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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 4° Emotnpovikdé Workshop tou €pyou mou
TipaypaTono|0nke otov Melpald, to Xpovikd didotnua 2-3 Anpihiov 2014. TUudwva pe To
XpovoSiaypappa uAomoinong tou €pyou, TN XPOVIKN otyun Sie€aywyng tou workshop
£X0oUV OAOKANPwWOEL:

1. OuBiBAloypadikéc SpACELS TOU EPELVNTIKOU TTPOYPAUUATOC:
o Al: BifAloypadik avookonnon avaluong eUoTABeloG 0 aVOAUTIKEG-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 0€LOAOYNONG EVOTABDELAC OE TIPOBANUATA TAELVOUNONG
A10: Avamrtuén pétpwv  afloAdoynong METpwV euotdbelag o TpofAnuata
TLOAUOTOXLKOU TIPOYPOUUATIOMOU
3. Hmelpapatiky afloAoynon Twv LETPWY eVoTABEeLOC:
e A3: Nepapatikiy afloAdynon HETPWV EUCTABDELOC O OVOAUTIKEC-OUVOETIKEG
Sladkaoieg
e A7: Nelpopatikn aflohdynon Mpoosyyloswv TEXVLKNE VOnUooUvNG yla TNV avaluch
£UO0TAOELG TTOAUKPLTAPLWY TTPOPBANUATWY
e All: Newpapatiky ofloAdynon HETPWY euoTABelag o TPOPANUOTA TTOAUGTOXLKOU
T(POYPAUUATIOUOU
4. OLedapuoyeg twv pebodoloylwy PETPNoNnG Kal BeAtiwong Tng evoTtadeLag:
o A4: EdapuoyEg avaluong euotABelag o€ aVOAUTIKEG-OUVOETIKEG Sladikaoieg
e A8: EQapUOYEC TIPOOEYYIOEWVY TEXVIKNG VONUOCUVNG YLl TV avaAuon euotabelag
TLOAUKPLTPLWV TPOBANUATWY
e Al2: Edappoyéc avdluong euotdBelag os  TMPOPANUOTA  TTOAUGTOXLKOU
T(POYPAUUATIOUOU

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

Yta mAaiola tou 4°° Emtotnuovikol Workshop tou £pyou mpaypatomnoldnke napouaciaon
TWV UEXPL OAHUEPA ATOTEAECUATWY ATIO OAEG TIC OUASEG TTOU CUUETEXOUV OTO TIPOYPOUUA
Slvovtag Eudaon otg Spdoelg mMou £xouv oAokAnpwBel £w¢ Twpa OAA KOl TIG
MpoSLaypadEC TWV CUCTNUATWY UTIOOTHPLENG amodACEWY TIOU TIPOKELTAL Va avarmtuxBolv
ota mAaiola autol Tou €pyou Kal Bpiokovtal oe otadlo uAomoinong. XTo Mapadotéo auto
Sivovtad:

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

e  JUVOSEUTLKO UALKO NG Spaong (adioa, SeAtio TUMOU, MAPOUGCLACELS, K.ATL.)

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

2.1 Tevikég mAnpo@opiec workshop

To 4° Emotnuovikd Workshop pe Stakpttiko titho “Robust MCDA» (akpwVvULO TOU €pyou)
npaypatonow|Bnke otig 2-3 Anplhiou 2014 oto TEI Nepaid. To workshop SlopyavwBnke
amo tnv gpeuvntiki opdda tou NAMEI, otnVv omoila CUUUETEXOUV KOl EPEUVNTEG ATIO TO
MoAuteyveio KpAtng, to TEI Mepald, kKaBwg Kal epeuvnTEC TNG aANoSATIAG.

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

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

1. AvaAluon euotaBelac ot TpoPANUATta TTOAUCTOXIKOU  TPOYPOUOTIOMOU,
OUUMEPNAUPBAVOUEVWY TWV TIPOBANUATWY AKEPALOU YPAUULKOU TIPOYPOUUOTIOUOU.

2. MéEtpnon tng euotaBbelog oe aVOAUTIKEG-OUVOETIKEC Tipooeyyloelg, pe éudaon ota
npoBAfuata AfPng opadikwy anodacewy.

3. EVOMNOKTIKEG TIPOOEYYIOELG AVTLETWTILONG TTPOPBANUATWY VOTABELOC G CUAAOYLKA
OVOAUTIKA-OUVOETIKA povTéda (LEBodog MUSA).

2.2 AmoAoylopog workshop

210 workshop CUMUETELXAV KAl Ol 3 EPEUVNTIKEG OUASEG TOU £pYOU, KABWE KOL CNUOVTLKOG
oplOUOC VEWV ETUXELPNOLOKWY €PELVNTWV. Mo CUYKEKPLUEVA, 60Bnke n duvatotnta
CUMUETOXNG OTOUG METOITUXLOKOUCG ¢doltntéG tou MMI «Emotiun twv anmopAcewv e
mAnpodoplakd cuotruatay (DEK 764/B/3-4-2013) nou Slopyavwvel to TEI Netpald, Tunua
Awoiknong Emuxelpnoswy, 8edopévng tng ouvadelag TOU TAPOUCLAlEL TO TPOYPOUUA
OTIOUSWV LE TO AVTLKEIPEVO TOU £pyou.

O Mivakag 2.1 mopouotalet ta peAn tg KEO kot tng OEX Tou £pyou mou cuppeteiyav oto 4°
Erotnuovikd Workshop. To Workshop mapakololBnoav eniong petamtuytakol ¢poltntég,
vroPndlol SLI6AKTOPES Kal epeuvNTEC Tou Mavemiotnuiov Netpatd, tou EOBvikoy Metodplou
MoAuteyveiou Kprtng kat tou TEI Metpald. JUVoALKd, o aplOpdg TwV CUUUETEXOVTWY avhipbe
og 35 dtopa.

JUVOTTTLKA, TO pdypappa tou 4°° Emtotnuovikol Workshop €xet wg g€nc:

Tetaptn 2 Anpidiov 2014

09:30 — 10:00: MpoocéAeucn Kol KOAwoOpPLOMO amo  Toug Alopyovwteg Kab. A.
MavvakonouAo, KaB. A. Imuplddko Kal Tov IuviovloTr tou €pyou Ka®. .
Zioko
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10:00 — 11:30: Robustness in multi-objective project portfolio se-lection taking into account
energy and environmental corporate responsibility and performance
uncertainty — George Mavrotas, Haris Doukas, Olena Pechak, Panos Xidonas

11:30 - 12:00: AGAslppQ

12:30—-13:30: Measuring the robustness of Pareto sets in multi-objective integer
programming problems — George Mavrotas, José Rui Figueira, Eleftherios
Siskos

13:30 — 14:30: AGAslpuQ

14:30 — 16:00: Measuring robustness in aggregation-disaggregation approaches: The case
of UTA methods — Nikos Tsotsolas, Athanasios Spyridakos, Denis
Yannacopoulos, Nikos Christodoulakis

16:30 —16:30: AlGAsippa

16:30 — 18:00: Enriching interactivity of disaggregation-aggregation approaches through the
exploitation of robustness analysis results - Athanasios Spyridakos, Yannis
Siskos, Denis Yannacopoulos, Nikos Tsotsolas

Méumtn 3 AnptAiov 2014
09:30 — 10:00: MMpocgAeuaon

10:00 — 11:30: The problem of robustness in the MUSA method: Theoretical developments
and applications — Yannis Politis, Evangelos Grigoroudis

11:30—12:00: AlGAsippa

12:00 - 13:30: A multicriteria approach for developing an evaluation model in bank
branches — Constantin Zopounidis, Michael Doumpos

13:30 - 14:00: Zulntnon — KAeiowo tou workshop

Nivakag 2.1: SUPHETEXOVTEG 0TO 3° eMLOTNUOVIKO workshop

Opada Epeuvntég
Epguvntikn opdda lwavvng Ziokog (Ka®nyntng/MANEI)
Maverotnuiov Melpatd Awovuong MNnavvakomnouAog (KaBnyntrg/TEl Melpatd)

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

lwavvng NoAltng (Metadidaktopac/MAMEI)

lrewpyio Mouptadou (Epeuvntric/MANMEI)

Epguvntikn opdda KwvaoTtavtivog Zomouvidng (Kadnyntrig/MoA. Kpntng)
MoAuteyveiou KpAtng MuxaAng Aovpumoc (Av. KaBnyntic/MoA. KpAtng)
Alexis Tsoukias (AteuBuvtic Epeuvac/CNRS — LAMSADE/
KaBnyntnc/Université Paris Dauphine)
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Epeguvntikn opada EBvikol lwavvng Wappadg (KaBnyntrig/EMNM)

MetooBLou MoAutexvelou MNnwpyo¢ Mavpwtag (Em. KaBnyntig, EMM)
Jose Figueira (Associate Professor, Technical University of
Lisbon)

Xapnc Aovkoc (Metabdibdaktopag/EMM)
EAeuBéploc Siokog (Y. Awddktopoac/EMIM)

Jto Mapaptnua I TNG OUyKeEKPEVNG €kBeong Olvovtal oL TOPOUGCLACELS TIOU
xpnowomowBnkav o OAn tn Sldpkela tou workshop ouvavtnong, ocupdwva HE TO
TtPONyoUEVO TTPOYPA AL,

TEAog, Ba mpémel va onUelwBel OTL YeTA TV oAokApwaon tou 4°° Emlotnuovikou Workshop,
TO MEAN TWV EPEUVNTIKWY OpASwv elxav T Suvatotnta TAPOUCLAoNG EPEUVNTIKWV
QmoOTEAECUATWY TOU €pyou oTo cuvéSplo 797 Meeting of the EURO Working Group on
Multicriteria Decision Making (http://www.ipta.demokritos.gr/MCDA79) to omnoio
TIPAYLATOTIOLONKE TIG EMOUEVEG NUEPEG oTNV ABrva.
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Mapaptnua A: A@ica workshop
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Robustness in multi-objective project portfolio
selection taking into account energy and
environmental corporate responsibility and
performance uncertainty

George Mavrotas
Assistant Professor

Haris Doukas
Lecturer NTUA

Olena Pechak
PhD Candidate

Panos Xidonas
Lecturer
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Content
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Methodology
- Iterative Trichotomic Approach

- Robustness index

Case study
- Energy Environmental Corporate Responsibility
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Introduction
<&

m Project portfolio selection

m Multi-objective approach
NPV of project
Energy & Environmental Corporate Responsibility (EECR) of firm

m Uncertainty on the objective function coefficients

Athens, TEI Piraeus, April, 2 2014

Aim
¢ |

m To estimate the degree of certainty (robustness) of each
Pareto optimal portfolio regarding its participation in the
Pareto set.

Athens, TEI Piraeus, April, 2 2014
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Iterative Trichotomic Approach (ITA)
T
m Designed to deal with uncertainty in project evaluation
using a Monte Carlo simulation — Optimization approach

m Basic principle: Some projects are under all the scenarios
selected (green) and some others are under all the
scenarios rejected (red)

m We focus on the “in-between” projects (selected in some
scenarios) which are the grey projects

m We reduce the uncertainty and repeat the Monte Carlo
simulation — optimization process

m In each iteration the grey projects are reduced until they
are vanished

Athens, TEI Piraeus, April, 2 2014

ITA and group decision making
T ——
We adapt ITA to the Group Decision Making framework
The scenarios are the decision makers
Each one of them has his own weights

In each iteration we have the trichotomy of the projects
(green, red, grey) across the decision makers

green set grey set

Projects selected in some
optimal portfolios

Projects selected in all
optimal portfolios

m Converging process
Repeat until no grey projects are present

Athens, TEI Piraeus, April, 2 2014
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Allocation of projects in sets
T ——

m On each iteration we obtain an optimal portfolio
m Each project can be present (Xj=1) or not (Xj=0) in the
optimal portfolio

Projects

Optimal
optimal [, Xs | Xg | .o | X,
ol 1 1 0o | 1 1
§ 2 0 1 1 1
| 3 0 0o | 1 0
K]
1]
of p 1 o | 1| .. |1

grey red grey green grey

Athens, TEI Piraeus, April, 2 2014

From projects to portfolios of projects
T ——

m Multi-objective problem = not an optimal
portfolio but a set of Pareto optimal portfolios

m Instead of examining the participation of a project
to the final portfolio we examine the participation
of a portfolio to the final Pareto set

m |terative

m Instead of solving an IP problem we solve a MOIP
problem in each iteration

Athens, TEI Piraeus, April, 2 2014
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Illustration of the method

Reduction of uncertainty in the stochastic parameters

final
Pareto set

grey
q grey | ...
set

1stround 2" round kth round

Athens, TEI Piraeus, April, 2 2014

Monte Carlo simulation - optimization
T ——

m We sample the o.f.c. from the intervals
m Create a solve a new MOIP

N
max 2,") =" cX;
i

N

max Z, ¥ =Y cX;
i1

st

XeS

X; <{0,1}

m Exact solution with AUGMECON2

Athens, TEI Piraeus, April, 2 2014
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Monte Carlo simulation—optimization
T ——

Value of cuf“\

Pareto set PS; with p, portfolios ‘

Pareto set PS, with p, portfolios ‘

Pareto set PS; with p; portfolios ’

Multi-objective
optimization
(AUGMECON2)

Pareto set PS; with p; portfolios

Athens, TEI Piraeus, April, 2 2014

Green portfolios

2 1 1 0 0 0 1 0 1 0 1
PS, 3 1 1 0 1 0 1 1 0 0 1
19 0 0 1 1 1 0 0 1 0 1
1 1 1 0 1 0 0 1 1 0 1
2 1 0 0 1 1 1 0 1 0 1
PSiee 3 OGO oo

Athens, TEI Piraeus, April, 2 2014
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Flowchart

r=0, green(0)=2, red(0)=J
Initial distributions

S

Reduce variance in obj. function
coefficients’ distributions by r/R

@

Sampling from distributions
for obj. function coefficients

Solve MOIP model

Save the Pareto set PS,

Athens, TEI Piraeus, April, 2 2014

Identify green(r),
red(r), grey(r)
portfolios

% of green portfoliosin the final Paretoset

Robustness chart
0,=83%
a,=34% a;=34%
a;=11%
a;=4%
1 2 3

Decision round

R-T

For i-th portfolio: RDi = !

R

Athens, TEI Piraeus, April, 2 2014

+

Robustness chart - Robustness index
<&

a,

RI :(a0+a1+a1+a2+m
2 2

R-1
CRI=[2:Ya &R
2 &%y

R-1
RI=[2+Ya +1]/R
2 T&A TS

R—1+aR)/R
2

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

HBl STEP 1: Model building

STEP 2: Uncertainty management (Monte Carlo simulation - multiobjective optimization
-> Pareto sets)

Companies

Athens, TEI Piraeus, April, 2 2014

Case study

m 40 projects

m 2 Criteria
> NPV
- EECR

m Segmentation constraints (sectoral, geographical)
= no sector or region is allowed to have more than half of the total
approved applications
- all sectors and areas will be funded with at least 10% of the total
budget

Athens, TEI Piraeus, April, 2 2014
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EECR score

Criteria

Description

C1: Management
Commitment

The degree to which Management of a firm prioritizes actions related to the energy and
environmental corporate policy, sets specific targets and corresponding time schedule for
their accomplishment

C2: Monitoring Progress
and related impact

The degree to which a firm adopts procedures and protocols for monitoring the set of
targets, specific progress made in each related activity and the corresponding impact in
companies operation and activation in the market.

C3: Participation in
Dissemination Activities

Reflects firms’ participation in dissemination activities in broader community, including
among others, educational and information activities regarding environmental practices,
organization of workshops, conferences and other events, and sponsorships

C4: Promotion of
Renewable Energy

Refers to the enterprise involvement for investment in projects and initiatives related to
renewable energy sources -wind power, solar power (thermal, photovoltaic and
concentrated), hydro-electric power, tidal power, geothermal energy and biomass.

C5: Promotion of Energy

The extent to which a firm incorporates initiatives to provide energy-efficient products and

services, to reduce direct and indirect energy consumption and other energy conservation

Efficienc
v practices and technological improvements.

C6: Waste and Water
Management

This criterion demonstrates the effort of firms in reducing total water use or discharge and
the adoption of waste management activities.

Athens, TEI Piraeus, April, 2 2014

Model

N
portfolio'sNPV:  max Z, = anv,X,
i=1

N
portfolio's EECR: max Z, = Zeecr,-Xi
i=1
st
N
ZCOSt, X, <avb

i=1
DX, <0.5x ix,
i=1

ieR

DX, <0.5x lex,.

ies i=1

Zcostl.X, >0.1x lecost,.X,
ies i=1
ZcostiX, >0.1x icost,X,
ieR i=1

Athens, TEI Piraeus, April, 2 2014
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Results

green red grey
0=5% roundl 4 0 394
0 =4% round2 4 109 285
0=3% round3 5 215 178
0=2% round4 9 275 114
0=1% round5 16 324 54
0 =0% round6 31 367 0

Athens, TEI Piraeus, April, 2 2014

Pareto front
<&

Pareto front
5,400,000 === === === === === e e e

]

5,200,000

]
5,000,000 | S . S

4,800,000

@ 800,000 |-~~~
>
o
2 4,600,000 |- - -

4,400,000

8,200,000 -~ -~~~ = ol

4,000,000 T T T T ,
200 250 300 350 400 450
CSR score

Athens, TEI Piraeus, April, 2 2014
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Pareto front with robustness information
<&

Pareto front with robustness information
5,800,000 oo ooooooooooooooooooooooooe

5,200,000

5,000,000 - mmm o sm s ssses oo \ ‘ 77777777777

]
é

@ 4,800,000 oo mmmmmm o s @

>

o

Z 4,600,000 —. ,,,,,,,,
8,800,000 - -~ = =
4,200,000 T --=-============mm e o
4,000,000 T T T T |

200 250 300 350 400 450
CSR score

Athens, TEI Piraeus, April, 2 2014

Robustness Index
<&

Robustness Index

100%

100
90
80

70

60 51.6%
(%) s0

40
29%%
30
20 12.9%

10

16.1%
12.9% -

Athens, TEI Piraeus, April, 2 2014
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Project information

100%
90%
80%
70%
60%
50%
40%
30%

20%

Frequency in Pareto optimal solutions

10%

0%

123 456 7 8 91011121314151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
ProjectID
Winitial Mfinal

Athens, TEI Piraeus, April, 2 2014

Concluding remarks
|
m |ITA method can be adopted to the multi-objective
optimization case (Pareto optimal portfolios) for
dealing with uncertainty in parameters

m Combination of Monte Carlo optimization — multi-
objective programming (AUGMECON?2)

m Incorporation of EECR as additional objective
function give advantage to environmental conscious
firms

m Useful tools for effective decision making

Athens, TEI Piraeus, April, 2 2014
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Thank you for your attention

Athens, TEI Piraeus, April, 2 2014
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Introduction
. ]

m Robustness is related to the parameter uncertainty or
imprecision of an optimization model

m Solutions to optimization problems can exhibit remarkable
sensitivity to perturbations in parameters of the problem

m Robustness can be defined as a degree to which a solution
is insensitive to underlying assumptions within a model.

m The underlying assumptions are the values of the model
parameters

m In this work we deal with perturbations on the objective
function coefficients

4th Workshop of THALES, 2 April 2014, Athens

Aim
. |

m The aim of the work is to assess the robustness of the
Pareto set in Multi-Objective Integer Programming (MOIP)
problems based on objective function coefficients’
perturbations

m |dentify regions in the Pareto front that are more robust
than others

m Assess the robustness of Pareto Optimal Solutions (POS)

4th Workshop of THALES, 2 April 2014, Athens
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Reference Pareto Set

m The original Pareto set that we want to measure
its robustness is called reference Pareto set and is
denoted with “*”

The reference Pareto set is PS*
The reference Pareto front is PF*
The reference Pareto optimal Solutions are POS*
m The reference Pareto set corresponds to the MOIP

model with the original objective function
coefficients

4th Workshop of THALES, 2 April 2014, Athens

Reference model
<

Reference model
N We take intervals around the original
max z; = " ¢y X; objective function coefficients using a
i=l perturbation parameter a

N

max zy :zCiKXi [Cix + o x Cyy, Ciy— o x €y ]

i=1

st as[5%, 20%]

XeS

Xi S {0,1}

4th Workshop of THALES, 2 April 2014, Athens
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st
Xe$S

4th Workshop of THALES, 2 April

m Create a solve a new MOIP

N
max Z," = "¢ X;

i=1

N
max Z, ¥ =>"c¥X;

i=1

X; <{0,1}

m Exact solution with AUGMECON2

2014, Athens

Monte Carlo simulation - optimization
. |

m We sample the o.f.c. from the intervals

l

Value of ¢, ;1

et

\

T Li
€1,1-AXCy; €11

Value of ¢;,

U E—

€1,1+0 XCq

Multi-objective t =1...T

OPtiMIZation e <
(AUGMECON2)

v T
Ck-aXCik ¢y €

Value of ¢y

Kkt axcpy

l

Cnk-aXCnk  Cnk

4th Workshop of THALES, 2 April

CnktaXCyg

_

2014, Athens

Monte Carlo simulation—optimization
T ——

~

Pareto set PS, with p, POS ‘

Pareto set PS, with p, POS ‘

Pareto set PS; with p; POS ‘

Pareto set PS;with p,POS ‘

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG
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Coding the Pareto Optimal Solutions

m In MOIP problems every POS is a vector of 0 and 1

N

m Coding: code, =327 x X,

i=1

Table 1. Example of POS coding

X4 X X Xy Xq X X Xa Xq Xy code
POS1 0 0 1 0 1 1 1 0 0 1 628
POS2 0 1 0 1 1 1 1 0 0 0 122
POS3 0 1 1 1 0 0 1 0 0 1 590
POS4 0 0 1 0 1 1 1 0 0 0 116
POS5 1 1 1 0 1 0 1 0 1 1 855

4th Workshop of THALES, 2 April 2014, Athens

Robustness Index

m For the p-th POS* we count its frequency (S,) across the T

Pareto sets
SP
RI, ==%
T

m  For the entire PS* we have the total robustnes index (TRI) defined as:

2RI,
TRI =22
|Ps
4th Workshop of THALES, 2 April 2014, Athens
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Flowchart of the algorithm

Solve exactly MOIP problem - obtain
reference Pareto set PS*

Create sampling intervals around objective Draw Robust Pareto Front
functions’ coefficients
[y +axcy, cy-a xcl, a €[5%, 20%]

TRl =——=x > RI
t=1 ‘ PS ‘ L
Select randomly coefficients from the T
sampling intervals c,* For each p;” assign
i Robustness Index (RI;)
‘ t=t+1 ‘ ‘ Solve MOIP model ‘ RI=F;
Code & save the Pareto set PS*) & P T " -
Pareto front PF(t Foreachp,” € PF* countits

frequency across PS(* (=F;)
NO /\ YES T

t=T?

4th Workshop of THALES, 2 April 2014, Athens

Numerical example

binary variables and one constra
m The reference set has 54 POS*
m 1000 Monte Carlo iterations
disturbance parameter a=5%

m RIp varies from 0.273 to 0.998

4th Workshop of THALES, 2 April 2014, Athens

]
m Knapsack problem with 2 objective functions, 50

int

(sampling and AUGMECON2 - 3h 05’ 12”).
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PF* and robustness indices
. |

# z, z, RI # z, z RI

1 17962 14727 40.40% 28 17224 18300 99.80%
2 17956 14756 32.50% 29 17023 18376 66.20%
3 17953 14967 37.90% 30 17015 18474 99.70%
4 17947 14996 28.90% 31 16852 18493 63.50%
5 17942 15336 54.80% 32 16811 18520 49.30%
6 17927 15863 85.00% 33 16809 18549 81.20%
7 17891 16121 95.40% 34 16790 18593 88.40%
8 17850 16148 40.40% 35 16763 18687 99.10%
9 17844 16226 47.30% 36 16538 18806 99.60%
10 17833 16438 69.80% 37 16517 18822 74.90%
11 17803 16495 35.30% 38 16364 18829 44.30%
12 17795 16583 31.90% 39 16334 18886 99.40%
13 17794 16735 96.20% 40 16176 18969 99.50%
14 17729 16857 66.10% 41 16088 19021 98.20%
15 17714 16878 56.90% 42 16024 19029 52.60%
16 17700 16966 88.30% 43 16003 19045 67.00%
17 17657 17024 48.30% 44 15797 19120 99.40%
18 17644 17149 67.80% 45 15778 19164 96.40%
19 17621 17282 79.20% 46 15736 19170 49.20%
20 17590 17453 90.80% 47 15436 19227 61.70%
21 17532 17476 27.20% 48 15415 19319 99.40%
22 17531 17569 41.80% 49 15169 19352 75.20%
23 17523 17683 46.90% 50 14971 19359 40.00%
24 17520 17781 57.10% 51 14950 19375 53.10%
25 17516 17951 99.60% 52 14923 19383 55.40%
26 17431 17975 94.50% 53 14904 19427 96.40%
27 17231 18032 46.20% 54 13880 19487 99.80%

4th Workshop of THALES, 2 April 2014, Athens

Pareto front
<
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Pareto front with robustness information
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Different number of iterations in MC

L}

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53
# Reference POS*
H1000 500 M100 W10

4th Workshop of THALES, 2 April 2014, Athens
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Different seed points in random
generator

1000 iterations

# Reference POS
W1515 W2626 M3737

500 iterations

4th Workshop of THALES, 2 April 2014, Athens

Case study

Capital Budgeting problem with research proposalsin a
University (Academic project selection)

m 150 research proposals from 9 departments
- Research is characterized as either “Basic” or “Applied”

m Two criteria:
- Usefulness [1-10]
- Faculty sufficiency [1-10]

m Distribution constraints

4th Workshop of THALES, 2 April 2014, Athens

m Available budget 3M&£, total cost for 150 proposals 13.2M€
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Distribution constraints

T
m Department representation

Lower and upper bounds of the budget attributed to each department

Department A B C D E F G H |
Lower 14% 11% 4% 8% 4% 11% 10% 5% 10%
Upper 23% 19% 6% 13% 6% 18% 16% 9% 16%

m Basic/Applied research
At least 30% of projects from basic research

4th Workshop of THALES, 2 April 2014, Athens

Model

150

maxz, =y uf, x X;

=L Robustness analysis
max z, :% fs; x X,
st = Perturbations of o.f.c. to
- [uf-1, uf+1]
D cost,x X, =TC [fsi1, fsi#1]
i=1
TC <3000

" cost;xX; <ub,xTC for j=AB,C,D,E,F,GH,I

ieD(j)

Y cost,x X, 2Ib,xTC for j=AB,C,D,E,F,GH,I

ieD(i)

150

> X;=N
i=1

Z X;20.3xN

ieBasic

4th Workshop of THALES, 2 April 2014, Athens
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PF* and Robustness indices
T
# 7 z, RI # iz RI # Z, z, RI
1 334 224 2.20% 23 311 278  2.50% 45 287 307 4.80%
2 333 231 2.00% 24 310 279 1.40% 46 286 308  3.40%
3 332 234 2.20% 25 309 280 0.70% 47 284 309 2.60%
4 331 239 3.30% 26 308 282 1.90% 48 283 311 6.20%
5 330 241 1.60% 27 307 283  1.10% 49 281 312 1.60%
6 329 244  3.60% 28 306 284  1.30% 50 280 314 13.00%
7 328 247  3.30% 29 305 287 3.70% 51 279 315 10.90%
8 327 249 3.00% 30 303 288  2.40% 52 276 316 3.50%
9 326 250  0.60% 31 302 289  1.40% 53 275 318 17.50%
10 325 254  4.20% 32 301 290  1.10% 54 272 319 5.70%
11 323 257 2.20% 33 300 291  0.50% 55 269 321 6.20%
12 322 258  0.30% 34 299 292 0.40% 56 268 322 11.50%
13 321 261 2.10% 35 298 294  1.70% 57 264 324 11.10%
14 320 262 0.70% 36 297 295  1.20% 58 261 325  5.30%
15 319 264 1.50% 37 296 296 1.00% 59 259 326 7.00%
16 318 266 1.30% 38 295 297 0.40% 60 257 328 17.80%
17 317 268 1.40% 39 294 299 2.30% 61 251 329  3.90%
18 316 270 1.70% 40 293 300  3.20% 62 248 331 13.80%
19 315 271 1.40% 41 292 301 2.30% 63 243 332 5.90%
20 314 272 1.20% 42 291 302 1.40% 64 240 333  4.80%
21 313 274 1.40% 43 290 303 1.30% 65 232 334 2.00%
22 312 276 2.00% 44 289 305 4.20% 66 219 335  1.20%
4th Workshop of THALES, 2 April 2014, Athens

PF* illustration

2, (faculty sufficiency)

2; (usefulness)

4th Workshop of THALES, 2 April 2014, Athens
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PF* with robustness information
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Concluding remarks
T ——

m We deal with Robustness of POS in MOIP problems
based on uncertainty/imprecision of objective
function coefficients

m Perturbations/Monte Carlo simulation
m AUGMECON?2 for exact solution of MOIP problems

m Computational demanding process but provides
insightful results (RI, TRI)

m Pareto front with robustness information bubble
chart

4th Workshop of THALES, 2 April 2014, Athens
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Future research

m Incorporate in the same manner more parameters

in addition to o.f.c. (technological coefficients in
constraints)

Expand to more than two dimensions
First results...

4th Workshop of THALES, 2 April 2014, Athens

Future research (2)
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Thank you for your attention
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Measuring robustness in disaggregation -

aggregation approaches:
The case of UTA methods

N. Tsotsolas, A. Spyridakos, D. Yannacopoulos, N.

Christodoulakis

P a\ Robust B BB P

w MEDA

Research Aims

@ Robustness Analysis

() UTA Methods

6 Different approaches for Robustness Analysis

=

‘ Software dealing with robustness in UTA

Q Results from comparing different approaches

o
(0 Conclusions - Future research

__NSRe  This research has been co-financed by the European Union
=== (European Social Fund) and Greek national funds through the
Operational Program "Education and Lifelong Learning”
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The notion of robustness in OR and DM

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

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

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

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

model vs reality

EURO XXVI, 26th European Conference on Operational Research, Rome, July 2013

Issues related to robustness

When a decision model could be considered as reliable (analyst’s
point of view)?

3
o5

< How to measure the robustness of a decision model?

< How robustness indicators could be increased?

< Is a decision model acceptable (DM’s point of view)?

4th Workshop "Robust MCDA"
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The need for robustness analysis

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

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

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

+» Based on these measures the decision maker may accept or reject the
proposed decision model

4th Workshop "Robust MCDA"

Post-optimal robustness analysis in LP

% The Linear Programming can be directly related to the geometry and graph
theory.

% As for the geometry of the relationship lies in the fact that a system of
inequalities (constraints of LP) define a convex hyper-polyhedron (which is
usually bounded). A linear system of n variables can be represented by a
convex polyhedron of n-dimensions

< According to this approach, the search of solutions of LP is equivalent to the
transition from one vertex of the hyper-polyhedron to another. In other words,
the basic feasible solutions of LP correspond to the vertices of the hyper-

polyhedron.
Optimal
A (ﬂlul\on
Al Az nitial
Stlﬂu[mln—f
4th Workshop "Robust MCDA"
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Multiple optimal/near-optimal solutions in LP

[max]z =c'x
s.t.
Ax<b
x>0
Ax<b
s c'x>z" -k
=27 >0
/
7=7*-k
Multiple Optimal Solutions Near- Optimal Solutions

4th Workshop "Robust MCDA"

Aggregation - disaggregation approaches in MCDA

Aggregation
Model

cOvheon
Aggregation

Criteria Decision Criteria Global
Preference

Classic aggregation approach for decision making avéioon

é
19PON
uonebalbby

Aggregation — disaggregation approach for decision making

4th Workshop "Robust MCDA"
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Reference Actions A,

The clarification of the DM’s global preference necessitates the use of a
set of reference actions A,. Usually, this set could be:

1. Aset of past decision alternatives (A : past actions)
2. Asubset of actions, especially when A is large (A, cA)

3. Aset of fictitious actions, consisting of performances on the criteria,
which can be easily judged by the decision-maker to perform global
comparisons (A : fictitious actions)

4. In each of the above cases, the DM is asked to externalize and/or
confirm his/her global preferences on the set A, taking into account
the performances of the reference actions on all criteria.

4th Workshop "Robust MCDA"

The UTA Method(s) (1)

Principle

% The UTA (UTilités Additives) method proposed by
Jacquet-Lagréze and Siskos (1982) aims at inferring
one or more additive value functions from a given
ranking on a reference set Ag.

“» The method uses special linear programming
techniques to assess these functions so that the
ranking(s) obtained through these functions on Ay is
(are) as consistent as possible with the given one.

4th Workshop "Robust MCDA"
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The additive value model

*» The criteria aggregation model in UTA is assumed to be an
additive value function of the following form:

u(g):g::piui(g«') 1

subject to normalization constraints:
criterion g,

Zpi =1
i1

u(9)

M18.4 —'EkBeon 4° Eruotnuovikol Workshop

u(g.)=0,u(g )=1Vi=12,.,n y v

where u,,i=1,2,...,n, are non-decreasing real valued functions,
named marginal value functions, which are normalized between 0
and 1, and p; is the weight of u;.

4th Workshop "Robust MCDA"

The UTA Method(s) (3)

% Both the marginal and the global value functions have the monotonicity
property of the true criterion. For instance, in the case of the global value
function the following properties hold:

{u[g(a)] >u[g(b)] < a> b(preference)
u[g(a)]=u[g(b)]< a~ b indifference)

% The UTA method infers an unweighted equivalent form of the additive
value function:

u(g)zgui(gi)
subject to normalization constraints:

Zn:ui (g: ) =1
=

u(g.)=0Vi=12,.,n

4th Workshop "Robust MCDA"
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The UTASTAR algorithm (1)

Principle
+“* The UTASTAR method proposed by Siskos and
Yannacopoulos (1985) is an improved version of the original
UTA method.

“* In the original version of UTA (Jacquet-Lagréze and Siskos,
1982), for each reference action a €A, a single error o (a) is
introduced to be minimized. This error function is not
sufficient to minimize completely the dispersion of points all
around the regression curve. The problem is posed by
points situated on the right of the curve, from which it
would be suitable to subtract an amount of value/utility and
not increase the values/utilities of the others.
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The UTASTAR algorithm (2)
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The UTASTAR algorithm (3)

Initialization

“* In UTASTAR method, Siskos and Yannacopoulos (1985)
introduced a double positive error function:

u'lg(a)]= guf [g,(a)]-0"(a)+0 (a)VaeA,

where o* and o~ are the overestimation and the
underestimation error respectively.

“*» Moreover, another important modification concerns the
monotonicity constraints of the criteria, which are taken
into account through the transformations:

w; :ui(gi"*l)—ui(gi’)ZOVizl,Z,...,n andj=1,2,..0a,-1
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The UTASTAR algorithm (4)

The algorithm

Step 1:

“* Express the global value of reference actions u[g(a,)],
k=1,2,...,n, first in terms of marginal values u,(a;), and then in
terms of variables w;, by means of the following
expressions:

ij?
u(g')=0Vi=1,2,.,n

i

j-1
ui(gij) :/Zw,j Vi=1,2,.,nandj=23,..,4a-1
t=1
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The UTASTAR algorithm (5)

The algorithm

Step 2:

Introduce two error functions o* and o~ on A, by writing for
each pair of consecutive actions in the ranking the analytic
expressions:

A(ak 'ak+1 ) = u[g(ak )] - OJ (ak ) +o (ak ) —u [g(ak+1 )] + O-+ (ak+1)_ o (ak+l )
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The UTASTAR algorithm (6)

The algorithm
Step 3:
Solve the linear program:

[min]z:g[o—*(ak)+o‘(ak)]
subject to

A(ak,am)z oifa, »a,, Vi
A(akrak+1):0 ifa, ~a,,

n g-1

22w, =1

i=1 j=1

w,20,0"(a,)20,0 (a,)20Vi,jandk

with ¢ asmall positive number
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The UTASTAR algorithm (7)

The algorithm
Step 4:
“* Test the existence of multiple or near optimal solutions of
the linear program (stability/robustness analysis); in case of
non uniqueness, find the mean additive value function of

those (near) optimal solutions which maximize the objective
functions:

é[a* (ak)+a’(ak)]£z* +&

where z* is the optimal value of the LP in step 3 and € a very
small positive number.
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UTAII (1)

First step: The marginal value functions are built outside the UTA
algorithm, by techniques such as:

a) techniques based on MAUT theory and described by Keeney and Raiffa (1976), and Klein
etal. (1985),

b)  MACBETH method (Bana e Costa and Vansnick, 1994, 1997; Bana e Costa et al., 2001),

c)  Quasi-UTA method by Beuthe et al. (2000), that uses “recursive exponential” marginal
value functions, and

d)  MIIDAS system (see section 4) that combines artificial intelligence and visual procedures
in order to extract the DM’s preferences (Siskos et al., 1999).
Second step: The DM is asked to give a global ranking of alternatives in a
similar way as in the basic UTA method. From this information, the problem
may be formulated via a LP, in order to assess only the weighting factors of
the criteria (scaling constants of criteria).

Afa,b) = _Zn:p,- {u.lg,(a)]-u,[g,(b)]}-0"(a)+ 0 (a)+ " (b)- 0 (b)
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UTA II (2)
Solving the following LP:

[min]F=>" [o-*(a) +o-’(a)]

achqz

subject to
Ala,b)>6 if a>~b
A(a,b)=0 if a~b

2.p=1
i=1

p,20, 0'(a)20, o (a)20 VaeA,, Vi
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Stochastic UTA method

« Within the framework of multicriteria decision-aid under uncertainty,
Siskos (1983) developed a specific version of UTA (Stochastic UTA),
in which the aggregation model to infer from a reference ranking is an
additive utility function of the form:

u(aa) = Zzé}a(gij)ui (gij)

where &7 is the distributional evaluation of action a on the i-th
criterion, 52(g;) is the probability that the performance of action a on the
i-th criterion is g/, u;(g/) is the marginal value of the performance 9/,
8“ is the vector of distributional evaluations of action a and u(d“) is the

global utility of action a. 5

u, (g)

evaluation
seale G,

&i
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Basic Steps in UTA

Infer a representative additive value model.
Remove inconsistencies
Establish a robustness measure

If the robustness measure is judged satisfactory by the analyst, the
model is proposed to the DM for application on the set A. Otherwise,
goto 5.

E A

5. Apply several rules of robustness analysis and go to 3.

Robustness issues in UTA:

(i) How accurate is the estimation of the barycenter of the post-
optimal solutions?

(i) Estimate stability measures which can be easily
interpreted by the analyst and communicated to the DM

4th Workshop "Robust MCDA"

Stability/robustness analysis in UTA

% The last step of UTA algorithm is to test the existence of multiple or near
optimal solutions of the linear program; in case of non uniqueness, we
shall calculate the mean additive value function (barycenter) of those
(multiple or near) optimal solutions which satisfy the constraint:

g[a*(ak)+o—’(ak)]£z*+g

where z* is the optimal value of the UTA LP and ¢ a very small positive
number.

X,

polyhedron of constraints (7-14)

F=F'+k(F")
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Finding multiple optimal solutions in LP

+“+ Categories of algorithms finding multiple solutions when proceed with
post-optimality analysis:

= Analytical algorithms which promise complete search of all basic
feasible solutions of a hyper-polyhedron. Within the first group we
find two sub-categories of algorithms.

» Pivoting methods based on Dantzig’s Simplex approach.

» Non-pivoting methods that do not use the Simplex approach but use
elements of the theory of geometry based on the properties of
intersections between hyper-planes and hyper-polyhedron.

= Heuristic algorithms which do not intend to find all solutions of a
basic hyper-polyhedron but a representative set of these using
various approaches.

4th Workshop "Robust MCDA"

Manas - Nedoma Algorithm

% The V (set of nodes of the graph) contains m-dimension vectors whose
elements are integers (indices of Simplex bases) u=(i, iy, ..., iy,) for 1<i<m,
=1,2,...m.

% The distance between two different nodes u,=(iy, i, ..., i;;) and u,=(ky, Ky, ..., K)
is d <m if d is the number of elements in u, which are different from those of
u;. u; and u, are adjacent if the distance between them is d=1

“ Anarc(uy, u,) € Uif and only if u; and u, are adjacent. The adjacent nodes Tou
u; constitute set N(u;)

Uzz(kL kz, teey km)

Uy=(iq, gy vey i) d=1
O\ /O
0 e C
Graph (V,U)
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Reverse Simplex Method

The method of reverse Simplex (Simplex Inverse) presented by Van de Panne
(1975) who observed that each iteration of the Simplex algorithm is reversible
replacing the role of the variable enters the basis of the role of the variable
exiting.

In other words, if in a base of Simplex variable x; inserted in place of variable
Xgr,» during the execution of the reverse Simplex, Xg, is introduced in place of x;.
Following this process reduces the value of the objective function z by an
amount equal to one in which increased when we performed z step of Simplex

To build the hyperpolyedron of post-optimal soltions a new
constraintis added inthe LP: z-Y =z*-k

where Y is the deviation variable takes positive values or zero.

During the first phase of the method all vertices of the
hyperpolyedron that give Y>0 are calculated, and during the
second phase all the vertices give Y = 0.

4th Workshop "Robust MCDA"

. Aheuristicapproach

The number of vertices of the hyper-polyhedron of multiple optimal solutions is
often too big and an exhaustive search requires huge computational effort.
Heuristic methods offer a very good alternative to the problem of searching
thousands of solutions which may not be of particular interest to the analyst.

More often the analysts may be only interested in the information which will help
him/her to examine the stability of the an optimal solution or the statistical
variance of other solutions. For example according to Siskos (1984), the stability
analysis may be performed by solving a linear programs (LP) having the
following form:

The coefficients of the new [max] or [minly = 21: PiX;
constraint in augmented st 8
optimal table of Simplex is o
the opposite values of the AX<b

marginal values of the [[cx=2*

optimal solution table x>0
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Number of multiple-optimal solutions

. n+1 . n+2
- | n+m-int| —— n+m-—int
r= ( 2 J + ( 2 }

m m
upper bound of solutions - vertices
= 180,000
160,000 n
140,000 m 5 50 1000
120,000 10 132 | 3.15E+08 5.94E+20
100.000 pumber of
w0000 vertices 20 462 | 4.93E+12 1.16E+36
60,000 50 2652 | 7.01E+19 6.58E+71
40.000 1000 | 1003002 | 9.12E+49 |  #NUM!
20,000
o 5000 | 25015002 | 2.06E+67 #NUM!

o nvariables
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Method Copmarison

. — O

Reverse Simplex Manas-Nedoma Heuristic
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Ana

lytic vs Heuristic

Heuristic
max x,: [(6.00, 5.00)
max X,: [(6.00, 5.00)
min x;: A(2.00, 2.00)
min X,: B(5.00, 1,00)
M.V.: C(4.75, 3.25)

Heuristic (without double)

max X,
min X
min X,:

[(6.00, 5.00)
A(2.00, 2.00)
B(5.00, 1,00)

M.V.. C'(4.33, 2.67)

Analytic

A(2.00, 2.00)
B(5.00, 1,00)
[(6.00, 5.00)
A(3.00, 4.00)
M.V.: C”'(4.00, 3.00)
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Evaluation of UTA results (1)

following measures:

observations

The results produced by UTA methods could be evaluated according to the

% The minimised criterion z (sum of errors) taken as the indicator of dispersion of the

“ The Spearman's rank correlation coefficient between the initial weak order R" and the one
produced (R) by the e%timated model:

667

1_m where & = R(i) —R'(i)
and in case of ties: - i[R(l)*M}[[R (i )*miﬂﬂ
\/i[R(l)M} Z[R(I)fmfﬂ}

ey

ZR(l)R(l) m[m”}

[fr el
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Evaluation of UTA results (2)

“ The Kendall’s tau between the initial weak order R" and the one produced by the
estimated model:

= M, — M, = M, — M, where m, the number of concordant pairs and
[mj m(m-1)/2  mgthe number of discordant pairs.

2

and in case of ties:

m, —m,

\/[m(m -1/ Z—Zl:ti t -1/ 2}[m(m -1/2 —iui(ui—l) / 2}

where t; is the number of observations tied at a particular rank of R and u; is the number tied
at a rank of R.

4th Workshop "Robust MCDA"

Average Stability Index as a measure of robustness

1. The robustness of the decision model depends on the post-optimality
analysis results.

2. During the post-optimality stage, a number of solutions are produced for our
UTA model following an analytical or heuristic approach.

3. The Average Stability Index (ASI) is the mean value of the normalized
standard deviation of the estimated values:

ASI(i) :1,i2i
Npar i NOrm
where S, is the standard deviation of the estimated values of the
parameters k of criterion i, ng,, is the number of the parameters and Norm
normalizing coefficient [0,1].

i\/[nso, [ﬁ(parkj )Z]_[ﬁparkj] ]
ASI(i)=1-—+ = - -

n, |
ar _sol -1
) ’ Npar (npa, )
where par! is the value of parameter k of the j-th post-optimal solution and
Ng, the total number of post-optimal solutions.
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Average Stability Index as a measure of robustness

In UTA the number of unknown parameters per criterion i is (a; — 1). In order to
calculate the ASI(i) at a criterion level we use the distances between the
marginal utility at each point of the scale, which are the monotonicity
transformations of UTASTAR:

w(i)) =u(i)),-u(@)) >0 Vi=12,..,n,, Vj=12,..,n, wu Vk=1,2,.,8-1

M18.4 —'EkBeon 4° Eruotnuovikol Workshop

$ I, [i(w(i)@f]—[?w(i)&f

k=1 j=1 =1

So, ASI could be written as: ASI(i)=1-

n (ai —2)

sol

13 .
Global robustness measure: ASI = —ZASI(I)
niz

4th Workshop "Robust MCDA"

Other measures of robustness

Another measure is the distance between the maximum and the minimum
value of a parameter while calculating the post-optimal solutions:

dis(k) = max(par, ) -min(par, )

This measure could be easily provided in a graphical form.
3 N

1-

0.8

-

Values

0.2+

ut(+) ut(++4) u2(++) u3(+) ul{+++)
ut++) u2(+) u2(++4) u(++)
Utilities
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A S/W to deal with UTA robustness issues

An example in Stochastic UTA: Sales Director Selection

Candidates for the position are assessed by a committee that used a three-
point quality scale: + (bad), + + (moderate), + + + (good).

Thus, for each criterion, the evaluation of each candidate a has the form of a
probability distribution &;"

Personality Intelligence Experience
Candidate + ++ +++ + ++ +++ + ++ +++
A 0,3 0,4 0,3 0,2 0,6 0,2 0,3 0,6 0,1

0,1 0,1 0,8 0,3 0,5 0,2 0,7 0,2 0,1
0,5 0,2 0,3 0 0,2 0,8 0 0,7 0,3
0,1 0,3 0,6 0,4 0,4 0,2 0 0,1 0,9
0,4 0,4 0,2 0,3 0,5 0,2 0,4 0,4 0,2
0,2 0,5 0,3 0,4 0,5 0,1 0,5 0,4 0,1

m m O O W

2nd International Symposium & 24th National Conference HELORS, Athens, September 2013

A S/W to deal with UTA robustness issues

Enter the data into the system concerning criteria and scales:

Criteria List =]

Criterion Information

Criterion name: Experinece Criterion Type: (@) Qualitative Mumber of seqments: 3
Measurament unit: |- (O Quartitative

Complete criterion!

Criteria List
Criteion Name M. Unit Type Sign Segments Value Structure
Personality - Qualitative + ¥ 1H
Intelligence - Qualitative +
Experience - Qualitative +

2nd International Symposium & 24th National Conference HELORS, Athens, September 2013
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A S/W to deal with UTA robustness issues

Enter the data into the system concerning evaluation of actions:

M18.4 —'EkBeon 4° Eruotnuovikol Workshop

Actions List @
Action Information
Action name: |G Type of probahility: |Un'rfurrn distribution v| | Edit |
[Select a type]

Criterion Personality W Value: Direct value

e distrbution
Incomplete action! Unifom dstribLtion
P - Triangular distribution

Random distrbution

Actions List
Action Name <Personality= <Inteligence= <Experience=
A Distribution [{+} Distribution [{+} Distribution [{+}
] Distribution [{+] Distribution [{+] Distribution [{+]
C Distribution [{+ Distribution [{+ Distribution [{+}0;{s+...
D Distribution [{+] Distribution [{+) Distribution [{+}0:{++
E Distribution [{+] ... Distribution [{+} ... Distribution [{+}
F Distribution [{+}0.2:{...  Distibution [{(+}0.4;{..  Distrbution [{+}0.5:{...
| Reset | | << Previous | | Next >> |

It uses Stochastic UTA method but can be also used with deterministic values as well.

2nd International Symposium & 24th National Conference HELORS, Athens, September 2013

A S/W to deal with UTA robustness issues

Enter the data into the system concerning the ranking of reference actions:

D-C>~(A~B)-E>F
Ranking @

Reference Actions

Rank  Action Name

TmmE OO

Actions List

Rank  Action Name <Personality> <Intelligence> <Bxperience

[ Reset | [ «<previous || mext» |

2nd International Symposium & 24th National Conference HELORS, Athens, September 2013
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A S/W to deal with UTA robustness

issues

Select post optimal analysis before solving the problem:

Project Title: EMPLOYEES | Status: Idle... | Post Optimal Analysis: None CPU:0.39% RAM: 16.9MB

B Stochastic UTA -2
File View -olver Resulis Analysis Tools Window Help
- h{)pﬁos
= K -
LI s (s % L ]
Salver \E”
Reference Actions Options =
Rerk  Adtion Name
1 D MNear Optimal Solutions Threshald (%): h 00
2 [ =
3 A Delta Value (0-1 0.0215
3 8 . -
; : ) Maximum UTA ) Max-Min UTA
6 F - . -
O Maximum W ® Max-Min W (O Manas-Nedoma
Action Name: Value Wih Erors Rounded [3]
A il nul il
8 nul nul null
c il rul il
D nul nul null
E il rul il
F il rul null
Reset | [ <cprevious | [ sowe

2nd International Symposium & 24th National Conference HELORS, Athens, September 2013

A S/W to deal with UTA robustness issues
It uses Stochastic UTA method but can be also used with deterministic values
as well.
Criteria List \EI l
Criteri
H_Elfm Actions List @ l
Criterior
. Action Infor -
e | [P — =)
Reference Actions
Ad Criterion:
— Rank E— =)
Criteria Options ni
- Add 1 Reference Actions
Cteiory Actions List 2 Rank  Action Name MNear Optimal Solutions Threshold (%) h 0015
Persond | O T | g
Intellig Acti.. 3 1 D Delta Value (0- 0.02%
Experc A 5 2 c - _
A 5 . O Maximum UTA O MaxMin UTA
c 3 3 B ) Madmum W (® Max-Min W ) Manas-Nedoma
Remc o 5 E
F Rark | UTA Rank
e ! E Action Name Value With Emors Rounded [3]
D null null null
— |c nul nul nul
A nul nul nul
B null null null
E null null null
F null null null
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A S/W to deal with UTA robustness issues

It provides all results of post optimal solutions and measures of robustness.
Actions Values ==
Actions Values =]
A Index Analysis @ |
D
- E Deviation =)
A | T o -
B y Utilities Functions == }
o —
E y Pi Utilities Functions ==
F l
A (— /— Chart List
A Solution ul(+) ul(++)  ul(+++) u2(+) U2(++)  U2(++) u3(+) U3(++)  UB(+++) A
Sol#178 0 0.267 0.267 0 0525 0.525 o 0.002 0208
U Sol#179 0 0.044 0377 0 0244 0.244 o 0.378 0378
| E— _:: Sol#180 0 0.044 0377 0 0244 0.244 o 0.378 0378
Ve = Sol#181 0 0.024 0383 0 o 0.164 o 0453 0.452
- Sol#182 0 0 04 0 o 01 o 05 05
Sol#183 0 0 04 0 o 01 o 08 05
Sol#184 0 0 04 0 0133 0.133 o 0.487 0.487
Sol#185 0 0 04 0 0133 0.133 o 0.487 0.487
Sol#186 0 0 04 0 o 01 o 08 05 .
Sol#187 0 0 04 0 o 01 o 05 05
Sol#188 0 0 04 0 0133 0.133 o 0457 0.487
Sol#189 0 0 04 0 0133 0.133 o 0457 0.487
Sol#190 0 0 04 0 o 01 o 05 05 )
| N - - - - ol ol
=" -
[ —— Personality
Intelligence
Experience *
4th Workshop "Robust MCDA"

Results from comparing analytical vs. heuristics

Different methods, different barycentres — The correct one produced by the
analytical approach (Manas-Nedoma):

Metho U, (++) (U, (+++) U (+4) Ju(++4) Jua(++) [u(+++) [(vertices values

WERESENC[oJEFW 0.096 0.274 0.211 0.295 0.218 0.430
MAX 0.000 0.259 0.227 0.227 0.267 0.514 3 3
M Utilities Functions @ b Utilities Functions @5
ﬂ Chart List j Chart List |
¢ )
ﬂ 19 ] 15
0.8 1 0.8- )
g 0.67 g 0.67
3 0.4+ 027 2 044 025
® °
0.27 0.096 T 0.2 7 T
0 o 0 [}
0 o . . . 0- >t .
Segmenis Segments
Criterion: | Personality v Criterion: | Personality v

e e
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Results from comparing analytical vs. heuristics

Different values for 9, different barycentres using the same method (Manas-
Nedoma):
6 5 values U, (++4) (U, (+++) U (++) (U (+++) [ua(++) Ju(+++) |(vertices values
0.066 0.245 0.252 0.323 0.194 0.432
0.144 0.273 0.179 0.281 0.189 0.446 259 18
Ut“'tles Functions [ . Utilities Functions =] il
Chart List Chart List
17 14
0.8~ 0.8-
g 0.67 g 0.6-
> 04 0246 2 gu- 072
0.2+ ks - ~nd 0143 i
1] o 0 *
0- L v 0- & . .
oo B o
Criterion: | Personality Criterion: | Personality v
coe | ] o
4th Workshop "Robust MCDA"

Results from comparing analytical vs. heuristics

Different methods, different ASI
approach (Manas-Nedoma):

Post Optimal Method ASI(b1 ASI(b2 ASI(b3 Total ASI

— The correct one produced by the analytical

78.48% 59.67% 67.19% 68.45%
88.11%  53.41%  64.10%  68.54%
7855%  50.93%  6255%  64.01%
77.79%  5459%  63.28%  65.22%
77.78%  55.27%  65.61%  66.22%

Different values for 8, different ASI using the same method (Manas-Nedoma):

5’s values |ASI(b1 ASI(b2 ASI(b3

Y 86.82% 59.01% 70.10% 71.98%
| 0od 74.04% 57.96% 65.62% 65.87%
0.02 78.48% 59.67% 67.19% 68.45%

4th Workshop "Robust MCDA"
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Results from comparing analytical vs. heuristics

value of a parameter:
Deviation

Different methods, different distance between the maximum and the minimum

[ Deviation

Values

ut(s+4) u2(++)
u2(+) u2(+++)

Utilities

ui(+)
ul(#4)

Values

Utilities

o= =

4th Workshop "Robust MCDA"

Close Save

[ 2
Average Stability Index
(ASI) is an easy to
understand robustness

measure for Analysts and
Decisions Makers.

o

(D

The representation of
Weight Variations with
visualization tools
provides important
information concerning
the robustness of the
model.

J

N

4th Workshop "Robust MCDA"
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Future Research

/—1 2 {3
Provide a well structured We are finalising some
framework to support a additional tools in our
feedback procedure though software for supporting
which the robustness of the the analyst in choosing
model could be improved. better set of parameters

(6, €) for each model in
order to improve
robustness measures.

o /

4th Workshop "Robust MCDA"

l(‘ﬂw\“”‘) “‘.
o \I; 4
Z %

-,

= O}

@Ulestions

'vl" -

o
)

.
s

Nikos Tsotsolas (ntsotsol@unipi.qr)

OAAHZ — Navemniotipo Mepatd — MeBoSohoyLkéG TPOCEYYLOELG yLoL T HEAETN TNG SeAiba 65 a6 109
gvotdBelac og mpoPARpata Adng anoddcewv pe mMoAAATAG KpLtrpLa



A18 — Aopyavwaon workshops

40 EmoTnpoviké Workshop
Robust MEDA

Enriching interactivity of Disaggregation - Aggregation
Approaches through the exploitation of Robustness Analysis
results

Athanasios Spyridakos, Yannis Siskos, Denis Yannacopoulos and
Nikos Tsotsolas

—
ﬁk\ -l Robu ’t This research has been co-financed by the European Union (European Social Fund (ESF))

and Greek National funds through the Operational Program "Education and Lifelong Lear
N y “‘DA ning" of the National Strategic Reference Framework (NSRF) - Research Funding Program

: THALES. Investing in knowledge society through the European Social Funds

EMNIXEIPHIIAKO MPOrPAMMA
EKMAIAEYEH KAI AIA BIOY MAGHEH % Ez"%

= on gV U 1¢ Jvione 5-207-2
=  spirpanps vu un pvinests |
YNOYPTEID NAIAEIAZ & BPHIKEYMATON. NOAITIZMOY & ABAHTIEMOY  EvPonalko KolNoNIKO TAMEI
EvpwnaikiEvwon  EIAIKH YIHPELIA AIAXEIPIZHE
Eupumaiing Korvuvies Taytio N -
Mem non xai g E g Evwang

. Robustness Analysis of Preference Models in
Disaggregation- Aggregation Approach

. Exploitation of the Robustness Analysis and new
interactive feedbacks

. Conclusions — Further Development
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U(g) = iz=1piui(gi)l
u(gi) = 0.
Zn p=1
i=1

P, >=0,

Where:

9.= (91, 9y, -
Bf an actioh on

+ and

g

u(gi*) = 1/

* are the least and most
evels of the criterion

fori=1, 2,..,n

fori=1, 2,..., n

») is the evaluation vector
€ n criteria,

. respectively and

g,), p; are the valuefunction and the
ive 'weight of the i-th criterion

referable

Uio(92) Uyn(9n)
1 1
1 ?
0 0 4 0
a o % o* @ @
P1 P>
Pn
Ui=p s 1(9)+P2U1(92)+ - +P 2U14(9,)
U,=p ti31(91)+P2U>2(G2) ++o- +P2U20(G,)
Up=p1tys(9 1) +P 2t G2) + ... 4P Ui 2(9,)

Criteria
Modelling

Alternatives
Evaluation on the
criteria

Selection of the
Reference Set

Construction of
Criteria Value
Functions

Expression of a Global
Ranking

lo 15t |

I @ 2nd 1

I e | Linear )

h_ _ _ Programming
Techniques

Additive Utility Model

Y I
v Extrapolation I
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Linear Programming Techniques (UTA II)

Alternatives a; are re-arranged so as a;Pa;,, or a; | a;,,.(see Jacquet-Lagreze and Siskos, 1982 or Siskos, 1980).

[minlF, F=(c"(@) + o'(@))
i=1
s.t.

_le,u‘[g‘(am)]+ o'(@y) - o@y) - [)EP.U,[Q,(amu)H 0" (@) - 0 (@0l > 8 ifay Py,

or

EP.U‘[Q‘(am)] +o'(@ay)-o@py) - [ZP;U.[Q‘(am'l)] +0"@n.1) - 0 @n)IF0 ifag lan.,

form=1,2, .., k1
n
Zp=1
i=1
p;= 0, fori=l,2..,n
o'@20, 0(@)20, forj=12,..k

where & a small positive number; gi(a,,) the evaluation of the a, action on the i-th criterion and u;[g;(a,,)] the corresponding marginal utility; and
6*(a)), o°(a)) the over(under)estimation errors concerning the j-th of the k actions, sorted in the ranking order.

Solution of L.P.

The Linear Programme results in:

A. Only one solution (Robust) There is only one vector -
of the weights

B. Infinite Solutions (Non Robust) pl
C. No Solutions, often in cases with extremely low structure. s
Question? EM.,

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

MINORA and MIIDAS systems (Siskos et al, 1993, 1999) utilise
Post Optimal Analysis. Solutions are estimated by maximising p3

The weight of every criterion. The mean solution (barycenter) /®/
constitute the working vector of weights

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG JeAiba 68 amo 109
gvotdBelac og mpoPARpata Adng anoddcewv pe mMoAAATAG KpLtrpLa



A18 — Alopyavwon workshops M18.4 —'EkBeon 4° Eruotnuovikol Workshop

Post Optimal Analysis

Post Optimal Analysis. (see Jacquet-Lagreze and Siskos, 1982 or Siskos, 1980). The n-LP programmes are solved:

Max(P;), i=1,2,...,n

s.t.
k

F =X(c*(a) + o'(a)), F the estimated f(*)
i=1

Zpu[g(an)* o*(@n) - o'(@n) - (EpU[0@ma )+ 6% @) - 0(@n)]> 8 ifag P ag,,
i=1 i=1

or >

Ep,u‘[g‘(am)] +o'(ay)-o@y) - [z!)fuy[g\(a‘m+1)] +6"@mer) - 0@ )IF0 ifay 18,

form=1,2, .., k1
n
Zp=1
i=1
p;=0, fori=1,2,..,n

¢'(@)=0, o(@)=0, forj=12 ..k

/ ’
Barycenter

pl

where & a small positive number; g;(a,,) the evaluation of the a, action on the i-th criterion and u;[g;(a,,)] the corresponding marginal utility; and
6*(a)), o°(a)) the over(under)estimation errors concerning the j-th of the k actions, sorted in the ranking order.

p3

%Vf

Robustness Analysis

Low robust solutions are the outcome of:

« the real thoughts of the DMs

* difficulties to uncover DMs’ real preferences

preferences

DMs’ preference structures

level of low Robustness

« a kind of uncertainty about the criteria weights

* Inadequacy of the problem formulation and DM’s expressed

The proposed Robustness Analysis of Preference Models aims to:

a) Explain the low robustness and increase the knowledge about the

b) Determine actions (Feedbacks) to be taken in order to decrease the
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Available Data for Robust Analysis

Problem Statement and Preferences
Alternative Actions A={a;, i=1,2, ,n}
Criteria: G ={g;, j=1,2,.. .k}
Alt. Actions evaluation on the criteria: ijs i=1,2,..,n,j=1,2, k
Reference Set A’=fa}, i=1,2, ,n} Ranking of the Reference Set: R(a;), a} € A’

Preference Model
Marginal Value Functions u=u,(g;), j=1,2,...k., u,(g;)=0 and uj(g;*)=1
Criteria Weights: p;, j=1,2,...k
Maximum and Minimum Values of Criteria Weights prays Prins i=1,2,-.-K
Over and Under-estimation errors o;+, o;-, 670U i=1,2,..,n
The Vertices vector of the hyper-polyedron (Manas-Nedoma)

Exploitation of Assessed Preference Model
Alt. Actions’ marginal values on the criteria u; = u(g;)
Global Values:

U@ = 2pu(g) , i=1..n, j=1..k

i=1

Steps of the proposed approach (Feedbacks)

Additive Value Identify Vertices of the

Preference Model hyper-polyhedron
(Solutions’ Space)

Assessment of
anew
Preference

. . Models
Visualise and Measure

Robustness

Assessment of
anew

Preference
Model Analyze the results to

the DMs Language

Dialogue with the DM

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

A. Minimum and maximum values of the
criteria weights (Post Optimal p3
Analysis)

= (Max(Py) —Min(Py)), i=1,2..n

=12 ... P, Pij weight of criterion i for Max(P;)
the vertice j and n the number of

criteria and m the number of vertices

K, X

B. The Euclidean Distances of the Vertices Min(P;) : i Ky
of the hyper-polyhedron.

dij = DKK; 1,j=1,2,.m ko i #

C. The Euclidean Distance of the hyper-
polyhedron vertices from the

[EWE]

pl
barycenter
DMK;, =1,2,.p
D. The ASI Index (n=number of criteria and m ny 3 e —(ijip,/)z

number of vertices) (Grigoroudis & Siskos) — s=1 —%

The RAVI Subsystem (Bobustness Analysis through Visual and Interactive

Approaches)

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

Includes Links with MINORA and MIIDAS systems

Supports Interactive feedbacks for the scrutiny of the hyper-polyhedra

= Aims:
O Component of MINORA and MIIDAS systems.

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

O Acquire knowledge about preference models’ structures and support the
decision making.

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

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

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG JeAiba 71 amno 109
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Screen Layout of RAVI — 3D Graphs

Hueo s = im - g

o

Selection of 3 criteria. Projection using Azimuth and Elevation for the position of the
Observer.

M18.4 —'ExBeon 4° Emotnpovikol Workshop

Robustness Analysis

m Visualisation of the Preference Models — Utilising 3d and
2d graphs for n —=Dimentional Data

m Dive into the Assessed Preference Models through
tomographic approaches

m Examine the consequences on the preference models
robustness for interventions

m Examine the capability to estimate a more robust
preference models

m Estimate a more robust or a robust preference model.
Crucial :

> The participation of the Decision Maker

> Focused and limited interventions.
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Case Study —Robustness Analysis and Feedbacks
Three new modules for Robustness Analysis

Aim: The exploitation of the Robustness analysis so as to support
decisions

m Tomographical technique
m Shrinking the Hyper-polyhedron
m Prioritizations on the criteria

1. Tomographical Technique

pl
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Tomographical Approach

m For every criterion i

m Starting with the P;,;, value with a step (ex. 0.01) and until P, ,, estimate
the ranges of weights of the other criteria solving the Linear
Programmes of Post Optimal Analysis including the new condition.

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

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

LP

Modified Linear Programme

The 2n- linear programs are solved

Max Pi, Min Pi i=1,2,..., n

Subject to

K
F=ZX(c"(a) + o(@))
i=1

_le,u‘[g‘(am)]+ o*(ay) - o(@y) - [2_P|u|[g\(am+l)]+ 6" (@ns1) - 0 (@)1 > 8 iy Pay,,
>
or -

EP.U‘IQ‘(am)] +o'(@ay)-o@py) - [ZP;U.[Q‘(am'l)] +0"(@n,1) - 0 @n)IF0 ifay lay,

for m=1, 2, ..., k-1
n
Zp=1
i=1
p;= 0, fori=1,2,..,n
c*(@)=0, o(a)=0, forj=12, ...k

P=q (g =Min(p;)+r*step), r=1,2, .. and q < Max(p;))

where 3 a small positive number; g;(a,,) the evaluation of the a, action on the i-th criterion and u;[g;(a,,)] the corresponding marginal utility; and
o*(ay), o(a) the over(under)estimation errors concerning the j-th of the k actions, sorted in the ranking order and r;, r;, are the minimum and
maximum values of the criteria weights expressed by the DM.
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Tomographies of the Hyper-polyhedron

pl

Tomographical Approach - Example

¢ Simutation:
Critarion [ Min) | BComer | Max) | NewMin |NewBca | NewMax |
[ 0.0476520.

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

Snew/Sinit: 100
1-Snew/Sinit: o

astinder: | SR
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Tomographical Approach - Example
Iterations (criterion 2, step 0.02)

! Simulation |
i Simulat

Criterion 2 —
Weight 0.28

<
|c
|¢
|c

<

[ M0 | BCenter | M) | Newhin | NewBce | NewMax | T Current Ve

0 OO0 0z2si7. 0 000N 00201301 Citasen: [Caercnz =

0 owsm 0z:e12is. 028 028 028 1 028

02004964 02603827, 03425688 02297954 02411191 02557250 Swep: 0020 = Py

01821378 02724103 03513414 01825268 01961341 02141784 fom B te  [ozeeieis Step

01418190 01785752 02705225 01800743 01940604 02160723 —
0 013414 0207978 00754293 0084S7. 00961667

| | e

Snew/Sinit:  11.595
1-Snew/Sinit:  88.405

0.9877
ASlIndex:

criterion 1 criterion 2 critarion 3 criterion 4

Tomography - Utilization
m Provides a way to explore the Robustness into the estimated hyper-polyhedron

m Pictures the levels of robustness for every criterion and determine conditions
under which total robustness can achieved.

m Support the identification of the reasons why robustness is presented into the
estimated preference model. (ex. Focus on the expressed pre-ranking)

m The produced n-1 dimensions hyper-polyhedra gives a picture of the robustness
providing a flexible way to support new dialogues with the DMs such as:

= Which are the ranges of the criteria weights that can be considered acceptable
by the DMs and leads to a higher robustness for the preference mode?

m Which are the criteria that the DM agree or not with the weights estimated?

m |dentify areas of the estimated hyper-polyhedron with high or low Robustness
and examine the DMs attitudes
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2. Shrinking Weights’ Tolerance

pl

Shrinking Weights’ Tolerance

Cc1

Cc2

Cc3

c4

W

=

Establish focused dialogues with the DM in order to identify indirectly more
strict ranges of the criteria weights (not all of them).

Development of a new linear program embedding the new conditions.

A new preference model can be assessed satisfying the new ranges of the criteria
weights. It is expected to increase the preference model robustness.

Modify the ranges
of C1 andC3

Cc1

Cc2

C3

[eZ3
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Shrinking Weights’ Tolerance- Modified Linear Programme

The 2n- linear programs are solved
p3
Max Pi, Min Pi i=1,2,..., n

Subject to

7

k
F=Z(c"(a) + o(@))
i=1

n n p2
Zpu[g(an)* o*(@n) - o'(@n) - (Zpu[gan )+ 6% @) - 0@n)]> 8 ifag Pag,,
i=1 i=1

>

or

pl

Ep.u‘[g‘(am)] +0*(ay) - o(@y) - [Zpl.U.lg.(aml)] +6"(@p,1) - 0 (@n)]=0 ifag lay,

form=1, 2, ..., k-1

n

Zp=1

i=1

p;= 0, fori=i,2,..,n

c'(@) 20, o'(a)=0, forj=12, ...k

pri, P; < iy for some of the criteria

where & a small positive number; g;(a,,) the evaluation of the a, action on the i-th criterion and u;[g;(a,,)] the corresponding marginal utility; and
6*(a), o'(a) the over(under)estimation errors concerning the j-th of the k actions, sorted in the ranking order and r;, r;, are the minimum and
maximum values of the criteria weights expressed by the DM.

Shrinking Weights’ Tolerance

p3

The hyper-
polyhedron shrinked
between the
barriers of the
criteria weights

pl
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Shrinking Weights Tolerance- Example
=Initial Preference Model — Weights of the Criteria (ASI Index 0.904)

e N —

S T N N W L muax | | Changos
Cierion? 0 00i%E0. 0225487 —— [Citerion [ Nowtdn | Newhiax |

Criterion2 0 01095381 02861218

Crterion3 02004964 02603627.. 03425635 L
Crtetiont 01821378 02724103 03513414, NewMaxVoe | 022553
Crterions 01418190 01785752 02705225, =
Crterioné 0 01314414 02029738

New Min Valus 000004

Updste Values

Snew/Sinit: 100
1-Snew/Sinit: o

asiindex: XL

@ Paralel Graph

 StorGraph

M18.4 —'ExBeon 4° Emotnpovikol Workshop

Shrinking Weights Tolerance- Example

=An Obvious feedback is to identify new minimum values for the weights for
criteria with 0 minimum weights

u Frmfeedbackl

Giers | Wing | BC_| Watv_| Newiin [NewBC| Newhax| mesl Prevous | Nea Change=
Crterion? 0 QOO0 02254857, 004 004 008 [ Criacon__ [ NewMin | New Max_|
Critetion2 0 01095381 02861218 003 01170 02739524 criteriond Crtenonl 004 02254857
Criterion3 02004964 02603827 03425688 02006010 02527 03216752 Crtenon2 003 02861218
Cteriond 01821378 02724103 0351414 01837724 02065 085012 NewMaxVoe | 02090] Crterioné 004 02079738
Chedons  OMIBNO. QIMS2 02705225 O1AORE. 017 0241797 +

Citeiont O OIS 09T QGBI 0T OIHS.  peuiavese [ 53G0S

Update Volues

1 1 1 1 1 L Accept ond Saive.

Snew/Sinit:  63.756
1-Snew/Sinit:  36.244

ASlindex:

@ Poraliel Groph

o146 0.1418 € StarGragh

0 0 0 0 0
criterion 1 criterion 2 criterion 3 criterion 4 criterion 5 criterion 6
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& FrmFeedbackl

Shrinking Weights Tolerance- Example

Giving new minimum weight for criterion 3 we have a robust model

initisl Changes

[ Mng | BC_ | MaxV_ | NewMn |NewBC|
[ 00476520 02254857 02254857 02254

I NewMin | NewMax |
004 02254857,
003 02861218
02004964 03225688
004 02079738

o 01095381 0.2861218.. 01500432 01500, 2ot
02004964 02603827 03425688. 02050940 02050 oriteriond
01821378 02724103 03513414. 02039274. 02039. 02039283  NewMaxVelue |  032262]
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Shrinking Weights - Utilisation

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

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

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

Remaining Low Robustness can lead to:
m |dentification of the reasons why

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

All the Above for the Objective: Support the Decision Making.
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3. Criteria Prioritisation

Criteria Prioritization

Establish focused dialogues with the DM in order to extract information about the
priorities of the criteria triggered by the analysis of the assessed preference model and
the Robustness Analysis.
(For example: @) Utilize 3 or more alternatives (real or virtual
in order to identify more detailed information for his/her
preferences into selected criteria
b) Insertion of one or more alternatives in the reference set which
are representative of a specified subspace of the decision space

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

""“I i 2} P
cr2 Linear cr2

Programming

Techniques ol
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Dialogue - Example

Using virtual or real alternative actions we can acquire additional preferences’ data from DM.
For 3 criteria wijth_3 alternative actions
Condition:
Criteria The intersection of [MinCr1,
: MaxCr1] and [MinCr2, MaxCr2]
Alternative is not null
Actions Crl Cr2 Cr3
altl 3
alt2 2
alt3 4 ! ! ! '
Examine Crl with Cr2 and Cr3
Altl P Alt2
Alt3 P Alt1 .
0 0 0
Enriches the Linear Program and can lead to more cl 2 o« ca
robust solution

New (Post Analysis) Linear Programme

The 2n- linear programs are solved
Mas Pi, Min Pi i=1,2,..., n,
Subject to

k
F=X(c'(a) + o (a))
i=1

Zpu[g(an)+ o*(@n) - o'(@n) - (Zpulgan )+ 6*@n.) - o@n)]> 8 ifag Pag.,
i=1 i=1

or >

EP.U‘IQ‘(am)] +o'(@ay)-o@y) - [Zpliui[g.(am+l)] +6"(@n,1) - 0 (@n)IF0 ifag Tay.,

form=1,2, ..., k-1

Tpufg@ltl)]+ o*(@ltl) - o'(altl) - [Epufg,@lt2)]+ o*@lt2) - o (alt2)] >
i=1 i=1

Or p; > pj, Lj=1,2,..n and i#
n

Ip=1

i=1

p;=0, fori=1,2,.,n

o*(a)>=0, o'(a)>=0, forj=12, .k

where & a small positive number; g;(a,) the evaluation of the a,, action on the i-th criterion and u;[g;(a,,)] the corresponding marginal utility; and
6*(a)), o°(a;) the over(under)estimation errors concerning the j-th of the k actions, sorted in the ranking order.
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Criteria prioritisation - Example

= Initial Solution -
a5 FrmFeed!
| [Crteria [ M) | BC | WMaV | NewMn |NewBC| Newhax | Set Prodies
| | Craenon1 0 00476520 02254857 [] 0 Previous Next Accept and Solve
Craenon 0 0109531 02861218 [
Créorond 02004964 02603827. 03425638 o 0
Crtenond. 01821378, 02724103 03513414 0 0 € Prefon >
| |Creenons 0141810, 01785752 02705225 0 [ R Save
Crasriont [ 01314414 02079736 0 0 € Preference <<
@ Neutral
4
No Cit2 Prefince
T el €2
2 el 3
3 el cnd
4 el s
5 el b
6 o2 3 W
7 a2 crd
8 cit2 s il
9 o2 < (|
f 10 citd cred I
N3 cits
2 entd cr6 NA
13 crit4 cns
14 cntd ceé
15 cntS cné
Snew/Sinit: o
1-Snew/Sinit: 100
AS! Index: [dad
C Poralel Dioge
C StarDingr.
criterion 1 criterion 2 criterion 3 criterion 4 criterion 5 criterion 6

Criteria prioritisation - FeedBacks

wr
[cot - =
Crn 8¢ FrmFeedback2 r— B
Crng —
cnd H
ol [
Cri
cing| |
Cr
ol
ol [ 86 | WMoty | Newhin | NewBC| Newhax | ot Preaiss
i G2SABT 000G Q1S3 Previous et
OIGSWI . 0ZBET2IE. 07T 0T 01303
026327 03425656 DZSHOW. 01T 022560
DI QAN QWM DISESE 02173 06D -
01418190, 01785752.. 02706295 D1695289. 01792 (71889038 Inutaal Preference >>
QISATY. QAT DOGSTIT. QU OIS, & Prference <<
© Newtral

Ho ] it 1 G2 P
T @il cz =
2 3 N
I 3 em cd -
i i 4 et ers -
5 et e -
& a2 3 -
7 a2 et b
8 a2 e P
E e -
0 a3 cred -
n a3 s N
2 oem3 s NA
13 ems s P
o oend e -
I 15 ais i -

I Snew/Sinit 40.99

' 1-Snew/Sinit: sear

ASH Index: [l

 Parsted Dingr
€ Stor Dingy.
| f
| criterion 1 criterion 2 criterion 3 criterion 4 criterion 5 crltorian 6
= = =]

Accsptand Sotve.
Save.

o= |

OAAHZ — Navemniotipo Mepatd — MeBoSohoyLkéG TPOCEYYLOELG yLoL T HEAETN TNG

Selida 83 and 109

gvotdBelac og mpoPARpata Adng anoddcewv pe mMoAAATAG KpLtrpLa



A18 — Alopyavwon workshops

Criteria prioritisation - Utilisation

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

Can resolve cases which presents straddling in criteria weights prioritization

Increasing Robustness of the Preference Models can lead to :

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

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

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

Conclusions - Perspectives Q

m Preference Models with low robustness include useful information about

the structure of preferences.
There is a need to identify why it is caused and how to exploit it.

Visualisation and measurement of Robustness provides a better
knowledge of the preference models and can support the exploration of
the DM’ preference structures.

The new proposed Interactive feedbacks enrich the existing tools of D-A
approach for detecting representative preference model with a better

robustness.

The research is going on et
Focused on the standarisation of post dialogues for extracting
preference information by the DMs indirectly.
Test the proposed approach in many real world cases and in Group
Decision Making.
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M8 pobust

&

MIA ITOAYKPITHPIA MEOGOAOAOTITA
I'TA THN ANAIITYEH ENOX
MONTEAOY AEIOAOTHXHX

TPAITEZIKQN YITIOKATAXTHMATQN

O©AAHZ — MavemoTAiuio Meipaid

MeBodoAoyIkéG TTpOOEYYIOEIG yIa TN HEAETN TNG EUCTABEIOG O€
TTpoBAARMaTa AqwNng atro@Acewy Y TTOAATTAG KPITAPIA

4th Workshop — ABrjva 2-3 AtrpiAiou 2014

| yKOIMox

= Anuioupyia EvOG CUCTNUATOG KATATAELNG TOU

OUVOAOU TWV UTTOKATACTNMATWY OIKTUOU

EAANVIKNG EPTTOPIKAG TPATTECAG

o TotroBéTnon uTTOKATAOTNUATWY OE OUOIOYEVEIG
KATNyopieg

o EUkoAn mrpocapuoyr) o€ aAAayEg

o MpdéPAewn pebBodoloyiag TTpooORkNnG 1
KATApynong Kpirnpiwv

o Tnv eAdxioTn duvarr dilatdpatn TG UTTAPXOUCOG
KATAoTaong Kai TNV opaAn yeTdacn atrod 10
uttdpxov ocuoTnua
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AEAOMENA

1999-2001, 1o omolax  aoEoOLY  TO  GLVOAO

7\

T TIO AVTITQOCWTELTIUA ETYOLX OTOLYELX, Yot TNV TOLETIX

TV
! \ \

LTOUXTACTNUATWY TOL  Sxtbov (613  vTorATHGTNUOTO)

XYNOAIKA YITOAOIIIA ETOYZX (oe cxart, €) LI AL020

8) Erwuywyés (Iood) 19) Néeg Exbobeioeg ITiorwrinég Kagreg

9) EZxywyés (ITood) 20) Hegaoraries Tapsiov

10) Ayogd& Ilwinon Zvvedidyuarog 21) Kwvijoeig ATM

YXYNAAAAKTIKH
EPIAXIEX KINHZH
IMINAKAY KPITHPIQN

MEZA YTIOAOIITA ETOYX (oe exar, €) 11) ITood: Evroidyv& Enraywy
1) Kurabéoers (oe €) 12) ITood IMTorwrixey Kegrdy
2) Karaléoerg 13) Aoinés R2qéleeg (Igoutjbstes Tounslixndy
Zovadddyparos Egyxotisv)
3) Igoidvre D.R. 14) ITgousbsteg and Karavadwrins Iiory
4) Xognyroetg 15) ITgoutbereg ard AuorBoter Kepddora
5) Xopnyijoetg Zovaddayuarog 16) ITgousbste and Enevévrind ITgoidvra
6) Advere Karavoadwrinsicse Zreyaorixs ZYNAAAAKTIKH KINHZH (o¢ ythdSeg tepdyto)
Ilioryg
7) Ioydovoeg Eyyoyrixés Enorolés 17) Ewaywyés
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| ABAOMENA

oLoTN U a&loAOYNoNG

vou etvat yvowotr 1 Babpoloyla toug

» T'e T et 1999-2000, eivor yvwotég ot Babpoloyieg
TOV LIOXATACTYUATWY 1t 7] TaElVOUYOY] TOLG O Bena
OLUTETAYUEVEG UATNYOPIES, OLUPWVA HE TO LoyLOV

» Lo 10 étog 2001, eivar yvowot 1 Tta€vopncn twv
DTONATACTYUATWY OTIG OEXA UATNYOPLES, YWEIS OUWS

ME®OAOAOI'TA

> Avantuén evOg npoacbetinon

dedopevwy yx T ety 1999-2000
ne Baorn to dedopéva tov 2001

TEYVIMKY bootstrap

HOVTEAOU
Babuoroynong twv vroxataoTNuATwY BAoEl TV

> BAeyyoc ¢ AMOTEAEOUATIUOTYNTAG TOV LOVIEAOL

> H evotabeir tov povielov ehéyyetor  pEow
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> 1 voopa ovvieeoT®y

1226

min f:Z(o|;+o|;)+kiaj
j=1

i=1
VIO TOVG TEPLOPIGLLOVG
21
Zlajxij +d—d; =y, Vi=1..,1226
j=
a; 20, vj=1..21
d’,d >0, Vi=1,..,1226

' TPAMMIKA ITPOTPAMMATA

> Ameigr voQux oLYVTEAEOTRY

1226
min f=3"(d’+d;)+kD
i=1

VO TOVG TEPLOPLGHOVG

21
Z;ajxij +d"-d =y, Vi=1,..,1226
=

a, <D, Vj=1,..21
a, 20, Vj=1..,21
d’.d; >0, Vi=1..,1226

'ME®OAOAOTTA

elvat

S|

E(T,s)=24 el
(T.8)=7 ¥

OLLTETOYUEVES HATIYOPLES €, Cp, .-

Ent(S,)+ [ Ent(S,) omov Ent(S)=-

> H ta€wvopnon yiveto pe my pébodo g eviponioas

> 2e eéva obvoro S, N rnepuntwoewy, avalntodvior k-1
notwpho T;>T,>...>T, ,, nmov yweilow 10 S, oe k

TOL SLAYWELGUOD VO ENXYLOTOTOLELTOL

» H evtponia, evog cuvorov S, 1o onolo ywelletat and xanoto
notwpht T oe 8bo vmoohvora S;, S, tetown wote S,=S-S,,

k

i=1

., Cj, ETOL WOTE 7] EVTIQOTIX

Y P(c;.S)log,P(c;,S)
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‘ TAEINOMHXH ME THN ME®OAO
THXY ENTPOIITIAX

< ‘\J <
c
c, cj
S € c;
€4 C4 c
s L <
s C6 c;
€ € ¢
Cg Cg c
€10 €10 c

92 99.1%
90 A
3 88 1 M
5 3
’§. 86 A r 99.0% %
g 841 3
< 2 N
% 82 7 :
g 80 1 — L 98.9% 2
© Vel .J/0 @-
o | g
= 78 =
76 7
74 T T T T 98.80/0
0 2000 4000 6000 8000 10000
k
— Méoo anoivto ogiipa (11 vopua) Méoco anoivto ogdhpa (dmeipn vooue)
— Xvvtekeotng ovayétiong (17 vopuw) Xovteheotig ouoyétiong (kmeen vopua)
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ATTOTEAEEMATA TAEINOMHXHXE

96%
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k
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— AxpiBea wéivdpnong (1999-2000, ametpr vopua)

6000
k
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| AOTEAESMATA TAEINOMUEHS

G G, G G, G G G Gy G, Cy
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C, - 100,0% - - - - - - - =
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C, = = = = = = = = 85,5% 14,5%
Cu = = = = = = - - - 100,0%
Zovolyn axpifeta: 82,96%
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| EYSTA®EIA MONTEAOY

1y Nogpe Arneton Nogue
Bootstrap | ITijoes deiyper | Bootstrap | ITijjgss delype
<
vt 83,71% 82,96% 83,61% 82,84%
Tlpff]
M 1]
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)
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Tl

SYTKPIXH ME XTATIXTIKH
I'PAMMIKH ITAAINAPOMHXH
Loopuxd Ipoyocuuc Zrorioriny meivSodunon
17 N§ Ameon 1 1 prer 9 xorr]
7 Nogue Noope xorTRote rorTrpte
Meyiomn | o) 960 82,84%
Tpn
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R
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| EITIAPASH KPITHPION
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~
) Q-1 e ZELNA
\\ Robu’t - TIBTKH TMHPETIA BIAXEIRIZNE :,-J =
\ y MEDA

The problem of robustness in the
MUSA method: Theoretical
developments and applications

Evangelos Grigoroudis, Yannis Politis
University of Piraeus - Research Team

Plan

» Introduction

» The MUSA method
o Mathematical development
o Stability analysis
> Basic results
> Fitting and robustness indicators
» Modeling additional information and properties
o Desired properties
> Preferences on criteria importance
- Extension of the MUSA method
» Real-world application

Conclusions
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Introduction (1)

» The MUSA (Multicriteria Satisfaction Analysis)
method is a preference disaggregation
approach following the main principles of
ordinal regression analysis.

» Additional constraints in the basic LP of the
method may improve the stability of the basic
MUSA model.

» These constraints may concern special

properties for the assessed average indices

and additional customer preferences about
the importance of the criteria.

M18.4 —'EkBeon 4° Eruotnuovikol Workshop

Introduction (2)

» Other extensions of the method include
additional DMs’ preferences or desired
properties of the inferred preference system:
- Hierarchy or interaction of criteria
- Alternative objective functions (during the post-

optimality analysis)
- Different types of input data (ordinal/cardinal)

» Based on an extension of the MUSA method
with the introduction of additional
constraints, a real-world application in Greek

mobile service providers is presented
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The MUSA method

» 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.

M18.4 —'EkBeon 4° Eruotnuovikol Workshop

Mathematical development (1)

» MUSA is a preference disaggregation method used
for the assessment of global and partial
satisfaction functions Y and X} respectively, given
customers’ judgments Yand X,

Y =3 BX; with b =1
i=l i=1

» Introducing a double-error variable, the ordinal
regression equation becomes:

Y” =ib.xi* -o'+o”
i=1
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Mathematical development (2)

100

8

*

Y2+

Mathematical development (3)

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

*m+1
Z, =y -y

w, =bx“* —bx" for k=1,2,..,a, -1 and i=12,..,n

*m

for m=1,2,...,a-1

Y* X"
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LP formulation

M

[min]F = Zaj* +o;
j=1

under the constraints

n x,j—l i

ZZWik —ysz—aj*+aj‘ =0 forj=1, 2, ...
i=1 k=1 m=1

fzm =100

m=1

n o-1

D> w, =100

mo— \mt] K =y kAT
that y = ym+7 or x;’ = x;’k*

avoided

{y*m”—y*mZy for m=12,...,a-1

y; > 0).

Strictly increasing value functions

» In several cases with unstable results, it appears
» Cases where b; = 0 for some criteria X;should be

» Assuming that Y"and X;"are monotonic and strictly
increasing functions and introducing preference
thresholds may overcome these problems

bx ! —bx“ >y for k=12...,0 -1 and i=12,...,n

» where yand y; are the preference thresholds for
the value functions Y and X/, respectively (with
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The generalized MUSA model

M
[min]F :Zaj+ +0o,
j=1

subject to

n -l t-1 N

ZZWI'k —ZZr'n —-0, +o; =)t —1)—2“})i (t, -1 vj

i=1 k=1 m=1 i=1

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

n -1

ZZW:k =100—iyi (a; -1)

i=1 k=1

7, 20,w, >0, a; 20,0,20 Vi jkm

Post-optimality analysis (1)

» In several cases the problem of multiple or near
optimal solutions appears.

» Stability analysis is considered as a post-optimality
problem.

» This solution is calculated by n LPs (equal to the
number of criteria), which maximize the weight of
each criterion. These LPs have the following form:

;-1
[max]F'=>w, fori=12 .., n
k=1

under the constraints
F<F +e¢

all the constraints of basic LP
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Post-optimality analysis (2)

A

Polyhedron of near optimal solutions

v

Results

» Value functions: they show the real value (in a
normalized interval 0-100) that customers give for
eaclh level of the global or partial ordinal satisfaction
scale.

» Criteria weights: they represent the relative
importance of the assessed satisfaction dimensions.

» Average satisfaction indices: they show in a range 0-
100% the level of customers’ satisfaction and they
can be considered as the basic performance norms;
the average satisfaction indices are basically the
mean value of the global and partial value functions.

» Average demanding indices: they are calculated
according to the shape of global and partial value
functions (normalized in the interval [-1, 1]), and they
indicate customers’ demanding level; they represent
the average deviation of the estimated value

gctions from a “normal” (linear) function.
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Y or X"

Neutral customers

Nutrality refers
to the demanding index

Y or X;

Value functions

Y or X"

Non-demanding customers

Yor X;

Y orX"

Demanding customers

YorX

Yix

Average satisfaction indices

— L/

Yi X,

13 .
Szi m m
100;;p y

S L

10045

prxi*" fori=12, ....n

where S and S, are the average global and partial satisfaction indices, and p", p¥ are
frequencies of customers belonging to the y™ and x* satisfaction level, respectively.
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Y

Average demanding indices

y*zz

100(m-1) .,
-y
a-1

100(m-1)

*m

yl : ( ) ym
“100(Mm-1) .
b= M
- a-1
1005 M1
ma & -1
& 100(k-1) ok
;-1 i

for a>2

» Alternative fitting indices:

*

F
AFI, =1
100M
M
AFI, = —2
-

Average Fitting Indices (1)

» The fitting level of the MUSA method refers to the
assessment of a preference collective value system
(value functions, weights, etc.) for the set of
customers with the minimum possible errors.

AFI, =1-

m=1

M Z p" max{y™",100 -y |
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Average Fitting Indices (2)
"
100
o 100-y™
ol
y? y"
| | Y;
| ' y" ' Ve §

Average stability index

» The average stability index AS/is assessed as
the mean value of the normalized standard
deviation of the estimated weights during the
post analysis step:

AS 1_%2\/n;(12;);n£?b]]
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Robust approaches

» A post-optimality analysis step is included in
the original MUSA method.

» A generic robust approach:
> Infer a collective preference model
> Calculate a robustness measure (e.g., AS)

> Improve the robustness of the model (i.e., consider
additional information):

- Preferences on criteria importance (Grigoroudis and
Siskos, 2010)

+ Interaction among criteria (Angilella et al., 2014)

- Additional properties regarding the provided results
(i.e., average satisfaction/demanding indices)

Modeling additional properties

» Average satisfaction indices:

n a n % a m—1 n % k-1
S=>bS, =2 p"y"=2bY px = p" Dz =2 p D w,
i=1 m=1 k=1 m=2

i=1 = t=1 i=1 k=2 t=

» Average demanding indices:

) aleOO(m—l)—(a—l)mZizt n al_l(k—l)afwit ~(q —1)§wh
D= Zb| Di = m=1 t=1 — Z k=1 t=1 t=1
- a(a-1) —y a,(a, =1)
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Desired Properties of the Results (1)

- Alinkage between global and partial average satisfaction indices may
be assumed, In particular, the global average satisfaction index S'is
assessed as a weighted sum of the partial satisfaction indices S;

i=1 m=1 =1 k=l

or
I3 m=1 n_ % k-1
PILDREIN IO
m=2 t=1 i=1 k=2 t=1

- In the case of the generalized MUSA method, the preference
thresholds yand y; should be introduced, and the previous equation

is written:
no G k-1 a m-1 a n o
PRILONEDIDIEDIRICENED W SAES
i=1l k=2 t=! m=2 t=1 m=2 i=1 k=2

Desired Properties of the Results (2)

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

D=bD
i=1

» The previous equation can be written in terms of the MUSA
variables:

m=1 -1

S100m-n-@-05z L Sh-DTw (- w,
m=1 t=1 — z k=1 t=1 t=1

a(a-1) i a,(o; —1)

» The above equations about satisfaction and demanding indices may
be introduced as additional constraints in the basic MUSA LP
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Desired Properties of the Results (3)

» Add additional constraints to the basic LP formulation.

» In the general case, these constraints may lead to infeasible
solutions, thus:
> They should be modeled using a double error variable:

ZZ PikkiWn —Za: IOmEZt —es’ +es” =0
i=1 k=2 t=1 m=2 t=1

. (k 4&% —(a, —1)§ w, §100(m ~1)—(a —1)§zt
Z k=1 t=1 t=1 _m=1 =2 _ed*+ed =0
i-1 o, (o =1) a(a-1)

> In this case, a MOLP approach may be applied (e.g., compromise
programming)

M18.4 —'EkBeon 4° Eruotnuovikol Workshop

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 judge the
importance of a satisfaction criterion using a predefined ordinal
scale, or rank the set of satisfaction criteria according to their
importance.

» Based on such importance questions, each one of the satisfaction
criteria can be placed in one of the following categories
G, G, ..., G, where G is the most important criterion class and C,
is the less important criterion class. Considering that C, with | the
class index, are ordered in a 0-100% scale, there are 7, , thresholds,
which define the rank and, therefore, label each one oquhe classes.

» Thus, the evaluation of preference importance classes C;is similar to
the estimation of thresholds 7,

Cq Cos c C C
o 0 o 90 o 0 o 0 o 0 o 90
I | | | | | | |
To1 T2 T T T, T 100%
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[min] F, =328 +Sj
joi
3j-1

t=1

a1 N
Z:lwil -100 Ty +6-Sj <0
a1 )
%Wh -100 T, -6+Sj >0
t=

a1

t=1
n a-1

> Yy =100
i=1 k=1

Toa 2 2
Too-Toa 2 2

The WORT (Weights evaluation using Ordinal
Regression Techniques) model

Y 100 T, -6+85 >0, By eCy
bieCp1=2,q-1} V i=12..n xm j=12..M

2 Wi =100 Ty 4 +6-Sj <0, by eC

LD

q

Were, & is a small positive number, which is used
in order to avoid cases where b; = 7,v/and Aa
minimum value introduced to increase the
discrimination of the importance classes

subject to

Extension of the MUSA method
[min]F:i“afﬂfj

[min]o=33s; +5,

i=1 j=1

[min]p=es" +es” +ed” +ed”

all the constraints of the basic MUSA method
constraints regarding the desired properties of S and D
constraints regarding the criteria importance preferences

OAAHZ — Naverotiuto MNepatd — MeBoSoAOYLIKEG TTPOCEYYIOELG YLaL TN LEAETN TNG YeAiba 106 amod 109
gvotdBelac og mpoPARpata Adng anoddcewv pe mMoAAATAG KpLtrpLa



A18 — Alopyavwon workshops M18.4 —'EkBeon 4° Eruotnuovikol Workshop

Optimization Procedure
(lexicographic approach)

» Step 1:

Min F subject to all constraints of the examined
problem

» Step 2 (and 3):

problem and F <F'+g
» Final step:

Max b; subject to all constraints of the examined
problem and

F<F4e, <P +e, p<¢" +¢,

Min @ (or ¢) subject to all constraints of the examined

Real-world application

mobile service providers in Greece
» Sample size: 80 questionnaires
» Sample proportion:

> Cosmote (57.5%)

> Vodafone (22.5%)

> Wind (20.0%)
» Data:

> Performance questions

one

» Case study: Analysis of service quality of

- Ranking of the criteria from the most to the least important
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Satisfaction criteria

veral
satisfaction
Offers Prov{ded Provfded Network Webpage Prices Branch Profile of the
services devices network company

Results - Comparison (1)

I O O

Original
MUSA 95.08% 17.50% 93.39% 79.11%
method
Extension of
the MUSA 94.58% 7.50% 91.92% 86.94%
method (-0.53%) (-57.14%) (-2.25%) (+9.90%)
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Results - Comparison (2)

- Criteria weights

Criteria Offers Provided  Provided  Network Webpage Charges Branch Profile of
services devices network the

company

Original
MUSA

9.23% 10.46% 12.50% 9.67% 10.46% 10.46% 10.46% 26.75%
method

Extensi
on of
the 8.74% 9.45% 11.15% 11.31% 9.48% 9.51% 9.48% 30.88%
MUSA
method
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Conclusions

» The MUSA method is a rather flexible approach and
thus several extensions may be developed taking
into account additional information or data.

» Approaches to improve robustness > Consider
additional information:
- Preferences from customers (e.g., importance of criteria)
- Model properties

» Future research:

> Perform a simulation study

> Study the impact of model parameters

- Develop additional measures of robustness

> Consider a non-collective approach
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