86.3 79.7 77.0 842 878 830
Chebychev cntr. 87.3 82.8 80.2 86.0 89.0 85.1
Analytic cntr. 869 828 80.7 8.0 879 8449
Robust 86.3 816 79.8 85.0 87.1 84.0

§ Centroid 86.3 81.5 79.7 849 87.1 83.9
£ UTADIS 75.1 705 66.5 73.8 783 728
g Max-min 7886 714 68.7 76.3 80.0 75.0
Z Chebycheventr. 825 784 76.2 815 836 805
Analytic cntr. 83.0 7986 78.3 823 834 813

2nd Workshop of THALIS Project GChanla, June 21-22, 2013

Conclusions

@ Experimental examination of PDA formulations in the context of
robust MCDA

@ Main results

B The centroid solutions almost coincide with the most likely (robust)
assignments

B Robust assignments also correspond to “accurate” recommendations,
particularly when the model is misspecified

B Model fitting formulations that seek to find a “center” of the feasible
solutions outperform other approaches

B The similarities between Chebychev and the analytic center
approaches may indicate that the feasible polyhedra are (generally)
regular

@ Future directions

B Applications in real-world data
B Examination of other types of decision models
B Meaningful robustness indicators

2nd Workshop of THALIS Project GChanla, June 21-22, 2013
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Basics of the MUSA method (1)

The MUSA method is a preference disaggregati()n model for
measuring and anal}'sing customer satisfaction

It follows the principlcs of ordinal regressi()n anal}r'sis

The main objective of the MUSA method is the aggregation of
individual judgements into a collective value function assuming that
client’s g]()bal satisfaction depends on a set of n criteria or variables
1'ep1'esenting service characteristic dimensions

The MUSA method assesses gl()bal and partial satisfaction functions ¥

and X", respectively, given customers’ judgments Yand X, .

OAAHZ — Navemniotipo Mepatd — MeBoSohoyLkéG TPOCEYYLOELG yLoL T HEAETN TNG

gvotdBelac og mpoPARpata Adng anoddcewv pe mMoAAATAG KpLtrpLa

M18.2 —'EkBeon 2° Emwotnuovikov Workshop

Seliba 79 amno 95



A18 — Alopyavwon workshops M18.2 —'EkBeon 2° Ermuotnuovikol Workshop

- ™
Basics of the MUSA method (2)

* Following the principles of ordinal regression analysis under constraints using linear
programming techniques, the ordinal regression analysis equation has the following
P £ : £ 3 g

orm;

100

Y*:Zn:bIXffcr*+o‘

i=1 pod

>, =1 “t
=1

¢ The following transformations which represent the successive steps of the value
functions Y and X,” can be introduced in the model

*rr+l

z =y =" for m=12,...,a-1

W, =be.*}Hl —bl.xfk for k=12,..,a -1 and i=12 .. n

i

- /

. ™
The LP of the basic MUSA model

[min]F = iaj +0,
J=1

subject to

n tpel -1
ZZW& —sz —0'; +o, =0 for j=1,2,.. .M
i=1 k=1 m=1

Sz, =100
m=1

n -1
Z%Zwik =100

i=1 k=1

z 20,w, 20 Vmik

JJ* 20,0, 20 for j=1,2,....M
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\
g Stability analysis (1)

® The stability analysis is considered as a post-optimality analysis problem, considering

that the MUSA method is based on a linear programming modelling,

® The post-optimal solutions space is defined by the polyhedron;

Folyhedron of near optimal solutions

F<F t+¢
all the constraints of the basic LP model

F=F"+¢

where I is the optimal value of the objective function of the basic LP maodel,

\ and £ is a small percentage of I, //

- ™
Stability analysis (2)

* During the post optimality analysis stage of the MUSA method, n linear programs
(equal to the number of criteria) are formulated and solved. Fach linear program

maximises the weight of a eriterion and has the following form;

-1
[maX]F':%Z:ka for i=12,....n

k=1

subject to
F<F +¢g
all the constraints of the basic LP model

® The average of the optimal solutions given by the n LPs may be considered as the final

solution of the problem,

. S/

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG SeAiba 81 amo 95
gvotaBelag oe mpoPARpata Adng anoddcewv pe moAAAMAG KpLtrpla



A18 — Alopyavwon workshops M18.2 —'EkBeon 2° Ermuotnuovikol Workshop

/
Strictly increasing value functions

* In several cases with unstable results, it appears that y*= = y*=* or

o Hh

XI' 1

® Cases where b, = 0 for some criteria X, should be avoided

® Assuming that ¥* and X;* are monotonic and strictly increasing
functions and introducing preference thresholds may overcome these

problems

i

y " 2y for m=1,2,...,a—-1

bx™ —bx* 2y for k=12, 0 —1 and i=1,2, .5

where y and ¥, are the preference thresholds for the value functions ¥" and X,
respectively (withy, 7, > 0).

i

.

\

(
The generalized MUSA model
[min]F:iJ;-FJ;

subject to

L)

te =1 IJ.—I n
DI RS AR A (OB R WA
m=1 i=1

i=1 k=1

a-1
>z, =100-y(a-1)
m=1

n a1 n
33w, =100- 7,(a, - 1)
i=1

i=1 k=1

20w, 20,0, 200,20 Vijkm
J J

¢ This is the generalized form of the MUSA methed, since the basic form is a special

case where y =9, = 0, Vi

-
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Basic results (1)

® Value functions

For X;‘

Neulral customers

Nutrality reters
te the demanding index

¥ or X,'

Non-demanding customers

YarlX,

¥ orX,

Yor X,

Demanding customers

Yor X,

\

Basic results (2)

* Average global and partial satisfaction indices, $and §,

1 & -
*%Zpy

m=1

S

Ky :Lzlpfxfk for i=12,....n

1004

»~

- .
Y oor X

where P and p‘.‘& are the frequencies of

customers belonging to the 7 and xf

satisfaction levels, respectively.

L/

YorX;
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4 ~

Basic results (3)

* Average global and partial demanding indices D and D,

z(<_)]

D_m:l a-1

1002

ma1 @

) _:{100(%—1) . J

|
a:
r=l &

for a>2

for ¢ >2 and i=1,2,...,n

=1 or D, = 1: customers have the maximum demanding level,
D=0or D!. = (; this case refers to the neutral customers,

D =—1or D, = —1; customers have the minimum demanding level,

A robustness indicator

® Average Stability Index (ASI)

n nzn:(bf)zf N
Asr=1-=Y 1= -

e 10041 -1

where b/ is the estimated Weight of the i-th criterion in the j-th post-
optimality analysis LP

* ASIis normalized in the interval [0, 1]
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Robustness analysis of the MUSA method

* Alternative approaches for the post-optimality criteria may result in
different values of 451

® The introduction of additional constraints and information in the
MUSA model may decrease instability

¢ The selection of different values for parameters and thresholds may

impact stal)ﬂit}-' level

a ™
Alternative approaches of post-optimality
analysis for the basic MUSA model (1)

* MUSAI

(maximisaticn-minimisation of weights)

-1
[max]F': a;m for i=12,....n [min]F’ = a!z_lwik for i=1,2,....n
subject to and subject to .
F<F +e F<F i¢
all the constraints of the basic LP model all the constraints of the basic LP model
o MUSAII

{maximisation of preference thresholds)

[max]F':yand [maX]F':yi for i=1,2,....n

subject to
F<F +¢
\_ all the constraints of the generalized 1.P model Y,
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/ Alternative approaches of post-optimality analysis N
for the basic MUSA model (2)

° MUSATI
(maximisation of value functions’ successive steps)

[max|F' =z, for m=1,2,..,a-1 [max]F'=w, for i=12, . mk=12,.,a -1
subject to | subject to

and
F<F +¢ F<F +e

all the constraints of the basic LP model |all the constraints of the basic LP model

¢ MUSATV
(minimisation of the norm of errors, that is the difference between the maximum and the
minimum value of the error variables 0’}+ and o’ in the case where F*>0)

[min] 7' = m,
subject to
F<F +e
m,—a, =0 vy

m,—o, =20
\ all the constraints of the basic LP model //

Introducing information about the
importance of the criteria

* A customer satisfaction survey may include, besides the usual performance questions,
preferences about the importance of the criteria.

¢ Using such questions, customers are asked either to ]'udge the importance of a satisfaction
criterion using a predefined crdinal scale, or rank the set of satisfaction criteria aeeordjng to
their importance,

* Based cn such importance questions, each one of the satisfaction criteria can be placed in ene
of the foﬂowing categories C,, Cy, ..., C, where C; is the most important criterion class and Cq
is the less important criterion class. Considering that C), with ! the class index, are ordered in

a 0-1009% scale, there are T thresholds, which define the rank and, therefore, label each one

of the classes.

¢ Thus, the evaluaticn of preferenee importance classes C,is similar to the estimation of

thresholds T.

o, o < oA C
& d § 4 J 4 d 4 S 4 4 4
| | | | | | |
0% T T2 T T T T 100%
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Formulating information about the criteria importance (the WORT-
Weights evaluation using Ordinal Regression Technigques model)

[min] F, :zzsg;w;.
N
-1

=1

-1 .
gwfloo T +6-85 <0
-1

gwm ~100 73 -5+8, =0
-1

=1
n g1

Sy 100 T, -5+8; >0, By eCy

3w =100 Ty +5-85 <0, byeC,

> >y =100

=1 k=1

Ty 2 A4 Were, J is a small positive number, which is used in order to avoid
cases where b, = T, ¥/ and A 2 minimum value introduced to

-1, =2 4 increase the discrimination of the importance classes

-7, =z A

byeCLi=2..g-1} ¥ i=12.0 wo =120

\ Wi, S5, S5 20,V .k

Post-optimality analysis and alternative
approaches

¢ Maximization of the criteria weights * Maximization of the thresholds T;

a!fl
[max]®’ = >ow, for i=12,....n

k=1

[max]7, for 1=1,2,...,¢-1
subject to

biject t X
stbjectto PP +g

O<P +¢
all the constraints of the WORT model

* Maximization of & or the sun T+d

[max] é or [max] 7,+d for [=12,..9-1
subject to

<D +¢

all the constraints of the WORT model

Azd

all the constraints of the WORT model
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\
Combining Performance and

Importance Judgments

* Using together customers’ performance and importance judgments, an extension of
the MUSA method may be modeled as a Multiobjective Linear Programming
(MOLP) problem

[min]F = ia} +o,
=1

[mm ZZ,S” +S_
=1 j=l

subject to

all the constraints of the basic MUSA and the WORT models

® The above problem may be solved using any MOLP technique (e.g, compromise
programiming, global criterion approach, etc.).

- /

4 Introducing additional constraints

* A ]JI]](B.%E between 1Dba1 and Partlal average satisfacticn indices may be assmned In partlcular

the global average sat]sfactlon index §is assessed as a weighted sum of the partial 'satisfaction
indices S
o
m *pm
RS WATRED VORI WO O 7P
= = i=1 k=1 =1 k=2 t=1

¢ In the case of the genera]jzed MUSA methed, the preference th_resholds Y and v, should be

]'ntroduced and the previous equation is written:
ZZPZ Zp ZZpr y(m—1)- ZZP?’UC 1)
i=1 k=2 =1 k=2

* Similarly, a weighted sum formula may be assumed for the average demanding indices:

D= Zn:bIDI
=1

¢ The previcus equation can be written in terms of the MUSA variables:

ElOO(m—l)—(a—l)Ez Z(k 1)Zw —(a 71)Zw
m=1 1=1 _ Z k=1 1=1

ala—1) a,(a —1)

¢ The abave equations about satisfaction and demanding indices may be intreduced as additional

K constraints in the basic MUSA LP

/

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG SeAiba 88 amo 95
gvotaBelag oe mpoPARpata Adng anoddcewv pe moAAAMAG KpLtrpla



A18 — Alopyavwon workshops M18.2 —'EkBeon 2° Ermuotnuovikol Workshop

\
Selection of Parameters and

Thresholds (1)

® The problem of selecting appropriate model parameters is focused
on the preference values , 7,, and the tradeoff threshold £ during
the post—optimalit}-’ anal}-'sis

¢ The selection of preference thresholds y and 9, depends mainl}-' on
the stabilit}f of the results

® In case of stable results it is better to have y =y, = 0 , as increasing
7., the MUSA method is forced to assipn a minimum weight of '
7, (@1} to each criterion, Thereby, the initially achiev ed qtal)lht\
level of the results is decreased

® In case of unstable results the increase of preference thresholds
and y, may improve the stability of the results as it will decrease
the \arlablht\ observed in the pmt optimality table

Selection of Parameters and
Thresholds (2)

® The increase of & causes a decrease of the average stabilit}f index
ASI, regardless of the stability level of results

¢ This is rather expected, since an increase of & implies an increase
of the near optimal solutions space

® The decrease of A51 is larger in case of unstable results because F*
is larﬁer

* A very larcre value of & will fal%]f\ the information provided by the
post- optlmaht\ anal\ sis, and decrease the qtal)lht\ al)lht\ of the
model

* A very low value of £ will not give the ability to explore the near
optimal solutions space during post-optimality analysis

¢ Other parameters including the size of the data set (number of
customers), the number of < criteria, the number of satisfaction
levels, the distribution of criteria Welghtq, etc, may also have an
impact on the stability of the results
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4 ™
Concluding remarks

® Using different criteria for the post—optimalit}-’ anal}-'sis of the basic
or the WORT MUSA models may result in different values of ASf

® The introduction of additional constraints and information about
the importance of the criteria or the linkage between satisfaction
and demanding indices may decrease ]'nstabilit}f of the MUSA

model
® The introduction of other constraints or information must be

examined

¢ The problem of selecﬁng appropriate values for the parameters of
the method and its impact to the stability of the provided results
should be studied

° Stability improvement with the combination of the proposed

approaches should be investigated
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The e-neighborhood
Concept for Robust
Clustering

N.F. Matsatsinis
Technical University of Crete, Greece

P. Delias
Kavala Institute of Technology, Greece

OAAHZ — Naveruothuio MNepaid MeBodoAoyikéS TPOCEYYITEIS yIa TN
HeAETN NG euoTdBelag os poBARNaTa ARYng ano@dcewy Pe TOAAATAG
KpLTApLa

ENIXEIPHIIAKO NPOrPAMMA
EKI'INAEVEHKAIAIABIOY MAGHEH e EznA
‘ ;.;. Lo e puos SR

YNOYPIEID NAIAEIAL & BPHEKEYMATON, NIOAITIEMOY & AGAHTIEMOY

Eupﬂnmnﬁ'van EIAIKH YMNHPELZIA AIAXEIPIZHE

ltems to be Clustered
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Calculating
Similarities
sim o (T.T )= S0V 8D > aldxa )
A Welghted f latd]|a(p| \/E 0, (i) XE TS

Sum of

activities and i Ly SR ()
tr.anllsm.c:_ns T S xS 1
similarities

A matter or point of view...
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Not so Robust...

Color Key
E o
38
O
© |
04 06 08 1
Value

The g-neighborhood concept

¢ Noise and outliers in

data (isolated traces) l . = S..
I 2 : )
e the e-neighborhood JEN;
concept (a locality
technique to promote Sf. = Sll
crowded areas) Y v
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Decide €

density
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Decide € (2
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0.75 0.8 0.85

Selida 94 and 95
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Spectral Clustering

¢ Degree Matrix D J
D= di&g{dh <. ;dn}

e Laplacian matrix L

(unnormalized) I —D_S
¢ |argest eigenvectors

matrix U Lu = ADu
¢ Kmeanson U [7 ¢ prek

Now, it Makes More
Sense

H-/..
~ =k
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-
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e \k
OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG JeAiba 95 amo 95

gvotdBelac og mpoPARpata Adng anoddcewv pe mMoAAATAG KpLtrpLa



